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ABSTRACT

Noncommunicable diseases, including cardiovascular diseases, diabetes, and others, are the
leading cause globally of premature mortality (death before the age of 70), with the majority of deaths
occurring in low- and lower-middle-income countries. Two prominent conditions contributing to
noncommunicable disease risk include overweight or obesity and hypertension. Worldwide, >40% of
adults and almost 6% of children experience overweight and obesity, and >15% of adults have raised
blood pressure. Alongside rising prevalence of overweight or obesity and hypertension, micronutrient
deficiencies persist, especially in low- and lower-middle-income countries. The United Nations’
Sustainable Development Goal (SDG) 2.2 calls for an end to malnutrition in all its forms by 2030, and
SDG 3.4 aims to reduce premature deaths from noncommunicable diseases by one-third by 2030
(relative to 2015 levels). However, progress towards these goals is slow, with most countries worldwide
off track. Given the potential for conditions of both undernutrition and overnutrition to increase the risk
of developing noncommunicable diseases, a greater understanding of the relationships between
selected contributors to noncommunicable disease risk, and how they are measured, are needed to

reach the SDG targets.

Inflammation is the body’s physiological response to injury, ilness, infection, or environmental
insult, and is characterized by the presence of pro-inflammatory cytokines and acute-phase proteins,
such as C-reactive protein (CRP) and a-1-acid glycoprotein (AGP). In populations in LIC and LMIC,
inflammation may be more likely associated with illnesses such as diarrhea or helminth infections, while
populations in upper-middle and high-income countries may more commonly experience the chronic
inflammation associated with obesity. Inflammation confounds the assessment of the micronutrients
iron and vitamin A, as the biomarkers commonly used to measure iron and vitamin A status are also
acute phase proteins. In the presence of inflammation, serum or plasma concentrations of ferritin

transiently decrease, and serum or plasma concentrations of retinol and retinol-binding protein (RBP)
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increase. In Chapters 2 and 3, | explored the extent to which adiposity-related inflammation may

influence ferritin and retinol or RBP interpretation.

In Chapter 2, | describe relationships between weight status, inflammation, and ferritin among
non-pregnant women of reproductive age (15-49 years, WRA) and preschool-age children (6-59 months,
PSC) with normal weight to overweight or obesity in differing geographic settings. Cross-sectional data
were separately analyzed from n=18 surveys (WRA) and n=25 surveys (PSC) from the Biomarkers
Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA) project, excluding
observations with underweight, wasting, pregnancy, or malaria. Relationships were assessed between
BMI (WRA) or BMI-for-age z-score (BAZ, PSC), inflammatory biomarkers CRP and/or AGP, and ferritin by
linear regression, and potential mediation by CRP and/or AGP in relationships between BMI or BAZ and
ferritin with structural equation modeling. Regression and mediation models accounted for complex
survey designs, and results were grouped by World Bank income classifications. In 5 of 6 surveys among
WRA from upper-middle and high-income countries, ferritin was significantly positively associated with
BMI, and this relationship was partially (or fully in the survey from the United States) mediated by CRP
and/or AGP. Mediation was present in 4 of 12 surveys for WRA in low- and lower-middle income
countries. Among PSC, ferritin was positively associated with CRP and/or AGP in all surveys, but there
were no significant CRP- or AGP-mediated relationships between ferritin and BAZ, except a negative
relationship in the Philippines. | concluded that where overweight and obesity are common among
WRA, measurement of inflammatory biomarkers and their use in interpreting ferritin may improve iron
status assessment. While these relationships were inconsistent among PSC, inflammation was common

and should be measured to interpret iron status.

In Chapter 3, | conducted similar analyses to examine relationships between weight status,
inflammation, and retinol or RBP among WRA and PSC with normal weight to overweight or obesity.

BRINDA data from n=13 surveys (WRA) and n=22 surveys (PSC) were separately analyzed, excluding
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observations with underweight, wasting, pregnancy, or malaria. Relationships were assessed between
BMI (WRA) or BAZ (PSC), CRP and/or AGP, and retinol or RBP by linear regression, and potential
mediation by CRP and/or AGP in relationships between BMI or BAZ and retinol or RBP with structural
equation modeling. All regression and mediation models accounted for complex survey designs. Among
WRA, greater BMI was positively associated with retinol or RBP in 5 of 13 surveys, BMI was positively
associated with CRP and/or AGP in 10 of 13 surveys, but associations between biomarkers of
inflammation and retinol or RBP were inconsistent. Among PSC, BMI was not associated with retinol,
RBP, CRP, or AGP, but biomarkers of inflammation were consistently negatively associated with retinol
or RBP. In 3 of 13 surveys among WRA and 1 of 22 surveys among PSC, inflammation partially mediated
the relationship between BMI or BAZ and retinol or RBP, however the direction of association varied. |
concluded that in these surveys, inflammation associated with overweight and obesity does not appear
to impact vitamin A assessment when measured with retinol or RBP; however, inflammation should

continue be measured to interpret vitamin A status among PSC.

Chapter 4 explores salt consumption in Ghana, where salt consumption ranges 6-12 g/d, and salt
consumption 5 g/d is associated with increased risk of noncommunicable diseases. To develop salt
reduction strategies that are relevant to this context, understanding salt usage and consumption
patterns is necessary. My objectives for this chapter were to: 1) estimate consumption of salt, including
salt from bouillon, among households, women, and children, and compare to global recommendations;
2) estimate the proportion of salt consumed from bouillon; and 3) identify factors, including knowledge,
attitudes, and practices (KAP), associated with household salt consumption in 2 districts in Northern
Region, Ghana. Employing mixed-methods methodology, households were enrolled from 14 urban and
14 rural clusters from Tolon and Kumbungu districts in a pilot survey and focus group discussions (FGDs,
n=20). Using the Fortification Assessment Coverage Toolkit, households (n=369) reported most recent

purchases of discretionary salt (DS, ‘table salt’) and bouillon cubes. From purchase data, median (IQR)



household consumption (g/d) of DS and total salt (TS, DS + salt from bouillon, assumed to be 55% salt)
were calculated, including the proportion of salt from bouillon. DS and TS consumption for women (15-
49 y) and children (2-5 y) were estimated with the Adult Male Equivalent method and compared to
global recommendations. Salt intake from urinary sodium excretion was predicted with the INTERSALT
equation (women only). Associations between DS and TS consumption and household and individual
(women’s) characteristics, including KAP, were tested with mixed effects ANOVA. Minimally-adjusted
and multivariable models included district, setting (urban/rural), household size, and participant type
(non-lactating or lactating woman) as fixed effects, and the random effect of cluster. Qualitative themes
were generated from FGDs using the Framework Method. From reported household purchase data,
estimated consumption of DS and TS appeared to exceed global recommendations for many children
(TS: 2.9 [1.9, 5.2] g/d) and the majority of women (TS: 6.0 [4.0, 10.2] g/d). Women’s mean urinary
sodium excretion also suggested high sodium exposure (7.1 g/d). Bouillon contributed <25% to
households’ daily TS consumption. Household salt consumption was greater among households in 37-5t"
(highest) asset quintiles and those with severe food insecurity. Few other characteristics were
associated with household salt consumption. Salient qualitative themes included salt’s ubiquity as a
seasoning, and how intra-household dynamics, taste preferences, and perceptions about salt and health
shaped salt usage and consumption. These results suggest that salt consumption among women and
children in this area exceeds recommendations; food prepared outside the home may further contribute

to salt consumption. Salt reduction interventions may be warranted in this context.

Together, these studies broaden our understanding of how measuring indicators of iron and
vitamin A status relate to noncommunicable disease risk assessment in different global settings, which
will aid global nutrition status surveillance efforts. Also, the salt consumption results from Ghana will
help inform nutrition and policy discussions related to salt in Ghana, including the development of salt-

reduction behavior change communication strategies.



CHAPTER 1. Global Rise of Noncommunicable Diseases: A Review of Selected
Implications



Global nutrition trends and the Double Burden of Malnutrition

Noncommunicable diseases (NCDs), including cardiovascular diseases, diabetes, and others, are
the leading cause globally of premature mortality (death before the age of 70), with the majority of
deaths occurring in low- and lower-middle-income countries (LIC, LMIC) (1). Two prominent conditions
contributing to NCD risk include overweight or obesity (OWOB) and hypertension. While these
conditions are common in upper-middle and high-income countries (UMIC, HIC), the proportion of the
population experiencing OWOB and hypertension in LIC and LMIC has been rising for at least the past
three decades (2,3). Alongside rising prevalence of OWOB and hypertension, micronutrient deficiencies
persist, especially in LIC and LMIC (4). The United Nations’ Sustainable Development Goal (SDG) 2.2 calls
for an end to malnutrition in all its forms by 2030 and Goal 3.4 aims to reduce premature deaths from
NCDs by one-third by 2030 (relative to 2015 levels); however progress towards these goals is slow, with
most countries worldwide off track (5,6). To reach the SDG targets, strategies that address contributors

to all forms of malnutrition are needed.

Historically, undernutrition (i.e., stunting, wasting, underweight, low birthweight, anemias, and
micronutrient deficiencies) has dominated the health and nutrition landscape of LIC and LMIC,
particularly among vulnerable populations, such as women, children, and populations experiencing
poverty; conversely, OWOB has concentrated among the wealthy (7). Over the past few decades,
changing food systems and food environments due to globalization and urbanization in LIC and LMIC
have expanded access to energy-dense and nutrient-poor foods, and made sedentary lifestyles more
common (7,8). This shift in dietary patterns and lifestyles, known as the “Nutrition Transition,” has
contributed to changes in body composition and morbidity, including the rising prevalence OWOB and

NCDs in these contexts (9). The concomitant presence of persistent conditions of undernutrition



alongside conditions of overnutrition has been termed the “Double Burden of Malnutrition” (DBM), and

can present in individuals, households, and populations, and throughout the life course (10).

While there are common observations related to DBM in LIC and LMIC, such as populations of
lower socioeconomic status experiencing more underweight while wealthier populations experience
more OWOB, the distribution and manifestation of the multiple forms of malnutrition varies across
world regions, countries, and income classifications (11,12). Notably, BMls are rising in many rural
populations across the globe, particularly in UMIC (13,14), which may be predictive of trends in HIC
where populations of lower socioeconomic status can experience higher prevalence of OWOB compared

to higher socioeconomic populations (15,16).

The name “Double Burden of Malnutrition” implies the coexistence of one condition of
overnutrition and one of undernutrition, however in reality, multiple forms of malnutrition often
coexist, particularly when viewed over the life course (17). For example, one typology of DBM at the
individual-level may include stunting and micronutrient deficiencies in childhood, OWOB with persistent
micronutrient deficiencies in adulthood, and then development of heart disease and/or diabetes as
adulthood continues. The Developmental Origins of Health and Disease theory offers a biological
explanation as to how conditions of undernutrition could lead to the development of NCDs. This theory
hypothesizes that fetal undernutrition and poor growth lead to metabolic dysregulation and physical
and structural changes to key organs that increase the risk of developing heart disease and diabetes
later in life (18). Investigations into the pathways through which these hypothesized outcomes may
occur highlighted the micronutrient status of both the mother and fetus as critical in potentially shaping
NCD risk (19). Maternal deficiencies in several micronutrients, such as iron, zinc, calcium, folate, and
B12, may lead to restricted fetal growth and development, which may in turn impact the development
of the kidneys, heart, pancreas, and lungs, as well as altering endocrine capabilities and lipid metabolism

and deposition. Development of conditions such as hypertension, OWOB, and insulin resistance may
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ensue, increasing the risk of developing NCDs (19,20). Additional influences through fetal epigenetic
reprogramming in utero (21,22) and early life consistent exposure to energy-dense, nutrient-poor foods
(23) may further predispose a child to poor health outcomes. Importantly, poor fetal growth can occur
with both overnourished and undernourished mothers, as maternal OWOB has been associated with
fetal growth restriction (21). Thus, prioritizing the nutrition status of women throughout the life course

will improve health outcomes for both women and her potential children.

Given the potential for conditions of undernutrition and overnutrition to increase the risk of
developing NCDs, a greater understanding of the relationships between selected contributors to NCD
risk, including how they are measured, are needed. This review will summarize literature examining the
potential influence of inflammation on assessment of selected micronutrients (iron and vitamin A)
among populations with OWOB in global settings. It will also summarize how dietary salt is implicated in
the rise of NCDs globally, such as through increased risk of developing hypertension, and summarize
common methods of dietary salt measurement. This section will particularly focus on salt consumption

in Ghana, as that is the setting of the investigation described in Chapter 4.

Micronutrient assessment and associations with overweight or obesity

Global prevalence and definitions of overweight and obesity

The proportion of the global population experiencing OWOB continues to increase. Across the
globe, rising body mass is a top contributor to global disease burdens, with LIC and LMIC leading this
upward trend for the past 20 years (24). OWOB currently affect approximately 44% of all adults and 20%
of all children 5-17 years of age, and overweight affects almost 6% of all children under 5 years of age;
the vast majority of these populations reside in LMIC (25,26). In 2016, nearly 40% of adults in Nepal

were estimated to be experiencing overweight or obese, nearly 43% of adults in Ghana, and 64% of



adults in Guatemala, a figure that rivals OWOB prevalence among adults in HIC such as Australia (67% in

2017) and the United Kingdom (64% in 2017) (27-31).

OWOB is defined as excessive accumulation of adipose tissue with the risks to health increasing
depending on the location and distribution of excess fat accumulation (32). Approximately 80% of
adipose tissue is subcutaneous, with the majority of remaining adipose found viscerally, surrounding
major abdominal organs. Excessive accumulation of visceral adipose tissue, which is often present in
individuals experiencing OWOB, increases the risk of NCDs (33). BMI is often used to screen for OWOB,
with overweight in adults is defined as a BMI of >25.0-29.9 kg/m? and obesity defined as a BMI of 230.0
kg/m?2. OWOB are also defined as increased waist circumference (> 88 cm for adult women and > 102 cm
for adult men) (34). While BMl is limited in its ability to discern body fat location, other direct measures
of adiposity, such as waist circumference, waist-to-hip ratio, or skinfold thickness have been found to be

highly correlated with BMI when predicting cardiometabolic risk (35).

Children (0-18 years of age) are considered at risk of overweight with a BMI-for-age z-score
(BAZ) of > 1 SD, overweight with a BAZ of > 2 SD, and obese at a BAZ of > 3 SD, according to WHO
growth standards. According to the United States Centers for Disease Control and Prevention BMI-for-
age growth references, children (2-20 years of age) are at risk of overweight at > 85" percentile, and at
risk of obesity at > 95 percentile (36—38). Additionally, among Asian adult populations, health risks such
as diabetes seem to increase at lower BMIs, with a BMI of 23 kg/m? potentially requiring health
interventions (39). BMI growth references for children also likely underestimate OWOB among Asian

children, however formal recommendations to revise the references have not yet been made (40,41).

Obesity and inflammation

Inflammation is the body’s physiological response to injury, ilness, infection, or environmental

insult, and is characterized by the presence of pro-inflammatory cytokines and acute-phase proteins,



such as C-reactive protein (CRP) and a-1-acid glycoprotein (AGP) (42). Excess adipose tissue, in particular
visceral adipose tissue, releases pro-inflammatory cytokines and CRP, which then stimulate the
production and release of acute-phase proteins from hepatocytes, macrophages, and others, creating an
environment of prolonged, low-grade systemic inflammation that often characterizes obesity (43,44).
Abdominal obesity has been found to be strongly related with inflammation among adult women
(45,46), and among children and adolescents (47,48). Inflammation associated with obesity affects many
bodily systems, and may have life-long effects. A study of adolescents whose mothers experienced
obesity during pregnancy had significantly higher levels of CRP than adolescents born to mothers of
normal weight, after controlling for BMI (49). As discussed previously, early-life exposure to
inflammation may place children and adolescents at risk for developing obesity or metabolic

dysregulation later in life (18,50).

Inflammation also influences the assessment of some micronutrients, including iron and vitamin
A (51). With obesity specifically, some literature suggests that individuals experiencing obesity may be
associated with lower micronutrient status compared to individuals without obesity, however, the
direction of association is unclear, and may differ by context (52). Inflammation associated with OWOB

may contribute to the variation in micronutrient status evaluation (42).

Iron status assessment

While there are multiple biomarkers available to evaluate a population’s iron status (e.g.,
ferritin, soluble transferrin receptor, serum iron), epidemiological studies of health and nutrition status
frequently measure plasma or serum ferritin concentration (53). However, ferritin is a positive acute-
phase protein, meaning that in the presence of inflammation ferritin concentrations transiently
increase, confounding iron status assessment and potentially resulting in erroneous underestimates of

iron deficiency (54). This mechanism occurs because of hepcidin, a hormone released predominantly



from the liver in the presence of inflammation (55). Hepcidin regulates iron homeostasis by binding to
and degrading ferroportin, the transmembrane protein used by iron-exporting cells, including
enterocytes and macrophages. After degradation of ferroportin, iron is effectively trapped as ferritin
within cells (55). The evolutionary purpose of this action is to reduce the availability of circulating iron
for use by pathogens, which may be the cause of the inflammation (56). However, persistent
inflammation not due to infection, such as in obesity and other chronic diseases, may increase the risk
of iron deficiency due to sustained sequestration of cellular iron, leaving the body unable to access iron
stores for normal functions such as erythropoiesis (55). Thus, measuring and controlling for

inflammation when measuring ferritin concentration is critical for accurate evaluation of iron status (54).

Vitamin A status assessment

Serum or plasma retinol-binding protein (RBP) and retinol are the two principle circulating forms
of vitamin A in the body (57). RBP is synthesized in the liver, the primary storage site of vitamin A. After
being released from the liver, RBP transports retinol (holo-RBP) through the blood system, and may be
bound to transthyretin, which increases the mass of the molecule and delays excretion via the kidneys
of the holo-RBP-transthyretin complex (57). Circulating retinol, which comes from dietary or
supplemental forms of vitamin A, is primarily bound to RBP or lipoproteins (57). Both RBP and retinol
are sensitive to recent intake of vitamin A-rich foods or supplementation, and liver biopsies are the gold
standard for measuring vitamin A status (57). However, liver biopsies are not a viable assessment
method for evaluations of population vitamin A status, and instead, serum or plasma retinol and RBP

concentrations are frequently measured in epidemiological studies (58).

RBP is a negative acute-phase protein. Under inflammatory conditions, the liver will
downregulate the release of holo-RBP, and the kidneys will upregulate excretion of both holo-RBP and

apo-RBP (57). Thus, in the presence of inflammation, concentrations of RBP and retinol will transiently



decrease, impacting assessments of vitamin A status (59). In evaluations of the extent to which
accounting for inflammation is necessary when assessing vitamin A status, researchers found that
among preschool-age children (6-59 months) and school-age children (5-15 years), adjusting for
inflammation consistently decreased the prevalence of vitamin A deficiency, while among adult women

(15-49 years), the inflammation-adjusted results were inconsistent (51,58).

While the highly regulated circulating concentrations of RBP (and by association, retinol) appear
to be primarily liver-derived (33—35), RBP (or RBP4) is also expressed in adipose tissue and has been
identified as an adipokine (33,36). Because of the hypothesized role as an adipokine, researchers have
found differing levels of circulating RBP associated with cardiovascular disease, insulin resistance,
obesity, and hypertension in adults (9,12,13,33,36,37), and obesity and metabolic syndrome in children
and adolescents (38,39), though the direction of association varies and causal relationships have not
been established. Additionally, it is unknown whether and how much of circulating RBP in states of
chronic disease are adipocyte-derived (33). Thus, while current understanding of biological pathways
supports a negative relationship between inflammation and circulating concentrations of RBP (and
retinol), which in some cases may complicate assessment of vitamin A status, additional research is
needed to clarify the relationship between chronic disease and RBP and/or retinol, including establishing
temporal relationships and measurement of vitamin A stores. Given that global prevalence of
overweight and obesity is rising, including among children (40), it will be useful to better understand

how measurement and use of retinol and RBP may be influenced by overweight and obesity.

Variation in sources of inflammation by context

Sources of inflammation differ by context (42). Research examining the relationships between
micronutrient status and inflammation due to illness and infection has largely concentrated on data

from LIC and LMIC. This is, in part, because of the known direct interactions of micronutrients (e.g., iron)



and pathogens (e.g., malaria, helminths) associated with common illnesses in many of these countries
(70-73). In contrast, literature examining adiposity and inflammation and adiposity and micronutrient
deficiency has largely been carried out in populations from UMIC and HIC (74-78). Given the body of
literature examining inflammation and micronutrient status (42,51,57,79), considering inflammation in
nutrition assessments is important for developing interventions and programs that include populations

experiencing both undernutrition and overnutrition.

Global health implications of dietary salt consumption

Salt consumption is high worldwide with adults regularly consuming >10 grams per day (g/d)
(80). While sodium is an essential nutrient necessary for many physiological processes (85), sodium (or
salt) consumption and blood pressure are highly correlated, with a linear relationship linking greater risk
of hypertension and heart disease to salt consumption >5 g per day (g/d) (86), the recommended daily

salt limit of both WHO and the American Heart Association (87,88).

Hypertension affects approximately 1.28 billion adults (aged 30-79 years) globally, and is
implicated in 45% of deaths due to cardiovascular disease and 51% of deaths due to stroke, the majority
of which occur in LIC and LMIC (81,82). While there are trends of decreasing blood pressure in UMIC and
HIC over the past 40 years, mainly due to increased screening and treatment, over the same period,
blood pressure and prevalence of hypertension have increased in LIC and LMIC (83). In Ghana
specifically, in 2019, prevalence of hypertension (defined as blood pressure >140/90 mm Hg
[systolic/diastolic] or current use of antihypertensive medication) was 36% for females and 31% for
males, aged 30-79 years; approximately 40% of women and 75% of men were unaware of their

hypertensive condition (84).

Elevated blood pressure and hypertension definitions



The World Health Organization (WHO) defines hypertension as systolic blood pressure 2140 mm
Hg and/or diastolic blood pressure 290 mm Hg (81) (Table 1). In 2017, the American Heart Association
revised their guidelines for detecting hypertension in adults, and recommended lowering the threshold
from >140/90 mm Hg to 2130/80 mm Hg (systolic/diastolic). Their recommendation was based on
reviews of clinical trial data that showed a two-fold increase in risk of cardiovascular disease when blood
pressure exceeded the lower threshold (85). Among children, guidelines for ‘at risk’ blood pressure are
defined by the American Heart Association and the American Academy of Pediatrics, and are based on

age, sex, and height according to increased risk of chronic disease (86).

Table 1.1. Blood pressure and hypertension guidelines for adults (18+ years)*

Organization Normal blood Elevated blood Hypertension (mm Hg)
pressure (mm Hg) pressure (mm Hg)

American Heart SBP <120 and DBP <80 | SBP 120-129 and DBP SBP 2130 or DBP 280

Association <80

International Society of | SBP <130 and DBP <85 | SBP 130-139 and/or SPB 2140 and/or DBP

Hypertension DBP 85-89 290

World Health SBP <120 and DBP <80 SPB >140 and/or DBP

Organization 290

! International Society of Hypertension classifies ‘Elevated blood pressure’ as ‘High-normal blood pressure’.
References: American Heart Association (85); International Society of Hypertension (87); World Health
Organization (81). DBP, diastolic blood pressure; SBP, systolic blood pressure.

Relationships between salt and blood pressure

Salt’s relationship with blood pressure is through its physiological role in fluid balance
regulation. Salt (sodium chloride) is composed of the main cation (sodium) and anion (chloride) in
extracellular fluid (82). Excessive salt intake causes disruptions to the renin-angiotensin-aldosterone
system (RAAS), which regulates sodium balance and blood pressure through fluid resorption and
excretion (89). The RAAS system increases blood volume and blood pressure by stimulating aldosterone
secretion, a hormone secreted from the adrenal cortex. Prolonged excessive salt intake can result in

dysregulation to the RAAS system and lead to persistent high blood pressure, which ultimately weakens
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the arterial system, contributing to inflammation and arterial plaque accumulation, and putting a person

at higher risk for cardiovascular disease and stroke (89).

Populations of African descent, and particularly females of African descent, tend to have higher
rates of hypertension than White populations (88,89). This is likely due to a combination of genetic
influences, such as greater salt sensitivity (i.e., elevated blood pressure at salt intakes of <5 g per day)
and greater arterial wall stiffness (with onset at younger ages in African populations) when compared to
White populations. These genetic influences may be enhanced by systemic social-environmental
inequities that reduce access to and use of healthcare services, contributing to lower rates of

awareness, prevention, and treatment of hypertension (88-91).

Salt consumption in Ghana and dietary sources

Few studies have assessed salt consumption in Ghana. In studies among adults, salt
consumption ranged from approximately 6-12 g/d using data from 24-h urinary sodium excretion (92—
95), and was 12.5 g/d from analyses of household salt inventories (96). Among children (5-12 y), salt
consumption was approximately 6.4 g/d from 24-h urine data (97); take together, these studies suggest

that salt consumption in Ghana exceeds global recommendations.

In Ghana, important sources of dietary salt include discretionary salt, which includes salt added
at the table or during cooking, and salt from condiments such as bouillon cubes (98—100). Consumption
of salt from other sources (i.e., from processed and ultra-processed foods such as snack foods,
processed meats, and breads) is becoming more common. The most recent Ghana Demographic and
Health Survey (2014) reported that almost 85% of households consumed a salty processed food within

the previous twenty-four hours (101).
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Salt reduction strategies

Salt reduction strategies are recommended to reduce the risk of hypertension or NCDs (102).
The World Health Organization outlines five priority areas of salt reduction: monitoring and surveillance,
reformulation of food products, regulations for labeling and marketing, increase consumer knowledge
and awareness, and environmental changes to promote healthy eating (103), with multi-component
strategies being most effective (104). Many countries around the world have undertaken salt reduction
efforts (105). For example, the United Kingdom has successfully lowered average population salt intake
and blood pressure through voluntary strategies to reformulate foods to lower-sodium alternatives;
other countries are relying on mandated strategies, such as taxation of high-salt foods (Portugal) or
regulating front of pack labeling (Chile) (105). In sub-Saharan Africa, South Africa implemented
comprehensive legislation in 2016, placing mandatory salt levels on a variety of processed foods; results
from two years post-implementation indicate lower levels of urinary sodium excretion compared to
urinary sodium excretion levels prior to implementation. However, one concern in South Africa has been
that the reduced consumption of iodized salt also reduced iodine consumption, potentially increasing
the risk of developing iodine deficiency disorders; preliminary results indicate that urinary iodine
excretion did decrease after implementation of the salt reduction legislation (106), and additional
monitoring of population iodine intakes was recommended. A proposed intervention to address
widespread micronutrient deficiencies is the fortification of salt and salty condiments with multiple-
micronutrients in addition to iodine (98,107). Given that salt intakes are high around the world, this
intervention will need to address both micronutrient status and reduce salt intake. Thus, measuring and

surveilling population salt intake and understanding dietary sources will be essential.
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Measurement of dietary salt

Accurate measurement of dietary salt is needed to understand its implication in the
development of hypertension or NCDs. Due to salt’s ubiquity in many prepared foods (i.e., processed
and ultra-processed foods), and as a common addition during cooking and/or at the table (108), many
consumers are unaware of the sources of salt in their diet, complicating its assessment (104). In many
LIC and LMIC where salt added in cooking is the primary source of dietary salt, variation in food
preparation methods and household cooks add additional considerations when assessing salt intakes
(104,108). To inform salt reduction strategies and reduce the risk of developing hypertension or other

related health outcomes, high quality salt intake estimates are essential.

24-hr urine collection

There are 3 primary methods for assessing dietary salt intake: 24-hr urine collection to assess
urinary sodium excretion, spot urine samples to predict 24-hr urinary sodium excretion, and dietary
guestionnaires to assess dietary salt consumption, such as 24-hr dietary recalls or food frequency
questionnaires. As approximately 93% of dietary sodium is excreted in the urine (109), the gold standard
salt assessment method is multiple 24-hr urine collections over a series of days in a representative
sample of the population (110). Multiple 24-hr urine collections reduce bias due to diurnal variation in
urinary sodium excretion compared to single 24-hr urine collections, reduce within- and between-
person dietary sodium variability, and the estimates can be used for estimating an individual’s usual
sodium intake (110). However, collecting urine over 24-hrs places a large burden on participants,
particularly among children. Rates of non-compliance and attrition among participants can be high in

studies using this method (110,111).
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Spot urine samples

Because of these challenges some studies elect to collect spot urine samples once or at multiple
time points, and then use a predictive equation (such as the INTERSALT equation (112)) to estimate 24-
hr urinary sodium excretion. Due to the variability in urinary sodium excretion, multiple spot urine
samples per participant are preferred, though an exact number of samples has not been determined
(111). One limitation of spot urine samples is that estimations of salt (or sodium) from spot urine
samples have been found to systematically overestimate 24-hr urinary sodium excretion in populations
with low salt intake levels, and systematically underestimate 24-hr urinary sodium excretion among
populations with high salt intake levels (111). Though the WHO suggests collecting spot urine samples
for population salt intake assessment and monitoring when 24-hr urine sample collection is not possible
(113), usage of spot urine sample data for predicting salt intake should be restricted to classifying a
population above or below a threshold, for example the 5 g/d of salt threshold (111). Spot urine samples
should not be used to predict clinical outcomes due to within-person variability in urinary sodium

excretion and low precision when using predictive equations (114,115).

Dietary data

Many nutrition surveys collect salt intake data through food frequency questionnaires or 24-hr
dietary recalls (116,117). Benefits of these methods include allowing for examination of dietary trends
and dietary sources of salt, and estimating the proportion of salt intake from discretionary salt (i.e.,
table salt) or salt from processed and ultra-processed foods. These data are useful for assessing dietary
patterns and potential points of intervention to reduce the risk of diet-related NCDs (118). While these
methods are subject to misreporting and recall bias by survey participants, intensive training for those
administering dietary recalls and innovations in collection methods, such as via electronic tablet-based

sources, can reduce errors in dietary data collection (119,120). A review and meta-analysis comparing
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24-hr urine and 24-hr diet recall methods to estimate dietary sodium intake for population monitoring
and assessment found that when compared to 24-hr urine collection, 24-hr dietary recalls
underestimated mean sodium intake by approximately 600 mg/d (121). However, the review also stated
that studies that employed the multipass method of 24-hr dietary recall (i.e., a detailed methodology
wherein interviewers iteratively gather dietary data in increasingly more specific ‘passes’) had smaller
differences in mean sodium estimates than studies that did not employ the multipass method (121).
Thus, while multiple 24-hr urine collections may be the most precise method to assess dietary salt
intake, detailed 24-hr dietary recalls can provide reasonable estimates with consideration of the
methodological limitations, such as additional probing for salt added during cooking or at the table to

improve participant recall accuracy.

Detailed dietary data is lacking in many countries throughout the world, often due to its
complicated data collection and analysis methodology, such as with the multipass 24-hr recall. In the
absence of dietary or biomarker data, household-level data from Household Income and Expenditure
Surveys and a variety of other household surveys that are completed periodically in the majority of LIC
and LMIC may be used to generate estimates of food and nutrient intake, such as salt or sodium (122).
These surveys generally provide data on household purchases of specific staple foods, including but not
limited to how much of a food item was purchased, the cost of that quantity of purchased food, and the
duration of time that quantity of food typically lasts (123). This information yields a household’s
estimated consumption of a specific food or nutrient, and while the data can be ‘noisy’ (e.g., household
members may misreport costs, quantities, and duration), it is helpful for estimating a population’s food

consumption patterns when detailed dietary data are not available.

Additionally, for nutrition policymaking and program development that prioritizes specific
population subgroups, for example children, adolescents, or adult women, estimating individual

consumption behaviors within households is useful. One method of disaggregating household-level food
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and nutrient consumption data to individual ‘apparent intake’ data is through the Adult Male Equivalent
(AME) method. The AME method assigns an adjustment factor (AME unit) to each member of a
household based on sex- and age-specific energy expenditure and energy requirements, where adult
males have an AME value of 1.0 and are the reference category (i.e., AME=1 for adult males aged 19-30
years, AME=0.7 for adult females aged 19-30 years, and AME=0.5 for children) (124). This method
assumes that food is shared within a household based on individual energy needs, and the calculation
yields apparent intake of a food or nutrient by demographic group. However, food is not always shared
equitably among household members with male household members often receiving more and/or
higher quality food than their female counterparts (125), and the AME method has also been shown to
systematically underestimate individual consumption (126). Regardless, the method is useful for using
household-level data to generate baseline (or “proxy” (122)) estimations of food and nutrient
consumption among population subgroups. For example, it may be used to generate broad estimates of

salt consumption above or below the 5 g/d threshold.

In summary, there are multiple methods of salt measurement available, and the method
selection should be determined by the study objectives and priorities for data usage. Use of spot urine
samples or household-level data estimations may be useful in population assessments and monitoring

of salt consumption, but are limited in their precision and ability to predict clinical outcomes.

Summary and Research Gaps

Conditions of both undernutrition and overnutrition contribute to NCD risk globally. High
prevalence of OWOB is common worldwide, and associated conditions such as inflammation and
micronutrient deficiencies may require additional consideration when evaluating OWOB prevalence and
intervention or programmatic impacts. Globally, higher than recommended salt intakes likely contribute

to the high prevalence of hypertension and to increased cardiovascular disease morbidity and mortality.
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Strategies that simultaneously address all forms of malnutrition (‘Double-Duty Actions’) are needed to
address these public health priorities, and to meet the Sustainable Development Goals, including

accurate assessment and evaluation of conditions contributing to NCD morbidity (127,128).

Previous analyses have highlighted the influence of inflammation on iron and vitamin A status in
different populations (58,129), as well as the prevalence and independence of intra-individual OWOB
and micronutrient deficiencies among children and adult women (130,131). However, these analyses
focused on inflammation generally and did not explore weight status as a source of inflammation. In
Chapters 2 and 3, | build upon these prior analyses to examine whether the relationship between BMI
and micronutrient status indicators may be influenced by inflammation. This research will broaden our
understanding of the extent to which adiposity-related inflammation may influence interpretation of

micronutrient assessment in contexts with varying etiologies of inflammation.

In Ghana, salt iodization programs successfully reduced iodine-deficiency disorders (132), and
fortification of other condiments such as bouillon with multiple micronutrients is being considered as an
additional intervention to address micronutrient deficiencies (133). Modeling results indicate that
multiple-micronutrient fortified bouillon has the potential to be cost-effective and adequately reach the
majority of the population in Ghana; however, salt reduction efforts likely need to be undertaken
simultaneously (107). In Chapter 4, | estimate salt consumption among households, women, and
children in two districts in the Northern Region, Ghana, including the proportion of salt consumed from
bouillon, to inform a planned randomized controlled trial testing multiple-micronutrient fortified
bouillon cubes. With mixed-methods methodology using data from a pilot survey and focus group
discussions, | identify factors, including knowledge, attitudes, and practices, associated with household
salt consumption. These data will help inform nutrition and policy discussions related to salt in Ghana,

including the development of salt-reduction behavior change communication strategies.
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Abstract

Background: In the presence of inflammation, serum or plasma ferritin concentration (‘ferritin’)
transiently increases, confounding its interpretation as an iron status marker. The extent to which

adiposity-related inflammation may influence ferritin interpretation is uncertain.

Objective: To describe relationships between weight status, inflammation, and ferritin among non-
pregnant women of reproductive age (15-49 years, WRA) and preschool-age children (6-59 months, PSC)

with normal weight to overweight or obesity (OWOB) in differing geographic settings.

Methods: Cross-sectional data were separately analyzed from n=18 surveys (WRA) and n=25 surveys
(PSC) from the Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
project, excluding observations with underweight, wasting, pregnancy, or malaria. Relationships were
assessed between BMI (WRA) or BMI-for-age z-score (BAZ, PSC), inflammatory biomarkers C-reactive
protein (CRP) and/or a-1-acid glycoprotein (AGP), and ferritin by linear regression, and potential
mediation by CRP and/or AGP in relationships between BMI or BAZ and ferritin with structural equation
modeling. Regression and mediation models accounted for complex survey designs. Results were
grouped by World Bank income classifications. Included Kenya trial data registered at

http://clinicaltrials.gov, identifier NCT01088958.

Results: In 5 of 6 surveys among WRA from upper-middle and high-income countries, ferritin was
significantly positively associated with BMI, and this relationship was partially (or fully in the United
States) mediated by CRP and/or AGP. Mediation was present in 4 of 12 surveys for WRA in low- and
lower-middle income countries. Among PSC, ferritin was positively associated with CRP and/or AGP in all
surveys, but there were no significant CRP- or AGP-mediated relationships between ferritin and BAZ,

except a negative relationship in the Philippines.
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Conclusions: Where OWOB are common among WRA, measurement of inflammatory biomarkers and
their use in interpreting ferritin may improve iron status assessment. While these relationships were

inconsistent among PSC, inflammation was common and should be measured to interpret iron status.
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Introduction

Epidemiological studies of health and nutrition status frequently measure plasma or serum
ferritin concentration (hereafter referred to as ‘ferritin’) to evaluate a population’s iron status (1).
However, the presence of inflammation confounds iron status assessment by transiently increasing
ferritin concentrations, potentially resulting in erroneous underestimates of iron deficiency (2). Thus, to
accurately assess and interpret the ferritin results of a population assessment, researchers should
measure inflammation biomarkers, identify potential sources of inflammation, and consider their

influence on iron status assessment.

Sources of inflammation often differ by setting. For example, inflammation due to malarial
illness or diarrheal disease may be more common in low-income and lower-middle income countries (LIC
and LMIC) (3). In contrast, inflammation associated with overweight and obesity (OWOB) may be more
common in upper-middle income and high-income countries (UMIC and HIC) (4), though OWOB are
increasingly prevalent across global contexts (5,6). Inflammation is the body’s physiological response to
injury, illness, infection, or environmental insult, and is characterized by the presence of pro-
inflammatory cytokines and acute-phase proteins (APP), such as C-reactive protein (CRP) and a-1-acid
glycoprotein (AGP) (4). In obesity, excess adipose tissue, in particular visceral adipose tissue, releases
pro-inflammatory cytokines and CRP, which then stimulate the production and release of APPs from
hepatocytes, macrophages, and others, creating an environment of prolonged, low-grade systemic
inflammation (7,8). Persistent inflammation may increase the risk of iron deficiency due to sustained

disruptions to intestinal iron absorption and systemic iron distribution (9).

Research examining the relationship between iron status and inflammation due to iliness and
infection has largely concentrated on data from LIC and LMIC. This is, in part, because of the direct

interaction of iron and pathogens (e.g., malaria, helminths) associated with common illnesses in many of
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these countries (10-13). In contrast, literature examining adiposity and inflammation and adiposity and
iron deficiency has largely been carried out in populations from UMIC and HIC (14-18). Much of the
research on adiposity and iron status has yielded mixed results in the magnitude or direction of
association of this relationship due to variation in evaluation methods (19,20), population assessed
(21,22), and the degree of iron deficiency at the time of assessment (18,23). As obesity prevalence
increases globally, research exploring the combined influence of inflammation and adiposity on iron

status is needed in countries with and without a high infectious disease burden.

The Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
project previously presented analyses of national survey data from multiple countries highlighting the
influence of inflammation in iron status assessment in different populations (24). The BRINDA project
also established a statistical method to adjust for inflammation when measuring iron status (2,25-27),
an approach adopted by the World Health Organization in its most recent guidelines on the use of
ferritin to assess iron status of populations (1). Additionally, the BRINDA project recently reported the
prevalence and independence of intra-individual OWOB and iron deficiency among adult women and
young children (28,29), and determined that in both groups, OWOB was not associated with iron
deficiency based on inflammation-adjusted ferritin. However, this analysis estimated iron deficiency
with inflammation-adjusted ferritin, and did not examine whether the relationship between BMI and

iron status indicators may be influenced by inflammation.

Therefore, we analyzed data from the BRINDA project to explore the following objectives: 1) to
determine the relationships between weight status (BMI), inflammation (CRP and/or AGP), and ferritin
among adult women and young children with normal weight to OWOB in differing geographic settings;
and 2) to examine whether inflammation mediates the relationship between BMI (women) or BMI-for-

age z-score (BAZ, children) and ferritin in these same settings.
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Methods

Data source and inclusion criteria

Using secondary de-identified data from nationally- or regionally-representative surveys from
the BRINDA project, we analyzed 18 datasets from 17 countries with data on non-pregnant women of
reproductive age (WRA, 15-49 years) and 25 datasets from 22 countries with data on preschool-aged
children (PSC, 6-59 month). Criteria for survey inclusion in the BRINDA project, dataset harmonization,
and methodology of anthropometric calculations and biochemical collection have been previously
documented (28—31). For all surveys, all participants provided informed consent, referrals were made
for severe anemia and/or severe acute malnutrition, participants did not directly benefit from their
participation in the survey, and participants were not informed of the results of the current study. The
Kenya data included in BRINDA were part of a clinical trial registered at http://clinicaltrials.gov, identifier

NCT01088958.

Our inclusion criteria matched that of two previous analyses examining the intra-individual
double burden of malnutrition among PSC(28) and WRA (29). Additional inclusion criteria specific to the
present analyses were surveys that included a marker of inflammation (CRP and/or AGP) and measured
serum or plasma ferritin. As the present analyses examined relationships between BMI, ferritin, and
inflammation among populations with normal weight to OWOB, observations with BMI <18.5 kg/m?
(WRA), or BAZ or weight-for-height z-score (WHZ) <-2 SD (PSC) were excluded due to concerns that
individuals with underweight or wasting were likely to have inflammation from other sources, such as
infectious diseases. Other excluded observations were those with zero values for ferritin, WRA who
were pregnant or whose height or weight was outside the ranges of 101.6-219.9 cm and 22.7-222.2 kg,
respectively (29), PSC with BAZ less than -5 SD or greater than 5 SD (28), and observations with a

positive malaria result (to minimize the influence of inflammation from infectious disease; n=4 [WRA]
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and n=8 [PSC] surveys measured malaria). Observations with other morbidity symptoms (i.e., reported
fever or diarrhea) were not excluded because the variables were not reported uniformly across surveys,
and prior BRINDA analyses showed that reported morbidity was not consistently associated with
inflammation (32). We did not apply a sample size cutoff for excluding surveys after application of
exclusion criteria; however, we did ensure the analytical sample sizes met criteria for mediation analysis
(33). BAZ and WHZ were recalculated for the BRINDA database using the WHO growth standards (30).
The proportion of observations excluded overall and by individual exclusion criterion are presented in

Supplemental Tables 2.1 and 2.2.

Variable definitions

The outcome variables were unadjusted ferritin (ug/L), CRP (mg/L), and AGP (g/L); the predictor
variables were BMI (kg/m?, WRA) or BAZ (PSC), CRP (mg/L), and AGP (g/L). For consistency with prior
BRINDA analyses (28), we applied BAZ to all age groups, though WHZ is recommended for use for
children <24 months (34). Ferritin was measured in all surveys. CRP was measured in all WRA and n=21
PSC surveys, AGP in n=11 WRA and n=18 PSC surveys, and both CRP and AGP were measured in n=11
WRA and n=15 PSC surveys. For the mediation analysis, the outcome variable was ferritin, the predictor

variable was BMI or BAZ, and the mediating variables were CRP and/or AGP.

Covariates were defined for each survey as reported by the survey representative, unless
otherwise indicated (30): age (years [WRA] or months [PSC]); sex (PSC only); urban residence (compared
to rural residence); high household socio-economic status (SES, the ordinal 3-category SES variable from
the harmonized BRINDA dataset (30) was dichotomized into a binary variable of low SES versus high SES,
where high SES included both medium and high categories); access to an improved water source
(compared to no access or access only to an unimproved water source); access to an improved toilet

(compared to no access or access only to an unimproved toilet); and high education level (compared to
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no education or primary school only) measured as respondent (WRA) or maternal (PSC) education level
except in surveys that reported household head education level (Burkina Faso [PSC, WRA], Colombia
[PSC], Mexico 2006 [PSC, WRA], and the United States [PSC]). Covariates with more than two categories

(SES, water, sanitation, and education level) were dichotomized for ease of interpretation.

The following variables described the nutrition and health status of the survey populations: BMI
(WRA) categorized as normal (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obesity (>30.0
kg/m?); BAZ (PSC) categorized as normal (-2 to 2 SD), overweight (>2 SD <3 SD), and obesity (>3 SD); any
inflammation defined as CRP >5 mg/L and/or AGP >1 g/L; iron deficiency defined as inflammation-

adjusted ferritin <15 pg/L (WRA) or <12 pg/L (PSC).

Statistical analyses

Data were analyzed using SAS version 9.4 (SAS Institute, Cary, North Carolina, USA) and STATA
version 16 (StataCorp, College Station, Texas, USA). All analyses accounted for complex survey designs
(cluster and strata) by calculating variance estimates and applying survey weights, except Mongolia
which used simple random sampling. Analyses were conducted separately by survey and by population
using continuous variables available in each dataset. P-values were considered statistically significant at

p<0.05. Covariates available for analysis are listed by survey in Supplemental Table 2.3.

Means (95% confidence interval [CI]) are presented for continuous variables, except CRP, AGP,
and ferritin are presented as geometric means (95% Cl) due to their non-normal distributions, and age is
presented as the median (interquartile range); percent (95% Cl) are presented for categorical variables.
For descriptive analyses, ferritin and iron deficiency were adjusted for inflammation following the
BRINDA regression correction approach (2,30). Previous BRINDA work has examined the impact of this
adjustment on estimates of iron deficiency prevalence, and found the prevalence increased after

adjustment (2,25,26).
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Bivariate and multivariable analyses

In surveys for which >30% of the analytical sample values had a single low value (representing

the lower limit of detection in the lab analysis), we generated and applied a random number between 0

and the lowest value (Afghanistan [PSC], Colombia [WRA and PSC], Georgia [PSC], and Zambia [PSC]). For

example, more than half of the CRP values in the surveys from Colombia were reported as 0.2 (WRA

n=4838, 58% of analytical sample; PSC n=2476, 66%); for these observations we generated and applied a

random value between 0 and 0.2 for CRP (35,36), and confirmed that the direction and strength of

association did not differ with randomly generated values by re-running all regression models with

multiple random seeds. For all surveys, ferritin, CRP, and AGP were natural log (/n) transformed to

achieve normal distributions and the residuals visually examined. For any surveys where the distribution

of residuals appeared abnormal after transformation of the outcome variables, a sensitivity analysis

compared the Spearman’s rank correlation coefficient with the bivariate linear regression estimate, and

the results examined to determine the appropriateness of continuing with linear regression analyses. All

regression analyses were conducted with the unadjusted ferritin variable.

4.

5.

We assessed the following bivariate linear regression models in each survey:

Y(InFerritin) = Bo + B1(BMI)*
Y(InCRP) = By + By(BMI)*
Y(InAGP) = Bo + B1(BMI)*
Y(InFerritin) = Bo + B1(/nCRP)

Y(/nFerritin) = B + B1(InAGP)

*PSC models used BAZ in place of BMI.
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Relationships between the previously defined covariates and outcome variables were assessed
in separate bivariate linear regression analyses, with marginally significant covariates (at least p<0.10)
included in multivariable adjusted models. Models were assessed for collinearity with variance inflation
factors (>5) and tolerance (>0.1). CRP and AGP variables were analyzed in separate models, rather than
combined into a single variable, in order to examine the individual associations between CRP or AGP
with iron and inflammation status. As pre-specified in our analysis plan, all bivariate WRA analyses were
also completed in stratified analyses by age (15-29 years and 30-49 years) as inflammation due to
chronic disease has been associated with age (37). For consistency with prior BRINDA analyses, PSC

surveys were stratified separately by age (6-23 months, 24-59 months) and by sex (28).

Results are presented grouped by World Bank country income-level classifications (LIC, LMIC,
UMIC, HIC) according to their ranking at the time the survey was conducted (38). While the country
groupings do not imply that the results may be generalized by income classification, the groupings have
historically represented differences in potential sources of inflammation among populations with regard
to non-communicable and communicable disease burdens (39,40). We also examined heterogeneity
among surveys to decide whether to proceed with pooling by income classification. Within each income-
level, we tested for heterogeneity by constructing pooled regression models using the individual-level

data from each survey, and evaluating the interaction between the survey and predictor variables.

Mediation analysis

We used mediation analysis to test the hypothesis that inflammation mediates part or all of the
relationship between BMI or BAZ and ferritin among WRA or PSC with normal to elevated BMI or BAZ.
Mediation analyses were conducted using Structural Equation Modeling (SEM) procedures in STATA
according to the path diagram, with the path through CRP or AGP eliminated in surveys without the

variable (Figure 2.1). Mediation was considered present if both the total effect (the effect of BMI or BAZ
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on ferritin) and the indirect effect (the effect of BMI or BAZ on ferritin as mediated by the effect of CRP
and/or AGP) were significant at p<0.05 (41,42). Linearized standard errors and 95% Cl were generated
and adjusted for the complex survey design by calculating variance estimates and applying survey
weights. Final mediation estimates were exponentiated, and adjusted mediation results are presented
as percent change in ferritin concentration for every 1-unit change in BMI or BAZ. Survey-specific SEM
models were adjusted for the same marginally significant covariates found in bivariate models. All
mediation analyses met the minimum sample size requirement of at least 10 observations per linear
relation (i.e., n=40 observations for models with CRP or AGP only; n=50 observations for models with

both CRP and AGP) (33).

Sensitivity analyses

We conducted sensitivity analyses by including values for BMI <18.5 kg/m? (WRA) or BAZ/WHZ
<-2 SD (PSC) for surveys where greater than 50% of the observations were excluded due to our pre-
specified exclusion criteria (n=5 surveys WRA; n=8 surveys PSC). Sensitivity mediation analyses were also
conducted in datasets with available malaria data (n=4 surveys WRA; n=8 surveys PSC) to examine the
inflammation-mediated relationship between BMI or BAZ and ferritin among all individuals versus those
without a positive malaria result. An additional sensitivity mediation analysis was conducted in a subset
of surveys to assess the effect of excluding observations with reported morbidity symptoms (fever or
diarrhea in the past 24 hours [Kenya 2010, PSC] or past 2 weeks [Liberia, PSC; Céte d’lvoire and Malawi,

WRA]; results were compared qualitatively.

Ethical approval and human subject research protocol

The BRINDA protocol was reviewed by the institutional review boards of the National Institute

of Health and was deemed to be non-human-subjects research.
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Results

Participant characteristics

Among WRA, the analytical sample size ranged from n=61 (Burkina Faso) and n=147 (India) to
n=8300 (Colombia), with a total sample size of 33,429. The median age was approximately 30 years. The
proportion of the analytical sample residing in rural areas ranged from 20.8% (Mexico 2012) to 89.7%
(Malawi); the Indian and Nigerian surveys were conducted in rural areas only. In surveys with SES data
(n=14), more than 60% of the population was classified as high SES, except in Mexico (2006) where the

high SES proportion was 53% (Supplemental Table 2.4).

Among PSC, the analytical sample size ranged from n=63 (Burkina Faso) to n=5824 (Pakistan),
with a total sample size of 28,727. Most surveys (n=13) included children 6-59 months of age, while
other surveys included the following age ranges: Bangladesh (2010), 6-24 months; Kenya (2007, 2010),
Liberia, and Mongolia, 6-35 months; Vietnam, 10-59 months; Cameroon, Georgia, and Mexico (2006,
2012), 12-59 months; and Burkina Faso and the Philippines, 24-59 months. In the analytical sample,
more than 80% of participants resided in rural areas in Cambodia, Laos, Malawi, and the Philippines; the
surveys from Kenya (2007 and 2010) and Nigeria were conducted in rural areas only. Among surveys
that measured SES (n=18), the proportion of the analytical sample classified as low SES ranged from

5.1% (Afghanistan) to 84.0% (Philippines) (Supplemental Table 2.5).

Prevalence of OWOB, iron deficiency, and inflammation among WRA

Overall, the prevalence of OWOB among WRA was generally greater in UMIC and HIC than LMIC
and LIC, with the greatest prevalence in Mexico 2012 (UMIC) (72% [CI: 69.0, 75.1]). The prevalence of
inflammation-adjusted iron deficiency among WRA ranged from 20.8% to 44.3% in UMIC and HIC, and

from 2.0% to 63.9% in LIC and LMIC. The prevalence of inflammation (elevated CRP and/or AGP) ranged
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from 16.0% to 34.9% among surveys from UMIC and HIC, and from 7.1% to 74.5% among surveys from

LIC and LMIC (Table 2.1).

Prevalence of OWOB, iron deficiency, and inflammation among PSC

Among PSC, prevalence of OWOB was <11.6% across all surveys from LIC and LMIC, except in
Georgia (19.6 [16.7, 22.6]). Among UMIC and HIC, Azerbaijan had the greatest prevalence of OWOB at
15.6% (12.7, 18.5). Across income classifications and world regions, the prevalence of inflammation-
adjusted iron deficiency among PSC varied, ranging from 0.6% [0.2, 1.0] in Georgia to >60% in Kenya
(2007 and 2010), Nicaragua, and Pakistan. The prevalence of any inflammation ranged from 10.7% to

92.4% among surveys from LIC and LMIC, and from 6.1% to 30.8% among UMIC and HIC. (Table 2.2).

Associations between BMI, ferritin, and inflammation among WRA

Results from adjusted linear models that examined the relationship between BMI and ferritin
varied among income classifications (Supplemental Table 2.6). Greater BMI was consistently and
significantly associated with greater ferritin concentration in all surveys from UMIC and HIC (n=6,
Azerbaijan, Colombia, Mexico 2006, Mexico 2012, United Kingdom, United States), and in 4 of 12
surveys from LIC and LMIC (Cambodia, Laos, Georgia, and Pakistan). Among UMIC and HIC, the percent
increase in ferritin concentration for every 1-unit increase in BMI ranged from 1.0% (95% Cl: 0.3%, 1.7%)
(USA) to 3.5% (2.5%, 4.4%) (Azerbaijan), and ranged from 0.8% (0.1%, 1.5%) (Pakistan) to 5.5% (2.4%,
8.7%) (Laos) among the 4 LIC and LMIC surveys. BMI was also significantly positively associated with
inflammation (CRP and/or AGP) across all surveys except Afghanistan, Burkina Faso, and Nigeria
(Supplemental Table 6). Ferritin was significantly positively associated with inflammation across all
surveys except in Malawi where the relationship was positive but non-significant (CRP only,
Supplemental Table 2.6). Stratified results by age are presented in Supplemental Table 2.7, however no

obvious trends emerged.
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Associations between BAZ, ferritin, and inflammation among PSC

Among PSC, the relationship between BAZ and ferritin varied across surveys and income
classifications in the adjusted models (Supplemental Table 2.8). BAZ was significantly negatively
associated with ferritin in 5 of 19 surveys from LIC and LMIC (Bangladesh (2010), Nicaragua, Pakistan,
the Philippines, and Vietnam), and 2 of 5 surveys from UMIC and HIC (Mexico 2012 and the US). Among
these surveys, the percent change in ferritin concentration for every 1-unit increase in BMI ranged from
-3.5% (-6.2%, -0.8) (Pakistan) to -11.8% (-17.9, -5.3%) (Vietnam). BAZ was significantly positively
associated with ferritin in Colombia. In the majority of other surveys (n=11), the relationship between
BAZ and ferritin was negative but non-significant. BAZ was significantly positively associated with CRP in
the surveys from Malawi (LIC) and the USA (HIC). In all other surveys (n=23), the relationship between
BAZ and inflammation (CRP and/or AGP) was non-significant and the direction of association varied.
Across all surveys, greater ferritin was significantly associated with greater inflammation, except in
Georgia; in Afghanistan, only the relationship with CRP was significant, and in Burkina Faso only the
relationship with AGP was significant (Supplemental Table 2.8). Stratified results by age and sex are
presented in Supplemental Tables 2.9 and 2.10. There was variation by age in relationships between
inflammation and BAZ and between ferritin and inflammation in some surveys. In the surveys from
Cambodia, Cote d’lvoire, Nicaragua, and Nigeria, the relationship between inflammation and BAZ

changed from negative to positive as age increased.

Mediation analysis between ferritin, BMI, and inflammation

In 9 of 18 surveys included in the WRA analyses, inflammation partially and positively mediated
the relationship between ferritin and BMI in adjusted models (Figure 2.2, Table 2.3). Among LIC and
LMIC surveys with mediation by inflammation, the percentage of the total effect mediated by

inflammation was on average 27%. Among UMIC and HIC, the surveys in Azerbaijan and Mexico (2006
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and 2012) had similar mediated effects of 60-70%, while Colombia’s mediated effect was 19%. In the US,
100% of the total effect was mediated by inflammation. Among four surveys which measured both CRP
and AGP, CRP accounted for >50% of the mediated effect in Laos and Azerbaijan, but in Cambodia and
Pakistan, AGP accounted for >50% of the mediated effect. No mediation was present in the survey from

Vietnam after adjusting for age.

No significant mediated relationships emerged among PSC, except in the Philippines where the
mediated relationship was negative, suggesting inconsistent mediation (-2% [95% Cl: -3.7, -0.2] (Table

2.4). Unadjusted mediation results for both WRA and PSC are presented in Supplemental Table 2.11.

Sensitivity analyses

Overall, pooled analyses and generation of pooled estimates were not possible due to extensive
heterogeneity in all WRA and PSC surveys, with the exception of one model (CRP=BMI) for the WRA LIC
pooled grouping (pooled estimate p=-0.02, p=0.2; data not presented). Among surveys that measured
malaria status (n=4 WRA, n=8 PSC), results from the sensitivity mediation analysis that included all
observations regardless of malaria test result were similar to the main mediation results (Supplemental
Table 2.12). Results were also similar to the main results in sensitivity analyses that included all values
for BMI<18.5 kg/m? (WRA) or BAZ/WHZ<-2 SD (PSC) in surveys where greater than 50% of the
observations were excluded due to our pre-specified exclusion criteria, and among surveys with the

additional excluded morbidity data of reported fever or diarrhea (data not presented).

Discussion

We explored relationships between BMI or BAZ, inflammation, and ferritin concentrations in 18
datasets from 17 countries with data on WRA, and 25 datasets from 22 countries with data on PSC, with

data drawn from both high- and low-income contexts according to World Bank classifications. We found
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that for WRA with BMI >18.5 kg/m? residing in UMIC and HIC, greater ferritin was associated with
greater BMI, and this relationship could be partially (or fully in the case of the US survey) explained by
the inflammatory markers CRP or AGP. This pattern was present in fewer surveys for WRA in LIC and
LMIC, and was often not mediated by the presence of inflammation. Among PSC, greater ferritin was
significantly associated with greater inflammation in all but two surveys; however, significant
associations between ferritin and BAZ and inflammation and BAZ were not observed. Additionally,
neither CRP nor AGP mediated the relationship between ferritin and BAZ among children, except in the

Philippines, where the relationship was negative.

Our findings suggest that in settings where OWOB are common among WRA, measurement of
inflammatory biomarkers and their use in interpreting ferritin concentrations may improve iron status
assessment, even where infections are less common or less severe. These findings may also be helpful in
clinical settings as ferritin concentration is the most commonly used measurement of iron status (43—
46). While some clinical guidelines suggest including a measure of inflammation to interpret iron status
when inflammatory conditions are present, often OWOB is not highlighted as contributing to
inflammation (43—46). Further research is needed for individual patient care in clinical settings as cases
of iron deficiency may be missed among WRA with OWOB if inflammation is not measured or accounted
for in interpretation of ferritin concentrations. Additional consideration of the impacts of inflammation
on iron status assessment and potential iron deficiency may be necessary in individuals with anemia of

chronic disease (37,47).

Among WRA, the prevalence of OWOB was greater than 20% in the majority of surveys where
inflammation mediated the relationship between ferritin and BMI, suggesting that inflammation
associated with adiposity may influence iron status assessment. This is consistent with literature
suggesting that adiposity and inflammation — primarily measured by CRP — are strongly correlated in

WRA (48-50), which may explain our result from the US survey where inflammation (measured only
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with CRP in this survey) explained 100% of the inflammatory effect. In our analyses, where mediation
was present and both CRP and AGP were measured (WRA only: Azerbaijan, Cambodia, Laos, and
Pakistan), AGP explained 3-21% of the inflammatory effect in each case. Previous literature suggests
that CRP and AGP reflect different phases of the inflammatory acute phase response, with CRP levels
rising and falling quickly after the initial insult, and AGP levels rising later, and staying elevated longer,
potentially indicating longer-term or chronic inflammation (51). This framework does not translate easily
to OWOB or other chronic conditions where inflammation is not the response to a single infection, and
is not consistent with observations of associations between OWOB and CRP. Moreover, a study
comparing the kinetics of CRP and AGP found similar inflammatory response patterns between the two
proteins in relation to ferritin (52). Further research that includes AGP and other APPs and
adipocytokines may help to understand which ones are most useful for iron assessment, as
inflammatory biomarkers such as interleukin-6 and a-1-antitrypsin have been shown to be important in
characterizing inflammation associated with obesity (4,7,49). Measurement of hepcidin may also

provide insight into the corresponding effects on iron metabolism.

Among PSC, little evidence of mediation was present, and we did not see much relationship
between BAZ and inflammation, likely due to the overall low prevalence of OWOB across PSC surveys.
Although our results indicate that OWOB was not strongly associated with inflammation among PSC, we
observed a strong relationship between inflammation and ferritin, which likely indicates a burden of
inflammation from causes other than OWOB, and underscores the need to measure inflammation when
assessing iron status among PSC. An additional consideration is many countries globally are not on track
to meet the World Health Assembly nutrition target for 2025 to prevent increases in child OWOB (5,53),
which compels increased monitoring of indicators of body composition and inflammation in this group.

Literature examining iron deficiency, inflammation, and adiposity among WRA and PSC suggests
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adiposity could be a risk factor for iron deficiency, and thus, iron deficiency should be monitored,

particularly in countries with rapidly increasing OWOB (14,54).

We grouped our findings by country income classifications to aid interpretation of findings by
likely sources of inflammation (i.e., greater BMI and lower prevalence of infections in UMIC/HIC), under
the assumption that inflammation due to common infectious illnesses such as malarial or helminth
infections would be more common in LIC and LMIC, and inflammation due to OWOB would be more
common in UMIC and HIC (4). We recognize that sources of inflammation and patterns of malnutrition
are not uniform across or within these groupings. However, the groupings did allow for a pattern to
emerge among WRA: inflammation mediated the relationship between BMI and ferritin in all four UMIC
surveys (Azerbaijan, Colombia, and Mexico 2006 and 2012). One interpretation of these findings is that
these countries have a high prevalence of OWOB alongside persistent but decreasing prevalence of
infectious diseases (e.g., malaria and diarrhea) that lead to inflammation (39). Similarly, CRP entirely
explained the relationship between ferritin and BMI among WRA in the USA, where infectious illnesses
prevalent in LIC and LMIC are less common, but the OWOB prevalence is high. Thus, interpretation of
iron status in the context of inflammation is necessary in settings of high BMI, such as HIC, as is
continued surveillance of iron deficiency, as chronic inflammation may increase the risk of iron
deficiency over time (37). This recommendation is in line with literature examining the likelihood of
overlapping iron deficiency and OWOB across global settings (55-59). We did not find that inflammation
mediated the relationship between ferritin and BMI in the UK survey, the only other HIC, though the
survey prevalence of OWOB was 50% and iron deficiency was 29%. We found no obvious explanation for
this observation, which warrants further investigation.

A limitation of our analyses was the use of BMI alone as an indicator of adiposity, though other
direct measures, such as waist circumference, waist-to-hip ratio, or skinfold thickness have been found

to be highly correlated with BMI when predicting cardiometabolic risk (60). Of greater consideration is
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the relation of inflammation to the distribution of adipose tissue, as abdominal obesity has been found
to be strongly related with inflammation among adult women (61,62), and among children and
adolescents (16,63), as well as having significant influence on iron status.(62) Additionally, we were
limited in our choice of inflammatory markers to CRP and AGP. For example, in the Colombia survey
specifically, the low levels of inflammation made it difficult to assess the relationship between CRP and
other factors. Though CRP and AGP are often measured in health surveys (64,65), different biomarkers,
such as the APP interleukin-6 or the hepatic hormone hepcidin, have also been reported as elevated
among individuals with obesity (57,62), and their inclusion may help further characterize the

relationships between iron status markers and inflammation.

Another limitation is the loss of sample size in some surveys due to our exclusion criteria.
Though our exclusion criteria were selected a priori to align with our research objective, in some
surveys, such as India (WRA only), Burkina Faso (WRA, PSC), and Afghanistan (WRA, PSC), the exclusion
of participants with underweight or wasting and those that tested positive for malaria resulted in a
>80% loss of sample size. For these surveys, we interpreted the results with caution. Additionally, the
reduced sample may have biased some results towards the null hypothesis if a large proportion of the
analytical sample was excluded. To examine the potential effects the loss of sample size had on our
outcomes, we conducted sensitivity mediation analyses that included all malaria observations, with
results similar to our main results. We also conducted sensitivity analyses including all observations
categorized as underweight or wasted in surveys where >50% of the observations were excluded; these
observations were originally excluded to avoid U-shaped distributions (and violation of regression
assumptions) as conditions of underweight are also inflammatory. Sensitivity analyses that included
these observations did not change the analysis linearity, and in retrospect, their exclusion may not have

been necessary. However, their exclusion allowed us to focus our analyses on our population of interest:
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those with normal weight to OWOB. Finally, the cross-sectional nature of the data prevented temporal

interpretations.

Conclusion

It has become standard to include measures of inflammation to interpret iron status in large
nutrition and health surveys in LIC and LMIC, mainly due to the role of infections in systemic
inflammation, but the role of adiposity and its associated inflammation in iron status assessment has
been less clear. Our findings suggest that adiposity may affect iron status assessment, particularly
among WRA in countries where prevalence of OWOB is high, an observation that has implications in
both public health and clinical settings. These results suggest that inflammation should be measured and
considered alongside ferritin in assessment of iron status in contexts where OWOB is common, even if
inflammation related to infections is expected to be low. While the results were not consistent with
adiposity-related inflammation influencing iron status assessment among children, inflammation was
nevertheless common among children and should continue to be measured to interpret iron status.
With the nutrition transition persisting in LIC and LMIC, and the prevalence of OWOB increasing across
the globe (5,40), the contribution of adiposity-related inflammation may become more important, and

other potential sources of inflammation beyond infections likewise merit exploration.

48



Acknowledgements

Contributions of datasets and guidance from the BRINDA working group and steering committee

members are acknowledged. The BRINDA steering committee consists of (in alphabetical order): Erick
Boy, Rafael Flores, Sorrel Namaste, Lynnette Neufeld, Daniel Raiten, Parminder Suchdev, James Wirth,
and Melissa Young. We also acknowledge the contributions of the BRINDA working group and country

representatives (https://brinda-nutrition.org).

Authors contributions to the manuscript

AW, M.Y,, P.S. and R.E.S. were responsible for designing the research; J.N.D. performed statistical
analyses and wrote the paper; R.E.S. had primary responsibility for the final content; and all authors:
contributed to interpretation of the results, revision of the manuscript, and read and approved the final

manuscript.

49


https://brinda-nutrition.org/

References

10.

11.

12.

World Health Organization. WHO guideline on use of ferritin concentrations to assess iron
status in individuals and populations [Internet]. Licence: CC BY-NC-SA 3.0 IGO. Geneva,
Switzerland: World Health Organization; 2020 [cited 2022 Feb 24]. Available from:
https://www.who.int/publications-detail-redirect/9789240000124

Namaste SM, Rohner F, Huang J, Bhushan NL, Flores-Ayala R, Kupka R, et al. Adjusting
ferritin concentrations for inflammation: Biomarkers Reflecting Inflammation and
Nutritional Determinants of Anemia (BRINDA) project. Am J Clin Nutr. 2017 Jul
1;106(suppl_1):3595-371S.

Siddiqui FJ, Belayneh G, Bhutta ZA. Nutrition and Diarrheal Disease and Enteric Pathogens.
In: Humphries DL, Scott ME, Vermund SH, editors. Nutrition and Infectious Diseases :
Shifting the Clinical Paradigm [Internet]. Cham: Springer International Publishing; 2021
[cited 2022 Apr 24]. p. 219-41. (Nutrition and Health). Available from:
https://doi.org/10.1007/978-3-030-56913-6_8

Raiten DJ, Ashour FAS, Ross AC, Meydani SN, Dawson HD, Stephensen CB, et al.
Inflammation and Nutritional Science for Programs/Policies and Interpretation of Research
Evidence (INSPIRE). J Nutr. 2015 May 1;145(5):10395-1108S.

2021 Global Nutrition Report: the state of global nutrition [Internet]. Bristol, UK:
Development Initiatives; 2021 [cited 2022 Jan 6]. Available from:
https://globalnutritionreport.org/reports/2021-global-nutrition-report/

Cousin E, Duncan BB, Stein C, Ong KL, Vos T, Abbafati C, et al. Diabetes mortality and trends
before 25 years of age: an analysis of the Global Burden of Disease Study 2019. The Lancet
Diabetes & Endocrinology. 2022 Mar 1;10(3):177-92.

Rodriguez-Hernandez H, Simental-Mendia LE, Rodriguez-Ramirez G, Reyes-Romero MA.
Obesity and Inflammation: Epidemiology, Risk Factors, and Markers of Inflammation.
International Journal of Endocrinology. 2013 Apr 17;2013:e678159.

Calabro P, Chang DW, Willerson JT, Yeh ETH. Release of C-Reactive Protein in Response to
Inflammatory Cytokines by Human Adipocytes: Linking Obesity to Vascular Inflammation.
Journal of the American College of Cardiology. 2005 Sep 20;46(6):1112-3.

Ganz T, Nemeth E. Hepcidin and iron homeostasis. Biochimica et Biophysica Acta (BBA) -
Molecular Cell Research. 2012 Sep 1;1823(9):1434-43.

Muriuki JM, Mentzer AJ, Webb EL, Morovat A, Kimita W, Ndungu FM, et al. Estimating the
burden of iron deficiency among African children. BMC Medicine. 2020 Feb 27;18(1):31.

Pasricha SR, Armitage AE, Prentice AM, Drakesmith H. Reducing anaemia in low income
countries: control of infection is essential. BMJ. 2018 Aug 1;362:k3165.

Armitage AE, Moretti D. The Importance of Iron Status for Young Children in Low- and
Middle-Income Countries: A Narrative Review. Pharmaceuticals. 2019 Jun;12(2):59.

50



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Prentice AM, Bah A, Jallow MW, Jallow AT, Sanyang S, Sise EA, et al. Respiratory infections
drive hepcidin-mediated blockade of iron absorption leading to iron deficiency anemia in
African children. Sci Adv. 2019 Mar 27;5(3):eaav9020.

Gartner A, El Ati J, Traissac P, Bour A, Berger J, Landais E, et al. A double burden of overall or
central adiposity and anemia or iron deficiency is prevalent but with little socioeconomic
patterning among moroccan and tunisian urban women. Journal of Nutrition.
2014;144(1):87-97.

Tussing-Humphreys LM, Liang H, Nemeth E, Freels S, Braunschweig CA. Excess Adiposity,
Inflammation, and Iron-Deficiency in Female Adolescents. Journal of the American Dietetic
Association. 2009 Feb 1;109(2):297-302.

Skinner AC, Steiner MJ, Henderson FW, Perrin EM. Multiple markers of inflammation and
weight status: cross-sectional analyses throughout childhood. Pediatrics. 2010
Apr;125(4):e801-809.

Fogarty AW, Glancy C, Jones S, Lewis SA, McKeever TM, Britton JR. A prospective study of
weight change and systemic inflammation over 9 y. Am J Clin Nutr. 2008 Jan;87(1):30-5.

Cepeda-Lopez AC, Aeberli |, Zimmermann MB. Does Obesity Increase Risk for Iron
Deficiency? A Review of the Literature and the Potential Mechanisms. International Journal
for Vitamin and Nutrition Research. 2010 Oct 1;80(45):263-70.

Zhao L, Zhang X, Shen Y, Fang X, Wang Y, Wang F. Obesity and iron deficiency: a quantitative
meta-analysis. Obes Rev. 2015 Dec;16(12):1081-93.

Pfeiffer CM, Lacher DA, Schleicher RL, Johnson CL, Yetley EA. Challenges and Lessons
Learned in Generating and Interpreting NHANES Nutritional Biomarker Data. Adv Nutr. 2017
Mar;8(2):290-307.

Bird JK, Murphy RA, Ciappio ED, McBurney Ml. Risk of Deficiency in Multiple Concurrent
Micronutrients in Children and Adults in the United States. Nutrients. 2017 Jul;9(7):655.

Wendt AS, Jefferds ME, Perrine CG, Halleslevens P, Sullivan KM. Obese women less likely to
have low serum ferritin, Nicaragua. Public Health Nutr. 2015 Mar;18(4):736-41.

Cepeda-Lopez AC, Melse-Boonstra A, Zimmermann MB, Herter-Aeberli I. In overweight and
obese women, dietary iron absorption is reduced and the enhancement of iron absorption
by ascorbic acid is one-half that in normal-weight women. The American Journal of Clinical
Nutrition. 2015 Dec 1;102(6):1389-97.

Suchdev PS, Williams AM, Mei Z, Flores-Ayala R, Pasricha SR, Rogers LM, et al. Assessment of
iron status in settings of inflammation: challenges and potential approaches. Am J Clin Nutr.
2017 Dec;106(Suppl 6):16265-1633S.

Rohner F, Namaste SM, Larson LM, Addo OY, Mei Z, Suchdev PS, et al. Adjusting soluble
transferrin receptor concentrations for inflammation: Biomarkers Reflecting Inflammation
and Nutritional Determinants of Anemia (BRINDA) project. The American Journal of Clinical
Nutrition. 2017 Jul 1;106(suppl_1):372S-382S.

51



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mei Z, Namaste SM, Serdula M, Suchdev PS, Rohner F, Flores-Ayala R, et al. Adjusting total
body iron for inflammation: Biomarkers Reflecting Inflammation and Nutritional
Determinants of Anemia (BRINDA) project. The American Journal of Clinical Nutrition. 2017
Jul 1;106(suppl_1):3835-389S.

Namaste SML, Ou J, Williams AM, Young MF, Yu EX, Suchdev PS. Adjusting iron and vitamin
A status in settings of inflammation: a sensitivity analysis of the Biomarkers Reflecting
Inflammation and Nutritional Determinants of Anemia (BRINDA) approach. Am J Clin Nutr.
2020 Aug 1;112(Supplement_1):4585-467S.

Engle-Stone R, Guo J, Ismaily S, Addo OY, Ahmed T, Oaks B, et al. Intraindividual double
burden of overweight and micronutrient deficiencies or anemia among preschool children.
Am J Clin Nutr. 2020 Aug 1;112(Supplement_1):478S-487S.

Williams AM, Guo J, Addo OY, Ismaily S, Namaste SML, Oaks BM, et al. Intraindividual
double burden of overweight or obesity and micronutrient deficiencies or anemia among
women of reproductive age in 17 population-based surveys. Am J Clin Nutr. 2020 Aug
1;112(Supplement_1):468S5-477S.

Namaste SM, Aaron GJ, Varadhan R, Peerson JM, Suchdev PS. Methodologic approach for
the Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
project. Am J Clin Nutr. 2017 Jul 1;106(suppl_1):3335-347S.

Suchdev PS, Namaste SM, Aaron GJ, Raiten DJ, Brown KH, Flores-Ayala R. Overview of the
Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
Project1234. Adv Nutr. 2016 Mar 9;7(2):349-56.

Merrill RD, Burke RM, Northrop-Clewes CA, Rayco-Solon P, Flores-Ayala R, Namaste SM, et
al. Factors associated with inflammation in preschool children and women of reproductive
age: Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
project. Am J Clin Nutr. 2017 Jul;106(Suppl 1):348S-358S.

Green SB. How Many Subjects Does It Take To Do A Regression Analysis. Multivariate Behav
Res. 1991 Jul 1;26(3):499-510.

de Onis M, Lobstein T. Defining obesity risk status in the general childhood population:
which cut-offs should we use? Int J Pediatr Obes. 2010 Dec;5(6):458-60.

O’Callaghan KM, Roth DE. Standardization of laboratory practices and reporting of
biomarker data in clinical nutrition research. Am J Clin Nutr. 2020 Aug
1;112(Supplement_1):4535-457S.

Gosdin L, Sharma AJ, Suchdev PS, Jefferds ME, Young MF, Addo OY. Limits of Detection in
Acute Phase Protein Biomarkers Affect Inflammation Correction of Serum Ferritin for
Quantifying Iron Status Among School-Age and Preschool-Age Children And Reproductive-
Age Women. J Nutr. 2022 Feb 18;nxac035.

Nemeth E, Ganz T. Anemia of Inflammation. Hematology/Oncology Clinics. 2014 Aug
1;28(4):671-81.

52



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

The World Bank. World Development Indicators - The World by Income and Region
[Internet]. [cited 2021 Apr 29]. Available from: https://datatopics.worldbank.org/world-
development-indicators/the-world-by-income-and-region.html

Wells JC, Sawaya AL, Wibaek R, Mwangome M, Poullas MS, Yajnik CS, et al. The double
burden of malnutrition: aetiological pathways and consequences for health. The Lancet.
2019 Dec 15;395(10217):75-88.

Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of
malnutrition and the changing nutrition reality. The Lancet. 2019 Dec 15;395(10217):65-74.

Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological
research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol.
1986;51(6):1173-82.

Hayes AF. Beyond Baron and Kenny: Statistical Mediation Analysis in the New Millennium.
Communication Monographs. 2009 Dec 1;76(4):408-20.

Peyrin-Biroulet L, Williet N, Cacoub P. Guidelines on the diagnosis and treatment of iron
deficiency across indications: a systematic review. The American Journal of Clinical
Nutrition. 2015 Dec 1;102(6):1585-94.

Cappellini MD, Comin-Colet J, de Francisco A, Dignass A, Doehner W, Lam CS, et al. Iron
deficiency across chronic inflammatory conditions: International expert opinion on
definition, diagnosis, and management. American Journal of Hematology.
2017;92(10):1068-78.

Ko CW, Siddique SM, Patel A, Harris A, Sultan S, Altayar O, et al. AGA Clinical Practice
Guidelines on the Gastrointestinal Evaluation of Iron Deficiency Anemia. Gastroenterology.
2020 Sep 1;159(3):1085-94.

Baker RD, Greer FR, The Committee on Nutrition. Diagnosis and Prevention of Iron
Deficiency and Iron-Deficiency Anemia in Infants and Young Children (0-3 Years of Age).
Pediatrics. 2010 Nov 1;126(5):1040-50.

El-Mallah CA, Beyh YS, Obeid OA. Iron Fortification and Supplementation: Fighting Anemia
of Chronic Diseases or Fueling Obesity? Current Developments in Nutrition [Internet]. 2021
Apr 7 [cited 2021 Apr 15];(nzab032). Available from: https://doi.org/10.1093/cdn/nzab032

Greenfield JR, Samaras K, Jenkins AB, Kelly PJ, Spector TD, Gallimore JR, et al. Obesity Is an
Important Determinant of Baseline Serum C-Reactive Protein Concentration in Monozygotic
Twins, Independent of Genetic Influences. Circulation. 2004 Jun 22;109(24):3022-8.

Maachi M, Piéroni L, Bruckert E, Jardel C, Fellahi S, Hainque B, et al. Systemic low-grade
inflammation is related to both circulating and adipose tissue TNFa, leptin and IL-6 levels in
obese women. Int J Obes. 2004 Aug;28(8):993-7.

Wiebe N, Ye F, Crumley ET, Bello A, Stenvinkel P, Tonelli M. Temporal Associations Among
Body Mass Index, Fasting Insulin, and Systemic Inflammation: A Systematic Review and
Meta-analysis. JAMA Network Open. 2021 Mar 12;4(3):e211263.

53



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Thurnham DI. Interactions between nutrition and immune function: using inflammation
biomarkers to interpret micronutrient status. Proceedings of the Nutrition Society. 2014
Feb;73(1):1-8.

Williams AM, Ladva CN, Leon JS, Lopman BA, Tangpricha V, Whitehead RD Jr, et al. Changes
in micronutrient and inflammation serum biomarker concentrations after a norovirus
human challenge. The American Journal of Clinical Nutrition. 2019 Dec 1;110(6):1456—-64.

World Health Organization. Global nutrition targets 2025: policy brief series
(WHO/NMH/NHD/14.2) [Internet]. Geneva, Switzerland: World Health Organization; 2014
[cited 2021 Dec 13]. Available from: https://www.who.int/publications-detail-

redirect/ WHO-NMH-NHD-14.2

Gibson RS, Bailey KB, Williams S, Houghton L, Costa-Ribeiro HC, Mattos AP, et al. Tissue iron
deficiency and adiposity-related inflammation in disadvantaged preschoolers from NE Brazil.
European Journal of Clinical Nutrition. 2014 Aug;68(8):887-91.

Gartner A, Berger J, Bour A, El Ati J, Traissac P, Landais E, et al. Assessment of iron deficiency
in the context of the obesity epidemic: importance of correcting serum ferritin
concentrations for inflammation. The American Journal of Clinical Nutrition. 2013 Sep
1;98(3):821-6.

Aderibigbe OR, Pisa PT, Vorster HH, Kruger SH. The relationship between iron status and
adiposity in women from developing countries: a review. Crit Rev Food Sci Nutr.
2014;54(5):553-60.

Aguree S, Reddy MB. Inflammatory Markers and Hepcidin are Elevated but Serum Iron is
Lower in Obese Women of Reproductive Age. Nutrients. 2021 Jan 14;13(1):217.

Zheng H, Long W, Tan W, Yang C, Cao M, Zhu Y. Anaemia, iron deficiency, iron-deficiency
anaemia and their associations with obesity among schoolchildren in Guangzhou, China.
Public Health Nutrition. 2020 Jul;23(10):1693-702.

Zimmermann MB, Zeder C, Muthayya S, Winichagoon P, Chaouki N, Aeberli |, et al. Adiposity
in women and children from transition countries predicts decreased iron absorption, iron
deficiency and a reduced response to iron fortification. International Journal of Obesity.
2008;32(7):1098-104.

Emerging Risk Factors Collaboration, Wormser D, Kaptoge S, Di Angelantonio E, Wood AM,
Pennells L, et al. Separate and combined associations of body-mass index and abdominal
adiposity with cardiovascular disease: collaborative analysis of 58 prospective studies.
Lancet. 2011 Mar 26;377(9771):1085-95.

Brooks GC, Blaha MJ, Blumenthal RS. Relation of C-reactive protein to abdominal adiposity.
Am J Cardiol. 2010 Jul 1;106(1):56-61.

Stoffel NU, EI-Mallah C, Herter-Aeberli |, Bissani N, Wehbe N, Obeid O, et al. The effect of
central obesity on inflammation, hepcidin, and iron metabolism in young women.
International Journal of Obesity. 2020 Jun;44(6):1291-300.

54



63.

64.

65.

Elizondo-Montemayor L, Gonzalez-Gil AM, Tamez-Rivera O, Toledo-Salinas C, Peschard-
Franco M, Rodriguez-Gutiérrez NA, et al. Association between Irisin, hs-CRP, and Metabolic
Status in Children and Adolescents with Type 2 Diabetes Mellitus. Mediators of
Inflammation. 2019 Mar 20;2019:e6737318.

Demographic and Health Surveys. The DHS Program - Quality information to plan, monitor
and improve population, health, and nutrition programs [Internet]. [cited 2020 Feb 24].
Available from: https://dhsprogram.com/

NHANES - National Health and Nutrition Examination Survey [Internet]. 2020 [cited 2020
Feb 24]. Available from: https://www.cdc.gov/nchs/nhanes/index.htm

55


https://www.cdc.gov/nchs/nhanes/index.htm

99

Tables

Table 2.1. Biological and nutritional characteristics for women of reproductive age (15-49 years) with normal weight to overweight /obesity by

survey: BRINDA project!

ac Country, survey n BMI, kg/m? Ov:br\;vs?tisgt/ CRP, mg/L AGP, g/L inflan?;ya\tion . Ferritin5, pg/L Def:tr:;:er:lcye
year mean (95% Cl) % (95% Cl) mean (95% Cl) mean (95% Cl) % (95% Cl) mean (95% Cl) % (95% Cl)
;\(f)glr;anistan, 1 25.215(.24)1.6, 42.28(.315;.9, 0.7 (05, 0.8) 07(07,0.7) 18.212(}3.9, 24.217(.2?.4, 30.327(.21?.3,
ggfgna Faso, 61 20'51(_27())'0' 3.1(0.0,7.8) 1.8(1.3,2.2) 1.2(1.1,1.3) 74'855(2?'5' 31'??8%5)-"6' 142'2.(12)‘9’
i Cambodia, 2014 | o 22.;)3(3.5, 22.257(;.1, 0.5 (07, 05) 0.7 (07, 0.8) 35.35(2?.9, 57.:1(.51;1.5, 35 (18, 52)
S ggée; d'Ivoire, 06 23.253(.28?.1, 26.;)9(;?.3, 15(13 17) 05 (08,08) 31.3?5(;?.9, 26.279(.3;,.4, 23.247(;?.6,
Laos, 2006 690 22.;12(3.0, 17.211(;?.5, 0.4 (03, 05) 0.7 (07, 0.) 14.117(;()).8, 28.:4(2?.3, 28.37;2?.0,
Malawi, 2016 594 22'53(.?)?'1’ 17'222%?'3' 0.7 (0.6, 0.8) 0.6(0.6,0.6) | 11.7(8.4,15.1) 33'25(.?;())'3' 14'117(.;())'3'
Cameroon, 2009 | o, 24.275(.214)1.3, 39.23(.3(;4)1.4, 09 (08,11) 0.7 (0.7,08) 16.139(.1?.2, 25.277(.34)1.3, 19.222(;?.6,
Georgia, 2009 1605 26.;)6(;?.6, 46.:,9(3.2, 22 (2.0, 2.0 ~ 30.;3(.27?5, 99£ fj)'g' 20 (11, 3.0)
% India, 2011 147 21'252(12())'9' 12.9(6.2,19.7) | 0.5(0.3,0.6) 0.8(0.8,0.8) 21'216(;'4' 10.8 (9.3, 12.3) 63'790(_51?8'
_.‘% Nigeria, 2012 06 24.22 4(.27?.6, 35.;0(35)9.5, 16(04, 1.8) 0.7 (0.7,08) 25.279(3.6, 31.:4(;5);.3, 17.;)1(;?.8,
Pakistan, 2011 “004 24.;1 4(.254)1.2, 36.;8(.?;;1.6, 10{09, 1.0) 0.5 (08, 0.8) 32.;4(3()).8, 18.;19(3.8, 42.:4(.?)()).3,
Vietnam, 2010 1178 21'27 1(;}'6' 10.0(8.2,11.8) | 0.9(0.8,0.9) - 7.1(5.9, 8.4) 37'50('37‘;'6' 17‘30(;? 1
] g\éi;baijan, S50 26.287(.21()5.5, 57.539(34)1.7, 1111, 12) 0.9 (05, 05) 34.37(.35.5, 16.57(.11?.3, 44.1:;;6(;;.7,
% Colombia, 2010 | .. 25.225(;?.1, 44.:5(;?.0, 0.4 (04, 0.4) ~ 22.213(.2?.9, 26.226(;?.5, 24.;15(2?.1,
% Mexico, 2006 5010 27.278('21;.4, 65.:8(;?.4, 19(0.8 20} ~ 24.;;7(3.2, 13.;)9('2?.7, 35.58(.3;.7,
Mexico, 2012 2540 28.279(.21?.3, 72.;)5(.615)).0, 18(17, 20) - 21.223(.51;.6, 15.36(;;.3, 42.:6(.315;.3,




LS

United 26.5 (25.9, 49.6 (44.5, 16.0 (12.8, 23.5(21.6, 28.9 (24.4,

< | Kingdom, 2014 862 27.1) 54.8) 2.2(2.1,24) 19.2) 25.4) 33.3)

I United States, 27.9(27.4, 56.3 (52.7, 26.3(24.1, 28.6 (27.5, 20.8 (18.7,
2006 3024 28.5) 59.9) 18(17,19) 28.5) 29.8) 22.8)

1CRP, AGP, and ferritin values presented as geometric mean (95% Cl) due to non-normal distributions. All estimates account for survey design
variables (cluster, strata, weight). --‘ indicates the variable was unavailable in that survey. Inclusion criteria were: BMI >18.5 kg/m?, not
pregnant, and a negative malaria test result. AGP, a-1-acid glycoprotein; BMI, body mass index; BRINDA, Biomarkers Reflecting Inflammation
and Nutritional Determinants of Anemia; Cl, confidence interval; CIC, country income classification; CRP, C-reactive protein.

2Country income classification (CIC) defined according to the World Bank definition for the year in which the survey was conducted (38).
30verweight/obesity defined as a BMI >25.0 kg/m?.

“Any inflammation defined as CRP >5 mg/L or AGP >1 g/L.

SFerritin measured in plasma or serum, as reported in the survey.

8Iron deficiency defined as serum or plasma ferritin concentration <15 pg/L, adjusted for inflammation using the BRINDA regression correction
approach (2).



8§

Table 2.2. Biological and nutritional characteristics for preschool-aged children (6-59 months) with normal weight to overweight/obesity by survey:

BRINDA project?
acz Country, . BAZ O‘g‘:’sg?t/ CRP, mg/L AGP, g/L infla r::“;ﬁoM Ferritin, pg/LS | Iron Deficiency®
survey year mean (95% Cl) % (95% Cl) mean (95% Cl) mean (95% Cl) % (95% Cl) mean (95% Cl) % (95% Cl)
ggglga"'“a”' 595 0.2(0.1,0.3) 7.1(3.8, 10.3) 0.3(0.2,0.3) 0.8(0.8,0.8) 10.7(7.1,14.3) | 21.7(18.9, 24.4) | 30.3 (25.8, 34.9)
Bangladesh,
Sore 1179 | -0.6(-0.7,-0.5) 2.1(1.3,2.9) 0.8 (0.6, 0.9) 0.9(0.9,0.9) | 34.4(30.8,38.1) | 23.8(22.2,25.4) | 25.1(21.7, 28.6)
Bangladesh,
Son 368 | -0.4(0.6.-0.2) 43(1.1,7.6) 0.7 (0.6, 0.9) 0.8(0.8,0.9) | 27.8(20.0,35.5) | 25.0(21.7,28.3) | 18.8(11.2, 26.4)
g;;'é'na Faso, | g3 | .0.1(-05,0.3) 15(0,5.2) 4.9(2.9,6.9) 1.6(15,1.7) | 92.4(87.0,97.7) | 32.2(25.1,39.3) | 16.3(0.9,31.8)
Cambodia,
o1 599 | -0.4(-0.5,-0.4) 0.8(0,1.7) 0.6 (0.5,0.7) 0.8(0.7,0.9) | 385(30.5,46.5) | 43.8(415,46.1) | 8.0 (5.8, 10.1)
Yoy
E ggé‘;d VOIre, 1 435 0.1(0.0,0.2) 6.2(3.7, 8.6) 2.0(1.6, 2.4) 1.1(1.1,1.1) | 59.3(54.3,64.3) | 15.4(14.0,16.8) | 48.6 (44.0,53.3)
Kenya, 2007 | 665 0.2(0.2,0.3) 42(2.5,59) 1.0(08,1.2) 11(1.1,1.1) | 59.4(54.6,64.2) | 7.0(65 7.6) | 80.0(76.7,83.3)
Kenya, 2010 | 551 | 0.3(0.2,0.3) 45 (3.0,6.1) 0.9 (0.7, 1.1) 1.0(0.9,1.0) | 47.9(42.0,53.8) | 10.7(9.8,11.7) | 64.4(59.9, 69.0)
Laos, 2006 443 | 02(03,-0.1) 0.7(0, 1.7) 0.5 (0.4, 0.7) 0.9(0.9,1.0) | 43.2(35.7,50.8) | 21.2(18.7, 23.8) | 32.1(27.5, 36.6)
Liberia, 2011 | 956 0.1(-0.2,0) 25(1.4,3.7) 14(1.2, 1.6) 1.0(0.9,1.0) | 50.4(45.9,54.8) | 12.3 (11.4, 13.2) | 58.4 (54.1, 62.7)
Malawi, 2016 | 748 | 0.1(-0.1,0.2) 53(2.9,7.8) 1.0(0.8, 1.2) 1.0(1.0,1.1) | 49.0 (42.5,55.6) | 24.2(21.2,27.2) | 25.7 (18.4, 33.1)
x)%%gm'a’ 239 | 0.8(0.7,0.9) 10.5 (6.9, 15.1) - 0.8(0.8,0.8) | 24.7(19.4,30.7) | 11.9(10.4,13.4) | 55.7 (49.1, 62.1)
Nicaragua,
Sooe 946 | -0.9(-1.0,-0.7) 5.1 (3.5, 6.8) - 0.8(0.8,0.9) | 26.9(21.3,32.6) | 13.4(12.3,14.5) | 60.1(54.3, 65.9)
Zambia, 2009 | 330 | 0.4(0.3,0.6) 6.1(2.8,9.3) 1.5(0.8,2.1) 1.0(0.9,1.0) | 70.3(66.5, 74.1) | 27.8(25.0,30.6) | 24.2 (16.0, 32.5)
ggg‘gemo”’ 556 | 0.4(0.3,0.5) 4.2(2.0,6.3) 1.3(1.1, 1.5) 09(0.9,0.9) | 37.7(32.7,42.7) | 17.3(16.0,18.5) | 37.6 (33.5,41.7)
Georgia, 2009 | 2064 | 1.1(1.0,1.1) | 19.6(16.7,22.6) | 0.9(0.8, 1.1) - 24.6 (21.7,27.5) 124;;;1;)8'9' 0.6 (0.2, 1.0)
o .
S [ Nigeria, 2012 | 303 0.4 (0.2, 0.7) 116(59,17.2) | 20(L5,2.4) 1.0(0.9,1.0) | 56.1(49.1,63.1) | 22.6 (20.5,24.7) | 25.4(19.0,31.9)
€ [ paki
N Istan, 5824 | -0.1(-0.1,0) 5.5 (4.8, 6.2) - 0.9(0.9,0.9) | 35.6(34.0,37.2) | 11.7(11.3,12.2) | 59.7 (58.1, 61.4)
e
20'1'1pp'”es' 1656 | -0.1(-0.2,0) 2.1(1.0,3.3) 0.7 (0.6, 0.9) 0.8(0.8,0.8) | 25.9(22.3,29.4) | 14.8(13.8,15.7) | 45.0 (41.4, 48.6)
Vietham,
344 -0.1(-0.3, 0) 4.1(2.0,6.2) 0.7 (0.6, 0.8) - 11.9(9.2,14.6) | 24.9(22.6,27.1) | 24.4(19.5,29.3)

2010




6§

%» g\éi;ba”a“' 987 09(0.8,1.0) | 15.6(12.7,18.5) | 0.3(0.3,0.4) 0.8(0.8,09) | 30.8(27.0,34.6) | 20.4(19.1,21.7) | 29.1(25.0, 33.2)
o N
£ gg'lc(’)mb'a’ 7753 | 0.4(0.4,0.4) 3.9(3.1,4.7) 0.6 (0.6,0.7) - 18.8(17.1,20.5) | 23.5(22.7,24.2) | 21.5(19.8, 23.3)
(0]
& [ Mexico, 2006 | 1562 | 056(0.5,0.6) 7.6(5.9,9.2) 0.6(0.6,0.7) - 11.1(8.9,13.4) | 143 (13.3,15.3) | 45.8 (42.0, 49.6)
Mexico, 2012 | 2454 | 0.6 (0.5, 0.6) 8.4 (6.6,10.2) 0.5 (0.4,0.6) = 11.8(9.4, 14.3) | 18.2(17.4,18.9) | 30.3 (27.3,33.2)
High | USA, 2006 1081 | 0.6(0.5,0.7) 9.1(6.8, 11.5) 03(03,04) = 6.1(45,7.8) | 21.4(20.4,22.4) | 22.9 (19.2, 26.6)

LCRP, AGP, and ferritin values presented as geometric mean (95% Cl) due to non-normal distributions. All estimates account for survey design
variables (cluster, strata, weight), except Mongolia which followed a simple random sampling design. ‘--* indicates the variable was unavailable
in that survey. Inclusion criteria were: BAZ or WHZ >-2 SD and a negative malaria test result. AGP, a-1-acid glycoprotein; BAZ, BMI-for-age z-
score; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; Cl, confidence interval; CIC, Country Income
Classification; CRP, C-reactive protein; OWOB, overweight/obesity; WHZ, weight-for-height z-score.
2Country income classification (CIC) defined according to the World Bank definition for the year in which the survey was conducted (38).

30verweight/obesity defined as a BMI-for-age z-score of >2 SD.

“Any inflammation defined as CRP >5 mg/L or AGP >1 g/L.
SFerritin measured in plasma or serum, as reported in the survey.
8Iron deficiency defined as serum or plasma ferritin concentration <12 pg/L, adjusted for inflammation using the BRINDA regression correction

approach (2).
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Table 2.3. Relationships between ferritin and BM|I as mediated by inflammation among women of reproductive age (15-49 years) with normal
weight to overweight/obesity by survey: BRINDA project!

WRA mediation analysis, adjusted?
((::I:z:i:‘:cyaltr;;?\;ne Country, survey year n Total Effect Direct Effect Indirect Effect % Mediated % I:)/Iyeg:::;ed % Me;:IlGa[t’ed by

Afghanistan, 2013 571 | -2.1(-4.3,0.1) 2.7 (-4.7,-0.8) 0.6 (-0.02, 1.3) NM - -
Burkina Faso, 2010 61 | -2.9(-15.9,10.1) 5.1(-6.1,17.2) -7.5(-12.5,-3.2) NM - -

Low Cambodia, 2014 609 | 3.8(2.0,5.5) 2.3(0.4,4.1) 1.4 (0.2, 2.6) 38% 17% 21%
Céte d’lvoire, 2007 706 | 0.5(-1.1,2.1) -0.8(-2.3,0.7) 1.3(0.7,1.8) NM - -

Laos, 2006 690 | 11.9(8.3,14.3) 9.1(5.5,11.9) 2.6(1.2,3.9) 23%? 17% 3%
Malawi, 2016 594 | -0.5(-2.5, 1.6) -1.1(-3.2,0.1) 0.6 (0.04, 1.2) NM - -
Cameroon, 2009 594 | 0.1(-1.2,1.4) -0.6(-1.9,0.7) 0.7 (0.4, 1.0) NM - -
Georgia, 2009 1605 | 1.2(0.6,1.8) 0.8(0.2, 1.4) 0.4 (0.1, 0.6) 31% 31% -
. India, 2011 147 | 7.5(0.07, 15.4) 3.7(-2.1,9.4) 3.6(1.1,6.2) NMS - -

Low-middle —

Nigeria, 2012 506 | -1.5(-3.2,0.3) -1.5(-3.2,0.2) 0.003 (-0.04, 0.5) NM - -

Pakistan, 2011 5004 | 1.0(0.4,1.7) 0.8(0.2, 1.5) 0.2(0.1,0.3) 21% 9% 11%
Vietnam, 2010 1178 | 2.4(-0.2,4.9) -0.5(-3.2,2.2) 2.9(2.0,3.8) NM - -

Azerbaijan, 2013 2528 3.5(2.7,4.3) 1.4(0.1,2.3) 2.1(1.6,2.6) 60% 45% 15%
Upper-middle Colombia, 2010 8300 | 2.0(1.4,2.6) 1.6 (1.0,2.2) 0.4 (0.2, 0.5) 19% 19% -
Mexico, 2006 2910 | 1.2(0.1,2.3) 0.4 (-0.7, 1.5) 0.9 (0.3, 1.5) 71% 71% -
Mexico, 2012 3540 | 2.7(1.3,4.1) 0.8 (-1.0, 2.4) 1.9 (1.2, 2.6) 71% 71% -
High United Kingdom, 2014 862 | 1.9(0.5,3.3) 1.3 (-1.0,2.9) 0.6 (-0.04, 1.2) NM - -
United States, 2006 3024 | 1.3(0.6,2.0) -0.03 (-1.0, 0.08) 1.3(1.0,1.7) 100% 100% -

IFerritin, CRP, and AGP variables were natural-log transformed for analysis due to non-normal distributions. Mediation estimates were
exponentiated, and results are presented as percent change (95% confidence interval) in ferritin for every 1-unit change in BMI. Ferritin
concentration measured in serum or plasma, as reported in the survey. All estimates account for cluster survey design (cluster, strata) with
survey weights applied. Inclusion criteria were: BMI 218.5 kg/m?, not pregnant, and a negative malaria test result. AGP, alpha-1-acid
glycoprotein; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CRP, C-reactive protein; NM, no mediation;
WRA, women of reproductive age.
2Model for mediation analysis: InFerritin = Bo + B1(BMI) + M1(InCRP) [+M,(InAGP)] where all values were continuous and AGP was included as a
mediator only in analyses for which it was available in the dataset. Interpretation is as follows: Total Effect = the effect of BMI on ferritin; Direct
Effect = the effect of BMI on ferritin controlling for inflammation; Indirect Effect = the effect of BMI on ferritin as mediated by the effect of CRP
or AGP. Mediation was considered present when both the total and indirect effects were significant (41). Covariates available for adjustment
were: age, education level (respondent or household head), household socioeconomic status, access to an improved water source, access to an
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improved toilet, and urban/rural residence. Covariates were included in the mediation model if they were associated with the outcome variable
at p<0.1 in bivariate models (Supplemental Table 6). Unadjusted mediation estimates are presented in Supplemental Table 11.

3Country income classification defined according to the World Bank definition for the year in which the survey was conducted (38).

%In the survey from Laos, 23% of the relationship between BMI and ferritin was mediated by inflammation, with 17% of the mediated effect
through CRP, 3% of the mediated effect through AGP, and 3% of the mediated effect unexplained.

SFor the survey from India, the confidence interval for the total effect appears significant, however as the p-value was 0.063 mediation was not
considered present.
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Table 2.4. Relationships between ferritin BMI-for-age z-score as mediated by inflammation among preschool-age children (6-59 months) with

normal weight to overweight/obesity by survey: BRINDA project*

PSC mediation analysis, adjusted?

:::Izl;;:‘irZalt?;?\Te Country, survey year n Total Effect Direct Effect Indirect Effect % Mediated % I:Iyeg:;ed % Me::\;ed by

Afghanistan, 2013 595 | -2.8(-11.7, 6.0) -1.9(-10.8, 7.0) -0.9(-2.8,1.1) NM - -
Bangladesh, 2010 1179 | -6.5(-11.0,-2.3) -5.7 (-10.1, -1.6) -0.8 (-2.2,0.5) NM - -
Bangladesh, 2012 368 | -4.8(-15.3, 5.5) 2.7 (-12.6, 7.1) -2.2(-6.1,1.7) NM - -
Burkina Faso, 2010 63 -10.5(-41.9,19.8) | -10.6 (-37.8,15.4) | 0.1(-7.5,7.7) NM - -
Cambodia, 2014 599 | -6.2 (-16.6, 3.8) -7.0 (-16.6, 2.0) 0.9 (-3.3, 5.0) NM - -
Céte d’Ivoire, 2007 435 | 1.4(-7.2,10.0) -0.6 (-8.6, 7.4) 2.0(-2.2,6.2) NM - -
Low Kenya, 2007 665 | -7.3(-16.8, 1.6) -7.2(-16.0, 1.1) -0.1(-2.7, 2.5) NM - -
Kenya, 2010 551 | -5.0(-13.4,3.2) -7.3(-15.0, -0.2) 2.5(-1.8,6.7) NM - -
Laos, 2006 443 | -5.8(-18.2,6.2) -4.5(-17.2,7.9) -1.3(-5.0, 2.3) NM - -
Liberia, 2011 956 | -1.6(-6.9, 3.7) -1.7(-7.2,3.8) 0.1(-1.9,2.1) NM - -
Malawi, 2016 748 | -3.0(-16.4, 10.4) -1.5(-8.5, 5.4) 1.3 (-1.5, 4.0) NM - -
Mongolia, 2006 239 | -0.2(-7.2,6.7) -1.9(-15.0, 11.2) -1.1(-3.9,1.7) NM - -
Nicaragua, 2005 946 | -9.0(-17.2,-1.7) 9.5 (-16.8, -3.1) 0.5 (-1.4, 2.4) NM - -
Zambia, 2009 330 | -8.6(-20.1,2.0) 9.2 (-20.0, 0.8) 0.6 (-4.1, 5.4) NM - -
Cameroon, 2009 556 | 12.9(4.6,19.7) 12.5 (4.9, 18.7) 0.3(-1.8, 2.5) NM - -
Georgia, 2009 2064 | 0.3(-2.5,3.1) 0.3(-2.5,3.1) -0.02 (-0.1, 0.1) NM - -
Low-middle Nigeria, 2012 303 | -2.6(-10.8, 5.5) -3.8(-13.2, 5.5) 1.2 (-2.2,4.7) NM - -
Pakistan, 2011 5824 | -3.0(-5.6, -0.5) -3.1(-5.8, -0.6) 0.1(-0.1,0.3) NM - -

Philippines, 2011 1656 | -6.2 (-12.6,-0.1) -4.3(-10.7, 1.9) -2.0(-3.7,-0.2) 31% 8% 23%
Vietnam, 2010 344 | -11.8(-19.4,-5.8) | -11.1(-19.1,-4.3) | -0.9(-2.5,0.7) NM - -
Azerbaijan, 2013 987 -2.1(-6.9,2.7) -0.1(-4.6, 4.3) -2.0(-4.2,0.2) NM - -
. Colombia, 2010 7753 | -4.8(-7.9,-1.9) -4.7 (-7.8,-1.8) -0.2 (-0.6, 0.3) NM - -

Upper-middle -

Mexico, 2006 1562 | -3.2(-9.0, 2.5) -3.4(-9.3,2.4) 0.2(-1.3,1.8) NM - -
Mexico, 2012 2454 | -5.8 (-9.6, -2.3) -6.5(-10.3, -3.2) 0.8(-0.3,1.8) NM - -
High USA, 2006 1081 | -5.8(-9.6,-2.3) -6.5 (-10.3, -3.2) 0.8(-0.3,1.8) NM - -

Ferritin, CRP, and AGP variables were natural-log transformed for analysis due to non-normal distributions. Mediation estimates were
exponentiated, and results are presented as percent change (95% confidence interval) in ferritin for every 1-unit change in BAZ. Ferritin
concentration measured in serum or plasma, as reported in the survey. All estimates account for cluster survey design (cluster, strata) with

survey weights applied, except in the survey from Mongolia which used simple random sampling. Inclusion criteria were: BAZ or WHZ >-2 SD and

a negative malaria test result. AGP, alpha-1-acid glycoprotein; BAZ, BMI-for-age z-score; BRINDA, Biomarkers Reflecting Inflammation and
Nutritional Determinants of Anemia; CRP, C-reactive protein; NM, no mediation; PSC, pre-school age children; WHZ, weight-for-height z-score.
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2Model for mediation analysis: InFerritin = Bo + B1(BAZ) + M1(InCRP) [+M,(InAGP)] where all values were continuous and AGP was included as a
mediator only in analyses for which it was available in the dataset. Interpretation is as follows: Total Effect = the effect of BAZ on ferritin; Direct
Effect = the effect of BAZ on ferritin controlling for inflammation; Indirect Effect = the effect of BAZ on ferritin as mediated by the effect of CRP
or AGP. Mediation was considered present when both the total and indirect effects were significant (41). Covariates available for adjustment
were: age, education level (respondent or maternal education level), household socioeconomic status, access to an improved water source,
access to an improved toilet, and urban/rural residence. Covariates were included in the mediation model if they were associated with the
outcome variable at p<0.1 in bivariate models (Supplemental Table 6). Unadjusted mediation estimates are presented in Supplemental Table 11.
3Country income classification defined according to the World Bank definition for the year in which the survey was conducted (38).



Figures

Figure 2.1 Mediation analysis path diagram

Total Effect: Effect of BMI on ferritin (c) BMI

Ferritin

¥

Direct Effect: Effect of BMI on ferritin

) . . CRP
controlling for inflammation (c’) / N

BMI Ferritin
A

Figure 2.1 Legend: Ferritin, CRP and AGP were analyzed as their natural-log equivalents and as
continuous variables. Ferritin refers to either serum or plasma ferritin concentration. AGP, a-1-acid
glycoprotein; BMI, body mass index; CRP, C-reactive protein (41).

Indirect Effect: Effect of BMI on ferritin
as mediated by the effect of CRP (a*b)
or of AGP (a,*b,) k

AGP
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Figure 2.2 Percent of adjusted relationship between ferritin concentration and BMI mediated by CRP
and/or AGP among WRA with normal weight to overweight/obesity in 18 surveys in order of ascending
mean BMI (left to right): BRINDA Project
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Figure 2.2 Legend: Surveys with mediated effects are displayed with the percent indicating the
proportion mediated by CRP, AGP, or unexplained (3% in Laos). Surveys without data indicate no
mediation was observed. Both CRP and AGP were measured in 4 of the 10 surveys with mediation: Laos,
Cambodia, Pakistan, and Azerbaijan. Ferritin concentration was measured in serum or plasma, as
reported in the survey. Covariates available for adjustment were: age, education level (respondent or
household head), household socioeconomic status, access to an improved water source, access to an
improved toilet, and urban/rural residence. Covariates were included in mediation models if they were
associated with the outcome variable at p<0.1 in bivariate models (Supplemental Table 2.6). Inclusion
criteria were: BMI >18.5 kg/m?, not pregnant, and a negative malaria test result. AGP, a-1-acid
glycoprotein; BMI; body mass index. BRINDA, Biomarkers Reflecting Nutritional Determinants of
Anemia; CRP, C-reactive protein; WRA, women of reproductive age (15-49 years).
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Supplemental Material
Supplemental Table 2.1 Number and proportion of observations excluded due to exclusion criteria for WRA, by survey: BRINDA project!

Exclusion Criteria?

Analytical
Survey, Total obs. BMI Implausible Implausible Posntn{e Missing Missing Missing Missing Total. sample size
ear in dataset | 185 Height Weight Pregnant Malaria BMI SF CRP AGP observations &
y kg/m? & & Result excluded proportion
of total
n n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Afghanista 13991 22825 22825 22825
2013 23875 | 954 (4.0) 0(0) 0(0) 0(0) n/a (55.6) (95.6) (95.6) (95.6) 23304 (97.6) 571 (2.4)
Burkina 484 60 (12.4) 0(0) 0(0) 0(0) 36(74) | 70(145) | 355(73.3) | 355(733) | >2° 423 (87.4) 61(12.6)
Faso, 2010 : : . . ' (73.3) : :
Cambodia,
o4 724 94 (13.0) 2(0.3) 1(0.1) 0(0) n/a 0(0) 19 (2.6) 19 (2.6) 19 (2.6) 115 (15.9) 609 (84.1)
Cote
D'lvoire, 863 81(9.4) 11 (1.3) 2(0.2) n/a 39 (4.5) 14 (1.6) 29 (3.4) 29 (3.4) 29 (3.4) 157 (18.2) 706 (81.1)
2007
Laos, 2006 863 ( 11233) 0(0) 0(0) n/a n/a 36(42) | 47(55) | 47(55) | 47(55) | 173(201) | 690 (79.9)
2"0""1'2"‘”' 804 70 (8.7) 1(0.1) 0(0) 0(0) 116 (14.4) | 17(2.1) 28 (3.5) 28 (3.5) 28 (3.5 210(26.1) 594 (73.9)
‘2:3[)“;“"’”' 787 67 (8.5) 0(0) 0(0) n/a 108 (13.7) 4(0.5) 27 (3.4) 27 (3.4) 27 (3.4) 193 (24.5) 594 (75.5)
Georgia,
5009 1846 86 (4.7) 0(0) 0(0) n/a n/a 18(1.0) | 158(8.6) | 158(8.6) n/a 241 (13.1) 1605 (86.9)
) 529 647
India, 2011 972 2(0.2) 0(0) 0(0) n/a 6(0.6) | 645(66.4) | 647 (66.6) 825 (84.9) 147 (15.1)
(54.4) (66.6)
%glez”a’ 620 55 (8.9) 0(0) 1(0.2) n/a 56 (9.0) 10 (1.6) 0(0) 0(0) 0(0) 114 (18.4) 506 (81.6)
Pakistan, 3024 14186 14381 14017
5011 22278 (15.6) 3(0.01) 4(0.02) 0(0) n/a 361 (1.6) (63.7) (64.6) (63.0) 17274 (77.5) | 5004 (22.5)
Vietnam, 305
5010 1492 (20.4) 0(0) 0(0) n/a n/a 1(0.1) 4(0.3) 9(0.6) n/a 314 (21.1) 1178 (78.9)
Azerbaijan,
5013 2910 138 (4.7) 0(0) 0(0) 0(0) n/a 73(25) | 254(87) | 254(85) | 254(8.7) | 382(13.1) 2528 (86.9)
Colombia,
5010 9697 573 (5.9) 0(0) 0(0) n/a n/a 281(2.9) | 614(63) | 614(6.3) n/a 1397 (14.4) | 8300(85.6)
Mexico,
2006 3050 88 (2.9) 0(0) 1(0.03) n/a n/a 22(0.7) 26 (0.9) 18 (0.6) n/a 140 (4.6) 2910 (95.4)
Mexico,
2012 4176 97 (2.3) 0(0) 0(0) n/a n/a 32(0.8) | 564(13.5) | 545(13.1) n/a 636 (15.2) 3540 (84.8)
United
Kingdom, 2050 | 69(3.7) 0(0) 0(0) 0(0) n/a 93 (4.5) (5283) (15103 n/a 1188 (58.0) | 862 (42.0)

2014
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United
States,

2006

3456

143 (4.1)

0(0)

1(0.03)

0(0)

n/a

47 (1.4)

273 (7.9)

259 (7.5)

n/a

432 (12.5)

3024 (87.5)

ICriteria for exclusion from analyses were: BMI <18.5 kg/m?; height or weight outside the ranges of 101.6-219.9 cm and 22.7-222.2 kg;(1)
pregnancy; positive test result for malaria; or missing values for ferritin, CRP, AGP, or BMI (due to missing values for weight or height). Some
observations may be excluded from multiple categories. Abbreviations: a, alpha-1-glycoprotein; BRINDA, Biomarkers Reflecting Nutritional

Determinants of Anemia; CRP, C-reactive protein; WRA, women of reproductive age (15-49 years).

2Exclusion criteria percentages are proportions of total observations in the individual datasets.
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Supplemental Table 2.2 Number and proportion of observations excluded due to exclusion criteria for PSC, by survey: BRINDA project?

Exclusion Criteria?

Analytical
Total " " Positive . . sample size
N BAZ WHZ <-2 Implausible Implausible . Missing . - Missing Total obs.
Survey, year obs. in <2SD sD BAZ WHZ Malaria BAZ Missing SF Missing CRP AGP excluded & .
dataset Result proportion
of total
n n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Afghanistan, | 15g96 | 1508 (3.0) 1823 744 (3.8) 424 (2.1) n/a 341(17) | 19231(96.7) | 19231 (96.7) | 19231 (96.7) | 2301 595 (3.0)
2013 (9.2) (97.0)
Bangladesh, 277
2010 1561 305 (19.5) (17.7) 12 (0.8) 8(0.5) n/a 18 (1.2) 68 (4.4) 68 (4.4) 68 (4.4) 382 (24.5) | 1179 (75.5)
3325""“5“' 1108 134 (12.1) (11‘?;) 26 (2.3) 19 (1.7) n/a 85 (7.7) 640 (57.8) 637 (57.5) 637 (57.5) | 740(33.2) | 368(33.2)
E:srzmzaom 482 5(1.1) 8(1.7) 0(0) 0(0) 9(1.9) 73 (15.1) 357 (74.1) 357 (74.1) 357 (74.1) | 419(86.9) 63 (13.1)
Cambodia,
2014 874 60 (6.9) 69 (7.9) 5(0.6) 1(0.1) n/a 0(0) 209 (23.9) 209 (23.9) 209 (23.9) 275 (31.5) 599 (68.5)
cote 116 214
D'lvoire, 864 104 (12.0) 29 (3.4) 16 (1.9) 37 (4.3) 118 (13.7) 118 (13.7) 118 (13.7) | 429(49.7) | 435 (50.3)
(13.4) (24.8)
2007
Kenya, 2007 1056 47 (4.5) 51 (4.8) 5(0.5) 5(0.5) (;89?5) 40 (3.8) 160 (15.2) 160 (15.2) 160 (15.2) 391 (37.0) 665 (63.0)
Kenya, 2010 896 26 (2.9) 29 (3.2) 4(0.5) 3(0.3) (5568) 31(3.5) 47 (5.3) 47 (5.3) 47 (5.3) 345 (38.5) 551 (61.5)
Laos, 2006 514 25 (4.9) 40 (7.8) 1(0.2) 1(0.2) n/a 8(1.6) 32(6.2) 32(6.2) 33 (6.4) 71 (13.8) 443 (86.2)
Liberia, 2011 1476 129 (8.7) (1131) 3(0.2) 3(0.2) (3583) 10(0.7) 42 (2.9) 42 (2.9) 42 (2.9) 520(35.2) 956 (64.8)
Malawi, 310
2016 1233 48 (3.9) 52 (4.2) 12 (1.0) 8(0.7) (25.1) 24 (2.0) 131 (10.6) 131 (10.6) 131 (10.6) | 485(39.3) 748 (60.7)
;’(')%’;gm'a' 242 0(0) 0(0) 0(0) 0(0) n/a 1(0.4) 2(0.8) n/a 2(0.8) 239(1.2) | 239(98.8)
Nicaragua,
2005 1424 11(0.8) 10 (0.8) 2(0.1) 2(0.1) n/a 4(0.3) 467 (32.8) n/a 0(0) 478 (33.6) 946 (66.4)
igg”gb'a' 885 5(0.6) 6(0.7) 1(0.1) 0(0) n/a 2(0.2) 473 (53.5) 473 (53.4) 474 (53.4) | 555(62.7) | 330(37.3)
;gg“gem""’ 853 16 (1.9) 29 (3.4) 1(0.1) 0(0) 195 229 61(7.2) 61(7.2) 61(.7.2 297 (34.8) | 556 (65.2)
Georgia,
2009 2489 31(1.2) 20 (0.8) 57 (2.3) 43 (1.7) n/a 103 (4.1) 347 (13.9) 347 (13.9) n/a 425 (17.1) 2064 (82.9)
Nigeria, 198
2012 640 61 (9.5) 63 (9.8) 30(4.7) 25(3.9) (30.9) 13 (2.0) 93 (14.5) 93 (14.5) 93. (14.5) 337 (52.7) 303 (47.3)
Pakistan, 1543 4865
2011 10689 | 1365 (12.8) (14.4) 361 (3.4) 280 (2.6) n/a 524 (4.9) 3467 (32.4) n/a 3132 (29.3) (45.5) 5824 (54.5)
Philippines,
2011 1784 80 (4.5) 98 (5.5) 6(0.3) 4(0.2) n/a 6(0.3) 17 (1.0) 17 (1.0) 17 (1.0) 128(7.2) | 1656 (92.8)
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Vietnam,

5010 395 23(5.8) 25 (6.3) 2(0.5) 1(0.2) n/a 3(0.8) 15(3.8) 17 (4.3) n/a 51(12.9) | 344(87.1)
Azerbaijan,

il 1404 41 (2.9) 39(2.8) 49 (3.5) 39(2.8) n/a 49 (3.5 351(25.0) | 351(25.0) | 351(25.0) | 417(29.7) | 987(70.3)
gglﬁ)mb'a’ 7753 66 (0.9) 76 (1.0) 11(0.1) 7(0.1) n/a 161(2.1) | 3453(44.5) | 3887 (50.1) n/a (35917;) 3780 (48.8)
Mexico, 5056

5006 6618 93 (1.4) 90 (1.4) 10(0.2) 6(0.1) n/a 538(8.1) | 5028(76.0) | 5026 (76.0) n/a ea) 1562 (23.6)
Mexico, 6074

019 8528 101(12) | 102(1.2) 0(0) 0(0) n/a 482(5.7) | 5904(69.2) | 5989 (70.2) n/a 71.2) 2454 (28.8)
United 1584

states, 2006 | 255 21(0.8) 20(0.8) 11(0.4) 7(0.3) n/a 131(4.9) | 1512(56.8) | 1350(50.7) n/a (59.4) 1081 (40.6)

ICriteria for exclusion from analyses were: BAZ or WHZ <-2 SD; BAZ or WHZ less than -5 SD or greater than 5 SD;(2) positive test result for

malaria; or missing values for ferritin, CRP, AGP, or BAZ (due to missing values for weight or height/length). Some observations may be excluded

from multiple categories. Abbreviations: a, alpha-1-glycoprotein; BAZ, BMI-for-age z-score; BRINDA, Biomarkers Reflecting Nutritional
Determinants of Anemia; CRP, C-reactive protein; PSC, preschool-age children (6-59 months); WHZ, weight-for-height z-score.
2Exclusion criteria percentages are proportions of total observations in the individual datasets.




0L

Supplemental Table 2.3 Available covariates in each survey: BRINDA project!

Rural/Urban . Respondent/Maternal Household Head
Survey Age Set/ting SES Water Sanitation :ducatioﬁ Level Education Level
Afghanistan PSC, WRA -- PSC, WRA PSC, WRA PSC, WRA PSC, WRA --
Azerbaijan PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA WRA only --
Bangladesh, 2010 PSC, WRA -- -- PSC only PSC only -- --
Bangladesh, 2012 PSC, WRA PSC only PSC only PSC only PSC only PSC only --
Burkina Faso PSC, WRA -- PSC, WRA PSC, WRA PSC, WRA -- PSC, WRA
Cambodia PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA --
Cameroon PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA --
Colombia PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA WRA only PSC only
Cote d’lvoire PSC, WRA PSC, WRA PSC, WRA WRA only PSC, WRA PSC, WRA -
Georgia PSC, WRA PSC, WRA - - - WRA only -
India PSC, WRA WRA only -- WRA only WRA only WRA only --
Kenya, 2007 PSC, WRA PSC only PSC only PSC only PSC only PSC only --
Kenya, 2010 PSC, WRA PSC only PSC only PSC only PSC only PSC only --
Laos PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA -
Liberia PSC, WRA PSC only PSC only PSC only PSC only -- --
Malawi PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA -
Mexico, 2006 PSC, WRA PSC, WRA PSC, WRA -- PSC, WRA -- PSC, WRA
Mexico, 2012 PSC, WRA PSC, WRA PSC, WRA -- -- -- --
Mongolia PSC, WRA PSC only -- -- - PSC only --
Nicaragua PSC, WRA PSC only -- PSC only PSC only PSC only --
Nigeria PSC, WRA PSC, WRA - - - - -
Pakistan PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA PSC, WRA -
Philippines PSC, WRA PSC only PSC only -- PSC only PSC only --
United Kingdom PSC, WRA -- WRA only -- -- WRA only --
United States PSC, WRA -- PSC, WRA -- -- WRA only PSC only
Vietnam PSC, WRA PSC, WRA -- -- -- -- --
Zambia PSC, WRA PSC only -- -- -- -- --

1Covariate definitions: age in years (WRA) or months (PSC); sex (male/female; PSC only); urban or rural residence; household socioeconomic status (SES)
categorized as low SES versus high SES (variable created from the ordinal 3-category SES variable from the harmonized BRINDA dataset (3), which was then
dichotomized into a binary variable of low SES versus high SES, where high SES included both medium and high categories); water defined as access to an
improved water source (compared to no access or access only to an unimproved water source); sanitation defined as access to an improved toilet (compared
to no access or access only to an unimproved toilet); and education level defined as either none or primary school only versus secondary school or more and
measured as either the respondent (WRA) or maternal (PSC) education level, except in surveys that reported household head education level. BRINDA:
Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; PSC, preschool-age children (6-59 months); SES, socio-economic status; WRA,
women of reproductive age (15-49 years).
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Supplemental Table 2.4 Age and household characteristics for women of reproductive age (15-49 years) with normal weight to

overweight/obesity by survey: BRINDA project?

Country Improved Water
Income Survey. vear n Age, yr Urban residence High SES3 P Source? Improved Toilet> High Education®
Class- vy median [IQR] % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl)
o % (95% Cl)
ification2
Afghanistan, 571
2013 29.2(24.3,29.8] - 93.1 (89.6, 96.6) 81.5(75.7, 87.4) 56.6 (47.8, 65.3) 10.2 (6.1, 14.4)
Burkina Faso, 61
2010 30.2(25.3,37.7] - 76.5 (57.9, 95) 31.3 (5.8, 56.7) 13.0 (0.9, 25.1) 2.1(0.0,7.6)
§ Cambodia, 2014 | 609 29.8[25.1, 33.6] 13.1(9.9, 16.3) 60.5 (53.7, 67.3) 53.1 (45.7, 60.6) 52.1(46.6, 57.7) 31.7 (26.5, 36.9)
Cote d’lvoire 706
! 26.3[21.1, 31. .1 (51. .
2007 631 /3191 56.1(51.9,603) 63.9 (58.1, 69.8) 88.0(82.6, 93.3) 89.9 (85.9, 93.8) 15.5(11.5, 19.4)
Laos, 2006 690 28.5[20.4,37.2] 33.1(19.2, 46.9) 61.9 (51.2, 72.5) 42.4(33.5,51.3) 90.6 (84.1, 97.1) 34.8(25.4, 44.1)
Malawi, 2016 594 27.8 [20.8, 36.8] 10.3 (1.9, 18.7) 61.0 (52.9, 69.0) 83.6(75.7,91.4) 83.8(76.4,91.2) 22.1(15.7, 28.5)
Cameroon,
N 2009 594 262(22.0,31.8] 62.8(52.5,73.2) 64.1(56.7, 71.6) 75.0 (68.9, 81.0) 67.0 (61.5, 72.6) 37.5(33.3, 41.7)
3 Georgia, 2009 1605 32.2 [24.2, 41.0] 50.3 (43.2, 57.3) - - - 95.3 (93.8, 96.8)
§ India, 2011 147 25.2 [21.6, 31.2] 07 - 90.5 (83.1, 97.9) 23.1(12.6, 33.6) 59.9 (42.8, 77.0)
g Nigeria, 2012 506 26.3[21.5,31.1] 07 - - - -
- Pakistan, 2011 5004 | 29.6[25.8,34.6] 32.0(28.8, 35.3) 61.2 (58.6, 63.8) 93.0(91.7, 94.4) 84.5 (82.7, 86.4) 30.3 (28.0, 32.5)
Vietnam, 2010 1178 33.4[25.9, 40.9] 50.5 (48.2, 52.8) -- - -- --
Azerbaijan,
L o | 2013 2528 3171[23.9,41.4] 457 (39.4,51.9) 68.6 (65.1, 72.2) 77.1(72.2, 82.1) 93.7 (90.9, 96.5) 95.0 (93.5, 96.5)
§ 715 Colombia, 2010 8300 28.6 [19.4, 39.2] 77.5(76.5, 78.6) 62.0 (60.6, 63.4) 87.0 (85.4, 88.6) 97.2 (96.3, 98.0) 49.1 (46.9, 51.3)
S € | Mexico, 2006 2910 | 31.6[23.0,40.1] 71.3 (67.0, 75.6) 53.0 (49.1, 57.0) - 87.9 (85.3, 90.5) 41.6 (38.0, 45.3)
Mexico, 2012 3540 | 33.5[27.4,40.6] 79.2 (77.4, 80.9) 69.8 (67.0, 72.6) - - -
United
High Kingdom, 2014 862 334[23.3,41.9] - 63.0(57.9, 68.2) - - 91.4 (88.7, 94.1)
United States, 3024
2006 34.7[24.7, 42.5] - 74.2 (71.0, 77.4) - - 100.0 (100,100)

1Estimates account for complex survey design (cluster, strata) with survey weights applied. Inclusion criteria were: BMI 218.5 kg/m?, not pregnant, and a
negative malaria test result. ‘--* indicates the variable was unavailable in that survey. BMI, body mass index; BRINDA, Biomarkers Reflecting Inflammation and
Nutritional Determinants of Anemia; SES, socioeconomic status.

2Country income classification defined according to the World Bank definition for the year the survey took place (4).

3A binary SES variable (low/high where high includes both medium and high categories) was created from the 3-level ordinal SES variable available from the
harmonized BRINDA dataset,(3) which was created from survey-specific asset scores (quintiles) of household ownership or composition.
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“Improved Water Source’ (compared to no access or access only to an unimproved water source) was defined as having access to: piped water in a
dwelling/yard; a communal/public tap; a borehole/tube well, owned or shared; a protected well/spring; a protected open dug well; or rain water.

>Improved Toilet’ (compared to no access or access only to an unimproved toilet) was defined as have access to: a flush toilet/pit latrine flush to piped sewer;
a ventilated improved pit/latrine/Sanplat; or a flush to pit/latrine.

5‘High Education’ (compared to none or primary school only) was measured as respondent education level or head of household education level in surveys in
which respondent education was not measured (Burkina Faso and Mexico 2006).

’Surveys from India and Nigeria contained only observations from rural areas.
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Supplemental Table 2.5 Age, sex, and household characteristics for preschool-age children (6-59 months) with normal weight to

overweight/obesity by survey: BRINDA project?

Country Country, Improved Water
Income survey year n Age, mo Male | Urban residence High SES3 P Source Improved Toilet> High Education®
Class- median [IQR] % % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl)
et % (95% Cl)
ification?
;\(f)glga“'“a”' 595 | 27.8[17.0,39.9] | 51.9 - 94.9(92.5,97.3) | 81.5(74.1,89.0) | 68.1(60.1,76.0) 9.8 (5.3, 14.4)
gg:g'ad“h' 1179 | 7.7[63,93] | 49.1 - - 98.4(95.3,100.0) | 25.2(16.9, 33.5) -
Bangladesh,
s 368 | 37.9[26.8,48.0] | 54.6 | 26.9(19.1,34.7) | 44.3(33.1,55.5) | 99.0(97.5,100.0) | 63.3(49.5,77.1) | 47.1(36.0,58.2)
Burkina F
2;;0'”3 aso, 63 | 48.3[43.6,53.5] | 44.4 - 80.1(63.3,96.8) | 29.6)8.5,50.6) 12.2 (0, 27.7) 2.1(0,7.1)
Cambodia,
Sota 599 | 37.0[24.6,483] | 54.4 | 11.6(85,14.7) | 58.4(50.0,66.7) | 53.4(44.4,62.3) | 53.9(46.7,61.1) | 27.7(22.5,32.9)
; gg;‘;d Voire, | 435 | 206[17.3,44.2] | 547 | 58.2(52.0,645) | 67.7(62.1,73.4) - 66.6 (58.0,75.3) | 12.4(9.3,15.4)
Kenya, 2007 665 | 18.6[12.1,26.4] | 51.1 0 60.0 (54.3,65.8) | 52.6(42.9,62.4) 0.2 (0.0, 0.5) 147 (11.7, 17.7)
Kenya, 2010 551 | 21.7[13.4,27.0] | 50.5 0 61.7(56.1,67.2) | 58.2(49.0,67.3) 1.1(0.1,2.2) 16.4 (12.5, 20.3)
Laos, 2006 443 | 33.4[20.7,456] | 49.4 | 143(57,22.8) | 389(28.7,49.2) | 43.9(323,555) | 285(17.9,39.1) | 158 (8.1, 23.6)
Liberia, 2011 956 | 17.3[11.2,26.0] | 47.6 | 43.6(39.0,48.2) | 68.3(61.6,75.0) | 83.2(616,750) | 43.5(37.0,50.0) =
Malawi, 2016 | 748 | 31.4[185,44.7] | 51.3 13.7 (0, 28.0) 56.5 (49.6, 63.3) | 87.2(81.0,93.4) | 82.6(77.5 87.6) | 24.0(13.1,34.9)
%%’égm'a' 239 | 18.9[12.3,26.7] | 51.9 | 49.0(42.5,55.5) - -~ - 80.3 (74.7, 85.2)
Nicaragua,
Soos 946 | 34.0[19.0,47.0] | 50.1 | 62.2(51.0,73.3) - 89.1(82.9,95.2) | 36.4(28.9,43.9) | 45.8(37.4,54.2)
Zambia, 2009 | 330 | 37.0[23.9,48.0] | 57.6 | 21.8(15.9,27.7) = = = =
(z:gomgemm' 556 | 29.0[18.8,38.9] | 50.7 | 61.8(51.5,72.1) | 65.8(57.9,73.7) | 77.4(71.4,83.3) | 67.2(61.3,73.1) | 37.7(32.8, 42.6)
o Georgia, 2009 | 2064 | 36.3[23.5,50.2] | 53.7 | 47.3(40.5,54.0) = = = =
2 Nigeria, 2012 | 303 | 29.5[20.9,35.7] | 505 07 = = = =
I Pakistan, 2011 | 5824 | 25.6 [14.8,39.3] | 51.2 | 30.9(27.8,34.0) | 58.8(56.2,61.4) | 94.9(93.7,96.0) | 916(90.4,92.7) | 20.5(18.7,22.4)
z 2
= ;ngppmes, 1656 | 15.4[10.7,19.0] | 49.5 9.1(8.4,9.8) 16.0(12.8,19.1) | 44.6(40.0,49.3) | 92.6(87.5,97.7) | 66.6(61.3,71.9)
Vietnam, 2010 | 344 | 37.5[259,49.2] | 52.3 | 47.4(42.0,52.8) - = - -
Lr:fgjl; ’;éi;ba”a"' 987 | 36.5[23.6,47.1] | 55.0 | 45.3(38.1,52.5) | 68.6(64.1,73.1) | 77.4(71.8,83.0) | 93.0(89.9,96.2) -
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gg'l‘z)mb'a' 3780 | 37.6([25.7,49.0] | 52.7 | 69.9(68.6,71.2) | 48.6(46.5,50.7) | 86.6(83.8,89.5) | 88.5(86.2,90.9) | 42.8(39.8,45.8)
Mexico, 2006 | 1562 | 43.4[32.6,52.5] | 52.4 | 52.0(47.7,56.3) | 34.6(30.6, 38.6) - 74.4(70.4,78.3) | 37.1(33.2,41.0)
Mexico, 2012 | 2454 | 37.0[35.2,38.8] | 49.3 | 72.2(69.3,75.2) | 53.5(49.7,57.3) - - -

High | USA, 2006 1081 | 40.0[25.2,50.0] | 50.6 = 59.4 (54.1, 64.7) - - 93.3(91.4, 95.3)

1Estimates account for the complex survey design (cluster, strata) with survey weights applied, except in the survey from Mongolia which followed a simple
random sampling design. Inclusion criteria were: BMI-for-age z-score or weight-for-height z-score 2-2 SD and a negative malaria test result. ‘--“ indicates the
variable was unavailable in that survey. BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; SES, socioeconomic status.
2Country income classification defined according to the World Bank definition for the year the survey took place (4).

3A binary SES variable (low/high) was created from the 3-level ordinal SES variable available harmonized BRINDA dataset (3), which was created from survey-
specific asset scores (quintiles) of household ownership or composition.

“Improved Water Source’ (compared to no access or access only to an unimproved water source) was defined as having access to: piped water in a
dwelling/yard; a communal/public tap; a borehole/tube well, owned or shared; a protected well/spring; a protected open dug well; or rain water.
>Improved Toilet’ (compared to no access or access only to an unimproved toilet) was defined as have access to: a flush toilet/pit latrine flush to piped sewer;
a ventilated improved pit/latrine/Sanplat; or a flush to pit/latrine.

5“High Education’ (compared to none or primary school only) was measured as maternal education level or head of household education level in surveys in
which maternal education was not measured (Burkina Faso, Colombia, Mexico 2006, and the United States).

’Surveys from Kenya (2007 and 2010) and Nigeria contained only observations from rural areas.
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Supplemental Table 2.6 Bivariate and multivariable percent change associations between ferritin, CRP, AGP, and BMI among women of

reproductive age (15-49 years) with normal weight to overweight/obesity by survey: BRINDA project?

Bivariate (unadjusted) and multivariable (adjusted) linear regression

Icnocl::‘:? Country, n Ferritin CRP AGP Ferritin Ferritin
e e survey year regressed on BMI regressed on BMI regressed on BMI regressed on InCRP regressed on InAGP
Classification
Afghanistan, o1 B 2.1(-4.3, 0.2) 4.9(-2.2,12.5) 0.6(-0.2, 1.4) 7.7 (2.3, 13.4) 123.1 (54.1, 222.9)
2013 M 2.1(43, 02) 4.4(2.7,12.1) 0.6 (-0.2, 1.4) 7.7 (2.3, 13.4) 123.1 (54.1, 222.9)
Burkina Faso, o B 2.9(-17.6, 14.4) 21.8(-34.3,7.0) 3.5(9.9,33) 29.9 (9.0, 54.7) 118.0 (14.9, 313.6)
2010 M 1.3 (-13.9, 13.1) 22.3(-35.2, -6.9) 4.0(-9.8,2.2) 28.8 (12.3, 47.7) 115.8 (9.9, 323.7)
Cambodia, 05 B 3.7(2.0,5.5) 17.1 (13.4, 20.9) 2.5 (0.5, 4.6) 14.7 (9.5, 20.1) 43.0(30.2,57.2)
Lowincome L2014 M 3.4(17,51) 16.7 (12.9, 20.5) 2.9(0.8,5.0) 13.9 (8.9, 19.2) 42.9 (30.5, 56.6)
Cote d'Ivoire, o6 |8 0.2 (-1.4, 1.9) 7.1(4.7,9.5) 1.2 (0.6, 1.7) 16.4 (10.5, 22.6) 95.7 (57.2, 143.6)
2007 M 0.7 (-1.1, 2.4) 6.8(4.3,9.2) 1.2 (0.6, 1.7) 16.9 (11.1, 23.0) 97.4 (57.8, 146.8)
Laos. 2006 600 B 11.9 (8.6, 15.4) 22.6 (18.4, 26.9) 1.9 (1.3, 2.6) 19.1 (12.5, 26.1) 58.5 (6.3, 136.2)
' M 55(2.4,87) 18.4 (14.2,22.8) 1.9(13,2.6) 12.7 (7.5, 18.1) 60.6 (20.1, 114.8)
_ B 0.5 (2.5, 1.6) 10.8 (5.7, 16.1) 2.9 (18, 4.1) 26(-2.2,7.5) 224 (5.8,41.7)
Malawi, 2016 94 Ty 0.5 (2.5, 1.6) 10.7 (5.8, 15.9) 3.2 (1.9, 4.4) 26 (-2.2,7.5) 224 (5.8,41.7)
Cameroon, son |8 0.0(-1.3, 1.3) 6.5(3.7,9.4) 0.5 (0.2, 0.9) 10.4 (5.3, 15.7) 102.9 (50.3, 174.1)
2009 M 0.2 (-1.6, 1.2) 6.8(3.9,9.9) 0.6 (0.3, 1.0) 8.6 (3.1, 14.4) 82.4 (33.1, 149.8)
, B 1.2(0.7, 1.8) 8.3 (6.6, 10.0) = 6.1(2.7,9.6) —
Georgia, 2009 | 1605 1.2(0.7, 1.8) 7.6 (5.7, 9.5) = 6.1(2.7,9.6) —
ndia. 2011 wr |8 7.5 (-0.4, 16.0) 20.5 (6.4, 22.9) 2.4(1.2,3.7) 27.7 (13.4, 43.9) 228.8 (65.7, 552.4)
Low-middle ' M 7.5 (-0.4, 16.0) 13.6 (5.5, 22.4) 2.4(1.2,3.7) 27.7 (13.4, 43.9) 228.8 (65.7, 552.4)
Nigeria, 2012 06 |8 15 (3.3,0.4) 0.6 (3.5,2.3) 0.05 (0.6, 0.7) 13.3 (7.0, 20.1) 111.2 (69.8, 162.6)
i M 1.5 (3.3,0.4) 0.6 (3.5,2.3) 0.05 (0.6, 0.7) 13.3 (7.0, 20.1) 111.2 (69.8, 162.6)
, B 1.0 (0.4, 1.7) 3.0 (2.0, 4.1) 1.0(0.7, 1.2) 3.9 (L5, 6.4) 16.7 (7.3, 26.9)
Pakistan, 2011 | 5004 |, 0.8(0.1, 1.5) 2.9 (18, 3.9) 1.0(0.7,1.2) 4.2 (1.8, 6.6) 17.5 (7.6, 28.4)
. B 4.1 (16, 6.7) 17.8 (15.1, 20.5) . 20.8 (15.2, 26.7) -
Vietnam, 2010 | 1178 g 2.3(-0.4,5.0) 17.1(14.1, 20.1) - 18.9 (13.4, 24.7) -
Azerbaijan, Jo08 |_B 35(2.7,4.3) 13.6 (12.3, 15.0) 15(13, 18) 205 (16.8, 24.4) 143.5 (102.3, 193.1)
2013 M 35 (2.5, 4.4) 11.7 (103, 13.3) 1.5 (1.2, 1.8) 20.8 (16.8, 25.0) 136.3 (95.1, 186.1)
_ B 2.0 (1.4, 2.6) 13.1 (11.6, 14.6) . 39(2.7,51) -
Upper-middie Co ol ALY | EERY | = 2.1(14,2.7) 13.0(11.3, 14.8) = 3.8(2.6, 5.0) -
Mexico. 2006 Jo10 B 1.8(0.8, 2.8) 10.0 (8.2, 11.9) ~ 13.2 (7.7, 19.0) -
' M 1.1(0.02,2.2) 8.5 (6.6, 10.4) - 10.2 (4.0, 16.7) =
_ B 2.7 (1.3, 4.2) 11.4 (9.7, 13.2) . 216 (15.7, 27.7) -
Mexico, 2012 3540 2.7 (1.2, 4.2) 11.4(9.7,13.1) = 213 (15.5, 27.4) -
United oy | 1.9 (0.5, 3.3) 6.5 (5.4, 7.6) — 14.2 (4.8, 24.4) ~
High Kingdom, 2014 M 1.6(0.2,3.1) 6.5 (5.4, 7.6) - 14.2 (4.7, 24.5) ~
United States, | ... | B 1.3 (0.6, 2.0) 115 (10.9, 12.1) = 12.9 (10.4, 15.4) —
2006 M 1.0(0.3, 1.7) 11.0 (10.4, 11.5) - 11.0 (8.5, 13.5) -

IFerritin, CRP and AGP variables were natural-log transformed for analysis due to non-normal distributions. Regression estimates were exponentiated, and

results are presented as the percent change (95% confidence interval) in the dependent variable for every 1-unit change in the independent variable. Note that
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for the values presented for ‘Ferritin regressed on InCRP’ and ‘Ferritin regressed on InAGP’, the percent changes in ferritin concentration are for every 1-unit
change in natural-log transformed CRP or AGP, and the units differ (CRP, mg/L; AGP, g/L). See Table 2 of main manuscript for geometric mean CRP and AGP
values by survey. All estimates account for the complex survey design (cluster, strata) with survey weights applied. Ferritin was measured in either serum or
plasma, as reported by the survey. Covariates available for adjustment were: age, education level (respondent or household head), household socioeconomic
status, access to an improved water source, access to an improved toilet, and urban/rural residence. Covariates were included in the multivariable regression
model if they were associated with the outcome variable at p<0.1 in the bivariate model. Inclusion criteria were: BMI 218.5 kg/m?, not pregnant, and a
negative malaria test result. Country income classification was defined according to the World Bank definition for the year in which the survey was conducted
(4). ‘--“ indicates the variable was unavailable in that survey. AGP, a-1-acid glycoprotein; B, bivariate model; BMI, body mass index; BRINDA, Biomarkers
Reflecting Inflammation and Nutritional Determinants of Anemia; CRP, C-reactive protein; M, multivariable model.
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Supplemental Table 2.7 Unadjusted and adjusted associations between ferritin, CRP or AGP, and BMI stratified by age among women of

reproductive age (15-49 years) with normal weight to overweight/obesity by survey: BRINDA project!

Stratified analysis, unadjusted

Stratified analysis, adjusted

B (95% confidence interval)

B (95% confidence interval)

Survey, year n Model Ages 15-29 years Ages 30-49 years Ages 15-29 years Ages 30-49 years
Afghanistan, 2013 571 No effect modification -- -- -- --
Burkina Faso, 2010 61 InAGP=BMI 0.06 (-0.09, 0.2) -0.05 (-0.09, -0.02) 0.05 (-0.09, 0.19) -0.05 (-0.10, -0.02)
Cambodia, 2014 609 No effect modification -- -- -- --
Cote d’lvoire, 2007 706 InFerritin=InCRP 0.19(0.13, 0.26) 0.07 (-0.01, 0.15) 0.19(0.13, 0.26) 0.08 (0.002, 0.16)
Laos, 2006 690 InFerritin=BMI 0.03 (-0.03, 0.1) 0.13 (0.09, 0.16) 0.05 (0.01, 0.1) 0.09 (0.04, 0.13)
InAGP=BMI 0.01 (-0.001, 0.03) 0.13(0.09, 0.16) no covariates to test no covariates to test
InFerritin=InCRP 0.11 (0.04, 0.18) 0.2 (0.12, 0.29) 0.11(0.05, 0.17) 0.15 (0.07, 0.24)
InFerritin=InAGP 0.03 (-0.44, 0.5) 0.93,0.43,1.43) 0.19 (-0.19, 0.57) 0.79, 0.37, 1.20)
Malawi, 2016 594 No effect modification -- -- -- --
Cameroon, 2009 594 InCRP=BMI 0.04 (0.01, 0.08) 0.09 (0.06, 0.13) -0.01 (-0.03, 0.01) 0.0006 (-0.02, 0.02)
Georgia, 2009 1605 No effect modification -- -- -- --
India, 2011 147 InFerritin=InCRP 0.15 (-0.001, 03) 0.37(0.22,0.53) no covariates to test no covariates to test
InFerritin=InAGP 0.6 (-0.14, 1.34) 2.12(1.38, 2.86) no covariates to test no covariates to test
Nigeria, 2012 506 No effect modification - - - -
Pakistan, 2011 5004 InFerritin=BMI 0.02 (0.01, 0.03) 0.01 (-0.004, 0.01) 0.02 (0.01, 0.03) 0.003 (-0.01, 0.01)
InFerritin=InAGP 0.24(0.12, 0.36) 0.1(-0.01,0.2) 0.27 (0.14, 0.39) 0.1(-0.02,0.21)
Vietnam, 2010 1178 No effect modification -- - -- -
Azerbaijan, 2013 2528 InCRP=BMI 0.17 (0.14, 0.19) 0.1(0.08, 0.11) 0.16 (0.14, 0.18) 0.1(0.08, 0.11)
InAGP=BMI 0.02 (0.02, 0.03) 0.01 (0.01, 0.02) 0.02 (0.02, 0.03) 0.01 (0.02, 0.03)
Colombia, 2010 8300 No effect modification - - - -
Mexico, 2006 2910 InFerritin=BMI 0.005 (-0.02, 0.03) 0.02 (0.002, 0.03) no covariates to test no covariates to test
InCRP=BMI 0.11 (0.08, 0.13) 0.07 (0.05, 0.1) no covariates to test no covariates to test
Mexico, 2012 3450 No effect modification - - - -
United Kingdom, 2014 862 No effect modification - - - -
United States, 2006 3024 No effect modification - - - -

IResults presented as the unexponentiated B (95% confidence interval). Effect modification was evaluated through stratified analyses in each of the bivariate
models listed above by testing for a significant interaction between the predictor (i.e., BMI, InCRP, or InAGP) and the effect modifier variable of age.
Unadjusted stratified analyses were completed for all models where p<0.1 for the interaction. Adjusted stratified analyses were then completed for any
marginally significant covariates (p<0.1) found in bivariate analyses. All estimates account for the complex survey design (cluster, strata) with survey weights
applied. Covariates available for adjustment were: education level (respondent or household head), household socioeconomic status, access to an improved
water source, access to an improved toilet, and urban/rural residence. Inclusion criteria were: BMI >18.5 kg/m?2, not pregnant, and a negative malaria test
result. AGP, a-1-acid glycoprotein; BMI; body mass index; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CRP, C-

reactive protein.
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Supplemental Table 2.8. Bivariate and multivariable percent change associations between ferritin, CRP, AGP, and BAZ among preschool-age
children (6-59 months) with normal weight to overweight/obesity by survey: BRINDA project?!

Bivariate (unadjusted

and multivariable (adjusted) linear regression

Country
Income Country, survey n Ferritin CRP AGP Ferritin Ferritin
Classific year regressed on BAZ regressed on BAZ regressed on BAZ regressed on InCRP regressed on InAGP
ation3
Afghanistan, cos B 1.4(-10.2, 8.1) 11.6 (-27.4, 7.5) 3.9(-6.1,-1.6) 8.0 (3.6, 12.5) 27.0(5.7,71.1)
2013 M 2.8(-0.4,1.9) 11.6 (-27.4, 7.5) 3.9(-6.1,-1.6) 7.9 (3.6, 12.3) 28.0(-3.9, 70.4)
Bangladesh, 1179 |_B 6.5 (-10.7, -2.0) 3.8(-11.9,5.1) 1.2(-3.2,0.9) 10.9 (8.6, 13.3) 113.9 (83.0, 149.9)
2010 M 6.7 (-11.0, 2.2) 3.4(-11.9, 5.8) 20.9(-2.9, 1.2) 10.5 (8.2, 12.9) 113.8 (81.5, 151.8)
Bangladesh, ses B 4.8(-14.3,5.7) 4.7 (-14.8, 6.6) 2.6(-6.5,1.5) 27.6 (18.3, 37.5) 148.5 (76.2, 250.3)
2012 M 2.9 (6.7, 13.5) 3.6(-13.8,7.8) 1.8(-5.3,1.9) 25.0 (17.4, 33.0) 121.0 (641, 197.7)
Burkina Faso, o3 B 210.5 (-38.5, 30.3) 6.7 (-43.7, 54.8) 0.1(-9.2, 10.4) 12.7 (-5.2, 34.0) 184.4 (59.1, 408.4)
2010 M 9.8(-35.7, 26.6) 6.6 (-43.7, 54.9) 0.3(-8.1,9.6) 9.9 (-11.0, 35.8) 173.0 (62.5, 358.4)
, B 6.3 (-15.6, 4.0) 105 (-3.4, 26.4) 17(-7.0,11.1) 16.2 (12.4, 20.1) 62.2 (54.5, 70.4)
2014
SEllbkithele 29 Ty 3.7 (-11.3, 4.4) 8.3 (-4.9,23.4) = 19.2 (15.2, 23.3) 65.0 (57.3, 73.0)
Cote d'Ivoire, 43 B 1.4(-7.2,10.7) 8.1(-7.5, 26.4) 20.04 (3.1, 3.2) 31.9 (25.3, 39.0) 132.9 (74.0, 211.7)
2007 M 2.9 (5.5, 12.0) 6.9 (-8.8, 25.3) 1.1(-4.2,2.0) 28.8 (22.6, 35.4) 113.8 (57.8, 189.6)
Kenya, 2007 ces B 7.3(-15.6, 1.8) 45 (7.6, 18.2) 1.1(-39,1.7) 19.9 (15.1, 24.8) 135.9 (89.0, 194.5)
Low M 6.1(-14.4,2.9) 6.9(-6.1,21.7) 1.0(-3.9, 2.0) 200 (15.1, 25.1) 143.8 (94.2, 206.1)
cenva. 2010 cs1 B 5.0(-12.7, 3.4) 7.7 (-9.5, 28.3) 16(-1.2,45) 25.2 (18.6, 32.1) 324.2 (223.8, 455.8)
v, M 6.1(-13.7,2.1) 7.3(-9.9,27.9) 1.3 (-1.6, 4.3) 25.3(18.7, 32.2) 323.5 (224.5, 452.7)
o5, 2006 a3 B 5.8 (-16.8, 6.6) 6.0 (-30.1, 26.5) 2.0(-6.7, 2.8) 8.7(2.7,15.1) 96.4 (29.1, 198.8)
' M 2.4(-12.9, 9.3) 5.3 (-27.0, 22.7) 2.2(-6.8,2.6) 12.1(6.1, 185) 133.6 (63.8, 233.0)
Liberia, 2011 056 B 1.6 (-6.8, 3.9) 3.0(-7.0, 14.1) 20.6 (-2.6, 1.5) 18.1(12.7, 23.8) 135.7 (74.2, 218.9)
M 1.6 (-6.8, 3.9) 1.8(-8.0,12.7) 0.7 (-2.8, 1.4) 18.1(12.7, 23.8) 135.7 (74.2, 218.9)
_ B 0.2 (-7.0, 7.0) 18.6 (3.5, 35.8) 3.8(-2.5, 10.6) 7.1(3.0, 11.3) 183 (0.9, 38.7)
Malawi, 201 74
alawi, 2016 8 ™wm 2.9(-2.7,8.9) 17.2 (2.4, 34.1) 3.5(-2.9,10.3) 11.2 (7.1, 15.4) 31.2 (10.4, 56.0)
_ B 3.0(-15.2, 11.1) = 1.6 (-5.4, 2.4) - 101.1 (30.8, 209.2)
Mongolia, 2 2
ongoli2, 2006 | 239 Ty 9 (14.4,10.0) = 1.9, 5.6, 2.0) = 70.5 (13.2,156.6)
. B 9.0 (-15.9, -1.6) — 0.7 (-1.9,3.3) — 113.3 (73.6, 162.2)
N 2005 | 946
IR M 8.9 (-15.9, -1.2) = 04(2.1,3.0) = 116.6 (76.6, 165.7)
. B 8.6(-18.7,2.7) -10.2 (-32.4, 19.3) 14(-3.1,6.2) 8.8 (5.7, 11.9) 169.4 (101.7, 259.9)
Zambia, 2009 330
ambia, M 8.6 (-18.7,2.7) 10.2 (-32.4, 19.3) 14(-31,6.2) 8.8 (5.7, 11.9) 169.4 (101.7, 259.9)
B 12.9 (4.6, 21.9) 9.3(-5.1, 25.9) 0.4(-2.3, 1.6) 13.7 (8.8, 18.9) 172.6 (100.9, 269.9)
C ,2009 | 556
Low- i M 6.7 (-1.4, 15.4) 10.7 (-4.4, 28.2) 02(-2.2,18) 16.9 (11.8, 22.1) 203.1 (132.9, 294.5)
middle _ B 0.3(-2.5,3.2) 2.1(-7.9, 13.2) - 0.7 (-2.7, 1.3) -
G 2009 2064
corgia, M 0.7(-2.1,35) 3.1(-7.0, 14.4) = 0.8(-2.7,1.2) =
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\iverta. 2012 03 B 2.6 (-10.6, 6.1) 7.9(-5.5, 23.1) 0.2 (-2.6,3.1) 27.0 (18.1, 36.6) 262.6 (163.1, 399.8)
T M 0.4 (-6.5, 7.8) 7.9 (-5.5, 23.1) 0.2 (-2.6,3.1) 26.3 (18.2, 35.0) 246.6 (153.5, 373.9)
. B 3.0 (-5.5, -0.5) ~ 0.6 (-0.4, 1.6) - 22.5 (12.4,33.6)
Pakistan, 2011 | 5824
akistan M 3.5(-6.2,-0.8) = 0.7 (-0.4,1.9) - 232 (12.2, 35.4)
Philippines, tesc B 6.2 (-11.9, -0.02) -11.0 (-20.1, -0.9) 2.1(38,-03) 14.0 (10.0, 18.2) 142.1 (97.6, 196.6)
2011 M -9.9 (-15.6, -3.8) 93(-18.7,1.3) 1.3(3.2,05) 15.7 (11.6, 20.0) 163.6 (115.8, 222.0)
. B 11.8(-17.9, 5.3) 7.5 (-19.8, 6.6) - 12.7(5.7,20.2) -
Vietnam, 2010 344
1etnam, M 11.8(-17.9, 5.3) 7.5(-19.8, 6.6) = 12.7 (5.7, 20.2) =
Azerbaijan, ogy |8 2.1(6.7,2.7) 9.3(-19.8, 2.5) 19(3.9,02) 15.7 (12.7, 18.7) 178.7 (137.2, 227.4)
2013 M 0.4 (5.0, 4.4) 8.4 (-18.6,3.2) 1.5 (3.6, 0.5) 14.7 (11.9, 17.6) 163.7 (125.5, 208.3)
. B 4.8(-7.6,-1.9) 42 (-11.7, 4.0) - 6.1(4.3,8.0) -
Colombia, 2010 | 3780
Upper- | ~oom>@ M 1.2 (1.0, 1.4) 5.2(-12.7,2.8) = 6.9(5.1,8.8) =
middle , B 3.2 (8.6, 2.5) 1.5(-8.8,12.9) - 15.8 (10.9, 21.0) -
Mexico, 2006 1562
exico M 33(85,22) 12(8.9,12.4) - 15.6 (10.8, 20.6) -
, B 5.8(9.2,-2.2) 8.0(-2.7, 19.9) - 10.4 (7.8, 13.0) =
Mexico, 2012 2454
exico M 5.4(838,-1.9) 8.1(-2.6, 20.0) - 10.3 (8.0, 12.8) -
, B 5.9 (-10.0, -1.6) 20.3 (8.1, 34.0) = 13.1(10.1, 16.3) -
High | USA, 2006 1081
'8 M 5.4 (-9.5,-1.2) 21.6 (9.6, 34.9) - 13.5 (10.4, 16.7) -

IFerritin, CRP and AGP variables were natural-log transformed for analysis due to non-normal distributions. Regression estimates were exponentiated, and

results are presented as the percent change (95% confidence interval) in the dependent variable for every 1-unit change in the independent variable. Note that

for the values presented for ‘Ferritin regressed on InCRP’ and ‘Ferritin regressed on InAGP’, the percent changes in ferritin concentration are for every 1-unit
change in natural-log transformed CRP or AGP. All estimates account for cluster survey design (cluster, strata) with survey weights applied, except in the
Mongolia survey which followed a simple random sampling design. Ferritin was measured in either serum or plasma, as reported by the survey. Covariates
available for adjustment were: age, education level (maternal or household head), household socioeconomic status, access to an improved water source,
access to an improved toilet, and urban/rural residence. Covariates were included in the multivariable regression model if they were associated with the

outcome variable at p<0.1 in the bivariate model. Inclusion criteria were: BAZ or WHZ > -2 SD and a negative malaria test result. Country income classification

was defined according to the World Bank definition for the year in which the survey was conducted (4). ‘--* indicates the variable was unavailable in that

survey. AGP, a-1-acid glycoprotein; B, bivariate model; BAZ, BMI-for-age z-score; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of
Anemia; CRP, C-reactive protein; M, multivariable model; WHZ, weight-for-height z-score.
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Supplemental Table 2.9. Unadjusted and adjusted associations between ferritin, CRP or AGP, and BAZ stratified by age among preschool-age
children (6-59 months) with normal weight to overweight/obesity by survey: BRINDA project?!

Stratified analysis, unadjusted Stratified analysis, adjusted
B (95% confidence interval) B (95% confidence interval)

Survey, year n Model Ages 6-23 months Ages 24-59 months Ages 6-23 months Ages 24-59 months
Afghanistan, 2013 595 No effect modification -- - - -
Bangladesh, 2010 1179 Survey only included

children 6-24 mo. No -- - - -
stratification possible.
Bangladesh, 2012 368 No effect modification - -- -- --
Burkina Faso, 2010 63 All children older than 24
months No stratification - - - -
possible.
Cambodia, 2014 599 InCRP = BAZ -0.23 (-0.5, 0.05) 0.22 (0.03, 0.41) -0.23 (-0.5, 0.04) 0.22 (0.03, 0.41)
Céte d’Ivoire, 2007 435 InCRP = BAZ -0.15 (-0.43, 0.12) 0.27 (0.1, 0.44) -0.15 (-0.43, 0.12) 0.26 (0.1, 0.41)
InAGP = BAZ -0.04 (-0.08, -0.01) 0.03 (-0.02, 0.08) -0.05 (-0.09, -0.01) 0.02 (-0.02, 0.07)
Kenya, 2007 665 InFerritin = BAZ -0.14 (-0.25, -0.03) 0.05 (-0.08, 0.17) -0.12 (-0.23, 0.01) 0.04 (-0.1, 0.18)
Kenya, 2010 551 No effect modification -- - - -
Laos, 2006 443 InFerritin = BAZ 0.23 (0.02, 0.44) -0.17 (-0.30, -0.40) 0.19 (-0.01, 0.40) -0.14 (-0.25, -0.02)
Liberia, 2011 956 InFerritin = logAGP 1.07 (0.75, 1.39) 0.48 (0.05, 0.92) No covariates to test.
Malawi, 2016 748 No effect modification -- - - -
Mongolia, 2006 239 No effect modification - -- -- --
Nicaragua, 2005 946 InAGP = BAZ -0.04 (-0.09, 0.01) 0.03 (0.005, 0.05) -0.04 (-0.09, 0.01) 0.03 (0.002, 0.05)
InFerritin = InAGP 1.02 (0.59, 1.45) 0.63(0.44, 0.82) No covariates to test.
Zambia, 2009 330 No effect modification - -- -- --
Cameroon, 2009 556 InFerritin = InAGP 1.49 (0.96, 2.02) 0.89 (0.5, 1.27) 1.31(0.8, 1.81) 0.87 (0.48, 1.27)
Georgia, 2009 2065 No effect modification - -- -- --
Nigeria, 2012 303 InAGP = BAZ -0.01 (-0.09, 0.07) 0.004 (-0.02, 0.03) No covariates to test
InFerritin= InCRP 0.24 (0.11, 0.37) 0.24 (0.19, 0.29) No covariates to test
Pakistan, 2011 5824 No effect modification - -- -- --
Philippines, 2011 1656 | All children older than 24
months No stratification -- - - -
possible.
Vietnam, 2010 344 InFerritin=InCRP 0.24(0.11, 0.38) 0.11 (0.04, 0.17) No covariates to test
Azerbaijan, 2013 987 InFerritin=BAZ -0.09 (-0.18, -0.0006) 0.01 (-0.04, 0.07) -0.09 (-0.18, 0.001) 0.01 (-0.04, 0.07)
InFerritin=InCRP 0.08 (0.02, 0.14) 0.16 (0.14, 0.19) 0.08 (0.02, 0.14) 0.16 (0.13, 0.18)
Colombia, 2010 3780 InFerritin = BAZ -0.12 (-0.18, -0.05) -0.02 (-0.05, 0.02) No covariates to test
Mexico, 2006 1562 InFerritin=InCRP 0.04 (-0.07, 0.15) 0.16 (0.11, 0.20) No covariates to test
Mexico, 2012 2454 No effect modification - -- -- --
United States, 2006 1081 InFerritin=InCRP 0.21(0.15, 0.26) 0.1(0.06, 0.13) 0.21 (0.15, 0.27) 0.1(0.06, 0.13)
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Results presented as the unexponentiated B (95% confidence interval). Effect modification was evaluated through stratified analyses in each of the bivariate
models listed in the table by testing for a significant interaction between the predictor (i.e., BAZ, InCRP, or InAGP) and the effect modifier variable of age.
Unadjusted stratified analyses were completed for all models where p<0.1 for the interaction. Adjusted stratified analyses were then completed for any
marginally significant covariates (p<0.1) found in bivariate analyses. All estimates account for the complex survey design (cluster and strata) with survey
weights applied, except in the survey from Mongolia which followed a simple random sampling design. Covariates available for adjustment were: education
level (maternal or household head), household socioeconomic status, access to an improved water source, access to an improved toilet, and urban/rural
residence. Inclusion criteria were: BAZ or WHZ >-2 SD and a negative malaria test result. AGP, a-1-acid glycoprotein; BAZ, BMI-for-age z-score; BRINDA,
Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CRP, C-reactive protein; WHZ, weight-for-height z-score.
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Supplemental Table 2.10 Unadjusted and adjusted associations between ferritin, CRP or AGP, and BAZ stratified by sex among preschool age
children (6-59 months) with normal weight to overweight/obesity by survey: BRINDA project?

Stratified analysis, unadjusted Stratified analysis, adjusted
B (95% confidence interval) B (95% confidence interval)

Survey, year n Model Male Female Male Female
Afghanistan, 2013 595 InAGP = BAZ -0.07 (-0.10, -0.03) -0.01 (0.61, -0.05) -0.07 (-0.10, -0.03) -0.01 (0.61, -0.05)
Bangladesh, 2010 1179 No effect modification -- - - -
Bangladesh, 2012 368 InFerritin=InCRP 0.18 (0.08, 0.28) 0.3 (0.22, 0.37) 0.2 (0.12, 0.29) 0.25(0.17, 0.33)
Burkina Faso, 2010 63 No effect modification -- - - -
Cambodia, 2014 599 No effect modification -- - - -
Cote d’lvoire, 2007 435 No effect modification -- - - -
Kenya, 2007 665 InCRP = BAZ -0.1(-0.26, 0.05) 0.19 (-0.04, 0.43) -0.06 (-0.21, 0.08) 0.2 (-0.04, 0.44)
Kenya, 2010 551 InAGP = BAZ -0.01 (-0.04, 0.03) 0.04 (-0.002, 0.09) -0.01 (-0.05, 0.03) 0.04 (-0.01, 0.08)
Laos, 2006 443 No effect modification -- - - .
Liberia, 2011 956 No effect modification -- - - -
Malawi, 2016 748 InCRP = BAZ 0.05 (-0.15, 0.24) 0.36 (0.14, 0.57) 0.05 (-0.14, 0.24) 0.34 (0.13, 0.56)
Mongolia, 2006 239 No effect modification -- - - -
Nicaragua, 2005 946 InAGP = BAZ -0.02 (-0.06, 0.02) 0.03 (-0.003, 0.06) -0.02 (-0.06, 0.02) 0.03 (-0.004, 0.06)

InFerritin=InAGP 0.73 (0.4, 1.06) 0.79 (0.52, 1.06) 0.73 (-0.4, 1.07) 0.82 (0.56, 1.08)
Zambia, 2009 330 No effect modification -- - - -
Cameroon, 2009 556 No effect modification -- - - -
Georgia, 2009 2065 InFerritin=/nCRP -0.02 (-0.04, 0.004) 0.004 (-0.02, 0.03) -0.02 (-0.04, 0.002) 0.004 (-0.02, 0.03)
Nigeria, 2012 303 No effect modification - - -
Pakistan, 2011 5824 InFerritin=InAGP 0.19 (0.07, 0.30) 0.22(0.09, 0.34) 0.19 (0.07, 0.32) 0.22 (0.08, 0.35)
Philippines, 2011 1656 No effect modification -- - - -
Vietnam, 2010 344 No effect modification -- - - -
Azerbaijan, 2013 987 No effect modification -- - - -
Colombia, 2010 3780 No effect modification -- - - -
Mexico, 2006 1562 No effect modification -- - - -
Mexico, 2012 2454 No effect modification -- - - .
United States, 2006 1081 No effect modification -- - - -

IResults presented as the unexponentiated B (95% confidence interval). Effect modification was evaluated through stratified analyses in each of the bivariate
models listed in the table by testing for a significant interaction between the predictor (i.e., BAZ, InCRP, or InAGP) and the effect modifier variable of sex.
Unadjusted stratified analyses were completed for all models where p<0.1 for the interaction. Adjusted stratified analyses were then completed for any
marginally significant covariates (p<0.1) found in bivariate analyses. All estimates account for the complex survey design (cluster and strata) with survey
weights applied, except in the survey from Mongolia which followed a simple random sampling design. Covariates available for adjustment were: education
level (maternal or household head), household socioeconomic status, access to an improved water source, access to an improved toilet, and urban/rural
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residence. Inclusion criteria were: BAZ or WHZ >-2 SD and a negative malaria test result. AGP, a-1-acid glycoprotein; BAZ, BMI-for-age z-score; BRINDA,
Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CRP, C-reactive protein; WHZ, weight-for-height z-score.
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Supplemental Table 2.11. Unadjusted relationships between ferritin and BMI or BAZ as mediated by inflammation among women of
reproductive age (15-49 years) and preschool-age children (6-59 months) with normal weight to overweight/obesity by survey: BRINDA project?

WRA mediation analysis, unadjusted?
((::Izl;:i:‘irc\:laltr;;?\;ne Country, survey year n Total Effect Direct Effect Indirect Effect % Mediated % I:)/Iyeg::ed % Me::;ed by

Afghanistan, 2013 571 | -2.1(-4.3,0.1) 2.7(-4.7,-0.8) 0.6 (-0.02, 1.3) NM — —
Burkina Faso, 2010 61 | -2.9(-15.9,10.1) 5.1(-6.1,17.2) -7.5(-12.5,-3.2) NM - -

Low Cambodia, 2014 609 | 3.8(2.0,5.5) 2.3(0.4,4.1) 1.4 (0.2, 2.6) 38% 17% 21%
Céte d’lvoire, 2007 706 | 0.2(-1.4,1.8) -1.0(-2.6,0.5) 1.3(0.8,1.8) NM - -

Laos, 2006 690 | 11.9(8.6,15.3) 9.1(5.7,12.7) 2.6 (1.2, 4.0) 23%? 17% 3%
Malawi, 2016 594 | -0.5(-2.5,1.6) -1.1(-3.2,0.1) 0.6 (0.04, 1.2) NM - -
Cameroon, 2009 594 | -0.01(-1.3,1.3) -0.7 (-1.9, 0.5) 0.7 (0.4, 1.0) NM - -
Georgia, 2009 1605 | 1.2(0.6,1.8) 0.8(0.2,1.4) 0.4 (0.1, 0.6) 31% 31% -
Low-middle India, 2011 147 | 7.5(0.07, 15.4) 3.7(-2.1,9.4) 3.6(1.1,6.2) NMS - -
Nigeria, 2012 506 | -1.5(-3.2,0.3) -1.5(-3.2,0.2) 0.003 (-0.04, 0.5) NM - -

Pakistan, 2011 5004 | 1.0(0.4,1.7) 0.8(0.2, 1.5) 0.2(0.1,0.3) 21% 9% 11%
Vietnam, 2010 1178 | 4.1(1.7,6.7) 1.1(-1.4,3.7) 3.0(2.1,3.9) 73% 73% -

Azerbaijan, 2013 2528 | 3.5(2.7,4.3) 1.4 (0.1, 2.3) 2.1(1.6,2.6) 60% 45% 15%
: Colombia, 2010 8300 | 2.0(1.4,2.6) 1.6 (1.0, 2.2) 0.4 (0.2, 0.5) 19% 19% -

Upper-middle -
Mexico, 2006 2910 | 1.8(0.8,2.8) 0.8(-0.3,1.8) 1.0 (0.4, 1.6) 58% 58% -
Mexico, 2012 3540 2.7(1.3,4.2) 0.8 (-1.0, 2.5) 2.0(1.3,2.6) 71% 71% -
High United Kingdom, 2014 862 | 1.9(0.5,3.3) 1.3 (-1.0,2.9) 0.6 (-0.04, 1.2) NM - -
United States, 2006 3024 | 1.3(0.6,2.0) -0.03 (-1.0, 0.08) 1.3(1.0,1.7) 100% 100% -
PSC mediation analysis, unadjusted?

Afghanistan, 2013 595 -0.9(-2.8,1.1) -0.6(-9.9,8.7) -1.4 (-10.5, 7.6) NM - -
Bangladesh, 2010 1179 6.5 (-11.0, -2.3) -5.7 (-10.1, -1.6) -0.8(-2.2, 0.5) NM - -
Bangladesh, 2012 368 -4.8(-15.3, 5.5) 2.7 (-12.6,7.1) -2.2(-6.1,1.7) NM - -
Burkina Faso, 2010 63 -10.5 (-41.9,19.8) | -10.6(-37.8, 15.4) 0.1(-7.5,7.7) NM - -
Cambodia, 2014 599 -6.2 (-16.6, 3.8) -7.0 (-16.6, 2.0) 0.9(-3.3,5.0) NM - -
Céte d’lvoire, 2007 435 1.4(-7.2,10.0) -0.6(-8.6,7.4) 2.0(-2.2,6.2) NM - -
Low Kenya, 2007 665 -7.3(-16.8, 1.6) -7.2(-16.0, 1.1) -0.1(-2.7, 2.5) NM - -
Kenya, 2010 551 -5.0 (-13.4, 3.2) -7.3(-15.0,-0.2) 2.5(-1.8,6.7) NM - -
Laos, 2006 443 -5.8(-18.2, 6.2) -4.5(-17.2,7.9) -1.3(-5.0, 2.3) NM - -
Liberia, 2011 956 -1.6 (-6.9, 3.7) -1.7(-7.2, 3.8) 0.1(-1.9,2.1) NM - -
Malawi, 2016 748 -3.0(-16.4, 10.4) -1.5(-8.5, 5.4) 1.3 (-1.5, 4.0) NM - -
Mongolia, 2006 239 -0.2(-7.2,6.7) -1.9(-15.0, 11.2) -1.1(-3.9,1.7) NM - -
Nicaragua, 2005 946 -9.0(-17.2,-1.7) -9.5(-16.8, -3.1) 0.5(-1.4,2.4) NM - -
Zambia, 2009 330 -8.6 (-20.1, 2.0) 9.2 (-20.0, 0.8) 0.6 (-4.1,5.4) NM - -
Low-middle Cameroon, 2009 556 12.9 (4.6, 19.7) 12.5 (4.9, 18.7) 0.3(-1.8,2.5) NM - -
Georgia, 2009 2064 0.3(-2.5,3.1) 0.3(-2.5,3.1) -0.02 (-0.1, 0.1) NM - -
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Nigeria, 2012 303 -2.6 (-10.8, 5.5) -3.8(-13.2, 5.5) 1.2 (-2.2,4.7) NM - -
Pakistan, 2011 5824 -3.0(-5.6, -0.5) -3.1(-5.8,-0.6) 0.1(-0.1,0.3) NM -- --
Philippines, 2011 1656 -6.2 (-12.6,-0.1) -4.3(-10.7,1.9) -2.0(-3.7,-0.2) 31% 8% 23%
Vietnam, 2010 344 -11.8 (-19.4, -5.8) -11.1 (-19.1, -4.3) -0.9 (-2.5,0.7) NM -- --
Azerbaijan, 2013 987 -2.1(-6.9, 2.7) -0.1(-4.6, 4.3) -2.0(-4.2,0.2) NM -- --
. Colombia, 2010 3780 -4.8(-7.9,-1.9) -4.7 (-7.8,-1.8) -0.2 (-0.6, 0.3) NM - -
Upper-middle -
Mexico, 2006 1562 -3.2(-9.0, 2.5) -3.4(-9.3,2.4) 0.2(-1.3,1.8) NM - -
Mexico, 2012 2454 -5.8 (-9.6, -2.3) -6.5(-10.3, -3.2) 0.8(-0.3,1.8) NM - -
High USA, 2006 1081 -5.8(-9.6, -2.3) -6.5(-10.3, -3.2) 0.8(-0.3,1.8) NM - -

!Mediation effects were exponentiated and results are presented as percent change (95% confidence interval) in ferritin for every 1-unit change in BMI (WRA)
or BAZ (PSC). Ferritin concentration measured in serum or plasma, as reported in the survey. All estimates account for cluster survey design (cluster, strata)
with survey weights applied, except in the survey from Mongolia which used simple random sampling. Inclusion criteria were: BMI >218.5 kg/m2 (WRA) or BAZ
or WHZ >-2 SD (PSC), not pregnant (WRA only), and a negative malaria result. AGP, alpha-1-acid glycoprotein; BAZ, BMI-for-age z-score; BMI, body mass index;
BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CRP, C-reactive protein; NM, no mediation; PSC, pre-school age
children; WHZ, weight-for-height z-score; WRA, women of reproductive age.

2Model for mediation analysis: InFerritin = Bo + B1(BMI or BAZ) + M1(InCRP) [+M-(InAGP)] where all values were continuous and AGP was included as a mediator
only in analyses for which it was available in the dataset. Interpretation is as follows: Total Effect = the effect of BMI (or BAZ) on ferritin; Direct Effect = the
effect of BMI (or BAZ) on ferritin controlling for inflammation; Indirect Effect = the effect of BMI (or BAZ) on ferritin as mediated by the effect of CRP or AGP.
Mediation was considered present when both the total and indirect effects were significant (5).

3Country income classification defined according to the World Bank definition for the year in which the survey was conducted (4).

%In the survey from Laos (WRA), 23% of the relationship between BMI and ferritin was mediated by inflammation, with 17% of the mediated effect through
CRP, 3% of the mediated effect through AGP, and 3% of the mediated effect unexplained.

5For the survey from India (WRA), the confidence interval for the total effect appears significant, however as the p-value was 0.063 mediation was not
considered present.



Supplemental Table 2.12. Sensitivity analysis: mediation analysis (unadjusted) assessing the relationship
between ferritin, BMI or BAZ and inflammation including and excluding observations that tested positive
for malaria for WRA and PSC with normal weight to overweight/obesity: BRINDA project?!

Including positive malaria observations

(sensitivity analysis)

Excluding positive malaria observations

(original analysis)

Survey, year n | B (95% CI) n | B (95% Cl)
WRA

Cameroon, 2009 691 0.005 (0.002, 0.008) 594 0.01 (0.004, 0.01)
Cote d’lvoire, 2007 742 0.01 (0.01, 0.02) 706 0.01 (0.01, 0.02)
Malawi, 2016 693 0.007 (0.003, 0.01) 594 0.01 (0.0004, 0.01)
Nigeria, 2012 555 -0.0002 (-0.005, 0.004) 506 0.00003 (-0.005, 0.005)
PSC

Cameroon, 2009 740 -0.005 (-0.04, 0.03) 556 0.003 (-0.02, 0.02)
Cote d’lvoire, 2007 606 0.01 (-0.03, 0.06) 435 0.02 (-0.02, 0.06)
Kenya, 2007 825 0.01 (-0.02, 0.04) 665 -0.001 (-0.03, 0.03)
Kenya, 2010 813 0.01 (-0.03, 0.06) 551 0.03 (-0.02, 0.07)
Liberia, 2011 1268 0.01 (-0.02, 0.05) 956 0.001 (-0.02, 0.02)
Malawi, 2016 1027 0.04 (0.004, 0.07) 748 0.01 (-0.02, 0.04)
Nigeria, 2012 452 0.02 (-0.02, 0.06) 303 0.01 (-0.02, 0.05)
Zambia, 2009 406 -0.006 (-0.06, 0.05) 330 0.01 (-0.04, 0.05)

1Estimates of the mediated effect are presented as the unexponentiated B coefficient of /nFerritin (95% confidence
intervals). B represents the indirect effect, that is the effect of BMI or BAZ on ferritin concentration as mediated by
the effect of CRP or AGP. Malaria status was evaluated by survey-specific diagnostic tests that have been
previously described (3). While Burkina Faso (2010) measured malaria status, all observations for both WRA and
PSC were excluded as part of the criteria to exclude observations with underweight/wasting, thus the survey is not
included in this sensitivity analysis. BAZ, BMI-for-age z-score; BMI, body mass index; BRINDA, Biomarkers
Reflecting Inflammation and Nutritional Determinant of Anemia; PSC, preschool-age children (6-59 months); WRA,
women of reproductive age (15-49 years).
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CHAPTER 3: Inflammation does not mediate the relationship between overweight or
obesity and retinol or retinol-binding protein among adult women or young children:
an analysis of 24 surveys
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Abstract

Background: In the presence of inflammation, serum or plasma concentrations of retinol or retinol-
binding protein (RBP) transiently decrease, confounding their interpretation as biomarkers of vitamin A
status. The extent to which inflammation associated with overweight or obesity may influence

interpretation of retinol or RBP is uncertain.

Objective: To describe relationships between weight status, inflammation, and retinol or RBP among
non-pregnant women of reproductive age (15-49 years, WRA) and preschool-age children (6-59 months,

PSC) with normal weight to overweight or obesity in differing geographic settings.

Methods: Cross-sectional data were separately analyzed from n=13 surveys (WRA) and n=22 surveys
(PSC) (24 total surveys) from the Biomarkers Reflecting Inflammation and Nutritional Determinants of
Anemia (BRINDA) project, excluding observations with underweight, wasting, pregnancy, or malaria.
Relationships were assessed between BMI (WRA) or BMI-for-age z-score (BAZ, PSC), inflammatory
biomarkers C-reactive protein (CRP) and/or a-1-acid glycoprotein (AGP), and retinol or RBP by linear
regression, and potential mediation by CRP and/or AGP in relationships between BMI or BAZ and retinol
or RBP with structural equation modeling. Regression and mediation models accounted for complex

survey designs.

Results: Among WRA, greater BMI was positively associated with retinol or RBP in 5 of 13 surveys, BMI
was positively associated with CRP and/or AGP in 10 of 13 surveys, but associations between biomarkers
of inflammation and retinol or RBP were inconsistent. Among PSC, BAZ was not associated with retinol,
RBP, CRP, or AGP, but biomarkers of inflammation were consistently negatively associated with retinol
or RBP. In 3 of 13 surveys among WRA and 1 of 22 surveys among PSC, inflammation partially mediated

the relationship between BMI or BAZ and retinol or RBP, however the direction of association varied.
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Conclusion: In these surveys, inflammation associated with overweight and obesity does not appear to
impact vitamin A assessment when measured with retinol or RBP; however, inflammation should

continue be measured to interpret vitamin A status among PSC.
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Introduction

Vitamin A deficiency affects approximately 30% of children under 5 years (1) and 15% of
pregnant women globally (2), making addressing this deficiency an ongoing public health priority (3).
The most likely cause of VAD is insufficient diet, that is, chronically low intakes of vitamin A-containing
foods that result in the body’s inability to meet its physiological vitamin A needs, including normal
cellular and metabolic functions, tissue growth, and infection resistance (3). Historically, vitamin A
deficiency has been more widespread in low- and middle-income countries where diets low in vitamin A
are common, and deficiency may exacerbate the severity of infectious illnesses common to these areas,
such as diarrhea and measles (2—4). Reliable monitoring of population vitamin A status is necessary to

track progress toward reducing vitamin A deficiency and inform future interventions.

Concentrations of serum or plasma retinol and retinol-binding protein (RBP) are frequently
measured biomarkers of vitamin A status in epidemiological studies, and both are affected by infection
and inflammation (3). RBP is synthesized in the liver, the principal storage site of vitamin A, and is the
primary retinol transporter in the bloodstream. RBP is also a negative acute-phase protein, meaning that
measurement of vitamin A status may be confounded under inflammatory conditions as the liver
downregulates secretion of RBP and the kidneys upregulate its excretion (3). Thus, identifying the
presence of inflammation may aid interpretation of retinol and RBP values for population vitamin A

assessment (5-7).

The Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia (BRINDA)
project previously established that adjusting for inflammation with a regression correction among
children consistently decreased the estimated prevalence of vitamin A deficiency; however, the
association between inflammation and vitamin A biomarkers among adult women was less consistent,

and adjusting for inflammation was not recommended (6-8). It is possible that the relationship between
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inflammation and vitamin A biomarkers differs by the source of inflammation (e.g., acute infection vs
chronic inflammation). While literature on vitamin A biomarkers and inflammation among children has
focused mostly on infectious illnesses, a growing body of literature on vitamin A biomarkers and chronic
disease has reported associations between retinol or RBP and cardiovascular disease, obesity, and
insulin resistance (9—13). However, it is unclear if the inflammation associated with these conditions

influences the interpretation of retinol and RBP, and to what extent.

Previous BRINDA research also examined the prevalence and independence of intra-individual
overweight or obesity and micronutrient deficiencies among children and adult women (14,15), and
reported that overweight or obesity was generally not associated with vitamin A deficiency based on
inflammation-adjusted retinol or RBP for either group. But these analyses did not explore weight status
as a source of inflammation, which could potentially influence vitamin A status assessment. Therefore,
using data from the BRINDA project, we aimed to: 1) to determine the relationships between weight
status (BMI), inflammation (CRP and/or AGP), and vitamin A biomarkers (retinol or RBP) among adult
women and young children with normal weight to overweight or obesity in differing geographic settings;
and 2) examine whether inflammation mediates the relationship between BMI (women) or BMI-for-age

z-score (BAZ, children) and vitamin A biomarkers in these same settings.

Methods

Data source and inclusion criteria

The BRINDA project includes a harmonized dataset of nationally- or regionally representative
surveys. The methods of the BRINDA project, including criteria for survey inclusion and methodology of
anthropometric calculations and biochemical collection, have been previously documented (16,17). For
these secondary analyses, we analyzed 13 datasets from 13 countries with data on non-pregnant

women of reproductive age (WRA, 15-49 years) and 22 datasets from 20 countries with data on
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preschool-aged children (PSC, 6-59 month). Our inclusion and exclusion criteria matched that of two
previous BRINDA analyses (14,15), with the exception that for our analyses the surveys must have
measured serum or plasma retinol or RBP, and included a marker of inflammation (CRP and/or AGP).
Observations were excluded with: BMI <18.5 kg/m? (WRA); BAZ or weight-for-height z-score (WHZ) <-2
SD (PSC); height or weight outside the ranges of 101.6-219.9 cm and 22.7-222.2 kg, respectively (WRA)
(15); BAZ less than -5 SD or greater than 5 SD (PSC) (14); zero values for retinol or RBP; pregnancy
(WRA); or a positive malaria result (n=5 [WRA] and n=9 [PSC] surveys measured malaria). Observations
that tested positive for malaria were excluded to minimize the influence of inflammation from infectious
disease, however observations with other morbidity symptoms (i.e., reported fever or diarrhea) were
not excluded because the variables were not reported uniformly across surveys, and prior BRINDA

analyses showed that reported morbidity was not consistently associated with inflammation (18).

After application of exclusion criteria, the analytical sample in n=10 of 13 WRA surveys and n=18
of 22 PSC surveys included at least 40% of the original observations. As in previous analyses, we did not
apply a sample size cutoff for excluding surveys, but did ensure that all surveys met the minimum
analytical sample size required for mediation analysis: a minimum of 10 observations per linear relation
(29). In this dataset, the smallest survey sample size was Burkina Faso for both WRA (n=61) and PSC
(n=60). Both surveys included CRP and AGP as inflammatory markers, meaning there were five linear
relations, necessitating a minimum sample size of n=50. The proportion of observations excluded overall

and by individual exclusion criterion are presented in Supplemental Tables 3.1 and 3.2.

Variable definitions

The outcome variables were unadjusted retinol (umol/L) or RBP (umol/L), CRP (mg/L), and AGP
(g/L); the predictor variables were BMI (kg/m?2, WRA) or BAZ (PSC), CRP (mg/L), and AGP (g/L). For

consistency with prior BRINDA analyses (14), we applied BAZ to all age groups, though WHZ is
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recommended for use for children <24 months (20). Among WRA, n=10 surveys measured retinol and
n=8 measured RBP, including n=4 surveys that measured both biomarkers. Among PSC, retinol and RBP
were each measured in n=13 surveys, including n=4 surveys that measured both. For surveys that
measured both retinol and RBP, we selected the biomarker with the greater number of observations.
CRP was measured in all WRA and n=19 PSC surveys, AGP in n=10 WRA and n=19 PSC surveys, and both
CRP and AGP were measured in n=10 WRA and n=16 PSC surveys. For the mediation analysis, the
outcome variable was either retinol or RBP, the predictor variable was BMI or BAZ, and the mediating

variables were CRP and/or AGP.

Covariates selected and available for analysis are listed by survey in Supplemental Table 3.3. We
selected covariates based on expected relationships with vitamin A, as well as potential confounders of
the relationship between BMI, inflammation, and vitamin A. Covariates were defined for each survey as
reported by the survey representative, unless otherwise indicated (16): age (years [WRA] or months
[PSC]); sex (PSC only); urban or rural residence; socio-economic status (SES, an ordinal 3-category
variable of low, medium, and high SES categories from the harmonized BRINDA dataset (16)); water and
sanitation (defined as access to an improved or unimproved water source or toilet facility according to
the WHO/UNICEF Joint Monitoring Program (21,22)), highest level of education level completed by the
respondent (WRA) or mother (PSC) except in surveys that reported household head education level
(Burkina Faso and Colombia [WRA and PSC]), and whether or not vitamin A supplementation was

received in the last six months (PSC only, n=9 surveys).

The following categorical variables were defined to describe the nutrition and health status of
the survey populations: BMI (WRA) categorized as normal (18.5-24.9 kg/m?) and overweight or obesity
(=25.0 kg/m?); BAZ (PSC) categorized as normal (-2 to 2 SD) and overweight or obesity (>2 SD); and any
inflammation defined as CRP >5 mg/L and/or AGP >1 g/L. For both WRA and PSC, vitamin A deficiency

was defined as retinol or RBP <0.7 umol/L (23), and the ratio of retinol to RBP was assumed to be 1:1,
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which is consistent with prior BRINDA publications (6,7). Among WRA only, vitamin A insufficiency
(<1.05 umol/L (24)) is also presented as prior BRINDA analyses noted a small proportion of the WRA
population were deficient (6). After applying our exclusion criteria, 3% of WRA in 10 of 13 surveys were

vitamin A deficient.

As inflammation related to infectious illnesses has historically been more common in low- and
low-middle income countries (LIC and LMIC, and inflammation related to non-communicable disease has
been evaluated more commonly in upper-middle and high-income countries (UMIC and HIC) (25,26), we
present results grouped by World Bank country income-level classifications (LIC, LMIC, UMIC, HIC)
according to their ranking at the time the survey was conducted (27). The country income groups are
presented for qualitative interpretation only (i.e., no formal statistical testing was completed between

country groupings).

Statistical analyses

Data were analyzed using SAS version 9.4 (SAS Institute, Cary, North Carolina, USA) and STATA
version 16 (StataCorp, College Station, Texas, USA). All analyses accounted for complex survey designs
(cluster and strata) by calculating variance estimates and applying survey weights, except Mongolia
which used simple random sampling. Analyses were conducted separately by survey and by population

using continuous variables. P-values were considered statistically significant at p<0.05.

Means (95% confidence interval [CI]) are presented for continuous variables, except CRP, AGP,
retinol, and RBP are presented as geometric means (95% Cl) due to their non-normal distributions, and
age is presented as the median (interquartile range); percent (95% Cl) are presented for categorical
variables. For descriptive analyses among PSC, retinol, RBP and vitamin A deficiency were adjusted for

inflammation following the BRINDA regression correction approach (16).

Bivariate and multivariable analyses
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In surveys for which >30% of the analytical sample values had a single low value for CRP
(representing the lower limit of detection in the lab analysis), we generated and applied a random
number between 0 and the lowest value (Afghanistan, Colombia, and Zambia [PSC surveys]). For
example, 65% (n=2418) of the CRP values in the survey from Colombia were reported as 0.2; for these
observations we generated and applied a random value between 0 and 0.2 (28,29). For all surveys,
retinol, RBP, CRP, and AGP were natural log (/In) transformed to achieve normal distributions and the
residuals visually examined. For any surveys where the distribution of residuals appeared abnormal after
transformation of the outcome variables, a sensitivity analysis compared the Spearman’s rank
correlation coefficient with the bivariate linear regression estimate, and the results examined to
determine the appropriateness of continuing with linear regression analyses. All regression analyses in

PSC surveys were conducted with the unadjusted retinol or RBP variable.

We assessed the following bivariate linear regression models in each survey:

1. Y(InRetinol or RBP) = Bo + B1(BMI)*
2. Y(InCRP) = By + B1(BMI)*
3. Y(InAGP) = B + B;(BMI)*
4. Y(InRetinol or RBP) = Bo + B1(/nCRP)
5. Y(/nRetinol or RBP) = By + B1(/InAGP)

*PSC models used BAZ in place of BMI.

Relationships between the previously defined covariates and outcome variables were assessed
in separate bivariate linear regression analyses, with marginally significant covariates (at least p<0.10)
included in multivariable adjusted models. Models were assessed for collinearity with variance inflation
factors (>5) and tolerance (>0.1). CRP and AGP variables were analyzed in separate models, rather than
combined into a single variable, in order to examine the individual associations between CRP or AGP

with retinol or RBP. Regression results are presented as percent change in the dependent variable for

96



every 1-unit change in the independent variable, with their specific units of measurement (retinol or

RBP: umol/L; CRP: mg/L; AGP: g/L).

Mediation analysis

We used mediation analysis to test the hypothesis that inflammation mediates part or all of the
relationship between BMI or BAZ and retinol or RBP among WRA or PSC with normal to elevated BMI or
BAZ. Mediation analyses were conducted using Structural Equation Modeling (SEM) procedures in
STATA according to the path diagram, with the path through CRP or AGP eliminated in surveys without
the variable (Supplemental Figure 3.1). Interpretation of mediation analysis is as follows: total effect =
the effect of BMI on retinol or RBP; direct effect = the effect of BMI on retinol or RBP controlling for
inflammation; and indirect effect = the effect of BMI on retinol or RBP as mediated by the effect of CRP
or AGP. Mediation was considered present if both the total effect and the indirect effect were significant
at p<0.05 (30,31). Linearized standard errors and 95% Cl were generated and adjusted for the complex
survey design by calculating variance estimates and applying survey weights. Final mediation estimates
were exponentiated, and adjusted mediation results are presented as percent change in retinol or RBP
concentration for every 1-unit change in BMI or BAZ. Survey-specific SEM models were adjusted for the
same marginally significant covariates found in bivariate models. All mediation analyses met the

minimum sample size requirement of at least 10 observations per linear relation (19).

Sensitivity analyses

We conducted sensitivity analyses by including values for BMI <18.5 kg/m? (WRA) or BAZ/WHZ
<-2 SD (PSC) for surveys where greater than 50% of the observations were excluded due to our pre-
specified exclusion criteria (n=4 surveys WRA; n=7 surveys PSC). Sensitivity mediation analyses were also
conducted in datasets with available malaria data to examine the inflammation-mediated relationship
between BMI or BAZ and retinol or RBP among all individuals versus those without a positive malaria

result (n=4 surveys WRA and n=8 surveys PSC; surveys from Burkina Faso were not included as all
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observations that tested positive for malaria were excluded due to our exclusion criteria). An additional
sensitivity mediation analysis was conducted in a subset of surveys to assess the effect of excluding
observations with reported morbidity symptoms (fever or diarrhea in the past 24 hours [Kenya 2010,

PSC] or past 2 weeks [Liberia, PSC; Cote d’lvoire and Malawi, WRA]; results were compared qualitatively.

Ethical approval and role of the funding source

The BRINDA protocol was reviewed by the institutional review boards of the National Institute
of Health and was deemed to be non-human-subjects research. The funder was not involved in the

study design, analysis, interpretation, or decision to publish.

Results

Participant characteristics

Among WRA, after application of our exclusion criteria the analytical sample size ranged from
n=61 (Burkina Faso) to n=4946 (Pakistan), with a total sample size of 16,771 (median [IQR] 692 [583,
1833]). The median age was approximately 30 years. The proportion of the analytical sample residing in
urban areas ranged from 10.3% (Malawi) to 62.8% (Cameroon); the survey from Nigeria contained
observations from rural areas only. In surveys with SES data (n=11 of 13) and after applying the

exclusion criteria, more than 60% of the population was classified as high SES (Supplemental Table 3.4).

Among PSC, after application of our exclusion criteria the analytical sample size ranged from
n=60 (Burkina Faso) to n=5896 (Pakistan), with a total sample size of 24,707 (median [IQR] 632 [352,
1235]). Most surveys (n=12 of 22) included children 6-59 months of age, while other surveys included
the following age ranges: Bangladesh (2010), 6-24 months; Kenya (2007, 2010), Liberia, and Mongolia, 6-
35 months; Vietnam, 10-59 months; Cameroon and Mexico (2012), 12-59 months; and Burkina Faso and

the Philippines, 24-59 months. The proportion residing in urban areas ranged from 9.1% (Philippines) to
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72.2% Mexico; the surveys from Kenya (2007, 2010) and Nigeria contained observations from rural areas
only. Among surveys that measured SES (n=16), the proportion of the analytical sample classified as high

SES ranged from 16.0% (Philippines) to 95.1% (Afghanistan) (Supplemental Table 3.5).

Prevalence of overweight and obesity, vitamin A deficiency, and inflammation among WRA

Among WRA, the median prevalence of overweight and obesity among surveys from UMIC and
HIC was more than double the prevalence of overweight and obesity in surveys from LIC and LMIC
(56.3% vs. 25.2%), with the greatest prevalence of overweight and obesity from the survey in Azerbaijan
(UMIC) (57.3% (95% Cl: 54.7, 59.8). The prevalence of vitamin A insufficiency among WRA was less than
8% in UMIC and HIC, and ranged from 5.8% (Vietnam) to 63.7% (Pakistan) in LIC and LMIC. The median
prevalence of inflammation (elevated CRP and/or AGP) was similar among surveys from UMIC and HIC

(26.3%) and LIC and LMIC (24.7%) (Table 3.1).

Prevalence of overweight and obesity, iron deficiency, and inflammation among PSC

Among PSC, prevalence of overweight and obesity was <10% across all surveys, except in Mongolia
(10.5%, LIC), Nigeria (11.7%, LMIC), and Azerbaijan (14.5%, UMIC). The prevalence of inflammation-
adjusted vitamin A deficiency among PSC varied across surveys, ranging from <1% in Nicaragua (LIC) and
the Philippines (LMIC) to 42.8% in Zambia (LIC) and 51.0% in Pakistan (LMIC). The median prevalence of

any inflammation in UMIC and HIC was 18.9% and 38.5% in LIC and LMIC. (Table 3.2).

Associations between BMI, vitamin A (retinol or RBP), and inflammation among WRA

Among WRA, results from adjusted linear models that examined the relationship between BMI and
vitamin A (retinol or RBP) and BMI and inflammation (CRP and/or AGP) were similar across country
income classifications (Figure 3.1, Supplemental Table 3.6). In 4 of 10 surveys from LIC and LMIC (Cote

d’lvoire, Papua New Guinea, Cameroon, and Vietnam) and 1 of 3 surveys from UMIC and HIC
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(Azerbaijan), greater BMI was significantly and positively associated with retinol or RBP concentration;
the percent increase in retinol or RBP for every 1-unit increase in BMI ranged from 0.3% (0.02, 0.5)
(Vietnam) to 1.0% (0.2, 1.7) (Papua New Guinea) and 1.0% (0.8, 1.2) (Azerbaijan). In the US survey (HIC),
greater BMI was negatively associated with retinol concentration (-0.4% [-0.6, -0.1]). Greater BMI was
associated with greater inflammation in 10 of 13 surveys. The relationship between inflammation and
retinol or RBP concentration was inconsistent across surveys and income levels, as well as between
inflammatory markers. For example, in Nigeria, the association between CRP and RBP concentration was

negative and significant while the relationship with AGP was positive and significant.

Associations between BAZ, vitamin A (retinol or RBP), and inflammation among PSC

Among PSC, the majority of relationships between BAZ and retinol or RBP, and BAZ and
inflammation, were nonsignificant with varied directions of associations in adjusted models (Figure 3.1,
Supplemental Table 3.7). Surveys from Bangladesh (2010, LIC), the Philippines (LMIC), and Colombia
(UMIC) had significant positive associations between BAZ and retinol or RBP, and the percent increase in
retinol or RBP concentration for every 1-unit increase in BAZ in these surveys ranged from 1.5% (0.5,
2.6) (Bangladesh, 2010) to 2.9% (1.0, 4.9) (Philippines). The survey from Nigeria (LMIC) showed a
significant negative association between BAZ and RBP concentration (-9.9% [18.4, -0.4]). Only the survey
from Malawi showed a significant (positive) relationship between BAZ and inflammation in the adjusted
model. In contrast, retinol or RBP concentration was significantly negatively associated with

inflammation (CRP and/or AGP) in 19 of 22 surveys.

Mediation analysis between BMI, vitamin A (retinol or RBP), and inflammation

Among WRA, inflammation partially mediated the relationship between BMI and retinol or RBP
in 3 of 13 surveys in adjusted models: Papua New Guinea (LIC), Cameroon (LMIC), and the US (HIC)

(Figure 3.2, Table 3.3). All three mediated relationships were inconsistent (i.e., opposite directions of
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association between the direct and indirect effects (32)), and in each case of mediation there was a
positive relationship between an inflammation biomarker and the vitamin A biomarker. In the survey
from the US, the percent change in retinol concentration for every 1-unit increase in BMI was 0.2% (0.1,
0.4), and CRP mediated -69.2% of the relationship between BMI and retinol (i.e., CRP reduced the
association between BMI and retinol by 69.2%). In Papua New Guinea and Cameroon, RBP
concentration changed by -0.2% for every 1-unit increase in BMI in both surveys, and inflammation
mediated -19.0% and -17.8% (respectively) of the relationship between BMI and RBP. Compared to AGP,
CRP mediated the majority of the total inflammation proportion in both Papua New Guinea and
Cameroon (77.0% CRP vs 21.0% AGP, Papua New Guinea; 82.6% CRP vs 17.4% AGP, Cameroon); the
survey from the US did not measure AGP. Post-hoc mediation analyses that included the SES covariate in
the adjusted mediation model in all surveys where the variable was available and not already included

did not change the final mediation results.

Among PSC, mediation was present in 1 of 22 surveys. In the Philippines, inflammation positively
mediated 24.3% of the relationship between BAZ and RBP, a 0.8% increase in RBP for every 1-unit
change in BAZ (p=0.05 for the indirect effect). When compared to AGP, CRP mediated the majority of
the total inflammation proportion (89.6% CRP vs 9.1% AGP) (Table 3.4). Unadjusted mediation results

for both WRA and PSC are presented in Supplemental Table 3.8.

Sensitivity analyses

Among surveys that measured malaria status (n=4 WRA, n=8 PSC), results from the sensitivity
mediation analysis that included all observations regardless of malaria test result were similar to the
main mediation results that excluded observations with a positive malaria test result (Supplemental
Table 3.9), as were results from a sensitively analysis that among surveys that additionally excluded

observations with morbidity data of reported fever or diarrhea (Supplemental Table 3.10). Results were
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also similar to the main results in sensitivity analyses that included all values for BMI <18.5 kg/m? (WRA)
or BAZ/WHZ <-2 SD (PSC) in surveys where greater than 50% of the observations were excluded due to

our pre-specified exclusion criteria (data not shown).

Discussion

We examined relationships between weight status, inflammation, and concentrations of vitamin
A biomarkers (serum or plasma retinol or RBP) in national and regional surveys in 13 datasets from 13
countries with data on WRA, and 22 datasets from 20 countries with data on PSC. Among WRA with BMI
>18.5 kg/m?, we did not observe consistent relationships in the strength or direction of association
between the inflammatory markers CRP or AGP and retinol or RBP concentration, even though BMI was
generally positively and significantly associated with biomarkers of vitamin A and inflammation.
Conversely, among PSC with BAZ 2-2 SD, relationships between inflammation and retinol or RBP
concentration were consistently significant and negative, while relationships between BAZ and
biomarkers of vitamin A and inflammation were not observed. With mediation analysis we observed
that accounting for inflammation reduced the relationship between BMI and vitamin A biomarkers in 3
WRA surveys, and increased the relationship in one PSC survey, though the magnitude of association
was small in all cases (i.e., the percent change in retinol or RBP concentration for every 1-unit increase in
BMI/BAZ ranged from -0.2% to 0.8%). No patterns emerged among World Bank country income

classifications.

Our findings confirm observations from previous BRINDA analyses that inflammation was not
consistently associated with vitamin A biomarkers among WRA, but that among PSC, biomarkers of
association were strongly and consistently associated with biomarkers of vitamin A (6—8). Based on
these observations, Larson et al. (7,8) and Namaste et al. (6) recommended to adjust for inflammation

with the regression correction among PSC but not among WRA when assessing vitamin A status with
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retinol or RBP. Of the 24 surveys we analyzed, 20 overlapped with those analyzed by Larson et al. and
Namaste et al. We applied different inclusion and exclusion criteria, which shaped our datasets
differently; however, the similarity of our finding reflects the robustness of their recommendation. We
further examined the role of weight status, and found that this is unlikely to play a large role in
population vitamin A assessment among both WRA and PSC. While our findings identified BMI as a
correlate of inflammation in many surveys among WRA, these associations did not change the

conclusion that inflammation had weak and inconsistent relationships with WRA vitamin A biomarkers.

We observed that inflammation partially mediated the relationship between BMI and retinol or
RBP in 3 surveys among WRA (Cameroon, Papua New Guinea, and the US), but the mediation was
inconsistent (i.e., the direct and indirect effects had opposite signs (32)), suppressing the total effect.
Through examination of the mediation path analysis (Figure 3.2 and Table 3.3), we understand that in
the US survey, the positive association between BMI and CRP weakened (suppressed) the association of
BMI with retinol. In the surveys from Cameroon and Papua New Guinea, the relationship between AGP
and RBP was positive, but the sum of the indirect effects was negative, meaning that, overall, it appears
that inflammation had a suppressant effect on the relationship between BMI and RBP. Though this is
inconsistent with biological relationships, the mediated effect is of such a small magnitude (-0.2%
Cameroon, Papua New Guinea; 0.2% US), that this would not influence conclusions about population

vitamin A status.

In adjusted linear regression analyses, BMI was associated with retinol or RBP in 6 of 13 surveys
among WRA, and in general, greater BMI was associated with greater retinol or RBP. While the highly
regulated circulating concentrations of RBP (and by association, retinol) appear to be primarily liver-
derived (33-35), RBP (or RBP4) is also expressed in adipose tissue and has been identified as an
adipokine (33,36). Because of the hypothesized role as an adipokine, researchers have found differing

levels of circulating RBP associated with cardiovascular disease, insulin resistance, obesity, and
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hypertension in adults (9,12,13,33,36,37), and obesity and metabolic syndrome in children and
adolescents (38,39), though the direction of association varies and causal relationships have not been
established. Additionally, it is unknown whether and how much of circulating RBP in states of chronic
disease are adipocyte-derived (33). Thus, while current understanding of biological pathways supports a
negative relationship between inflammation and circulating concentrations of RBP (and retinol), which
in some cases may complicate assessment of vitamin A status, additional research is needed to clarify
the relationship between chronic disease and RBP and/or retinol, including establishing temporal
relationships and measurement of vitamin A stores. Given that global prevalence of overweight and
obesity is rising, including among children (40), it will be useful to better understand how measurement

and use of retinol and RBP may be influenced by overweight and obesity.

Among WRA, we observed consistent positive and significant relationships between BMI and
CRP and/or AGP, which aligns with the literature that inflammation is often elevated in overweight and
obesity (41-43), as well as previous BRINDA analyses (18). Both CRP and AGP tend be correlated with
BMI, but literature examining the relationship between BMI and CRP (44—49) is more common than
literature examining the relationship between BMI and AGP (50,51), even though AGP is generally
thought of as a longer-term inflammatory biomarker (5). Furthermore, some studies suggest CRP may
be more strongly associated with retinol and RBP than AGP (52), or that the influence of AGP on retinol
or RBP may be inconsistent (53,54). The lesser influence of AGP on the relationship between BMI and
retinol or RBP may be observed in our mediation results where the proportion mediated by AGP ranged
from 9-21% compared to the proportion mediated by CRP (77-90%) in the three surveys that measured
both CRP and AGP (Papua New Guinea [WRA], Cameroon [PSC], and The Philippines [PSC]). As CRP and
AGP are often the only inflammatory biomarkers available for measurement in epidemiological surveys,
incorporating a broader range of acute phase proteins would help understand which markers would

best inform micronutrient assessment.
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Among PSC, inflammation was significantly associated with lower retinol or RBP in all but three
surveys (Bangladesh 2012, Cameroon, and Pakistan). We speculate that the inflammation driving these
associations may be due to helminth or parasitic infections, diarrhea, or other common inflammatory
illnesses among children that were not part of our exclusion criteria, but have been found to be
associated in other BRINDA analyses (18,55). Though elevated CRP is associated with elevated BMI in
studies among children and adolescents (46,56), the low median BAZ (0.2 SD) among PSC in our analyses
may explain why we observed few associations between BAZ and inflammation, and between BAZ and

retinol or RBP.

Strengths of this study include the diversity of geographic regions and country income
classifications represented in our analyses. While no obvious trends emerged between LIC, LMIC, UMIC,
and HIC, it is clear that greater BMI and greater inflammation are common worldwide, and that
inflammation among children impacts vitamin A status assessment, regardless of exposure to infectious
or noninfectious illnesses. Furthermore, the consistency of our findings with prior research with regard

to vitamin A and inflammation biomarkers strengthens the plausibility of our results (6-8).

A limitation of our analyses is the proportion of observations excluded due to our exclusion
criteria, as >70% of observations were excluded in the surveys from Afghanistan (WRA and PSC), Burkina
Faso (WRA and PSC), Mexico (PSC), and Pakistan (WRA). While our analytical plan and exclusion criteria
were developed prior to completing any analyses, and sensitivity analyses that included the
observations excluded for malaria, or with BMI <18.5 kg/m? or BAZ <-2 SD, did not change the main
results, we interpreted the results of the above surveys with caution. Additionally, in three surveys
(Afghanistan, Colombia, and Zambia), we generated and imputed random CRP values between 0 and the
lowest CRP value as >30% of the analytical sample had a single value for the lower limit of detection. The

random imputation makes it difficult to assess the relationships with CRP in these surveys, however we
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confirmed that the direction and strength of association did not differ with the randomly generated

values by re-running all regression models with multiple random seeds.

Our analyses were also limited by the selected measurement parameters. For example,
overweight and obesity were defined using BMI among adults, which is not a direct measure of
adiposity, though BMI has been found to be highly correlated with waist circumference and predicting
cardiometabolic risk (57). Additionally, although BAZ is not recommended for use with children <24
months (20), our use of BAZ was based on prior BRINDA analyses where use of BAZ rather than WHZ did
not affect the conclusions (14). Measurement of inflammation was limited to CRP and AGP, and though
there were no other inflammatory biomarkers available for analysis in these datasets, many
epidemiological studies measure inflammation with CRP and AGP, and also use them for interpreting
retinol and RBP concentrations; thus their inclusion here may enhance the comparability of our findings

with other studies.

Additionally, the differing laboratory practices and calibration techniques employed by
laboratories involved in sample analyses across the 24 individual surveys may have introduced random
error, affecting our biomarker interpretation (28,58). However, the fact that we observed consistent
relationships between BMI and inflammation for WRA, and for inflammation and vitamin A biomarkers
for PSC, suggest that the null results observed elsewhere were not solely attributable to variation lab
methods. Alternatively, we cannot rule out that the variation we observed in significant relationships
among both PSC and WRA could be the influence of residual confounding, or the relationships simply
occurred by chance. Finally, though neither accurately reflect vitamin A total body stores (3), both
retinol and RBP are commonly measured biomarkers of vitamin A status and therefore useful to
examine with respect to methodological factors that may affect their interpretation. Although we
assumed an imprecise biological 1:1 ratio of retinol to RBP (59) for descriptive analyses, this would not

affect the mediation results.
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Conclusion

It has been established that inflammation affects assessment of vitamin A when
measured with retinol or RBP, particularly among children, but as research on vitamin A has largely
concentrated on relationships with conditions of undernutrition, the role of inflammation associated
with overweight and obesity in vitamin A assessment has been less studied. Our findings suggest that,
among WRA and PSC, inflammation associated with overweight and obesity does not impact vitamin A
assessment when measured with retinol or RBP, though relationships were present among WRA in some
settings. We also confirmed prior findings that inflammation consistently impacts vitamin A assessment
with retinol and RBP among PSC, and inconsistently among WRA. When planning and implementing
population vitamin A surveillance, considering the context, including possible sources of inflammation

and common health conditions, should be prioritized.
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Tables

Table 3.1. Biological and nutritional characteristics for women of reproductive age (15-49 years) with normal weight to overweight/obesity by

survey: BRINDA project!

Country, BMI, ke/m?, | Overweight/ | CRP, me/L, AGP,g/l, | Any Rﬁ:‘:ljfs' vit A vit A
CiIc? survey year n mean (95% obesity3, mean (95% mean (95% inflammation? mean (95% Deficiency® Insufficiency®
a) % (95% CI) a) a) % (95% Cl) a % (95% Cl) % (95% Cl)
/;;glga”man' s;1 | % '215(_2‘;'6' 42'28(_31‘)5'0' 0.7(0.5,0.8) | 0.7(0.7,0.7) 18'232(3'0' 1.1(1.0,1.2) 11i3.(57)'5' 42‘59(_2;"0'
ggglg"a Faso, | 41 20'51('27())'0' 3.1(0.0,7.8) | 1.8(1.3,2.2) | 1.2(1.1,1.3) 74'855(2?'5’ 0.9 (0.8, 1.1) 18;7_(:)'8’ 63';5(_3;'9‘
. gglm4b°dia' 609 22'33(_3'5' 22'257(;'1' 0.8(07,09) | 07(0.7,08 | > '25%? S 20(1.8,2.1) | 3.0(1643) | 9.2(6.6, 11.8)
3 gg(t;; Dilvoire, | 246 23'253(2?'1’ 26'39(3'3' 15(1.3,1.7) | 0.8(0.8,0.8) 31‘35(;?9' 15(1.4,15) | 0.7(0.1,1.3) 13‘126(_11‘))'2'
Malawi, 2016 | 595 22'53%'2’ 17'27 2(3'3' 0.7(0.6,0.8) | 0.6(0.6,0.6) | 11.7(8.4,15.1) | 1.4(13,1.4) | 2.7(0.7,4.7) 14'127(_;(;'5’
21?::3';‘%"05 692 23';3(_§§'9’ 24';9(;?'6' 0.4(0.3,0.5) | 1.6(15,1.6) 23‘57(?))‘0' 16(151.6) | 0.4(0.0,1.0) | 6.7 (4.5, 8.8)
ggg"gemo”' 594 24'275('21‘;"3’ 39%('2‘)"4' 09(0.8,1.1) | 0.7(0.7,0.8) 16‘39(5‘2' 1.4(1.3,1.4) | 1.4(0.5,2.3) 12i§.(99).7,
% Nigeria, 2012 | 506 24'224(_27?'6’ 35'50(;?'5' 1.6(1.4,1.8) | 0.7(0.7,0.8) 25'279('28;'6' 16(1617) | 1.0(0.820) | 87(56 11.8)
_lé zg'f;ta”’ 4946 24'; 4(_?)1'2’ 36';8(.3;;'3’ 1.0(0.9,1.0) | 0.8(0.8,0.8) 32'50(;?'0’ 0.8(0.7,0.8) 38210(.‘?;‘0' 63 ‘67 6(;;'3'
\Zl(i)eltgam' 1138 21'271(3'6' 10i22'(08).3, 0.9(0.8,0.9) - 71(5.9,84) | 1.7(1.617) | 1.1(0.617) | 58(4.4,7.2)
E& % /;éi;baijan' 2528 26';37('21?'5' 57':9(;?"7' 11(1.1,1.2) | 09(0.8,0.9) 34'37(.‘2'5' 15(15,15) | 04(0.1,07) | 7.8(6.5,9.2)
< Eﬁ;;c;m, 836 26;7%?'8’ 49'_2 4(;?'9' 2.2(2.0,2.4) - 15'158(;'2’ 16(1517) | 11(0.0,22) | 7.3(4.1,10.5)
&
USA, 2006 2989 27'38(3'4’ > 6‘:9(;?'7’ 1.8(1.7, 1.9) - 26';8(;‘;'1’ 1.8(1.7,1.8) | 03(0.1,06) | 3.0(2.2,3.7)

1CRP, AGP, RBP, and SR values presented as geometric mean (95% Cl) due to non-normal distributions. All estimates account for survey design variables
(cluster, strata, weight). ‘--‘ indicates the variable was unavailable in that survey. Inclusion criteria were: BMI >18.5 kg/m?, not pregnant, and a negative malaria




it

test result. AGP, a-1-acid glycoprotein; BMI, body mass index; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; Cl,
confidence interval; CIC, country income classification; CRP, C-reactive protein; RBP, retinol binding protein; SR, serum retinol.

2Country income classification defined according to the World Bank definition for the year in which the survey was conducted (27).

30verweight/obesity defined as a BMI >25.0 kg/m?>.

4Any inflammation defined as CRP >5 mg/L or AGP >1 g/L.

SRBP or SR measured in plasma or serum, as reported in the survey. Surveys that measured RBP: Cambodia, Cdte D’lvoire, Malawi, Papua New Guinea,
Cameroon, Nigeria, and Azerbaijan. Surveys that measured SR: Afghanistan, Burkina Faso, Pakistan, Vietnam, United Kingdom, and the USA.

8Vitamin A deficiency defined as serum or plasma RBP or SR concentration <0.7 umol/L. Vitamin A insufficiency defined as serum or plasma RBP or SR <1.05
umol/L (23,24).
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Table 3.2. Biological and nutritional characteristics for preschool-aged children (6-59 months) with normal weight to overweight/obesity by survey:

BRINDA project!
ez | Country, . BAZ o‘g*;‘:;;i?t/ CRP, mg/L AGP, g/L i r::“;ﬁoM RE;E:/T_E' VA Deficiency® VAS?
0, 0, 0, 0, 0, 0, 0,
survey year mean (95% Cl) % (95% Cl) mean (95% Cl) | mean (95% ClI) % (95% Cl) mean (95% Cl) % (95% Cl) % (95% Cl)
Afghanistan, 26.5(21.5, 37.8(32.5, 43.3 (35.5,
o 586 | 0.2(0.1,03) | 7.0(3.7,10.3) | 03(0.2,03) | 0.8(0.8 0.8) 16 0.7 (0.7, 0,8) 1.0 512)
Bangladesh, | 1179 | 06(:07,-05) | 21(13,29) | 08(06,09) | 09(0.9,09) 344 (3038, 1.0(1.0,1.0) | 5.3(3.4,7.2) -
2010 38.1)
Bangladesh, 27.6 (19.9, 78.3 (69.5,
ot 360 | -0.4(-0.6,-0.3) | 3.8(0.7,6.9) | 0.7(0.6,09) | 0.8(0.8 0.9) 35.4) 1.0(0.9,1.0) | 5.6(2.2 8.9) 57,0
Burkina Faso, 91.9 (86.0, 13.4 (4.4,
010 60 | -0.1(-0.5,03) | 1.6(0,5.4) 52(3.0,7.4) | 1.6(1517) 57.8) 1.0(0.9,1.2) 225)
cambodia, 599 | -0.4(-05,-04) | 08(0,17) | 06(050.7) | 0.8(0.70.9) 385 (305, 14(13,14) | 6.3(4.1,85) -
2014 46.5)
cotedivoire, | 435 | 01(0.0,02) | 62(37,86) | 20(1624) | 11(11,11) | 03B | 130213 | 20(07,34) -
2007 64.3)
59.4 (54.6,
, | Kemyva, 2007 | 665 | 02(02,03) | 42(2559) | 10(0812) | 11(1111) 64.2) 11(1.0,1.1) | 5.6(3.9,7.2) -
S 47.9 (42.0,
Kenya, 2010 | 551 | 0.3(0.2,03) | 45(3.0(6.1) | 09(07,11) | 1.0(0.9, 1.0) s3.8) 11(1.0,1.1) | 7.8(5.7,10.0) -
L 0.1(-0.2, 50.4 (45.9, 90.9 (88.4,
Liberia, 2011 | 956 0.0) 25(1.4,3.7) | 14(12,16) | 1.0(0.9, 1.0) sa.5) 1.1(1.0,1.1) | 5.5(4.0,7.0) 53.4)
49.0 (42. 70.1 (62.
Malawi, 2016 | 748 | 0.1(-0.1,0.2) | 53(2.9,7.8) | 1.0(0.812) | 1.0(10,1.1) 935(6) > 1.0(1.0,1.1) | 8.0(5.1,10.8) 077(2) %
Mongolia, 10.5 (6.9, 24.7 (19.4, 26.2 (202,
Soon 202 | 0.8(0.7,0.9) 15) 0.8(0.8,0.9) 30.9) 0.8 (0.7, 0.8) 23)
Nicaragua, 24.1(20.6, 68.6 (64.2,
So0s 1403 | 05(04,07) | 6.2(4.2,82) 0.8(0.8,0.8) 276) 13(13,13) | 0.7(03,1.1) 73.0)
Philippines, 56.3 (51.9, 10.1(7.8, 33.3(23.4,
o1t 802 | 02(0.1,03) | 51(27,75) | 1.3(1.1,16 | 1.0(10,1.1) c0.8) 1.0(1.0, 1.0) 125) 122
Zambia, 2009 | 313 | 0.4(03,0.6) | 54(2.4,85) | 1.6(0.9,2.2) | 1.0(0.9, 1.0) 71'765(67?'4' 0.7(0.7,0.8) 42';(3(’)‘)"7' -
Cameroon, 37.7 (32.7, 11.1(83, 27.0 (22.1,
4(03,0. 4.2 (2.0, 6. 13 (11, 1. 9(0.9, 0. 1.0 (1.0, 1.
2 | 200 556 | 0.4(0.3,0.5) (2.0, 6.3) 3(1.1,15) | 0.9(0.9,0.9) 129 0(1.0, 1.0) P 32.0)
s [ 117 (6.1, 56.2 (48.8, 117 (7.8,
g Nigeria, 2012 | 283 | 0.4(0.2,0.7) 172) 2.0(1.6,2.5) | 1.0(0.9,1.0) 63.6) 1.0(1.0, 1.1) 12.5) -
S [ Pakistan, 0.1(-0.1, 353 (33.7, 51.0 (48.6,
o 5896 0.02) 5.4 (4.7, 6.1) - 0.9 (0.9, 0.9) 26.9) 0.6 (0.6, 0.6) 53.3) -
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Philippines, -0.1(-0.2, 25.9 (22.3, 62.8 (58.8,
5011 1656 0.01) 2.1(1.0,3.3) 0.7 (0.6, 0.9) 0.8 (0.8, 0.8) 29.4) 1.2 (1.2,1.2) 0.8(0.3,1.3) 66.9)
Vietnam, -0.1(-0.3, 12.5(9.7,
5010 329 0.02) 4.3(2.0,6.5) 0.7 (0.6, 0.8) 15.3) 1.2 (1.2, 1.3) 5.5(2.9, 8.0)
Azerbaijan, 14.5 (11.7, 30.8 (27.0,
(]
2 | 2013 987 | 0.9(0.8,1.0) 17.3) 0.3(0.3,0.4) 0.8 (0.8, 0.9) 34.6) 1.1(1.0,1.1) 6.2 (3.5, 8.8) 2.1(1.0,3.3)
€ Colombia, 18.9 (17.2, 19.8 (18.0,
| 2010 3711 | 0.4(0.3,0.4) 3.7(2.9, 4.4) 0.3(0.3,0.4) 20.7) 0.9 (0.9, 0.9) 51.7)
o
a ; 11.8 (9.3,
S | Mexico, 2012 | 2430 | 0.6(0.5,0.6) | 85(6.7,10.3) | 0.5(0.4,0.6) - 14.2) 1.0 (1.0, 1.0) 7.0 (5.4, 8.6) -

1CRP, AGP, SR, and RBP values presented as geometric mean (95% Cl) due to non-normal distributions. All estimates account for survey design variables
(cluster, strata, weight), except Mongolia which followed a simple random sampling design. ‘--“ indicates the variable was unavailable in that survey. Inclusion
criteria were: BAZ or WHZ 2-2 SD and a negative malaria test result. AGP, a-1-acid glycoprotein; BAZ, BMI-for-age z-score; BRINDA, Biomarkers Reflecting
Inflammation and Nutritional Determinants of Anemia; CIC, country income classification; CRP, C-reactive protein; RBP, retinol-binding protein; SR, serum
retinol; VA, vitamin A; VAS, vitamin A supplementation; WHZ, weight-for-height z-score.
2CIC defined according to the World Bank definition for the year in which the survey was conducted (27).

30verweight/obesity defined as a BMI-for-age z-score of >2 SD.

4Any inflammation defined as CRP >5 mg/L or AGP >1 g/L.
SRBP or SR measured in plasma or serum, as reported in the survey. Surveys that measured RBP: Bangladesh 2010, Cambodia, Cote d’Ivoire, Kenya 2007 and
2010, Liberia, Malawi, Papua New Guinea, Cameroon, Philippines, Azerbaijan; surveys that measured SR: Afghanistan, Bangladesh 2012, Burkina Faso,

Mongolia, Nicaragua, Zambia, Nigeria, Pakistan, Vietnam, Colombia, Mexico.

5VA deficiency defined as RBP or SR concentration <0.7 umol/L (23), adjusted for inflammation using the BRINDA regression correction approach (6,7).

Vitamin A supplementation received by the child in the past 6 months, as reported in the survey.
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Table 3.3. Relationships between vitamin A (retinol binding protein or serum retinol) and BM| as mediated by inflammation among women of
reproductive age (15-49 years) with normal weight to overweight/obesity by survey: BRINDA project!

WRA mediation analysis, adjusted?
0, H 0, H
cic Country, survey n RBP or Total Effect Direct Effect Indirect Effect % Mediated % Mediated by | % Mediated
year SR CRP by AGP
Afghanistan, 2013 571 SR 0.2(-1.3,1.8) 0.1(-15, 1.8) 0.1(0.1,02) NM - -
Burkina Faso, 2010 61 SR 0.2 (-4.5,4.3) 0.03(-5.5, 5.7) 0.1(-2.7, 2.4) NM - -
Cambodia, 2014 609 RBP 20.9(-2.2,0.4) 24(-37,-11) 15(02,28) NM = =
Low | Cote d'lvoire, 2007 | 706 RBP 0.7(0.2,1.3) 0.9(0.3,1.5) 20.2 (-0.3, 0.0003) NM = =
Malawi, 2016 595 RBP 09(-0.1,1.9) 1.2(-0.04,2.4) 0.3 (-0.5, 1.3) NM = =
zgg:a New Guinea, | co; RBP 1.0(0.3,1.7) 1.2 (0.4,1.9) -0.2 (0.4, -0.01) -19.0% 77.0% 21.0%
Cameroon, 2009 594 RBP 0.8 (0.3, 1.4) 1.0 (0.3, 1.5) -0.2 (-0.3,-0.03) “17.8% 82.6% 17.4%
Low- | Nigeria, 2012 506 RBP 0.1(-0.7,0.5) 20.1(-0.7,0.5) 0.1(-0.2,03) NM - -
middle | Pakistan, 2011 4946 SR 0.3(-0.3,0.8) 03(-0.3,0.8) 20.02(-0.1,0.1) NM = =
Vietnam, 2010 1138 SR 0.9 (-0.03, 1.9) 0.9 (-0.2,1.9) 0.1(-0.3,0.5) NM = =
Upper- | Azerbaijan, 2013 2528 | Rep 1.0(0.7, 1.2) 0.9(07,12) 0.1(-0.1,02) NM - -
middle
United Kingdom,
wigh | 2014 836 SR -0.3(-0.6,-0.1) -0.3(-0.9, 0.3) -0.03 (-0.3, 0.3) NM - -
United States, 2006 | 2989 SR -0.3(-0.5,-0.1) -0.6 (-0.8, -0.3) 0.2 (0.1, 0.4) 69.2% 100% =

'RBP, SR, CRP, and AGP variables were natural-log transformed for analysis due to non-normal distributions. Mediation estimates were exponentiated, and
results are presented as percent change (95% confidence interval) in vitamin A (RBP or SR) for every 1-unit change in BMI, adjusted for available covariates.
RBP or SR concentration measured in serum or plasma, as reported in the survey. All estimates account for cluster survey design (cluster, strata) with survey
weights applied. Inclusion criteria were: BMI >18.5 kg/m?, not pregnant, and a negative malaria test result. AGP, alpha-1-acid glycoprotein; BRINDA,
Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CIC, country income classification; CRP, C-reactive protein; NM, no mediation;
RBP, retinol binding protein; SR, serum retinol; WRA, women of reproductive age.
2Model for mediation analysis: InVitamin A [RBP or SR] = Bo + B1(BMI) + M1(InCRP) [+M2(/InAGP)] where all values were continuous and AGP was included as a
mediator only in analyses for which it was available in the dataset. Interpretation is as follows: Total Effect = the effect of BMI on Vitamin A; Direct Effect = the
effect of BMI on Vitamin A controlling for inflammation; Indirect Effect = the effect of BMI on Vitamin A as mediated by the effect of CRP or AGP. Mediation
was considered present when both the total and indirect effects were significant (30,31). Covariates available for adjustment were: age, education level
(respondent or household head), household socioeconomic status, access to an improved water source, access to an improved toilet, and urban/rural
residence. Covariates were included in the mediation model if they were associated with the outcome variable at p<0.1 in bivariate models (Supplemental
Table 6). Unadjusted mediation estimates are presented in Supplemental Table 8.
3CIC defined according to the World Bank definition for the year in which the survey was conducted (27).
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Table 3.4. Relationships between vitamin A (retinol or retinol-binding protein) and BMI-for-age z-score as mediated by inflammation among

preschool-age children (6-59 months) with normal weight to overweight/obesity by survey: BRINDA project!

PSC mediation analysis, adjusted?
cics Country, survey year n RBsFl;or Total Effect Direct Effect Indirect Effect Me(z:\te d % ILnyeg::;ed % I;/;e::;ed
Afghanistan, 2013 306 SR 1.4 (-3.0, 5.7) -0.3 (-4.0, 3.4) 1.7 (-0.3, 3.7) NM - -
Bangladesh, 2010 579 RBP 1.6 (0.5, 2.5) 1.3 (0.4, 2.1) 0.3 (-0.3, 0.8) NM - -
Bangladesh, 2012 196 SR 3.6(-0.3,7.3) 3.8(0.2,7.3) -0.2 (-1.0, 0.5) NM - -
Burkina Faso, 2010 26 SR 9.9 (-18.5, -2.3) -10.7 (-19.7, -3.0) 1.0 (-4.3, 6.2) NM - -
Cambodia, 2014 326 RBP -2.0(-8.5, 4.4) -1.5 (-4.6, 1.5) -0.5 (-5.7, 4.6) NM - -
Cote d’Ivoire, 2007 238 RBP 0.2 (-2.9, 2.5) 0.3(-1.8, 2.4) -0.5(-1.8, 0.7) NM - -
Low | Kenya 2007 340 RBP 0.9 (-2.0,3.7) 1.0 (-1.6, 3.7) -0.2 (-1.0, 0.6) NM - -
Kenya, 2010 278 RBP -2.0(-4.8,0.9) -1.3 (-4.0, 1.4) -0.7 (-1.8, 0.5) NM - -
Liberia, 2011 455 RBP 1.9 (-0.1, 3.8) 1.9 (0.03, 3.8) -0.1(-0.7, 0.6) NM - -
Malawi, 2016 384 RBP 1.5(-1.1,4.1) 2.8 (0.4, 5.0) -1.3(-2.3,-0.3) NM - -
Mongolia, 2006 107 SR -0.9(-9.2, 7.5) -1.6 (-9.9, 6.6) 0.8 (-0.7, 2.2) NM - -
Nicaragua, 2005 703 SR 0.9 (-1.8, 3.5) 0.8 (-2.0, 3.5) 0.1(-0.3, 0.5) NM - -
Papua New Guinea 430 RBP 2.5(0.1,4.7) 1.7 (-0.5, 3.9) 0.7 (-0.2, 1.7) NM - -
Zambia, 2009 182 SR 0.03 (-3.3, 3.4) -0.02 (-3.4, 3.4) 0.1(-1.1,1.2) NM - -
Cameroon, 2009 282 RBP -1.9 (-4.2,0.3) -1.5 (-3.6, 0.6) -0.5 (-1.3, 0.4) NM - -
Low. | Nigeria, 2012 146 SR 1.6 (-1.3, 4.4) 1.9 (-0.8, 4.6) -0.3 (-1.3, 0.6) NM - -
middle | _Pakistan, 2011 3035 SR -1.6 (-3.6,0.4) -1.6 (-3.6,0.4) -0.02 (-0.1, 0.1) NM - -
Philippines, 2011 819 RBP 3.1(1.2,4.9) 2.4(0.5,4.2) 0.8 (-0.01, 1.5) 24.3% 89.6% 9.1%
Vietnam, 2010 171 SR 2.6 (-1.0,6.1) 2.2(-1.3,5.7) 0.4 (-0.2, 1.0) NM - -
Azerbaijan, 2013 543 RBP -0.1(-1.9, 1.6) -0.8(-2.2,0.7) 0.7 (-0.1, 1.4) NM - -
:ﬁgjlz Colombia, 2010 1960 SR 2.2(0.7,36) 2.1(0.6,3.5) 0.1(-0.1,0.3) NM = -
Mexico, 2012 1203 SR 1.3 (-0.4, 2.9) 1.7 (0.03, 3.4) -0.5(-1.1,0.2) NM - -

ISR, RBP, CRP, and AGP variables were natural-log transformed for analysis due to non-normal distributions. Mediation estimates were exponentiated, and
results are presented as percent change (95% confidence interval) in vitamin A (SR or RBP) for every 1-unit change in BAZ, adjusted for available covariates. SR
or RBP concentration measured in serum or plasma, as reported in the survey. All estimates account for cluster survey design (cluster, strata) with survey
weights applied, except in the survey from Mongolia which used simple random sampling. Inclusion criteria were: BAZ or WHZ >-2 SD and a negative malaria
test result. AGP, alpha-1-acid glycoprotein; BAZ, BMI-for-age z-score; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia;
CIC, country income classification; CRP, C-reactive protein; NM, no mediation; PSC, preschool-age children; WHZ, weight-for-height z-score.
2Model for mediation analysis: InVitamin A [RBP or SR] = Bo + B1(BAZ) + M1(InCRP) [+M2(InAGP)] where all values were continuous and AGP was included as a
mediator only in analyses for which it was available in the dataset. Interpretation is as follows: Total Effect = the effect of BAZ on vitamin A; Direct Effect = the
effect of BAZ on vitamin A controlling for inflammation; Indirect Effect = the effect of BAZ on vitamin A as mediated by the effect of CRP or AGP. Mediation was
considered present when both the total and indirect effects were significant (30,31). Covariates available for adjustment were: age, education level (head of




611

household or maternal education level), household socioeconomic status, access to an improved water source, access to an improved toilet, and urban/rural
residence. Covariates were included in the mediation model if they were associated with the outcome variable at p<0.1 in bivariate models (Supplemental

Table 6). Unadjusted mediation estimates are presented in Supplemental Table 8.
3CIC defined according to the World Bank definition for the year in which the survey was conducted (27).

4p-value for indirect effect = 0.05.



Figures
Figure 3.1. Patterns of association among WRA and PSC between Vitamin A (RBP or SR), BMI or BAZ, and
inflammation biomarkers (CRP or AGP) in 24 surveys: BRINDA Project*

Adjusted linear regression models (dependent variable = independent variable)

VA = BMI/BAZ CRP = BMI/BAZ | AGP = BMI/BAZ VA = CRP VA = AGP
CIC Survey, year RBP or SR| WRA PSC WRA PSC WRA PSC WRA PSC WRA PSC
Afghanistan, 2013 SR + + + o + - + - _ -
Bangladesh, 2010 RBP + o - - -
Bangladesh, 2012 SR + + - - -
Burkina Faso, 2010 SR - - - - + + - +
Cambodia, 2014 RBP - - + + + + + + +
Cote d'lvoire, 2007 RBP + - + + + - - - -
g Kenya, 2007 RBP + + o o o
= Kenya, 2010 RBP - + + o -
Liberia, 2011 RBP + + - - _
Malawi, 2016 RBP + + + + + + o o - -
Mongolia, 2006 SR - o -
Nicaragua, 2005 SR + - -
Papua New Guinea, 2005 RBP + 1 + - + - + o - -
Zambia, 2009 SR - = + - -
o Cameroon, 2009 RBP + - + + + = o - - -
3 |Nigeria, 2012 RBP/SR - + - + + - - . §
€ [Pakistan, 2011 SR + . + o 5 R + .
§ Philippines, 2011 RBP + - - - -
Vietnam, 2010 SR + 4 + - + a
% % Azerbaijan, 2013 RBP + - + - + - - - + -
2 © |Colombia, 2010 SR + o -
S £ IMexico, 2012 SR + + X
% United Kingdom, 2014 SR - + -
T United States, 2006 SR - + +

Figure 3.1 Footnotes:

1Associations from adjusted linear regression models are presented. Green cells with bolded ‘+ indicate a
significant positive association; orange cells with a bolded ‘-* indicate a significant negative association (p<0.05).
Grey cells with ‘+’ or *-“ indicate the direction of non-significant associations. Blank cells indicate the variable was
not available in that dataset. See Supplemental Tables 6 and 7 for regression estimates for both unadjusted and
adjusted models. All estimates accounted for the complex survey design (cluster, strata) with survey weights
applied. VA (RBP or SR) was measured in either serum or plasma, as reported by the survey. Covariates available
for adjustment were: age, education level (respondent, maternal, or household head), household socioeconomic
status, access to an improved water source, access to an improved toilet, and urban/rural residence. Covariates
were included in adjusted regression models if they were associated with the outcome variable at p<0.1 in the
unadjusted model. Inclusion criteria for analysis were: BMI 218.5 kg/m? (WRA), BAZ >-2 SD or WHZ >-2 SD (PSC),
not pregnant (WRA), and a negative malaria test result (WRA and PSC). CIC was defined according to the World
Bank definition for the year in which the survey was conducted (27). Abbreviations: AGP, alpha-1 acid glycoprotein;
BAZ, BMI-for-age z-score; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia;
CIC, country income classification; CRP, C-reactive protein; PSC, preschool-age children (6-59 months); RBP, retinol-
binding protein; SR, serum retinol; VA, vitamin A; WRA, women of reproductive age (15-49 years).

2In the Nigeria survey for WRA, RBP was used for analysis as there were fewer missing values; for PSC, retinol had
fewer missing values and was used for analysis.
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Figure 3.2. Examples of inconsistent mediation present in the WRA surveys from Cameroon, Papua New
Guinea, and the United States: BRINDA project

CRP CRP
0.11 0.01
0.01
BMI > RBP BMI » Retinol
B United States
AGP

Figure 3.2 Footnote: The model for mediation analysis was /nRetinol/RBP = Bo + B1(BMI) + M1(InCRP) [+M2(InAGP)]
where all values were continuous and AGP was included as a mediator only in analyses for which it was available in
the dataset. Mediation was considered present when both the total and indirect effects were significant at p<0.05
(Table 3) (30,31). Inconsistent mediation is defined as the indirect and direct effects having opposite directions of
associations (32). Interpretation is as follows: Total Effect = the effect of BMI on retinol/RBP (value between ‘BMI’
and ‘Retinol/RBP’); Direct Effect = the effect of BMI on retinol/RBP controlling for inflammation (value not shown);
Indirect Effect = the effect of BMI on retinol/RBP as mediated by the effect of CRP or AGP (values between ‘BM/’,
‘CRP/AGP’ and ‘Retinol/RBP’). Indirect effects are calculated by multiplying the values between the independent
variable (BMI) and the mediator (CRP) by the value between the mediator (CRP) and the dependent variable
(retinol/RBP), and then summing that value with the second indirect effect when there is a second mediator (AGP)
(see Supplemental Figure 1). Covariates included in the specified models were: age and education level
(Cameroon); age, education level, and SES (Papua New Guinea); and age and SES (United States). Age was defined
in years, education level as the highest level completed by the respondent, and SES was a 3-level ordinal variable
of low, medium and high SES from the harmonized BRINDA project dataset (16). Covariates were included in the
mediation model if they were associated with the outcome variable at p<0.1 in bivariate models (see Supplemental
Table 6). AGP, alpha-1 acid glycoprotein; BMI, body mass index; BRINDA, Biomarkers Reflecting Inflammation and
Nutritional Determinants of Anemia; CRP, C-reactive protein; In, natural log; SES, socioeconomic status; WRA,
woman of reproductive age (15-49 years).
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Supplemental Material

Supplemental Figure 3.1. Mediation analysis model

Total Effect: Effect of BMI on retinol or BMI c
RBP (c) RBP

Direct Effect: Effect of BMI on retinol or

RBP controlling for inflammation (c’)
Retinol or

Indirect Effect: Effect of BMI on retinol

or RBP as mediated by the effect of CRP

RBP
(a*b) or of AGP (a,*b,) a, ' ' b,

AGP

Supplemental Figure 3.1 Footnote. Abbreviations: AGP, alpha-1 acid glycoprotein; BMI, body mass
index; CRP, C-reactive protein; RBP, retinol-binding protein. References for mediation model: (1,2)
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Supplemental Table 3.1. Number and proportion of observations excluded due to exclusion criteria for WRA, by survey: BRINDA project?!

Exclusion Criteria

Analytical
Total . . Positive .. Missing .. - sample size
Survev. vear | obs. in BMI <18.5 | Implausible | Implausible Pregnant | Malaria Missing SR or Missing Missing Total obs. 2
v ¥ ’ kg/m? Height Weight J BMI CRP AGP excluded .
dataset Result RBP proportion
of total
n n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Afghanistan, 13991 22829 22825 22825 23304
5003 23875 | 954 (4.0) 0(0) 0(0) 0(0) n/a 52.6) (95.6) (95.6) (95.6) 97.6) 571 (2.4)
Burkina 340 355
Faso, 2010 484 60 (12.4) 0(0) 0(0) 0(0) 36 (7.4) 70 (14.5) (70.2) 355 (73.3) (73.3) 423 (87.4) 61 (12.6)
Cambodia,
2014 724 94 (13.0) 2(0.3) 1(0.1) 0(0) n/a 0(0) 19 (2.6) 19(2.6) | 19(2.6) | 115(15.9) | 609 (84.1)
Cote
D'lvoire, 863 81(9.4) 11(1.3) 2(0.2) n/a 39(45) | 14(1.6) | 29(3.4) | 29(3.4) | 29(3.4) | 157(18.2) | 706 (81.8)
2007
Malawi, 116
804 70 (8.7) 1(0.1) 0(0) 0(0) 17(2.1) | 28(3.5) | 28(3.5) 28(3.5 | 210(26.1) | 595 (74.0)
2016 (14.4)
Papua New
Guinea, 779 51 (6.5) 4(0.5) 0(0) n/a n/a 14(1.8) | 30(3.9) | 30(3.9) | 30(3.9) | 87(11.2) | 692 (88.8)
2005
Cameroon, 108
787 67 (8.5) 0(0) 0(0) n/a 4(0.5) 27(3.4) | 27(3.4) | 27(3.4) | 178(22.6) | 609 (77.4)
2009 (13.7)
géglez”a' 620 55 (8.9) 0(0) 1(0.2) n/a 56(9.0) | 10 (1.6) 0(0) 0(0) 0(0) 114 (18.4) | 506 (81.6)
Pakistan, 3024 14265 14381 14017 17332
So11 22278 (15.6) 3(0.01) 4(0.02) 0(0) n/a 361 (1.6) (64.0) (64.6) (63.0) (77.8) 4946 (22.2)
\zléeltgam' 1492 | 305 (20.4) 0(0) 0(0) n/a n/a 1(0.1) | 52(35) | 9(0.6) n/a 354(23.7) | 1138(76.3)
Azerbaijan,
2013 2910 138 (4.7) 0(0) 0(0) 0(0) n/a 73 (2.5) 254 (8.7) 254 (8.5) 254 (8.7) 382 (13.1) 2528 (86.9)
United
Kingdom, 2050 69 (3.7) 0(0) 0(0) 0(0) n/a 93 (4.5) 1153 1108 n/a 1214 (59.2) | 836 (40.8)
(56.2) (54.1)
2014
United 3456 | 143 (4.1) 0(0) 1(0.03) 0(0) n/a 47 (1.4) | 311(9.0) | 259 (7.5) n/a 467 (13.5) | 2989 (86.5)

States, 2006
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ICriteria for exclusion from analyses were: BMI <18.5 kg/m?; height or weight outside the ranges of 101.6-219.9 cm and 22.7-222.2 kg;(3) pregnancy; positive
test result for malaria; or missing values for RBP, SR, CRP, AGP, or BMI (due to missing values for weight or height). Some observations may be excluded from
multiple categories. Exclusion criteria percentages are proportions of total observations in the individual datasets. Abbreviations: AGP, a-1-acid glycoprotein;
BMI, body mass index; BRINDA, Biomarkers Reflecting Nutritional Determinants of Anemia; CRP, C-reactive protein; obs., observations; RBP, retinol-binding
protein; SR, serum retinol; WRA, women of reproductive age (15-49 years).
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Supplemental Table 3.2. Number and proportion of observations excluded due to exclusion criteria for PSC, by survey: BRINDA project?

Exclusion Criteria

Analytical
Survev. vear o-:)ztailn BAZ WHZ <-2 | Implausible Implausible :::;;:: Missing Missing Missing | Missing 1;:::' sampglle size
vy ' <-2SD SD BAZ WHZ BAZ | SRorRBP | CRP AGP ' .
dataset Result excluded proportion
of total
n n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Afghanistan, 1598 1823 341 19239 19231 19310
5013 19896 (.0) ©.2) 744 (3.8) 424 (2.1) n/a ) (96.7) (96.7) n/a (©7.0) 586 (3.0)
Bangladesh, 305 277 382
5010 1561 (19.5) 27.7) 12 (0.8) 8(0.5) n/a 18 (1.2) | 68(4.4) 68 (4.4) | 68 (4.4) (24.5) 1179 (75.5)
Bangladesh, 134 161 637 637 748
2012 1108 (12.1) (14.5) 26 (2.3) 19 (1.7) n/a 85(7.7) | 235(21.2) (57.5) (57.5) (67.5) 360 (32.5)
Burkina 73 357 357 422
Faso, 2010 482 5(1.1) 8(1.7) 0(0) 0(0) 9(1.9) (154) 357 (74.1) (74.1) (74.1) (7.6) 60 (12.4)
Cambodia, 209 209 275
2014 874 60(6.9) | 69(7.9) 5(0.6) 1(0.1) n/a 0(0) | 209(23.9) (23.9) (23.9) (31.5) 599 (68.5)
Cote 104 116 118 118 429
IZDOI(\)/;lre, 864 (12.0) (13.4) 29 (3.4) 16 (1.9) 214 (24.8) | 37(4.3) | 118 (13.7) (13.7) (13.7) (49.7) 435 (50.3)
160 160 391
Kenya, 2007 1056 47 (4.5) | 51(4.8) 5(0.5) 5(0.5) 196 (18.6) | 40(3.8) | 160 (15.2) (15.2) (15.2) (37.0) 665 (63.0)
345
Kenya, 2010 896 26 (2.9) 29 (3.2) 4(0.5) 3(0.3) 276 (30.8) | 31(3.5) 47 (5.2) 47 (5.3) | 47(5.3) (38.5) 551 (61.5)
1476 129 (8.7) 152 3(0.2) 3(0.2) 358 (24.3) | 10(0.7) | 42(2.8) 42(2.9) | 42(2.9) >20 956 (64.8)
Liberia, 2011 : (10.3) : : : : : : : (35.2) :
Malawi, 131 131 485
2016 1233 48(3.9) | 52(4.2) 12 (1.0) 8(0.7) 310(25.1) | 24(2.0) | 131(10.6) (106) (106) (39.3) 748 (60.7)
Mongolia,
2006 242 0(0) 0(0) 0(0) 0(0) n/a 1(0.4) 40 (16.5) n/a 2(0.8) | 40(16.5) 202 (83.5)
;')coagag”a' 1424 | 11(0.8) | 10(0.8) 2(0.1) 2(01) n/a 4(03) | 4(03) n/a 0(0) | 21(L5) | 1403 (98.5)
Papua New 132
Guinea, 934 37 (4.0) 41 (4.4) 12 (1.3) 6 (0.6) n/a 37 (4.0) 62 (6.6) 63 (6.7) | 62(6.6) (14.1) 802 (85.9)
2005 .
Zambia, 473 474 572
5009 885 5(0.6) 6(0.7) 1(0.1) 0(0) n/a 2(0.2) | 494 (55.8) (53.4) (53.4) (64.6) 313 (35.4)
Cameroon, 297
2009 853 16 (1.9) | 29(3.4) 1(0.1) 0(0) 195 22.9 61(7.2) 61(7.2) | 61(.7.2 (34.8) 556 (65.2)
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Nigeria, 640 93. 357
5012 61(9.5) | 63(9.8) 30 (4.7) 25 (3.9) 198(30.9) | 13(2.0) | 63(9.8) | 93(14.5) (14.5) (55.8) 283 (44.2)
Pakistan, 10689 1365 1543 524 3370 3132 4793

2011 (12.8) (14.4) 361(34) 280(2.6) n/a (4.9) (31.5) n/a (203) | (aag) | 86052
;2!'{’"'”“' 1784 80(4.5) | 98(5.5) 6(0.3) 4(0.2) n/a 6(0.3) 17 (1.0) 17 (1.0) | 17(1.0) | 128(7.2) | 1656 (92.8)
Vietnam, 395

5010 23(5.8) | 25(6.3) 2(0.5) 1(0.2) n/a 3(0.8) 32(8.1) 17 (4.3) n/a 66 (16.7) | 329(83.3)
Azerbaijan, 1404 351 351 417

5013 41(2.9) | 39(2.8) 49 (3.5) 39 (2.8) n/a 49 (3.5 | 351(25.0) (25.0) (25.0) (29.7) 987 (70.3)
Colombia, 7753 161 3415 3887 4042

5010 66 (0.9) | 76(1.0) 11(0.1) 7(0.10) n/a (2.1) (44.0) (50.1) n/a (52.1) 3711 (47.9)
Mexico, 8528 482 5932 5989 6098

5012 101(1.2) | 102(1.2) 0(0) 0(0) n/a (5.7) (69.6) (70.2) n/a (71.5) 2430 (28.5)

ICriteria for exclusion from analyses were: BAZ or WHZ <-2 SD; BAZ or WHZ less than -5 SD or greater than 5 SD;(4) positive test result for malaria; or missing
values for SR, RBP, CRP, AGP, or BAZ (due to missing values for weight or height/length). Some observations may be excluded from multiple categories.
Exclusion criteria percentages are proportions of total observations in the individual datasets. Abbreviations: AGP, alpha-1-acid glycoprotein; BAZ, BMI-for-age
z-score; BRINDA, Biomarkers Reflecting Nutritional Determinants of Anemia; CRP, C-reactive protein; PSC, preschool-age children (6-59 months); RBP, retinol-
binding protein; SR, serum retinol; WHZ, weight-for-height z-score.
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Supplemental Table 3.3. Available covariates in each survey: BRINDA project!

Survey

Age

Rural/Urban
Setting

SES

Water

Sanitation

Respondent/Maternal
Education Level

Household Head
Education Level

WRA

Afghanistan

Azerbaijan

x

Burkina Faso

Cambodia

Cameroon

Cote d’lvoire

Malawi

X [X | X [X | X [X |X

X [X | X [X | X [X |X

X [ X | X [X | X [X |X

X [X | X [X | X [X |X

Nigeria

Pakistan

Papua New Guinea

X | x

x [ x

Vietnam

X [ X [ X [X |[X | X [X|[X

United Kingdom

United States

X [X [ X [X | X [X |X [X|X[X|X[X|X

PSC

Afghanistan

Azerbaijan

X [x

Bangladesh, 2010

Bangladesh, 2012

Burkina Faso

Cambodia

Cameroon

Colombia

Cote d’lvoire

Kenya, 2007

Kenya, 2010

Liberia

Malawi

Mexico, 2012

X [X | X [X | X [X |X [X|X|X|X

Mongolia

Nicaragua

Nigeria

Pakistan

Papua New Guinea

Philippines

Vietnam

Zambia

XX XX [X [X [X X |X |X[X[X|X|X|X|[X[X[X]|X]|X|[X|[X

XX [X X [X X [X |X [X|X[X|X[X|X[X]|X|[X
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Covariate definitions: age in years (WRA) or months (PSC); sex (male/female; PSC only); urban or rural residence (surveys from Kenya and Nigeria contained
observations from rural areas only); household socioeconomic status (SES, variable created from the ordinal 3-category SES variable from the harmonized
BRINDA dataset (5)); water and sanitation sources defined as access to an improved or unimproved water source or toilet facility as defined by the
WHO/UNICEF Joint Monitoring Program (6,7); and education level defined as the highest level completed by either the respondent/caregiver or head of
household. BRINDA: Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; PSC, preschool-age children (6-59 months); SES, socio-
economic status; WRA, women of reproductive age (15-49 years).
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Supplemental Table 3.4. Age and household characteristics for women of reproductive age (15-49 years) with normal weight to

overweight/obesity by survey: BRINDA project?

ac: Survey, year n Age, yr Urban residence High SES3 Impr:::i:llater Improved Toilet> High Education®
’ H o, o, o, o, o, () o, o,
median [IQR] % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl)
Afghanistan, 2013 | 571 29.2 [24.3, 29.8] = 92.9 (89.2, 96.6) 81.5 (75.7, 87.4) 56.6 (47.8, 65.3) 10.2 (6.1, 14.4)
Burkina Faso, 2010 | 61 30.2 [25.3, 37.7] - 76.5 (57.9, 95.0) 31.3(5.8,56.7) 13.0(0.9, 25.1) 2.1(0.0,7.6)
Cambodia, 2014 609 29.8[251,336] | 13.1(99, 163) | 605 (53.7,67.3) 53.1 (45.7, 60.6) 52.1(46.6,57.7) | 31.7(265,36.9)
Low | Céte dIvoire, 2007 | 706 263[21.1,31.9] | 56.1(51.9,60.3) | 63.9(58.1,69.8) 88.0 (82.6, 93.3) 89.9(85.9,93.8) | 155 (115,19.4)
Malawi, 2016 595 27.7[20.7,36.7] | 10.3(19,187) | 61.0(52.9,69.0) 83.6 (75.7,91.4) 83.8(76.4,91.2) | 22.0(15.6,28.4)
Papua New 692
Guinen, 2005 27.6(20.5,35.3) | 21.3(11.1,31.4) | 615 (49.6,73.5) - - 24.4 (19.6, 29.2)
Cameroon, 2009 594 26.2[22.0,31.8] | 62.8(52.5,73.2) | 64.1(56.7,71.6) 75.0 (68.9, 81.0) 67.0 (615 72.6) | 37.5(333,417)
Low- | Nigeria, 2012 506 26.3[21.5, 31.1] 07 = = = =
middle | Pakistan, 2011 4946 | 29.6[258,34.6] | 32.7(29.4,36.0) | 6L1.7(59.1, 64.3) 92.9 (915, 94.2) 84.5(82.7,86.4) | 30.8(285,33.1)
Vietnam, 2010 1138 | 33.5[26.0,41.0] | 49.8(47.2,52.5) - = = =
;'?gjl: Azerbaijan, 2013 2528 | 317023.9,41.4] | 45.7(39.4,51.9) | 68.6(65.1,72.2) 77.1(72.2, 82.1) 93.7(90.9,96.5) | 95.0(93.5,96.5)
;’g&ed Kingdom, 836 33.9[24.1, 42.0] - 63.7 (58.3, 69.0) - - 91.4 (88.7, 94.1)
High -
;Jg(')t:d States, 2989 | 3471247, 42.5] - 74.1(70.9, 77.3) - - 100.0 (100,100)

Estimates account for complex survey design (cluster, strata) with survey weights applied. Inclusion criteria were: BMI >18.5 kg/m?, not pregnant, and a
negative malaria test result. ‘--‘ indicates the variable was unavailable in that survey. BMI, body mass index; BRINDA, Biomarkers Reflecting Inflammation and

Nutritional Determinants of Anemia; CIC, country income classification; SES, socioeconomic status.

2CIC defined according to the World Bank definition for the year the survey took place (8).
3SES variables was a 3-level ordinal SES variable available from the harmonized BRINDA dataset (5), which was created from survey-specific asset scores

(quintiles) of household ownership or composition. ‘High SES’ includes the medium and high levels.

“Improved Water Source’ was defined as having access to: piped water in a dwelling/yard; a communal/public tap; a borehole/tube well, owned or shared; a
protected well/spring; a protected open dug well; or rain water (6).
SImproved Toilet’ was defined as have access to: a flush toilet/pit latrine flush to piped sewer; a ventilated improved pit/latrine/Sanplat; or a flush to
pit/latrine (7).
5“High Education’ was defined as completing at least secondary school, and was measured as the respondent education level or head of household education
level (Burkina Faso).
"The survey from Nigeria only contained observations from rural areas.
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Supplemental Table 3.5. Age, sex, and household characteristics for preschool-age children (6-59 months) with normal weight to
overweight/obesity by survey: BRINDA project?

Improved Water

ac Country, survey n Ag.e, mo Male Urban residence High SES3 Source? Improved Toilet> High Education®
year median [IQR] % % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl)
Afghanistan, 2013 | 586 | 27.9[17.0,39.9] 52.2 - 95.1(92.9,97.4) | 81.4(73.8,88.9) | 68.1(60.1,76.2) 9.9 (5.3, 14.4)
Bangladesh, 2010 | 1179 7.7 [6.3, 9.3] 49.1 - - 98.4 (95.3,100.0) | 25.2(16.9, 33.5) -
Bangladesh, 2012 360 | 37.9[26.8, 48.0] 54.4 26.3(18.5,34.0) | 44.7(33.3,56.0) | 99.0(97.5,100.0) | 63.9(50.0,77.9) | 47.0(35.7,58.2)
Burkina Faso, 2010 | 60 | 48.3[43.6,53.5] | 43.3 - 81.2 (63.9, 98.4) 31.2 (8.7, 53.6) 11.3 (0.0, 26.1) 2.2(0,7.4)
Cambodia, 2014 599 | 37.0[24.6, 48.3] 54.4 11.6 (8.5, 14.7) 58.4 (50.0,66.7) | 53.4(44.4,62.3) | 53.9(46.7,61.1) | 27.7(22.5,32.9)
Cote d’Ivoire, 2007 | 435 | 29.6[17.3, 44.2] 54.7 58.2 (52.0,64.5) | 67.7(62.1,73.4) - 66.6 (58.0, 75.3) 12.4 (9.3, 15.4)
Kenya, 2007 665 | 18.6[12.1,26.4] 51.1 07 60.0 (54.3,65.8) | 52.6(42.9,62.4) 0.2 (0.0, 0.5) 14.7 (11.7, 17.7)
Low | Kenya, 2010 551 | 21.7[13.4,27.0] 50.5 07 61.7 (56.1,67.2) | 58.2(49.0,67.3) 1.1(0.1,2.2) 16.4 (12.5, 20.3)
Liberia, 2011 956 | 17.3[11.2,26.0] | 47.6 43.6 (39.0,48.2) | 68.3(61.6,75.0) | 83.2(61.6,75.0) | 43.5(37.0,50.0) -
Malawi, 2016 748 31.4[18.5, 44.7] 51.3 13.7 (0, 28.0) 56.5 (49.6, 63.3) 87.2 (81.0,93.4) 82.6 (77.5, 87.6) 24.0 (13.1, 34.9)
Mongolia, 2006 202 18.9[12.3, 26.7] 53.0 46.5 (39.7,53.4) - - - 80.3 (74.7, 85.2)
Nicaragua, 2005 1403 | 34.3[20.2,46.2] | 50.1 56.4 (44.1, 68.7) - 90.2(85.9,94.5) | 27.1(20.4,33.7) | 37.2(30.0, 44.4)
Papua New
Guinea, 2005 802 | 31.5[19.6, 44.4] 53.6 19.7(10.2,29.1) | 59.2(47.9,70.6) | 67.3(57.7,76.8) 8.6 (3.4, 13.7) -
Zambia, 2009 313 36.6 [24.1, 48.0] 58.1 21.9 (15.8, 28.0) - - -- --
Cameroon, 2009 556 | 29.0[18.8,38.9] | 50.7 61.8(51.5,72.1) | 65.8(57.9,73.7) | 77.4(71.4,83.3) | 67.2(61.3,73.1) | 37.7(32.8,42.6)
Low. | Nigeria, 2012 283 | 29.6[22.0, 35.8] 51.6 07 - - - -
middle Pakistan, 2011 5896 | 25.5[14.8,39.2] 51.5 31.0(27.9, 34.1) 58.5(55.9, 61.1) 94.7 (93.5, 95.8) 91.3 (90.2, 92.5) 20.7 (18.8, 22.6)
Philippines, 2011 1656 | 15.4[10.7,19.0] 49.5 9.1(8.4,9.8) 16.0(12.8,19.1) 44.6 (40.0, 49.3) 92.6 (87.5, 97.7) 66.6 (61.3, 71.9)
Vietnam, 2010 329 37.5[25.9, 49.2] 52.0 46.2 (40.5, 51.9) -- -- -- --
Upper- Azerbaijan, 2013 987 | 36.5[23.6,47.1] 55.0 453 (38.1,52.5) | 68.6(64.1,73.1) | 77.4(71.8,83.0) | 93.0(89.9,96.2) -
iddle | Colombia, 2010 3711 | 38.3[26.2, 49.4] 52.8 70.7 (69.4,72.0) | 48.4(46.3,50.5) | 86.3(83.2,89.4) | 87.9(85.1,90.7) | 42.3(39.2,45.4)
Mexico, 2012 2430 | 37.1[26.3,49.7] | 495 72.2(69.3,75.2) | 53.5(49.7,57.3) - - -

!Estimates account for the complex survey design (cluster, strata) with survey weights applied, except in the survey from Mongolia which followed a simple
random sampling design. Inclusion criteria were: BMI-for-age z-score or weight-for-height z-score >-2 SD and a negative malaria test result. ‘--‘ indicates the
variable was unavailable in that survey. BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CIC, country income

classification; SES, socioeconomic status.
2CIC defined according to the World Bank definition for the year the survey took place (8).
3SES variables was a 3-level ordinal SES variable available from the harmonized BRINDA dataset (5), which was created from survey-specific asset scores
(quintiles) of household ownership or composition. ‘High SES’ includes the medium and high levels.
“Improved Water Source’ was defined as having access to: piped water in a dwelling/yard; a communal/public tap; a borehole/tube well, owned or shared; a
protected well/spring; a protected open dug well; or rain water (6).
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>Improved Toilet’ was defined as have access to: a flush toilet/pit latrine flush to piped sewer; a ventilated improved pit/latrine/Sanplat; or a flush to
pit/latrine (7)

5“High Education’ was defined as completing at least secondary school, and was measured as maternal education level or head of household education level in
surveys in which maternal education was not measured (Burkina Faso and Colombia).

"The surveys from Kenya (2007 and 2010) and Nigeria only contained observations from rural areas.
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Supplemental Table 3.6. Bivariate and multivariable percent change associations between Vitamin A, CRP, AGP, and BMI among women of
reproductive age (15-49 years) with normal weight to overweight/obesity by survey: BRINDA project?

Bivariate (unadjusted) and multivariable (adjusted) linear regression
cic Country, survey n RBP or Vitamin A CRP AGP Vitamin A Vitamin A
year SR regressed on BMI regressed on BMI regressed on BMI regressed on InCRP | regressed on InAGP
. B 02(-14,18) 5.1(-2.0,12.7) 0.4(-0.4,1.2) 1.4 (-04,33) 1.0(-88,7.5)
Afghanistan, 2013 | 571 SR
ghanistan, M 02 (14, 18) 4.0(35,12.1) 0.4(-04,12) 1.4 (-0.4,3.3) 1.0(-8.8,7.5)
. B 0.1(5.5,5.7) 21.8(-34.3,-7.0) 3.5(9.9,33) 0.4(-9.2,11.1) 6.3 (-19.7, 40.7)
Burkina Faso, 2010 | 61 SR
S e M -0.2 (-5.6, 5.6) 22.3(-35.2, -6.9) 4.0(-9.8,2.2) 0.3(-9.8, 11.5) 54 (-13.3, 53.3)
, B 0.9 (2.3, 0.5) 17.1 (13.4, 20.9) 2.5 (0.5, 4.6) 10.5 (6.0, 15.2) 62.5 (52.7, 73.0)
Cambodia, 2014 609 RBP
Low- | —moodia M 0.7 (-2.1,0.7) 16.9 (13.3, 20.6) 2.9 (0.8, 5.0) 10.4 (5.9, 15.1) 62.1(52.0, 72.9)
income | __ , B 0.8 (0.3, 1.4) 7.3(4.8,9.9) 2.3(0.9,3.8) 13(32,07) 4.7 (-13.1, 4.5)
Céte d'lvoire, 2007 | 706 RBP
Sl M 0.7(0.1,1.3) 7.1(4.5,9.8) 2.3(0.9,3.8) 13(33,0.7) 4.7 (-13.0, 4.5)
, B 1.0(-0.1,2.1) 8.6 (3.1, 14.4) 2.9(1.8,4.1) 2.7 (-5.0,-0.3) 4.6 (-14.8, 6.9)
Malawi, 2016 595 RBP
alaw! M 0.9 (-0.1, 2.0) 8.6 (3.1, 14.4) 2.3(0.8,3.7) 3.0(-5.3,-0.6) 3.7(-14.2, 8.0)
Papua New Guinea, | . <o B | 0.7(0.002, 15) 7.1(2.8, 11.6) 0.4(-0.2, 1.1) 2.6 (-3.9,-1.3) 45 (-16.0, 8.6)
2005 M 1.0(02,1.7) 7.1(2.8, 11.6) 05(-0.1, 1.1) 0.3 (0.04, 0.5) 4.4 (-15.9, 8.8)
B 1.0 (0.4, 1.5) 6.5 (3.7,9.4) 0.5 (0.2, 0.9) 1.8(-3.3,-0.3) 2.0(-16.0, 14.3)
c 2009 594 RBP
ameroon, M 0.8(0.3,1.3) 6.7 (3.7, 9.8) 0.7(0.3,1.0) 1.9(-3.4,-0.4) 2.7 (-16.8, 13.8)
- B -0.1(-0.7, 0.6) -0.6 (3.5, 2.3) 0.1(-0.6, 0.7) 4.1(-6.1,-2.2) 14.6 (4.6, 25.6)
Nigeria, 2012 506 RBP
Low- | Berd M -0.1(-0.7, 0.6) 20.6 (3.5, 2.3) 0.1(-0.6, 0.7) 4.1(-6.1,-2.2) 14.6 (4.6, 25.6)
middle , B 0.9 (0.3, 1.4) 3.0(1.9,4.1) 1.0(0.7,1.3) 20.9 (2.6, 0.9) 3.6(-3.7,11.4)
Pakistan, 2011 494 R
akistan, 20 946 > M 0.2(-0.3,0.8) 2.9 (1.8, 4.0) 1.0(0.7,1.3) 1.3(-3.0, 0.4) 25(-4.6,10.1)
4 B 1.2(03,2.2) 17.4 (14.8, 20.1) = 14(-08,3.7) -
Vietnam, 2010 1138 SR
TSI, M 0.3(0.02, 0.5) 16.6 (13.8, 19.6) = 1.0(-1.2,3.3) -
Upper- ) B 1.2 (1.0, 1.4) 13.6 (12.3, 15.0) 15(1.3,1.8) 2.7 (1.9, 3.6) 21.6 (15.5, 28.2)
A 201 252 RBP
middle | AZerbaiian, 2013 528 M 1.0(0.8,1.2) 11.7 (10.2, 13.2) 1.5(1.2, 1.8) 1.7 (0.8, 2.6) 18.1(26.2, 39.9)
United Kingdom, 536 " B 0.2 (0.7, 0.3) 6.5 (5.4, 7.6) ~ 13(5.1,2.7) =
igh | 2014 M 0.3 (0.8, 0.1) 6.6 (5.1, 8.0) ~ 1.4 (5.1,2.5) ~
. B -0.3(-0.5,-0.1) 11.5 (10.9, 12.1) = 0.9(-0.2, 1.9) -
United States, 2006 | 2989 SR
nited States, M -0.4(-0.6,-0.1) 10.9 (10.3, 11.5) - 06(-05,1.7) -

Vitamin A (RBP or SR), CRP and AGP variables were natural-log transformed for analysis due to non-normal distributions. Regression estimates were
exponentiated, and results are presented as the percent change (95% confidence interval) in the dependent variable for every 1-unit change in the
independent variable. Note that for the values presented for ‘Vitamin A regressed on InCRP’ and ‘Vitamin A regressed on InAGP’, the percent changes in
Vitamin A concentration are for every 1-unit change in natural-log transformed CRP or AGP, and the units differ (CRP, mg/L; AGP, g/L). See Table 1 of main
manuscript for geometric mean CRP and AGP values by survey. All estimates account for the complex survey design (cluster, strata) with survey weights

applied. Vitamin A (as RBP or SR) was measured in either serum or plasma, as reported by the survey. Covariates available for adjustment were: age, education

level (respondent or household head), household socioeconomic status, access to an improved water source, access to an improved toilet, and urban/rural
residence. Covariates were included in the multivariable regression model if they were associated with the outcome variable at p<0.1 in the bivariate model.
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Inclusion criteria were: BMI 218.5 kg/m?, not pregnant, and a negative malaria test result. CIC was defined according to the World Bank definition for the year
in which the survey was conducted (8). ‘-- indicates the variable was unavailable in that survey. AGP, a-1-acid glycoprotein; B, bivariate model; BMI, body mass
index; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CIC; country income classification; CRP, C-reactive protein; M,
multivariable model; RBP, retinol binding protein; SR, serum retinol.
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Supplemental Table 3.7. Bivariate and multivariable percent change associations between Vitamin A, CRP, AGP, and BAZ among preschool-aged
children (6-59 months) with normal weight to overweight/obesity by survey: BRINDA project!

Bivariate (unadjusted) and multivariable (adjusted) linear regression

cic Country, survey n RBP or Vitamin A CRP AGP Vitamin A Vitamin A
year SR regressed on BMI regressed on BAZ regressed on BAZ regressed on InCRP | regressed on InAGP
oonson s | o | s [ S0 | isimiig | asieste | ssues) |aisoune
sntosn | w0 | v | S| Leloazn | ssnesy | astnios | satsats | mszses
ooz | o | s [S]sass | sigsess [ aatsaiy [ asmisa | sicmins
mmrvoton | 0 | s | &] Sstaiss | sitmona | oissin | ssmsey | 1icesno
Cambod, 2014 | 599 | WP |53 ae | sa(stzsa | 17(70111) | 2500665 | e21(as 0
coavare o | w5 | | S —S35029 | siisses | sotsii | Jstsaes | st

oo [Fmozow | | e[S istania [ ssteisa [ aiisain | sstesan | aitzen

om0 | s | we |5 astesiol [ pisamy | ishass | sstuasn | dssiesna
oz | o | |2 ba@e3d | ssuesey | setzein | soisesa [asisaiss
el 2016 | 748 | WP ()| analeasan) | 3s(25105 | 6s(8256 | i24(165 €0
Mongols, 2006 | 202 | R |5i—go(as7s - 2506514 - 245 (427,17
Nearagus 2005 | 403 | SR |01 5 - (1518 - 173 (215, 124)
Papua New Guinea, | o Rap B 2.9 (0.5, 5.4) -11.7 (-25.3, 4.4) -2.1(-4.5,0.4) 6.0 (-7.1, -4.8) -24.7 (-31.3, -17.5)
2005 M 2.2 (-0.1, 4.6) -7.1(-21.3, 9.6) 0.8 (-4.2,2.7) -5.8 (-7.0, -4.6) -23.6 (-30.3, -16.3)
v | 35 | s | o1wesass [ osuiang | sing | aiasen | oine s

B -1.9(-4.2,04 9.3(-5.1, 25.9 -0.4(-2.3,1.6 -5.7 (-7.0,-4.3 -25.5(-33.4, -16.6

o Cameroon, 2009 26 RBP M -1.9%-4.2:0.4; 12.2((-2.é, 29.3?) -0.15-1.9: 1.7; -5.7:-7.0,-4.3; -25.5:-33.4,-16.6;

mide [wpozoz | | s [ S| Senesn | ssieme | erere | ioass | matssi
Pakistan, 2011 5896 SR B -1.5(-3.4, 0.4) = 0.8(-0.2, 1.9) = -1.9 (-6.9, 3.4)
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M -1.6 (3.6, 0.4) - 10(-02,2.1) — S BaE A

S e 8 7 1 187 2 A
vewam 2000 | 28 | STy e0 | se(a05s9 : R -

rerbain, 2013 | 987 | BB | e e T Te(se0e | ssies an | arsisardes)
i e el I 7 1 e -
Meco, 2012 | 2630 | SR | Si o T 100) - T -

lvitamin A (RBP or SR), CRP and AGP variables were natural-log transformed for analysis due to non-normal distributions. Regression estimates were
exponentiated, and results are presented as the percent change (95% confidence interval) in the dependent variable for every 1-unit change in the
independent variable. Note that for the values presented for ‘Vitamin A regressed on InCRP’ and ‘Vitamin A regressed on InAGP’, the percent changes in
Vitamin A concentration are for every 1-unit change in natural-log transformed CRP or AGP, and the units differ (CRP, mg/L; AGP, g/L). See Table 2 of main
manuscript for geometric mean CRP and AGP values by survey. All estimates account for the complex survey design (cluster, strata) with survey weights

applied. Vitamin A (as RBP or SR) was measured in either serum or plasma, as reported by the survey. Covariates available for adjustment were: age, education

level (maternal or household head), household socioeconomic status, access to an improved water source, access to an improved toilet, and urban/rural
residence. Covariates were included in the multivariable regression model if they were associated with the outcome variable at p<0.1 in the bivariate model.
Inclusion criteria were: BAZ >-2 SD, WHZ >-2 SD, and a negative malaria test result. CIC was defined according to the World Bank definition for the year in
which the survey was conducted (8). ‘--* indicates the variable was unavailable in that survey. AGP, a-1-acid glycoprotein; B, bivariate model; BAZ, BMI-for-age
z-score; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia; CIC; country income classification; CRP, C-reactive protein; M,
multivariable model; RBP, retinol binding protein; SR, serum retinol.
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Supplemental Table 3.8. Unadjusted relationships between vitamin A (retinol or RBP) and BMI or BAZ as mediated by inflammation among
women of reproductive age (15-49 years) and preschool-age children (6-59 months) with normal weight to overweight/obesity by survey:
BRINDA project!

WRA mediation analysis, unadjusted?
cics SR or % .
Country, survey year n RBP Total Effect Direct Effect Indirect Effect % Mediated % Mediated
Mediated by AGP
by CRP
Afghanistan, 2013 571 SR 0.2 (-1.4,1.8) 0.1(-1.45,1.8) 0.1(-0.1,0.2) NM - -
Burkina Faso, 2010 61 SR 0.1(-4.4,4.5) 0.1(-5.1, 5.6) 0.2 (-2.5,2.2) NM - -
Cambodia, 2014 609 RBP -0.9(-2.4,0.4) 2.4(-3.7,-1.1) 1.5(0.2, 2.8) NM - -
Low | Céte d’Ivoire, 2007 706 RBP 0.8(0.3,1.4) 1.0 (0.4, 1.6) -0.2 (-0.30, -0.001) NM - -
Malawi, 2016 595 RBP 1.0(-0.1, 2.1) 1.3 (0.003, 2.6) -0.3(-0.7,0.1) NM - -
Zgg:a New Guinea, 692 RBP 0.7 (0.01, 1.5) 0.9 (0.2, 1.6) -0.2 (-0.4, -0.02) 265 826 174
Cameroon, 2009 594 RBP 1.0 (0.5, 1.5) 1.1 (0.6, 1.6) -0.2 (-0.3, -0.03) -15.5 81.3 18.7
Low- | Nigeria, 2012 506 RBP -0.1(-0.7, 0.5) -0.1(-0.7, 0.5) 0.1(-0.2,0.3) NM - -
middle | Pakistan, 2011 4946 SR 0.9 (0.3, 1.4) 0.9 (0.3, 1.4) -0.01(-0.1, 0.1) NM - -
Vietnam, 2010 1138 SR 1.2 (0.3,2.2) 1.2 (0.1, 2.2) 0.1(-0.3, 0.5) NM - -
i'?gjl: Azerbaijan, 2013 2528 | RBP 1.2(1.0,1.4) 1.1(-1.1, 3.4) 0.1(-0.1,0.2) NM - -
High United Kingdom, 2014 | 836 SR 0.2 (-0.7,0.3) 0.2 (-0.8, 0.4) -0.1(-0.4, 0.3) NM - -
United States, 2006 2989 SR -0.3 (-0.5,-0.1) -0.5 (-0.8, -0.3) 0.3 (0.1,0.4) -90.7 100 -
PSC mediation analysis, unadjusted?
Afghanistan, 2013 306 SR 3.7(-0.2, 7.5) 2.2(-2.0,6.3) 1.5 (0.3, 2.6) NM - -
Bangladesh, 2010 579 RBP 1.4 (0.3, 2.6) 1.2 (0.3,2.1) 0.3(-0.3,0.8 NM - -
Bangladesh, 2012 196 SR 4.4(0.5,8.1) 4.3(0.6,7.8) 0.1(-0.5,0.8 NM - -
Burkina Faso, 2010 SR -9.9 (-18.3, -2.5) -10.7 (-19.7, - 1.0 (-4.4,6.3) NM B B
26 3.0)
Cambodia, 2014 326 RBP -2.0(-8.5, 4.4) -1.5(-4.6, 1.5) -0.5(-5.7, 4.6) NM - -
Céte d’Ivoire, 2007 238 RBP -0.3(-3.0,2.4) 0.2 (-1.8,2.3) -0.5(-1.8,0.7) NM - -
Low | Kenya, 2007 340 RBP 1.0(-1.7,3.7) 1.1(-1.5, 3.6) -0.04 (-0.8, 0.8) NM - -
Kenya, 2010 278 RBP -1.9(-4.6,0.9) -1.3(-3.9,1.3) -0.6-1.7,0.5) NM - -
Liberia, 2011 455 RBP 1.1(-0.8,3.1) 1.2 (-0.7, 3.0) -0.1(-0.7, 0.6) NM - -
Malawi, 2016 384 RBP 1.4(-1.2,4.1) 2.7 (0.4, 5.0) -1.3(-2.7,0.2) NM - -
Mongolia, 2006 107 SR -0.9(-9.2,7.5) -1.6 (-9.9, 6.6) 0.8 (-0.7,2.2) NM - -
Nicaragua, 2005 703 SR 0.9 (-1.8, 3.5) 0.8 (-2.0, 3.5) 0.1(-0.3,0.5) NM -- --
Papua New Guinea, 2.9(0.6,5.2) 2.2 (-0.03,4.3) 0.7 (-0.3,1.7)
2005 430 RBP NM B B
Zambia, 2009 182 SR 0.03(-3.3,3.4) | -0.02(-3.4,3.4) 0.1(-1.1,1.2) NM - -
Cameroon, 2009 282 RBP -1.9(-4.2,0.3) -1.5(-3.6, 0.6) -0.5(-1.3,0.4) NM - --
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Low- | Nigeria, 2012 146 SR 1.6 (-1.3, 4.4) 1.9 (-0.8, 4.6) 0.3 (-1.3, 0.6) NM - -
middle | Pakistan, 2011 3035 SR -1.5(-3.4,0.4) -1.5(-3.4,0.4) -0.01(-0.1, 0.03) NM - -
Philippines, 2011 819 RBP 3.6(1.6,5.5) | -11.0(-22.3,-1.1) 0.9(0.1,1.7) 243 92.5 7.4

Vietnam, 2010 171 SR 2.6 (-1.0,6.1) 2.2(-13,5.7) 0.4(-0.2, 1.0) NM - -

Upper- Azerbaijan, 2013 543 RBP | -0.4(-2.1,1.3) -1.0 (-2.4,0.4) 0.6 (-0.1,1.3) NM - -
il | Colombia, 2010 1960 | SR 2.2(0.7,3.7) 2.2(0.7,3.6) 0.1(-0.2,0.3) NM - -
Mexico, 2012 1203 SR 1.2 (-0.4,2.9) 1.7 (0.004, 3.4) -0.5(-1.2,0.2) NM - -

IRBP, SR, CRP, and AGP variables were natural-log transformed for analysis due to non-normal distributions. Mediation effects were exponentiated and results
are presented as percent change (95% confidence interval) in ferritin for every 1-unit change in BMI (WRA) or BAZ (PSC). SR or RBP concentration measured in
serum or plasma, as reported in the survey. All estimates account for cluster survey design (cluster, strata) with survey weights applied, except in the survey
from Mongolia which used simple random sampling. Inclusion criteria were: BMI 218.5 kg/m2 (WRA) or BAZ or WHZ >-2 SD (PSC), not pregnant (WRA only),
and a negative malaria result. AGP, alpha-1-acid glycoprotein; BAZ, BMI-for-age z-score; BMI, body mass index; BRINDA, Biomarkers Reflecting Inflammation
and Nutritional Determinants of Anemia; CIC, country income classification; CRP, C-reactive protein; NM, no mediation; PSC, pre-school age children; SR, serum
retinol; RBP, retinol-binding protein; WHZ, weight-for-height z-score; WRA, women of reproductive age.

2Model for mediation analysis: InVitamin A [RBP or SR] = Bo + B1(BMI/BAZ) + M1(InCRP) [+M-(InAGP)] where all values were continuous and AGP was included
as a mediator only in analyses for which it was available in the dataset. Interpretation is as follows: Total Effect = the effect of BMI/BAZ on SR/RBP; Direct Effect
= the effect of BMI/BAZ on SR/RBP controlling for inflammation; Indirect Effect = the effect of BMI/BAZ on SR/RBP as mediated by the effect of CRP or AGP.
Mediation was considered present when both the total and indirect effects were significant (1,2). Covariates available for adjustment were: age, education
level (respondent or household head), household socioeconomic status, access to an improved water source, access to an improved toilet, and urban/rural
residence. Covariates were included in the mediation model if they were associated with the outcome variable at p<0.1 in bivariate models (Supplemental
Table 3.6).

3CIC defined according to the World Bank definition for the year in which the survey was conducted (8).



Supplemental Table 3.9. Malaria sensitivity analysis: mediation analysis (unadjusted) assessing the
relationship between Vitamin A (RBP or SR), BMI or BAZ and inflammation including and excluding
observations that tested positive for malaria for WRA and PSC with normal weight to
overweight/obesity: BRINDA project?

Including positive malaria Excluding positive malaria

observations (sensitivity analysis) observations (original analysis)
Survey, year n | B (95% Cl) n | B (95% Cl)
WRA
Cameroon, 2009 691 -0.002 (-0.003, -0.0006) 594 -0.002 (-0.003, -0.0003)
Cote d’lvoire, 2007 742 -0.001 (-0.003, 0.0003) 706 -0.002 (-0.003, -0.000008)
Malawi, 2016 694 -0.003 (-0.006, -0.0002) 595 -0.003 (-0.007, 0.0006)
Nigeria, 2012 555 0.0004 (-0.002, 0.003) 506 0.001 (-0.002, 0.003)
PSC
Cameroon, 2009 740 -0.002 (-0.01, 0.01) 556 -0.01 (-0.01, 0.004)
Cote d’lvoire, 2007 606 -0.004 (-0.02, 0.01) 435 -0.005 (-0.02, 0.01)
Kenya, 2007 825 -0.003 (-0.01, 0.006) 665 -0.0004 (-0.01, 0.01)
Kenya, 2010 813 -0.004 (-0.02, 0.01) 551 -0.01 (-0.02, 0.01)
Liberia, 2011 1268 -0.003 (-0.01, 0.004) 956 -0.001 (-0.01, 0.01)
Malawi, 2016 1027 -0.02 (-0.03, -0.01) 748 -0.01 (-0.03, 0.002)
Nigeria, 2012 426 -0.006 (-0.02, 0.03) 283 -0.003 (-0.01, 0.01)
Zambia, 2009 386 0.004 (-0.01, 0.02) 313 0.001 (-0.01, 0.01)

Estimates of the mediated effect are presented as the unexponentiated B coefficient of /nVitamin A (RBP or SR)
(95% confidence intervals). B represents the indirect effect, that is the effect of BMI or BAZ on Vitamin A (RBP or
SR) concentration as mediated by the effect of CRP or AGP. Malaria status was evaluated by survey-specific
diagnostic tests that have been previously described (5). While Burkina Faso (2010) measured malaria status, all
observations for both WRA and PSC were excluded as part of the criteria to exclude observations with
underweight/wasting, thus the survey is not included in this sensitivity analysis. BAZ, BMI-for-age z-score; BMI,
body mass index; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinant of Anemia; PSC,
preschool-age children (6-59 months); RBP, retinol binding protein; SR, serum retinol; WRA, women of
reproductive age (15-49 years).
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Supplemental Table 3.10. Morbidity sensitivity analysis: mediation analysis (unadjusted) assessing the
relationship between Vitamin A (RBP or SR), BMI or BAZ and inflammation excluding and including
observations that reported fever and/or diarrhea in the past 2 weeks (WRA) and in the past 24 hours
(PSC) with normal weight to overweight/obesity: BRINDA project!

Excluding morbidity observations Including morbidity observations
(sensitivity analysis) (original analysis)

Survey, year n_ | B (95% Cl) n | B (95% Cl)
WRA
Cote d’lvoire, 2007 484 -0.002 (-0.004, 0.0001) 706 -0.002 (-0.003, -0.000008)
Malawi, 2016 451 -0.002 (-0.005, 0.002) 595 -0.003 (-0.007, 0.0006)
PSC
Kenya, 2010 302 -0.003 (-0.02, 0.01) 551 -0.01 (-0.02, 0.01)
Liberia 221 0.002 (-0.01, 0.01) 956 -0.001 (-0.01, 0.01)

Estimates of the mediated effect are presented as the unexponentiated B coefficient of /nVitamin A (RBP or SR)
(95% confidence intervals). B represents the indirect effect, that is the effect of BMI or BAZ on Vitamin A (RBP or
SR) concentration as mediated by the effect of CRP or AGP. Morbidity status was self-reported by the participants
(WRA) and reported by caregivers of PSC or measured directly (i.e., fever) as indicated by the survey (5). BAZ, BMI-
for-age z-score; BMI, body mass index; BRINDA, Biomarkers Reflecting Inflammation and Nutritional Determinant
of Anemia; PSC, preschool-age children (6-59 months); RBP, retinol binding protein; SR, serum retinol; WRA,
women of reproductive age (15-49 years).
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CHAPTER 4: Estimated consumption of discretionary salt and salt from bouillon
among households, women, and young children in northern Ghana: A mixed-
methods study
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Abstract

Background: Salt consumption 25 g/d is associated with increased risk of noncommunicable diseases.

Developing salt reduction strategies requires understanding salt usage and consumption patterns.

Objectives: 1) Estimate consumption of salt, including salt from bouillon, among households, women,
and children, and compare to global recommendations; 2) Estimate the proportion of salt consumed
from bouillon; 3) Identify factors, including knowledge, attitudes, and practices (KAP), associated with

household salt consumption in 2 districts in Northern Region, Ghana.

Methods: Employing mixed-methods methodology, households were enrolled from 14 urban and 14
rural clusters from Tolon and Kumbungu districts in a pilot survey and focus group discussions (FGDs,
n=20). Using the Fortification Assessment Coverage Toolkit, households (n=369) reported most recent
purchases of discretionary salt (DS, ‘table salt’) and bouillon cubes. From purchase data, median (IQR)
household consumption (g/d) of DS and total salt (TS, DS + salt from bouillon, assumed to be 55% salt)
were calculated, including the proportion of salt from bouillon. DS and TS consumption for women (15-
49 y) and children (2-5 y) were estimated with the Adult Male Equivalent method and compared to
global recommendations. Salt intake from urinary sodium excretion was predicted with the INTERSALT
equation (women only). Associations between DS and TS consumption and household and individual
(women’s) characteristics, including KAP, were tested with mixed effects ANOVA. Minimally-adjusted
and multivariable models included district, setting (urban/rural), household size, and participant type
(non-lactating or lactating woman) as fixed effects, and the random effect of cluster. Qualitative themes

were generated from FGDs using the Framework Method.

Results: From reported household purchase data, estimated consumption of DS and TS appeared to
exceed global recommendations for many children (TS: 2.9 [1.9, 5.2] g/d) and the majority of women

(TS: 6.0 [4.0, 10.2] g/d). Women’s mean urinary sodium excretion also suggested high sodium exposure
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(7.1 g/d). Bouillon contributed <25% to households’ daily TS consumption. Household salt consumption
was greater among households in 37-5" (highest) asset quintiles and those with severe food insecurity.
Few other characteristics were associated with household salt consumption. Salient qualitative themes
included salt’s ubiquity as a seasoning, and how intra-household dynamics, taste preferences, and

perceptions about salt and health shaped salt usage and consumption.

Conclusion: Household salt and bouillon purchase data suggest that salt consumption among women
and children in this area exceeds recommendations; food prepared outside the home may further

contribute to salt consumption. Salt reduction interventions may be warranted in this context.
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Introduction

Salt consumption is high worldwide with adults regularly consuming >10 grams per day (g/d),
double the recommended limit of <5 g/d by both the World Health Organization (WHO) and the
American Heart Association (AHA) (1-3). Consuming >5 g/d of salt increases the risk of developing
hypertension, heart disease, and other noncommunicable diseases (NCDs) (4-6), and salt reduction
strategies are recommended to reduce NCD morbidity and mortality (7,8). Sustainable Development
Goal 3.4 aims to reduce premature deaths from NCDs by one-third by 2030 (relative to 2015 levels); as
of 2020, only 17 countries worldwide had made progress towards this goal (9). In Ghana, >30% of adults

report experiencing hypertension (10), and NCD mortality increased 2010-2016 (9).

Few studies have assessed salt consumption in Ghana. In studies among adults, salt
consumption ranged from approximately 6-12 g/d using data from 24-h urinary sodium excretion (11—
14), and was 12.5 g/d from analyses of household salt inventories (15). Among children (5-12 y), salt
consumption was approximately 6.4 g/d from 24-h urine data (16). Despite the variation in these
estimates, and the challenges of measuring dietary salt (17,18), the studies suggest that salt
consumption in Ghana exceeds global recommendations. However, as most studies focused primarily on
older populations (240 y), with limited data on children, further examination of salt consumption

patterns and dietary sources among younger populations is needed.

Universal salt iodization is implemented globally to control iodine deficiency disorders, and has
been mandatory in Ghana since 1996 (19). Since implementation, iodine deficiency disorders have
reduced and intakes of iodized salt have increased (20,21), though Ghana’s goal of reaching 90% of the
population with adequately iodized salt (15+ ppm) has yet to be achieved (10). Some of the success with
raising awareness of iodized salt’s health benefits and household use of iodized over non-iodized salt

may be attributed to mass media campaigns (22,23). Studies examining the influence of knowledge,
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attitudes, and practices (KAP) on salt consumption suggest that KAP data are useful for informing salt
reduction strategies (24-26), particularly when combined with multipronged strategies that include the
food environment, such as labeling high-sodium foods and increasing access to affordable, lower-

sodium foods (27,28).

Development of salt reduction strategies also requires information on dietary sources of salt. In
Ghana, important sources of dietary salt include discretionary salt, which includes salt added at the
table or during cooking, and salt from condiments such as bouillon cubes (24,29,30). While salt, bouillon
cubes, and other condiments such as tomato paste are produced with iodized salt (29,31), there are no
national or regional standards in Ghana for fortifying salt and condiments with additional
micronutrients. Given that micronutrient deficiencies persist in Ghana (32) and globally (33), salt
reduction efforts must consider that salt and salt-containing condiments like bouillon are also vehicles
for micronutrient fortification (34). Balancing salt reduction strategies with the promotion of iodized
salt, or potential new interventions such as multiple-micronutrient fortified bouillon cubes, is a critical

undertaking for policymakers and public health programs.

To help inform nutrition policy discussions related to salt in Ghana, we conducted a mixed-
methods study, including a pilot survey and focus group discussions, in two districts in the Northern
Region. Our objectives were to: 1) estimate consumption of salt, including salt from bouillon, among
households, women, and children, and compare to global recommendations; 2) estimate the proportion
of salt consumed from bouillon; and 3) identify factors, including knowledge, attitudes, and practices,

associated with household salt consumption.

Methods

Additional detailed methods can be found in Supplemental Material (Supplemental Methods).
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Study design, participants and sample size

This study took place in the Northern Region of Ghana in 14 urban and 14 rural clusters in the
districts of Tolon and Kumbungu. Our mixed-methods approach employed a convergent parallel
research design, such that quantitative and qualitative collection methods were developed and
implemented in parallel with the intention that qualitative data would explain and expand upon
guantitative findings (35). The primary method of data collection was quantitative as a cross-sectional
pilot survey conducted November 2020-March 2021, and recruited non-pregnant non-lactating women
of reproductive age (WRA, 15-49 y), non-pregnant lactating women (LW, 4-18 months post-partum, 15-
49 y), and preschool-age children (‘children’, 2-5 y). Qualitative data were collected through focus group
discussions (FGDs) conducted October-November 2020, and recruited WRA, adult men, and women >49
y who had knowledge of or made decisions about household food procurement and cooking practices.
Potential participants were excluded if they suffered from any illnesses that precluded participation in
research activities, or failed the COVID-19 screening (fever and/or recent [within 14 d] exposure to

COVID-19). All participants provided written informed consent.

The findings from this mixed-methods study informed a planned randomized controlled trial
(RCT) investigating the effects of a multiple micronutrient fortified bouillon cube on the nutrition status
of adult women and young children in this region (clinicaltrials.gov registry NCT05178407; CoMIT
Project, Condiment Micronutrient Innovation Trial). This study was approved by the Ghana Health
Services (GHS) Ethical Review Committee and the Institutional Review Board of the University of
California, Davis. WHO and GHS protocols to prevent COVID-19 were followed by all survey personnel

and participants during all research activities (36).

For the present analyses, WRA and LW groups were eligible (n=487), and we were able to detect

a strength of correlation in bivariate associations with household salt consumption of at least 0.14 (80%
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power, a=0.05). For the FGDs, we aimed to recruit 120 participants (=60 WRA, n=30 men, n=30 woman

>49y).

Data collection procedures — Quantitative

On the day of recruitment, trained fieldworkers administered pilot survey questionnaires in the
preferred language of the participant (English or Dagbani, the primary local dialect). Questionnaires
were programmed onto electronic tablets using the software program SurveyCTO®. Household heads
completed a household roster and household questionnaire that collected demographic characteristics,
including an inventory of household assets and a food insecurity questionnaire validated for use in this
population at the household level (37). The household questionnaire also included the Fortification
Assessment Coverage Toolkit (FACT) which collected information on household purchases and
frequency of consumption of fortifiable foods, including bouillon and salt (38). Participating WRA and
LW then completed the WHO STEPwise Approach Surveillance (STEPS) Instrument for
Noncommunicable Disease Risk Factor Surveillance (version 3.2) (39) and a KAP questionnaire
developed specifically for the pilot survey that collected information on usage and consumption
patterns related to bouillon, salt, and dawadawa (a condiment made from fermented locust beans and

used to flavor many common dishes (40)).

One to three days following recruitment, participants presented at a location central to each
cluster. There, anthropometric measurements (height and weight) were completed in triplicate (WRA
and children only) by trained and standardized anthropometrists on equipment calibrated daily. Blood
pressure was measured in triplicate with measures one minute apart among WRA and children using a
Riester® RBP-100 automatic portable upper-arm blood pressure monitor. One spot urine sample was
collected from each WRA to measure urinary sodium, potassium, and creatinine. Urine samples were

processed in the field and stored at -20°C for transport to the University of California, San Francisco,
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Children’s Hospital Oakland Research Institute for analysis. Urinary sodium and potassium
concentrations were determined by inductively-coupled plasma spectrometry, and urine creatinine was
measured with the Cayman creatinine colorimetric assay kit (#500701). For sodium and potassium, a
random selection of samples (n=24, 10%) were run as technical replicates at the beginning, middle, and
end of the analysis period (coefficients of variation: 7.9% and 3.2%, respectively). Creatinine samples

were analyzed in duplicate (coefficient of variation: -4.8%).

Data collection procedures — Qualitative

The FGDs were held in community spaces, such as schools or health centers, central to each
cluster. FGD participants completed a demographic questionnaire and COVID-19 screening. Trained
facilitators (n=4) conducted the FGDs in Dagbani following a semi-structured FGD guide (see
Supplemental Appendix) that primarily focused on the usage, purchasing, and consumption of bouillon,
with a subset of questions gathering perceptions on salt usage and relationships to health. FGDs (n=20)
were conducted among groups of 5-6 participants, and included a note-taker who used a written form
to systematically gather participant responses and reactions during the FGDs. The FGDs were audio-
recorded and lasted approximately 2 hours. A debriefing with the facilitator, note-taker, and a
supervisor was held after each FGD to record key insights with a written debriefing form. Audio-
recordings were translated and transcribed to English by a fieldworker not involved with the FGDs. A
random subset (n=7 total: n=3 WRA, n=2 men, n=2 women >49 y from both rural and urban clusters) of
the audio-recordings were translated and transcribed by a second independent transcriptionist.
Discrepancies between the notes and transcriptions were resolved through discussion and consultations

with fieldworkers.
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Data analysis

For this mixed-methods study, quantitative and qualitative analyses were performed separately
with the qualitative data used to explain the quantitative data, and to help understand incongruent or
contradictory results between the two types of data (41). Quantitative data were analyzed using Stata
(16.1, StataCorp LLC, College Station, TX); qualitative data were analyzed using NVivo (QSR International
Pty Ltd., released March 2020); the intercoder reliability (ICR) score for the qualitative data was
calculated using Stata. All testing was two-sided with values considered significant at p<0.05. Statistical

analysis plans (quantitative and qualitative) are publically available at: https://osf.io/t3zrn/.

Quantitative analyses

Descriptive statistics were calculated for all available variables separately among households
and individuals (children, WRA, LW). Household food insecurity was calculated using the Household
Food Insecurity Access Scale (HFIAS) (37). Among WRA, Body Mass Index (BMI) categories were defined
according to standard categories (42); among children, anthropometric z-scores were calculated
according to WHO standard (43). For WRA, elevated blood pressure and hypertension were defined
according to three organizations to capture a broader picture of hypertension risk: the American Heart
Association (44), the International Society of Hypertension (45), and WHO (46). For children, ‘at risk’
blood pressure thresholds were defined by American Academy of Pediatrics (47). Blood pressure
definitions and thresholds are listed in Supplemental Methods Tables 4.1 and 4.2. Sodium:potassium
ratios were calculated by dividing mean urinary sodium (mmol/L) by mean urinary potassium (mmol/L);
a ratio <1 indicated a diet potentially lower in sodium or protective against hypertension, though

evidence is still insufficient to conclusively determine these correlations (48).
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Estimating household and individual salt consumption from purchase data

Estimated median (IQR) daily consumption of household discretionary salt (‘table salt’) and total
salt (discretionary salt plus salt from bouillon) was calculated from purchase data collected with the
Household FACT Questionnaire (38). Although other contributors to total dietary salt exist, such as
processed foods or restaurant meals, for simplicity we refer to the combination of discretionary salt and
salt from bouillon as total salt. Household daily discretionary salt consumption was estimated by
dividing the quantity of salt last purchased (grams) by the total number of days that quantity was
reported to last (i.e., grams of salt / number of days; g/d) (49,50). This calculation was repeated for
bouillon, with the total multiplied by 55% to estimate salt consumption from bouillon (29). Prior to
estimating household daily discretionary and total salt consumption, the variables’ distributions were
examined and sensitivity analyses conducted that truncated to the next nearest value any observations
three times less than the 25™ percentile or three times greater than the 75" percentile of the calculated
IQR (49). As the median values did not change, all observations were retained. Estimated median (IQR)
daily consumption of discretionary and total salt of individuals (WRA and children) was calculated using
the Adult Male Equivalent (AME) method (49,50). Because measurement of salt is at the household
level, oftentimes reporting of estimated individual consumption with the AME method is referred to as
‘apparent intake’ or ‘apparent consumption’(49); for ease of presentation, we will hereafter refer to it as

‘consumption.’

Estimating WRA daily total salt consumption from spot urine samples

Among WRA only, daily total salt consumption was estimated from spot urine samples. We used
the INTERSALT equation to predict 24-h urinary sodium excretion (51), and then estimated daily total
salt consumption (g/d) by dividing the predicted 24-h urinary sodium excretion (mg/d) by 390 as there

are 390 mg sodium in 1 g sodium chloride (‘table salt’) (14). The INTERSALT equation was selected as it
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has separate equations for males and females and has been evaluated in populations of African descent
(51-53). Use of spot urine samples to predict 24-h sodium excretion (and subsequent daily salt
consumption) are recommended only for estimations of population salt consumption above or below a
threshold, such as the maximum salt consumption of 5 g/d recommended by the WHO (54). Use of this
method to estimate individual salt consumption, or predict clinical outcomes such as hypertension, are
not recommended due to within-person variability in urinary sodium excretion, measurement error in

urine collection, and bias built into the predictive equations (52,54,55).

We then examined estimations of salt consumption in relation to international
recommendations. We defined high salt consumption for WRA as >5 g/d, according to WHO
recommendations (7). We defined high salt consumption for children 2-3 y as >3 g/d and as >3.75 g/d
for children 4-5 y, according to the National Academies of Sciences 2019 Chronic Disease Risk Reduction

recommendations (48).

Factors associated with estimated household salt consumption from purchase data

Using mixed effects analysis of variance (ANOVA), we examined factors associated with
estimated household salt consumption from the purchase data. Factors were selected based on variable
availability in the dataset (Supplemental Table 4.3), and we explored relationships between household
salt consumption and household and individual characteristics, including those related to KAP, based on
a conceptual model of hypothesized expected relationships (Supplemental Figure 4.1). Models included
potential predictors at both household-level and individual-level (WRA and LW) as the perceptions of
WRA and LW may have influenced their household’s salt consumption. All potential predictors were
selected a priori according to our analysis plan. Observations from children (n=244) were not included as

only WRA and LW responded to both the STEPS and KAP questionnaires.
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Outcome variables included estimated household discretionary salt consumption and estimated
household total salt consumption (continuous, g/d). Due to extreme outliers in the outcome variables,
we truncated values that were less than the 2.5 percentile (n=8, 1.7% discretionary salt; n=9, 1.9% total
salt) or greater than the 97.5 percentile (n=9, 1,9% discretionary salt; n=9, 1.9% total salt) to the value at
the percentile thresholds (Supplemental Figure 4.2); sensitivity analyses were conducted with the
original values included. Mixed effects models included district (Tolon/Kumbungu), setting (urban/rural),
household size, and participant type (WRA or LW) as separate fixed effects, and cluster as the random
effect. We tested each categorical predictor in separate minimally-adjusted mixed effects models with
each outcome variable. Then, marginally significant predictors (p<0.1) were included in multivariable
mixed-effects models. Collinearity between predictors was assessed with variance inflation factors (>5)
and tolerance (<0.1). To inform model interpretation, we constructed a correlation matrix among all
predictors, including variables of social desirability from the Marlowe-Crowne Social Desirability Scale

(56) (Supplemental Figure 4.3).

Qualitative analyses

A codebook was developed based on the FGD guide and followed a format of segments,
structural codes, and content codes (57-59). Segments were defined as the primary questions from the
FGD guide. Segments were then subdivided into structural codes, defined as the sub-questions and all
relevant probes within each primary question, and then multiple content codes were applied to each
structural code. The notes and debriefings forms from the FGDs were used to develop the initial list of
content codes; content codes were updated and refined through discussions between two coders (JND

and SK) throughout the coding process.

Using the codebook, two researchers independently coded n=7 (35%) FGD transcripts: one

cultural insider (emic, SK) and one cultural outsider (etic, JND) (60,61). Coders applied a line-by-line
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directed content coding strategy, meaning that each line of text or phrase could be applied to multiple
content codes (58). Double-coded transcripts were compared and consistency between the coders
assessed through calculating an intercoder reliability (ICR) score (Cohen’s Kappa) and percent
agreement. The ICR was calculated for each transcript segment as defined in the codebook (57,62).
Segments with an ICR score <0.7 (ICR 0.7 indicates substantial agreement (62)) were discussed,
independently recoded, and the ICR score recalculated. Average final ICR score was 0.95 and percent
agreement was 96.5% (Supplemental Table 4.4). Double-coded and revised transcripts were uploaded

into NVivo, and the remaining transcripts (n=13) were coded in NVivo directly by JND.

Content analysis and thematic selection followed the Framework Method (61). Framework
matrices were generated with NVivo wherein the coded data were reduced and summarized. JND, SK,
and RES reviewed the data matrices, and discussed salient major themes and subthemes. While the FGD
guide provided structure for a deductive qualitative analysis approach, review of the data matrices and
discussions among co-authors also allowed for inductive inquiry. Final themes and subthemes were
agreed upon after triangulation with data summarized from the note-taking and debriefing forms, as

well as discussions with fieldworkers involved with the FGDs.

Results

Characteristics of participating households, women, and children in the pilot survey

Fieldworkers visited n=375 households, n=371 provided consent, and n=369 households
participated in the pilot survey (Supplemental Figure 4.4); the median (IQR) household size was 10 (8,
14) members. Households were primarily (99%) from the Mole-Dagbani ethnic group and practiced
Islam. Household heads (58%) had completed secondary school, 84% of households had electricity, 55%
had access to an improved water source, and 29% had access to an improved toilet. Three-quarters of

households were moderately to severely food insecure (Table 4.1).
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Participating households included n=487 adult women (n=244 WRA and n=243 LW) and n=246
children (Supplemental Figure 3). Among adult women, the median (IQR) age was 30 (24, 35) years. The
majority of women had not completed primary school (71%), were married (86%), and self-employed
(70%) (Table 1). Among WRA only, mean (SD) BMI was 22.4 (3.9) kg/m?, and hypertension affected 17%
(AHA definition) and 6% (ISH/WHO definition). Mean (SD) sodium:potassium ratio was 5.7 (4.0) (Table
4.2). Among children, median (IQR) age was 3 (2, 4) y, mean (SD) BAZ was -0.4 (1.0), and 32% were
stunted. The proportion of children with blood pressure measurements considered ‘At Risk’ were 19%

male and 12% female (Tables 4.1 and 4.2).

Estimated salt consumption among women, children, and households

Using the AME method to disaggregate the household salt purchase data, the median (IQR)
estimated discretionary salt consumption among WRA was 5.1 (3.1, 8.9) g/d, estimated total salt
consumption was 6.0 (4.0, 10.2) g/d, and predicted total salt intake calculated from urinary sodium
excretion was 7.1 (6.2, 7.9) g/d (Table 4.3). Among children, estimated median (IQR) consumption of
discretionary salt was 2.4 (1.6, 4.2) g/d, and total salt was 2.9 (1.9, 5.2) g/d (Table 4.3). The majority of
the population (WRA and children) appeared to exceed global recommendations for daily salt

consumption (Figure 4.1). Bouillon contributed approximately 23% to household total salt consumption.

Factors associated with daily household salt consumption

Household characteristics associated with both household discretionary and total salt
consumption in minimally-adjusted and multivariable models included household size and food
insecurity, though the significance was marginal for food insecurity in the discretionary salt multivariable
model (p=0.05). Setting (urban vs. rural) and household assets (marginally significant) were positively
associated with both outcome variables in minimally-adjusted models but not multivariable models. No

associations were found with other household characteristics (district, education level of the household
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head, and household consumption of dawadawa). No significant associations were found with
demographic characteristics of WRA or LW, nor weekly consumption of salty snacks or processed foods.
Weekly consumption of vegetables, fruits, and foods prepared with bouillon (marginally significant)
were positively associated with household discretionary and total salt consumption in minimally-
adjusted models, but only vegetable consumption remained associated in the multivariable model with
discretionary salt consumption (p=0.03) (Figure 4.2; Tables 4.4 and 4.5). Results from sensitivity

analyses with all values (i.e., not truncated to the 2.5 and 97.5 percentiles) were similar.

Associations between KAP predictors and household salt consumption varied (Tables 4.4 and
4.5; Figure 4.2). The knowledge that dietary salt causes health problems was positively associated with
household discretionary and total salt consumption in minimally-adjusted models, but not multivariable
models. The attitude that it is not important to lower dietary salt was positively associated with
household discretionary and total salt consumption in both minimally-adjusted and multivariable
models, while the attitude that it is very important to lower dietary salt was negatively associated with
household discretionary and total salt consumption in all models. The practices of never or rarely adding
salt to food at the table and doing at least one action regularly to control dietary salt (total salt models
only) were negatively associated with household discretionary and total salt consumption in all models.
In correlation analyses with social desirability variables (Supplemental Figure 4.3), the practices of
adding salt at the table and doing at least one action regularly to control salt intake were strongly

correlated with social desirability, as was weekly vegetable consumption (moderate correlation).

In exploratory analyses of the effect of groups of knowledge, attitude, or practice predictors on
daily household discretionary and total salt consumption, we found similar trends in the direction and
significance of association as the previously described models (Supplemental Methods and

Supplemental Table 4.5).
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We conducted post-hoc analyses to better understand associations between household assets,
food insecurity, and salt consumption. We found that discretionary salt consumption increased with
greater food insecurity status, except in the 3" asset quintile, which, upon examination, contained an
outlier (outlier defined as >60% larger than the value at the 99" percentile) (Supplemental Table 4.6).
Sensitivity analyses examining associations between food insecurity or asset quintiles and household
discretionary salt consumption with the outlier truncated to the 99™ percentile did not change the
direction or strength of the associations. We also found that households in the lowest (1%t and 2™) asset
quintiles last purchased smaller quantities of salt when compared to other quintiles (Supplemental

Table 4.7).

Focus group discussions (FGDs)

We further explored the factors influencing household salt consumption through FGDs (n=20
FGDs) with WRA (n=10 FGDs; n=56 participants), men (n=5; n=29), and women >49 years (n=5; n=29).
Characteristics of FGD participants are presented in Supplemental Table 4.8. We found that the
influencing factors fell into three overarching themes: 1) salt’s ubiquitous role as a primary seasoning; 2)
the influence of intra-household dynamics and taste preferences of key household members; and 3)

perceived relationships between salt and health.

Theme 1: Salt’s ubiquitous role as a primary seasoning

When participants spoke of salt, they spoke of it in terms of its ubiquity in the local cuisine.
While other seasonings or ingredients were also commonly added to household foods, such as fish
flakes, dawadawa (fermented locust beans), bouillon (‘maggi’), or hot peppers, salt was used in cooking
all the time, including when other seasonings were unavailable or not preferred. Participants also
discussed reducing or eliminating the purchase of bouillon, dawadawa, and fish when household

finances were low, however salt was never mentioned as a seasoning to eliminate.
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When you cook in the afternoon you will use a little salt, dawadawa and bouillon to make the
food tasty. [WRA, rural]

Note: Cooking in ‘the afternoon’ refers to daily cooking as most households in this
region cook 1-2 times a day.

When you do not like maggi you can use salt and dawadawa alone. [WRA, urban]

I add the local dawawa, fish, salt, and add the maggi small. We don’t do that all the time. We
only add the maggi when we have money. [woman >49 vy, rural]

Participants also reported that food would be inedible if prepared without salt, further illustrating the

perceived necessity of salt:

With regards to cooking, you cannot use only bouillon to food and it will be edible. We as
Dagombas have pepper, salt, and even the fish...the soup cannot be soup if these things are
absent. You cannot eat it. [man, urban]

Note: ‘Dagombas’ refers to members of the predominate ethnic group of the region.

It is beneficial. Some people say that salt makes the soup because if there is no salt in food you
cannot eat it. [WRA, urban]

It is even salt that is beneficial. Just a few people do not eat salt. Once you cook without salt you
cannot tell what the soup has become. No matter how sweet the soup is, without salt it is not
tasty. [woman >49 years, rural]

Note: The term ‘sweet’ is a translation from Dagbani, and generally refers to the degree
of flavor, of ‘tastiness,’ of the food. Sweet is also a preferred taste, so participants may
describe food they enjoy as ‘sweet’ or ‘tasty’. A ‘sweet’ food does not necessarily
indicate a sugary or sweetened food item.

Despite salt’s ubiquity, salt was not perceived as the primary flavoring of common dishes. We
asked FGD participants what was the flavor they perceived most in foods prepared with bouillon. Many
(n=61, 54%) reported that dawadawa or fish were perceived, or tasted, more than other flavorings;
others reported that bouillon was the main flavoring (n=41, 36%); three participants (3%) reported salt

as the main flavoring.
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Theme 2: Influence of intra-household dynamics and taste preferences of key household members

We asked participants which household members decided which dishes to cook daily, and the
responses exemplify how household dynamics, including household finances, dictated food

procurement and preparation:

The amount provided as housekeeping money by the landlord (household head) determines
what they will cook. If he provides an amount that can cook rice, that is what they will prepare. If
it is one [an amount] that can cook fufu or tuo zaafi that is what they will prepare. [man, urban]

Note: Fufu is a dough made from pounded West African yam; tuo zaafi is boiled dough
made from cereal flour (mainly maize in the study area). They are served with soups or
stews.

The man of the house only gives the money for the food but the wife then decides what to cook,
be it rice, fufu, or tuo zadfi. It is up to the wife to cook something good for the house. [WRA,
rural]

The household head will provide and the cooks will make the decision on the food to be cooked.
[WRA, rural]

Note: ‘Cooks’ refers to the multiple housewives or female household members who
share cooking duties.

The taste preferences of the household head and children came through as influences on
household salt consumption as these family members dictated how household foods should taste (e.g.,
saltiness). The food preferences of WRA and women >49 years appeared to be less influential than other

household members.

[Salt’s] benefit lies in when they add it to food and all of the house can eat to your satisfaction. If
they are not able to add the amount that will be enough for the food, then the whole house
cannot enjoy it. [man, rural]

Aside that it is the children who decide [what] to eat because you cannot cook what they will not
eat. [WRA, urban]

We do not cook what we desire to eat. It is what the man provides that you cook. If he gives you
rice or maize or yam, that is what you will cook with. [woman >49 years, rural]
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Theme 3: Perceived relationships between salt and health

In the FGDs, we asked participants what health problems were common in the area, which of
these health problems may be related to nutrition, and what could be done to address these health
problems. The majority of participants (n=81, 71%), and at least one participant in each of the 20 FGDs,
reported that high blood pressure or stroke was a common affliction within their community

(Supplemental Table 4.9).

Participants commented that high blood pressure and stroke could be addressed through
changes in dietary patterns, such as reducing consumption of salt or bouillon, while other participants
reported different causes or consequences of high blood pressure or stroke, such as stress or chewing
kola nut (a tree nut that contains caffeine). Still others reported confusion with differing messages of

how salt may relate to health outcomes, including messaging that consuming iodized salt is preferred.

We can protect ourselves by changing our food routine. When there is a particular food that has
an effect on you when you take it you would have to stop, otherwise you would end up in the
hospital. So it is up to us to stop consuming food that affects us. [man, rural]

Some people say the high blood pressure is as a result of eating too much salt and others say it is
as a result of the maggi. But with the stroke | don’t know what causes it. [man, rural]

Blood pressure is caused by talking too much but not from the foods we eat [WRA, urban].

Note: The phrase ‘talking too much’ indicates that a person leads a stressful life or is
under stress.

Sometimes you are advised to take Annapurna instead of the solid salt. [WRA, rural]

Note: Annapurna is a brand of iodized salt; solid salt is the local salt produced on a small
scale.

Sometimes you will be advised not to take salt but other times you will again be advised to take
salt solution. [WRA, rural]

Note: In this context, ‘salt solution’ refers to oral rehydration salt solution which is often
used to treat diarrhea.

Participants discussed perceptions that salt is healthy because it is natural (i.e., not made with

unknown ingredients) and because it is part of their dietary tradition. Participants also commented that
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salt was healthy as it helps food become palatable, which was thought to increase the likelihood that a
person will eat and be better nourished. However, many participants discussed that salt must not be

overconsumed, both to protect one’s health and to protect the palatability of the food.

Salt is healthy because we have been using it all along. [WRA, rural]

Dawadawa and salt are healthy. When you add dawadawa to soup but there is no salt, you
cannot swallow it. Once you cannot swallow, you cannot eat to your satisfaction nor drink water.
It is food that you eat and the water that you drink that makes you healthy. [woman >49 vy, rural]

There is no food that has no benefit, it is when they overuse it that it exceeds its benefits. Salt
does not need to be a lot for you to consume. [man, urban]

Participants appeared to determine whether or not salt (or other food) was healthy based on
how their bodies felt after consumption. If a bad effect was discovered, a person may reduce or stop

their consumption.

How will we protect ourselves from these diseases that are cause by the foods we take? We can
do so by not consuming food that have effects on us when we take them. [WRA, urban]

That is the way it is. When you notice that you do not feel healthy anytime you eat a particular
food you will forget about that food. [woman >49 y, urban]

The only way we can protect ourselves from these diseases is staying away from food we are not
supposed to eat. For me, | don’t take maggi because it used to affect me until | stopped, and | am
now okay. When you take foods that have effects on you need to stay away from them. [man,
rural]

Discussion

In this mixed-methods study from the Northern Region, Ghana, we analyzed quantitative data
from a pilot survey and qualitative data from focus group discussions. From reported household salt
purchase data, we found that estimated consumption of both discretionary salt (‘table salt’) and salt
from bouillon (‘total salt’) appeared to exceed global recommendations for many children and the
majority of WRA. We also estimated that bouillon contributed less than 25% to households’ daily total
salt consumption. While consumption of salt from processed foods or from foods prepared outside the

home was not included in our estimates, mean urinary sodium excretion and the mean
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sodium:potassium ratio among WRA also suggested high sodium exposure. We identified a limited
number of characteristics associated with household salt consumption, which is consistent with
qualitative data emphasizing the ubiquity of salt as a household seasoning. Other salient qualitative
themes illustrated how household salt usage and consumption were shaped by intra-household
dynamics, taste preferences of key household members, and perceived relationships between salt and

health.

Achieving global recommendations to consume <5 g/d of salt for adults and <3-3.75 g/d for
children 2-5 y of age will require the attention of multiple stakeholders, including policymakers, private
industry, and public health officials (65). Our estimates of salt consumption among adults and children in
Northern Ghana align with findings from other studies that salt consumption in Ghana is above
recommended thresholds (13,16). Though use of the AME method may overestimate individual
apparent consumption for women and children as the method uses adult males as the control
population and assumes that intrahousehold food sharing is proportional to individual energy
requirements (49,66), our estimates likely underestimated both household and individual apparent
consumption as the purchase data did not take into account contributions from processed foods or
foods eaten outside the home. Consumption of these items may be lower in northern Ghana compared
to larger urban settings, such as Accra, though consumption of any salty processed foods is >80% across
urban and rural settings and wealth quintiles according to the most recent Ghana Demographic and
Health Survey (10). Among WRA, comparison of consumption data (estimated mean total salt: 6.0 g/d)
versus urinary sodium excretion data (7.1 g/d) also suggest that the additional contribution of processed
foods may be low in this sample, but further work is required to confirm this given the sources of error

in the data sources (17,18,67).

Understanding sources of dietary salt is necessary to inform salt consumption reduction

programs. In our study, bouillon contributed a small proportion to household daily salt consumption
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compared to discretionary salt consumption. In fact, the results suggest that even if bouillon were
eliminated as a dietary source much of this population would still exceed daily salt recommendations.
Given that discretionary salt, and specifically salt added during cooking, appears to be the main source
of dietary salt in this population (13,24), examining the implications of targeting different sources of
dietary salt for salt reduction programs is needed. For example, discretionary salt’s ubiquity as a
household seasoning and the importance of taste preferences in determining household cooking
practices may make it the hardest to reduce in the general diet, whereas a package of ultra-processed
food or a cube of bouillon may be easier to ‘count’, and therefore target. However, if consumption of a
fortification vehicle (e.g., salt or bouillon) is reduced there are implications for the impact of a
fortification program on micronutrient status; to address this, ideally the fortification program design

(fortification levels) would be adjusted accordingly (68).

Salt reduction programs aimed at discretionary salt usage and consumption must also consider
whether to target program activities to specific subsets of the population, and if so, which, if any,
population characteristics are “targetable.” In our analyses, both greater food insecurity and greater
household assets were associated with greater household discretionary and total salt consumption. In
post-hoc analyses, mean per capita discretionary salt consumption increased as food insecurity
increased in all but the 3™ asset quintile. These contradictory findings could be a result of a relatively
homogenous population in terms of assets (69), measurement error in estimating household salt
consumption (including differential measurement error by purchasing amount and/or frequency), or
reporting bias, though we reviewed correlations between household total salt consumption and social
desirability variables (Marlowe-Crowne Social Desirability Scale (56)) and found no correlations. But they
may also reflect the influences of households’ taste preferences and intra-household dynamics, or

simply salt’s universal and essential role in cooking, as suggested by the FGDs.
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Few KAP predictors were associated with household salt consumption, and some, specifically
practice predictors, were correlated with social desirability variables, suggesting reporting bias in
participants’ responses. Given our observation that high salt consumption is common and that relatively
few factors were associated with household salt consumption, this may indicate that the majority of this
population could benefit from salt reduction behavioral change communication (BCC), without
necessarily targeting specific population subgroups. BCC that broadly encourages reductions in salt
usage and consumption has been urged by global experts (65,70), and a review of behavior change salt
reduction interventions found that targeting specific population characteristics in low- and middle-

income countries did little to influence the effectiveness of the interventions (71).

While our observational analyses are limited for investigating causality, the KAP responses could
be a starting point for BCC message development, though further work is needed to develop an impact
pathway with hypothesized causal links between BCC efforts and behavior change. Promoting the
relationship between salt consumption and health may be important to include in BCC. While
prevalence of hypertension was lower among WRA than national estimates (6% vs 12.9%, WHO
hypertension definition (10)), it may be greater among older populations (72). Additionally, many FGD
participants reported awareness of the presence of stroke and hypertension in their community, and
reported that their knowledge of salt’s contribution to ill health influenced decisions to reduce salt and
bouillon consumption. These perceptions may have been biased due to the focus of the FGDs (bouillon
and salt). But, in our pilot survey one-third of participants believed dietary salt was “bad”, 87% of whom
stated this was because salt could cause hypertension, heart attack, and stroke, which corroborates our
conclusion. Thus, incorporating frameworks such as the Health Belief Model, where behavior change
depends on perceived benefits or consequences of health outcomes, into culturally-tailored BCC may be

an important salt reduction strategy (24,71).
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Strengths of our study include the use of mixed-methods methodology that explained and
supported convergent and divergent quantitative and qualitative findings (57). The face validity and
reliability of the qualitative data were enhanced through triangulation with notes from the FGDs and
discussions with fieldworkers, independent transcriptions and translation of FGD transcripts,
independent double-coding of transcripts verified with Cohen’s Kappa, and the inclusion of exemplar
quotes to illustrate and support each salient FGD theme (35,57). Additionally, our estimates of salt
consumption align with prior estimates of salt intake in Ghana and provide some of the only estimates
of salt consumption for children aged 2-5 y, though our estimates are limited by the use of purchase
data and do not include the contribution of salt from processed foods or foods eaten outside the home.
Another limitation was the use of a salt prediction equation to estimate salt intake from urinary sodium
excretion as prediction equations introduce bias and likely underestimated salt intake (52,55); however,
the WHO recommends the use of spot urine samples to predict salt intake above or below the 5g
threshold at the population level (54). Our analyses were also limited by lack of data on intra-household
food distribution and women’s decision-making, though we were able to elucidate some of women’s
roles in cooking decisions and food procurement through the FGDs. Finally, though we were limited by
the cross-sectional nature of our data, our findings are similar to other studies in Ghana and sub-
Saharan Africa in the amount of salt consumed, the main dietary source, and salt usage and

consumption behaviors (13,24,25,73).

Conclusion

In this mixed-methods study in the Northern Region, Ghana, using quantitative data from a pilot
survey and qualitative data from focus group discussions, we found that estimated daily consumption of
salt, including discretionary salt and salt from bouillon, appeared to exceed global recommendations for

many children 2-5 y and the majority of adult women; however, the contribution of bouillon to daily
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household salt consumption was less than 25%. Multi-pronged, population-level salt reduction
strategies that include behavior change communication linking salt consumption to health outcomes

may be useful salt reduction approaches for this population.
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Tables

Table 4.1. Characteristics of households, adult women, and children who participated in the pilot survey in
Tolon and Kumbungu districts, northern Ghana: CoMIT Project!

Characteristics Overall Urban Rural
n (%) n (%) n (%)
Household
Total households 369 (100) 172 (47) 197 (53)
Household size (median [IQR]) 10 (8,14) 11 (8,14) 10 (7,14)
Education level of household head
None 100 (27) 22 (13) 78 (39)
Primary school 56 (15) 21(12) 35(18)
Secondary or higher 213 (58) 129 (75) 84 (43)
Has electricity 308 (84) 172 (100) 136 (70)
Access to an improved water source? 203 (55) 134 (78) 69 (35)
Access to an improved toilet? 108 (29) 80 (47) 28 (14)
Food insecurity status?
Food secure 20 (5) 18 (10) 2 (1)
Mild insecurity 66 (18) 24 (14) 42 (21)
Moderate insecurity 193 (52) 86 (50) 107 (54)
Severe insecurity 90 (25) 44 (26) 46 (24)
Adult women
Total 487 (100) 238 (49) 249 (51)
Age, y (median [IQR]) 30 (24, 35) 30 (23, 35) 30 (24, 36)
Highest education level completed
None 345 (71) 145 (61) 200 (80)
Primary school 55 (11) 30 (13) 25 (10)
Secondary or higher 86 (18) 62 (26) 24 (10)
Marital status
Never married 56 (11) 31 (13) 25 (10)
Currently married 416 (86) 198 (84) 218 (88)
Widowed or separated 13 (3) 8(3) 5(2)
Employment status
Self-employed 337 (70) 170(72) 167 (67)
Homemaker 79 (16) 33 (14) 46 (18)
Student 34 (7) 20 (8) 14 (6)
Other 35(7) 14 (6) 21(9)
Children
Total 246 (100) 123 (50) 123 (50)
Age, y (median [IQR]) 3(2,4) 3(2,4) 3(2,4)
Female 116 (47) 53 (43) 63 (51)

1 Adult women includes non-pregnant, non-lactating women of reproductive age (15-49 y; n=244) and non-
pregnant lactating women (15-49 y, 4-18 mos post-partum; n=243). Children are aged 2-5 y. Improved toilet
defined as having access to one of the following: flush/pour flush to septic tank or pit/latrine, ventilated improved
pit latrine, or pit latrine with slab (63). Improved water defined as having access to one of the following: piped
water into dwelling, piped water into yard/plot compound, water piped to a neighbor’s dwelling/yard/plot, public
tap or standpipe, protected tube well or borehole, protected dug well, cart with small tank/drum (64). Food
insecurity calculated with the Household Food Insecurity Asset Scale score (37). ‘Other’ employment status
includes those who were non-paid (n=1), government employees (n=3), or unemployed but able to work (n=31).
Abbreviations: CoMIT, Condiment Micronutrient Innovation Trial; IQR, interquartile range.
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Table 4.2. Biological characteristics for non-pregnant non-lactating women of reproductive age (15-49 y)
and children (2-5 y) who participated in the pilot survey in Tolon and Kumbungu districts, northern Ghana:

CoMIT Project?

Characteristics n Overall n Urban n Rural
Women
BMI, kg/m? 222 22.4+3.9 106 22.8+4.5 116 22.1+3.1
BMI category,? n (%)

Underweight 21(9) 13 (12) 8(7)

Normal weight 157 (71) 69 (65) 88 (76)

Overweight 34 (15) 17 (16) 17 (15)

Obese 10 (5) 7(7) 3(3)
Blood pressure, mmHg3

Systolic 223 110.8+16.1 106 111‘;"2 117 1109+169

Diastolic 223 69.8+10.8 106 69.7+9.3 117 69.8%+12.1
AHA elevated blood pressure,® n (%) 13 (6) 7(7) 6 (5)
AHA hypertension,? n (%) 38 (17) 16 (15) 22 (19)
ISH high-normal blood pressure, n (%) 14 (6) 9(9) 5 (4)
ISH and WHO hypertension, n (%) 13 (6) 5(5) 8(7)
Urinary sodium excretion,” mmol/L 219 142.9+72.4 103 13752'ii 116 149.2+72.3
Urinary potassium excretion,* mmol/L 219 35.0+26.2 103 33.7+26.2 116 36.2+26.2
Urinary creatinine excretion,* mg/dL 220 130.0+846 104 13;3;.211 116 127.2+77.6
Sodium:Potassium ratio 219 57140 103 57141 116 5.6+3.9
Predicted urinary sodium excretion,* 2756.4 + 2795.5 27123 %
mg/d 219 558.2 103 547.9 116 569.1
Children
BAZ 232 -04+£1.0 114 -0.5%1.0 118 -04+1.0
BAZ category,? n (%)

Underweight 9 (4) 3(3) 6 (5)

Normal 219 (94) 109 (96) 110 (93)

At risk of overweight 4(2) 2(2) 2 (2)
Stunted,? n (%) 73 (32) 27 (24) 46 (39)
Wasted,? n (%) 11 (5) 3(3) 8(7)
Blood pressure, mmHg

Systolic 184 90.3£10.8 96 90.7+10.2 88 89.9+11.5

Diastolic 184 55.0+6.7 96 55.6£6.6 88 54.3+6.8
Blood Pressure ‘At Risk’, 3 n (%)

Female 22 (12) 11 (12) 11 (13)

Male 35(19) 21(22) 14 (16)

1 Results are presented as mean + SD unless otherwise indicated. AHA, American Heart Association; APA, American
Pediatric Association; BAZ, BMI-for-age z-score; BMI, Body Mass Index; CoMIT, Condiment Micronutrient
Innovation Trial; DBP; diastolic blood pressure; HAZ, height-for-age z-score; ISH, International Society of
Hypertension; SBP, systolic blood pressure; WHO, World Health Organization; WHZ, weight-for-height z-score.

2 Women BMI categories: underweight, BMI <18.5 kg/m?; normal weight, BMI >18.5-24.9 kg/m?; overweight, BMI
24.0-25.9 kg/m?; obese BMI 230.0 kg/m?. Child BAZ categories: underweight, BAZ <-2 SD; normal weight, BAZ -2 >
SD < 2; and at risk of overweight, BAZ >2 SD. Stunted, HAZ <-2 SD; wasted, WHZ <-2 SD.
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3 Blood pressure measurements for both women and children are the average of 3 measurements taken in the
same sitting using an automatic portable upper-arm blood pressure monitor. Bood pressure guidelines and
thresholds: AHA adult elevated blood pressure: systolic 120-129 and diastolic <80 mmHg; AHA adult hypertension:
systolic 2130 or diastolic 280 mmHg (44). ISH high-normal blood pressure: systolic 130-139 and/or diastolic 85-89
mmHg; ISH and WHO hypertension: systolic 2140 and/or diastolic 290 mmHg (45,46). ‘At risk’ blood pressure for
children listed in Supplemental Table 2 (47).

4 Analysis of urinary sodium, potassium, and creatinine completed from a single spot urine sample from each
participant. Predicted urinary sodium excretion (g/d) calculated using the INTERSALT formula (51).
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SLT

Table 4.3. Apparent intake of salt of women (15-49 years) and children (2-5 years), and estimated salt consumption of households, based on
household estimates or urinary sodium excretion among those who participated in the pilot survey in the Tolon and Kumbungu districts, northern

Ghana: CoMIT Project®

Estimated discretionary
salt consumption from

purchase data (g/d)

Estimated total salt
consumption from
purchase data (g/d)

Proportion of total
salt consumption
from bouillon

Predicted total salt intake from
urinary sodium excretion (g/d)

n median (IQR) n median (IQR) % n median (IQR) mean (SD)
Women (15-49 y) 239 5.1(3.1, 8.9) 237 6.0 (4.0, 10.2) 14.3% 219 7.1(6.2,7.9) 7.1(1.4)
Urban 116 4.3(2.8,7.3) 115 5.4 (3.6, 8.9) 20.8% 103 7.0 (6.0, 7.8) 7.0 (1.5)
Rural 123 6.3 (3.6, 10.2) 122 7.1(4.2,11.5) 11.2% 116 7.2(6.3,8.1) 7.2(1.4)
Children (2-5y) 241 2.4(1.6,4.2) 239 2.9(1.9,5.2) 16.7% -- - --
Urban 120 2.2 (1.4,3.8) 119 2.6 (1.3,4.2) 17.0% -- - --
Rural 121 2.8(1.7,4.8) 120 3.3(2.1,5.4) 14.7% -- - --
Households 363 43.1(32.1, 106.9) 360 56.2 (40.3, 116.2) 23.2% - -- -
Urban 168 41.0 (28.6, 85.7) 167 52.3(39.2,102.2) 21.7% - - --
Rural 195 55.0 (33.3, 106.9) 193 66.5(41.2,117.9) 17.3% - - -

! Estimated discretionary salt and total salt (discretionary salt + salt from bouillon where bouillon was assumed to be 55% salt) calculated from purchase data
using the FACT questionnaire (38). Estimations for women and children presented as grams per day per Adult Male Equivalent. Predicted urinary sodium

excretion (mg/d) was estimated using the INTERSALT equation (51), and then predicted total salt intake (g/d) was calculated by dividing the estimate of urinary
sodium excretion (g/d) by 390 as there are 390 mg sodium in 1 g sodium chloride (‘table salt’) (14). CoMIT, Condiment Micronutrient Innovation Trial; IQR,
interquartile range; SD, standard deviation.
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Table 4.4: Factors associated with household daily discretionary salt consumption among households who participated in the pilot survey in Tolon
and Kumbungu districts, northern Ghana: CoMIT Project?!

Hh discretionary salt

9T

Variable Category consumption, g/d Minimally adjusted analyses? Multivariable analyses?
n mean (SD) 8 (95% Cl) p 8 (95% CI) p
Household-level factors
Size, # of members 1-8 118 53.1(52.7) ref. <0.0001 ref. 0.0005
9-11 135 60.9 (45.4) 6.9 (-6.8, 20.4) -1.1(-14.9,12.7)
12-15 112 74.8 (55.7) 25.6 (10.9, 40.3) 7.7 (-8.7, 24.2)
16+ 112 104.4 (70.1) 49.9 (35.4, 64.5) 32.3(14.9, 49.6)
District Tolon 242 76.1 (64.8) ref. 0.10 ref. 0.60
Kumbungu 235 68.6 (52.7) -10.0 (-21.9, 1.9) 3.5(-9.7, 16.8)
Setting Urban 232 64.7 (53.4) ref. 0.006 ref. 0.10
Rural 245 79.7 (63.5) 16.6 (4.7, 28.5) 11.0(-2.1, 24.2)
Participant type WRA 239 71.4 (57.8) ref. 0.76 ref. 0.22
Lactating women 238 73.5(60.7) 1.5(-8.3,11.3) 6.7 (-4.0, 17.5)
Asset quintiles 15t (lowest) 88 52.6 (44.2) ref. 0.06 ref. 0.52
2nd 81 73.9(61.2) 15.4 (-1.4, 32.3) 13.4 (-4.0, 30.7)
3 95 86.0 (66.3) 23.2 (6.5, 39.8) 14.1 (-3.2,31.4)
4th 107 74.1 (58.3) 7.2 (-9.8, 24.3) 8.1(-10.2, 26.4)
5t (highest) 106 73.8(59.7) 13.5(-4.6, 31.6) 9.4 (-9.7, 28.6)
Food insecurity None to mild 113 63.7 (46.4) ref. <0.0001 ref. 0.05
Moderate 250 62.7 (51.4) 3.1(-8.9, 15.0) -2.6 (-16.8, 11.5)
Severe 114 102.5 (79.9) 37.3(23.5,51.1) 17.3 (-1.4, 36.1)
Hh head education None 110 69.9 (61.9) ref. 0.36
Preschool or primary 73 81.4 (64.5) 11.2 (-5.4, 27.8)
Secondary or greater 294 71.2 (56.8) 2.1(-11.1, 15.3)
Dawadawa consumption Low 104 63.6 (43.4) ref. 0.72
Medium 286 76.5 (63.3) 4.5 (-8.3,17.3)
High 58 61.9 (62.6) -0.4 (-18.5, 17.6)




LLT

Demographic factors (individual-level)

Women age, y 15-24y 129 71.7 (61.9) ref. 0.96
2534y 206 75.0 (61.8) -1.5(-13.9, 10.9)
35-49y 138 70.4 (53.1) 0.1(-13.2, 13.4)

History of heart disease No 438 71.5(59.0) ref. 0.65
Yes 37 86.2 (61.3) 4.3(-14.3, 23.0)

Current hypertension No 203 73.1(60.5) ref. 0.64
Yes 12 70.6 (38.5) 7.8 (-24.7, 40.2)

BMI Normal 154 77.0(59.7) ref. 0.99
Underweight 20 71.3 (59.1) -0.7 (-26.2, 24.8)
Overweight/obese 43 58.8 (57.2) -14.2 (-32.7,4.2)

Dietary patterns (individual-level)

Vegetable consumption 1-2 d/wk 57 50.6 (49.9) ref. <0.0001 ref. 0.03
3-5 d/wk 215 61.8 (51.3) 10.2 (-5.4, 25.7) 9.7 (-9.2, 28.5)
6-7 d/wk 203 90.2 (64.7) 39.1(22.4, 55.8) 24.6 (-6.8, 34.5)

Fruit consumption None 126 54.8 (48.3) ref. 0.0003 ref. 0.35
1-2 d/wk 285 74.2 (60.0) 14.9 (3.4, 26.4) 1.5(-12.3, 15.4)
>3 d/wk 64 100.8 (64.2) 34.3(17.3,51.2) 13.9 (-6.8, 34.5)

Salty snacks consumption None 165 66.1 (49.5) ref. 0.99
1-2 d/wk 225 74.8 (66.5) -1.1(-15.2, 12.9)
>3 d/wk 85 79.5 (55.0) 0.9 (-17.2, 15.5)

Consumption of foods 27

made with bouillon 0-6 d/wk 40.6 (24.3) ref. 0.05 ref. 0.35
7 d/wk 311 71.3 (58.4) 21.3(0.2,42.4) 9.4 (-10.4, 29.2)

Knowledge factors (individual-level)

Quantity of salt consumed  Just the right amount 368 72.7 (57.3) ref. 0.83
Too much 25 76.2 (50.7) 1.3(-21.1, 23.7)
Too little 82 71.0 (70.1) 4.2 (-9.2,17.5)

Think dietary salt causes 43

health problems No 51.0(39.9) ref. 0.048 ref. 0.19
Yes 377 76.6 (60.9) 22.0(4.4, 39.6) 18.6 (-2.7, 40.0)
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Don’t know 55 61.9 (56.1) 16.9 (-5.1, 38.8) 21.5(-4.1,47.1)
Attitude factors (individual-level)
Importance of lowering salt 170
in the diet Somewhat important 69.1 (56.9) ref. <0.0001 ref. 0.03
Very important 190 56.7 (44.3) -12.9 (-24.0, -1.9) -3.07 (-16.8, 10.6)
Not at all important 115 104.2 (71.4)  26.45(13.7,39.3) 20.9 (3.6, 38.2)
Perception of dietary salt No effect 91 63.7 (42.2) ref. 0.32
Good 144 77.5(62.6) 7.1(-7.1,21.3)
Bad 103 61.3 (59.0) -3.3(-18.4,11.3)
Perception of dietary 32
dawadawa No effect 64.2 (49.4) ref. 0.84
Good 306 69.3 (57.8) 2.1(-18.3, 22.5)
Bad 0 -- -
Perception of dietary 48
bouillon No effect 76.3 (57.0) ref. 0.23
Good 231 67.1(58.4) -14.1(-30.8, 2.6)
Bad 59 69.4 (51.8) -7.6 (-28.0, 12.7)
Practice factors (individual-level)
Add salt at the table Always/often/sometimes 196 85.2 (61.9) ref. 0.0006 ref. 0.41
Rarely/never 279 63.8 (55.8) -14.2 (-24.4, -4.0) -5.0(-17.0, 7.0)
Add salt during cooking Always/often/sometimes 454 72.4 (60.0) ref. 0.51
Rarely/never 21 77.6 (40.2) 8.1(-16.0, 32.3)
Eat processed foods Always/often/sometimes 233 69.6 (62.8) ref. 0.40
Rarely/never 242 75.5 (55.6) 4.4 (-5.8, 14.5)
Do at least 1 action
regularly to control dietary 91
salt No 74.2 (48.6) ref. 0.12
Yes 384 72.2 (61.6) -10.4 (-23.1,2.2)

! Discretionary salt refers to ‘table salt’ and estimates of Hh salt consumption were calculated from purchase data using the Fortification Assessment Coverage
Toolkit (38). Hh discretionary salt consumption (g/d) presented as unadjusted mean (SD). Total households included: n=363. Hh head education defined as the
highest education level completed. Hh consumption of dawadawa categories defined as: low, 0-10 g/d; med, 10.01-48.9 g/d; high >49 g/d, where the cutoffs
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for each category were defined by the natural cutoffs present in the variable’s distribution. History of heart disease was self-reported. Hypertension defined
according to the WHO definition: systolic blood pressure 2140 mmHg and/or diastolic blood pressure 290 mm Hg (46). BMI categories defined as: normal, 18.5-
24.9 kg/m?; underweight, <18.5 kg/m?; overweight/obese, >25.0 kg/m?. Salty snacks defined as salty crisps, chips, nuts, or salty fried foods eaten between
main meals. BMI, body mass index; Hh, household; CoMIT, Condiment Micronutrient Innovation Trial; ref., reference group; WHO, World Health Organization;
wk, week.

2 Minimally adjusted and multivariable analyses were linear mixed effects regression models that controlled for Hh size, district (Tolon/Kumbungu), area
(urban/rural), and participant type (woman of reproductive age or lactating woman) as fixed effects, and cluster as a random effect. The outcome variable (Hh
discretionary salt consumption in g/d) was tested as a continuous variable and all predictors were categorical variables. Predictors were included from both the
household-level and individual-level (from data from non-pregnant, non-lactating women of reproductive age, 15-49 y, and non-pregnant lactating women, 6-
18 mos post-partum, 15-49 y; n=487 total). After being tested separately in minimally adjusted models, marginally significant predictors (p<0.1, bolded) were
included in the multivariable model.



081

Table 4.5: Factors associated with household daily total salt consumption among households who participated in the pilot survey in Tolon and
Kumbungu districts, northern Ghana: CoMIT Project?

Hh total salt
Variable Category consumption, g/d Minimally adjusted analyses? Multivariable analyses?
n mean (SD) 8 (95% Cl) p 8 (95% Cl) p
Household-level factors
Size, # of members 1-8 117 62.5 (54.3) ref. <0.0001 ref. 0.0001
9-11 131 71.4 (47.3) 7.9 (-6.2, 22.0) 0.9 (-13.4, 15.2)
12-15 112 85.8 (57.5) 27.1(12.0,42.1) 9.1(-7.7, 25.8)
16+ 112 117.8 (70.2) 53.9(38.9, 68.8) 37.4 (19.7, 55.0)
District Tolon 238 87.3 (66.3) ref. 0.12 ref. 0.68
Kumbungu 234 79.9 (54.9) 9.8 (-22.1, 2.5) 2.9 (-10.8, 16.7)
Setting Urban 230 76.1 (55.5) ref. 0.0097 ref. 0.09
Rural 242 90.8 (65.1) 16.2 (3.9, 28.5) 11.6 (-2.0, 25.1)
Participant type WRA 237 82.3 (59.9) ref. 0.73 ref. 0.26
Lactating women 235 62.1(84.9) 1.8(-8.3,11.9) 6.4 (-4.7, 17.5)
Asset quintiles 1%t (lowest) 87 62.5 (47.5) ref. 0.07 ref. 0.36
2nd 81 85.2 (63.4) 16.3 (-1.1, 33.6) 17.0(-0.7, 34.7)
3 95 96.7 (66.9) 23.2 (6.1, 40.3) 14.9 (-2.6, 32.5)
4th 107 85.5 (59.9) 7.7 (-9.8, 25.2) 12.7 (-6.1, 31.4)
5t (highest) 102 86.1(61.1 14.2 (-4.7,33.1) 16.1(-5.3, 37.4)
Food insecurity None to mild 113 74.7 (50.4) ref. <0.0001 ref. 0.01
Moderate 247 73.5(53.2) 3.4(-8.9, 15.8) -3.9(-18.7, 11.0)
Severe 114 114.2 (74.8) 38.1(24.0,52.3) 28.3 (8.3, 48.3)
Hh head education None 109 81.2 (64.9) ref. 0.45
Preschool or primary 71 92.3 (66.8) 10.1(-7.1, 27.3)
Secondary or greater 282 82.4 (57.9) 1.5(-12.1, 15.2)
Dawadawa consumption Low 104 73.9 (44.7) ref. 0.59
Medium 282 88.4 (65.1) 5.6 (-7.6, 18.8)
High 57 72.0 (65.0) -1.1(-19.7, 17.5)
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Demographic factors (individual-level)

Women age, y 15-24y 126 82.9 (63.8) ref. 0.98
2534y 204 86.6 (63.1) -1.4(-14.2,11.)
35-49y 138 81.0 (55.4) -0.3(-14.0, 13.5)

History of heart disease No 434 82.4 (60.5) ref. 0.50
Yes 36 100.3 (65.8) 6.7 (-12.7, 26.0)

Current hypertension No 202 83.8 (62.6) ref. 0.58
Yes 12 81.8 (42.2) 9.5 (-23.9, 42.8)

BMI Normal 153 87.8 (62.0) ref. 0.35
Underweight 20 81.9 (58.9) -0.6 (-26.9, 25.6)
Overweight/obese 43 69.6 (59.6) -14.0 (-33.0, 5.0)

Dietary patterns (individual-level)

Vegetable consumption 1-2 d/wk 56 61.6 (53.0) ref. <0.0001 ref. 0.44
3-5 d/wk 213 72.2 (53.9) 9.3 (-6.7, 25.4) 6.1(-13.4, 25.7)
6-7 d/wk 201 102.2 (65.2) 40.7 (23.6, 57.9) 14.3 (-8.7,37.3)

Fruit consumption None 125 66.1 (50.9) ref. 0.0007 ref. 0.25
1-2 d/wk 282 85.2 (61.8) 14.1 (2.2, 25.9) 1.4 (-12.8, 15.6)
>3 d/wk 63 112.7 (64.8) 33.7(16.1, 51.2) 16.3 (-5.1, 37.7)

Salty snacks consumption None 161 77.6 (52.1) ref. 0.97
1-2 d/wk 224 85.7 (67.8) -1.9 (-16.6, 12.8)
>3 d/wk 85 90.6 (57.2) -1.7 (-18.7, 15.3)

Consumption of foods

made with bouillon 0-6 d/wk 24 51.3 (28.0) ref. 0.08 ref. 0.25
7 d/wk 311 82.0 (60.0) 20.3 (-2.7,43.3) 12.7 (-8.9, 34.3)

Knowledge factors (individual-level)

Quantity of salt consumed  Just the right amount 363 84.2 (59.0) ref. 0.92
Too much 25 88.3 (53.0) 2.0(-21.0, 24.9)
Too little 82 80.7 (71.6) 2.6 (-11.0, 16.3)

Think dietary salt causes

health problems No 42 62.6 (43.4) ref. 0.06 ref. 0.30
Yes 374 87.8 (62.3) 22.0(3.7,40.3) 16.9 (-4.9, 38.8)
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Don’t know 54 72.8 (59.7) 17.1(-5.7, 39.8) 17.5(-9.2, 44.1)
Attitude factors (individual-level)

Importance of lowering salt

in the diet Somewhat important 168 80.4 (59.4) ref. <0.0001 ref. 0.01
Very important 187 67.2 (47.7) -13.7 (-25.1, -2.3) -2.8(-16.8,11.2)
Not at all important 115 115.8 (70.3) 26.3(13.2,39.5) 24.4 (6.6, 42.1)

Perception of dietary salt No effect 91 75.3 (44.5) ref. 0.32
Good 141 88.9 (64.8) 6.1(-8.6,20.7)
Bad 103 71.3 (60.1) -4.9 (-20.4, 10.5)

Perception of dietary

dawadawa No effect 32 75.8 (51.0) ref. 0.98
Good 303 80.2 (59.7) 0.3(-20.7, 21.4)
Bad 0 -- -

Perception of dietary

bouillon No effect 48 87.8 (57.9) ref. 0.12
Good 231 77.3 (60.4) -16.0(-33.2, 1.2)
Bad 56 83.3(53.0) -5.6 (-26.7, 15.6)

Practice factors (individual-level)

Add salt at the table Always/often/sometimes 194 96.2 (62.2) ref. 0.01 ref. 0.43
Rarely/never 276 75.0 (58.7) -13.7 (-24.2,-3.2) -4.9 (-17.2,7.3)

Add salt during cooking Always/often/sometimes 449 83.5(61.8) ref. 0.45
Rarely/never 21 90.0 (42.6) 9.5(-15.3, 34.2)

Eat processed foods Always/often/sometimes 232 79.8 (63.6) ref. 0.26
Rarely/never 238 87.8 (58.3) 6.0 (-4.4, 16.5)

Do at least 1 action

regularly to control dietary

salt No 91 86.1 (49.9) ref. 0.07 ref. 0.02
Yes 379 83.2 (63.4) -12.1(-25.1, 0.9) -18.5 (-34.5, -2.5)

1 Total salt’ defined as discretionary salt (‘table salt’) plus the proportion of salt from bouillon, where bouillon was assumed to be 55% salt (29). Estimates of
Hh total salt consumption were calculated from purchase data using the Fortification Assessment Coverage Toolkit (38). Hh total salt consumption (g/d)
presented as unadjusted mean (SD). Households with total salt data: n=360. Hh head education defined as the highest education level completed. Hh
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consumption of dawadawa categories defined as: low, 0-10 g/d; med, 10.01-48.9 g/d; high >49 g/d, where the cutoffs for each category were defined by the
natural cutoffs present in the variable’s distribution. History of heart disease was self-reported. Hypertension defined according to the WHO definition: systolic
blood pressure >140 mmHg and/or diastolic blood pressure 290 mm Hg (46). BMI categories defined as: normal, 18.5-24.9 kg/m?; underweight, <18.5 kg/m?;
overweight/obese, >25.0 kg/m?. Salty snacks defined as salty crisps, chips, nuts, or salty fried foods eaten between main meals. BMI, body mass index; CoMIT,
Condiment Micronutrient Innovation Trial; Hh, household; ref., reference group; WHO, World Health Organization.; wk, week.

2 Minimally adjusted and multivariable analyses were linear mixed effects regression models that controlled for Hh size, district (Tolon/Kumbungu), area
(urban/rural), and participant type (woman of reproductive age or lactating woman) as fixed effects, and cluster as a random effect. The outcome variable (Hh
total salt consumption in g/d) was tested as a continuous variable and all predictors were categorical variables. Predictors were included from both the
household-level and individual-level (from data from non-pregnant, non-lactating women of reproductive age, 15-49 y, and non-pregnant lactating women, 6-
18 mos post-partum, 15-49 y; n=487 total). After being tested separately in minimally adjusted models, marginally significant predictors (p<0.1, bolded) were
included in the multivariable model.



Figures

Figure 4.1. Distributions of estimated salt consumption among women and children participating in the
pilot survey in the Tolon and Kumbungu districts, northern Ghana: CoMIT Project

A o | Bg,

40

30
|

30

Estimated salt intake, g/d
20

Estimated salt intake, g/d
20

10
|

| |375gd________
od
T T o~
Salt intake based on urinary sodium excretion T
Salt intake based on household purchase data Salt intake based on household purchase data
Women of reproductive age, 15-49 y Children, 2-5y

Figure 4.1 Legend: A. Among women of reproductive age (15-49 y), ‘Salt intake based on urinary sodium excretion’
indicates predicted salt intake calculated from urinary sodium excretion data using the INTERSALT equation
(n=219) (51). ‘Salt intake based on household purchase data’ indicates estimated total salt consumption
(discretionary salt + salt from bouillon) disaggregated from household purchase data collected using the FACT tool
(n=237) (38). Dashed line represents the global recommended threshold to consume <5/g of salt (7). B. Among
children 2-5 y (n=239), ‘Salt intake based on household purchase data’ defined as indicated above. Dashed line
indicates the threshold recommended in the 2019 guidelines from the National Academies of Sciences for children
4-5y to consume <3.75 g/d; children 2-3 y are recommended to consume <3 g/d (48).
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Figure 4.2. Factors associated with household salt consumption among women in the pilot survey from
mixed effect ANOVA analyses: CoMIT Project

Factors associated with household salt consumption

Practice (individual-level):
J- Never/rarely adds salt at the table**
- Does at least 1 action regularly to control dietary salt*

Figure 4.2 Legend: "p<0.1; “*p<0.05. Factors included are those that were associated with both household
discretionary salt (‘table salt’) and total salt (including salt from bouillon) consumption, except “Does at least 1
action regularly to control dietary salt” was only associated in model with household total salt. CoMIT, Condiment

Micronutrient Innovation Trial.
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Supplemental Material

Supplemental Methods

The main objective of the pilot survey was to evaluate the micronutrient status and assess
intake and usage patterns of fortified foods among 3 priority populations: non-pregnant non-lactating
women of reproductive age (WRA, 15-49 y), non-pregnant lactating women (LW, 4-18 months post-

partum, 15-49 y), and preschool-age children (‘children’, 2-5 y).

Participants and eligibility

The 3 priory groups were chosen due to their greater physiological demands for micronutrients
and greater risk of micronutrient deficiency (1), and because these same physiologic groups were
planned for the RCT. For the pilot survey, potential participants were excluded if they suffered from a
chronic severe medical condition, were ill (i.e., fever, diarrhea) <24-h prior to any research activities, or
screened negative for COVID-19. Informed written (or thumbprint) consent was obtained from eligible
participants, or their parent/guardian or caregiver (children and women 15-17 years of age and not
married, divorced, separated, or living with a partner), with community members acting as witnesses for
participants unable to read or write their informed consent. FGD participants were eligible if they
provided written informed consent and screened negative for COVID-19. All participants received a bar

of Key Soap as an incentive.

COVID-19 screening protocol

At the time of any initial interaction with participants (i.e., at recruitment or data collection if
they occurred on different days), participants were screened for COVID-19 following GHS and WHO
protocols current at the time. The protocol included checking each participant’s temperature twice, and

asking if they were aware of any close contact with a COVID-19 positive person (CPP) in the prior 2
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weeks. Close contact was defined as: 1) having lived or stayed overnight with the CPP; 2) had intimate
relations with the CPP; 3) took care of the CPP or the CPP took care of the participant; 4) stayed within 2
meters of the CPP for more than 10 minutes with the CPP not wearing a mask; 5) were exposed to direct
contact with body fluids of the CPP) (2). During all research activities, fieldworks, participants, and any
accompanying family members were required to sanitize their hands and wear mask (adults only) that

completely covered their nose and mouth. Masks were provided to anyone in need.

Sampling and recruitment

Within the 2 districts, clusters (e.g., villages, towns, communities) were selected through
consultation with district maps. Within the selected clusters, fieldworkers identified households with
potential participants through a random walk method with door-to-door recruitment starting from a
random central location. Selected households in which 1 or more members of the 3 physiological groups
resided were eligible for recruitment, or one eligible individual was randomly chosen based on a Kish
Table if a household contained more than 1 eligible participant per physiologic group. Recruitment of
FGD participants followed the same sampling protocol except that only 1 group (WRA, men, or women

>49 y) was recruited per household.

For the pilot survey, sample size was determined based on the main outcome of micronutrient
status, with an assumed estimated prevalence of micronutrient deficiency of 50% for any one
micronutrient included in the proposed multiple micronutrient fortified bouillon cubes (iron, folic acid,
zinc, vitamin A, and vitamin B12). Per this calculation, 250 participants per physiological group allowed

for analysis precision up to £7%, including 20% potential loss to attrition.

Data collection procedures — Quantitative

Questionnaires
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In addition to the household questionnaire, the following 2 questionnaires were administered to
participating WRA and lactating women: 1) The World Health Organization (WHO) STEPwise Approach
Surveillance (STEPS) Instrument for Noncommunicable Disease Risk Factor Surveillance (version 3.2)
asked participants how often they added salt during cooking or at the table, frequency of consumption
of processed foods, perceptions about salt use and health, and a limited health history that included
history of raised blood pressure, heart attack, or stroke; this questionnaire was modified to also ask
about the frequency of consumption of salty snacks, such as salty crisps or salty fried foods, in number
of days per week and number of servings per day (3). 2) A Knowledge, Attitudes, and Practices (KAP)
guestionnaire was developed specifically for the pilot survey that gathered data on usage and
consumption patterns related to bouillon, salt, and dawadawa (a local condiment made from fermented
locust beans and used to flavor many common dishes (4)). In addition to WRA and lactating women, the
KAP questionnaire was administered to caregivers of participating children if the caregiver herself was

not a participant.

Anthropometry

Anthropometric measurements (height and weight) were completed in triplicate (WRA and
children only) by trained and standardized anthropometrists on equipment calibrated daily. Height was
measured by Seca® stadiometers to the nearest 0.1 cm; children were measured standing as all were at
least 2 years of age (5). Weight was measured to the nearest 0.1 kg with battery-operated Seca® scales.
Women were weighed without shoes, headwear and outer garments; children were weighed nude or

lightly clothed.

Blood pressure

Blood pressure was measured in triplicate with measures one minute apart among WRA and

children using a Riester® RBP-100 automatic portable upper-arm blood pressure monitor. To decrease
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measurement error, participants were required to sit quietly for 5 minutes prior to the first
measurement and during all measurements, to sit with a straight back with arms and legs uncrossed,
and to not speak. The circumference of participants’ upper arms was measured to ensure selection of

the appropriate blood pressure cuff size (6).

Urine sample collection and processing

One spot urine sample was collected from WRA to measure urinary sodium, potassium, and creatinine.
Upon receipt of urine samples, fieldworkers placed the samples in a cooler with cold packs, then
transported them to the study laboratory for same-day processing. Urine (1.5 mL) was aliquoted into
microtubes and stored at -20°C until the frozen samples were transported to the University of California,

San Francisco, Children’s Hospital Oakland Research Institute for analysis.

Urine laboratory analysis

Urinary sodium and potassium concentrations were determined by inductively-coupled plasma
spectrometry (ICP-OES). Urine samples were thawed, vortexed, and 0.5ml was transferred into trace
metal-free tubes. Urine samples were then dissolved into 0.25mI OmniTrace 70% HNO3 and digested
overnight at 60°C. The acid lysates were then diluted to 5% HNO3 with OmniTrace water before analysis
with an Agilent 5100 SVDV ICP-OES calibrated with National Institute of Standards and Technology
(NIST)—traceable elemental standards and routinely validated with Seronorm Trace Element Serum
Levels 1 and 2. A random selection of samples (n=24, 10%) were run as technical replicates at the
beginning, middle, and end of the analysis period (coefficient of variation for sodium: 7.9%; potassium:
3.2%). Urine creatinine was measured with the Cayman creatinine colorimetric assay kit (#500701). The
urine samples were diluted 20-fold and analyzed in duplicate (coefficient of variation: -4.8%). High and
low controls were included on each plate, and values were within reported ranges. The relative

difference for all analytes was <1%.

189



Data collection procedures - Qualitative

FGD guide development

The semi-structured FGD guide was developed with in-country collaborators and fieldworkers
with consideration of the study setting, context, and culture (see Supplemental Appendix). Fieldworkers
site-translated the guide into Dagbani and held group discussions to agree upon appropriate
translations. The guide was piloted in the field, after which it was revised and refined before initiating

the study FGDs.

Additional FGD procedures

Eligible FGD participants completed a demographic questionnaire at the time of recruitment. On
the day of the FGD, participants were screened for COVID-19 and participated in the FGD. Following the
FGD, participants completed a ‘Willingness-to-Pay’ activity that assessed how much participants might

be willing to pay for a new bouillon product: a multiple-micronutrient fortified bouillon cube.

Data analysis

Quantitative analyses

Among WRA, Body Mass Index (BMI) categories were defined as underweight (BMI <18.5
kg/m?), normal weight (BMI >18.5-24.9 kg/m?), overweight (BMI >25.0-29.9 kg/m?), or obesity (BMI
>30.0 kg/m?) (5). Among children, BMI for age z-score (BAZ) categories were defined as underweight
(BAZ <-2 SD), normal weight (BAZ -2 > SD < 2), or at risk of overweight (BAZ >2 SD). Also among children,
stunting was defined as height-for-age z-score <-2 SD, and wasting as weight-for-height z-score <-2 SD.

Anthropometric z-scores were calculated according to WHO standard (7).

Among WRA, elevated blood pressure and hypertension were defined according to three

organizations to capture a broader picture of hypertension risk: the American Heart Association (8), the
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International Society of Hypertension (9), and the WHO (10). For children, ‘at risk’ blood pressure

thresholds were defined by American Academy of Pediatrics (11).

Definitions of normal, elevated, and hypertension thresholds for WRA and children:

Supplemental Table 4.1. Blood pressure and hypertension guidelines for women of reproductive age

(15-49 )

Organization

Normal blood
pressure (mmHg)

Elevated blood
pressure (mmHg)

Hypertension (mmHg)

American Heart
Association

SBP <120 and DBP <80

SBP 120-129 and DBP
<80

SBP 2130 or DBP 280

International Society of
Hypertension

SBP <130 and DBP <85

SBP 130-139 and/or
DBP 85-89

SPB >140 and/or DBP
290

World Health
Organization

SBP <120 and DBP <80

SPB >140 and/or DBP
290

Supplemental Table 4.1 Footnotes: International Society of Hypertension classifies ‘Elevated blood
pressure’ as ‘High-normal blood pressure’. References: American Heart Association (8); International
Society of Hypertension (9); World Health Organization (10). DBP, diastolic blood pressure; SBP, systolic

blood pressure.

Supplemental Table 4.2. ‘At risk’ blood pressure guidelines for preschool-aged children (2-5y)

Age,y Males Females

2 SBP 100 or DBP 55-57 SBP 101 or DBP 58-59
3 SBP 101 or DBP 58-60 SBP 102 or DBP 60-61
4 SBP 102 or DBP 60-62 SBP 103 or DBP 62-63
5 SBP 103 or DBP 63-65 SBP 104 or DBP 64-66

Supplemental Table 4.2 Footnotes: ‘At risk’ refers to the screening threshold at which children aged 2-5
y should undergo further evaluation for elevated blood pressure by a qualified professional, according to
the American Academy of Pediatrics (11). DPB, diastolic blood pressure; SBP, systolic blood pressure.

Adult Male Equivalent (AME) method

The AME method assigns an adjustment factor (AME unit) to each member of a household
based on sex- and age-specific energy expenditure and energy requirements, where males 19-30 y have
an AME value of 1.0 and are the reference category (i.e., AME=1 for adult males aged 19-30 y, AME=0.7
for adult females aged 19-30 y, and AME=0.5 for children). To estimate individual daily consumption of
discretionary salt, we 1) calculated a household AME value by summing all AME units from all household

members; 2) calculated the individual AME fraction attributed to WRA and children by dividing each
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individual AME value by the household AME value; and 3) calculated the individual daily salt
consumption by multiplying the individual AME fraction by the household discretionary salt
consumption (g/d) (12). This process was repeated for estimating individual consumption of total salt
with an additional step of multiplying the final answer by 55%. Final estimates for WRA and children are

reported as g/d/AME.

Estimating WRA daily total salt consumption from spot urine samples

From spot urine samples (WRA only), averages of replicate urinary sodium, creatinine, and
potassium values were calculated with 1 value per participant included for analysis. The distributions of
each analyte were examined and all observations retained. To estimate daily total salt consumption
from spot urine samples, we first used the INTERSALT equation to predict 24-h urinary sodium excretion

(13):

23 {5.07 + [0.34 * spot Sodium (mmol/L)] — [2.16 * spot Creatinine (mmol/L)] — [0.09 * spot
Potassium (mmol/L)] + [2.39 * BMI (kg/m?)] + [2.35 x age (years)] — [0.03 * age? (years)]}
To estimate daily total salt consumption (g/d), we then divided the predicted 24-h urinary

sodium excretion (mg/d) by 390 as there are 390 mg sodium in 1 g sodium chloride (‘table salt’) (14).

Exploratory quantitative analyses

A second set of multivariable mixed-effects models was built to test associations with groups of
KAP-specific predictors. Selected predictors were put into three distinct groups (knowledge, attitudes, or
practices) that were determined based on the intent of the question (15). Each of the three groups of
KAP predictors was tested separately in minimally-adjusted, mixed-effects models with the two
outcome variables. Marginally significant (p<0.1) KAP predictors were then included in multivariable,

mixed-effects models.
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Supplemental Tables

Supplemental Table 4.3. List of potential predictors of household salt consumption

Predictor short name

Full description of predictor

Household-level

predictors

Size Household size (number of members)
District District of Tolon or Kumbungu
Setting Urban or rural setting

Participant type

Woman of reproductive age (15-49 y, WRA) or lactating woman (LW)

Asset quintiles

Asset quintiles (1% lowest, 5™ highest)

Food insecurity

Food insecurity status: None, mild, moderate, severe

Education level

Highest level of education completed by the household head (none, primary school,
secondary+)

Cons. of DD Household consumption of dawadawa
Individual-level

predictors [among WRA and LW only]

Age Age in years of WRA or LW

Hx of heart dis.

History of heart disease (yes/no)

Hypertension

Current hypertension (yes/no)

BMI BMI categories: underweight, normal weight, overweight, obesity
Vegetable cons. Frequency of consuming vegetables, days per week
Fruit cons. Frequency of consuming fruit, days per week

Salty snacks

Frequency of consuming salty snacks such as crisps, days per week

Bouillon cons.

Frequency of consuming foods prepared with bouillon, days per week

Knowledge predictors | [individual-level: WRA and LW]

Qty salt How much salt do you think you consume? (too little, just right, too much)

Salt as a problem Do you think that too much salt in your diet could cause a health problem? (yes/no)
Attitude predictors [individual-level: WRA and LW]

Lower salt How important to you is lowering salt in your diet? (not important, somewhat

important, very important)

Benefits of salt

Do you think that having salt in your diet is good, bad, or has no effect?

Benefits of DD

Do you think that having dawadawa in your diet is good, bad, or has no effect?

Benefits of bouillon

Do you think having bouillon in your diet is good, bad, or has no effect?

Practice predictors

[individual-level: WRA and LW]

Add salt at table

Do you add salt to your food at the table always, sometimes, or never?

Add salt in cooking

Do you add salt to your food while cooking always, sometimes, or never?

Eat proc. foods

Do you eat salty processed foods always, sometimes or never?

Cntl salt intake

Do you do at least 1 action to control your salt intake? (yes/no)

Social desirability

[individual-level: WRA and LW]

SD1

Social desirability 1: Do you occasionally give up doing something because you don’t
think you have the ability?

SD2 Social desirability 2: Do you occasionally feel like not listening to people even if you
know they are right?

SD3 Social desirability 3: Are you sometimes irritated/annoyed by people who ask you to
do something for them?

SD4 Social desirability 4: Are you always courteous, even to people who are
disagreeable/not pleasant?

SD5 Social desirability 5: When you make a mistake, are you always willing to admit it?
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Supplemental Table 4.3 Footnotes: All analyses were completed with categorical predictors. See main text and
supplemental methods for references and further descriptions of predictors. Social desirability questions taken
from the Marlowe-Crowne social desirability scale and are yes/no responses (16). All predictors were selected a

priori according to our statistical analysis plan.

Supplemental Table 4.4. Intercoder reliability score (ICR) calculated as Cohen’s Kappa and percent

agreement
Segment Average ICR | Percent Agreement
1. Household makeup; household members; meal sharing 0.94 95.9%
2. Cooking decisions and cooking duties; sharing of cooking
during 0.97 97.8%
3. Bouillon preferences and habits 0.94 96.1%
4. Bouillon usage and consumption 0.92 95.0%
5. Other flavorings and seasonings, including salt and
dawadawa 0.93 96.4%
6. Bouillon purchasing 0.95 96.8%
7. Health and nutritional problems 1.00 100%
8. Description of fortified bouillon cubes 0.88 91.4%
9. Knowledge and usage of fortified bouillon cubes 1.00 100%
10. Beliefs about fortified bouillon cubes 0.91 95.1%
11. Perceptions of salt, dawadawa, and MSG 1.00 100%
Average total 0.95 96.5%

Supplemental Table 4.4 Footnotes: ICR score calculated in Stata 16. Average ICR represents the average final ICR
of n=7 focus group discussion (FGD) transcripts that were independently coded by 2 coders. See FGD guide in

Supplemental Appendix for full descriptions of FGD questions (segments).
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Supplemental Table 4.5. Knowledge, attitude, and practice factors associated with household daily discretionary salt and total salt consumption
among households who participated in the pilot survey: COMIT Project

Outcome: Outcome:
Hh discretionary salt consumption, g/d Hh total salt consumption, g/d
KAP group KAP group
minimally-adjusted KAP multivariable minimally-adjusted KAP multivariable
Variable Categories model? model” model” model”
8 (95% CI) 8 (95% CI) 8 (95% CI) 8 (95% Cl)
Knowledge group
Quantity of salt consumed Just the right amount ref. ref.
Too much 0.6 (-21.7, 22.8) 1.3(-21.5,24.2)
Too little 3.1(-10.3, 16.5) 1.6(-12.1,15.4)
Think dietary salt can cause
health problems No ref. ref. ref. ref.
Yes 21.8 (4.1,39.4) 27.1(7.2,47.0) 21.9 (3.6, 40.2) 26.2 (5.7, 46.7)
Don’t know 17.2 (-4.7,39.2) 19.8 (-5.2, 44.8) 17.3 (-5.5, 40.1) 19.2 (-6.7, 45.1)

SeT

Attitude group
Importance of lowering salt in
the diet

Perception of dietary salt

Perception of dietary
dawadawa

Perception of dietary bouillon

Somewhat important
Very important
Not at all important

No effect
Good
Bad

No effect
Good
Bad

No effect
Good
Bad

ref.
-10.5(-22.9, 1.8)
37.0(21.4, 52.5)

ref.
21.3(5.4,37.1)
3.6 (-12.4, 19.6)

ref.
-1.9(-23.9, 20.1)
No obs.

ref.
-23.8 (-43.1, -4.5)
-17.9 (-38.9, 3.1)

ref.
-12.4 (-25.2, 0.4)
37.8(21.4,54.1)

ref.
25.3 (9.2, 41.5)
8.7 (-7.8, 25.1)

ref.
-15.1 (-34.4, 4.1)
-12.3 (-32.9, 8.4)

ref.
-10.4 (-23.2, 2.3)
37.6 (21.6, 53.6)

ref.
21.7 (5.3, 38.1)
2.4 (-14.1, 18.8)

ref.
-2.4 (-25.1, 20.2)
No obs.

ref.
-25.4 (-45.2, -5.5)
-15.2 (-37.0, 6.6)

ref.
-12.2 (-25.4, 1.0)
38.7 (21.9, 55.6)

ref.
25.7 (9.0, 42.4)
7.4 (-9.5, 24.3)

ref.
-16.8 (-36.6, 3.0)
-10.0 (-31.5, 11.5)
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Practice group

Add salt at the table Always/often/ sometimes ref. ref. ref. ref.
Rarely/never -16.1(-26.5, -5.7) -5.5(-17.5, 6.4) -15.8 (-26.5, -5.1) -5.0(-17.3,7.3)
Add salt during cooking Always/often/ sometimes ref. ref.
Rarely/never 1.3(-22.9, 25.4) 2.3 (-22.5, 27.0)
Eat processed foods Always/often/ sometimes ref. ref.
Rarely/never 4.4 (-5.6, 14.5) 6.0 (-4.4, 16.3)
Do at least 1 action regularly to
control dietary salt No ref. ref. ref. ref.
Yes -13.1(-25.8, -0.4) -19.2 (-36.5, -2.0) -14.6 (-27.6, -1.5) -19.4 (-37.3, -1.6)

Supplemental Table 4.5 Footnotes: ‘Discretionary salt’ defined as ‘table salt’ and ‘total salt’ defined as discretionary salt plus the proportion of salt from
bouillon, which was assumed to be 55% salt (17). Estimates of Hh discretionary salt and total salt consumption calculated from purchase data using the
Fortification Assessment Coverage Toolkit (18). Total households with salt data: n=363; total households with discretionary salt data: n=360. Individual-level
factors include data from non-pregnant, non-lactating women of reproductive age (15-49 years, n=239 salt only; n=237 discretionary salt) and non-pregnant
lactating women (n=238 salt only; n=235 discretionary salt). KAP predictors were selected a priori according to our analysis plan. KAP questions were selected
from the World Health Organization (WHO) STEPwise Approach Surveillance (STEPS) Instrument for Noncommunicable Disease Risk Factor Surveillance
(version 3.2) (3) and from a KAP questionnaire developed specifically for the pilot survey. The category of KAP attributed to the question was based on the
intent of the question (15). CoMIT, Condiment Micronutrient Innovation Trial; Hh, household; KAP, knowledge, attitude, practice; ref., reference group.

* KAP group regression models were linear mixed effects models where each group of predictors that corresponded to Knowledge, Attitudes, or Practices was
first tested separately in minimally adjusted model that controlled for Hh size, district (Tolon/Kumbungu), area (urban/rural), and participant type (woman of
reproductive age or lactating woman) as fixed effects, and cluster as a random effect. Then, marginally significant KAP predictors (p<0.1, bolded) were included
in a multivariable model (p<0.5) that controlled for the same variables as the minimally adjusted models.



Supplemental Table 4.6. Estimated per capita discretionary salt consumption (g/d) by asset quintiles
and food insecurity status among households participating in the pilot survey: CoMIT Project

Asset quintiles
n 1st n 2nd n 3rd n 4th n 5th

NoneorMildFI 12 53(47) 7 53(4.1) 14 10.8(104) 22 54(39) 28 4.7(3.0)
Moderate FI 44 6.0(46) 48 65(57) 32 67(95 38 50(55 29 6.1(4.9)
Severe Fl 18 9.2(8.1) 19 13.2(151) 25 96(7.7) 16 10.2(9.9) 11 7.2(7.5)

Total n 74 74 71 76 68
Supplemental Table 4.6 Footnotes: Per capita discretionary salt consumption presented as mean (SD). Household
food insecurity status based on a calculated food insecurity score. 3™ asset quintile and None/Mild Food Insecurity
contained an outlier (outlier defined as >60% larger than the value at the 99" percentile; sensitivity analyses
examining ANOVA associations between food insecurity or asset quintiles and household discretionary salt
consumption with the outlier truncated to the 99 percentile did not change the direction or strength of the
associations. COMIT, Condiment Micronutrient Innovation Trial; FI, food insecurity.

Supplemental Table 4.7. Salt quantity (g) last purchased by asset quintiles among households
participating in the pilot survey: CoMIT Project

Asset Quintiles

1+ 2" 3 4" 5t Total
n (%) n (%) n (%) n (%) n (%) n (%)

Last purchased 0-299 g salt 35(47.3) 29(39.2) 20(28.2) 25(32.9) 19(28.0) 128(25.3)

Last purchased 300-999 g salt 27 (36.5) 22(29.7) 21(29.6) 26(34.2) 25(36.8) 121(33.3)

Last purchased 1000+ g salt 12(16.2) 23(31.1) 30(42.3) 25(32.9) 24(35.3) 114(31.4)

Total 74 (100)  74(100)  71(100) 76(100) 68(100) 363 (100)
Supplemental Table 4.7 Footnote: CoMIT, Condiment Micronutrient Innovation Trial.
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Supplemental Table 4.8. Characteristics of focus group participants: CoMIT Project

Total WRA 15-49 Women Men
yrs >49 yrs
n (%) n (%) n (%) n (%)
Total n 114 56 (48) 29 (25) 29 (25)
Age, y 38 31(16,48) 60(50,79) 35 (20,74)
(16,79)
Household size  # household members 12 (4, 45) 13 (4, 40) 12 (4, 36) 15 (5, 45)
Tribe Mole-Dagbani 111 (97) 55 (48) 29 (25) 27 (24)
Other 3(3) 1(1) 0 (0) 2(2)
Education None 82 (72) 40 (35) 27 (24) 15 (13)
Primary 14 (12) 8(7) 2(2) 4(3)
Secondary 15(13) 8(7) 0(0) 7 (6)
More than secondary 2(2) 0(0) 0(0) 2(2)
Refused 1(1) 0(0) 0(0) 1(1)
Marital Status ~ Single 16 (14) 9 (8) 0(0) 7 (6)
Married 81 (71) 47 (41) 12 (11) 22 (19)
Divorced 1(1) 0(0) 1(1) 0(0)
Widowed 16 (14) 0(0) 16 (14) 0(0)
Employment Government employee 2 (1) 0(0) (0)o (0) 2 (1)
Status Non-government employee 0(0) 0(0) 0(0) 0(0)
Self-employed 78 (68) 37 (32) 21 (18) 20(17)
Non-paid employment 1(1) 0(0) 1(1) 0(0)
Student 7 (6) 4(3) 1(1) 2(2)
Homemaker 5(4) 5(4) 0(0) 0(0)
Retired 0(0) 0(0) 0(0) 0(0)
Unemployed (able to work) 13 (11) 8(7) 3(3) 2(2)
Unemployed (unable to 10 (8) 4 (3) 4 (3) 2(2)
work)
Refused 1(1) 0(0) 0(0) 1(1)

Supplemental Table 4.8 Footnotes: There were a total of 20 focus groups, with 5-6 participants per focus group.
Age and household size are presented as median (range). CoMIT, Condiment Micronutrient Innovation Trial.

198



Supplemental Table 4.9. Focus group participant responses to FGD guide questions regarding health

problems
Women
FGD Guide Question FGD Participant Response WRA >49y Men
n (%) n (%) n (%)
1. Common health problems within community | High blood pressure or stroke | 44 (79) 16 (55) | 21(72)
2. Health problems related to nutrition High blood pressure or stroke | 18 (32) 2(7) 17 (59)
3. How to address health problems Change dietary patterns 22 (40)! 2(7) 17 (59)

Supplemental Table 4.9 Footnotes: Some of the WRA that responded to question 3 (How to address health
problems?) did not respond to question 2 (What health problems were related to nutrition?). Total FGD WRA
participants: n=46; women >49 years: n=29, men: n=29. FGD, Focus Group Discussion; WRA, women of

reproductive age (15-49 y).
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Supplemental Figures
Supplemental Figure 4.1. Conceptual model of hypothesized relationships influencing household salt
consumption from participants in the pilot survey: COMIT Project

S KAP of WRA and LW:
Household Characteristics: Knowledge of salt Demographic Characteristics of
[l B consumption and WRA and LW:
HH size -
health effects Participant type
Attitudes towards salt, Age
bouillon, dawadawa BMI
usage and consumption Current hypertension
Practices of salt usage History of heart disease or stroke
and consumption

District (Tolon or Kumbungu)

Setting (urban or rural)
Food insecurity

HH head education level

HH dawadawa consumption

Dietary Characteristics
of WRA and LW:
Vegetable consumption

Fruit consumption
Bouillon consumption
Salty snack consumption

Supplemental Figure 4.1 Legend: Variables depicted in the in conceptual model are those that were available in
the dataset. ‘Dawadawa’ is a local condiment made of fermented locust beans used to flavor foods. CoMIT,
Condiment Micronutrient Innovation Trial; HH, Household; KAP, Knowledge, Attitudes, and Practices; LW, Lactating
women; WRA, women of reproductive age.
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Supplemental Figure 4.2. Distributions of household discretionary salt and total salt consumption (g/d)
before and after truncating values below 2.5 percentile and above 97.5 percentile among participating
households in the pilot survey: CoMIT Project
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Legend for Supplemental Figure 4.2: Data is from reported household purchase data collected using the FACT tool
(18). Values below the 2.5 percentile were truncated to the value at the 2.5 percentile; values above the 97.5
percentile were truncated to the value at the 97.5 percentile. A: Discretionary salt (‘table salt’) distribution with all
values (left) and after truncation (right). B: Total salt (discretionary salt + salt from bouillon) distribution with all

values (left) and after truncation (right). G/d, grams per day; HH, household; CoMIT, Condiment Micronutrient
Innovation Trial.
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Supplemental Figure 4.3. Correlations between potential predictors of household salt consumption, including social desirability (SD) variables,

among participants in the pilot survey: CoMIT Project
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S L E S S S S8 S E SR
Lower salt 1.00
Add salt at table -0.31 | 1.00
Add salt in cooking 0.22 |(-0.03| 1.00
Eat proc. Food -0.15 | 0.19 | 0.09 | 1.00
Qty salt 0.10 | 0.08 | 0.09 | 0.00 | 1.00
Benefits of salt 0.11 |-0.09]0.16 [-0.29] 0.30 | 1.00
Salt as a problem -0.34 | 0.16 |-0.09(-0.14| -0.17 | -0.16 | 1.00
Benefits of DD 028 |-0.39]0.94] 0.05 | 0.26
Benefits of bouillon | 0.28 | 0.03 [0.29-0.03] -0.01 [ 0.42 [ -0.27 1.00
Fruit cons. 0.24 |-0.31]-0.04]-0.11] -0.05 | 0.08 | -0.04 0.19 | 1.00
Vegetable cons. 0.02 |-0.17[0.31]-0.24] -0.19 [-0.21] 0.24 0.00 | 0.12 | 1.00
Bouillon cons. 0.11 |-0.50 . 0.18 | 0.15 | -0.23 | -0.18 -0.10 | 0.00
Salty snacks 038 |-0.180.10[-0.14] -0.16 | 0.02 | 0.07 0.03 | -0.02 1.00
Cntl salt intake 044 [-043| . [-0.01] 035 [073]-0.22 0.14 | 0.30 0.24 | 1.00
Hx. of heart disease | -0.02 | 0.09 [0.36 ] 0.42 | -0.10 [ 0.07 [ 019 | . [-0.01]-0.23 0.21 1095 1.00
Hypertension -0.06 | 0.10 [0:52] 0.22 [ -0.23 [ -0.20| -0.08 | -0.06 | -0.01 | 0.08 -0.18 | -0.05 | 0.29 | 1.00
BMI 0.07 | 0.08 [-0.01[-0.10] 0.11 | 0.15 | -0.06 [ 031 | 0.13 [ 0.02 | 0.14 | 0.09 [ 0.10 [0.32 ] 0.18 [ 0.49 | 1.00
Age -0.10 | 0.33 |-0.18] 0.16 | 0.12 | -0.11 [-0.24] 0.10 [ -0.01 | 0.01 | -0.04| 0.04 | -0.06 [-0.22] 0.14| . [0.24 | 1.00
Assets 0.10 |-0.16[-0.10[-0.10] 0.02 | 0.14 | -0.09 [ 0:42 | 0.13 [0.32 | 0.19 [-0.21] -0.10] 0.12 [-0.29] 0.06 | 0.14 [-0.07 | 1.00
Food insec. 030 |-0.08[-0.07[0:50] 0.11 | 0.05 |-0.06]-0.05] 0.11 | 0.09 | 0.10 | 0.19 [[0.23 | 0.11 |-0.08|-0.14 | 0.05 | 0.00 [-0.08 | 1.00
Education 0.09 | 0.04 |0.15]-0.23] 0.14 | 0.12 [-0.14[ 037 | 0.24 | 0.16 | -0.01] 0.05 | -0.01 | 0.17 [-0.03] -0.09 [ 0.41 | 0.00 [0.36 [0.23] 1.00
HH DD 012 |0.12 [-0.16[-0.27] 032 [ 0.35 | -0.11[ 0.30 | -0.05 | 0.12 [-0.31]-0.22] 0.07 [0.39 | 0.08 [ -0.02] 0.14 [ 0.18 |-0.10[ 0.23 | -0.01| 1.00
sD1 -0.08 |-0.17|-0.18] 0.27 | 0.02 | 049 | 012 | . [ 0.01 [-0.01[-0.42]-0.16 [-0.21 -0.10 | -0.14 | -0.04 |-0.36[-0.21] 0.03
sD2 0.07 0.37]0.10] 0.10 | 0.33 | -0.17 0.05 | 0.21 | -0.22|-0.05 | 0.21 -0.05 | -0.31 | 0.15 [-0.03] 0.08 | 0.02
sD3 0.19 0.37]0.10] 0.18 | 0.26 | -0.16 0.08 | 0.25 | -0.04]0.20 | 0.12 0.03 | -0.17 | 0.09 |-0.03[-0.20] -0.07
sDa -0.19 |-0.21[-0.04]0.25 [ -0.38 | -0.28 | -0.14 0.10 | 0.03 | 0.43 | 0.30 | 0.15 -0.05 | 0.02 | 0.20 [-0.10]-0.08] -0.19
sD5 001 | 011 0.19 [70:53 [0:58] -0.19 0.02 | 0.23 | 0.47 | 0.22 | 0.03 -0.05 | -0.03 [ 0.26 | 0.21 |-0.24| -0.40

Supplemental Figure 4.3 Legend: Correlation analysis was conducted in Stata 16 using the ‘polychoric’ command for correlations among ordinal variables.
Correlations were considered weak at <0.15 (no color), moderate between 0.2 and 0.4 (orange), or strong at >0.5 (blue). Social desirability (SD) variables were

from the Marlowe-Crowne social desirability scale (16). See Supplemental Table 3 for variable definitions.
generated due to missing values. CoMIT, Condiment Micronutrient Innovation Trial.
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Supplemental Figure 4.4. Flow chart of participating households, participants, and data collected in the pilot survey and focus group discussions:
CoMIT Project

Households visited: n=375
Focus Group Discussion Participants
l Total: n=114
Women of reproductive age: n=56
Households consented: n=371 Women E 49 years: ngzzg
l Men: n=29
Household questionnaires
completed (including FACT): < Households participated: n=369

n=369

Y
Participating lactating women: Participating women of reproductive age: Participating children:
n=243 n=244 n=246

Data collection completed:
KAP questionnaires n=25
Height and weight measurements n=232
Blood pressure measurements n=184

Data collection completed:
KAP questionnaires n=178
STEPS questionnaires n=242
Height and weight measurements n=222
Blood pressure measurements n=223
Spot urine samples n=221

=

Completed both KAP and STEPS questionnaires:
Women of reproductive age n=176
Lactating women n=166

Data collection completed:
KAP questionnaires n=166
STEPS questionnaires n=243

Legend for Supplemental Figure 4: In the pilot survey, one KAP questionnaire was completed per household (n=369 total), including n=25 KAP questionnaires
completed by caregivers of participating children where the caregiver herself was not a participant. Each participating woman of reproductive age and lactating
woman completed the STEPS questionnaire (n=485 total). Abbreviations: COMIT, Condiment Micronutrient Innovation Trial; FACT, Fortification Assessment
Coverage Tool; KAP, Knowledge, Attitudes and Practices; STEPS, WHO noncommunicable disease surveillance tool.



Supplemental Appendix Focus Group Discussion (FGD) Guide

1.

A household is defined a group of people who recognize the same head of household and who
live together and share living expenses and meals. If a man has two or more wives and they
and their children live and eat together (even if they eat together only sometimes), they form
one household. If the wives and their children do not live together in the same compound and
always eat separately, they will form more than one household. Members are included if they
have lived with the household at least 6 out of the past 12 months. The following exceptions
are always household members: the head of household, any child under 9 months of age, and
those who intend to stay in the household for at least 6 months.

a. Do you think this definition correctly describes a household? Why or why not?

b. Inyour home, who usually eats together at meals?

c. How do you determine if someone is not a household member?

Which household member is the main household cook?
a. Ifa man has multiple wives, how are cooking duties shared among wives?
b. Who decides what dishes the cook should make in your household?
c. How is food shared with other members of a compound, such as co-wives or other
family members not living under the same roof?

Now, let’s talk more specifically about bouillon. Could someone please describe for me what
bouillon is?
a. How often does your household cook with bouillon?
b. Does anyone live in a household that does not cook with bouillon?
c. What are the different types of bouillon products your household cooks with?
d. With which type of bouillon does your household cook with MOST OFTEN?
e. Thinking of the type of bouillon you just mentioned, why does your household choose to
cook with this type most often?
f. If this type or brand of bouillon isn’t available, what other types or brands of bouillon
would you choose?
g. During different times of the year, such as during the lean season, do you change how
you use bouillon?
h. Does your household ever use bouillon for purposes other than cooking?

Now let’s talk about bouillon cubes specifically. What are some typical dishes that your
household makes with bouillon cubes, that is, dishes your household makes every day or
every week?
a. Why do you (or the cook of your household) add bouillon cubes to these dishes?
b. How do you (or the cook of your household) decide how many bouillon cubes to add to
these dishes?
c. Do you always put the entire bouillon cube into the cooking pot or do you save part of it
for later use?
d. If your household doesn’t have any bouillon cubes to add to a dish that calls for bouillon
cubes, what do you do?
e. Why might your household not have any bouillon cubes on hand?
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f.  For what other reasons might you not add bouillon cubes to a dish?

5. When you (or the cook of your household) add bouillon cubes to a dish, how often do you also
add salt, dawa dawa, or other seasonings?

a. When you also add salt, dawa dawa, or other seasonings to a dish made with bouillon,
which one is the main flavoring??

b. What dishes do you make every day or every week that use salt, dawa dawa, or other
seasonings instead of bouillon?

c. What are some reasons you would add salt, dawa dawa, or other seasonings instead of
bouillon to these dish?

6. How often does your household typically purchase bouillon cubes?

What quantity of bouillon cubes does your household typically purchase at one time?

Who in the household decides how often to purchase bouillon?

Who in the household decides how much bouillon to purchase at one time?

Are the purchased bouillon cubes typically shared between different households on the

compound?

e. If your household has less money one week than normal, does your household purchase
more, less, or the same amount of bouillon cubes?

o 0 T W

7. What major health problems do you see in this community?
a. Which, if any, of these health problems is due to a nutritional problem?
b. What do you think could be done to address these health and nutritional problems in
your community?

8. Now we are going to discuss fortified bouillon cubes. What does it mean to have a bouillon
cube that is fortified? Before continuing with the discussion, assess the group and ensure that
each participant understands what ‘fortified” means.

9. What have you heard about fortified bouillon cubes?
a. If you had to use a fortified bouillon cube in all the dishes where you typically use
bouillon cubes, what would be some of your concerns?

10. If you and your household were consuming dishes made with fortified bouillon cubes, that is
bouillon cubes fortified with nutrients like iron, zinc, vitamin A, folic acid, and B12, what, if
any, do you think the effects would be on a person’s body?

a. Who, if anyone, in your household might benefit from consuming fortified bouillon
cubes?

b. How might fortified bouillon cubes benefit your or members of your household?
Why do you think fortified bouillon cubes might benefit you or your household
members?

d. Why might you not want to consume fortified bouillon cubes, or feed dishes with
fortified bouillon cubes to your household?
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11. What, if any, impact do you think salt, MSG or dawa dawa has on your body? What impact
does it have on the bodies of your children or other household members?
a. Why do you think these seasonings have these effects on your body and/or that of your
children or other household members?
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