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Abstract

Objective: Nut intake has been associated with reduced cardiometabolic risk, but few studies
have examined its association with renal function. We examined associations between nut intake
and renal function among women with previous gestational diabetes mellitus (GDM), a population
with an increased risk for renal dysfunction.
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Design and Methods: This study included 607 women with a history of GDM who participated
in the Diabetes & Women’s Health Study (2012-2014) follow-up clinical exam in Denmark. At
the clinic, biospecimens were collected and habitual intake of nuts (9 types) in the past year was
assessed using a food frequency questionnaire. A total of 330 women free of major chronic
diseases were included in the analysis. Total nut intake was classified as none (<1 serving/month),
monthly (2-3 servings/month), weekly (1-6 servings/week), and daily (=1 serving/day). One
serving was defined as 28g. Renal function markers included estimated glomerular rate (eGFR)
and urinary albumin-to-creatinine ratio (UACR), calculated based on plasma creatinine (mg/dL),
and urinary albumin (mg/L), and creatinine (mg/dL) measurements, respectively. We estimated
percent differences with 95% confidence intervals (CI) for each outcome by nut intake, adjusted
for current body mass index, age, physical activity, energy intake, alcohol consumption, and
vegetables intake.

Results: We observed a non-linear association between total nut intake and UACR with lowest
UACR values among women with weekly intake. Compared to women with weekly intake
(n=222), the adjusted UACR values were higher by 86% [95% CI: 15%, 202%], 24% [-1%, 54%],
and 117% [22%, 288%] among women with no (n=13), monthly (n=86), and daily (n=9) intake,
respectively. Compared to weekly consumers, daily nut consumers also had 9% [0%, 19%)]
significantly higher eGFR values but eGFR values were similar among women with no and
monthly intake.

Conclusion: Moderate nut consumption may be beneficial to kidney health among women with

prior GDM.

Keywords
nuts; diet; gestational diabetes; renal function; kidney

INTRODUCTION

Chronic kidney disease (CKD), described as abnormalities in kidney structure and function,
has an average global prevalence of 13.4%? and is associated with increased risk of
cardiovascular disease, premature mortality, and decreased quality of life.2 Of note, elevated
renal function markers that do not meet the established clinical thresholds for renal disease
have also been associated with a significantly increased risk for renal impairment and all-
cause mortality.4® Therefore, it is important to study subclinical renal disorders and identify
strategies to promote renal function to ultimately prevent CKD and reduce the significant
healthcare costs and morbidity associated with this disease, especially among populations at
increased risk for impaired renal function.®

In a recent prospective cohort study, women with prior gestational diabetes mellitus (GDM)
compared to women without a history of GDM had an increased risk for subclinical renal
dysfunction as indicated by an increased estimated glomerular filtration rate (eGFR) and
elevated urinary albumin-to-creatinine ratio (UACR) 9-16 years after the index pregnancy.’
Findings from this study along with others suggest that women with a history of GDM
represent a population at an increased risk for impaired renal function.8 Therefore,
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identifying potentially modifiable factors to prevent renal dysfunction, such as dietary
factors, is essential, particularly among women with a history of GDM.

Nuts are nutrient dense foods, rich in bioactive molecules such as polyunsaturated fatty acids
(PUFA), L-arginine, fiber, minerals, and antioxidants, which may prevent kidney injury.10
However, the phosphorus and high protein content in nuts have raised concerns about
possible adverse effects of nut intake on renal function,11:12 thus it is recommended that
patients with advanced CKD limit their nut intake.1® Nut consumption has been associated
with a decreased risk for chronic conditions such as type 2 diabetes, metabolic syndrome,
and cardiovascular disease,1*1> however, few studies have investigated associations between
nut intake and renal function,6 especially among individuals before the diagnosis of CKD.
As such, the limited research on the role of nuts in maintaining kidney health, particularly in
populations at increased risk, presents an important data gap that needs to be addressed.

The aim of the study was to examine the associations between nut consumption and renal
function among women with prior GDM.

METHODS

Study Population

The Diabetes & Women’s Health (DWH) Study (2012-2014) is a long-term follow-up study
of women with prior GDM. The present study is based on data from the DWH Study Danish
site, which included women within the Danish National Birth Cohort (DNBC).1” The
DNBC, is a longitudinal cohort of 91,827 pregnant women in Denmark (1996-2002).18
Women in the DNBC were asked about their GDM status during the index pregnancy
through standardized telephone interviews conducted at gestational week 30 and 6 months
postpartum. Self-reported GDM status was recorded at an interview during pregnancy or
postpartum and GDM diagnosis was determined by reviewing hospital records from the
Danish National Patient Registry.1920 In the DNBC, 1,274 women were identified as having
GDM in the index pregnancy, of whom 790 women participated in the DWH Study follow-
up. Women who participated were largely comparable to women who did not participate.l’
Of these women, 607 participated in a clinical exam where they provided biospecimens. To
reduce the potential for reverse causation, we excluded women with known chronic
conditions at follow-up; type 1 or type 2 diabetes self-reported or diagnosed in the clinic
(n=149), self-reported heart disease (n=27), gout (n=5), cancer (n=24), elevated blood
pressure in the past year (n=65), or elevated cholesterol in the past year (n=45)
(Supplemental Figure 1). Furthermore, women with nut allergies (n=26), missing or
implausible energy intake defined as <2,510 or >16,736 kJ/day (n=12)21 or missing renal
function marker data (n=16) were excluded. After applying these exclusion criteria, 330
women remained for analysis. All women gave written informed consent in accordance with
the Helsinki 11 Declaration. The study was approved by the Regional Scientific Ethical
Committee of the Capital Region of Denmark (record no. H-4-2013-129).
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Exposure Measures

Women completed a semi-quantitative 360-item food frequency questionnaire (FFQ) on
their habitual dietary intake during the previous year. The FFQ collected information
separately for nine different types of nuts: walnuts, almonds, brazil nuts, pine nuts,
hazelnuts, pistachios, cashews, peanuts (not roasted) and other types of nuts or seeds.
Frequency choices ranged from “never during the last year” to “two or more servings per
day”. Consumption of all nine types was combined and total nut consumption was
categorized as: <1 serving/month (rarely), 2-3 servings/month (monthly), 1-6 servings/week
(weekly), and =1 servings/day (daily). We chose these categories to provide public health
relevant categories of nut consumption. One serving size of nuts was defined as 28g, which
is the standard serving size most frequently used in previous studies investigating
associations between nut intake and health outcomes.22

Outcome Measures

Covariates

During the clinic visit, a standardized protocol was used to measure height, weight, and
blood pressure. Body mass index (BMI) was calculated as weight in kilograms divided by
height in meters squared. Morning urine and fasting blood samples were collected and
immediately stored at —80°C using a standardized protocol. The biospecimens were assayed
for urine albumin (mg/L), urine creatinine (mg/dl), and plasma creatinine (mg/dl)
concentrations (Roche Diagnostics, Indianapolis, IN). The interassay coefficients of
variation for all assays was <6.7%.

Urinary albumin-to-creatinine ratio (UACR) was calculated. Elevated UACR was defined as
>20 mg/g according to our laboratory reference range values and as used previously.23-25
Microalbuminuria was defined as UACR >30 mg/g.28 Estimated glomerular filtration rate
(eGFR) was calculated based on plasma creatinine concentration, age, and race using the
Chronic Kidney Disease Epidemiology Collaboration Equation (CKD-EPI).2” Glomerular
hyperfiltration was defined as eGFR =95t percentile (116.4 mL/min/1.73m?2).28

Possible risk factors for impaired kidney function were obtained from the DWH Study
follow-up questionnaires and clinical exam. Covariates selected a prioriincluded current age
(years), total energy intake (kJ/day), and current BMI (kg/m?). Additional covariates were
selected based on the statistical significance (P <0.05) of their association with total nut
consumption and UACR or eGFR. Habitual intake of vegetables (g/d), legumes (g/d), red
meats (g/d), sugar-sweetened beverages (g/d), and alcohol (g/d), moderate to vigorous
physical activity (metabolic equivalent hours per week), education (high school or less vs.
more than high school education), and nulliparity (yes vs. no) were significantly associated
with total nut intake and tested for their significance with either eGFR or UACR. Among
these variables, vegetables, alcohol, and moderate to vigorous physical activity were selected
as covariates.

Statistical Methods

Descriptive statistics were conducted to characterize the baseline demographic and clinical
characteristics of the study population. The median (interquartile range) was calculated for
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continuous variables and frequencies were calculated for categorical variables. Differences
in baseline demographic characteristics across frequencies of total nut consumption were
tested in continuous and categorical variables by the non-parametric Kruskal-Wallis ANOVA
test and chi-square tests, respectively. Differences in the unadjusted UACR and eGFR values
and subclinical renal conditions across frequencies of total nut consumption were tested by
the non-parametric Kruskal-Wallis ANOVA test and the Fisher’s exact test, respectively.

UACR and eGFR were log transformed to achieve normality. Multivariable linear regression
was used to estimate the adjusted percent difference in UACR and eGFR values within each
frequency category of total nut consumption by exponentiating the estimated coefficient,
subtracting 1 and multiplying by 100. Weekly consumption was selected as the reference
group as this was the most common category for nut intake. The covariates included in the
models were age (years), energy intake (kJ/day), moderate to vigorous physical activity
(MET-h/week), alcohol consumption (g/day), and vegetable consumption (g/day). Three
models were estimated. Model 1 adjusted for age. Model 2 adjusted for age, energy intake,
moderate to vigorous physical activity, alcohol consumption, and vegetable consumption.
Model 3 adjusted for model 2 covariates and current BMI. Age was not adjusted for in the
eGFR models as it is a component in the CKD-EPI equation used to calculate eGFR.

Logistic regression was used to estimate the association between total nut intake and the
binary outcomes of elevated UACR, microalbuminuria, or glomerular hyperfiltration.
However, the models did not converge due to the small number of women with these renal
conditions (n=29) and thus were not reported.

In the DWH Study follow-up questionnaire, women reported their medication use in the past
month. We performed sensitivity analyses excluding women who reported use of
medications that could influence the renal function markers concentrations (i.e., angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, or diuretics) (n=37). We also
performed sensitivity analyses excluding women with glomerular hyperfiltration (n=14) to
reduce the potential of confounding from women who might have abnormal filtration
pressure of the kidney. To explore which components of the nuts may be driving the
observed associations, we individually adjusted the main analysis for the following nutrient
variables: phosphorus, sodium, magnesium, PUFA, and total protein.

All analyses were performed using SAS version 9.4 (SAS institute, Cary, NC). P values
<0.05 were considered significant.

RESULTS

On average, women consumed 0.2 servings per day (6.8 grams per day) of total nuts.
Almonds and hazelnuts were the most frequently consumed (Supplemental Table 1). Table 1
displays participant characteristics by frequency of total nut consumption. Women who
consumed nuts daily were more likely to have a lower BMI, had a higher education, and
exercised more compared to women who consumed nuts rarely, monthly or weekly. In
addition, women who consumed nuts more frequently had higher overall energy intake, and
higher intake of vegetables, red meat, sugar-sweetened beverages, and alcohol.
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Subclinical renal conditions were rare with only nine women (2.7%) with an elevated
UACR, six women (1.8%) with microalbuminuria, and 14 women (4.2%) with glomerular
hyperfiltration (Table 2). Prevalence of microalbuminuria and elevated UACR varied
significantly by frequency of total nut intake while the prevalence of glomerular
hyperfiltration did not. The unadjusted values of UACR and eGFR did not vary significantly
by frequency of total nut intake.

Compared to women who consumed nuts weekly (1-6 servings per week), the age-adjusted
UACR wias significantly higher for women who consumed nuts rarely (<1 serving per
month), monthly (2-3 servings per month) or daily (=1 serving per day) (Table 3). After
adjustment for confounding variables including BMI, women who rarely consumed nuts had
86.2% (15.0%, 201.6%) greater adjusted UACR values and women who consumed nuts
daily had 117.4% (22.0%, 287.5%) greater adjusted UACR values as compared to women
who consumed nuts weekly. The adjusted UACR values of monthly consumers, were
slightly attenuated and no longer significantly greater than weekly consumers (Table 3).

Compared to weekly consumers, daily nut consumers had 9.2% (0.4%,18.7%) greater
adjusted eGFR values (Table 3). No differences were observed in the eGFR between women
who consumed nuts rarely or monthly and women who consumed nuts weekly.

The association between nut intake and UACR didn’t change materially after additional
adjustment for selected nutrients (Table 4). Further exclusion of women with reported use of
medications that could influence renal function or exclusion of women with glomerular
hyperfiltration did not change the results materially. The results for eGFR were generally
similar after adjusting for additional nutrients except among daily consumers. After
adjustment for magnesium and sodium the percent difference between weekly and daily
consumers was no longer statistically significant.

DISCUSSION

In this cohort of middle-aged Danish women with a history of GDM, we observed a non-
linear association between nut consumption and markers of renal function. Increasing nut
intake up to weekly consumption was associated with progressively decreasing UACR
values. In contrast, both daily consumers and non-consumers had significantly greater
UACR values compared to weekly consumers. These results suggest that moderate nut
consumption may be beneficial to kidney health among women with a history of GDM who
are at increased risk for kidney disease.

Subclinical renal dysfunction among women with prior GDM has been previously indicated
by increased eGFR and UACR.”8 Women in the present study generally had UACR and
eGFR values within the normal range and very few women had subclinical renal conditions.
This is to be expected, given that we excluded women with chronic conditions at follow-up,
and the relatively young median age of the study participants as older age is an important
risk factor for kidney disease.2% Although clinical renal disease was uncommon in this study
sample, UACR values below the threshold for microalbuminuria (i.e., above 10 mg/g) and
eGFR values below the threshold for glomerular hyperfiltration (i.e., above 105 ml/min/
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1.73m2) have previously been associated with an increased risk for all-cause mortality in a
meta-analysis of general population cohorts and could be precursors of renal impairment.
Increasing consumption of nuts, up to weekly, was associated with progressively decreasing
UACR values, which may suggest a possible protective role of nuts with respect to kidney
health. The significantly greater UACR and eGFR values among daily nut consumers
compared to weekly consumers may suggest an increased risk for adverse renal outcomes
among this group, although clinical significance of higher eGFR values in this group is
unclear as few participants had values indicative of glomerular hyperfiltration. Additionally,
the sample size among daily nut consumers was small (n=9), and thus our findings should be
interpreted with caution and require replication.

We are unaware of previous studies on nut consumption and renal function markers among
high risk individuals, such as women with prior GDM. Only one prior study, that we know
of, has investigated associations between nut intake and renal function in healthy U.S. adults
in the Atherosclerosis Risk in Communities (ARIC) Study.18 Our findings are generally
consistent with those from the ARIC Study, which observed that increasing nut intake was
associated with a decreased risk for incident CKD.16 Although the longer follow up duration
of 23 years and the older age range (44-64 years) of ARIC study participants allowed for the
examination of clinically relevant outcomes of CKD, our study provides a different
perspective in that we investigated continuous outcomes and subclinical markers of renal
function in a high-risk population, which has never been investigated before. In addition, our
findings of decreased UACR values with increasing nut intake up to weekly intake, are
generally consistent with data from experimental studies on animals which demonstrate that
rats with induced kidney injury show improvements in renal function after being
administered nut extracts.30:31

Although the precise underlying molecular mechanisms are unclear, our findings that
moderate nut consumption could be beneficial to kidney health are biologically plausible.
Nuts are rich in PUFA and minerals such as magnesium, which reduce oxidative stress,
inflammation, and endothelial dysfunctionl® and may have contributed to the lower UACR
values observed among women who consumed nuts weekly. For instance, increased intake
of n-3 PUFAs has been associated with a reduced likelihood of CKD and decline in renal
function in both observational studies and clinical trials.32-34 In addition, PUFAs have been
associated with reducing factors known to play a role in the progression of kidney disease
such as blood pressure, vascular calcification, oxidative stress, and endothelial dysfunction.
35.36 |n our sensitivity analyses, adjusting for PUFA, we observed a slight attenuation in the
UACR associations with low nut intake, suggesting that a small proportion of the observed
association may potentially be due to PUFASs in nuts.

Of note, nuts are also rich in protein and phosphorus, higher consumption of which are
demonstrated to be potentially harmful to kidney health. For instance, in a review of
randomized controlled trials on protein intake and urinary measures of kidney function, most
studies observed significantly higher eGFR values in response to increased protein intake
(from 0.7-1.5 g/kg to 1.8-2.5 g/kg daily) in healthy American adults3” Similarly,
phosphorus rich diets could lead to dysregulation of phosphorus homeostasis and increased
renal calcification and endothelial dysfunction.38 We did, however, adjust for total protein
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intake and phosphorus in our sensitivity analyses, and UACR and eGFR values in daily nut
consumers remained significantly greater compared to weekly nut consumers, although the
confidence intervals were still relatively large.

The strengths of our study include adjustment for an extensive set of potential confounders
including major dietary factors and physical activity. We also excluded women with previous
chronic diseases which reduced the potential of reverse causation. In addition, the young age
of our study sample allowed us to examine continuous markers of renal function in relatively
healthy individuals. This provided a unique opportunity to identify modifiable factors that
could assist high-risk women in maintaining kidney health.

This study also has some potential limitations. First, as in other observational studies,
measurement error of nut intake was inevitable. However, a validation study of a similar
food-frequency questionnaire in the Nurses’” Health Study, used in previous studies
investigating nut intake and health outcomes ,3° demonstrated to have reasonable validity in
the assessment of nut intake with a correlation coefficient of 0.75 between the FFQ and four
1-week diet records of nut intake.*? Further, we did not have data on the preparation
methods of the nuts which could have altered their nutritive content.1% There are no
established clinical guidelines for subclinical renal conditions within the average ranges of
UACR and eGFR of our study sample. Nonetheless, the findings from our study are
important to report from a prevention perspective of renal disease. Also, the small sample
size in our highest (=1 serving/day) and lowest (<1 serving/month) nut intake categories,
necessitates that our findings be replicated. Our study defined one serving of nuts as 28g,
which, for example, equates to about 24 shelled almonds.?! There is substantial variability in
the definition of a serving of nuts, however, we used 28g per serving as it is the most
commonly used serving size in previous studies investigating associations between nut
intake and health outcomes.?2 Finally, although the nut consumption patterns of our study
sample, who consumed mostly almonds and hazelnuts was similar to other reports from
Northern Europe, the generalizability of our findings could be reduced for other populations
with different underlying nut consumption patterns, like the U.S., which mostly consumes
almonds, walnuts, and pecans.4243

In conclusion, our findings suggest that moderate nut consumption (i.e., weekly) may
promote kidney health in women with prior GDM who are at high-risk for renal dysfunction.
Further studies of large sample size are warranted to confirm the findings, which may assist
in the prevention of renal impairment, particularly in high-risk individuals and potentially in
the general population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Practical Application

. Women with a prior history of gestational diabetes, who are at high risk for
kidney disease, may benefit from moderate consumption of nuts.
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Table 1.

Characteristics of study participants according to frequency of total nut consumption (n=330)

Page 13

Frequency of Total Nut Consumption

Siape2Senbmer sk SO gy
Nuts (g/day) 0.5 (0.2, 0.7) 1.8 (1.4, 2.3) 6.7 (4.2,11.3) 26.0 (24.9, 29.5)
Age (years) 44.0 (43.0, 46.0) 43.0 (40.0, 46.0) 44.0 (40.6, 46.0) 42.0 (40.0, 44.0) 0.65
Body Mass Index (kg/m?) 28.4 (25.4, 36.6) 29.1 (26.1, 33.0) 26.9 (23.8,31.4) 25.0 (23.7, 27.3) 0.01
<25.0 3(23.1) 18 (20.9) 77 (34.7) 4 (44.4) 0.15
25-29.9 4(30.8) 31(36.1) 76 (34.2) 4(44.4)
>30.0 6 (46.2) 37 (43.0) 69 (31.1) 1(11.1)
Parity 0.03
1 1(7.7) 10 (11.6) 20 (9.0) 2(22.2)
2 3(23.1) 46 (53.5) 93 (41.9) 3(33.3)
>3 7(53.9) 30 (34.9) 103 (46.4) 4(44.9)
Education 0.004
< High school 5(38.5) 14 (16.3) 22 (9.9) 0(0.0)
Married 9(69.2) 74 (86.1) 193 (86.9) 9 (100.0) 0.26
Moderate/Vigorous physical 13.0 (5.1, 46.6) 16.8 (6.3, 30.7) 30.9(13.2,53.4) 30.0 (13.0, 112.7) <0.001
activity (MET-h/week)
Smoking Status 0.11
Former smokers 4(30.8) 22 (25.6) 68 (30.6) 4(44.4)
Current smokers 5(38.5) 18 (20.9) 30 (13.5) 0(0.0)
Never smokers 4 (30.8) 46 (53.5) 124 (55.9) 5 (55.6)
Renal Medication use in past 0(0.0) 1(1.2) 8 (3.6) 0(0.0) 0.56
month or less
Pregnancy Hypertension 1(7.7) 3(3.5) 4 (1.8) 1(11.1) 0.21
Complications
Energy intake (kd/day) 6129.7 (4500.5, 7213.5 (5822.7, 8321.4(6952.6, 10019.1) 9363.3 (8173.6, <0.001
8869.0) 8832.5) 10277.8)
Vegetables (g/d) 82.1(56.7,139.1)  116.4 (89.2, 167.0) 156.8 (104.3, 248.9) 312;;l 5(177)5.8, <0.001
Fruit (g/d) 34.2 (117, 68.1) 82.3(21.8,116.7) 79.6 (233, 171.4) 195.7 (111.8, 0.11
261.7)
Whole grains (g/d) 62.8 (53.4,131.3)  95.0(53.3, 120.6) 100.1 (60.2, 147.4) 100.0 (70.1, 124.8) 0.23
Red Meat (g/d) 71.9 (50.3, 88.6) 85.0 (64.8, 101.5) 94.1(73.7,110.2) 81.2 (44.5,100.7) 0.004
Processed Meat (g/d) 4.8 (0.8, 6.5) 4.8(3.1,7.6) 5.6 (3.5, 8.3) 5.4 (3.8, 7.4) 0.21
Fish (g/d) 12.1(7.9, 35.5) 22.4 (12.0, 37.3) 23.8 (11.3, 34.1) 39.5 (32.3, 48.5) 0.20
Dairy (g/d) 558.3 (205.3, 433.6 (258.5, 505.8 (318.8, 786.2) 681.9 (642.3, 0.31
896.2) 743.3) 970.8)
Coffee (g/d) 12.6 (0.0, 117.9) 160.4 (0.1, 675.0) 169.3 (14.5, 517.8) 17.6 (0.1, 387.2) 0.15
Tea (g/d) 5.2 (0.0, 182.4) 23.0 (2.6, 269.8) 54.4 (13.1, 230.0) 157.1 (16.7, 0.09
1028.6)
?u/ge)lr—sweetened beverages 26.8 (5.4, 120.5) 58.7 (21.7, 102.9) 79.9 (34.7,173.3) 62.4 (43.0,90.2) 0.01
g
Alcohol intake (g/d) 0.0 (0.0, 0.6) 1.5 (0.6, 3.2) 2.7(1.2,6.4) 1.2 (0.6, 2.9) <0.001
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Data are presented as median (25th percentile, 75th percentile) for continuous variables and as n (%) for categorical variables.

P-value of the continuous and categorical variables with total nut exposure across frequency of total nut consumption was estimated using the non-
parametric Kruskal-Wallis ANOVA test or chi-square tests, respectively.

3 . .
MET-h/week=Metabolic equivalent hours per week
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Table 2.

Renal function markers and subclinical renal conditions according to total nut consumption (n=330)

Page 15

Frequency of Total Nut Consumption

<1 serving per 2-3 servings per 1-6 servings per >1 servings per day P_val 3
month (n=13) month (n=86) week (n=222) (n=9) -value
Continuous Outcomesl
Plasma creatinine (mg/dL) 0.7 (0.6, 0.7) 0.7 (0.6, 0.8) 0.7 (0.7,0.8) 0.7 (0.7,0.7) 0.70
Urine creatinine (mg/dL) 121.0 (106.0, 119.0 (87.0, 157.0) 136.0 (92.0, 177.0) 131.0 (90.0, 140.0) 0.43
191.0)
UACR levels (mg/g) 3.1(17,109)7 21(12,38) 21(13,29) 21(19,47)% 0.09
eGFR5IeveIs (ML/min/1.73?) 103.9 (92.8, 110.4) 101.8 (92.4, 108.8) 102.7 (91.8, 108.4) 106.3 (103.6, 0.50
110.3)
Subclinical Renal Conditionsz
Elevated UACR (=20mg/g) 1(7.7) 4(4.7) 3(1.4) 1(11.1) 0.04
Microalbuminuria (UACR 1(7.7) 2(2.3) 2(0.9) 1(11.1) 0.04
>30mg/g)
Glomerular hyperfiltration (eGFR 0(0.0) 5 (5.8) 9(4.1) 0(0.0) 0.83

295t percentile)

1 . . .
Data presented as median (25th percentile, 75th percentile).

2
Data presented as n (%).

P-value of the continuous and categorical variables with total nut exposure across frequency of total nut consumption was estimated using the non-
parametric Kruskal-Wallis ANOVA test or the Fisher’s exact test, respectively.

4 . . - .
UACR=urinary albumin-to-creatinine ratio

5 . S
eGFR=estimated glomerular filtration rate

*
significantly different from reference group (1-6 servings per week).

J Ren Nutr. Author manuscript; available in PMC 2021 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ajjarapu et al.

Table 3.

Page 16

Adjusted percent differences of renal function markers according to total nut consumption (n=330)

Adjusted % difference (95% CI), by Frequency of Total Nut Consumption

<1 serving per month (n=13) 2-3 servings per month 1-6 servings er week (n=222) =1 servings per day (n=9)
(n=86)

UACR4

Model 11 97.1(22.6, 217.0) 27.4(3.1,57.4) 0.0 (Reference) 94.6 (10.5, 242.9)
Model 22 88.7 (16.5, 206.5) 25.3 (0.5, 56.8) 0.0 (Reference) 116.4 (21.4, 285.7)
Model 3° 86.2 (15.0, 201.6) 23.6 (-1.0,54.2) 0.0 (Reference) 117.4 (22.0, 287.5)
eGFR5

Model 22 -0.1(-6.8,7.1) -0.9(-4.0,2.3) 0.0 (Reference) 9.1(0.3,18.6)
Model 33 -0.3(-7.0,6.9) -1.1(-4.2,21) 0.0 (Reference) 9.2(0.4,18.7)

'ZModeI 1 was adjusted for age.

Model 2 was additionally adjusted for energy intake, moderate to vigorous physical activity, alcohol consumption, and vegetables.

3Mode| 3 was additionally adjusted for current BMI.

4 . . - .
UACR=urinary albumin-to-creatinine ratio

eGFR=estimated glomerular filtration rate. eGFR models were not adjusted for age as it is a component in the CKD-EPI equation used to

calculate eGFR.
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Table 4.

Page 17

Sensitivity analyses adjusting for additional nutrients (n=330), and excluding women with renal medication
use or glomerular hyperfiltration

Adjusted % difference (95%CI), by Frequency of Total Nut Consumption

<1 serving per month
(n=13)

2-3 servings per month
(n=86)

1-6 servings per week
(n=222)

=1 servings per day
(n=9)

UACR?

Fully adjusted1

Phosphorusz

Sodium2

Magnesiumz

PUFA2

Total Protein2

Excluded women with past
renal medication use3

Excluded women with

glomerular hyperfiltration3

eGFR4

86.2 (15.0, 201.6)
84.3 (13.8, 198.6)
86.2 (14.8, 201.9)
92.6 (18.4, 213.4)
80.1 (10.7, 193.0)
87.4 (15.8, 203.4)

87.5(15.2, 205.2)

90.9 (22.9, 197.0)

236 (-1.0, 54.2)
22.1(-2.3, 52.5)
236 (-1.1, 54.3)
235 (-1.1,54.1)
223 (-2.1,52.8)
22.3(-2.1, 52.6)

25.9 (0.4, 57.9)

13.0 (-8.2, 39.1)

0.0 (Reference)
0.0 (Reference)
0.0 (Reference)
0.0 (Reference)
0.0 (Reference)
0.0 (Reference)

0.0 (Reference)

0.0 (Reference)

117.4 (22.0, 287.5)
115.2 (20.7, 283.7)
117.0 (20.8, 289.8)
111.6 (18.4, 278.2)
122.8 (24.7, 298.0)
123.6 (25.4, 298.7)

116.6 (20.8, 288.2)

120.6 (30.1, 273.9)

Fully adj ustedl

Phosphorusz

Sodiumz

Magnesiumz

PUFAZ

Total Proteinz

Excluded women with past
renal medication use3

Excluded women with

glomerular hyperfiltration‘?

-0.3(-7.0,6.9)
-05(-7.2,6.7)
-05(-7.2,6.6)
~0.3 (6.5, 7.6)
-1.0(-7.7,6.3)
-0.3(-7.0,6.9)

-0.5 (7.2, 6.6)

0.7(-59,7.8)

-1.1(-4.2,2.1)
-1.3(-4.5,1.9)
-1.1(-4.2,22)
-1.1(-4.2,2.1)
-1.3(-4.4,19)
-1.1(-4.2,2.2)

-1.5 (-4.6, 1.8)

-1.3(-45,1.9)

0.0 (Reference)
0.0 (Reference)
0.0 (Reference)
0.0 (Reference)
0.0 (Reference)
0.0 (Reference)

0.0 (Reference)

0.0 (Reference)

9.2 (0.4, 18.7)
8.9 (0.2, 18.4)
7.8(-0.9,17.3)
8.7 (-0.1, 18.2)
9.7 (0.9, 19.3)
9.1 (0.3, 18.7)

8.8(0.1,18.3)

9.7 (1.1, 19.0)

'ZFuIIy adjusted model as reported in Table 3 was adjusted for age, energy intake, moderate to vigorous physical activity, alcohol consumption,

vegetables, and current BMI.

2Fu|ly adjusted model and additionally adjusted for the specified nutrient.

3Fu||y adjusted model with specified exclusion criteria.

eGFR=estimated glomerular filtration rate. eEGFR models were not adjusted for age as it is a component in the CKD-EPI equation used to

calculate eGFR.

5 . . - .
UACR-=urinary albumin-to-creatinine ratio
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