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Abstract

United States (US) Latinos have the lowest educational attainment of any US racial/ethnic group,
which may contribute to their disparate burden of Type 2 Diabetes. Herein, we aimed to examine
the association between intergenerational educational mobility and Type 2 Diabetes among US
Latino adults. We used data from the Nifios Lifestyle and Diabetes Study (2013-2014) and

the Sacramento Area Latino Study on Aging (1998-1999) to link 616 adult Latino children to
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their parents. Model-based standardization and robust Poisson regression were used to estimate
the prevalence of prediabetes, Type 2 Diabetes, treatment and glycemic control, and describe

their associations with intergenerational educational mobility. Adult children with stable high
intergenerational educational attainment had a higher prevalence of prediabetes (Prevalence Ratio,
PR=1.58; 95% Confidence Interval, CI1=1.08, 2.34) and lower prevalence of Type 2 Diabetes
(PR=0.64, CI=0.41, 0.99), as compared to those who experienced low educational attainment
across generations. Downward mobility was associated with a higher prevalence of prediabetes
(PR=1.54, CI=1.06, 2.23) and worse glycemic control (PR=2.20, C1=1.13, 4.30), and upward
mobility was associated with a lower prevalence of Type 2 Diabetes (PR=0.39, CI=0.22, 0.70).
Our findings from a predominantly Mexican-heritage community suggest that higher education
across generations may buffer individuals from glycemic dysregulation. As such, higher education
may be a promising public health target to address the rising burden of Type 2 Diabetes in the US.

Keywords

Social mobility; Education; SES; Type 2 Diabetes; Intergenerational; Hispanics; Latinos

INTRODUCTION

There are more than 19.4 million Latin American immigrants in the United States (US),
many of whom have US-born children (Stepler and Brown 2016). Most of these immigrants
came to the US from Mexico (63%) in search of the ‘American Dream’ (Papademetriou,
Sumption et al. 2009). Yet, in the US Latino immigrants and their families face an ever-
increasing number of barriers to legalization, access to social welfare programs, higher
education, health care, and thus to maintaining healthy lifestyles (Portes and Zhou 1993,
Schhneider, Martinez et al. 2006, Viruell-Fuentes, Miranda et al. 2012). For example, over
the last several decades the prevalence of obesity and Type 2 Diabetes have increased
disproportionately among US Latinos compared to hon-Latino Whites (Lorenzo, Williams
et al. 2006) fueling a Latino health crisis (Vega, Rodriguez et al. 2009). Although Type 2
Diabetes is a preventable cardiovascular disease risk factor (Balakumar, Maung et al. 2016),
22% of US Latino adults were living with Type 2 Diabetes between 2011-2016 (Cheng,
Kanaya et al. 2019).

Simultaneously, US Latinos have the lowest average level of education of any race/ethnic
group (Schhneider, Martinez et al. 2006). In fact, Mexican Americans have both the lowest
educational attainment and highest burden of Type 2 Diabetes of all US Latino background
groups (Everett, Rogers et al. 2011, Schneiderman, Llabre et al. 2014). These disparities
may reflect the limited educational opportunities afforded to foreign-born Latinos, and
structural barriers in the US that discourage socioeconomic mobility either for immigrants
themselves, or for their US-born children. Individuals of higher socioeconomic position
may benefit by having greater health literacy, monetary and other resources necessary to
acquire health care and sustain healthy lifestyles (Agardh, Allebeck et al. 2011). Likewise,
higher parental socioeconomic status may allow for more resources either to be invested

in their children’s education, housing, food, and health care during critical periods of
development, or to be transferred to their adult children later in life (Case, Fertig et
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al. 2005, Goodman, McEwen et al. 2005). Indeed previous intergenerational research has
illustrated the limitations of relying on just a participant’s socioeconomic status, by showing
that parental socioeconomic position also patterns an adult offspring’s burden of obesity,
metabolic disease (Langenberg, Kuh et al. 2006, Chichlowska, Rose et al. 2009, Gall,
Abbott-Chapman et al. 2010, Gustafsson, Persson et al. 2011, Albrecht and Gordon-Larsen
2014, Chaparro and Koupil 2014, Klijs, Angelini et al. 2016), and Type 2 Diabetes (Best,
Hayward et al. 2005, Zeki Al Hazzouri, Haan et al. 2015, Camelo, Giatti et al. 2016). Yet,
an individual’s socioeconomic position is contextualized by both time (e.g. secular trends in
educational attainment) and place (e.g. country and regional context), which makes studying
intergenerational educational mobility in immigrant communities particularly challenging.

In light of the health and educational disparities faced by US Latinos, we argue that a better
understanding of chronic diseases in Latinos is needed—in particular as it relates to theories
of early life critical periods, social mobility, or the accumulation of risk across the child’s
life course (Ben-Shlomo and Kuh 2002, Lynch and Smith 2005). Two previous Type 2
Diabetes studies of intergenerational educational attainment in Latino populations have been
conducted to date; each relied on self-reports of parental education made by adult children
(Zeki Al Hazzouri, Haan et al. 2015, Camelo, Giatti et al.2016). Neither study was able

to account for the multi-nationality of educational experiences among Latino immigrants
and their families, to minimize the role that nativity may have on the construction of
intergenerational mobility categories. Herein, we address these limitations by examining

the association between intergenerational educational mobility and Type 2 Diabetes in an
adulthood cohort of predominantly US-born Mexican American adults from the Sacramento
Area of California between 2013-2014. We use categories of intergenerational educational
attainment as a proxy measure of socioeconomic mobility in US Latino immigrant families,
given that education is more stable than income or occupation across borders and other life
transitions. We use these categories to test the hypothesis that having a higher education
relative to your peers across multiple generations (having experienced upwardly social
mobility) would be associated in a cross-sectional manner with a lower prevalence of
prediabetes, Type 2 Diabetes, and better disease management in a sample of adult US Latino
children.

2. METHODS

2.1. Study sample

The Nifios Lifestyle and Diabetes Study (NLDS) is comprised of the adult biologic offspring
and other referred relatives of 1,789 Latino adults (60-101 years) from the Sacramento Area
Latino Study on Aging (SALSA)—a population-based sample that began in 1998-1999
with followup ending in 2008 (Haan, Mungas et al. 2003). The first stage of sampling in
SALSA included Census tracts with an estimated 5% or greater eligibility (self-identified
Latino, =60 years) around the rural and urban areas of the Sacramento Valley. Then
participants living in these Census tracts were contacted by bilingual staff through a number
of methods, including door-to-door household enumeration, yielding a response rate of 85%
(89% among all eligible households). All eligible members of the selected households were
invited to participate in SALSA. Forty-four percent of the SALSA sample was living with at
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least one other SALSA participant. In SALSA, 99% of the cohort had complete information
on educational attainment and nativity.

Any living children or biologic relatives (aged 18 years or older in 2013-2014) of the
SALSA participants were eligible to participate in NLDS (wave 1: March-November 2013;
wave 2: May-November 2014) (Ward, Haan et al. 2016). Bilingual NLDS interviewers were
centrally trained to conduct an initial 30-minute phone interview, and during a separate 2-
hour examination anthropometrics, venous blood measurements and complete a medication
inventory were collected (Ward, Haan et al. 2016). Although a subset (<60%) of the study
participants recruited as part of wave 1 participated in some portion of wave 2, repeated
measures are not assessed in this particular study. Our cross-sectional analysis utilized only
the baseline data on the 638 non-pregnant participants who participated in at least one NLDS
wave, and who were then successfully linked to a parent in SALSA (n=578 children linked
to 361 SALSA parents) or in NLDS (n=60 children linked to 38 NLDS parents). Fifty-eight
of the NLDS children were linked to their parents in NLDS, who themselves were children
of SALSA participants; whereas, two NLDS children were linked to their parents in NLDS
who were other types of biologic relatives of the original SALSA participants. In each of
these 60 cases, information on parental attributes came from their NLDS parents, and not
the original SALSA participants. Among the 638 offspring, 616 adult children (97%) had
complete educational attainment and nativity data on both themselves and parent.

All participants provided their informed consent prior to participation. The SALSA and
NLDS studies have been approved by the University of California at San Francisco,
University of California, Davis; the University of Michigan; and the University of North
Carolina at Chapel Hill Institutional Review Boards.

Intergenerational educational attainment exposure categories

As with prior NLDS and similar studies (Zeki Al Hazzouri, Haan et al. 2011, Albrecht

and Gordon-Larsen 2014, Zeki Al Hazzouri, Haan et al. 2015, Ward, Haan et al. 2016,
Crenshaw, Fernandez-Rhodes et al. 2021), we developed four categories of intergenerational
educational attainment: stable high (i.e. high parent-high adult child education), upwardly
mobile (low-high), downwardly mobile (high-low) and stable low (low-low). If NLDS
participants had two parents in SALSA, we used information on the parent with the highest
educational attainment in this analysis. As supported by previous descriptive studies of
education patterns (Everett, Rogers et al. 2011), we used data-informed study and nativity-
specific thresholds to more define high educational attainment relative to a participant’s
peers, and minimize the influence of secular and geographical trends across generations. As
shown in Supplemental Figure 1, high was defined in a data-informed manner, using the
nativity-specific median in years of education for SALSA (i.e. >4 years in foreign-born,
>10 years in US-born), and for NLDS (i.e. >12 years in foreign-born, >14 years in US-
born), separately. For example, US-born SALSA participants who reported attending school
through 11 grade or higher (>10 years) were considered high given that they were born in
the US before the 1940s; US-born NLDS participants who reported attending University or
college for three years or more (>14 years of total education) were considered high, given
that they were born at a later time in US history (1930s to the 1990s) when the pursuit
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of higher education was more common. Although the exact choice of these thresholds

may have influenced the resulting distribution of intergenerational educational attainment
categories, we use these categories as a means to isolate those with greatest socioeconomic
advantage (as measured by higher education as compared to peers) and test how it associated
with prediabetes, Type 2 Diabetes burden and related outcomes across generations.

2.2.1. Type 2 diabetes—During the NLDS phone interview, participants were asked

to report if, and at what age (in years), they had previously received a Type 2 Diabetes
diagnosis from a doctor. During the home visit, NLDS staff conducted a medication
inventory and measured HbA . and fasting blood glucose. Type 2 Diabetes was defined

as having any of the following: self-report of a physician diagnosis of Type 2 Diabetes or
‘high blood sugar,” HbA level >6.5%, fasting glucose level >125 mg/dL, or use of Type

2 Diabetes-related medication(s) based on the therapeutic class of drugs for anti-diabetes
based on the National Hospital Ambulatory Medical Care Survey (Asao, McEwen et al.
2015). Pre-diabetes was defined among those without Type 2 Diabetes as having either

a HbA 1. level 5.7-6.4% or a fasting glucose level 100-125 mg/dL. We dichotomized
individuals with Type 2 Diabetes as taking anti-diabetic medications (‘treated’) or as having
a HbA 1 <7.0%, which has been described as a reasonable goal of glycemic “control’ from
the American Diabetes Association (American Diabetes Association, 2018). A total of 616
adult children had completed the in-home examination and were categorized with respect to
normal glucose regulation, prediabetes, or Type 2 Diabetes.

2.2.2. Covariates—As part of the SALSA home interview (Zeki Al Hazzouri, Haan et
al. 2015) and NLDS telephone interview (Ward, Haan et al. 2016), participants reported key
descriptives including age, gender, location of birth/education, and age at first immigration
to the US. Eight adult of 616 NLDS children with Type 2 Diabetes information were
missing age; another 23 were missing information necessary to determine their age at
immigration and/or location of education. As such, we derived the following nativity and
location of education categories: Birth Location in US (n=339), versus Mexico or Other
(n=269); Education Location in US Only (n=364), versus Both US and Abroad/Abroad
Only/Uncertain (n=221).

We used a directed acyclic graph to identify the confounders in the minimally sufficient
set (Supplemental Figure 2). Given that categories of location of birth (Figure 1A-B) and
education (Figure 1C-D) were highly related in our sample and the use of nativity/study-
specific thresholds for high educational attainment, we considered location of education
instead of place of nativity in our potential adjustment set and explore parental nativity as a
potential modifier.

2.3. Statistical analyses

First, we applied a model-based standardization procedure (Roalfe, Holder et al. 2008) to
estimate the prevalence of Type 2 Diabetes in parents and their adult children (accounting
for familial clustering; adjusting for age, a quadratic term for age, gender and their
interactions) based on the 2010 Sacramento County Census (https://factfinder.census.gov)
as a reference of the age/gender distribution of the source population aged 50-80 years.

Ann Epidemiol. Author manuscript; available in PMC 2023 January 01.
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Second, we described the distributions of key covariates and descriptive factors in parents
and adult children. Third, we used robust Poisson regression to produce less-biased
estimates the prevalence ratios (PRs) of prediabetes, Type 2 Diabetes, treatment and control
across intergenerational educational mobility categories accounting for family clustering
(Model 0) as part of a generalized estimating equation (Liang and Zeger 1986). Next,

we conducted a complete case analysis adjusting for the following covariates in Model

1: age, age?, gender, and location of education of the adult child and parent, each
separately. Additionally, we performed a sensitivity analysis to adjust for adult child, age
at immigration (Model 2), defined as <20 years, =20 years, or US-born, as shown in
Supplemental Figure 2. Missingness of exposure and covariate data did not exceed 10%
across all regression models. All regression analyses were implemented as complete case
analyses using SAS 9.4 (SAS Institute, Inc., Research Triangle Park, NC).

3. RESULTS

As compared to the adult children in this study, a greater proportion of their parents were
born abroad (47% versus 23%), coming first to the US as adults (70% versus 31%; Table

1). Thus, fewer parents than adult children were educated exclusively in the US (60% versus
81%) or attained at least some post-secondary education (26% versus 64%). The increase

in post-secondary education across generations was less marked among adult children with
US-born parents (39% parents versus 67% adult children) than among adult children with
foreign-born parents (11% versus 59%; Supplemental Table 1).

Using our study and nativity-specific educational thresholds, the two most common
intergenerational educational mobility categories were stable low (30.2%) and downward
mobility (28.6%; Table 1). Fewer adult children had stable high or upwardly mobile
intergenerational educational mobility (25.0% or 16.2%). Adult children with a US-born
parent (Supplemental Table 1; Figure 1A-B) were less often categorized as having
downward mobility or stable low attainment across generations, as compared to adult
children with a foreign-born parent. As illustrated in Figure 1A-B, a greater proportion

of the adult children with stable high (79.2%) or downward mobility (87.4%) were US-born,
as compared to those with stable low (70.5%) or upward mobility (66.7%).

Type 2 Diabetes prevalence was 33% among the Latino parents (age range: 44-101 years),
and 24% among their adult children (age range: 18-85 years). Among adult children and
parents aged 50-80 years, the age/gender-standardized prevalence of Type 2 Diabetes was
more similar: 38% in parents (95% confidence interval, Cl: 33-43%) versus 32% in adult
children (95% CI: 30-33%). The standardized difference in the mean age of diabetes
diagnosis also was similar between parents and their adult children aged 50-80 years: 54
years in parents (95% CI: 50-55 years) versus 55 years in adult children (95% CI: 53-56
years).

Nearly half of all adult children were living with prediabetes or Type 2 Diabetes (Table 1).
Among the adult children living with Type 2 Diabetes, 72% reported taking Type 2 Diabetes
medications, less than half (47.3%) had glycemic control (defined as HbA <7.0%), and
less than one-fifth (17.2%) were both treated and controlled.. Figure 2A illustrates that the
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burden of prediabetes and Type 2 Diabetes was greatest in those with stable high and stable
low educational attainment categories, respectively. Intergenerational educational mobility
categories did not appear to significantly strongly pattern prediabetes after accounting for
familial clustering (Model 0), but did reveal that Type 2 Diabetes prevalence was lower

for adult children with upward mobility compared to stable low educational attainment
(PR=0.43, 95% CI: 0.24, 0.76; Table 2). Among the adult children with stable high
educational attainment, those with US-born parents appear to have a higher prevalence of
prediabetes and lower prevalence of Type 2 Diabetes compared to those with foreign-born
parents (Supplemental Figure 3A-B); a similar but far less marked trend with parental
nativity arose for adult children with stable low educational attainment across generations.

Figure 2B illustrates how untreated and uncontrolled Type 2 Diabetes, as defined by
medication inventories and HbA . values at examination, was most common in adult
children with stable low and downwardly mobile intergenerational educational attainment,
respectively. After accounting for family clustering, the prevalence of untreated Type 2
Diabetes was not patterned by educational mobility; whereas the prevalence of uncontrolled
Type 2 Diabetes was higher for adult children with downwardly mobile compared to

stable low educational attainment (PR=2.54, 95% CI: 1.32, 4.88; Table 2). Adult children
of a foreign-born parent had a higher prevalence of Type 2 Diabetes, further classified

as either untreated or uncontrolled, across several intergenerational educational categories
(Supplemental Figure 3C-D).

After accounting for age, age?, gender, and location of education of the parent and adult
child were included in the model (Model 1 in Table 2), we observed differences in the
prevalence of prediabetes for adult children with stable high (PR: 1.58, 95% CI: 1.08, 2.34)
and downwardly mobile categories (PR: 1.54, 95% CI: 1.06, 2.23), as compared to stable
low educational attainment across generations. Conversely, after accounting for age, age?,
gender, and location or parental and child education we observed a lower Type 2 Diabetes
prevalence among adult children with stable high (PR: 0.64, 95% CI: 0.41, 0.99) and
upwardly mobile educational attainment (PR: 0.39, 95% CI: 0.22, 0.70). Parental nativity-
stratified results showed similar trends across educational attainment categories, with the
exception that downward mobility among the children of immigrant parents was associated
with a lower prevalence of Type 2 Diabetes (PR: 0.53, 95% CI: 0.29, 0.95; Supplemental
Table 2). Additional adjustments for timing of immigration for the adult children did not
notably alter our findings for Type 2 Diabetes or prediabetes (results not shown).

In a subsample of 143 adult children living with Type 2 Diabetes, we observed no significant
differences in the prevalence of treatment across intergenerational education categories for
any of the models (Model 1, Table 2). Yet, adult children with downwardly mobility had
worse diabetes control after accounting for age, gender, and location of education (PR: 2.20,
95% CI: 1.13, 4.30, Model 1). Similar, but non-significant trends were observed among the
children of immigrant parents (Supplemental Table 2). The magnitude of this association
was robust to adjustment for the timing of immigration (results not shown).
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4. DISCUSSION

This study is the first, to our knowledge, to use multigenerational-linked cohorts to compare
the burden of Type 2 Diabetes across generations of predominantly US-born Mexican
American adults and to describe the association between intergenerational educational
mobility and Type 2 Diabetes in a cohort of predominantly US-born Mexican-heritage
adults. Previous work in this cohort of adult children has only studied quantitative
intergenerational patterning of cardiovascular risk factors including fasting blood glucose in
the subset of participants who completed the in-home NLDS examination (Whitley, Peralta
et al. 2018) or cardiometabolic measures (Crenshaw, Fernandez-Rhodes et al. 2021).

Although we initially observed a lower unadjusted prevalence of Type 2 Diabetes in the
adult children than in their parents (24% in adult children, versus 33% in their parents),

after age/gender-standardization the prevalence of Type 2 Diabetes were roughly comparable
(32%, versus 38%). In spite of the presumably greater access to US health and social welfare
programs available to a predominantly US-born cohort (Table 1), Type 2 Diabetes still
remains a seemingly intractable problem for the US Latinos in our study. The moderately
higher burden of Type 2 Diabetes among Latino parents of our study may relate to their
unique birth cohort-related exposures or migration histories.

Adult children with stable low intergenerational educational attainment appear to face a
particularly high burden of Type 2 Diabetes. Even though they had the lowest prevalence
of prediabetes and uncontrolled Type 2 Diabetes, they had the highest prevalence of Type 2
Diabetes and specifically untreated Type 2 Diabetes, of all educational mobility categories.
In contrast, high parental educational attainment was associated with a greater burden of
prediabetes, regardless of the level of adult child education. This could indicate that either
childhood is a critical period for the epigenetic programming of glycemic dysfunction, or
that the use of parental resources in children as an investment in human capital corresponds
later in a child’s life to better management of prediabetes, or of its progression to Type

2 Diabetes. In fact, we observed prevalence patterns that suggest that adult children with
both stable high and low intergenerational educational attainment and a US-born parent may
transition from prediabetes to Type 2 Diabetes later in their life course. We anticipate that
any potential benefit would diminish with age, as more individuals transition to developing
diabetes later in life. Yet, if these cross-sectional observations were to hold true in future
longitudinal or experimental studies, delayed transitions to Type 2 Diabetes could benefit
public health by both diminishing the number of early onset cases and the long-term
complications/weathering of the condition.

Adult children who attained higher levels of education than their peers did also had a lower
prevalence of Type 2 Diabetes, which speaks to the importance of an individual’s own
resources in maintaining health. Among the adult children who achieved a high level of
education, those with parents with lower educational attainments experienced the greatest
protection against Type 2 Diabetes. It is possible that they may have begun with more
favorable glycemic profiles or maintained their health through their own upward mobility,
which could in turn afford them access to employment opportunities, better housing quality,
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food/housing security, access to health care, and other resources necessary to maintain
healthy lifestyles.

Taken together, these findings may suggest that Type 2 Diabetes prevention efforts would

be best directed towards Latino children living in families characterized by low levels of
parental education, many of whom may also be living near or at the poverty line in the US
(Gennetian, Rodrigues et al. 2015). As downward mobility was also associated with a higher
prevalence of prediabetes, it appears that this may have been due more preclinical disease

in this subgroup. Although high parental educational attainment appears to protect against
Type 2 Diabetes in adulthood, once an adult child develops clinical manifestations of Type

2 Diabetes their downward mobility, and the challenges that accompany it, may nonetheless
place them at greater risk for poor Type 2 Diabetes management.

Our study’s findings may be limited by the fact that educational attainment may not

fully capture all aspects of socioeconomic status or mobility. We focus our analyses on
educational attainment, instead of other measures of socioeconomic status, as it is less
influenced by nativity or age-related changes in occupation, earnings or wealth (Adler and
Newman 2002, Laaksonen, Rahkonen et al. 2005). Yet, some adult children in early or
mid-adulthood may still have educational aspirations. In particular this may occur for the
subset of NLDS adult offspring (n=60) linked to NLDS parents, who were more likely to

be younger, US-born and educated than their peers. However, sensitivity analyses excluding
the children of these NLDS parents did not change our overall conclusions (data not shown).
Furthermore, studying educational attainment across generations allows for easy comparison
with previous (Albrecht and Gordon-Larsen 2014, Zeki Al Hazzouri, Haan et al. 2015), or
forthcoming studies of Latino populations, as educational data is commonly collected in
administrative or health care databases. In addition, promoting higher education may be an
actionable public health target and promising lever for addressing Mexican American or
Latino health disparities more broadly.

We anticipate that most adult children completed their education in early to mid-life before
entering into the period of greatest risk for Type 2 Diabetes (mid to late-adulthood). Yet, we
cannot fully rule out the possibility of reverse causation occurring between parental-child
education patterns and adult child health (Elovainio, Ferrie et al. 2011). If this were to

occur an individual’s glycemic health or Type 2 Diabetes risk in adolescence and early
adulthood would have to affect their own educational trajectory and eventual attainment.
Future work is needed to determine the extent to which the associations between educational
mobility and Type 2 Diabetes may be generalized to other Latino communities in the US,

or other immigrant groups across the world. Lastly, the manner in which we defined Type 2
Diabetes as being one of four indications (self-reported diagnosis, elevated fasting glucose,
elevated HbA 1, or current diabetic medication), precludes exploration of how individuals
with prediabetes may be counselled or treated with diabetic medications, such as metformin.

Our current results support previous cross-sectional findings from the SALSA cohort on
intergenerational educational attainment and metabolic syndrome or Type 2 Diabetes, which
were based on educational reports from SALSA on the grandparents or great-grandparents
of NLDS participants (Zeki Al Hazzouri, Haan et al. 2015). They found that parental high
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educational attainment protected equally against Type 2 Diabetes regardless of their own
parents’ level of education (stable high PR=0.63; C1=0.41.0.95; upwardly mobile PR=0.63;
Cl=0.40, 0.99), but only if their parents were US-born. In our current study of a more
recent generation of mainly US-born adult children, we find a similar protection for stable
high educational attainment regardless of parental nativity and a greater protection for
upwardly mobile adult children, especially for children of immigrant parents. These findings
collectively reflect a complex interaction between trajectories of socioeconomic status and
health in US Latino families. We conclude that interventions targeting contributors to social
inequities in the US (i.e. immigration and social welfare policy, affordability of higher
education, etc.) may be powerful targets for reducing the intergenerational patterning and
persistence of Type 2 Diabetes in the Latino community.

5. CONCLUSIONS

In light of the current disproportionate burden of low educational attainment and Type 2
Diabetes faced by US Latinos (Schhneider, Martinez et al. 2006, 2016), the strong link
between socioeconomic status and Type 2 Diabetes (Agardh, Allebeck et al. 2011), and an
increasing climate of marginalization and discrimination of US Latinos (Portes and Zhou
1993, Viruell-Fuentes, Miranda et al. 2012), Latinos are a vulnerable US population. Our
findings the Sacramento Area shed light on the complex intergenerational interaction of
educational attainment and health dis/advantage across generations of Latino families. These
and previous results reinforce the importance of taking an intergenerational-public health
perspective to reducing Type 2 Diabetes burden and improving its treatment and control
within the Latino community.
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Figure 1.

Distribution of Intergenerational Educational Mobility Categories among Adult Children

by Their Location of Birthand Either Their Linked Parent’s Location of Birth [Panel

A: United States (US)-Born; B: Foreign-Born] and Their Linked Parent’s Location of
Education (Panel C: US-Educated only; D: Foreign-Educated only, Foreign-Educated Mixed
with US-educated, or Location Uncertain) among 608 Adult Children of the Nifios Lifestyle
and Diabetes Study with Information on their Prediabetes/Type 2 Diabetes Status, Age and

Gender
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Figure 2.
Unadjusted Prevalence of Prediabetes and Type 2 Diabetes (Panel A; Based on 144

Prediabetic and 143 Individuals Living with Type 2 Diabetes / 608 Totaland Proportion
Untreated with Medications or Uncontrolled Type 2 Diabetes as Indicated by Having a
Percent Glycosylated Hemoglobin =7.0% (Panel B; Based on 41 Untreated / 143 Total with
Medication Status and 49 Uncontrolled / 92 Total with Measured Glycosylated Hemoglobin)
by Intergenerational Educational Mobility Categories among the 608 Adult Children of the
Nifos Lifestyle and Diabetes Study with Information on Age and Gender (2013-2014)
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Table 1.

Descriptive Characteristics of Sacramento Area Latino Study of Aging (SALSA n=361 from 1998-1999)
or Nifios Lifestyle and Diabetes Study Parents (NLDS, n=38 from 2013-2014) Linked to at Least One
Adult Child in NLDS (n=616) with Intergenerational Educational Mobility and Type 2 Diabetes Status at
Examination

SALSA and NLDS Parents N Mean+ SD or %
Covariates Age (years) 399 69.3+8.1
Gender 399
Male 376
Female 62.4
Country of Birthl 399
United States 52.6
Other 5.3
Mexico 42.1
Time at Migrationl Lra
Childhood (<20 years) 29.9
Adulthood (=20 years) 70.1
Country of Education 383
United States 59.3
Both/uncertain 2.9
Mexico 37.9
Socioeconomic Educational Attainment (years)2 399
Position 0-4 243
5-10 338
11-12 16.8
13-14 13.0
215 12.0
NLDS Adult Children
Covariates Age (years) 608 52.9+11.7
Gender 616
Male 38.3
Female 61.7
Country of Birth3 616
United States 76.6
Other 3.1
Mexico 20.3
Time at Migrati0n3 142
Childhood (<20 years) 69.0
Adulthood (=20 years) 31.0
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SALSA and NLDS Parents N Mean+ SD or %
Country of Education 608
United States 81.3
Both/Uncertain 9.5
Mexico 9.2
Socioeconomic Educational Attainment (years)z 616
Position 0-4 2.1
5-10 8.8
11-12 25.6
13-14 27.3
215 36.2
Intergenerational Educational Mobilityz 616
Stable High 25.0
Upwardly Mobile 16.2
Downwardly Mobile 28.6
Stable Low 30.2
Health Outcome Type 2 Diabetes 616
Normal Glucose 533
Regulation
Pre-Diabetic4 234
Diabetic5 144 234
% Treated with Medications 715
% Controlled 47.3

Abbreviations: HbAlc=Percent Glycosylated Hemoglobin, SD=Standard deviations

1 . . . . .
Overall 210 SALSA and NLDS parents were born in the US. Among the 186 foreign-born parents, 171 (92%) also had information about their
time at migration to the US.

High educational attainment was defined as being above the median years of educational attainment by nativity of SALSA parents (>4 years in
foreign-born, >10 years in US-born), and nativity of their NLDS adult children (>12 years in foreign-born, >14 years in US-born).

3Overall 474 adult children were born in the US. Among the 144 foreign-born adult children, 142 (99%) also had information about their time at
migration to the US.

4Pre-diabetes was defined as having either a HbAlc level 5.7-6.4% or a fasting glucose level 100-125 mg/dL, without a previous T2D diagnosis
and use of anti-diabetic medications at examination as based on the National Hospital Ambulatory Medical Care Survey therapeutic class of
anti-diabetic drugs.

5We defined type 2 diabetes using the following: HbAlc level 26.5%, fasting glucose level >125 mg/dl, self-report of a physician diagnosis of T2D
or ‘high blood sugar’, or use of T2D-related medication(s).

Among individuals living with Type 2 diabetes, we defined treated as taking anti-diabetic medications and control as having a HbA1c<7.0% at
examination, which has been described as a reasonable goal of glycemic control from the American Diabetes Association.
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Table 2.

Prevalence Ratios (and 95% Confidence Intervals) of Prediabetes and Type 2 Diabetes in up to 616 Adult
Children from the Nifios Lifestyle and Diabetes Study (2013-2014) across Categories of Intergenerational
Educational Attainment

Model O1 Model 12

Intergenerational Educational Attainment Category (Model 0/1 Sample Size)

Pred iabetes3

Stable High (n=122/115) 1.33(0.91,1.94) 158 (1.08, 2.34)
Upwardly Mobile (n=87/86) 1.15(0.75,1.78)  1.31(0.86, 2.01)
Downwardly Mobile (n=132/123) 1.29 (0.89,1.86) 1.54 (1.06, 2.23)
Stable Low (n=131/123) 1 (ref) 1 (ref)

Type 2 Diabetes4

Stable High (n=154/144) 0.71(0.47,1.05)  0.64 (0.41, 0.99)
Upwardly Mobile (n= 100/99) 0.43 (0.24,0.76)  0.39 (0.22, 0.70)
Downwardly Mobile (n=176/166) 0.86 (0.62,1.20)  0.81(0.57, 1.17)
Stable Low (n=186/176) 1 (ref) 1 (ref)

Untreated Type 2 Diabetes4

Stable high (n=32/29) 0.95(0.70,1.28)  0.88 (0.65, 1.20)
Upwardly mobile (n=13/13) 0.81(0.61,1.09) 0.79 (0.58, 1.07)
Downwardly mobile (n=45/43) 0.90 (0.69,1.17)  0.90 (0.68, 1.20)
Stable low (n=54/53) 1 (ref) 1 (ref)

Uncontrolled Type 2 Diabetes5

Stable high (n=21/18) 1.14(0.77,1.70)  1.04 (0.66, 1.64)
Upwardly mobile (n=7/7) 1.46 (0.60, 3.56) 1.38(0.60, 3.17)
Downwardly mobile (n=32/31) 2.54(1.32,4.88) 2.20(1.13, 4.30)
Stable low (n=33/32) 1 (ref) 1 (ref)

Prevalence ratios (and 95% confidence intervals) in bold to a P<0.05.

JAdjusted for clustering within families.

ZAdjusted for age, agez, gender, location of offspring and parental education, and clustering within families.

3Pre—diabetes was defined as having either a HbAlc level 5.7-6.4% or a fasting glucose level 100-125 mg/dL, without a previous T2D diagnosis
and use of anti-diabetic medications at examination as based on the National Hospital Ambulatory Medical Care Survey therapeutic class of
anti-diabetic drugs.

4We defined type 2 diabetes as any of the following: HbA1c level 26.5%, fasting glucose level >125 mg/dl, self-report of a physician diagnosis
of T2D or ‘high blood sugar’, or use of T2D-related medication(s). Among individuals living with Type 2 diabetes, we further defined treated as

taking anti-diabetic medications as based on the National Hospital Ambulatory Medical Care Survey therapeutic class of anti-diabetic drugs.

5Among individuals living with Type 2 diabetes, we defined control as having a HbA1c<7.0% at examination, which has been described as a
reasonable goal of glycemic control from the American Diabetes Association.
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