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A B S T R A C T   

Background: The cumulative socioeconomic status (SES) model posits that childhood and adult experiences accumulate to influence disease risk. While individual SES 
indicators such as education and income are independently associated with incident type 2 diabetes (T2D), the association of cumulative SES and incident T2D is 
unclear, especially in African American adults. 
Methods: We utilized cohort data of African American participants (n = 3681, mean age 52.6 years) enrolled in the Jackson Heart Study from 2000 to 2013 free of 
T2D or cardiovascular disease at baseline (2000–2004). Cumulative SES scores at baseline were derived using six SES indicators (education, wealth, income, 
occupation, employment status, and mother’s education) categorized as low, middle, and high. Incident T2D was defined at exam 2 (2005–2008) or exam 3 
(2009–2013) based on fasting glucose ≥126 mg/dL, HbA1c ≥ 6.5, reported diabetic medication use, or self-reported physician diagnosis. Proportional hazards 
regression, allowing for interval censoring, was used to estimate the association between cumulative SES and incident T2D (hazard ratio(HR), 95% confidence 
interval (CI)) after adjustment for covariates. Sex and age differences were tested using interaction terms. 
Results: There were 544 incident T2D cases. The association between low (versus high) cumulative SES and incident T2D was not significant (HR 1.04 [95% CI 0.85, 
1.28]) and did not differ by sex (p value for interaction>0.05). However, there were differences by (age p value for interaction = 0.0052 for middle-aged adults and 
0.0186 for older adults). Low (versus high) cumulative SES was associated a greater hazard of incident T2D among those 20–46 years (HR 1.12 [95% CI 1.03, 1.21]), 
47–59 years (HR 1.25 [95% CI 1.06, 1.47]) and those 60–93 years (HR 1.39 [95% CI 1.09, 1.78]) after adjustment for sex and family history of diabetes. Associations 
attenuated after adding behavioral and lifestyle risk factors. 
Conclusion: The association of low cumulative SES and incident T2D differed by age, which may suggest interventionist should consider impacts of SES on T2D by age.   

1. Introduction 

African American/Black adults have a greater burden of type 2 dia
betes (T2D) in the United States (US) when compared with White adults 
(Virani et al., 2020). In 2020, the age-adjusted prevalence of T2D among 
Black adults was approximately 16.8%, while it was 10.0% for White 
adults (Control CfD and Prevention, 2020). Traditional risk factors such 
as physical inactivity, obesity, and unhealthy dietary intake are con
tributors to T2D (Kolb & Martin, 2017); however, upstream factors such 
as socioeconomic status (SES), which impacts downstream access to 
material resources and behavioral outcomes, may be a fundamental 
cause of T2D (Braveman & Gottlieb, 2014). SES is a dynamic social 

construct which influences the ability to create or consume goods in 
society, and is most commonly captured by education, income, and 
occupation. Historically, structural racism has contributed to higher 
concentrations of poverty in contemporary African American commu
nities, which is a contributing factor of racial and social class disparities 
in cardiovascular morbidities such as T2D (Williams & Collins, 2016). 

Social experiences, including experiences related to SES, throughout 
life contribute to adult health and disease risk (Krieger, 2005; Pollitt 
et al., 2005). Cumulative SES measures include multiple indicators at 
different time points, and thus, are more strongly associated with car
diovascular morbidities than utilizing adult SES or childhood SES alone 
(Pollitt et al., 2005). Because SES indicators are captured at more than 
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one point in time, the combined effects of these indicators represents the 
accumulated ‘health capital’ (Guimarães, 2007). Previous studies have 
found inverse associations between individual SES indicators such as 
education and income and a greater risk of T2D (Beckles et al., 2019; 
Krishnan et al., 2010; Robbins et al., 2005). However, the socioeconomic 
experience of an individual is multi-dimensional, and the inclusion of 
multiple SES indicators is important for capturing the accumulation of 
SES. One cross-sectional study examined the cumulative effect of four 
indicators (education, income, minority race/ethnic group, and single 
living status) on prevalent T2D using data from NHANES (1999–2006) 
(Echouffo-Tcheugui et al., 2016). The results suggested that exposure to 
more than one social risk indicator (versus exposure to none) was 
associated with a greater odds of T2D. The authors were unable to 
perform incident analyses; therefore, our understanding of the effects of 
cumulative disadvantage on incident T2D is limited. 

This study examined the association of cumulative SES, defined 
using six SES indicators (education, income, occupation, wealth, 
employment status, and mother’s education) with incident T2D among 
African American adults from the Jackson Heart Study (JHS). We also 
examined whether sex and age differences exist in the association due to 
reported differences in SES and T2D by age and sex (Assari et al., 2017; 
Forouhi & Wareham, 2019; Huebschmann et al., 2019; Robert et al., 
2009). Our guiding hypothesis was that there would be an inverse as
sociation between cumulative SES and incidence of T2D, and there 
would be differences by age and sex. 

2. Methods 

The JHS is a prospective cohort study of the burden and incidence of 
CVD among self-identified African American adults (3371 women, 1935 
men; age 20–95 years old) (Fuqua et al., 2005). Non-institutionalized 
adults residing in the tri-county area (Hinds, Madison, and Rankin) of 
the Jackson, Mississippi Metropolitan Statistical Area were eligible for 
recruitment. Four recruitment methods were conducted during the 
baseline examination from 2000 to 2004. Participants were sampled 
from 1) a subset of participants from the Atherosclerosis Risk in Com
munities (ARIC) study, 2) random selection from the Mississippi 
Department of Transportation Driver’s License and Identification List, 3) 
volunteers that signed up for the study, and 4) family members of par
ticipants who agreed to be a part of the study. The final percentages from 
the sampling frame included: 30% ARIC study, 17% random, 22% 
volunteer, and 31% secondary family members of those who agreed to 
be participants (n = 5306). Participants completed in-home interviews, 
self-administered questionnaires, and in-clinic examinations to obtain 
demographic, socioeconomic, psychosocial, behavioral, anthropo
metric, health history, and clinical data. The JHS includes 2 additional 
exams: exam 2 (2005–2008) and exam 3 (2009–2013) (Fuqua et al., 
2005). The study was approved by the institutional review boards of the 
University of Mississippi Medical Center, Jackson State University, and 
Tougaloo College. All participants provided written informed consent. 

2.1. Exposure 

Cumulative SES was conceptualized as the combined effects of ed
ucation, wealth, income, occupation, employment status, and mother’s 
education from the baseline examination. All of the measures were 
categorical measures collected from questionnaires in the JHS. Educa
tion was defined as the highest degree or years of school completed. 
Thus, investigators were able to derive education as: <Less than High 
School diploma, High School Diploma, Some College/Technical/Voca
tional school, College degree or more. Wealth was defined by assets a 
participant had attained, measured by home ownership (yes or no), car 
ownership (yes or no), or monetary assets that could be utilized in cases 
of emergency. The options for monetary assets ranged from $0 to 
$200,000 or more, and the midpoint of each category bracket was 
summed to create a total score. The score was then dichotomized at the 

median to create a measure of monetary assets (<35K or ≥35K). Income 
was defined as the reported total combined family income, their family 
size, and poverty threshold from the year of examination. The JHS 
derived income categories (poor, lower-middle, upper-middle, and 
affluent). Occupation was defined as the participant’s main job or most 
recent occupation. Categories were derived from Occupational Hand
book and included managerial, sales, technical, farming, construction, 
and production positions. Employment status represented their current 
working situation (e.g. full-time/part-time/unemployed/retired-not 
working). Mother’s education was defined as the mother or most 
important female caretaker’s educational attainment when the partici
pant was at least 16 years of age, with the same categories as the par
ticipant’s education. All indicators were updated to have 3-levels. 
Table 1 shows the SES indicators, the description of each indicator, 
and values (0, 0.5, or 1) assigned to each indicator’s 3-level categories. 

The cumulative SES score was developed similarly to previous 
research (James et al., 2006). A score of 0 was assigned for the lowest 
relative SES level, thus < High School, poor income, homemaker 

Table 1 
Socioeconomic Status indicators used to create the cumulative socioeconomic 
status score in Jackson Heart Study participants at exam 1 (2000–2004), n =
5306.  

SES 
indicators 

Description SES categories and 
values assigned 

N (%) 

Education Highest degree or years of 
school completed 

<HS = 0 1099 
(20.7) 

HS-Some College =
0.5 

2118 
(39.9) 

College degree or 
more = 1 

2076 
(39.1)  

Income Total combined family 
income using census size 
destinations for family size 
and specific calendar year 
poverty level 

Poor = 0 919 
(17.4) 

Lower and Upper- 
middle = 0.5 

2797 
(52.9) 

Affluent = 1 1570 
(29.7)  

Occupation Main job or most recent 
occupation using the 
Standard Occupational 
Classification Manual 

Construction/ 
Production/Farming 
= 0 

1120 
(21.1) 

Service/Sales = 0.5 2254 
(42.5) 

Managerial/ 
Professional = 1 

1878 
(35.4)  

Employment Current working situation Unemployed/ 
Homemaker = 0 

303 
(5.7) 

Retired not working/ 
temporary lay off/on 
leave = 0.5 

1674 
(31.6) 

Employed = 1 3299 
(62.2)  

Wealth Assets attained: car 
ownership, home ownership, 
and liquid assets valued <35K 
or ≥35K 

Have 0 out of 3 = 0 378 
(7.15) 

Have 1 out of 3 = 0.5 1613 
(30.5) 

Have 2 or 3 = 1 3297 
(62.4)  

Mother’s 
Education 

Female caretaker educational 
attainment when the 
participant was at least 16 
years 

<HS = 0 2238 
(42.2) 

HS-Some College =
0.5 

1633 
(30.8) 

College grad or more 
= 1 

1435 
(27.0) 

*Values were imputed for this variable. 
Notes: Abbreviations: SES - socioeconomic status; HS - high school. 
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occupations, unemployment, low wealth (e.g., no or only 1 asset), or <
High School mother’s education were assigned a 0. A score of 0.5 was 
assigned for the middle relative SES level, thus those who completed 
high school and/or some college/technical school, had "lower-middle" 
or "upper-middle" income, were most recently in service/sales occupa
tions, retired and not working/temporarily laid off/on leave, had 
mid-level wealth (e.g., having at least 2 assets), or reported mother’s 
education as "high school diploma to some college" were assigned a 0.5. 
A score of 1 was assigned to the highest relative SES level, thus those 
who were college graduates, had "affluent" income, had recently worked 
in managerial/professional occupations, were employed, had high 
wealth (e.g., all 3 assets), or had mothers who had college degrees 
received a score of 1. 

A sum of their observed scores across the 6 indicators represented the 
cumulative SES score (range: 0–6), and a tertile distribution of the score 
created low, middle, and high (referent) cumulative SES. The cumula
tive SES score was also standardized using standard deviation (sd) units. 

2.2. Outcome 

At each exam, T2D was defined as having at least one of the 
following: a fasting glucose ≥126 mg/dL, or HbA1c ≥ 6.5, or diabetic 
medication use within 2 weeks prior to the examination center visit, or a 
self-reported physician diagnosis. To identify those with incident T2D, 
participants who had diabetes at baseline/first examination were 
excluded. Participants who had cardiovascular disease (CVD) at base
line, defined as self-reported physician diagnosis and/or confirmed 
heart disease from an electrocardiogram, were also excluded. There
after, participants who had T2D at exams 2 and/or 3 were considered 
incident T2D cases. The probability of misclassifying an incident T2D 
case as a type 1 diabetes (T1D) case was low because T1D has an earlier 
onset and longer duration than T2D cases, and T2D represents over 90% 
of all diabetes cases in the US. (Imayama et al., 2011; Lyssenko & 
Laakso, 2013) 

2.3. Covariates 

Demographic covariates included age (years) and sex (male/female). 
For testing age differences, we created age group categories using a 
tertile distribution (20–46 years, 47–59 years, and 60–93 years), due to 
the unique distribution of age. Specifically, the tertile distribution was 
used to make comparisons by age, considering sample size (e.g., there 
were only 140 participants who were at least 30 years of age, and 49 
participants who were at least 80 years of age, therefore these partici
pants were placed in the lowest and highest age category, respectively). 
Participants were asked about their family history of diabetes with the 
following questions: "Did your mother have diabetes?" and "Did your 
father have diabetes?" If participants indicated one or both parents had 
diabetes, they were coded as having a family history of diabetes. 
Behavioral variables such as physical activity, smoking, alcohol intake, 
and percent daily dietary fat in addition to risk factors such as adiposity 
were considered potential mediators according to previous research (Lee 
et al., 2011; Pampel et al., 2010; Robbins et al., 2005) but were also 
deemed important covariates for the current analyses due to their rep
resentation of baseline health status. The American Heart Association’s 
Life’s Simple 7 was used to define physical activity and smoking, where 
ideal physical activity (yes vs. no) was defined by having at least 150 
min of self-reported moderate physical activity or 75 min of vigorous 
physical activity per week, and ideal smoking (yes vs. no) was classified 
as never smoking or had quit smoking at least 12 months ago. Partici
pants were asked whether they had consumed alcohol in the last 12 
months to measure alcohol intake. Waist circumference (cm) was used 
to capture adiposity. Percent of dietary fat per day was measured from a 
dietary survey at baseline, and greater values were used as proxies for 
high-fat diets. While many of the covariates were measured at multiple 
exams, we included data from the baseline/first exam visit, which aligns 

with the cumulative SES exposure measure. 

2.4. Statistical analysis 

At baseline (n = 5306), there were greater than 10% missing ob
servations for income (n = 818), wealth (n = 863), and mother’s edu
cation (n = 1435). Due to the possibility of inducing bias by only 
including those with complete SES indicators, values were imputed 
under the assumption that these variables were missing at random. 
Missing observations for income, wealth, and mother’s education were 
imputed by inserting predicted values based on sex, age, education, and 
occupation (for income and wealth) characteristics from those with 
complete data (Van Buuren et al., 2006). Thus, for each missing obser
vation, we examined the age, sex, education, and occupation and 
recoded their missing value to match participants who had the same age, 
sex, education and occupation. After conducting this approach, we also 
used multivariate imputation by chained equations with 5 data sets to 
verify if the distributions were similar (see Supplemental Table C). After 
removing participants who had prevalent T2D and CVD at baseline, the 
sample size in JHS was 3681. 

Proportional hazards regression, that allowed for interval censoring, 
was used to estimate the association between cumulative SES scores 
(total, categorical, and standardized) and incident T2D with hazard 
ratios (HR, 95% confidence intervals (CI)). Because there was no date of 
incident T2D diagnosis, this type of regression was used to approximate 
time to event based on years between baseline and visit 2 and years 
between visit 2 and visit 3. We tested the proportional hazards as
sumptions using Kaplan-Meier curves. Confidence intervals excluding 1 
and p-values based on two-tailed tests (p < 0.05) were considered sta
tistically significant. The fully-adjusted model included age, sex, and 
family history of diabetes. We added health behaviors and risk factors 
(Model 2) to determine how much these factors accounted for the as
sociation between SES and incident T2D. Interaction terms were used to 
evaluate whether there were age and sex differences in the association of 
low vs. high and middle vs. high cumulative SES and incident T2D in 
Models 1 and 2. If interaction terms were statistically significant, we 
stratified the analyses. All analyses were conducted in SAS version 9.4 
(SAS Institute, Cary, NC) and STATA 16 (College Station, TX). 

3. Results 

The mean age was 52.6 years (sd = 12.9). Most participants were 
female (63.3%) and had ideal smoking habits (85.6%). Twenty-one 
percent (21.4%) had ideal physical activity, and 49.9% reported they 
did not drink alcohol in the last 12 months. The average waist circum
ference was 98.4 cm (sd = 15.8) and the average daily dietary fat was 
35%. Around 3% (3.4%) of participants had a family history of diabetes. 
The mean cumulative SES score was 3.75 (sd = 1.24) (Table 2). Sup
plemental Table A shows a comparison of these characteristics among 
those with and without T2D and/CVD at baseline. 

There were 544 incident T2D cases (data not shown). Supplemental 
Table B shows the number of T2D cases by each SES indicator and the 
association of individual SES indicators with incident T2D after baseline 
exclusions. A greater hazard for incident T2D was found for lower ed
ucation (<HS: HR 1.30, 95% CI 1.02, 1.65), employment status 
(Retired/temporary laid off: HR 1.39, 95% CI (1.15, 1.69)), and low 
mother’s education (<HS: HR 1.57 95% CI 1.17, 2.11). Associations 
attenuated after adjustment for age, sex, and family history of diabetes, 
except for the association between HS-Some College (vs. College Degree 
or more) and incident T2D (HR 1.22, 95% CI (1.01, 1.46). The tertile 
distribution of the cumulative SES score was not significiantly associated 
with incident T2D (Supplemental Table B). Table 3 shows the associa
tion of cumulative SES and incident T2D after adjusting for age, sex, and 
family history of T2D in model 1 and in model 2. There were no detected 
violations of the proportional hazards assumptions for all variables in 
the models. There were no statistically significant associations between 
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the total score, low or middle (vs. high) cumulative SES scores and 
incident T2D, nor the standardized score, and incident T2D in model 1. 
The addition of covariates in model 2 did not change the statistical 
significance but did change the direction of the effect estimates for low 
vs. high cumulative SES, the total score, and the standardized score. 

The interaction terms between low (vs. high) and middle (vs. high) 
cumulative SES and sex were not statistically associated with incident 
T2D (data not shown). However, the interaction terms for cumulative 
SES and age groups were statistically significant (p-value for interaction 
for middle-aged adults = 0.0052 and older adults = 0.0186) (data not 
shown) after adjustment of covariates in models 1 and 2. Models strat
ified by age showed a significant association between cumulative SES 
and incident T2D in models 1. As shown in Table 4, participants with 
low (vs. high) cumulative SES had a greater hazard of incident T2D 
when adjusting for sex and family history of diabetes in all age groups. 
The effect estimate was highest among participants 60–93 years with 
low (vs. high) cumulative SES (HR 1.39, 95% CI 1.09, 1.78). However, 
this association attenuated in model 2. Among all adults with low cu
mulative SES (n = 1336), those 47–59 years had a greater cumulative 

incidence of T2D than those 20–46 years and 60–93 years of age (Gray’s 
test p-value = 0.0012; Supplemental Fig. 1). 

4. Discussion 

This study tested the association of cumulative SES and incident T2D 
in an African American longitudinal cohort. In this study, we found 
partial support for our hypotheses. Though cumulative SES was not 
associated with T2D risk nor were there significant differences by sex, 
there were some detectable differences by age. Low cumulative SES 
increased the risk of incident T2D in each age group, but adjusting for 
behavioral and lifestyle factors attenuated the association. The results 
highlight risk differences in T2D by age and cumulative SES levels and 
are partially consistent with previous reports of studies examining the 
associations between SES and risk of T2D. 

SES factors in childhood and adulthood indeed act together to in
fluence the development of chronic illness later in life, which supports 
the cumulative SES model (Pollitt et al., 2005). Previous studies have 
found significant associations between cumulative SES (as defined by 
both childhood and adulthood SES indicators) and markers of inflam
mation (Pollitt et al., 2008), allostatic load (Merkin et al., 2014), 
metabolic syndrome (Chichlowska et al., 2009), and subclinical 
atherosclerosis (Carson et al., 2007). In a study of 10,308 participants 
from the Whitehall II study (British Civil Servants 20–64 years), a cu
mulative score of father’s occupation, participant education, and 
participant occupation was utilized to determine the association of SES 
with incident T2D (Stringhini et al., 2013). Their results showed an in
verse association between cumulative SES and incident T2D. Addition
ally, smoking, low physical activity, BMI, CRP, and IL-6 mediated the 
association of low cumulative SES and incident T2D. Our study adds the 
association of cumulative SES and incident T2D among African Amer
ican adults, but there were no associations except when stratifying by 
age. Age is also a strong risk factor for the development of T2D, and we 
are currently unaware of previous studies reporting an age interaction in 
the association of cumulative SES and diabetes risk. Differences by sex 
were expected, however, our results suggested no difference between 
men and women. 

The cumulative SES score in this study includes SES indicators from 
both adulthood and childhood. Previous studies suggest an inverse as
sociation between SES indicators and incident T2D (Beckles et al., 2019; 
Krishnan et al., 2010; Robbins et al., 2005), however, this analyses 
showed unique patterns of SES and incident T2D, with greater T2D cases 
common among higher SES participants (see Supplemental Table B). As 
mentioned in other studies of JHS participants that have examined SES 
as an exposure (Glover et al., 2020; Beckles et al., 2019), most partici
pants were also upwardly mobile (e.g., reported higher educational 

Table 2 
Baseline characteristics for participants without type 2 diabetes and cardiovas
cular disease, Jackson Heart Study (2000–2004).  

Characteristics Sample without Diabetes or CVD (n = 3861) 

Demographics 
Age, years (Mean, SD) 52.6 ± 12.9 
Sex (%) 

Female 63.3 
Male 36.7 

Health Behaviors (%) 
Ideal Smoking 

Yes 85.6 
No 14.4 

Ideal Physical Activity 
Yes 21.4 
No 78.6 

Alcohol 
Yes 50.1 
No 49.9 

Risk Factors 
Waist circumference (cm) (Mean, SD) 98.4 ± 15.8 
Dietary fat (%) 35 ± 6.8 
Family history of diabetes (%) 

Yes 3.4 
No 76.6 
Don’t Know 20.0 

Socioeconomic status (SES) (%) 
Low (mean score: 2.45) 36.3 
Middle (mean score: 3.91) 32.1 
High (mean score: 5.06) 31.6 

Cumulative SES (Mean, SD) 3.75 ± 1.24 

Note: Ideal smoking was defined as never smoking or had quit smoking at least 
12 months ago prior to the baseline exam. Ideal physical activity was defined by 
having at least 150 min of self-reported moderate or 75 min of vigorous physical 
activity per week. Alcohol consumption was based on self reported drinking at 
least 12 months prior to the baseline exam. Family history of diabetes was 
defined by having at least one parent with diagnosed diabetes. 

Table 3 
Association of cumulative socioeconomic status and incident T2D (HR 95% CI), 
Jackson Heart Study (n = 3681, 2005–2013).  

Cumulative SES Model 1 Model 2 

Low SES vs. High SES 1.04 (0.85, 1.28) 0.97 (0.78, 1.21) 
Middle SES vs. High SES 1.00 (0.81,1.24) 1.00 (0.80, 1.25) 
Total Score 0.97 (0.91, 1.04) 1.00 (0.93, 1.07) 
Standardized Score 0.96 (0.88, 1.05) 1.00 (0.91, 1.09) 

Note: Abbreviations: SES - socioeconomic status; T2D - Type 2 Diabetes; Model 1 
adjusted for age, sex, and family history of diabetes. Model 2 added smoking, 
physical activity, alcohol, dietary fat (%), and waist circumference (cm). 

Table 4 
Association of cumulative SES and incident T2D by age group (HR 95% CI), 
Jackson Heart Study (n = 3861, 2005–2013).  

Number 
of T2D 
cases 

Model 1 Model 2 

Low vs. High 
Cumulative 
SES 

Middle vs. 
High 
Cumulative 
SES 

Low vs. High 
Cumulative 
SES 

Middle vs. 
High 
Cumulative 
SES 

Age 20–46 years 
136 1.12 (1.03, 

1.21) 
1.09 (0.99, 
1.19) 

1.06 (0.97, 
1.16) 

1.07 (0.97, 
1.18) 

Age 47–59 years 
226 1.25 (1.06, 

1.47) 
1.18 (0.98, 
1.42) 

1.12 (0.94, 
1.34) 

1.14 (0.94, 
1.39) 

Age 60–93 years 
182 1.39 (1.09, 

1.78) 
1.28 (0.97, 
1.69) 

1.19 (0.91, 
1.55) 

1.22 (0.91, 
1.64) 

Note: Abbreviations: SES - socioeconomic status; T2D - Type 2 Diabetes. Model 1 
adjusted for sex and family history. Model 2 added physical activity, smoking, 
waist circumference (cm), alcohol intake, and dietary fat (%). 
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attainment than their parents), which may have influenced T2D risk. A 
study by Assari et al. (Assari et al., 2020) has shown diminished returns 
in CVD outcomes for higher status Black persons compared to higher 
status White counterparts. The findings were attributed to possible poor 
health behaviors, greater stress, and navigating structural racism, 
including having a lower quality of education in Black communities. 
Low cumulative SES was associated with a greater cumulative incidence 
of T2D, especially among participants 47–59 years of age (Supplemental 
Figs. 1–3). It is possible that participants in this age group may experi
ence more burden from socioeconomic stressors than participants in the 
other age groups, and this increased their risk of T2D. 

Participants of the JHS are not representative of all African American 
adults. Other limitations should also be considered when interpreting 
these results, including the use of a cumulative SES score, which assumes 
that all SES indicators have equivalent social and economic impacts. 
Additionally, the cumulative SES score was limited to one early life SES 
factor (e.g., mother’s education). Missing data for SES were imputed, 
and true values were unknown, but under the assumption of "missing at 
random," simulation studies have verified that imputing is a practical 
approach that can yield unbiased estimates (Little et al., 2014). How
ever, missing data for diabetes, including those who were lost to 
follow-up or were excluded, could have biased the results. Additionally, 
some of the women participants could have had gestational diabetes 
during their childbearing years, which increases the risk of incident T2D 
later in life, but we could not account for this. With these limitations, 
there are notable strengths. This study captured more than one 
component of SES in the cumulative SES score and included measures 
rarely used in epidemiologic studies such as wealth, employment status, 
and parental education. This study also utilized data from a large, lon
gitudinal study of underrepresented adults in research and demon
strated unique findings in the association of cumulative SES and incident 
T2D. 

Age modified the association between low cumulative SES and 
incident T2D among African American adults enrolled in the JHS. 
Additional investigation is needed to verify whether these results occur 
in other cohorts, and determine biological or psychosocial mechanistic 
pathways involved in this association. Interventionists may want to 
consider childhood and adulthood SES, the cumulative effect of SES over 
the life course, and age when identifying vulnerable sub-populations at 
risk of T2D. 
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Guimarães, R. M. (2007). Health capital, life course and ageing. Gerontology, 53, 96–101. 
Huebschmann, A. G., Huxley, R. R., Kohrt, W. M., Zeitler, P., Regensteiner, J. G., & 

Reusch, J. E. (2019). Sex differences in the burden of type 2 diabetes and 
cardiovascular risk across the life course. Diabetologia, 62(10), 1761–1772. 

Imayama, I., Plotnikoff, R. C., Courneya, K. S., & Johnson, J. A. (2011). Determinants of 
quality of life in adults with type 1 and type 2 diabetes. Health and Quality of Life 
Outcomes, 9, 1–9. 

James, S. A., Fowler-Brown, A., Raghunathan, T. E., & Van Hoewyk, J. (2006). Life- 
course socioeconomic position and obesity in african American women: The pitt 
county study. American Journal of Public Health, 96, 554–560. 

Kolb, H., & Martin, S. (2017). Environmental/lifestyle factors in the pathogenesis and 
prevention of type 2 diabetes. BMC Medicine, 15. 

Krieger, N. (2005). Embodiment: A conceptual glossary for epidemiology. Journal of 
Epidemiology & Community Health, 59, 350–355. 

Krishnan, S., Cozier, Y. C., Rosenberg, L., & Palmer, J. R. (2010). Socioeconomic status 
and incidence of type 2 diabetes: Results from the Black women’s health study. 
American Journal of Epidemiology, 171, 564–570. 

Lee, T. C., Glynn, R. J., Peña, J. M., Paynter, N. P., Conen, D., Ridker, P. M., 
Pradhan, A. D., Buring, J. E., & Albert, M. A. (2011). Socioeconomic status and 
incident type 2 diabetes mellitus: Data from the women’s health study. PLoS One, 6, 
Article e27670. 

Little, T. D., Jorgensen, T. D., Lang, K. M., & Moore, E. W. G. (2014). On the joys of 
missing data. Journal of Pediatric Psychology, 39, 151–162. 

Lyssenko, V., & Laakso, M. (2013). Genetic screening for the risk of type 2 diabetes: 
Worthless or valuable? Diabetes Care, 36, S120–S126. 

Merkin, S. S., Karlamangla, A., Diez Roux, A. V., Shrager, S., & Seeman, T. E. (2014). Life 
course socioeconomic status and longitudinal accumulation of allostatic load in 

adulthood: Multi-ethnic study of atherosclerosis. American Journal of Public Health, 
104, e48–e55. 

Pampel, F. C., Krueger, P. M., & Denney, J. T. (2010). Socioeconomic disparities in health 
behaviors. Annual Review of Sociology, 36, 349–370. 

Pollitt, R. A., Kaufman, J., Rose, K. M., Diez-Roux, A. V., Zeng, D., & Heiss, G. (2008). 
Cumulative life course and adult socioeconomic status and markers of inflammation 
in adulthood. Journal of Epidemiology & Community Health, 62, 484–491. 

Pollitt, R. A., Rose, K. M., & Kaufman, J. S. (2005). Evaluating the evidence for models of 
life course socioeconomic factors and cardiovascular outcomes: A systematic review. 
BMC Public Health, 5, 1–13. 

Robbins, J. M., Vaccarino, V., Zhang, H., & Kasl, S. V. (2005). Socioeconomic status and 
diagnosed diabetes incidence. Diabetes Research and Clinical Practice, 68, 230–236. 

Robert, S. A., Cherepanov, D., Palta, M., Dunham, N. C., Feeny, D., & Fryback, D. G. 
(2009). Socioeconomic status and age variations in health-related quality of life: 
Results from the national health measurement study. The Journals of Gerontology: 
Serie Bibliographique, 64(3), 378–389. 

Stringhini, S., Batty, G. D., Bovet, P., Shipley, M. J., Marmot, M. G., Kumari, M., 
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