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Lire COURSE SOCIOECONOMIC POSITION,

ALLOSTATIC LOAD, AND INCIDENCE OF TYPE 2 DIABETES

AMONG AFRICAN AMERICAN ADUITS:

THE JacksoN HEArT Stupy, 2000-04 10 2012

Objective: We examined whether life
course socioeconomic position (SEP) was
associated with incidence of type 2 diabetes
(t2DM) among African Americans.

Design: Secondary analysis of data from
the Jackson Heart Study, 2000-04 to 2012,
using Cox proportional hazard regression to
estimate hazard ratios (HR) with 95% ClI for
t2DM incidence by measures of life course
SEP.

Participants: Sample of 4,012 nondiabetic
adults aged 25-84 years at baseline.

Outcome Measure: Incident t2DM identi-
fied by self-report, hemoglobin A1c >6.5%,
fasting plasma glucose >126 mg/dL, or use
of diabetes medication.

Results: During 7.9 years of follow-up, 486
participants developed t2DM (incidence
rate 15.2/1000 person-years, 95% Cl:
13.9-16.6). Among women, but not men,
childhood SEP was inversely associated with
t2DM incidence (HR=.97, 95% Cl: .94-.99)
but was no longer associated with adjust-
ment for adult SEP or t2DM risk factors. Up-
ward SEP mobility increased the hazard for
t2DM incidence (adjusted HR=1.52, 95%
Cl: 1.05-2.21) among women only. Life
course allostatic load (AL) did not explain
the SEP-t2DM association in either sex.

Conclusions: Childhood SEP and up-
ward social mobility may influence t2DM
incidence in African American women but
not in men. Ethn Dis. 2019;29(1):39-46;
doi:10.18865/ed.29.1.39
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INTRODUCTION

In the United States, minority
racial-ethnic and socioeconomically
disadvantaged groups are dispropor-
tionately affected by type 2 diabetes
(2DM)."2  As elsewhere,
risks for 2DM increase with decreas-

mellitus

ing socioeconomic position (SEP).?
Several conceptual models propose
how SEP across the life course can
influence health in adulthood.*> The
critical/sensitive period model speci-
fies that, during specific periods of
development adverse physical and so-
cial exposures may have long-lasting
effects on the structure and function
of systems, organs, and tissues. The
effect of this biological programming
on risk may be modified by exposures
in adulthood. The accumulation
of risk model proposes that effects
of exposures at different life stages
may accumulate over time resulting
in increasing cumulative damage to

health. The pathways effects model
proposes that early life socioeconomic
circumstances track social trajectories
into adulthood which, in turn, in-
fluence health. Studies using the life
course approach have shown that the
timing (critical/sensitive periods), fre-
quency and duration of exposure to
social stressors influence incidence of
t2DM.%" To date, these models have
been tested among White adults, and
in three studies the relationships were
demonstrated in women but not in
men.*” *'2 One study reported that
low childhood SEP increased 2DM
incidence regardless of race but did
not report interaction with sex.”

Complementary to the accumula-
tion of risk hypothesis is the concept
of allostatic load (AL) or dysregu-
lation of multiple physiologic sys-
tems that may arise from repeated
or chronic exposure to social stress-
ors."* Compared with Whites, Afri-
can Americans have higher levels of
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AL and are more likely to experience
chronic exposure to socioeconomic
stressors.” To our knowledge, no
study has examined the contribution
that AL may make to the life course
SEP-t2DM association among Afri-
can Americans. Therefore, we aimed
to examine whether: 1) life course
SEP was associated with t2DM in-
cidence among African Americans;
2) the relationship was modified
by sex; and 3) AL explained the
life course SEP-t2DM association.

We aimed to examine
whether: 1) life course
SEP was associated with
t2DM incidence among
African Americans; 2) the
relationship was modified
by sex; and 3) AL
explained the life course
SEP-t2DM association.

METHODS

Data Source and Study
Population

We used data from the Jackson
Heart Study (JHS), a population-
based prospective study of cardio-
vascular  disease among African
American residents of Jackson, Mis-

sissippi.'® Of the 5,306 residents aged

40

21-94 years who participated at base-
line (2000-2004), we identified 4,012
participants aged 25 to 84 years with
no evidence of diabetes who were fol-
lowed through December 31, 2012.

Variables

Incident

identified

during follow-up if a participant

cases were
reported  physician-diagnosed  dia-
betes, use of diabetes medication,
or had a fasting plasma glucose
2126 mg/dL or HbAlc =26.5%.

Life-course (SEP) was concep-
tualized to represent three life stages
during which individuals experienced
different timing and levels of SEP
exposure.” Childhood SEP (C-SEP)
was measured using number of years
of schooling or highest degree com-
pleted by parents or most important
caretakers when participant was up
to age 16 years. Young adulthood
SEP (YA-SEP) was measured by par-
ticipants' educational attainment at
baseline (<high school, high school/
GED, >high school). Levels of C-
SEP and YA-SEP exposures were cat-
egorized as low (<12 years of school-
ing or <high school); medium (12
years of schooling or high school/
GED); high (>12 years of schooling
or >high school).'” Mature adulthood
SEP (MA-SEP) was measured using
the Olin Wright social class typology
which describes a managerial, super-
visory and worker hierarchy based
on job autonomy in the workplace."”
Participants were classified as manag-
ers if they reported that in the work-
place, they: a) made decisions about
such things as the products or services
offered, number of people employed,
budgets; and b) supervised the work
of other employees, had responsibil-
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ity for what work other employees
did. Those who reported that they
only supervised other employees were
classified as supervisors. Otherwise,
participants were classified as neither.
Level of MA-SEP exposure was cat-
egorized as low (neither), medium
(supervisor), and high (manager).
Based on a social mobility framework
which recognizes that SEP may vary
across the life span,* each SEP mea-
sure was re-categorized as a binary
variable (less than high, high) to de-
fine 3 SEP trajectories: 1) stable if the
level of SEP exposure in childhood
remained the same in young adult-
hood; 2) downward if the level of SEP
exposure fell from high in childhood
to less than high in young adulthood;
3) upward if the level of SEP expo-
sure rose from less than high in child-
hood to high in young adulthood.
Trajectories from childhood to ma-
ture adulthood were defined similarly.

Traditional ©2DM risk factors se-
lected were age, sex, parental history
of diabetes, physical activity and di-
etary consumption (poor, interme-
diate, ideal),” and smoking status
(current, former, never); height was
selected as a biological marker of cu-
mulative nutritional, socioeconomic,
and health deprivation.” (Table 1).
Based on previous research and avail-
ability in the JHS dataset, we selected
a total of 11 biomarkers to reflect re-
sponses to: a) the neuroendocrine sys-
tem (serum cortisol); b) the cardiovas-
cular system (systolic blood pressure,
diastolic blood pressure, heart rate,
homocysteine); ¢) the metabolic sys-
tem (total cholesterol, HDL choles-
terol, serum creatinine, waist circum-
ference); and d) the immune system
(high sensitivity C-reactive protein,
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Table 1. Baseline characteristics of nondiabetic African Americans by sex—the Jackson Heart Study, 2000-2004

Characteristics

Childhood SEP
Mother’s educational attainment, %
<12 years
12 years
>12 years
Father’s educational attainment, %
<12 years
12 years
>12 years
Young adulthood SEP
Own educational attainment, %
Less than high school
High school/GED
More than high school
Mature adulthood SEP
Occupational social class, %
Neither
Supervisory
Managerial
t2DM risk factors
Age, years, mean
Height, cm, mean
Family history of diabetes, %
Physical activity, %
Poor
Intermediate
Ideal
Healthy diet, %
Poor
Intermediate
Ideal
Smoking status, %
Current
Former
Never
AL global risk score, mean

Women, N = 2,518

Men, N = 1,494

% or mean 95% CI % or mean 95% CI
62.7 (60.6-64.8) 52.8 (50.2-55.5)
17.8 (16.2-19.4) 23.4 (21.2-25.6)
19.5 (17.8-21.2) 23.8 (21.6-26.0)
68.4 (66.1-70.8) 64.6 (61.7-67.7)
16.3 (14.8-17.9) 17.6 (15.0-20.3)
15.2 (13.1-17.4) 17.7 (15.1-20.4)
17.0 (15.5-18.4) 19.1 (17.1-21.1)
25.0 (23.3-26.7) 23.4 (21.3-25.6)
58.0 (56.1-60.0) 57.4 (54.9-60.0)
54.7 (52.7-57.0) 40.7 (38.0-43.3)
13.3 (11.9-14.7) 14.4 (12.5-16.3)
32.0 (30.1-33.9) 44.9 (42.2-47.7)
54.7 (54.2-55.2) 53.6 (53.0-54.3)
164.0 (163.8-164.3) 177.5 (177.1-177.8)
35.5 (33.7-37.4) 30.5 (28.2-32.9)
47.8 (45.9-49.8) 45.3 (42.7-47.8)
34.1 (32.3-36.0) 29.9 (27.5-32.2)
18.0 (16.5-19.5) 24.9 (22.7-27.1)
61.6 (59.7-63.5) 68.5 (66.1-70.8)
37.5 (35.6-39.3) 31.1 (28.7-33.4)

9 (.1-.8) 4 (.1-.8)
10.9 (9.7-12.2) 19.2 (17.2-21.3)
1.2 (.7-1.6) 1.3 (.8-1.9)
87.9 (86.6-89.2) 79.4 (77.3-81.5)
2.5 (2.5-2.6) 3.5 (3.5-3.6)

SEP, socioeconomic position; AL, allostatic load.

All percentages do not sum to 100 because of rounding.

white blood cells). Biomarkers were
stratified into quartiles and (except
for HDL cholesterol) values above
the 75th percentile of each biomarker
were considered high risk; otherwise,
values were not high risk.” For HDL
cholesterol, values below the 25th
percentile were considered high risk;
otherwise, values were not high risk.

Then, we calculated an AL global risk

score for each participant by summing
the total number of biomarkers with
high risk levels; not high risk levels re-

ceived a score=0 (overall range: 0-11).

Statistical Analyses

We used the iterated chained equa-
tions approach to perform multiple
imputations of all variables needed for
the analysis.” The mi impute chained
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and the mi estimate commands in
Stata version 13 (StataCorp LP; Col-
lege Station, Texas) were used to create
5 imputed datasets to calculate pooled
estimates.”' Descriptive analyses exam-
ined the distributions of baseline co-
variates. Behavioral covariates were re-
categorized as binary variables (poor,
not poor; current/former, never) for
use in the regression analyses. Survival
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analysis was used to estimate time (in
years) from baseline examination to
first occurrence of t2DM, with sur-
vival times censored at dates of death,
loss to follow-up, or December 31,
2012. Incidence rates (cases per 1000
person-years) were calculated for each
life course SEP measure. Cox propor-
tional hazards regression models were
fitted to estimate unadjusted and ad-
justed hazard ratios for incident 2DM
by life-course SEP measures. All analy-
ses were stratified by sex. Differences
were considered significant at P<.05.

RESULTS

Table 1 presents the characteris-
tics of nondiabetic participants by sex
at baseline examination. Participants

reported more years of schooling for
their mothers than fathers (men, 10.9
years vs 9.3 years; women, 10.2 years
vs 8.9 years). We found no sex dif-
ference in YA-SEP but for MA-SEP,
more men than women were in the
managerial class (44.9% vs 32.0%).
Men and women were of similar age.
Women were more likely than men to
report a family history of diabetes but
they were less likely to report ideal
physical activity (18.0% vs 24.9%),
a poor diet (61.6% vs 68.5%), or
current smoking (10.9% vs 19.2%).
Women also had a lower mean AL
global risk score than men (2.6 vs 3.6).

Association of Life Course SEP
with T2DM Incidence

During a mean follow-up of 7.9
years, 486 of the 4,012 nondiabetic

participants developed (2DM: overall
crude incidence rate was 15.2/1000
15.4/1000
person-years; men 14.8/1000 person-

person-years  (women
years) (Table 2). Because father’s years
of schooling were not associated with
t2DM incidence in either sex, C-
SEP was measured by mother’s years
of schooling in all further analyses
(Table 3). C-SEP was inversely as-
sociated with ©2DM among women
but not men. C-SEP was barely asso-
ciated with 2DM (HR=.97; P=.05)
in a model adjusted only for the tra-
ditional risk factors and AL (Model
2). In the fully adjusted model, no
SEP measures were associated with
©2DM (Model 3). We repeated all
analyses using the full sample and
confirmed the sex interaction (P=.02)

in the C-SEP-t2DM association.

Table 2. Incidence rate of type 2 diabetes by life course socioeconomic position and sex—the Jackson Heart Study, 2000-04 to

2012
Women, N=2,518 Men, N=1,494
Person- Incidence Person- Incidence
Cases (n)  rate per  (95% CI) Cases (n)  rate per  (95% CI)
years (p-y) 1000 p-y years (p-y) 1000 p-y
Total 20,378 314 15.4 (13.8-17.2) 11,590 172 14.8 (12.8-17.2)
Childhood SEP
Mother’s educational attainment
<12 years 1281 216 16.9 (14.7-19.3) 6201 88 14.2 (11.5-17.5)
12 years 7553 55 15.5 (11.9-20.2) 2669 45 16.9 (12.6-22.6)
>12 years 4008 43 10.7 (8.0-14.5) 2761 39 14.1 (10.3-19.3)
Father’s educational attainment
<12 years 14175 211 14.9 (13.0-17.0) 7580 103 13.6 (11.2-16.5)
12 years 3254 59 18.1 (14.0-23.4) 2049 45 22.0 (16.4-29.4)
>12 years 2949 44 14.9 (11.1-20.1) 2002 24 12.0 (8.0-17.9)
Young adulthood SEP
Own educational attainment
Less than high school 3366 58 17.2 (13.3-22.3) 2164 27 12.5 (8.6-18.2)
High school/GED 5080 75 14.8 (11.8-18.5) 2670 37 13.9 (10.0-19.1)
More than high school 11862 180 15.2 (13.1-17.6) 6756 108 16.0 (13.2-19.3)
Mature adulthood SEP
Occupational social class
Neither 10141 167 16.5 (14.2-19.2) 4125 74 17.9 (14.3-22.5)
Supervisory 2496 37 14.8 (10.7-20.5) 1517 24 15.8 (10.6-23.6)
Managerial 6003 96 16.0 (13.1-19.5) 4696 65 13.8 (10.9-17.7)

SEP, socioeconomic position.
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Table 3. Hazard ratios (95% CI) for incidence of type 2 diabetes by life course socioeconomic position and sex—the Jackson

Heart Study, 2000-04 to 2012

Women, N=2,518

Men, N=1,494

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Childhood SEP .97 (.94-.99) .97 (.94-1.00) .97 (.94-1.04)  1.02(.98-1.06) 1.02(.98-1.06)  1.02 (.98-1.06)
Age, years .99 (.99-1.01) 1.00 (.99-1.01) 1.00 (.98-1.01)  1.00 (.98-1.02)
Height, cm 1.02 (.99-1.02)  1.01 (.99-1.03) 1.02 (1.00-1.04) 1.02 (1.00-1.04)
Family history of diabetes

Yes 1.43 (1.14-1.80)* 1.40 (1.10-1.76)° 1.81(1.33-2.45)° 1.77 (1.29-2.41)°

No (ref.) 1.00 1.00 1.00 1.00
Physical activity

Poor 1.00 (.86-1.17) .97 (.83-1.10) .84 (.69-1.02) .81 (.66-.99)

Not poor (ref.) 1.00 1.00 1.00 1.00
Healthy diet

Poor 1.17 (.94-1.45)  1.20 (.96-1.50) 1.25(.91-1.71)  1.29(.93-1.79)

Not poor (ref.) 1.00 1.00 1.00 1.00
Smoking status

Current or former 1.21 (.99-1.50) 1.19 (.96-1.47) 1.12 (.91-1.38) 1.07 (.86-1.34)

Never (ref.) 1.00 1.00 1.00 1.00
AL global risk score 1.17 (1.10-1.25)¢ 1.19 (1.11-1.28)¢ 1.16 (1.06-1.27)> 1.16 (1.06-1.27)

High

Not high

Young adulthood SEP
Less than high school (ref.)
High school or GED
More than high school
Mature adulthood SEP
Manager
Supervisor
Neither (ref.)

1.00
91 (.63-1.31)
1.02 (.72-1.44)

.97 (.75-1.25)
.91 (.64-1.30)
1.00

1.00
111 (.64-1.92)
1.21 (.74-1.98)
.75 (.54-1.06)
.89 (.56-1.41)

1.00

SEP, socioeconomic position; AL, allostatic load.
a. P<.05.

b. P<.01.

c. P<.001.

Model 1 = unadjusted; Model 2 = controls for traditional diabetes risk factors and AL global risk score; Model 3 = additional control for Young adulthood SEP and

Mature adulthood SEP.

Association of Life Course SEP
Trajectories with Incidence of
T2DM

The SEP trajectory from child-
hood to adulthood was associated
with incidence of t2DM among
women but not among men (Table
4). Women exposed to low SEP in
childhood and young adulthood ex-
perienced a higher unadjusted hazard
ratio incidence (HR=1.61) compared
with women exposed to a stable high

SEP.  With adjustment, this effect

was attenuated (HR=1.41) and the
association was no longer significant.
Among women whose SEP status
rose from low/medium in childhood
to high in young adulthood, the haz-
ard was 1.64 times that for those with
stable high SEP. With adjustment for
traditional risk factors and AL the as-
sociation was attenuated (HR=1.52)
but remained significant. Decline in
SEP status from high in childhood
to low/medium in young adulthood
was not associated with t2DM inci-

Ethnicity & Disease, Volume 29, Number 1, Winter 2019

dence (HR=1.68). Childhood to ma-
ture adulthood SEP trajectories were
not associated with t2DM incidence.

Contribution of AL to the Life
Course SEP-T2DM Association

Adjustment for the AL global
risk score did not reduce or com-
pletely explain the association be-
tween any life course SEP measure
and ©22DM incidence (Table 4).
However, the score was positively
associated with t2DM incidence in
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Table 4. Hazard ratios (95% Cl) for incidence of type 2 diabetes by change in socioeconomic position among women—the

Jackson Heart Study, 2000-04 to 2012

Model 1 Model 2 Model 3 Model 4
Social mobility indicator
OR 95% Cl OR (95% CI) OR (95% CI) OR (95% CI)
Stable low SEP 1.61° (1.03-2.51) 1.46 (.90-2.37) 1.50 (.92-2.44) 1.45 (.89-2.36)
Downward mobility 1.83 (.9-3.52) 1.72 (.88-3.35) 1.78 (.91-3.46) 1.68 (.86-3.26)
Upward mobility 1.64° (1.14-2.36) 1.56° (1.08-2.27) 1.56° (1.08-2.27) 1.52° (1.05-2.20)
Stable high SEP (ref.) 1.00 1.00 1.00 1.00

SEP, socioeconomic position.
a. P<.05.
b. P<.01.

Model T=unadjusted; Model 2= adjusted for demographic diabetes risk factors; Model 3= additional adjustment for behavioral diabetes risk factors;
Model 4= additional adjustment for allostatic load global risk score.

the C-SEP and SEP trajectory mod-
els in both sexes [data not shown].

DiscussioN

In this study of African Ameri-
can adults, we found that life course
SEP may influence the development
of t2DM in women but not in men.
The risk of developing t2DM in later
life was inversely related to the level
of SEP exposure in childhood, but
the association was not independent
of either SEP or traditional t2DM
risk factors in adulthood. We also
found that women who experienced
upward SEP mobility from child-
hood to young adulthood compared
with those with stable high SEP
had an increased risk of developing
t2DM, and that this association was
independent of adult SEP and :2DM
risk factors. However, AL did not
explain the effect of life course SEP
on t2DM incidence in either sex.

Our finding that the critical/sen-
sitive period hypothesis did not sup-
port an effect of childhood SEP on
incidence of ©2DM among African
American women in later life was

44

consistent with results from studies
conducted among White Americans
8,10,11 the

current result is not strictly com-

and elsewhere. However,
parable for reasons such as differ-
ences in the populations, duration
of follow-up, measures of early-life
SEP, t2DM risk factors and analytic
methods. To date, only one study
has reported race-specific results: at
34 years of follow-up of the Alameda
County cohort, low childhood SEP
increased t2DM incidence among
Black and White participants but
no sex interaction was reported.”

With regard to social mobility
across the life course, our findings are
consistent with earlier research.®”°
Studies in the United States and Unit-
ed Kingdom all reported increased
incidence with downward SEP mo-
bility. In contrast, the current study
found that increased incidence among
African American women was not as-
sociated with decline in SEP but was
associated with upward SEP mobility.

People who develop ©2DM grow
differently in early life from those
who do not develop the disease.” Ex-
posure to adverse environmental in-
fluences during development is asso-
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ciated with slow growth in utero, low
birthweights, small size throughout
infancy, and rapid gain in weight and
body mass when no longer exposed
to the adverse influences. High rates
of such adverse outcomes among
African Americans are well-docu-
mented.” Most members of the JHS

In this study of African
American adults, we found
that life course SEP may
influence the development
of t2DM in women but

not in men.

cohort were born before the middle
of the 20th century; therefore, many
of their mothers could have experi-
enced the intergenerational economic
and nutritional deprivation prevalent
in the southern states until the late
1970s.24% Research also shows that
early life exposure to socioeconomic



stressors may also set in motion long-
term trajectories of metabolic risk fac-
tors for 2DM but only in women.?

Kaplan et al showed how, after
1964, Black women proved to be the
greatest beneficiaries of the occupa-
tional and economic improvements
that increased in the southern states
in response to Civil Rights policies.”
However, the striving to escape persis-
tent poverty could itself have proven
to be a chronic stressor. Goal-striving
stress, the discrepancy between socially
derived aspiration and achievement, is
associated with poor physical and men-
tal health among adult Americans.””*
Specifically, among African Americans,
this type of stress was strongly associ-
ated with psychological distress, a con-
dition more common and more severe
among women than men.”® Upward
social mobility may also be strongly
associated with reduced psychological
well-being among African Americans,
more so in women than men.” Recent
evidence indicates that psychologi-
cal distress is associated with incident
t2DM independent of traditional be-
havioral risk factors.*® The studies cited
above suggest plausible explanations
for the unexpected effect of upward
social mobility on ©2DM observed
among African American women.

Limitations

The current study is subject to
several limitations. First, the JHS
sample is not a nationally repre-
sentative sample; consequently, the
findings are not generalizable to the
total adult African American popu-
lation. Second, few studies have as-
sessed the accuracy with which adults
recall parental SEP’"* One recent
study found poor agreement between
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young African American women and
their mothers about SEP in early
(kappa=.14) and late childhood/ado-
lescence (kappa=.20).%* If such inac-
curacy is typical, we may have un-
derestimated the effect of C-SEP on
t2DM in women. Third, the sample
size for men could have resulted in
the null findings we observed; how-
ever, our findings are consistent with
those from several earlier studies.®”!?
Finally, we used imputed models to
reduce bias due to missing values but
we are uncertain about the extent to
which values were missing at random.

CONCLUSIONS

Despite the limitations, this
study has several strengths. We ana-
lyzed data from a large cohort and
a prospective design which allowed
examination of the effect of SEP on
future risk of t2DM among African
Americans. The life course approach
yielded support for the social mobil-
ity hypotheses suggesting that the
duration of exposure to social stress-
ors may influence 2DM incidence,
at least, among African American
women. Future research is necessary
to ascertain replicability of our find-
ings and provide further insights
into how socioeconomic stressors

increase risk for 2DM in later life.
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