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Abstract
Background and objectives Low socioeconomic status confers unfavorable health, but the degree and mechanisms
by which life course socioeconomic status affects kidney health is unclear.
Design, setting, participants, & measurements We examined the association between cumulative lifetime
socioeconomic status and CKD in black Americans in the Jackson Heart Study. We used conditional process
analysis to evaluate allostatic load as a potential mediator of this relation. Cumulative lifetime socioeconomic
status was an age-standardized z-score, which has 1-SD units by deﬁnition, and derived from self-reported
childhood socioeconomic status, education, and income at baseline. Allostatic load encompassed 11 baseline
biomarkers subsuming neuroendocrine, metabolic, autonomic, and immune physiologic systems. CKD outcomes
included prevalent CKD at baseline and eGFR decline and incident CKD over follow-up.
Results Among 3421 participants at baseline (mean age 55 years [SD 13]; 63% female), cumulative lifetime
socioeconomic status ranged from 23.3 to 2.3, and 673 (20%) had prevalent CKD. After multivariable adjustment,
lower cumulative lifetime socioeconomic status was associated with greater prevalence of CKD both directly (odds
ratio [OR], 1.18; 95% conﬁdence interval [95% CI], 1.04 to 1.33 per 1 SD and OR, 1.45; 95% CI, 1.15 to 1.83 in lowest
versus highest tertile) and via higher allostatic load (OR, 1.09; 95% CI, 1.06 to 1.12 per 1 SD and OR, 1.17; 95% CI, 1.11
to 1.24 in lowest versus highest tertile). After a median follow-up of 8 years (interquartile range, 7–8 years), mean
annual eGFR decline was 1 ml/min per 1.73 m2 (SD 2), and 254 out of 2043 (12%) participants developed incident
CKD. Lower cumulative lifetime socioeconomic status was only indirectly associated with greater CKD incidence
(OR, 1.04; 95% CI, 1.01 to 1.07 per 1 SD and OR, 1.08; 95% CI, 1.02 to 1.14 in lowest versus highest tertile) and
modestly faster annual eGFR decline, in milliliters per minute (OR, 0.01; 95% CI, 0.00 to 0.02 per 1 SD and OR, 0.02;
95% CI, 0.00 to 0.04 in lowest versus highest tertile), via higher baseline allostatic load.
Conclusions Lower cumulative lifetime socioeconomic status was substantially associated with CKD prevalence
but modestly with CKD incidence and eGFR decline via baseline allostatic load.
CJASN 15: 341–348, 2020. doi: https://doi.org/10.2215/CJN.08430719

Introduction
Low socioeconomic status is an established risk for
adverse health outcomes (1–4), including development of CKD (5). Most of the extant literature has
focused on the relation of adulthood socioeconomic
status with health. However, a substantial body of
knowledge now recognizes childhood and adolescence as sensitive periods during which low socioeconomic status also predisposes to adverse health in
adulthood through a graded, yet cumulative effect
(6–11). However, few studies have leveraged a life
course approach to quantify the effect of lifetime
socioeconomic status on risk for CKD speciﬁcally in
black Americans, who are more likely to live in low
socioeconomic environments and have disproportionately greater risk for CKD than nonblack
Americans (12).
The mechanisms linking socioeconomic stressors
to CKD risk also remain unclear (13). Biologic stress
www.cjasn.org Vol 15 March, 2020
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pathways that link stressors with subsequent adverse
health (14–16) through a system-wide maladaptation
process may play a role (7,17). Allostatic load is a
composite preclinical measure that captures this
prolonged physiologic burden beyond normal homeostasis (18), and its role as a key biologic mediator
of the effects of cumulative stress exposures on health
has become increasingly evident (19,20). Consistent
with a multisystem effect of chronic stressors on
physiologic function, it predicts health better than
its components that capture impairments in singular
body systems. However, studies have not examined
allostatic load as a mediator linking socioeconomic
status with kidney health in black populations.
We hypothesized that low cumulative lifetime
socioeconomic status associates with adverse kidney
outcomes and that greater allostatic load burden, as a
measure of physiologic ramiﬁcations of prolonged
stress exposure, mediates this association. We examined
Copyright © 2020 by the American Society of Nephrology

341

342

CJASN

these relations using data from the Jackson Heart
Study (JHS).

Materials and Methods
Study Design and Population
The JHS is a prospective cohort of black Americans in
Jackson, Mississippi (21). Detailed sampling and recruitment methods have been previously published (22). In
brief, JHS recruited participants aged 21–94 years between
2000 and 2004, from three counties (Hinds, Madison, and
Rankin County) in the Jackson, Mississippi metropolitan
area. Study participants underwent clinical examinations,
provided blood and urine specimens, and completed
questionnaires during three examination study visits: at
baseline (examination 1: 2000–2004) and two follow-up
visits (examination 2: 2005–2008; examination 3:
2009–2013). Median follow-up between examinations 1
and 3 was 8 years (interquartile range, 7–8). Institutional
review boards of Jackson State University, Tougaloo
College, and the University of Mississippi Medical Center
approved the study protocol; all participants provided
informed consent.
Cumulative Lifetime Socioeconomic Status
Our primary exposure variable was cumulative lifetime
socioeconomic status. We assessed this composite measure
using the z-score, which quantiﬁes the departure of a raw
score from the population mean, and is typically reported
in SD units (23). This composite exposure variables is on the
basis of previously established deﬁnitions (24,25) and
derived from participants’ self-reported childhood socioeconomic status, educational attainment, and annual
household income. Because socioeconomic status varies
by age in the general population, we standardized cumulative lifetime socioeconomic status to participants’ age at
baseline by calculating its z-scores within three age groups:
,45 years, 45–65 years, and .65 years.
Childhood socioeconomic status was a continuous measure (range, 0–9) assessed retrospectively at JHS baseline
and derived by summing scores from two measures:
parental education and childhood assets. The highest
educational attainment achieved by either parent was
categorized as 0 if less than high school, 0.5 if high school
or some college/associate degree, or 1 if 4 or more years of
college. Access to childhood assets ranged from 0 to 8 on
the basis of number of rooms (0 if ,5 or 1 if $5) and
availability of the following (yes51; no50): indoor plumbing, electricity, refrigerator, telephone, television, air conditioning, and parental car ownership.
Education was scored on the basis of years of completed
schooling at JHS baseline. Participants were assigned a
score ranging from 1 to 12 for ﬁrst to 12th grade, 13 if some
college or vocational training, 14 if associate’s degree, 16 if
bachelor’s degree, and 20 if more than a bachelor’s degree.
Annual household income was also a continuous score
derived by assigning the median value of participants’
income category at baseline (25). We imputed income for
607 participants who did not report their income by
assigning the modal value of income among participants
with the same educational attainment. In instances where
there were multiple modes, we used the higher mode.

Our secondary exposure variable was perceived socioeconomic status, which ranged from 1 to 10 on the basis of
participants’ response to the question, “Now, think of a
ladder with 10 steps representing where people stand in the
United States. At step 10 are the people who are the best off.
At step 1 are the people who are the worst off. Where
would you place yourself on this ladder?”
Allostatic Load Assessment
A detailed account of the derivation of the deﬁnition of
allostatic load used in this study and in prior JHS studies is
available elsewhere (26,27). Brieﬂy, we assessed allostatic
load at baseline using four physiologic domains of neuroendocrine (cortisol), metabolic (hemoglobin A1c; total,
LDL, and HDL cholesterol; waist circumference), autonomic (systolic and diastolic BP, resting heart rate), and
immune function (C-reactive protein and white blood cell
count) (28). We ﬁrst converted values of the 11 biomarkers
to z-scores and then calculated the average z-score for each
of the four domains. We multiplied the z-score for HDL
cholesterol by negative one because it associates with
favorable health. Additionally, we accounted for sex differences in waist circumference by computing its z-score
separately for men and women before recombining the
within-sex scores into one score. We then derived the
allostatic load score as the average z-score across all four
domains for each participant. Higher allostatic load score
indicated greater cumulative physiologic derangement.
Demographic, Behavioral, and Comorbid Factors
We included baseline covariates in our models, which we
hypothesized would inﬂuence the association of cumulative lifetime socioeconomic status and kidney health.
Covariates included age, sex, smoking status, use of routine
care (receiving [versus not receiving] a routine physical
examination within the past year) (29), and cardiovascular
disease (self-reported history of heart attack, myocardial
infarction determined by electrocardiogram or hospitalization $1 week for myocardial infarction, self-reported
angioplasty in neck arteries, or self-reported stroke) (30).
Because hemoglobin A1c (diabetes) and BP (hypertension)
are components of allostatic load, we did not adjust for
diabetes and hypertension in allostatic load models to
avoid over adjustment (28). Incident CKD and eGFR
decline models additionally included baseline eGFR, and
eGFR decline models further featured baseline urine
albumin-to-creatinine ratio (UACR).
In post hoc analysis, we included diet, physical activity,
and sleep pattern as additional potential confounders in
our models. We evaluated these behavioral factors separately because we conceptualized them as lying in the path
between socioeconomic status and CKD.
Kidney Outcomes
The three primary outcomes were prevalent CKD, incident CKD, and eGFR decline. Prevalent CKD was
assessed at baseline as (1) eGFR ,60 ml/min per
1.73 m2 assessed using the CKD Epidemiology Collaboration equation (31) or (2) albuminuria deﬁned by spot UACR
$30 mg/g or, if spot urine was missing, then 24-hour urine
assessment was used. Among individuals without
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prevalent CKD, incident CKD was deﬁned as (1) eGFR
,60 ml/min per 1.73 m2 at examination 3 accompanied by
eGFR decline $25% over follow-up or (2) new-onset
albuminuria at examination 3. eGFR decline was deﬁned
as an annualized rate of eGFR decline between examinations 1 and 3. We excluded participants who self-reported
receipt of dialysis at baseline.

Statistical Analyses
Baseline characteristics are presented by tertiles of
cumulative lifetime socioeconomic status using mean
(SD) or median (interquartile range) for continuous variables and count (percent) for categorical variables. We used
methods described by VanderWeele (32) and Hayes and
Preacher (33) to examine the potential mediation via
allostatic load of the association between cumulative
lifetime socioeconomic status and kidney outcomes, conceptualizing cumulative lifetime socioeconomic status as
predating derangements in biologic pathways subsumed in
allostatic load temporally. This conditional process analysis
entailed ﬁtting two multivariable models using generalized
linear regression models with canonical link functions. We
assumed a binomial distribution for the prevalent and
incident CKD outcomes and a normal distribution for
eGFR decline. The ﬁrst model regressed allostatic load,
scaled in SD units, on cumulative lifetime socioeconomic
status, whereas the second regressed the respective kidney
outcome simultaneously on both allostatic load and cumulative lifetime socioeconomic status. Hereafter, we refer
to the association of cumulative lifetime socioeconomic
status with kidney outcomes via baseline allostatic load as
indirect association and its association with kidney outcomes independently of allostatic load as direct association.
We used both theoretical and bootstrapping (with 500
replications) techniques for hypothesis tests but reported
only the bootstrapped results because estimates and conﬁdence intervals were nearly identical between the
two techniques.
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In sensitivity analyses, we used other socioeconomic
status measures as our exposure variables: perceived
socioeconomic status, childhood socioeconomic status,
education, and income. All hypothesis tests were twosided using a signiﬁcance level of a50.05. We did not
adjust for multiple testing because the three kidney
outcomes assessed different aspects (CKD prevalence
and incidence and kidney function decline) of the
same underlying hypothesis that low socioeconomic
status is associated with adverse kidney outcomes. We
checked and conﬁrmed model assumptions. Analyses
were performed using SAS version 9.4 (SAS Institute,
Cary, NC) and R version 3.3.0 (R Core Team,
Vienna, Austria).

Results
Characteristics of Participants at Baseline
Of 5306 JHS participants, 3422 had complete data for
CKD assessment (Figure 1). Compared with participants
who had complete data, those without were more likely to
be in the lowest tertile of cumulative lifetime socioeconomic
status (39% versus 30%). Otherwise, baseline characteristics
were generally similar between these two subgroups
(Supplemental Table 1).
One of the 3422 participants did not have data on
cumulative lifetime socioeconomic status. Among the
remaining 3421 participants, cumulative lifetime socioeconomic status ranged from 23.27 to 2.34. Mean age was 55
(SD 13) years, and the majority were female (63%) and used
routine care (72%). Participants in the lowest (versus
highest) tertile of cumulative lifetime socioeconomic status
were older (mean age 58 [SD 13] versus 53 [ SD 12] years),
less likely to be men (33% versus 43%), more likely to be
smokers (37% versus 23%), and had higher prevalence of
diabetes (26% versus 19%), hypertension (64% versus 51%)
and cardiovascular disease (15% versus 7%); use of routine
care was comparable (Table 1).

5306 JHS participants
1884 missing baseline
kidney function
3422 participants with baseline
kidney function assessment

2749 participants
without CKD at baseline

673 participants with CKD at baseline
706 without kidney
assessment or on
dialysis at follow-up

• eGFR <60: 244
• Albuminuria: 345
• Both eGFR <60 and albuminuria: 84

2043 participants with
kidney function assessment
at baseline and follow-up

254 participants
with incident CKD

Figure 1. | Flow diagram of Jackson Heart Study (JHS) participants included in the analysis.

344

CJASN

Table 1. Baseline characteristics of participants in the Jackson Heart Study stratified by tertiles of cumulative lifetime socioeconomic
status
Baseline Characteristicsa
No. of participants
Socioeconomic status z-scores
Cumulative lifetimeb
Childhood
Perceived
Demographics
Age, yr
Sex, male
Annual incomec
Education, #12th grade
Behavioral factors
Current/former smoker
Use of routine care
Comorbidities
Diabetes
Diabetes medication
Hypertension
BP-lowering medication
Cardiovascular disease
Baseline kidney function
eGFR, ml/min per 1.73 m2
UACR, median [IQR], mg/g
Prevalent CKD
Allostatic load
Composite z-scored
Biologic components
Cortisol, mmol/L
HBA1c, %
LDL cholesterol, mg/dl
HDL cholesterol, mg/dl
Total cholesterol, mg/dl
Waist circumference, cm
Systolic BP, mm Hg
Diastolic BP, mm Hg
Resting heart rate, bpm
CRP, median [IQR], mg/dl
WBC, 1000 cells/cmm

Cumulative Lifetime Socioeconomic Status, Tertiles
Overall
Lowest

Middle

Highest

3421

1139 (33)

1135 (33)

1147 (34)

060.8
4.963
6.362.2

20.960.4
362.8
662.4

060.2
5.362.7
6.362.1

0.860.4
6.562.3
6.662

55613
1276 (37)
44.8630
1228 (36)

58613
380 (33)
21.8614.2
929 (82)

53613
408 (36)
40.1622.1
271 (24)

53612
488 (43)
72.2626.1
28 (2)

1029 (30)
2471 (72)

423 (37)
802 (70)

344 (30)
809 (71)

262 (23)
860 (75)

731 (21)
487 (14)
1936 (57)
1664 (49)
369 (11)

293 (26)
199 (18)
723 (64)
616 (54)
173 (15)

223 (20)
140 (12)
629 (55)
537 (47)
111 (10)

215 (19)
148 (13)
584 (51)
511 (45)
85 (7)

93624
6 [4–13]
673 (20)

91626
7 [4–17]
302 (27)

95624
6 [4–12]
205 (18)

95622
6 [4–11]
166 (15)

0.060.4

0.160.5

060.4

20.160.4

9.664
6.061.2
126637
51614
198640
101616
127617
7669
65611
0.3 [0.1–0.6]
5.662.2

10.164.2
6.161.4
126638
51614
199642
102616
129618
7669
65611
0.3 [0.1–0.6]
5.862.9

9.564
5.961.2
125636
50614
197639
100617
126617
7669
65610
0.3 [0.1–0.6]
5.661.8

9.363.9
5.861.1
127636
51614
198639
99616
125616
7669
64610
0.2 [0.1–0.5]
5.561.8

UACR, urine albumin-to-creatinine ratio; IQR, interquartile range; HBA1C, hemoglobin A1c; bpm, beats per minute; CRP, C-reactive
protein; WBC, white blood cells.
a
Values are n (%) or mean6SD, unless stated otherwise.
b
Composite of childhood socioeconomic status, education attainment, and annual family income.
c
Annual family income scaled in $1000.
d
Men and women had separate z-score for waist circumference; we multiplied the HDL z-score by 21.

Allostatic Load and Kidney Outcomes
Baseline allostatic load ranged from 21.1 to 6.7. Participants in highest (versus lowest) allostatic load tertile were
more likely to be older (mean age 57 [SD 12] versus 53 [SD
13] years), men (42% versus 28%), smokers (37% versus
27%), and to have diabetes (35% versus 10%) and hypertension (72% versus 40%), but had comparable use of
routine care (Supplemental Table 2).
At baseline, there were 673 of 3421 (20%) participants
with prevalent CKD. Over follow-up, mean annual eGFR
decline was 1 (SD 2) ml/min and 254 of 2043 (12%) eligible
participants developed incident CKD (Figure 1).
After adjustment for demographics, behavior, and comorbidity, each 1-SD higher allostatic load was associated
with greater odds of prevalent CKD (odds ratio [OR], 1.86;
95% conﬁdence interval [95% CI], 1.69 to 2.04) and incident CKD (OR, 1.42; 95% CI, 1.24 to 1.62) and faster annual

eGFR decline (0.15 ml/min; 95% CI, 0.07 to 0.23). Results
were consistent with additional adjustment for baseline
UACR and eGFR (Table 2).
Allostatic Load as a Mediator of Cumulative Lifetime
Socioeconomic Status and Kidney Outcomes
There was evidence of mediation by allostatic load of
the associations of cumulative lifetime socioeconomic
status with kidney outcomes as described below
(Supplemental Figure 1).
Prevalent CKD. Lower cumulative lifetime socioeconomic status was associated with higher odds of prevalent
CKD at baseline both independently of allostatic load (OR,
1.18; 95% CI, 1.04 to 1.33 per 1 SD and OR, 1.45; 95% CI,
1.15 to 1.83 in lowest versus highest tertile) and via its
association with higher allostatic load at baseline (OR, 1.09;
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its association with higher baseline allostatic load, lower
cumulative lifetime socioeconomic status was indirectly
associated with higher odds of incident CKD (OR, 1.04;
95% CI, 1.01 to 1.07 per 1 SD and OR, 1.08; 95% CI, 1.02 to
1.14 in lowest versus highest tertile) and faster annual
eGFR decline, in milliliters per minute (OR, 0.01; 95% CI,
0.00 to 0.02 per 1 SD and OR, 0.02; 95% CI, 0.00 to 0.04 in
lowest versus highest tertile) (Table 3).

Table 2. Association of allostatic load with kidney outcomes in
the Jackson Heart Study
Models

Prevalent CKD,
Odds Ratio
(95% CI)

Incident CKD,
Odds Ratio
(95% CI)

eGFR
Decline, b
(95% CI)a

672/3421

254/2038

2403

No. of CKD
events/
N or Nb
Allostatic
load
Model 1
Model 2
Model 3

1.89 (1.73
to 2.07)
1.86 (1.69
to 2.04)
NA

1.46 (1.29
to 1.65)
1.42 (1.24
to 1.62)
1.42 (1.24
to 1.62)
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Post Hoc Analyses
The association of allostatic load with kidney outcomes
and the mediation via allostatic load of the association
between cumulative lifetime socioeconomic status and
kidney outcomes persisted after additional adjustment for
diet, physical activity, and sleep pattern (Supplemental
Tables 3 and 4).

0.20 (0.13
to 0.26)
0.15 (0.07
to 0.23)
0.09 (0.01
to 0.16)

Model 1: unadjusted. Model 2: adjusted for age, sex, use of
routine care, smoking status, and cardiovascular disease. Model
3: adjusted for baseline eGFR; the eGFR decline model additionally adjusted for baseline urine albumin-to-creatinine ratio.
95% CI, 95% conﬁdence interval; NA, not applicable.
a
eGFR decline: average difference in annualized eGFR decline
over follow-up per 1-SD higher baseline allostatic load. Odds
ratios are per 1-SD higher allostatic load.
b
No. of events/N refers to number of participants with the
outcome (Prevalent CKD and Incident CKD) compared with
(i.e., "/") the total number of participants. Whereas N refers to the
eGFR decline outcome, which has no event counts.

Sensitivity Analyses
Lower income and education were modestly associated
with increased odds of prevalent CKD at baseline both
directly (OR, 1.08 per $10,000 lower annual income; 95% CI,
1.04 to 1.12 and OR, 1.05 per one grade lower education
level; 95% CI, 1.02 to 1.07) and indirectly via allostatic load.
However, education and income were not associated
with longitudinal kidney outcomes. Perceived socioeconomic status and childhood socioeconomic status
were not associated with allostatic load nor CKD outcomes (Supplemental Table 5).

95% CI, 1.06 to 1.12 per 1 SD and OR, 1.17; 95% CI, 1.11 to
1.24 in lowest versus highest tertile) (Table 3).
Incident CKD and eGFR Decline. Cumulative lifetime
socioeconomic status was not directly associated with
incident CKD (OR, 1.02; 95% CI, 0.85 to 1.23 per 1 SD
and OR, 1.06; 95% CI, 0.76 to 1.5 in lowest versus highest
tertile) or annual eGFR decline, in milliliters per minute
(OR, 0; 95% CI, 20.10 to 0.10 per 1 SD and OR, 0.01; 95% CI,
20.18 to 0.19 in lowest versus highest tertile). However, via

Discussion
In this large cohort of black Americans, lowest (versus
highest) tertile of cumulative lifetime socioeconomic status
was associated with 45% and 17% higher odds of CKD
prevalence at baseline independently of and via allostatic
load, respectively. After a median follow-up of 8 years,
cumulative lifetime socioeconomic status was not associated with incident CKD or eGFR decline independently of

Table 3. Direct and mediated (via allostatic load) associations of cumulative lifetime socioeconomic status with kidney outcomes
Prevalent CKD
Direct
Association, OR
(95% CI)

Mediated
Association, OR
(95% CI)

Incident CKD
Direct
Association, OR
(95% CI)

Mediated
Association, OR
(95% CI)

eGFR Decline
Direct
Association, b
(95% CI)

Mediated
Association,
b (95% CI)

No. of
events/Nb
CLSESa

1.18 (1.04 to 1.33)

1.09 (1.06 to 1.12)

1.02 (0.85 to 1.23)

1.04 (1.01 to 1.07)

0.003 (20.10
to 0.10)

0.01 (0.00
to 0.02)

CLSES tertiles
Lowest

1.45 (1.15 to 1.83)

1.17 (1.11 to 1.24)

1.06 (0.76 to 1.5)

1.08 (1.02 to 1.14)

Middle

1.21 (0.95 to 1.54)

1.07 (1.02 to 1.13)

0.93 (0.65 to 1.33)

1.05 (1.01 to 1.1)

Highest

Reference

Reference

Reference

Reference

0.01 (20.18
to 0.19)
0.02 (20.16
to 0.2)
Reference

0.02 (0.00
to 0.04)
0.01 (0.00
to 0.03)
Reference

666/3405

254/2038

2403

All models adjusted for age, sex, use of routine care, smoking status, and cardiovascular disease; the eGFR decline model additionally
adjusted for baseline albumin-to-creatinine ratio and eGFR. OR, odds ratio; 95% CI, 95% conﬁdence interval; CLSES, cumulative lifetime
socioeconomic status.
a
Estimates are per 1-SD lower CLSES.
b
No. of events/N refers to number of participants with the outcome (Prevalent CKD and Incident CKD) compared with (i.e., "/") the total
number of participants, whereas N refers to the eGFR decline outcome, which has no event counts.
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allostatic load. However, lowest (versus highest) tertile of
cumulative lifetime socioeconomic status was associated
with 8% higher odds of CKD incidence and modestly faster
eGFR decline via its association with higher allostatic load
at baseline. Within the life course framework (10), the time
scale for development of the prevalent CKD outcome spans
several decades from childhood to JHS baseline. In contrast, the relatively short JHS follow-up time scale of 8 years
for development of longitudinal kidney outcomes may
have been insufﬁcient to capture any meaningful direct
association between cumulative lifetime socioeconomic
status and changes in kidney health owing to the long
latency period involved in this relationship (34). Thus,
these ﬁndings underscore the need for assessments of life
course exposures such as socioeconomic status when
identifying social determinants of long-term kidney health
and further support the emerging role of allostatic load as a
target for mechanistic investigation on factors inﬂuencing
these relations.
To our knowledge, this is the ﬁrst study to examine the
effect of life course socioeconomic status on long-term
kidney health in black Americans. Prior work evaluating
socioeconomic status across the lifespan has consistently
linked low (versus high) socioeconomic status with subsequent unfavorable health, including higher daily physical symptom burden (35,36), three-fold increased risk for
cardiovascular disease (25), and .10% higher odds of
diabetes incidence (37). These associations are owing to the
unfavorable effect of low socioeconomic status on three
broad determinants of health: access and utilization of
health care, socioenvironmental stressors, and health behavior (38). As the link between socioeconomic status and
health becomes more lucid, it is now evident that socioeconomic assessments restricted to single life stages do not
capture its cumulative effects on health over the lifetime
(39). This is of particular relevance in kidney disease, where
evidence supports the link between low socioeconomic
status and poor CKD outcomes, yet few studies have
examined this relation using a life course socioeconomic
status measure (5). Furthermore, none have done so
exclusively in black populations, where the inﬂuence of
socioeconomic stressors disproportionately portends
greater risk for poor kidney outcomes than in nonblack
populations (40).
One important study by Shoham et al. examined measures of socioeconomic status at different adulthood stages
and risk for CKD incidence in the Atherosclerosis Risk in
Communities study. The authors found a stronger association between working class status and incident CKD in
earlier (age 30 years) compared with later (age 50 years)
adult life stages and concluded that socioeconomic status
exposures experienced in early (versus later) adulthood are
relatively more detrimental to kidney health (11). However, the authors did not examine the effect of socioeconomic stressors in childhood on kidney health. In this
study, although adult measures of socioeconomic status
were individually associated with adverse kidney outcomes (lower annual income and educational attainment
were both associated with increased odds of prevalent
CKD at baseline), the magnitude of association was greater
with inclusion of socioeconomic status measures at other
life stages, such as childhood in the composite cumulative

lifetime socioeconomic status measure. Thus, our ﬁndings
support the incorporation of life course socioeconomic
status measures to aid in the interpretation of associations
between socioeconomic status and CKD.
Our study also provides the ﬁrst support for the potential
role of allostatic load as a biologic mechanism underlying
the adverse consequences of socioeconomic stressors on
kidney health. It extends an emerging role of allostatic load
as an intermediate, preclinical biologic pathway by which
stressors in the social environment adversely affect health
through accumulation across life stages (2). For instance,
one study from the Coronary Artery Risk Development in
Young Adults cohort found consistent associations between different socioeconomic stressors in early life stages
(e.g., childhood adversity) and marked dysregulation in
domains of allostatic load later in life (41). Subsequent
studies have replicated this ﬁnding in other cohorts (42). In
turn, studies have found strong associations between
allostatic load and subsequent risk for mortality (43).
Taken together, this growing body of work suggests higher
allostatic load as a biologic pathway by which chronic
exposure to life stressors unfavorably affect health later in
life, including development and progression of CKD.
Our study has limitations worthy of mention. Allostatic
load as an index for assessing intermediate biologic
pathways between stressors and health has not been
previously validated speciﬁcally in a CKD population.
This is particularly noteworthy given the bidirectional
relationship between some allostatic load components (e.g.,
BP and hemoglobin A1c) and CKD. However, as a
composite measure (18), allostatic load is a multidimensional construct that captures maladaptation across multiple physiologic systems and is not weighted particularly
toward one system or a subset of its constituent measures.
Thus, consistent with this concept, the deﬁnition of allostatic load used in our study and prior JHS studies (26,27)
averages standardized scores from constituent biomarkers
both within and across physiologic domains of allostatic
load. Additionally, despite the heterogeneity in the current
deﬁnition of allostatic load in the literature (44,45), this
deﬁnition captures physiologic pathways relevant to CKD.
The observational design of the JHS also limits drawing
causal inference from our data because of misclassiﬁcation
bias (e.g., cumulative lifetime socioeconomic status was a
self-reported measure and CKD deﬁnition utilized single
eGFR and UACR assessments), selection bias (owing to
missing data), and residual confounding (e.g., from classes
of medication that inﬂuence eGFR decline, such as
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers and nonsteroidal anti-inﬂammatory drugs).
Because we did not assess death as a competing risk,
survival bias is also a concern. Finally, although our
assumption of a temporal relation between cumulative
lifetime socioeconomic status and allostatic load is valid
conceptually, we were unable to quantify changes in
allostatic load over time resulting from prolonged exposure
to low socioeconomic status. Despite these limitations, our
study has several key strengths. The availability of prospective kidney function data in the JHS partially fulﬁlled a
critical mediation analysis assumption that requires a
temporal relation between exposure, mediator, and outcome variables, which lends credence to our ﬁndings as
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evidence of mediation effects and not owing to confounding. Finally, the JHS is the largest study of cardiovascular
disease in black Americans to date, and it measured a wide
array of biomarkers that allowed for assessment of allostatic load in a community-dwelling population.
In conclusion, low cumulative lifetime socioeconomic
status was associated with increased odds of prevalent
CKD at baseline both directly and indirectly via allostatic
load. After follow-up, low cumulative lifetime socioeconomic status was only indirectly associated with increased
odds of incident CKD and faster eGFR decline via baseline
allostatic load. Thus, our data link low life course socioeconomic status with kidney outcomes in black Americans
and allostatic load is a potential mediator of this link.
Future work should investigate the potential utility of
allostatic load for predicting the beneﬁcial effect of socioeconomic status interventions on subsequent kidney health.
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