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Introduction: Poor sleep associates with adverse chronic kidney disease (CKD) outcomes yet the biological

mechanisms underlying this relation remain unclear. One proposed mechanism is via allostatic load, a

cumulative biologic measure of stress.

Methods: Using data from 5177 Jackson Heart Study participants with sleep measures available, we

examined the association of self-reported sleep duration: very short, short, recommended, and long (#5,

6, 7–8, or $9 hours per 24 hours, respectively) and sleep quality (high, moderate, low) with prevalent

baseline CKD, and estimated glomerular filtration rate (eGFR) decline and incident CKD at follow-up. CKD

was defined as eGFR <60 ml/min per 1.73 m2 or urine albumin-to-creatinine ratio $30 mg/g. Models were

adjusted for demographics, comorbidities, and kidney function. We further evaluated allostatic load

(quantified at baseline using 11 biomarkers from neuroendocrine, metabolic, autonomic, and immune

domains) as a mediator of these relations using a process analysis approach.

Results: Participants with very short sleep duration (vs. 7–8 hours) had greater odds of prevalent CKD

(odds ratio [OR] 1.31, 95% confidence interval [CI] 1.03–1.66). Very short, short, or long sleep duration (vs.

7–8 hours) was not associated with kidney outcomes over a median follow-up of 8 years. Low sleep quality

(vs. high) associated with greater odds of prevalent CKD (OR 1.26, 95% CI 1.00–1.60) and 0.18 ml/min per

1.73 m2 (95% CI 0.00–0.36) faster eGFR decline per year. Allostatic load did not mediate the associations of

sleep duration or sleep quality with kidney outcomes.

Conclusions: Very short sleep duration and low sleep quality were associated with adverse kidney out-

comes in this all-black cohort, but allostatic load did not appear to mediate these associations.
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increased risk for CKD and end-stage renal disease
compared with nonblack individuals.6 However,
despite these observed associations, studies have not
evaluated the relation between poor sleep and adverse
CKD outcomes specifically in black individuals.

The mechanisms underlying the relation between
sleep and kidney outcomes also remain unclear. One
suggested mechanism is via chronic derangements in
physiological systems by which sleep exerts its repar-
ative effects on the body.5 For instance, short sleep
duration increases sympathetic activity and vascular
425
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tone,7 and sleep deprivation impairs release of hor-
monal regulators of metabolic and vascular function,
such as cortisol, aldosterone, and melatonin from the
hypothalamic-pituitary-adrenal system.8–11 A compos-
ite measure of dysregulation in these systems is termed
allostatic load, a multidimensional biologic construct
subsuming biomarkers across the physiologic domains
of neuroendocrine, autonomic, immune, and metabolic
function. As a biomarker that captures preclinical
adverse health consequences of stress exposure in the
social environment, allostatic load has been linked with
cardiovascular disease and diabetes,12,13 and is posited
to adversely affect kidney outcomes.14,15

Therefore, we examined the potential mediating ef-
fect of allostatic load on the association between poor
sleep patterns (sleep duration and sleep quality) and
CKD outcomes in black Americans by using data from
the Jackson Heart Study (JHS).
METHODS

Study Population

The JHS is a prospective cohort study comprising 5306
black Americans, 21 to 94 years of age at enrollment,
from the tricounty (Hinds, Madison, and Rankin) area
of the Jackson, MS, metropolitan area. JHS enrolled
participants from 2000 to 2004 using probability-based
sampling and random sampling with the Jackson
driver’s license registry and a commercially available
list as the sampling frame, as previously detailed.16,17

First-degree relatives of JHS participants and prior
participants from the Atherosclerosis Risk in Commu-
nities were also recruited to participate in the study.

Participants who provided written informed consent
completed the JHS baseline examination (Exam 1: 2000–
2004), and 2 subsequent follow-up examinations (Exam 2:
2005–2008; and Exam 3: 2009–2013). Institutional review
boards at the University of Mississippi Medical Center,
Jackson State University, and Tougaloo College approved
the JHS protocol. For this analysis, we excluded partici-
pants missing sleep assessments and key covariates.

Sleep Duration and Quality Assessment

The JHS assessed sleep using a modified version of the
Berlin Sleep Questionnaire.18 As part of this assessment,
participants self-reported their habitual sleep duration
at baseline in response to the question, “During the past
month, excluding naps, how many hours of actual sleep
did you get at night (or day, if you work at night) on
average?” We categorized sleep duration into very
short (#5 hours), short (6 hours), recommended (7 to 8
hours), and long ($9 hours) per 24 hours, based on
prior studies that have shown 7 to 8 hours to be
beneficial for health.1,19
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Participants rated their habitual sleep quality in
response to the question, “During the past month, how
would you rate your sleep quality overall?” Possible re-
sponses included excellent, very good, good, fair, or
poor. In our primary analysis, we categorized sleep
quality into 3 categories: high (included “excellent”
and “very good”), moderate (included “good”), and
low (included “fair” and “poor”). In a sensitivity
analysis, we dichotomized sleep quality into high
(included “excellent”, “very good”, and “good”) and
low (included “fair” and “poor”).

Allostatic Load Assessment

We assessed allostatic load using 11 biomarkers repre-
senting 4 physiologic domains: neuroendocrine, meta-
bolic, autonomic, and immune function. Cortisol
captured neuroendocrine function; metabolic function
encompassed hemoglobin A1c, total cholesterol, low-
density lipoprotein cholesterol, high-density lipopro-
tein cholesterol, and waist circumference. Autonomic
function featured systolic blood pressure, diastolic
blood pressure, and resting heart rate; immune function
comprised C-reactive protein and white blood cell count.
We converted values of the 11 biomarkers to z-scores
and averaged the z-scores within the respective do-
mains. The z-score for high-density lipoprotein choles-
terol was multiplied by �1 to account for its protective
effect on adverse health outcomes, and the z-score for
waist circumference was computed separately for men
and women, and then recombined into 1 score to ac-
count for sex differences. Allostatic load comprised the
average z-score across the 4 domains; higher scores
indicate greater cumulative physiologic derangement.

Demographics and Comorbidities

We included the following sociodemographic cova-
riates in our analysis: age, sex, educational attainment
(# vs. >high school diploma), household income (#1.5
vs. >1.5 times the poverty level), employment status
(working for pay [full- or part-time] vs. not working for
pay), alcohol consumption (within the past year vs. not),
smoking status (current or former vs. never), physical
activity, nutritional status, and depression. We defined
physical activity and nutritional status based on the
American Heart Association’s Life Simple 7 guideline.20

Categories for physical activity included poor (0 minutes
of moderate and vigorous physical activity); intermedi-
ate (>0 to <150 minutes of moderate physical activity,
>0 to <75 minutes of vigorous physical activity, or
>0 to <150 minutes of combined moderate and
vigorous physical activity); and ideal ($150 minutes of
moderate physical activity, $75 minutes of vigorous
physical activity, or $150 minutes of combined mod-
erate and vigorous physical activity). Nutritional status,
Kidney International Reports (2019) 4, 425–433
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defined based on 5 recommended dietary components
(fruits and vegetables $4.5 cups per day; fish >3.5
ounces twice per week; sodium <1500 mg per day;
sugary beverages <450 kcal per week; and whole
grains $3 servings per day), comprised poor diet (0–1
components) versus intermediate or ideal diet (2–5
components). Participants self-reported depressive
symptoms based on the 20-item Center for Epidemio-
logical Studies-Depression questionnaire. We defined
depression as a composite score of$16 on the Center for
Epidemiological Studies-Depression questionnaire.

CKD Outcome Assessment

Our primary CKD outcomes included prevalent CKD at
baseline, eGFR decline, and incident CKD. We defined
prevalent CKD as either eGFR <60 ml/min per 1.73 m2

assessed using the CKD-EPI equation21 or albuminuria,
defined as spot urine (or 24-hour if spot was missing)
albumin-to-creatinine ratio $30 mg/g. eGFR decline
was defined as the annual rate of kidney function
decline during follow-up (Exam 1 to Exam 3), and it
was determined using the equation: 365.25 � (eGFR at
Exam 1 – eGFR at Exam 3) / (number of days between
Exam 1 and Exam 3). Among those without CKD at
Exam 1, we defined incident CKD as either eGFR <60
ml/min per 1.73 m2 at Exam 3 along with $25%
decline in eGFR during follow-up or albuminuria at
Exam 3. Isotope dilution mass spectrometry–calibrated
serum creatinine was used for all GFR estimations.22

Statistical Analysis

We described demographic and clinical characteristics
of participants by categories of sleep duration using
mean � SD or median [interquartile range] for contin-
uous variables and frequency (percent) for categorical
covariates. We reported the distribution of allostatic
load and baseline kidney function across categories of
sleep duration using mean � SD.

We used a process analysis approach,23 which is a
special case of structural equation modeling, to eval-
uate allostatic load as a mediator of sleep and CKD
outcomes. Unlike the commonly used Causal Steps
Approach to mediation analysis that relies on certain
stepwise criteria, but without a formal hypothesis test
or quantification of the mediated effect,24 the process
analysis approach uses hypothesis tests to evaluate
presence of (and to quantify) mediation. Briefly, we
used generalized linear regression models with an
identity (for continuous outcomes) or logit (for binary
outcomes) link to estimate parameters that assessed
presence of mediation based on 2 separate pathways,
quantified by the indirect and direct associations
(Supplementary Figure S1). The indirect association
(henceforth referred to as mediated association)
Kidney International Reports (2019) 4, 425–433
evaluated the association of sleep with CKD outcomes
via allostatic load, and the direct association evaluated
the association of sleep with CKD outcomes indepen-
dent of the effect of allostatic load on CKD. We used the
quantile bootstrap approach, with 5000 replications, to
test the significance of the mediated association; this
approach had the advantage of relaxing the normality
assumption regarding the sampling distribution of the
mediated associations. We inferred evidence of media-
tion if the mediated association of at least 1 sleep
category was non-zero relative to the reference sleep
category.22 All regression models were adjusted for age,
sex, educational attainment, household income,
employment status, alcohol consumption, and body
mass index. We also adjusted the eGFR decline model
for baseline eGFR and albumin-to-creatinine ratio. We
assessed and confirmed model quality for fit, predictive
accuracy, and model assumptions.

We conducted several sensitivity analyses. Because
the main mediation models mentioned previously did
not include diabetes and hypertension to avoid over-
adjustment because allostatic load comprises HBA1c
(diabetes) and blood pressure (hypertension), we
stratified the main models by hypertension and dia-
betes to account for their potential confounding effects.
We also investigated the association of sleep with
kidney outcomes using different categorizations (6
hours per 24 hours as the reference category for sleep
duration and a dichotomized sleep quality variable) to
determine if the results of the primary analysis were
sensitive to categorization. Given that depression con-
founds the effect of sleep on adverse health outcomes,
we additionally adjusted for depression in the main
mediation analysis among a subset of JHS participants
for whom JHS assessed depression. Finally, we also
examined the mediated associations of allostatic load on
the relation between sleep duration and CKD outcomes
separately for each domain of allostatic load.

All hypothesis tests were 2-sided at the 0.05 level
without adjustment for multiple comparisons, or
imputation for missing data. We used SAS 9.4 (SAS
Institute, Cary, NC) and R 3.3.0 (R Core Team, Vienna,
Austria) for all analyses.
RESULTS

Sociodemographic and Behavioral Characteris-

tics of Participants

Of the 5306 JHS participants, 5177 (98%) had complete
data for sleep duration. These participants were pre-
dominantly women (63%), mean age was 55 years (SD
13), and most had greater than high school diploma
(62%) or worked for pay (63%). Most (n ¼ 2085; 40%)
slept the recommended 7 to 8 hours; 1286 (25%), 1521
427
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(29%), and 285 (6%) reported very short (#5 hours),
short (6 hours), and long ($9 hours) sleep duration,
respectively. Participants with short sleep duration
were generally similar to those with 7 to 8 hours.
However, those with very short sleep (vs. 7–8 hours)
were more likely to be men (39% vs. 35%); cigarette
smoker (35% vs. 30%); and to have poor physical ac-
tivity (54% vs. 47%) or low sleep quality (70% vs.
16%). Those with long sleep (vs. 7–8) were more likely
to have lower-middle income status (52% vs. 33%),
poor physical activity (54% vs. 47%), and to be a
cigarette smoker (39% vs. 30%), but less likely to have
more than a high school diploma (48% vs. 62%) or to
work for pay (40% vs. 62%) (Table 1).

Distribution of Allostatic Load and CKD

Outcomes

Among 5177 (98%) JHS participants with the required
data for computing allostatic load, the composite allo-
static load z-score ranged from �1.1 to 6.7 and its mean
was 0 (SD 0.44). Participants with very short sleep and
those with 7 to 8 hours had comparable mean allostatic
load z-score (0.01 [SD 0.43] vs. 0.01 [SD 0.44]). How-
ever, compared with the recommended 7 to 8 hours,
those with short sleep had lower mean allostatic load
z-score: 0.01 (SD 0.44) vs. �0.02 (SD 0.45), and those
with long sleep had higher mean allostatic load z-score:
0.07 (SD 0.43) versus 0.01 (SD 0.44) (Table 2).
Table 1. Baseline characteristics of participants stratified by categories

Baseline characteristics Overall N [ 5177
Very short (£5 h

n [ 1286

Demographics

Age, mean � SD, yr 55.3 � 12.8 54.3 � 12.5

Male, n (%) 1893 (36.6) 498 (38.7)

Lower-middle income,a n (%) 1742 (33.6) 457 (35.5)

Education: >high school diploma, n (%) 3211 (62.0) 776 (60.3)

Working for pay, n (%) 3250 (62.8) 803 (62.4)

Behavioral factors and comorbidity

BMI, mean � SD, kg/m2 31.8 � 7.3 32.4 � 7.5

Alcohol use, n (%) 2379 (46.0) 615 (47.8)

Current or former smoker, n (%) 1664 (32.1) 451 (35.1)

AHA diet score, n (%)

Poor 2544 (49.1) 641 (49.8)

Intermediate or ideal 2004 (38.7) 462 (35.9)

AHA physical activity score, n (%)

Poor 2537 (49.0) 690 (53.7)

Intermediate 1643 (31.7) 384 (29.9)

Ideal 997 (19.3) 212 (16.5)

Depression score, mean � SD 10.8�8.1 13.4�9.2

Sleep quality, n (%)

High 1608 (31.1) 138 (10.7)

Moderate 1782 (34.4) 251 (19.5)

Low 1786 (34.5) 897 (69.8)

AHA, American Heart Association; BMI, body mass index.
aFamily income #1.5 times the poverty level.
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Mean eGFR at baseline among 5109 (96%) JHS par-
ticipants was 94 ml/min per 1.73 m2 (SD 22). Mean
eGFR was comparable among participants with very
short, short, and the recommended 7 to 8 hours of
sleep: eGFR 95 (SD 22) versus 95 (SD 21) versus 94 (SD
22) ml/min per 1.73 m2, respectively; however, it was
lower in those with long sleep: eGFR 88 (SD 25) ml/min
per 1.73 m2. Baseline albumin-to-creatinine ratio was
assessed in 3259 (62%) JHS participants and it was
comparable across all sleep duration categories
(Table 2).
Evaluating Allostatic Load as a Mediator of

Sleep and CKD Outcomes
Sleep and Prevalent CKD

Among 3373 (64%) participants with CKD measures
available at baseline, 650 (13%) had prevalent CKD.
Participants with very short sleep (vs. 7–8 hours) had
greater odds of prevalent CKD at baseline: OR for direct
effect 1.31, 95% CI 1.03 to 1.66. Allostatic load did not
mediate this association: OR for mediated association:
0.99, 95% CI 0.94 to 1.04. Short or long sleep duration
(vs. 7–8 hours) was not associated with odds of prev-
alent CKD. Low (vs. high) sleep quality associated with
26% increased odds of prevalent CKD at baseline: OR
for direct association 1.26, 95% CI 1.00 to 1.60. There
was no mediated association via allostatic load: OR 1.02,
95% CI 0.98 to 1.07 (Table 3).
of sleep duration
Sleep duration

ours) Short (6 hours)
n [ 1521 7--8 hours n [ 2085

Long (‡9 hours)
n [ 285

54.5 � 12.4 55.8 � 13.0 59.5 � 13.9

576 (37.9) 729 (35.0) 90 (31.6)

458 (30.1) 679 (32.6) 148 (51.9)

1012 (66.5) 1286 (61.7) 137 (48.1)

1049 (69.0) 1283 (61.5) 115 (40.4)

31.7 � 7.3 31.5 � 7.2 31.1 � 6.9

724 (47.6) 946 (45.4) 94 (33.0)

467 (30.7) 634 (30.4) 112 (39.3)

753 (49.5) 1021 (49.0) 129 (45.3)

603 (39.6) 821 (39.4) 118 (41.4)

712 (46.8) 981 (47.1) 154 (54.0)

486 (32.0) 689 (33.0) 84 (29.5)

323 (21.2) 415 (19.9) 47 (16.5)

10.2�7.5 9.6�7.3 11.5�8.6

400 (26.3) 912 (43.7) 158 (55.4)

611 (40.2) 835 (40.0) 85 (29.8)

510 (33.5) 337 (16.2) 42 (14.7)

Kidney International Reports (2019) 4, 425–433



Table 2. Distribution of allostatic load and CKD outcomes stratified by categories of sleep duration

Characteristica
No. included
(% of JHS)

Overall
N [ 5177

Sleep duration

Very short £5
hours n [ 1286

Short 6 hours
n [ 1521

7--8 hours
n [ 2085

Long ‡9 hours
n [ 285

Allostatic load

z-scores

All domains 5177 (97.7) 0 � 0.44 0.01 � 0.43 -0.02 � 0.45 0.01 � 0.44 0.07 � 0.43

Neuroendocrine 5074 (98.0) 0 � 1.00 -0.01 � 1.05 -0.06 � 0.95 0.01 � 0.99 0.23 � 1.09

Metabolic 5177 (100) 0 � 0.59 0.02 � 0.60 -0.02 � 0.57 0.01 � 0.59 -0.04 � 0.62

Autonomic 5177 (100) 0 � 0.69 0.02 � 0.70 -0.01 � 0.70 -0.01 � 0.67 0.03 � 0.73

Immune 5105 (98.6) 0 � 0.81 -0.01 � 0.67 -0.01 � 0.93 0.02 � 0.83 0.05 � 0.63

Biological measures

Cortisol, mmol/l 5074 (95.7) 9.9 � 4.1 9.8 � 4.3 9.6 � 3.9 9.9 � 4.1 10.8 � 4.5

HBA1c, % 4980 (93.9) 6.0 � 1.3 6.0 � 1.3 5.9 � 1.3 6.0 � 1.3 6.1 � 1.4

LDL cholesterol, mg/dl 5027 (94.8) 125.9 � 36.5 125.9 �37.2 125.2 �35.8 127.0 �36.3 122.0 �38.2

HDL cholesterol, mg/dl 5072 (95.7) 51.6 � 14.6 51.8 � 15.2 51.3 � 14.4 51.4 � 14.3 53.3 � 15.3

Total cholesterol, mg/dl 5072 (95.7) 198.7 � 39.9 199.0 � 40.6 197.3 � 38.4 199.6 � 40.4 197.2 � 41.1

Waist circumference, cm 5175 (97.6) 100.7 � 16.2 102.2 � 16.8 100.2 � 16.0 100.1 � 15.9 100.0 � 15.6

Systolic BP, mm Hg 5169 (97.5) 127.5 � 16.8 127.3 � 16.8 127.1 � 16.5 127.5 � 16.8 129.3 � 19.0

Diastolic BP, mm Hg 5169 (97.5) 75.8 � 8.8 76.0 � 9.0 75.8 � 8.9 75.6 � 8.4 75.1 � 9.4

Resting heart rate, beats per minute 5165 (97.4) 64.5 � 10.6 64.8 � 10.8 64.4 � 10.7 64.2 �10.3 65.1 � 11.2

CRP, median [IQR], mg/dl 5078 (95.8) 0.26 [0.11, 0.56] 0.27 [0.11, 0.58] 0.25 [0.10, 0.55] 0.26 [0.11, 0.57] 0.30 [0.14, 0.61]

WBC, 1000 cells/cmm 4586 (86.5) 5.6 � 2.1 5.6 � 1.9 5.5 � 1.7 5.7 � 2.5 5.8 � 1.7

CKD outcomes

Baseline eGFR, ml/min per 1.73 m2 5109 (96.4) 94.2 � 21.9 94.8 � 22.4 95.2 � 21.2 94.0 � 21.5 87.9 � 25.4

Baseline ACR, median [IQR], mg/g 3259 (61.5) 6 [4, 12] 6 [4, 13] 6 [4, 11] 6 [4, 13] 7 [5, 18]

Events

Prevalent CKD at baseline, n (%) 3373 (63.6) 656 (12.7) 176 (13.7) 168 (11.0) 253 (12.1) 59 (20.7)

Annual eGFR decline 3658 (69.0) 1.27 � 1.97 1.23 � 2.01 1.16 � 1.84 1.36 � 2.04 1.35 � 1.88

Incident CKD at follow-up, n (%) 2028 (38.3) 250 (12.3) 76 (3.7) 57 (2.8) 107 (5.3) 10 (0.5)

ACR, albumin-to-creatinine ratio; BP, blood pressure; CKD, chronic kidney disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; IQR,
interquartile range; JHS, Jackson Heart Study; LDL, low-density lipoprotein; WBC, white blood cells.
aValues are mean � SD unless stated otherwise.
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Sleep and Incident CKD

After a median follow-up of 8 years, 250 (12%) of those
whose CKD status could be determined (n ¼ 2028;
38%) developed incident CKD. Very short, short, or
long sleep duration (vs. 7–8 hours) was not signifi-
cantly associated with incident CKD. Similarly, low
sleep quality (vs. high) was not significantly associated
with incident CKD (OR 1.25, 95% CI 0.89–1.77). Allo-
static load did not mediate the associations of sleep
duration or sleep quality with incident CKD (Table 3).
Sleep and eGFR Decline

The mean eGFR decline among 3658 (69%) JHS par-
ticipants over follow-up was 1.3 ml/min per 1.73 m2

per year (SD 2.0). Very short or long sleep duration (vs.
7–8 hours) was not associated with eGFR decline. Short
sleep duration (6 hours vs. 7–8 hours) associated with a
0.20 ml/min per 1.73 m2 (95% CI 0.38–0.03) slower
eGFR decline per year over follow-up. There was no
mediated association via allostatic load: 0.00 ml/min per
1.73 m2 per year (95% CI �0.02 to 0.01). Low sleep
quality (vs. high) associated with 0.18 ml/min per 1.73
m2 (95% CI 0.00–0.36) faster eGFR decline per year;
this association was not mediated via allostatic load:
Kidney International Reports (2019) 4, 425–433
0.00 ml/min per 1.73 m2 per year, 95% CI �0.01 to 0.01
(Table 3).

Sensitivity Analyses

In sensitivity analyses, associations between very short
(#5 hours) sleep duration and adverse kidney out-
comes were more evident when short (6 hours) sleep
duration was the reference sleep category
(Supplementary Table S1). For instance, very short
sleep (vs. 6 hours) associated with increased odds of
incident CKD: OR 1.77, 95% CI 1.20 to 2.60. Allostatic
load did not mediate this association: OR 0.99, 95% CI
0.96 to 1.03. Associations between sleep and kidney
outcomes were robust with additional adjustment for
depression (Supplementary Table S2). Results of
mediation pathways via each of the 4 domains of allo-
static load were generally consistent with that of the
global allostatic load score (results not shown).

In analyses stratified by hypertension (Table 4) and
diabetes (Table 5), the associations between sleep and
kidney outcomes were evident only among participants
with diabetes: short sleep duration (vs. 7–8 hours) asso-
ciated with 0.68 ml/min per 1.73 m2 (95% CI 0.07–1.30)
slower eGFR decline per year among those with diabetes.
429



Table 3. Direct and mediated (via allostatic load) effects of sleep pattern on CKD outcomes in the Jackson Heart Study

Sleep measures

Prevalent CKD Incident CKD eGFR decline

Direct effect
OR (95% CI)

Mediated effect
OR (95% CI)

Direct effect
OR (95% CI)

Mediated effect
OR (95% CI)

Direct effect
b (95% CI)

Mediated
effect b (95% CI)

No. of events/N 656/3373 656/3373 250/2028 250/2028 2392 2392

Sleep duration

Very short 1.31 (1.03 to 1.66) 0.99 (0.94 to 1.04) 1.35 (0.96 to 1.89) 0.98 (0.94 to 1.01) �0.10 (�0.29 to 0.09) �0.01 (�0.02 to 0.00)

Short 0.96 (0.76 to 1.22) 0.98 (0.94 to 1.03) 0.76 (0.53 to 1.09) 0.99 (0.95 to 1.02) �0.20 (�0.38 to �0.03) 0.00 (�0.02 to 0.01)

7–8 hours Ref Ref Ref Ref Ref Ref

Long 1.27 (0.88 to 1.83) 1.05 (0.97 to 1.14) 0.60 (0.30 to 1.23) 1.02 (0.94 to 1.09) �0.23 (�0.57 to 0.11) 0.00 (�0.02 to 0.03)

Sleep quality

High Ref Ref Ref Ref Ref Ref

Moderate 1.09 (0.86 to 1.38) 1.01 (0.97 to 1.06) 0.87 (0.61 to 1.23) 1.01 (0.97 to 1.04) 0.13 (�0.05 to 0.31) 0.00 (�0.01 to 0.01)

Low 1.26 (1.00 to 1.60) 1.02 (0.98 to 1.07) 1.25 (0.89 to 1.77) 1.00 (0.96 to 1.04) 0.18 (0.00 to 0.36) 0.00 (�0.01 to 0.01)

CI, confidence interval, CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; OR, odds ratio.
All models adjusted for age, sex, educational attainment, household income, employment status, alcohol consumption, and body mass index; the eGFR decline model additionally
adjusted for baseline albumin-to-creatinine ratio and eGFR.
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DISCUSSION

In a large prospective cohort of black American in-
dividuals, very short sleep duration (#5 hours) and
low sleep quality were independently associated
with greater prevalence of CKD at baseline. Low sleep
quality also associated with faster eGFR decline per
year over long-term follow-up. Short sleep duration
(6 hours), compared with the recommended 7 to 8
hours, associated with slower annual eGFR decline
over follow-up. Allostatic load did not mediate the
associations between sleep duration or sleep quality
with kidney outcomes. These results suggest a role of
poor sleep as a risk factor for development of CKD in
black individuals, but its effect on kidney outcomes
does not appear to be mediated via allostatic load.
Furthermore, sleep duration of 6 hours appears to
confer the most favorable kidney outcomes in this
all-black cohort.
Table 4. Direct and mediated (via allostatic load) effects of sleep pattern

Sleep measures stratified
by hypertension status

Prevalent CKD I

Direct effect
OR (95% CI)

Mediated effect
OR (95% CI)

Direct effect
OR (95% CI)

Hypertension

No. of events/N 320/1303 320/1303 141/754

Sleep duration

Very short 1.31 (0.94 to 1.85) 0.98 (0.91 to 1.05) 1.31 (0.80 to 2.

Short 1.00 (0.72 to 1.40) 0.97 (0.90 to 1.02) 0.88 (0.54 to 1.

7–8 hours Ref Ref Ref

Long 0.91 (0.53 to 1.57) 0.99 (0.88 to 1.11) 0.70 (0.29 to 1.

No hypertension

No. of events/N 77/1067 77/1067 51/754

Sleep duration

Very short 1.64 (0.88 to 3.04) 0.96 (0.89 to 1.01) 1.53 (0.75 to 3.

Short 1.32 (0.72 to 2.41) 0.99 (0.92 to 1.04) 0.87 (0.40 to 1.

7–8 hours Ref Ref Ref

Long 1.72 (0.64 to 4.60) 1.05 (0.94 to 1.21) 0.32 (0.04 to 2.

CI, confidence interval, CKD, chronic kidney disease; eGFR, estimated glomerular filtration rat
All models adjusted for age, sex, educational attainment, household income, employment sta
adjusted for baseline albumin-to-creatinine ratio and eGFR.
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To our knowledge, this is the first study to evaluate
allostatic load as a mediator of the association between
sleep and kidney health in a large cohort of black
Americans. Unfavorable sleep patterns are especially
common among black Americans25,26 and may contribute
to health disparities in this group,1 yet the mechanisms
by which poor sleep affects kidney health have not been
elucidated to-date. Prior work has established the relation
of suboptimal sleep patterns in the general population
with development of chronic diseases, such as diabetes,27

hypertension,28 and cardiovascular disease.29 Notably,
these relations persist when evaluating objectively
measured or subjectively reported sleep duration or
quality. Further, the potential damage caused by sub-
optimal sleep is evident when examining its relation with
kidney health; poor sleep patterns have been linked to
rapid kidney function decline,1 incident albuminuria,2,3

and progression of CKD.4
on CKD outcomes; stratified by baseline hypertension status
ncident CKD eGFR decline

Mediated effect
OR (95% CI)

Direct effect
b (95% CI)

Mediated effect
b (95% CI)

141/754 939 939

14) 0.99 (0.93 to 1.04) 0.00 (�0.33 to 0.32) �0.01 (�0.04 to 0.01)

42) 1.00 (0.94 to 1.05) �0.32 (�0.62 to �0.02) 0.00 (�0.03 to 0.01)

Ref Ref Ref

71) 0.99 (0.90 to 1.10) �0.14 (�0.69 to 0.41) 0.01 (�0.02 to 0.05)

51/754 834 834

12) 0.95 (0.86 to 1.01) �0.04 (�0.33 to 0.25) �0.01 (�0.04 to 0.01)

89) 0.98 (0.91 to 1.07) �0.03 (�0.30 to 0.25) 0.00 (�0.03 to 0.01)

Ref Ref Ref

64) 1.09 (0.93 to 1.37) �0.42 (�0.95 to 0.12) 0.01 (�0.03 to 0.06)

e; OR, odds ratio.
tus, alcohol consumption, and body mass index; the eGFR decline model additionally
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Table 5. Direct and mediated (via allostatic load) effects of sleep pattern on CKD outcomes; stratified by baseline diabetes status

Sleep measures stratified
by diabetes status

Prevalent CKD Incident CKD eGFR decline

Direct effect
OR (95% CI)

Mediated effect
OR (95% CI)

Direct effect
OR (95% CI)

Mediated effect
OR (95% CI)

Direct effect
b (95% CI)

Mediated effect
b (95% CI)

Diabetes

No. of events/N 166/485 166/485 69/242 69/242 329 329

Sleep duration

Very short 1.66 (0.99 to 2.77) 0.91 (0.80 to 1.02) 1.56 (0.71 to 3.40) 0.91 (0.70 to 1.11) 0.01 (�0.65 to 0.66) �0.07 (�0.22 to 0.03)

Short 1.00 (0.60 to 1.69) 0.91 (0.79 to 1.00) 1.27 (0.59 to 2.71) 0.90 (0.70 to 1.09) �0.68 (�1.30 to �0.07) �0.08 (�0.22 to 0.01)

7–8 hours Ref Ref Ref Ref Ref Ref

Long 0.66 (0.31 to 1.42) 1.03 (0.88 to 1.22) 0.92 (0.28 to 3.00) 1.05 (0.80 to 1.43) �0.34 (�1.31 to 0.63) 0.04 (�0.10 to 0.23)

No diabetes

No. of events/N 227/1881 227/1881 123/1266 123/1266 1443 1443

Sleep duration

Very short 1.23 (0.84 to 1.78) 1.00 (0.95 to 1.05) 1.20 (0.75 to 1.93) 0.99 (0.97 to 1.01) �0.03 (�0.25 to 0.19) 0.00 (�0.01 to 0.02)

Short 1.09 (0.76 to 1.56) 1.00 (0.95 to 1.04) 0.71 (0.43 to 1.16) 1.00 (0.98 to 1.02) �0.09 (�0.30 to 0.12) 0.00 (�0.01 to 0.01)

7–8 hours Ref Ref Ref Ref Ref Ref

Long 1.38 (0.75 to 2.54) 0.99 (0.90 to 1.09) 0.35 (0.10 to 1.21) 1.00 (0.96 to 1.05) �0.27 (�0.68 to 0.14) 0.00 (�0.03 to 0.02)

CI, confidence interval, CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; OR, odds ratio.
All models adjusted for age, sex, educational attainment, household income, employment status, alcohol consumption, and body mass index; the eGFR decline model additionally
adjusted for baseline albumin-to-creatinine ratio and eGFR.
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However, although poor sleep consistently associ-
ates with adverse health in epidemiologic studies, its
causal role as it pertains to development of CKD and
known CKD risk factors, such as hypertension and
diabetes, remains unclear.30 For instance, considering
that poor sleep is often a manifestation of illness,
including CKD, the association of suboptimal sleep
characteristics (e.g., short sleep duration and poor sleep
quality) with unfavorable kidney health in observa-
tional studies, particularly cross-sectional studies, may
reflect a reverse causal phenomenon.31 Therefore,
identifying preclinical biologic pathways by which
poor sleep potentially affects development and pro-
gression of CKD may elucidate whether the association
of poor sleep with CKD outcomes is causal or due to a
spurious relationship between sleep and kidney
health.30

Allostatic load has been proposed as a potential
mediator of the association between sleep and kidney
outcomes, as its role as a key biologic mediator of the
cumulative effects of social determinants on health
becomes increasingly evident.14 Derangements in do-
mains of allostatic load, such as immune dysregula-
tion,32 neuroendocrine dysfunction,33 and metabolic
dysfunction,34 have been previously linked with sub-
optimal sleep patterns in the general population.
However, these relations have not been consistently
found in black populations.35,36 Our findings also
suggest that allostatic load may not be an important
mediator of associations between sleep and poor kidney
outcomes in black individuals. This suggests that the
detrimental effects of suboptimal sleep on health via
these biologic mediators might be blunted by factors
that are unique to the black population, including
Kidney International Reports (2019) 4, 425–433
behavioral adaptive mechanisms like coping,37–39

which is hypothesized to modify the adverse health
impact of external stressors in black individuals.
Therefore, future work examining the relation between
sleep and allostatic load should also evaluate the po-
tential role of such behavioral adaptive strategies such
as cognitive reappraisal and emotion expression on this
relation.40

In addition to allostatic load, other physiologic me-
diators of the association between sleep patterns and
kidney outcomes warrant investigation in future work.
For example, in experimental settings, sleep depriva-
tion has been shown to disrupt homeostasis in com-
ponents of the renin-angiotensin-aldosterone system
(e.g., nocturnal release of aldosterone and excretion of
electrolytes).41,42 Furthermore, observational studies
associate sleep duration with markers of endothelial
dysfunction.43 Thus, given that derangements in the
renin-angiotensin-aldosterone system and endothelial
dysfunction44 are well-established mechanisms under-
lying kidney damage, studies should examine their
potential role in the observed association between sleep
and CKD to determine the nature of this relation.

We noted some limitations. First, the sleep measures
that we used in our analysis were self-reported and
assessed once over a 24-hour period; prior work sug-
gests that although subjective reports of usual sleep
correlate moderately with objectively measured sleep,
individuals tend to overestimate their sleep duration.45

Thus, further work using objectively measured sleep
should explore the validity and reliability of our
findings, particularly regarding the amount of sleep
that confers the most favorable kidney outcomes.
Furthermore, although we defined allostatic load based
431
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on the most commonly used definition, future work
should examine if our findings are robust to other
proposed definitions of allostatic load.46,47 In addition,
given the observational design of the JHS, we were not
able to account for residual confounding; randomized
studies will be needed to provide conclusive evidence
regarding the role of allostatic load on the sleep-CKD
relation. Because the JHS was limited to 1 geographic
region, our findings may not be generalizable to other
populations in the United States. Last, considering that
the JHS measured both sleep and allostatic load at base-
line, the lack of a temporal relation between exposure and
mediator limits causal inference regarding the hypothe-
sized mediation via allostatic load of the effects of sleep on
kidney health. Despite these limitations, our study had
important strengths. First, the JHS measured biomarkers
required for computing allostatic load in a large cohort of
community-dwelling black individuals. Second, most
participants in the JHS were followed for a median of 8
years to allow for development of longitudinal kidney
outcomes. The availability of prospective data also
allowed for mediation analytic approaches.

In conclusion, in a prospective cohort of black
Americans, very short sleep duration and low sleep
quality were associated with greater prevalence of CKD
at baseline and low sleep quality associated with faster
kidney function decline over a median follow-up of 8
years, but allostatic load did not appear to mediate
these associations. Future work should investigate the
role of other biologic mediators in the relation between
sleep and CKD outcomes in black individuals.
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