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ORIGINAL RESEARCH

Association of Adiposity With Incident 
Diabetes Among Black Adults in the 
Jackson Heart Study
Joshua J. Joseph , MD, MPH*; Bjorn Kluwe, BS*; Justin B. Echouffo-Tcheugui , MD, PhD; Songzhu Zhao, MS; 
Guy Brock , PhD; David Kline, PhD; James B. Odei , PhD; Rita R. Kalyani, MD; David P. Bradley, MD;   
Willa A. Hsueh, MD; Mario Sims, PhD, MS; Sherita H. Golden, MD, MHS

BACKGROUND: The prognostic value of anthropometric, adipokine, and computed tomography measures of adiposity to predict 
diabetes in Black, specifically by normoglycemia versus prediabetes, remains incompletely understood.

METHODS AND RESULTS: Among Black participants without diabetes in the JHS (Jackson Heart Study), waist circumference 
[WC], body mass index, adiponectin, leptin, and leptin:adiponectin ratio were standardized in sample 1 (2422 participants 
at baseline [2000–2004]) and WC, body mass index, visceral adipose tissue (VAT), subcutaneous adipose tissue, and liver 
attenuation in 1537 participants at examination 2 (2005–2008) (sample 2). Hazard ratios (HRs) for diabetes were estimated 
using interval-censored Cox modeling adjusting for traditional risk factors and validated with the C index. Over 5 years, 300 
and 122 incident diabetes cases occurred in sample 1 and sample 2, respectively. In sample 1 and sample 2, a 1-SD higher 
log-leptin:adiponectin ratio and VAT had the strongest associations (HR, 1.95 [95% CI, 1.67–2.27] and 1.76 [95% CI, 1.52–
2.04]) and discriminatory power (C index 0.68 [95% CI, 0.64–0.71] and C index 0.67 [95% CI, 0.61–0.74]) with diabetes. The 
normoglycemic compared with the prediabetes group had a 1.3 to 1.9 times greater magnitude of associations with diabetes 
for WC, liver attenuation, and VAT (P interaction <0.10). In sample 2, C indices for WC (HR, 0.84; 95% CI, 0.73–0.95), VAT (HR, 
0.91; 95% CI, 0.85–0.98), and liver attenuation (HR, 0.90; 95% CI, 0.77–1.00) were greater than HbA1c (HR, 0.74; 95% CI, 0.57–
0.90) in normoglycemia, whereas HbA1c was best in prediabetes (HR, 0.72; 95% CI, 0.66–0.78).

CONCLUSIONS: Overall, among Black adults, multiple measures of adiposity were associated with incident diabetes with mod-
est predictive ability. In Black patients with normoglycemia, WC, liver attenuation, and VAT may appropriately identify those at 
high risk for diabetes, whereas HbA1c was the best predictor in individuals with prediabetes.
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Type 2 diabetes and obesity are more prevalent 
among Black compared with non-Hispanic White 
individuals.1,2 Elevated adiposity, as assessed by 

body mass index (BMI), increases the lifetime risk of 
developing type 2 diabetes.3 Evidence from numerous 
studies suggests that central obesity is associated 
with global low-grade inflammation, which disrupts 
proper insulin signaling.4 Moreover, the state of obesity 

is characterized by dysregulated adipokine production 
with high leptin and low adiponectin, which may con-
sequently further increase systemic inflammation and 
insulin resistance.5 These mechanistic hypotheses are 
consistent with cross-sectional studies among Black 
participants in JHS (Jackson Heart Study), wherein vis-
ceral adipose tissue (VAT) and subcutaneous adipose 
tissue (SAT) were positively associated with fasting 
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plasma glucose and prevalent diabetes, with a larger 
effect size for VAT and liver fat versus SAT.6,7

Prospective studies have assessed the associa-
tions and predictive abilities of anthropometric mea-
sures with incident diabetes in diverse cohorts, which 
included Black.8–13 However, these studies did not 
distinguish the discriminative ability of these metrics 
between those who had normoglycemia and those 
who had prediabetes. Further, none were able to as-
sess the predictive ability of more refined measures 
of adiposity such as adipokine levels (adiponectin 
and leptin) and depot-specific adipose tissue vol-
umes (VAT, SAT, and liver attenuation [LA]) for inci-
dent diabetes. One small, cross-sectional study in 
China that included participants with normoglycemia, 

prediabetes, and diabetes found that magnetic res-
onance imaging measures of total VAT volume and 
hepatic proton-density fat fraction were strong pre-
dictors of prevalent diabetes (C indices of 0.80 and 
0.79 [both P<0.01], respectively).14 However, there is 
a general lack of prospective data assessing the pre-
dictive ability of adipokine levels and depot-specific 
measures of adiposity and incident diabetes among 
Black. Furthermore, to our knowledge, the effect 
modification of baseline glycemic status in the as-
sociation and predictive accuracy of anthropometric 
measures with risk of incident diabetes has not been 
assessed in a large Black cohort. Thus, we exam-
ined the associations and discriminatory power of an-
thropometric (BMI and WC), adipokines (adiponectin, 
leptin, and leptin:adiponectin ratio), and computed 
tomographic (CT) measures (VAT, SAT, LA) of adipos-
ity with incident diabetes among Black participants 
in JHS, along with the modifying effect of baseline 
glycemia (normoglycemia versus prediabetes).

METHODS
Study Sample
The JHS is a prospective cohort study of cardiovas-
cular disease among 5306 Black adults, aged 21 to 
96  years, from the tri-county area of metropolitan 
Jackson, Mississippi. Enrollment and baseline ex-
aminations were performed from 2000 to 2004 with 
2 subsequent in-person follow-up examinations from 
2005 to 2008 and 2009 to 2013. Details about the 
study design, recruitment, and methods have been 
described elsewhere.15 The study was approved 
by the institutional review boards of University of 
Mississippi Medical Center, Jackson State University, 
and Tougaloo College, and the participants gave writ-
ten informed consent. Two samples of participants in 
JHS were examined. The first sample (sample 1) con-
sisted of participants without diabetes with data on 
anthropometric measures and biomarker measures 
(adiponectin, leptin, leptin:adiponectin ratio) at exami-
nation 1 with follow-up at examination 2 (n=2422 after 
exclusions). The second sample (sample 2) consisted 
of participants without diabetes with data on anthro-
pometric measures and body composition (VAT, SAT, 
and LA) at examination 2 with follow-up at examination 
3 (n=1537 after exclusions).

Baseline Assessments
Baseline information was obtained using standardized 
questionnaires including demographics, occupation 
(management/professional versus not), educational 
attainment (bachelor’s degree or higher versus less 
than a bachelor’s degree), alcohol use, and current 
prescription medication usage. Smoking status was 

CLINICAL PERSPECTIVE

What is New?
• In Black, multiple measures of adiposity were

associated with incident diabetes with leptin-
adiponectin ratio and visceral adipose tissue
having the strongest associations and risk pre-
diction with type 2 diabetes.

• In Black with normoglycemia, waist circumfer-
ence, liver attenuation and visceral adipose tis-
sue may identify those at high risk for diabetes,
whereas hemoglobin A1c was the best predictor
in those with prediabetes.

What Are the Clinical Implications?
• Providers should check waist circumference as

part of routine care of Black with normoglyce-
mia to identify individuals at higher risk for type
2 diabetes and address modifiable lifestyle be-
haviors to prevent type 2 diabetes.

• Future technology innovations allowing cost-
effective visceral adipose tissue and liver at-
tenuation measurement may improve diabetes
risk prediction in patients with normoglycemia.
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classified as optimal (never smoking or quit ≥12 months 
ago), average (quit <12 months ago), or poor (current 
smoking) health.16 Resting seated blood pressure was 
measured twice at 5-minute intervals using an appro-
priately sized cuff with standard Hawksley random-
zero instruments, and measurements were averaged. 
Fasting blood samples were processed and stored 
using a standardized protocol.15,17 Fasting glucose 
and insulin concentrations were measured on a Vitros 
950 or 250, Ortho-Clinical Diagnostics analyzer using 
standard procedures that met the College of American 
Pathologists accreditation requirement.17 Insulin re-
sistance was estimated using the homeostatic model 
assessment of insulin resistance (HOMA-IR; fasting 
plasma glucose [mg/dL]×fasting plasma insulin [mU/
mL])÷405).18 A high-performance liquid chromatogra-
phy system (Tosoh Corporation) was used to measure 
hemoglobin A1c (HbA1c) concentrations. Physical ac-
tivity was assessed using the validated JHS Physical 
Activity Cohort survey19 and defined according to the 
American Heart Association (AHA) categorization.20 
Dietary intake was assessed using a culturally ap-
propriate, validated 158-item food frequency ques-
tionnaire administered in person by trained Black 
interviewers.21 Diet quality was operationalized using 
AHA categorization with slight modifications, as previ-
ously described.20,22

Assessment of Adiposity
Adiponectin, Leptin, and Leptin:Adiponectin 
Ratio

Leptin was analyzed with a Human Leptin RIA kit 
(LINCO Research) and the acceptable coefficient of 
variation was 10%.23 Serum concentrations of total 
adiponectin were measured by an ELISA system (R&D 
Systems) with an interassay coefficient of variation of 
8.8%.24 Leptin:adiponectin ratio was calculated by di-
viding leptin by adiponectin.

BMI and WC

Calibrated devices were used by certified technicians 
and nurses to measure participants’ weight and height. 
BMI was calculated as weight (kilograms)/height2 (me-
ters). WC in centimeters was the average of 2 meas-
urements at the level of the umbilicus.

CT Measures of Adiposity (VAT, SAT, and 
LA)
VAT, SAT, and LA were measured via multidetector 
CT. The protocol for CT assessment in the JHS has 
been described elsewhere.7 Briefly, a 16-channel 
multidetector CT system equipped with cardiac gating 
(Lightspeed 16 Pro; GE Healthcare) was used to scan 
the heart and lower abdomen.

Glycemic Status Ascertainment
Normoglycemia was defined as fasting glucose 
<100 mg/dL and HbA1c <5.7%. Prediabetes was de-
fined as fasting glucose 100 to 125  mg/dL or HbA1c 
5.7% to 6.4%. Diabetes was defined as HbA1c ≥6.5%, 
fasting blood glucose ≥126  mg/dL, taking diabetes 
medications, or a self-reported physician diagnosis.25 
Participants without diabetes at baseline, who met cri-
teria for diabetes at a subsequent examination, were 
considered to have incident diabetes.

Statistical Analysis
Because of the non-normal distribution of adiponec-
tin and leptin, these variables were log-transformed 
before analyses were performed. The baseline char-
acteristics of participants were compared by incident 
diabetes status using 2-sample t test or Wilcoxon rank 
sum test for continuous variables and chi-square test 
for categorical variables. To allow comparison among 
adiposity measures with different units, we created z 
scores, using the equation zi equals (xi − x)∕s), where 
x is the sample mean and s is the sample SD and xi is 
the measurement for the ith participant. We estimated 
a correlation matrix of adiposity measures between ex-
amination 1 and 2. Given that diabetes could develop 
anytime between examination visits (sample 1: exami-
nation 1 to 2 or sample 2: examination 2 to 3), interval-
censored Cox modeling was used to estimate hazard 
ratios (HRs, 95% CI) for incident diabetes by z scores of 
adiposity measures. Participants were censored at the 
last attended follow-up examination. Sequential multi-
variable adjustment modeling was performed: model 
1: age, sex, education, occupation, smoking, drinking, 
physical activity, nutrition, and systolic blood pressure; 
model 2: model 1+BMI; and model 3: model 1+WC. For 
analyses using sample 1: models 1 to 3 were the same 
as in cross-sectional analyses, model 4: model 1+z-
waist, z-BMI, z-log-leptin:adiponectin ratio; and model 
5: model 1+z-waist, z-BMI, z-log-adiponectin, and z-
log-leptin at examination 1. For sample 2: models 1 to 
3 were the same as in cross-sectional analyses, model 
4: model 1+z-LA, z-SAT, and z-VAT at examination 2. 
The C index examined the discriminatory power of the 
models including the adiposity measures and other 
covariates. The bootstrap percentile method estimated 
95% CIs for differences in C index values between 
models, including the selected measures, based on 
the 2.5th and 97.5th percentiles from 1000 bootstrap 
samples. Statistical significance of these analyses was 
defined as P<0.05.

The association of adiposity measures with diabe-
tes may differ by age, sex, and baseline glycemic status 
(normoglycemia [fasting glucose <100 mg/dL and HbA1c 
<5.7%] versus prediabetes [fasting glucose 100–125 mg/
dL or HbA1c 5.7%–6.4%]); thus, we tested for interaction 



J Am Heart Assoc. 2021;10:e020716. DOI: 10.1161/JAHA.120.020716 4

Joseph et al� Adiposity and Incident Diabetes Mellitus in Black Adults

of these factors with glycemic status by inserting an 
interaction term in the model using the likelihood ratio 
test in unadjusted models with statistical significance 
defined as P<0.10. Analyses were performed using SAS 
9.4 (SAS Institute Inc.) and R version 4.0.0.

Role of the Funding Source
The funding sources had no role in the design and 
conduct of the study; collection, management, analy-
sis, and interpretation of the data; preparation, review, 
or approval of the article; and decision to submit the 
article for publication.

RESULTS
Baseline Characteristics
The baseline characteristics of samples 1 and 2, 
stratified by the development of diabetes are pre-
sented in Table 1. In sample 1, participants who did 
not develop diabetes were younger, had lower BMIs, 
WCs, systolic blood pressures, glucose, HbA1c, leptin, 
leptin:adiponectin ratios, and HOMA-IRs, with higher 
levels of adiponectin (P<0.0001), education (P<0.0119), 
professional employment (P<0.0188), physical activity 
(P=0.0023), and current alcohol intake (P=0.0162). 
Similar patterns were observed among sample 2 par-
ticipants who did not develop diabetes. However, in 
this sample, they also had lower levels of SAT and 
VAT and higher LA (lower liver fat) (P<0.0001), while 
sociodemographic characteristics and blood pres-
sure were nonsignificantly different. The correlation 
matrix between adiposity measures at examination 1 
and examination 2 is presented in Table S1. Interclass 
(Pearson) correlation coefficients between WC and 
BMI were high (Table S1). After testing for effect modi-
fication of the associations by age, sex, and glycemic 
status, we found no interaction by age or sex. However, 
glycemic status significantly interacted with these re-
lationships and thus we performed stratified analyses.

Sample 1: Association of Adiposity 
Measures With Incident Diabetes
In sample 1, 300 participants developed diabetes (inci-
dence rate, 24.6 per 1000 person-years) between ex-
amination 1 and 2, with a median follow-up of 5 years 
between examinations (Table 1). The adjusted HRs for 
incident diabetes associated with adiposity measures 
are presented in Table 2. In sample 1, after adjustment 
for traditional risk factors (model 1), 1-unit SD increase 
in BMI, WC, log-leptin, and log-leptin:adiponectin were 
associated with a 44%, 56%, 76%, and 95% higher risk 
of diabetes, respectively, and a 1-SD increase in adi-
ponectin was associated with a 39% lower risk of dia-
betes (all P<0.0001). The findings remained significant 

for WC, log-adiponectin, and log-leptin:adiponectin 
ratio after adjustment for other measures of adiposity.

Sample 2: Association of Adiposity 
Measures With Incident Diabetes
In sample 2, 122 participants developed diabetes (inci-
dence rate, 28.0 per 1000 person-years) between ex-
amination 1 and 2, with a median follow-up of 5 years 
(Table  1). After adjustment for traditional risk factors 
(model 1), 1-unit SD increases in BMI, WC, SAT, and 
VAT were associated with a 66%, 59%, 54%, and 76% 
higher risk for diabetes, respectively, whereas a 1-unit 
SD increase in LA was associated with a 39% lower risk 
of diabetes (all P<0.0001). After adjustment for all other 
measures of adiposity, the findings remained significant 
for VAT and LA (Table 2).

Sample 1: Association of Adiposity 
Measures With Incident Diabetes 
Stratified by Baseline Glycemic Status
In sample 1, glycemic status modified the associa-
tion between WC and risk of incident diabetes, with 
the effect size being greater in individuals with nor-
moglycemia (Table 3). In Table 4, after simultaneous 
adjustment for other measures of adiposity, a 1-SD 
increase in WC (HR, 2.41; 95% CI, 1.32–4.37) and log-
adiponectin (HR, 0.66; 95% CI, 0.47–0.93) remained 
significant among participants with normoglycemia. 
Among participants with prediabetes, a 1-SD increase 
in log-adiponectin (HR, 0.74; 95% CI, 0.65–0.85) and 
log-leptin:adiponectin ratio (HR, 1.42; 95% CI, 1.18–
1.72) remained significant.

Sample 2: Association of Adiposity 
Measures With Incident Diabetes 
Stratified by Baseline Glycemic Status
In sample 2, there were significant differences for in-
dividuals with normoglycemia and those with predia-
betes in the association of WC, BMI, LA, and VAT with 
incident diabetes (Table  3). A 1-SD increase in BMI 
(HR, 15.0; 95% CI, 2.37–94.4) and LA (HR, 0.41; 95% 
CI, 0.20–0.81) remained significant among participants 
with normoglycemia. Among participants with predia-
betes, a 1-SD increase in LA (HR, 0.74; 95% CI, 0.64–
0.86) and VAT (HR, 1.31; 95% CI, 1.04–1.64) remained 
significant (Table 5).

Sample 1: C Indices for Adiposity 
Measures
The top panel of Table 6 shows the results of prediction 
modeling using the C index for sample 1 overall and 
Figure  1A shows these results stratified by glycemic 
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status. C indices are reported for each adiposity meas-
ure in unadjusted models and for overall models, in-
cluding covariates and individual adiposity measures. 

The discriminatory power for individual adiposity 
measures including age, sex, and education (model 1) 
in sample 1 are modest, ranging from 0.64 to 0.68. 

Table 2.  Association of Adiposity Measures With Incident Diabetes*

Sample 1, examination 1 to 
examination 2†,  
n=2422

Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5

HR (CI), 
P value

HR (CI), 
P value

HR (CI),  
P value

HR (CI),  
P value

HR (CI),  
P alue

HR (CI), 
P value

z-BMI 1.39 1.44 1.08 NA 0.98 1.06

(1.27–1.51) (1.31–1.59) (0.89–1.30) (0.79–1.21) (0.86–1.30)

P<0.0001 P<0.0001 P=0.4533 P=0.8502 P=0.6118

z-WC 1.56 1.56 NA 1.47 1.26 1.31

(1.42–1.72) (1.41–1.72) (1.22–1.76) (1.03–1.55) (1.07–1.61)

P<0.0001 P<0.0001 P<0.0001 P=0.026 P=0.0080

z-Log-adiponectin 0.69 0.61 0.66 0.64 NA 0.65

(0.61–0.77) (0.55–0.69) (0.58–0.74) (0.56–0.72) (0.58–0.74)

P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

z-Log-leptin 1.32 1.76 1.20 1.36 NA 1.19

(1.17–1.50) (1.49–2.08) (0.96–1.50) (1.11–1.68) (0.94–1.50)

P<0.0001 P<0.0001 P=0.1139 P=0.0038 P=0.1593

z-Log-leptin:adiponectin 
Ratio

1.68 1.95 1.68 1.77 1.69 NA

(1.48–1.91) (1.70–2.24) (1.42–1.99) (1.51–2.08) (1.42, 1.99)

P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

Sample 2, examination 2 to 
examination 3,‡ n=1537 Unadjusted Model 1 Model 2 Model 3 Model 4

z-BMI 1.60 1.66 1.43 NA 1.24 NA

(1.37–1.86) (1.41–1.96) (1.01–2.02) (0.81–1.89)

P<0.0001 P<0.0001 P=0.0420 P=0.3157

z-WC 1.54 1.59 NA 1.18 1.01 NA

(1.33–1.79) (1.36–1.85) (0.85–1.64) (0.70–1.46)

P<0.0001 P<0.0001 P=0.3209 P=0.9538

z-LA 0.62 0.61 0.66 0.66 0.70 NA

(0.55–0.71) (0.54–0.70) (0.57–0.75) (0.58–0.75) (0.61–0.81)

P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

z-SAT 1.45 1.54 1.01 0.85 0.99 NA

(1.23–1.71) (1.28–1.85) (0.74–1.37) (0.60–1.21) (0.67–1.46)

P<0.0001 P<0.0001 P=0.9470 P=0.3593 P=0.9592

z-VAT 1.67 1.76 1.58 1.54 1.37 NA

(1.45–1.91) (1.52–2.04) (1.30–1.92) (1.28–1.87) (1.11–1.69)

P<0.0001 P<0.0001 P<0.0001 P<0.0001 P=0.0040

HR indicates hazard ratio; and NA, not available.
Model 2: adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, SBP, and waist circumference (WC).
Model 3: adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, SBP, and body mass index (BMI).
Model 4: fully adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, SBP, z-waist, z-BMI, z-log-

leptin:adiponectin ratio.
Model 5: fully adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, SBP, z-WC, z-BMI, z-log-adiponectin, 

z-log-leptin.
Model 2: adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, SBP, and WC.
Model 3: adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, SBP, and BMI.
Model 4: fully adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, SBP, z-WC, z-BMI, z-liver attenuation 

(LA), z-subcutaneous adipose tissue (SAT), and z-visceral adipose tissue (VAT).
*Incident diabetes was defined based on hemoglobin A1c (HbA1c) ≥6.5%, fasting blood glucose ≥126 mg/dL, taking diabetes medications or with a self-

reported physician diagnosis based on 2010 American Diabetes Association guidelines among participants without diabetes at sample baseline (examination 
1 for sample 1, examination 2 for sample 2).

†Model 1: adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, and systolic blood pressure (SBP).
‡Model 1: adjusted for age, sex, education, occupation, smoking, alcohol intake, physical activity, dietary intake, and SBP.
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In prediabetes, addition of HbA1c to the basic demo-
graphic risk model (age, sex, and education) performs 
best as a predictor of incident diabetes compared with 
the addition of individual adiposity measures. However, 
in the normoglycemic state, WC improves prediction of 
incident diabetes compared with HbA1c when added 
to the demographic risk model in sample 1 (C index, 
0.76 [95% CI, 0.67–0.84] versus 0.68 [95% CI, 0.58–
0.78], respectively [model 1]). Figure 2 (visit 1) presents 
bootstrapping estimates analyzing differences in C 
indices for selected measures before adjustment for 
covariates for sample 1. Addition of WC to age, sex, 
and education improved discrimination of diabetes 
compared with HbA1c in individuals with normoglyce-
mia. However, addition of HbA1c was more predictive 
than WC in individuals with prediabetes.

Sample 2: C Indices for Adiposity 
Measures
The bottom panel of Table  6 shows the results of 
prediction modeling using the C index for sample 2 
overall and Figure 1B shows these results stratified by 
glycemic status. Similar to sample 1, the C indices for 
adiposity measures are modest, ranging from 0.62 to 
0.67 (model 1). WC remains a strong predictor among 
individuals with normoglycemia (C index, 0.84; 95% CI, 
0.73–0.95), along with VAT and LA (C indices, 0.91 [95% 
CI, 0.85–0.98] and 0.90 [95% CI, 0.77–1.00]) compared 
with HbA1c (C index, 0.74; 95% CI, 0.57–0.90) when 
added to the basic demographic risk model (age, sex, 
and education). However, in the state of prediabetes, 
addition of HbA1c once again produces the best pre-
dictive model of diabetes (Figure 1B). Figure 2 (sample 
2) shows that VAT and LA were better discriminators 
of diabetes compared with HbA1c among those with 
normoglycemia when added to age, sex, and educa-
tion. VAT, but not LA, outperformed WC in terms of 
discrimination of incident diabetes.

DISCUSSION
In this large, prospective community-based co-
hort study of Black adults, risk of incident diabe-
tes was higher among those with higher BMI, WC, 
leptin:adiponectin ratio, SAT, and VAT, and lower 
among those with higher adiponectin and LA. The 
risk of incident diabetes associated with increasing 
WC and VAT and lower LA was higher for participants 
with normoglycemia compared with participants with 
prediabetes. WC, VAT, and LA were better predictors 
of incident diabetes compared with HbA1c among in-
dividuals with normoglycemia when added to age, 
sex, and education, whereas HbA1c was more predic-
tive in this model among individuals with prediabetes.Ta
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Comparison With Previous Studies
In the ARIC (Atherosclerosis Risk in Communities) 
study,8 several anthropometric measures of adiposity 
(standardized [z scores]) including BMI and WC were 
associated with higher risk of incident diabetes among 
12 121 participants over an 11-year period. HRs for 
BMI and WC among Black men (n=1020) and women 
(n=1610) were comparable with those in both samples 
in the current study. However, it is important to note 
that investigators in the ARIC study only adjusted for 
age. In addition, similar values for BMI and WC with 
respect to the C statistic were identified between the 
current study (Table 6, model 1) and the ARIC study. 
Notably, the study also stratified by sex.8 We tested 
for effect modification by sex, but the interaction term 
was nonsignificant. Additionally, it is important to note 
that 481 participants in sample 1 and 290 in sample 2 
of the current investigation were also part of the ARIC 
study. Thus, part of the concordance may be explained 
by the overlap of participants.

There are important racial and ethnic differences in 
body composition between Black and non-Hispanic 
White individuals, with Black having less VAT and 
higher amounts of SAT.26 Hardy et al8 found that race 
modified the association of BMI, WC, waist to hip ratio, 
and waist to height ratio with risk of incident diabe-
tes in the ARIC study. However, BMI, WC, waist to hip 
ratio, and waist to height ratio were comparable in their 

discriminative ability of incident diabetes among sex 
and racial groups.8 Greater differences in predictive 
power for central and overall measures of adiposity 
with incident diabetes between Black and other ra-
cial and ethnic groups were observed in IRAS (Insulin 
Resistance Atherosclerosis Study).10 Among non-
Hispanic White and Hispanic Americans, BMI had the 
most predictive power for incident diabetes. However, 
in Black participants, subscapular:tricep fat ratio and 
the waist to hip ratio (central measure of adiposity) 
were more predictive than overall measures of adipos-
ity. A meta-analysis of cross-sectional and longitudinal 
studies in racially and ethnically diverse samples, but 
not specifically among Black, found that measures of 
central adiposity generally had greater discriminative 
ability for incident diabetes.13 The waist to height ratio 
had the highest pooled C statistic, but the difference 
in discriminative ability compared with BMI was signif-
icant only among men.13 Overall, while anthropometric 
measures of central adiposity had greater predictive 
ability for incident diabetes, differences between BMI 
and these measures were relatively small.13

Public Health and Health Equity
The age-adjusted prevalence of prediabetes among 
Black is 32%, which increases monotonically with BMI.27 
Interventions such as the Diabetes Prevention Program 
are effective in preventing the transition from prediabetes 

Table 6.  C Indices and CIs for z scores of Adiposity Measures in Samples 1 and 2

Sample 1,* n=2422 Unadjusted Model 1 Model 2 Model 3 Model 4 Model 5

BMI 0.64 (0.60–0.68) 0.66 (0.62–0.70) 0.67 (0.64–0.71) NA NA NA

WC 0.67 (0.63–0.71) 0.67 (0.64–0.71) NA 0.67 (0.64–0.71) NA NA

Log-adiponectin 0.62 (0.58–0.66) 0.65 (0.61–0.68) 0.69 (0.65–0.73) 0.68 (0.65–0.72) NA NA

Log-leptin 0.57 (0.53–0.61) 0.64 (0.60–0.68) 0.68 (0.64–0.71) 0.66 (0.62–0.70) NA NA

Log-leptin:adiponectin 
ratio

0.64 (0.60–0.68) 0.68 (0.64–0.71) 0.69 (0.65–0.73) 0.68 (0.64–0.72) 0.69 (0.65–0.73) 0.70 (0.66–0.73)

Sample 2,† n=1537 Unadjusted Model 1 Model 2 Model 3 Model 4

BMI 0.62 (0.55–0.68) 0.64 (0.57–0.70) 0.64 (0.57–0.70) NA NA

WC 0.60 (0.54–0.66) 0.63 (0.57–0.69) NA 0.64 (0.57–0.70) NA

LA 0.65 (0.59–0.72) 0.65 (0.59–0.71) 0.67 (0.61–0.73) 0.67 (0.61–0.73) NA

SAT 0.60 (0.54–0.66) 0.62 (0.55–0.68) 0.63 (0.56–0.69) 0.64 (0.57–0.70) NA

VAT 0.67 (0.61–0.73) 0.67 (0.61–0.74) 0.67 (0.61–0.73) 0.67 (0.61–0.74) 0.69 (0.63–0.75)

NA indicates not available. C indexes for models including covariates in addition to the adiposity measures (eg, models 1–5) correspond to the overall 
predictive ability of the model.

Model 1: includes age, sex, and education.
Model 2: includes age, sex, education, and z-waist circumference (WC).
Model 3: includes age, sex, education, and z-body mass index (BMI).
Model 4: includes age, sex, education, z-WC, z-BMI, z-log-leptin:adiponectin ratio.
Model 5: fully includes age, sex, education, z-WC, z-BMI, z-log-adiponectin, z-log-leptin.
Model 1: includes age, sex, and education.
Model 2: includes age, sex, education and z-WC.
Model 3: includes age, sex, education, and z-BMI.
Model 4: includes age, sex, education, z-WC, z-BMI, z-liver attenuation (LA), z-subcutaneous adipose tissue (SAT), and z-visceral adipose tissue (VAT).
*Sample 1: examination 1 to 2.
†Sample 2: examination 2 to 3.
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to diabetes.28 The current strategy using glycemia as 
the indicator of risk status has the potential to delay the 
initiation of high-intensity lifestyle interventions for those 
considered low risk by glycemic standards. In this study, 
we elucidate the potential utility of assessing WC, VAT, 
and LA to determine diabetes risk among Black with 
normoglycemia currently considered low risk by glyce-
mic standards. The development of improved screening 
among low-risk individuals may be vital towards reduc-
ing current racial disparities in diabetes incidence. The 
excellent discriminative ability of WC, VAT, and LA when 
added to a basic demographic risk model (age, sex, and 
education) shows the potential value of testing these 
screening measures among Black adults. Given that the 
incidence of type 2 diabetes is decreasing among non-
Hispanic White individuals but still rising among Black, 
strategies for earlier detection are paramount to de-
crease disparities in diabetes incidence and prevalence 
and advance cardiometabolic health equity.1

Mechanisms
Weight gain occurs when caloric intake exceeds 
energy expenditure with triacylglycerol being stored 
in abdominal VAT and SAT as the body’s primary 

long-term energy reservoir, with secondary storage 
sites being ectopic deposition in skeletal muscle, 
heart, pancreas, and liver. Adipose tissue expansion 
occurs to accommodate increased energy storage 
demands. Adiposity impairs glucose metabolism by 3 
main mechanisms: 1) adipokines; 2) systemic inflam-
mation; and 3) free fatty acids. Several mechanisms by 
which obesity increases the risk for diabetes may be 
mediated via adipokines. Adiponectin, an adipokine 
that is decreased in obesity,29 increases insulin sensi-
tivity through activating AMP-activated protein kinase 
and peroxisome proliferator activated receptor-α.29 In 
addition to adipokines, obesity-associated tissue in-
flammation influences insulin sensitivity, and IL-6 is 
a key inflammatory mediator in the pathogenesis of 
type 2 diabetes released from SAT.30 Last, release of 
free fatty acid from adipose tissue into plasma and 
increased tissue free fatty acid delivery can impair 
the ability of insulin to suppress hepatic glucose pro-
duction and stimulate muscle glucose uptake.31

Strengths and Limitations
Although not a strength nor a limitation, it should be 
noted that sample 1 and sample 2 are not designed 

Figure 1.  C indices and CIs for z scores of adiposity measures.
A, C indices and CIs for z scores of adiposity measures in sample 1. C indices from Cox models for time to diabetes between 
examination 1 and examination 2 (sample 1). The following variables were evaluated as predictors: BMI=z score for body mass index, 
WC=z score for waist circumference, ADI=z score for log-adiponectin, LEP=z score for log-leptin, ratio=z score for log-leptin:log-
adiponectin ratio, and HbA1c=hemoglobin A1c. Variables were included in sequential models in stepwise fashion: model 0=unadjusted; 
model 1=includes age, sex, and education; plotted points give estimated C index values, while vertical bars indicate 95% CIs. B, CI 
indices and CIs for z scores of adiposity measures in sample 2. C indices from Cox models for time to diabetes between examination 
2 and examination 3 (sample 2). The following variables were evaluated as predictors: BMI=z score for body mass index, WC=z score 
for waist circumference, ADI=z-score for log-adiponectin, LEP=z score for log-leptin, ratio=z score for log-leptin:log-adiponectin ratio, 
and HbA1c=hemoglobin A1c. Variables were included in sequential models in stepwise fashion: model 0=unadjusted; model 1=includes 
age, sex, and education; plotted points give estimated C index values, while vertical bars indicate 95% CIs.
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to create a comparison. Instead, they are primarily 
created because of an artifact of the data collection 
and what variables were collected at which visit. Thus, 
sample 2 is a different subset of the study popula-
tion because some participants from sample 1 devel-
oped diabetes before the data collection for sample 2 
and were excluded. Because of this, sample 2 is by 
construction older and composed of those who have 
lived longer without developing diabetes. Thus, these 
analyses should be viewed as separate substudies 
exploring measures that capture different aspects of 
adiposity. The strengths of the study include a large, 
socioeconomically diverse, Black cohort along with 
validated questionnaires and a comprehensive as-
certainment of diabetes, including fasting glucose, 
HbA1c, medication use, and self-reported physician 
diagnosis. Furthermore, we assessed a vast array of 
adiposity measures and the strength of associations 
by including adiposity measures simultaneously in 

models. Such an approach has seldom been adopted 
in prior studies. Despite these strengths, our study 
has limitations. First, JHS participants are from one 
geographic area in the southeastern United States 
and may not be representative of all Black. Second, 
although validated, self-reported measures of physical 
activity and dietary intake were used, thus there was a 
potential for misclassification and residual confound-
ing by these variables caused by lack of precision 
compared with objective measures. Third, we did not 
have CT measures and biomarkers at the same ex-
amination to allow for direct comparison at the same 
points in time, although, given that BMI and WC were 
similar over the 4  years, it is unlikely that CT meas-
ures significantly changed. Finally, the relationship of 
adiposity with incident diabetes may have been un-
derestimated, as individuals with diabetes defined by 
the 2-hour post-load blood glucose criteria, may have 
remained undetected.

Figure 2.  Difference in C index values between selected measures.
95% CIs for the difference in C index values were constructed using the bootstrap percentile method. C index values of the presented 
measures correspond to model 0 (Table 5). CIs are based on the 2.5th and 97.5th percentiles from 1000 bootstrap samples. HBA1c 
indicates hemoglobin A1c; LA, liver attenuation; VAT, visceral adipose tissue; WC and waist circumference.
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CONCLUSIONS
Among participants without diabetes, higher WC, 
leptin:adiponectin ratio, LA, and VAT are all associated 
with higher and adiponectin with lower risk of incident 
diabetes after full adjustment for correlated measures 
of adiposity. Among participants with normoglycemia, 
only adiponectin and LA were associated with risk of 
incident diabetes, and WC, VAT, and LA were much 
better predictors of incident diabetes among individu-
als with normoglycemia compared with HbA1c when 
added to the basic demographic risk model (age, sex, 
and education). However, in Black adults with prediabe-
tes, addition of HbA1c to a basic demographic risk model 
is most predictive for incident diabetes. These findings 
support promotion of broader implementation of guide-
lines recommending checking WC, consistent with calls 
by Gerald Reaven and others in the late 1980s, among 
those with normal glycemia. Additionally, the results sug-
gest that as technological innovation advances towards 
radiation-free imaging such as transient elastography, 
measurement of LA and VAT may improve prediction 
of diabetes versus HbA1c and allow the identification of 
individuals with normoglycemia who would benefit from 
high-intensity interventions. These efforts, combined with 
intensive public health efforts targeting multiple domains 
(eg, health care practice [multidisciplinary care with indi-
viduals trained in weight loss], health policy [eg, sugar-
sweetened beverage tax], education, and city planning 
[increased safe spaces for physical activity]), would ad-
vance diabetes prevention and health equity.
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SUPPLEMENTAL MATERIAL 



Table S1. Adiposity Measures Correlation Matrix for measures at Exam 1 (Sample 1) and Exam 2 (Sample 2). 

Body Mass 
Index 

(Sample 1) 

Body Mass 
Index 

(Sample 2) 

Waist 
Circumference 

(Sample 1) 

Waist 
Circumference 

(Sample 2) 

SAT 

(Sample 2) 

VAT 

(Sample 2) 

Liver 
Attenuation 

(Sample 2) 

Adiponectin 

(Sample 1) 

Leptin 

(Sample 1) 

Leptin:Adiponectin 
Ratio 

(Sample 1) 

Body Mass Index (Sample 1) 1 0.9 0.8 0.77 0.77 0.42 -0.16 -0.14 0.61 0.5 

Body Mass Index (Sample 2) 0.9 1 0.76 0.84 0.84 0.49 -0.19 -0.14 0.56 0.47 

Waist circumference (Sample 1) 0.8 0.76 1 0.84 0.64 0.56 -0.22 -0.21 0.45 0.43 

Waist circumference (Sample 2) 0.77 0.84 0.84 1 0.68 0.63 -0.23 -0.22 0.4 0.4 

SAT (Sample 2) 0.77 0.84 0.64 0.68 1 0.32 -0.11 -0.01 0.66 0.45 

VAT (Sample 2) 0.42 0.49 0.56 0.63 0.32 1 -0.3 -0.21 0.17 0.22 

Liver Attenuation (Sample 2) -0.16 -0.19 -0.22 -0.23 -0.11 -0.3 1 0.18 -0.03 -0.17

Adiponectin (Sample 1) -0.14 -0.14 -0.21 -0.22 -0.01 -0.21 0.18 1 0.05 -0.37

Leptin (Sample 1) 0.61 0.56 0.45 0.4 0.66 0.17 -0.03 0.05 1 0.62 

Leptin:Adiponectin ratio (Sample 1) 0.5 0.48 0.43 0.4 0.45 0.22 -0.17 -0.37 0.62 1 

Pearson Intra-class correlations for measures between Sample 1 and Sample 2. SAT = Subcutaneous Adipose Tissue, VAT = Visceral Adipose Tissue. 


