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Abstract
Background: Growing evidence suggests that leptin is critical for glycemic control. Impaired leptin
signaling may also contribute to low adiponectin expression in obese individuals. We assessed the
association of leptin and adiponectin with incident type 2 diabetes (T2D), their interactions with sex and
obesity status, and mediation by insulin resistance. Methods: We included study participants from the
Jackson Heart Study, a prospective cohort of adult African Americans in Jackson, Mississippi, that were
free of T2D at the baseline Exam 1. Incident T2D was de�ned as new cases at Exam 2 or Exam 3. We
created separate Cox regression models (hazard ratios per log-transformed ng/mL of leptin and
adiponectin) with and without insulin resistance, HOMA-IR. Mediation by insulin resistance was analyzed.
Several interactions were assessed, including by sex, HbA1c, and obesity. Results: Among our 3,363
participants (mean age 53 years, 63% women), 584 developed incident T2D. Leptin was directly
associated with incident T2D when modeled without HOMA-IR (HR=1.29, 95% CI=1.05-1.58). This direct
association between leptin and T2D was signi�cant among men (HR=1.33, 95% CI=1.05-1.69), but
nonsigni�cant among women (HR=1.24, 95% CI=0.94-1.64); statistical interaction with sex was
nonsigni�cant (p=0.65). The associations in all participants and in men were nulli�ed by HOMA-IR
(HR=0.99, 95% CI=0.80-1.22; HR=1.00, 95% CI=0.78-1.28, respectively), indicating mediation through
insulin resistance (proportion mediated: 1.04), and were not observed in abdominally obese participants.
Adiponectin was inversely associated with T2D even after adjustment for HOMA-IR in women (HR=0.68,
95% CI=0.55-0.84), but not in men (HR=0.80, 95% CI=0.62-1.04). The inverse association was present only
among abdominally obese participants, and persisted after adjustment for HOMA-IR. Conclusions:
Among African Americans in the Jackson Heart Study the association of leptin with incident type 2
diabetes was explained by HOMA-IR. The association of leptin and incident T2D was mediated by insulin
resistance and present only among abdominally non-obese. Differences by sex appeared: men showed a
signi�cant association mediated by insulin resistance. Among abdominally obese participants,
adiponectin was inversely associated with incident T2D even after adjustment for HOMA-IR.

Background
The burden of type 2 diabetes remains high in the United States and globally despite advances in
medicine and technology such as anti-diabetic drugs and glucose monitoring systems.[1] Since 1980, the
number of adults with diagnosed type 2 diabetes in the U.S. has more than quadrupled from 5.5 million
to almost 30.3 million in 2017.[2, 3] Among African American adults, the prevalence of type 2 diabetes
has increased from 9.7% in 1997 to 12.6% in 2012.[4]

While it is well established that the adiposity hormone leptin plays a key role in body weight regulation
and energy homeostasis,[5, 6] growing evidence suggests that leptin may also be critical for glycemic
control independent of its effects on calorie consumption and energy expenditure.[7-10] However, the
evidence in human studies suggesting leptin’s role is independent from its actions on body weight was
observed in lipodystrophic individuals where leptin replacement therapy reversed insulin resistance.[8-11]
The lack of adipose tissue in these individuals results in lipotoxicity-induced insulin resistance and low
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levels of leptin (fasting leptin concentration of less than 4 ng/ml). [8-11] As such these results may not be
generalizable to individuals with normal levels of leptin. In population studies, high leptin levels were
associated with the development of diabetes, with differences by sex.[5, 6] In mouse models of type 2
diabetes, leptin improved insulin resistance and hyperglycemia.[12] Moreover, research has also shown
that leptin and adiponectin, another adiposity hormone, may be linked. Impaired leptin signaling may
contribute to low adiponectin expression in obese individuals. As such, increasing leptin signaling may be
a target for interventions aiming to increase adiponectin expression, enhance insulin sensitivity, and
improve the cardiometabolic pro�le in obesity.[13] Because individuals with a greater amount of
abdominal fat have relatively low leptin concentrations, which in turn relates to a metabolic pro�le
compatible with an increased cardiovascular risk, measures of body fat distribution are essential in the
assessment of the relationship between leptin and type 2 diabetes.

As African Americans have a higher prevalence of both obesity and diabetes, we aimed to assess the
association of leptin with type 2 diabetes in the Jackson Heart Study, the largest ongoing cohort of
African Americans. We hypothesized that in this sample, there would be a signi�cant relationship
between higher leptin levels and an individual’s risk of type 2 diabetes with differences by sex. We also
aimed to assess if the relationship between leptin levels and type 2 diabetes risk was modi�ed by
adiponectin levels, sex, obesity status, and fat distribution.

Methods
Study subjects

The Jackson Heart Study is a single-site, prospective cohort study of risk factors and causes of heart
disease in adult African Americans in three contiguous counties (Hinds, Madison, and Rankin)
surrounding Jackson, Mississippi. Between 2000 and 2004, 5,306 African Americans aged 21-94 years
were recruited, examined, and enrolled in the Jackson Heart Study by certi�ed technicians according to
standardized protocols at baseline, using a self-administered questionnaire, an in-home interview, and a
clinic visit (Exam 1).[14, 15] Two follow-up clinical examinations at 4-year intervals were conducted
between 2005 and 2008 (Exam 2) and between 2009 and 2012 (Exam 3). The present study included
data from 3,363 participants. Participants were excluded if they had type 2 diabetes at the baseline
examination (n=1,152), were missing types 2 diabetes status at the baseline Exam 1 (n=66), or were
missing type 2 diabetes status at both follow-up Exam 2 and Exam 3 (n=725). Regression analyses used
complete-case data from 2,656 participants due to missing values for adiponectin, leptin, BMI, waist
circumference, systolic blood pressure, antihypertension medication use, triglycerides, HDL-cholesterol,
anti-hyperlipidemic medication use, smoking, alcohol intake, physical activity, education level, and HOMA-
IR. Blood pressure, anthropometry, medical history, cardiovascular risk factors, blood samples, and urine
samples were measured or collected at the baseline examination. Additionally, each participant �lled out
a written consent form to participate in the Jackson Heart Study and the Institutional Review Boards of
the National Institutes of Health and the Jackson Heart Study institutions (the University of Mississippi
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Medical Center, Tougaloo College, and the University of Mississippi Medical Center) approved the study
protocol.

Outcome Variable

Incident type 2 diabetes was de�ned as new cases of type 2 diabetes at Exam 2 or Exam 3 among
participants who did not have type 2 diabetes at baseline exam, Exam 1 (584 incident cases). Type 2
diabetes was de�ned as HbA1c ≥ 6.5% (48 mmol/mol), fasting blood glucose ≥ 126 mg/dL, self-
reported use of insulin or oral hypoglycemic medications, or a physician diagnosis of the condition.

Exposure variables

Plasma leptin concentrations were derived at baseline using venous blood samples from each participant
after more than 8 hours of fasting. Samples were stored at -80°C in the Jackson Heart Study central
repository. They were analyzed with Human Leptin PIA kit.[16] The coe�cient of variation was 10%,
indicating the sample had not undergone signi�cant biological degradation and would yield valid
measures of leptin in the blood.[16] Leptin levels were log-transformed to normalize the distribution
before analyses. Sex-speci�c quartiles were also created. For men, the leptin quartiles were de�ned as:
(Q1) <4.5 ng/mL, (Q2) ≥4.5 to <7.8 ng/mL, (Q3) ≥7.8 to <13.3 ng/mL, and (Q4) ≥13.3 ng/mL. For
women, the leptin quartiles were de�ned as: (Q1) <21.85 ng/mL, (Q2) ≥21.85 to <32.9 ng/mL, (Q3) ≥32.9
to <46.3 ng/mL, and (Q4) ≥46.3 ng/mL.

Adiponectin concentrations were also derived via venous blood samples drawn from each participant
after more than 8 hours of fasting. Measurements were made in 2009-2010 as total circulating plasma
adiponectin using an ELISA system.[15, 17] The inter-assay coe�cient of variation was 8.8%, again
indicating no biological degradation of stored specimens and a high validity for measurement.[18]
Adiponectin levels were also log-transformed to normalize the distribution before analyses. Additionally,
sex-speci�c quartiles were also created. For men, the adiponectin quartiles were de�ned as: (Q1)
<2066.200 ng/mL, (Q2) ≥2066.200 to <3118.041 ng/mL, (Q3) ≥3118.041 to <4892.741 ng/mL, and (Q4)
≥4892.741 ng/mL. For women, the adiponectin quartiles were de�ned as: (Q1) <3327.154 ng/mL, (Q2)
≥3327.154 to <5080.525 ng/mL, (Q3) ≥5080.525 to <7606.885 ng/mL, and (Q4) ≥7606.885 ng/mL.

Covariates

All covariate variables were collected at baseline and were chosen because they are known risk factors
for type 2 diabetes and/or associated with adiponectin/leptin.[19] These covariates included three
different types of variables: demographic, biological, and behavioral.

Demographic covariates included sex, age, and education level. Sex was a dichotomous variable of male
versus female. Age was derived at baseline from date of birth and maintained as a continuous variable.
Education level was de�ned as a four-category variable: (1) less than high school, (2) high school
graduate, (3) some college, and (4) bachelor’s degree or more.
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Biological risk factor measures included anti-hypertriglyceridemic medication use, anti-hyperlipidemic
medication use, anti-hypertensive medication use, systolic blood pressure, fasting insulin, low-density
lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), total cholesterol (TC), triglyceride,
lipoprotein(a), fasting glucose, fasting insulin, HbA1c, and homeostasis model assessment–insulin
resistance (HOMA-IR). Fasting insulin, fasting glucose, HbA1c, LDL, HDL, lipoprotein(a), and TC were
assessed using standard laboratory techniques. Insulin resistance status was estimated with the HOMA
model assessment.[20] The use of antihypertriglyceridemic, antihyperlipidemic, and antihypertensive
medications were each de�ned as “yes” for use at baseline or “no” for no use at baseline.

Behavioral risk factor variables included smoking status, physical activity, alcohol status, and body mass
index (BMI). Smoking status was de�ned as former, current, and never smokers. Physical activity was
assessed with a four-domain physical activity survey instrument: (1) active living, (2) work, (3) home and
garden, and (4) sport and exercise indexes. These scores ranged from 1 to 5, with higher scores indicating
a higher level of physical activity. The sum of these four domain scores was used to calculate a total
score with a maximum value of 20.[19] Alcohol consumption was categorized as abstaining, < 1
drink/week, 1-7 drinks/week, 8-14 drinks/week, >14 drinks/week in the past 12 months. Body mass index
(BMI) measurements were based on standing height and weight measured in lightweight clothing without
shoes or constricting garments and calculated as weight in kilograms divided by height in meters
squared (kg/m2). For analyses, BMI was categorized by current standard cut points: (1) <25 kg/m2
(normal and underweight), (2) ≥25 - <30 kg/m2 (overweight), and (3) ≥30 kg/m2 (obese). Waist
circumference was measured to the nearest centimeter at the navel. For analyses, waist circumference
was also dichotomized according to standard sex-speci�c abdominal obesity cut points. Men with waist
circumference ≥102 cm and women with waist circumference ≥88 cm were considered abdominally
obese while men with waist circumference <102 cm and women with waist circumference <88 cm were
considered abdominally non-obese.

Based upon past literature and to avoid issues of collinearity, we included the following variables as
confounders in our models: sex, age, BMI, waist circumference, systolic blood pressure, antihypertensive
medication, triglycerides, HDL-cholesterol, antihyperlipidemic medication, smoking, alcohol intake,
physical activity, education level, and HOMA-IR.

Statistical Analysis

Descriptive analyses for all the above variables were produced. T-tests or one-way analyses of variance
(ANOVA) were used to assess the bivariate relationships between continuous adiponectin and leptin
variables and categorical covariates. Chi-square tests were used to assess the bivariate analysis between
quartiles of adiponectin and leptin and categorical covariates. Pearson correlations were used to assess
the association between continuous adiponectin and leptin versus continuous covariates. The
association of quartiles of adiponectin and leptin with continuous covariates was assessed with one-way
ANOVA. Finally, bivariate analyses of incident type 2 diabetes with continuous and categorical covariates



Page 7/21

were assessed with t-tests or Chi-square tests, respectively. Log transformations were applied to all non-
normally distributed continuous variables prior to further analysis.

Separate Cox proportional hazard regression models were utilized to model the risk of incident type 2
diabetes. Model 1 included both adiponectin and leptin and adjusted additionally for sex, age, BMI, waist
circumference, systolic blood pressure, antihypertension medication, triglycerides, HDL-cholesterol,
antihyperlipidemic medication, smoking, alcohol intake, physical activity and education level. Model 2
included HOMA-IR in addition to all variables from Model 1. Date of incidence of type 2 diabetes was
estimated as the midpoint between the �rst examination date with type 2 diabetes and the prior
examination date. Time of follow-up was from the �rst exam date until the date of incident type 2
diabetes or lost to follow-up.

The interaction of leptin and adiponectin were assessed with two-way interaction terms. Separate models
were created for the interaction between log-transformed leptin and log-transformed adiponectin, and
between quartiles of leptin and quartiles of adiponectin. The effect measure modi�cation of sex with log-
transformed adiponectin and log-transformed leptin was assessed using two-way interaction terms. This
was repeated for high HbA1c (greater than 5.7%) with log-transformed adiponectin and log-transformed
leptin. Similar two-way interaction models for sex and high HbA1c were created for quartiles of
adiponectin and quartiles of leptin. Level speci�c P-values for quartiles of leptin and quartiles of
adiponectin were assessed via Wald tests for multiple comparison contrasts. Additional models were
strati�ed by BMI groups. Similar interaction tests were repeated for BMI groups. Models were also
strati�ed by waist circumference risk groups and interaction tests repeated.

Mediation analysis was conducted for Cox models as demonstrated by Valeri et al.[21, 22] Mediation
analysis attempts to resolve how much of an observed change in an outcome is attributable to a change
in an exposure and how much is due to the change in a mediator. Natural direct, natural indirect, and total
effects were estimated without an exposure-mediator interaction. The natural direct effect expresses how
much the outcome would change if the exposure were changed from level A* to level A. The natural
indirect effect expresses how much the outcome would change on average if the exposure were
controlled at level A. The total effect can be de�ned as how much the outcome would change overall for
a change in the exposure from level A* to level A.[21, 22] Natural direct, natural indirect, and total effects
were estimated for a 1 unit increase from A* to A. These values were used to estimate the proportion
mediated.[21, 22]

A two-tailed level of signi�cance was established as P < .05. Analyses were conducted using SAS version
9.4 (SAS Institute Inc., Cary, North Carolina).

Results
The mean follow-up was 2581 days (7.07 years), and the median follow-up was 2742 days (7.51 years).
For those with incident type 2 diabetes, the mean follow-up was 1408 days (3.85 years), and the median
follow-up was 1201 days (3.29 years). For those without incident type 2 diabetes, the mean follow-up
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was 2828 days (7.74 years), and the median follow-up was 2877 days (7.88 years). The bivariate
analyses revealed signi�cant associations between incident type 2 diabetes and education level, anti-
hyperlipidemic medication use, age, physical activity, systolic blood pressure, BMI, waist circumference,
HDL cholesterol, triglyceride, HOMA-IR, fasting insulin, fasting glucose, HbA1c, plasma leptin, and plasma
adiponectin (Table 1). Participants with incident type 2 diabetes were older, less educated, prescribed
more anti-hyperlipidemic medication, and less physically active. These participants also had higher
systolic blood pressure, BMI, waist circumference, triglycerides, HOMA-IR, fasting insulin, fasting glucose,
HbA1c, and plasma leptin, but lower HDL cholesterol and plasma adiponectin (Table 1). Leptin levels
were higher in women than men in those with diabetes (women: mean = 43.4 ng/ml, median = 38.0
ng/ml, IQR = 27.5 – 52.0 ng/ml; men: mean = 13.3 ng/ml, median = 10.7 ng/ml, IQR = 6.1 – 16.7 ng/ml)
and in those without diabetes (women: mean = 35.4 ng/ml, median = 31.7 ng/ml, IQR = 20.8 – 45.2
ng/ml; men: mean = 9.8 ng/ml, median = 7.1 ng/ml, IQR = 4.3 – 12.1 ng/ml).

Incident type 2 diabetes risk

Cox proportional hazard regression models of incident type 2 diabetes showed a signi�cant association
between leptin, adiponectin, and incident type 2 diabetes in Model 1 (P=0.015 and  P<0.0001,
respectively) (Table 2). Higher leptin levels were associated with increased risk of incident type 2 diabetes
in Model 1(HR=1.29; 95% CI= 1.05-1.58, P=0.015), while higher adiponectin levels were associated with
decreased risk (HR=0.57; 95% CI= 0.49-0.67; P<0.0001). However, the fully-adjusted HOMA-IR model
(Model 2) estimated no signi�cant association between higher leptin levels and incident type 2 diabetes
(HR=0.99; 95% CI= 0.80, 1.22; P = 0.92) but did show signi�cance with adiponectin (HR=0.73; 95% CI=
0.61, 0.86; P =0.0003) (Table 2). To investigate a possible mediator role of HOMA-IR with leptin and type
2 diabetes, post hoc mediation analysis was performed. The estimated proportion mediated was 1.04.
The natural direct effect hazard ratio was 0.99 (95% CI= 0.80-1.22), the natural indirect effect hazard ratio
was 1.29 (95% CI= 1.21-1.37) and the total effect hazard ratio was 1.27 (95% CI= 1.03-1.57). Thus, insulin
resistance, measured by HOMA-IR, mediated the association between leptin levels and incident type 2
diabetes. In Model 1, the hazard ratio of type 2 diabetes increased as quartiles of leptin increased, when
compared to the reference �rst quartile (data not shown). Adiponectin was inversely associated with type
2 diabetes in all models (Table 2). The hazard ratio of type 2 diabetes decreased as the quartiles of
adiponectin increased when compared to the reference �rst quartile (data not shown). No effect
modi�cation was evident between quartiles of leptin and quartiles of adiponectin in Models 1 and 2 (P
=0.67, P=0.59, respectively, data not shown) and, similarly, between log leptin and log adiponectin in
Models 1 and 2 (P=0.10, 0.34, respectively, data not shown).

Interaction effects

Table 2 also presents the hazard ratios of the sex-leptin interaction and sex-adiponectin interaction for
type 2 diabetes. Though the interaction term was not signi�cant (P=0.65) in Model 1, the association
between leptin and type 2 diabetes was signi�cant in men (HR=1.33; 95% CI= 1.05-1.69) but not in
women (HR=1.24; 95% CI= 0.94-1.64). In Model 2, leptin was not signi�cantly associated with type 2
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diabetes in both men and women. In men, the estimated proportion mediated was 0.84. The natural direct
effect hazard ratio was 1.12 (95% CI= 0.80-1.57), the natural indirect effect hazard ratio was 1.38 (95%
CI= 1.22-1.57), and the total effect hazard ratio was 1.55 (95% CI= 1.12-2.15). This result again shows the
mediation of leptin and type 2 diabetes through insulin resistance. In women, the estimated proportion
mediated was 1.67. The natural direct effect hazard ratio was 0.94 (95% CI= 0.69-1.28), the natural
indirect effect hazard ratio was 1.24 (95% CI= 1.15-1.33) and the total effect hazard ratio was 1.16 (95%
CI= 0.86-1.57). The non-signi�cant association between leptin and type 2 diabetes in women was entirely
mediated by insulin resistance. Adiponectin was inversely associated with type 2 diabetes even after
adjustment for HOMA-IR among women (HR=0.68; 95% CI=0.55-0.84), but not among men (HR=0.80; 95%
CI=0.62-104).

Strati�cation by obesity

Strati�cation by BMI group showed no signi�cant association with leptin and incident type 2 diabetes in
Models 1 or 2 for any of the 3 BMI groups (Table 3). Adiponectin was associated with type 2 diabetes for
those with BMI ≥ 30 kg/m2 in Models 1 (HR= 0.54; 95% CI= 0.44, 0.66) and 2 (HR= 0.69; 95% CI= 0.56,
0.86; Table 3). No interaction tests were signi�cant (data not shown. Effect modi�cation was not present
between either log-transformed or quartiles of either leptin or adiponectin and HbA1c dichotomized at
5.7% (data not shown). Strati�cation by abdominal obesity groups showed similar results. Leptin was
signi�cantly associated with incident type 2 diabetes (HR= 1.55; 95% CI= 1.02, 2.36) among the
abdominally non-obese, which became non-signi�cant after adjustment for HOMA-IR (Table 4).
Adiponectin was inversely associated with type 2 diabetes only among abdominally obese participants,
which remained signi�cant after adjustment for HOMA-IR (HR= 0.66; 95% CI= 0.54, 0.80; Table 4). Again,
interaction tests were not signi�cant (data not shown).

Conclusions
Our investigation among African Americans in the Jackson Heart Study revealed an association between
both leptin and adiponectin and incident type 2 diabetes mellitus. We found an increased risk of incident
type 2 diabetes with increasing leptin levels. In contrast, higher adiponectin levels decreased the risk of
incident type 2 diabetes. Further, insulin resistance mediated the association between leptin and incident
type 2 diabetes. Differences by sex were also present, with male participants showing an association
between leptin and incident type 2 diabetes mediated by insulin resistance. There was no interaction
between adiponectin and leptin in their association with incident type 2 diabetes. Similarly, no interaction
with HbA1c or overall obesity was present. However, the association between leptin and type 2 diabetes
was completely attenuated among abdominally obese participants. Among abdominally obese
participants, adiponectin was inversely associated with incident T2D even after adjustment for HOMA-IR.

There is growing evidence from animal models that leptin and adiponectin play a critical role in type 2
diabetes prevention and control by promoting beta-cell function and survival, improving insulin sensitivity,
and regulating glucose metabolism.[23-26] Insulin resistance in lipoatrophic mice was completely
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reversed by combining doses of adiponectin and leptin but was only partially reversed by either
adiponectin or leptin alone.[27] Leptin and adiponectin regulate blood glucose by several different
mechanisms. Leptin’s effects on appetite and fat storage are mediated by leptin receptors on neurons in
the central nervous system. These signals suppress food intake and permit energy expenditure.
Additionally, leptin’s effects on obesity and insulin resistance are mediated by pro-opiomelanocortin
(POMC).[28, 29] Studies using mouse models have shown that restoration of leptin receptor expression in
hypothalamic arcuate nucleus (ARH) neurons normalizes hyperglycemia in obese and diabetic mice.
Thus, ARH POMC neurons are bene�cial for mediating the anti-diabetic actions of leptin in diabetic mice.
[29] As for adiponectin, this highest-level fat hormone acts as an anti-in�ammatory hormone with insulin-
sensitizing properties.[30] Moreover, adiponectin affects the pancreas by promoting beta cell function
and survival and increases glucose-mediated insulin secretion in high-fat-diet-fed mice.[26, 30]
Adiponectin decreases triglyceride content in muscle and liver, which leads to increased expression of
molecules involved in both fatty-acid combustion and energy dissipation.[27] Therefore, adiponectin
increases fatty acid oxidation while reducing the synthesis of glucose in the liver via two receptors.[31] In
obese individuals, impaired leptin signaling may contribute to low adiponectin expression. Thus, leptin
signaling may be a target to increase adiponectin expression, improve insulin sensitivity, and improve the
cardio-metabolic pro�le. Though our results did not show an interaction between adiponectin and leptin
towards type 2 diabetes, it does not preclude the possibility that adiponectin and leptin are mediators on
the same pathway. Our �ndings of an inverse association of adiponectin with incident type 2 diabetes
and a positive association of leptin with incident type 2 diabetes mediated through insulin resistance
corroborate �ndings from cross-sectional studies while adding a prospective/longitudinal element.

Observational studies have indicated that African Americans have lower levels of adiponectin, lower
socioeconomic status, higher levels of type 2 diabetes and poorer lifestyle pro�les compared to other
racial groups in the U.S. A study conducted in the Atherosclerosis Risk in Communities (ARIC) cohort
found African Americans had 22% lower mean values for adiponectin when compared to whites.[32] In
that same study, women had 52% higher mean values for adiponectin.[32] Previous �ndings from the
Jackson Heart Study have shown an inverse association between adiponectin and type 2 diabetes
among women, and no signi�cant association among men in both crude and adjusted multivariate
models.[19]

There is a strong correlation between circulating leptin levels, fat mass, and resting metabolic rate in
healthy men and women.[33] Nevertheless, some previous studies have shown no signi�cant correlations
between leptin and body fat parameters among men, while among women, serum leptin concentrations
were highly correlated with body fat distribution and mean fat cell size.[34] Their leptin concentrations
were also almost four times higher than in men.[34] In this study, the direct association between leptin
and incident type 2 diabetes observed among abdominally non-obese participants supports previous
�ndings that about 40% of the variation in leptin in obese subjects could be explained by peripheral fat
distribution.[35] Studies have shown that leptin plasma concentrations are dependent on body fat
distribution in obese patients[36] and that there is a negative correlation between plasma leptin and
waist-to-hip ratio, independent of BMI.[35]  Additionally, leptin, but not adiponectin, was correlated with
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both waist and hip circumference,[37] which refutes �ndings from a study published in 1996 that showed
plasma leptin concentrations were highly correlated with body fat percentage.[38] In this same study,
leptin was not independently related to abdominal fat distribution and the authors concluded that
circulating leptin climbs continuously with increasing adiposity.[38] A more recent study showed a strong
positive association between subcutaneous adipose tissue and leptin levels, but not visceral adipose
tissue nor liver fat content and leptin, independent of the HOMA-IR status.[39] Our �nding of increased
risk of type 2 diabetes with increased levels of leptin observed among abdominally non-obese
participants adds weight to the “leptin resistance’ phenomenon in the context of a large population
sample.

In terms of experimental studies, clinical trials in obese individuals with type 2 diabetes found that leptin
therapy was ineffective in improving type 2 diabetes and insulin resistance. These results contradicted
pre-clinical trial studies in mouse models that showed improvement in insulin resistance with leptin.[28,
40-43] A limited number of observational population studies assessed the relationship of leptin with
incident type 2 diabetes. In a study in Mauritius, high leptin levels were associated with the future
development of type 2 diabetes. The association was independent of other factors in men but not in
women.[5] Similarly, among Japanese Americans, increased baseline leptin levels were associated with
increased risk of developing type 2 diabetes in men but not in women.[44]  The study also found that
adjustment for insulin resistance abolished the association between leptin and type 2 diabetes, an
indication that the association between leptin and incident type 2 diabetes was mediated by insulin
resistance.[45] These results are consistent with the results of our �ndings. Nevertheless, differences by
sex in body fat composition—with women generally having a higher body fat percentage and, thus, higher
leptin levels—may explain why the association between leptin and type 2 diabetes appears in men but not
in women. While it is well-known that circulating leptin levels in the blood are related to body fat
composition, our study con�rms that the distribution of obesity, rather than overall obesity, is critical for
the development of insulin resistance and incident type 2 diabetes mellitus. Further, since the association
between leptin and incident type 2 diabetes was found in men but not in women and this association was
mediated by insulin resistance, the relationship is likely a function of visceral obesity that resembles the
body shape of men rather than women.

In the Sandy Lake Health and Diabetes Project cohort, the association between high leptin at baseline
with an increased risk of incident type 2 diabetes disappeared after adjustment for either waist
circumference or BMI.[46] Furthermore in the Hoorn study, insulin resistance was a main determinant of
leptin levels.[47] Similarly in a Western Samoan population, leptin levels were found to be correlated with
fasting insulin concentration and insulin concentration two hours after a glucose load.[48] Nevertheless,
in a study from India, lower serum leptin levels in those with type 2 diabetes were partially due to
increased waist circumference, decreased BMI, and male sex.[49] In contrast to these studies, our
investigation showed that BMI did not change the association between leptin and type 2 diabetes, but
that abdominal obesity did. Thus, our study provides useful information regarding the expected
differential associations between leptin and type 2 diabetes among those with abdominal obesity. The
association between leptin and type 2 diabetes is not only mediated through insulin resistance, but it is
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present exclusively among those without abdominal obesity. Thus, it can be concluded that the presence
of abdominal obesity negates the association between leptin and type 2 diabetes. The opposite is true for
adiponectin – type 2 diabetes relationship, as the inverse association was present only among
abdominally obese participants. Our results should be interpreted with caution, as we conducted several
strati�ed analyses, the power is reduced despite our initial large sample size. As well some �ndings may
be spurious due to multiple testing.

Due to the study design and population, our �ndings cannot be generalized to non-African American
individuals. As in any observational study, it is limited by residual confounding, although we accounted
for the majority of putative confounders. A major strength of our investigation is that the Jackson Heart
Study is the largest ongoing cohort of African Americans with high-quality measurements, data
collection, and event surveillance.

In conclusion, in our African American sample, adiponectin was inversely associated with incident type 2
diabetes, while leptin’s direct association with diabetes was mediated by insulin resistance and present
only among men and abdominally non-obese participants. The inverse association of adiponectin with
type 2 diabetes was present only among abdominally obese participants and persisted after adjustment
for HOMA-IR. No interaction between leptin and adiponectin was present. Our results should inform future
clinical trials that aim to reduce the burden of type 2 diabetes through the modi�cation of serum levels of
leptin and adiponectin and add (although non-experimentally) to the debate regarding the differential
effects of leptin on type 2 diabetes (i.e., the ‘leptin resistance’ phenomenon present among diabetic obese
individuals).

List Of Abbreviations
n = number of participants; T2D = type 2 diabetes; HR = hazard ration; CI = con�dence interval; q1 to q4 =
quartiles 1 through 4; HOMA-IR = homeostasis model assessment – insulin resistance; BMI = body mass
index; HbA1c = hemoglobin A1c; LDL = low-density lipoprotein cholesterol, HDL = high-density lipoprotein
cholesterol, TC = total cholesterol.
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Characteristic n Incident type 2 diabetes P-value*
Yes (n=584) No (n=2779)

Sex, n (%) 0.82
Male 1230 216 (37.0%) 1014 (36.5%)
Female 2133 368 (63.0%) 1765 (63.5%)
Total 3363 584 2779  

Education Level, n (%) <.01
Less than high school 459 102 (17.5%) 357 (12.9%)
High school graduate 645 121 (20.8%) 524 (18.9%)
Some college 1002 174 (29.9%) 828 (29.8%)
Bachelor's degree or higher 1250 185 (31.8%) 1065 (38.4%)
Total 3356 582 2774

Smoking Status, n (%) 0.07
Never 2368 388 (67.6%) 1980 (71.7%)
Former 569 116 (20.2%) 453 (16.4%)
Current 397 70 (12.2%) 327 (11.8%)
Total 3334 574 2760

Alcohol Consumption, n (%) 0.20
Abstaining 1678 316 (55.1%) 1362 (50.4%)

< 1 drink/week 858 147 (25.7%) 711 (26.3%)  
1-7 drinks/week 519 78 (14.0%) 441 (16.8%)  
8-14 drinks/week 126 17 (3.0%) 109 (4.0%)  
>14 drinks/week 96 15 (2.6%) 81 (3.0%)

Total 3277 573 2704

Anti-hypertensive Medication, n (%)       <.0001
Yes 1404 326 (59.9%) 1078 (41.2%)  
No 1756 218 (40.1%) 1538 (58.8%)  
Total 3160 544 2616  

Anti-hypertriglyceridemic Medication, n (%) 0.30
Yes 6 2 (0.4%) 4 (0.2%)
No 3081 531 (99.6%) 2550 (99.8%)
Total 3087 533 2554

Anti-hyperlipidemic Medication, n (%) <0.01
Yes 275 66 (12.4%) 209 (8.2%)
No 2812 467 (87.6%) 2345 (91.8%)
Total 3087 533 2554

Age (years), mean ± se 3363 54.7 ± 0.5 52.5 ± 0.2 <.0001†
Physical activity score, mean ± se 3183 8.4 ± 0.1 8.8 ± 0.05 <.001
Systolic blood pressure (mmHg), mean ± se 3354 128.0 ± 0.7 124.4 ± 0.3 <.0001
BMI (kg/m2), mean ± se 3360 33.6 ± 0.3 30.7 ± 0.1 <.0001
Waist (cm), mean ± se 3360 104.9 ± 0.6 97.3 ± 0.3 <.0001†

Male 1228 104.9 ± 0.9 98.4 ± 0.5  
Female 2132 104.9 ± 0.8 96.6 ± 0.4  

LDL-Cholesterol (mg/dL), mean ± se 3326 128.8 ± 1.6 127.0 ± 0.7 0.29
HDL-Cholesterol (mg/dL), mean ± se 3339 49.2 ± 0.5 52.8 ± 0.3 <.0001†

Male 1226 44.0 ± 0.7 47.0 ± 0.4  
Female 2113 52.3 ± 0.7 56.1 ± 0.3  
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Total Cholesterol (mg/dL), mean ± se 3339 200.9 ± 1.7 198.7 ± 0.7 0.24†
Triglyceride (mg/dL), mean ± se 3339 114.3 ± 2.5 95.2 ± 1.0 <.0001†
Lipoprotein(a), mean ± se 3256 58.0 ± 2.0 58.4 ± 0.8 0.83
HOMA-IR, mean ± se 3210 4.9 ± 0.1 3.3 ± 0.04 <.0001†
Fasting insulin (ug/mL), mean ± se 3343 20.8 ± 0.5 14.7 ± 0.2 <.0001†
Fasting Glucose (mg/dL), mean ± se 3238 97.1 ± 0.4 88.9 ± 0.2 <.0001†
HbA1c, mean ± se 3286 5.9 ± 0.0 5.4 ± 0.01 <.0001†
Circulating Plasma leptin (ng/mL), mean ± se 3319 32.1 ± 1.1 26.0 ± 0.4 <.0001†

Male 1219 13.3 ± 0.7 9.8 ± 0.3  
Female 2100 43.4 ± 1.5 35.4 ± 0.5  

Circulating Plasma leptin, n (%)‡   <.0001
Quartile 1 804 75 (13.0%) 729 (26.6%)

Quartile 2 835 136 (23.5%) 699 (25.5%)

Quartile 3 839 149 (25.7%) 690 (25.2%)

Quartile 4 841 219 (37.8%) 622 (22.7%)

Total 3319 579 2740

Circulating Plasma Adiponectin (ng/mL), mean ± se 3299 4091.9 ± 115.1 5566.3 ± 77.2 <.0001†

Male 1215 3202.9 ± 148.6 4061.0 ± 94.6  
Female 2084 4624.8 ± 154.5 6438.7 ± 103.3  

Circulating Plasma Adiponectin, n (%)§ <.0001
Quartile 1 849 221 (38.7%) 628 (23.0%)

Quartile 2 840 161 (28.2%) 679 (24.9%)

Quartile 3 831 118 (20.7%) 713 (26.1%)

Quartile 4 779 71 (12.4%) 708 (26.0%)

Total 3299 571 2728

*T-tests were used for continuous variables and Chi-square tests for categorical variables

†Satterthwaite test for unequal variances.

‡ For men the sex-speci�c leptin quartiles were de�ned as <4.5 ng/mL (Q1), ≥4.5 to <7.8 ng/mL (Q2),
≥7.8 to <13.3 ng/mL (Q3), ≥13.3 ng/mL (Q4). For women, the leptin quartiles were de�ned as <21.85
ng/mL (Q1), ≥21.85 to <32.9 ng/mL (Q2), ≥32.9 to <46.3 ng/mL (Q3), ≥46.3 ng/mL (Q4).

§ For men the sex-speci�c adiponectin quartiles were de�ned as <2066.200 ng/mL (Q1), ≥2066.200 to
<3118.041 ng/mL (Q2), ≥3118.041 to <4892.741 ng/mL (Q3), ≥4892.741 ng/mL (Q4). For women the
adiponectin quartiles were de�ned as <3327.154 ng/mL (Q1), ≥3327.154 to <5080.525 ng/mL (Q2),
≥5080.525 to <7606.885 ng/mL (Q3), ≥7606.885 ng/mL (Q4)

Table 2. Prospective associations (hazard ratios) between leptin and adiponectin with incident type 2 diabetes in
the total sample population and by sex
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  Total  Sex
  Sample Population (n=2656)

Type 2 diabetes cases
(n=455)

Male (n=948)
Type 2 diabetes cases

(n=169)

Female (n=1708)
Type 2 diabetes cases

(n=286)
Continuous
Adipokines

Model 1* Model 2† Model 1* Model 2† Model 1* Model 2†
HR 95%

CI
HR 95%

CI
HR 95%

CI
HR 95%

CI
HR 95%

CI
HR 95%

CI
Log Leptin
(ng/mL)

1.29 (1.05,
1.58)

0.99 (0.80,
1.22)

1.33 (1.05,
1.69)

1.00 (0.78,
1.28)

1.24 (0.94,
1.64)

0.99 (0.74,
1.31)

Log
Adiponectin
(ng/mL)

0.57 (0.49,
0.67)

0.73 (0.61,
0.86)

0.68 (0.52,
0.88)

0.80 (0.62,
1.04)

0.52 (0.42,
0.63)

0.68 (0.55,
0.84)

 

*Model 1: Adjusted for sex, age, BMI, waist circumference, systolic blood pressure, anti-
hypertensive medication, triglycerides, HDL-cholesterol, antihyperlipidemic medication,
smoking, alcohol consumption, physical activity, and education level.
†Model 2: Adjusted for model 1 variables and HOMA-IR.

Table 3. Prospective associations (hazard ratios) between leptin and adiponectin with incident type
2 diabetes stratified by BMI groups

BMI <25 kg/m2 (n=416)
Type 2 diabetes cases (n=28)

Continuous Adipokines  Model 1* Model 2†
HR  95% CI P HR  95% CI P

Log Plasma leptin (ng/mL) 1.42 (0.65, 3.10) 0.38 1.14 (0.50, 2.60) 0.75
Log Plasma adiponectin (ng/mL) 1.01 (0.49, 2.10) 0.98 1.10 (0.52, 2.33) 0.80

BMI ≥25 - <30 kg/m2 (n=929)
Type 2 diabetes cases (n=119)

Continuous Adipokines  Model 1* Model 2†
HR  95% CI P HR  95% CI P

Log Plasma leptin (ng/mL) 1.33 (0.89, 2.01) 0.17 1.00 (0.65, 1.53) 0.99
Log Plasma adiponectin (ng/mL) 0.63 (0.46, 0.87) <.01 0.77 (0.55, 1.08) 0.13

BMI ≥30 kg/m2 (n=1311)
Type 2 diabetes cases (n=308)

Continuous Adipokines Model 1* Model 2†
HR  95% CI p HR  95% CI P

Log Plasma leptin (ng/mL) 1.09 (0.83, 1.42) 0.55 0.88 (0.66, 1.16) 0.37
Log Plasma adiponectin (ng/mL) 0.54 (0.44, 0.66) <.0001 0.69 (0.56, 0.86) <.001

*Model 1: Adjusted for sex, age, waist circumference, systolic blood pressure,
antihypertension medication, triglycerides, HDL-cholesterol, antihyperlipidemic medication,
smoking, alcohol consumption, physical activity, and education level.
†Model 2: Adjusted for model 1 variables and HOMA-IR.
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Table 4. Prospective associations (hazard ratios) between leptin and adiponectin with incident type 2 diabetes
stratified by abdominal obesity (as measured by waist circumference*)

Abdominally non-obese (n=1057)

Type 2 diabetes cases (n=91)
Continuous Adipokines Model 1† Model 2‡

HR  95% CI P HR  95% CI P
Log Plasma leptin (ng/mL) 1.55 (1.02, 2.36) 0.04 0.92 (0.58, 1.45) 0.73
Log Plasma adiponectin (ng/mL) 0.86 (0.60, 1.23) 0.40 1.18 (0.80, 1.73) 0.41

Abdominally obese (n=1599)

Type 2 diabetes cases (n=364)
Continuous Adipokines Model 1† Model 2‡

HR  95% CI p HR  95% CI P
Log Plasma leptin (ng/mL) 1.04 (0.81, 1.34) 0.75 0.82 (0.63, 1.07) 0.14
Log Plasma adiponectin (ng/mL) 0.53 (0.44, 0.63) <.0001 0.66 (0.54, 0.80) <.0001

*Waist circumference was dichotomized with sex-specific cut points as abdominally
obese (men with waist circumference ≥102 cm and women with waist circumference ≥88
cm) and abdominally non-obese (men with waist circumference <102 cm and women with
waist circumference <88 cm).     
†Model 1: Adjusted for sex, age, BMI, systolic blood pressure, antihypertension medication,
triglycerides, HDL-cholesterol, antihyperlipidemic medication, smoking, alcohol
consumption, physical activity, and education level.
‡Model 2: Adjusted for model 1 variables and HOMA-IR.


