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Abstract

Background—Ethnic disparities in metabolic disease risk may be the result of differences in 

circulating adipokines and inflammatory markers related to ethnic variations in obesity and body 

fat distribution.

Subjects/Methods—In a cross-sectional design, we compared serum levels of leptin, 

adiponectin, C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α) 

in control subjects (321 men and 930 women) from two nested case-control studies conducted 

within the Multiethnic Cohort Study consisting of whites, Japanese Americans (JA), Latinos, 

African Americans (AA), and Native Hawaiians (NH). General linear models were applied to 

evaluate ethnic differences in log-transformed serum biomarker levels before and after adjusting 

for body mass index (BMI) at cohort entry.

Results—In comparison to whites, significant ethnic differences were observed for all 

biomarkers except TNF-α. JA men and women had significantly lower leptin and CRP levels than 

whites and JA women also had lower adiponectin levels. Leptin was significantly higher in AA 

women (p<0.01), adiponectin was significantly lower in AA men and women (p=0.02 and 

p<0.001), and CRP and IL-6 were significantly higher in AA men and women. Lower adiponectin 
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(p<0.0001) and CRP (p=0.03) levels were the only biomarkers in NH women that differed from 

whites; no statistically significant differences were seen for NH men and for Latino men and 

women. When adjusted for BMI at cohort entry, the differences between the lowest and highest 

values across ethnic groups decreased for all biomarkers except adiponectin in men indicating that 

ethnic differences were partially due to weight status.

Conclusions—These findings demonstrate ethnic variations in circulating adipokine and CRP 

levels before and after adjustment for BMI. Given the limitation of BMI as a general measure of 

obesity, further investigation with visceral and subcutaneous adiposity measures are warranted to 

elucidate ethnicity-related differences in adiposity in relation to disparities in obesity-related 

disease risk.
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INTRODUCTION

Obesity is closely linked to the development of diabetes, cardiovascular disease, and 

cancer1-4 and also related to chronic systemic low-grade inflammation marked by altered 

circulating levels of adipokine and inflammatory markers.5,6 Thus, adipose tissue, consisting 

of adipocytes, immune cells, and nerve/connective tissue, is now recognized as an important 

endocrine and metabolically-active organ. The pro-inflammatory phenotype associated with 

excess fat mass results in low production of adiponectin and high production of leptin, C-

reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α).5 

Interestingly, the pro-inflammatory response appears to differ depending on body fat 

distribution. Because visceral adipose tissue (VAT) surrounds the internal organs and is 

more vascular and metabolically active than subcutaneous adipose tissue (SAT), VAT 

accumulation is thought to be more health hazardous, i.e., increased risks of insulin 

resistance and related metabolic diseases, than abdominal or peripheral SAT.7 Central 

adiposity differs by sex and ethnicity,8-10 in particular Asian ethnicity is associated with 

higher VAT and African American (AA) ethnicity with lower VAT relative to whites.10-12 

These variations in adipose tissue composition appear to be linked to ethnic disparities in 

obesity-related chronic diseases, such as higher rates of diabetes among Japanese Americans 

(JA) or AA at similar body mass index (BMI) levels.13,14 The hypothesis is that differences 

in circulating adipokines and inflammatory markers as a result of ethnic differences in the 

distribution of adipose tissue are partially responsible for these ethnic disparities in obesity-

related disease.10,12

In a cross-sectional design, we measured leptin, adiponectin, CRP, IL-6, and TNF-α in 

fasting serum samples within a multiethnic population of older men and women consisting 

of whites, JA, Latinos, AA, and Native Hawaiians (NH). We compared circulating levels of 

these biomarkers across ethnic groups before and after adjustment for body mass index 

(BMI) to evaluate the plausibility of ethnic differences in biomarker levels due to 

differences in body fat distribution independent of weight status.
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MATERIALS AND METHODS

Study population

This analysis used data collected from control subjects, free of cancer, who participated in 

nested case-control studies of breast cancer and non-Hodgkin lymphoma (NHL) conducted 

within the Multiethnic Cohort Study (MEC).15-17 The MEC is a longitudinal study designed 

to investigate the association of dietary, lifestyle, and genetic factors with the incidence of 

cancer and other chronic diseases. The cohort was assembled in Hawaii and Los Angeles in 

1993-1996, and details on recruitment and baseline information have been reported 

previously.15 Briefly, subjects from 5 main ethnic groups (whites, JA, Latinos, AA, and NH) 

were identified primarily through drivers’ license files, supplemented with voter registration 

lists in Hawaii and Medicare files in California, and were recruited by mailing a self-

administered, 26-page questionnaire on diet, anthropometric measures, medical history, 

family history of cancer, and lifestyle. A total of 215,251 men and women aged 45 to 75 

years were included at baseline and formed a representative group of the general population 

as verified by a comparison of the cohort distributions across educational levels and marital 

status with corresponding census data for the two geographical areas.15 The study protocol 

was approved by the Institutional Review Boards of the University of Hawaii and the 

University of Southern California.

In 1999-2003, a short follow-up questionnaire (Qx2) was sent to all MEC members to 

update information on body weight and medical conditions; due to deaths and refusal, only 

85% of cohort members completed the questionnaire. A prospective MEC biospecimen 

subcohort was established in 2001-2006 by asking surviving cohort members to provide 

specimens of blood and urine.18 Of eligible MEC members alive at the time and asked to 

participate in the biospecimen collection, close to half (67,594 individuals) provided 

samples. For 95% of the participants, fasting blood samples (≥8 hours) were obtained; the 

respective proportion for the current analysis was 92%. Blood samples were processed 

within 4 hours of collection, aliquoted into 0.5-mL cryotubes, and stored in the vapor phase 

of liquid nitrogen (-186°C) for 5-10 years. When comparing the characteristics at cohort 

entry of individuals who provided specimens with those who did not, the latter were older 

by an average of 3 years, had less education, and were more likely to be current smokers. 

However, there was no substantial difference by several demographic characteristics and 

cancer risk factors including BMI, dietary fat and vegetable intake, physical activity, and 

family history of cancer, suggesting that the biospecimen repository participants are broadly 

representative of the cohort members.

For the breast cancer nested case-control study,16 one control for each case diagnosed before 

December 31, 2009, for whom a pre-diagnostic blood specimen was available, was 

randomly selected from the eligible pool of postmenopausal women who were alive and free 

of breast cancer at the age of the case's diagnosis. Similarly, two matching cases were 

chosen for each case of NHL.17 The controls were matched on year of birth (± one year), 

location (Hawaii or California), ethnicity, date of blood draw (± 6 months), time of blood 

draw (±2 hours), hours fasting before blood draw (0-<6, 6-<8, 8-<10, or ≥10), and hormone 

replacement therapy use at blood draw (current vs. not current). After excluding six women, 
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for whom baseline BMI was outside the plausible range of 15-50 kg/m2, a total of 321 men 

and 930 women were included in the current analysis. Because subjects were primarily 

selected from a nested case-control on breast cancer, a greater number of women than men 

were part of the analysis. The mean time interval between cohort entry and blood collection 

was 9 years.

Laboratory assays

All assays were performed by the Analytical Biochemistry Shared Resource at the 

University of Hawaii Cancer Center as reported for the original nested-case control studies 

following the manufacturer's protocol unless noted otherwise.16,19 Briefly, frozen serum 

samples were retrieved from the MEC biorepository and analyzed in duplicate to quantify 

leptin and adiponectin using double-antibody enzyme-linked-immunosorbent-assay (ELISA; 

R&D Systems, Minneapolis, MN, U.S.A.). CRP was assessed using a Cobas MiraPlus 

clinical chemistry analyzer (Roche Diagnostics, Indianapolis, IN) and a latex particle 

enhanced immunoturbidimetry based kit from Pointe Scientific (Lincoln Park, MI). The 

Luminex panel included IL-6 and TNF-α, which were measured using a slight modification 

of an Invitrogen (Carlsbad, CA) magnetic high sensitivity 10-plex assay (LHC0001) and 

Luminex 200 plate reader.16,19 As reported previously16,19 intra-batch coefficients of 

variation based on 96 blinded duplicate and 9 triplet samples for leptin, adiponectin, CRP, 

IL-6, and TNF-α were 3.4 -6.4%, 2.5-9.4 %, 3.5-5.0%, 8.9%, and 10.0%, respectively.

Statistical analyses

SAS software version 9.3 (SAS Institute, Inc., Cary, NC) was used to perform all statistical 

analyses with a two-sided p value of <0.05 considered statistically significant. Participant 

characteristics, such as age at blood draw, fasting hours prior to blood draw, and BMI, 

smoking, and diabetes status at cohort entry, were compared across ethnic categories to 

identify potential confounding factors using generalized linear models (Proc GLM) for 

continuous variables and chi-square or Fisher's exact tests for categorical variables. 

Spearman rank order correlation coefficients (r) were calculated between serum biomarker 

levels and BMI at cohort entry to assess their linear relationships. Generalized linear models 

were applied to evaluate ethnic differences in serum adipokine and CRP levels, with whites 

serving as the reference category, and adjusted for BMI at cohort entry (continuous), as well 

as for month of blood draw (categorical) to account for seasonal variations in biomarker 

levels and laboratory batch number (categorical) to correct for possible difference across 

batches. Serum biomarkers and BMI were log-transformed to satisfy model assumptions. 

Further adjustment for additional characteristics, including age at blood draw, fasting hours 

prior to blood draw, smoking status, and diabetes status, did not materially impact the results 

and, therefore, these variables were not included in the final models. Sensitivity analyses 

were conducted among 93% of men (N=299) and 91% of women (N=849) who had 

provided weight information approximately 3 years prior to blood draw as part of Qx2. BMI 

information at the time of the blood draw was only available for 32% of the study 

participants. Additionally, stratified analyses were performed to compare mean 

inflammatory biomarker levels across ethnic groups within each weight category defined as 

normal (<25 kg/m2), overweight (25-<30 kg/m2), or obese (≥30 kg/m2). Due to limited 

sample size (N=19), stratified analyses excluded NH men.
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RESULTS

Of the 321 male participants, 31% were whites, 26% were JA, 19% were Latinos, 19% were 

AA, and 6% were NH (Table 1). Of the 930 female participants, 22% were whites, 33% 

were JA, 21% were Latinos, 15% were AA, and 9% were NH. In both men and women, 

statistically-significant ethnic differences were observed for mean BMI at cohort entry 

(p<0.05). In men, compared to whites, BMI was lower in JA (24.9 vs. 26.5 kg/m2) and 

higher in Latinos, AA, and NH (27.5, 27.2, and 29.1 kg/m2, respectively). Similarly, in 

women, JA had a lower mean BMI than whites (23.8 vs. 25.2 kg/m2) while all other ethnic 

groups had higher mean BMIs than whites (27.8, 28.9, and 28.0 kg/m2 for Latinos, AA, and 

NH, respectively). Age at blood draw, fasting hours prior to blood draw, smoking status at 

cohort entry, or diabetes status at cohort entry did not differ across ethnic groups in either 

men or women, except that NH women were slightly younger at blood draw. In the entire 

MEC population, overall proportions of self-reported current smoking at cohort entry (16%) 

and diabetes status (12 %), as well as mean BMI (26.5 kg/m2), were similar to those of the 

current study population (data not shown).

Serum biomarker levels were generally higher in women than in men (Table 1); most 

notably, leptin and TNF-α levels were 2-4 fold higher. Serum leptin levels (Table 2) were 

highly positively correlated with baseline BMI in both sexes and all ethnic groups, with 

correlations ranging from r=0.52 for Latinos to r=0.71 for JA in men and from r=0.50 for 

NH to r =0.69 for whites in women (p<0.05 for all). On the other hand, serum adiponectin 

levels were inversely related with BMI and only statistically significant in women (p<0.01). 

The leptin:adiponectin ratio was positively associated with BMI in men and women (p<0.01 

for both). Serum CRP levels also showed modest correlations with BMI in men and women 

(p<0.01 for both), whereas serum IL-6 levels were only associated in women (p<0.01) and 

serum TNF-α levels only inversely correlated in men (p<0.05).

In univariate comparisons, significant ethnic differences were observed for all biomarkers 

except TNF-α (Table 1). As compared to whites, JA men and women had significantly 

lower leptin and CRP levels, and JA women also had lower adiponectin levels. Leptin was 

significantly higher in AA women (p<0.01), adiponectin was significantly lower in AA men 

and women (p=0.02 and p<0.001), and CRP and IL-6 were significantly higher in AA men 

and women. Lower adiponectin (p<0.0001) and CRP (p=0.03) were the only biomarkers in 

NH women that differed from whites; no statistically significant differences were seen for 

NH men and Latino men and women. When adjusted for BMI at cohort entry, the 

differences between the lowest and highest values across ethnic groups decreased for all 

biomarkers except adiponectin in men. For example, the difference of 30.7 ng/mL in leptin 

between AA and JA women was reduced to 11.1 ng/mL after adjustment for BMI indicating 

that the higher levels in AA were partially due to their higher BMI. In addition, the lower 

serum adiponectin levels were significant for both JA men and women (p=0.03 and 

p<0.0001) in models that included BMI.

In the fully adjusted models stratified by weight status (Figures 1 and 2 and Supplemental 

Tables 1 and 2), JA women had significantly lower levels of leptin, adiponectin, and CRP 

than whites, whereas AA women had higher levels of leptin, CRP, and IL-6 as well as lower 
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levels of adiponectin. The mean values for NH were generally between those for JA and 

white women but only significantly different from whites for adiponectin and CRP and those 

for Latinas were close to whites. The patterns in men were less distinct due to their smaller 

numbers but similar differences in biomarker levels were generally observed for JA and AA 

men as for women. Sensitivity analyses using the more recent BMI values generally 

observed similar ethnic differences as the analyses using BMI at cohort entry (data not 

shown).

DISCUSSION

In this cross-sectional study among a multiethnic population of older men and women with a 

wide range of BMI levels, ethnic differences in serum adipokine and CRP levels were 

detected in men and women. As compared to whites, leptin levels were lower in JA men and 

women and higher in AA women, adiponectin levels were lower in AA men and women and 

in JA and NH women, CRP was lower in JA men and women as well as in NH women and 

higher in AA men and women after taking into account BMI. The fact that the ethnic 

differences in biomarkers were only reduced and not eliminated after including BMI 

suggests that part of the ethnic differences are due to other causes, e.g., the relative 

proportions of VAT vs. SAT, genetics, or lifestyle factors, although BMI explains a large 

proportion of the ethnic differences in biomarker levels. Despite a mean time interval of 9 

years between BMI at cohort entry and blood collection, leptin was strongly associated with 

baseline BMI and a sensitivity analysis with BMI values collected 3 years before the blood 

draw detected similar associations. The current findings add to the limited data supporting 

the presence of ethnic variations in circulating adipokine levels, which may be the result of 

differences in body composition and body fat distribution that lead to disparities in obesity-

related diseases.13,14 Higher levels of biomarkers in women than men reflect their higher 

proportion of adipose tissue and may also contribute to variations in obesity-related disease 

risks.

The current findings in postmenopausal women are in agreement with our previous report 

among a small sample of premenopausal women,10 which described lower serum levels of 

leptin, adiponectin, and CRP in JA than white women after adjustment for BMI. Therefore, 

the lower circulating levels of these biomarkers in JA women seem consistent across 

menopausal status and sex. Support for the hypothesis that lower adiponectin levels may 

reflect higher proportions of VAT in JA as compared to whites across weight categories 

comes from a small study of MEC women who underwent dual energy X-ray 

absorptiometry (DXA) and abdominal magnetic resonance imaging (MRI) scans. JA women 

were noted to have higher percentages of abdominal VAT than white women with similar 

BMIs.11 A study measuring total body fat by bioelectrical impedance analysis, also reported 

lower adiponectin levels in JA and Chinese American than white women after adjustment 

for waist circumference.20 Our results in AA women agree with a previous study that 

detected higher unadjusted IL-6 and CRP levels in AA than white women12 and a report of 

higher leptin and lower adiponectin levels in AA than white women, but not in AA men who 

only showed lower adiponectin levels.20 This raises the possibility that AA are more prone 

to a state of inflammation given similar BMI levels and more likely to develop chronic 
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conditions associated with inflammation. The higher IL-6 levels previously observed in 

Hispanic women12 disagree with the lack of differences in our Latino women.

Since adiponectin is thought to play a favorable pathophysiological role in obesity-related 

diseases,21 the current evidence supports the idea that adiponectin is partially responsible for 

ethnic-specific disparities in obesity-related diseases.13,14 The possible relation with body 

fat distribution was strengthened by a study showing that variations in VAT and SAT 

measured by computed tomography (CT) partially explained the differences in biomarker 

levels across ethnic groups.12 However, the presence of additional confounding factors was 

indicated by statistically significant associations for Hispanics and AA after adjustment for 

VAT and SAT. Therefore, ethnic differences in levels of adipokine and inflammatory 

marker, if they truly exist, are unlikely to be fully explained by differences in common 

measures of general adiposity and body fat distribution, such as BMI and waist 

circumference. To further elucidate the underlying mechanisms for ethnic-specific 

differences in biomarker levels, future studies need to examine specific fat depots or 

adipocyte morphology that are not traditionally measured in epidemiologic studies, 

specifically, liver fat, superficial vs. deep SAT, adipocyte size or adipocyte hypertrophy22-24 

and understand the important influence of genetic and lifestyle factors on adiposity.25-28

There are several strengths to the present study. The multiethnic population allowed 

comparisons across ethnic groups with a broad range of BMI levels. The population-based, 

large-scale cohort design strengthened the generalizability of study results. There were also 

important limitations to note. Since no measures of adiposity other than self-reported BMI 

were available, we were not able to explore whether the ethnic differences were related to 

variations in adiposity, especially the relative proportion and distribution of VAT vs. SAT. 

Moreover, anthropometric measurements at the time of blood draw were unavailable for a 

majority of participants, but the sensitivity analysis with BMI information from Qx2 

collected 3 years before the blood draw did not indicate major changes in weight status over 

time. In comparison to previous reports,29-32 serum leptin levels in our study population 

were relatively high. Nevertheless, we observed similar ethnic differences, such as higher 

concentrations in African Americans than Whites,31 and low levels in Japanese.33 Younger 

age and lower BMIs may partially explain the observed differences in leptin levels.10,31,32 In 

addition, differences in analytic methods (ELISA vs. RIA), standards provided by the 

company, and volume used for the assays may have contributed to the absolute 

concentrations of leptin reported in different studies. Caution needs to be exercised when 

interpreting the results of the stratified analyses by weight category; the number of 

participants was small in several ethnic-specific BMI categories, especially in men. Finally, 

the fact that the current study population consisted of the controls in nested-case control 

studies of NHL and breast cancer, although taken from a large population-based cohort, may 

limit the representativeness of our findings to the general population.

In conclusion, the current findings suggest that ethnic differences in circulating adipokine 

and CRP levels are present to a similar extent in men and women even after accounting for 

differences in weight status. Ethnic-specific modifiers of metabolic activity in adipose tissue 

or genetic variations may contribute to our findings of ethnic differences in biomarkers. 

Given the limitation of BMI as a measure of adiposity that does not account for differences 
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in the distribution of adipose tissue, additional VAT and SAT measures, ideally from CT or 

MRI, will be needed and are planned by our group to understand the relation between 

ethnicity and adiposity on circulating adipokines and other obesity-related biomarkers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Geometric mean biomarker levels by ethnicity across weight categories in men after 

adjustment for log-transformed continuous BMI, month of blood draw (categorical), and 

laboratory analysis batch number (categorical). White = gray solid line; Japanese American 

(JA) = black solid line; Latino = black dotted line; and African American (AA) = black 

short-dash line. Native Hawaiians are not included due to the limited sample size (N=19). P 

values in parentheses present significant differences from whites (reference group) after 
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adjustment for log-transformed body mass index (continuous), month of blood draw 

(categorical), and laboratory analysis batch number (categorical).
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Figure 2. 
Geometric mean biomarker levels by ethnicity across weight categories in women after 

adjustment for log-transformed continuous BMI, month of blood draw (categorical), and 

laboratory analysis batch number (categorical). White = gray solid line; Japanese American 

(JA) = black solid line; Latino = black dotted line; African American (AA) = black short-

dash line; and Native Hawaiian (NH) = gray short-dash line. P values in parentheses present 

significant differences from whites (reference group) after adjustment for log-transformed 
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body mass index (continuous), month of blood draw (categorical), and laboratory analysis 

batch number (categorical).
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