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Paradoxical Hyperadiponectinemia is Associated With the
Metabolically Healthy Obese (MHO) Phenotype in
African Americans
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Abstract

Background: It has been suggested that adiponectin may offer pro-
tection against the adverse health effects of obesity. In this study,
we determined the prevalence of paradoxically high adiponectin
or paradoxical hyperadiponectinemia (PHA) among obese African
Americans and investigated its relationship with the metabolically
healthy obese (MHO) phenotype.

Methods: Total adiponectin and metabolic markers including fast-
ing glucose, insulin, serum lipids and obesity measures were deter-
mined in 822 unrelated participants from the Howard University
Family Study (HUFS). Logistic regression models were used to
evaluate the association between MHO phenotype and PHA while
adjusting for relevant covariates.

Results: Overall, men had significantly lower adiponectin levels
than women. However, adiponectin level was associated with obe-
sity measures, glucose, insulin and insulin resistance index in both
men and women. Equal proportion of the obese male and female
subjects (19.2%; 66/343) had PHA; these obese individuals with
PHA had a healthier metabolic profile including higher HDL-cho-
lesterol, lower insulin levels and smaller waist circumference and
insulin levels compared to those without PHA. Also, 28% (96/343)
of the study participants met the criteria of MHO phenotype. Inter-
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estingly, 42% (28/66) of the obese individuals with PHA also had
the MHO phenotype. Finally, the MHO phenotype was associated
with PHA in both men and women.

Conclusions: These findings confirm the presence of MHO in Af-
rican Americans and demonstrate the association of PHA with the
MHO phenotype. In all, our findings along with other published
results provide evidence for a more systematic investigation of the
mechanisms underlying the protective function of adiponectin and
its potential therapeutic applications in human metabolic disorders.
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Introduction

Adiponectin, one of the major active molecules produced by
white adipose tissue (WAT), has been shown to be important
in glucose homeostasis and lipid metabolism [1-3]. Unlike
leptin and other adipokines, circulating levels of adiponec-
tin are inversely correlated with obesity [4]. It is also the
only adipokine that exhibits both anti-inflammatory and anti-
atherogenic properties [3, 5]. Adiponectin exerts its anti-in-
flammatory function by downregulating IL-6 production and
by inducing the anti-inflammatory cytokine, IL-10 [6]. It has
also been suggested that adiponectin may offer protection
against the adverse health effects of obesity and obesity-re-
lated disorders [7, 8]. In adults, decreased circulating adipo-
nectin has been associated with insulin resistance (IR), low
HDL-cholesterol, type 2 diabetes (T2D) and cardiovascular
diseases (CVD) [9, 10]. Furthermore, plasma adiponectin is
inversely associated with serum triglycerides (TG) [11].

A number of studies in different populations have inves-
tigated the relationship between adiponectin, obesity mark-
ers, circulating lipids, IR, T2D and CVD [9, 12, 13]. Until
recently, only few epidemiologic studies were available in
African Americans (AA), and these were characterized by
small sample sizes (ranging from 69 to 522 individuals)
and the inclusion of limited numbers of clinical and bio-
chemical measurements [10, 14-17]. In addition, most of
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Table 1. Anthropometric and Metabolic Characteristics of the 822 African American Participants Included in

this Study
Variable Men (n =364) ‘Women (n =458 ) P-value
Age (years) 43.9+£10.9 42.8+10.7 0.13
BMI (kg/m?) 27.9+6.8 31.3+8.8 6.5x 101
PFM 27.9+9.2 41.1+93 8.7x 107
WC (cm) 933+15.9 94.35+£16.87 0.35
WHR 0.89 +0.07 0.84 +0.07 2.5x 10%
Glucose (mg/dL) 86.3+12.3 83.7+10.2 0.001
Insulin (WU/mL)
Mean 10.7+£13.2 123+18.2 0.16
Geometric mean 6.6 8.1
Median (IQR) 7.4 (9.5) 7.8(9.2)
HOMA-IR
Mean 25+3.6 2.7+4.7 0.46
Geometric mean 1.4 1.7
Median (IQR) 1.6 (2.1) 1.6 (2.1)
HDL-C(mg/dL) 52.9+19.2 54.7+16.8 0.15
LDL-C (mg/dL) 111.6 £40.8 116.8 £38.1 0.06
TG (mg/dL)
Mean 111.3£69.6 100.72 + 68.5 0.03
Geometric mean 97.7 87.1
Median (IQR) 95 (62) 83 (54)
Total cholesterol (mg/dL) 187.0 £44.9 1924 +42.6 0.08
Adiponectin (ng/mL)
Mean 7855.2 £ 4704.0 9186.3 +5551.8 0.0002
Geometric mean 6760.8 7762.4
Median (IQR) 6527.9 (5853) 7734.7 (6983)
Hypertension (%) 36.8 325
SBP(mmHg) 130.1 +£19.4 82.0+13.6 0.003
DBP (mmHg) 126.1 +£18.3 79.8 +11.8 0.016

Data is presented as mean + standard deviation; geometric means, median and interquartile ranges (IQR) are also pre-
sented when variables were not normally distributed. Student’s t-tests were used to compare means between gender.
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Figure 1. Box-plots of log adiponectin in lean individuals. (+) denotes the geometric mean; * Cut-off used to define
paradoxical hyperadiponectinemia in Men; ** Cut-off used to define paradoxical hyperadiponectinemia in Women.

the studies published in AA were designed either to compare
adiponectin and other adipokine levels or to investigate the
variability of adiponectin levels across ethnic groups [14,
18]. It is only in the last couple of years that larger studies of
AA have investigated the relationship between serum adipo-
nectin, adiponectin gene variation and different phenotypes
[19-23].

Serum adiponectin, a key modulator of metabolic path-
ways, is generally lower in AA than in Caucasians [18].
Paradoxically high adiponectin in the presence of a healthy
metabolic profile is becoming an increasingly recognized
concept [24, 25]. Identification and characterization of in-
dividuals with higher-than-expected adiponectin levels
(paradoxical hyperadiponectinemia, PHA) in metabolically
healthy but obese (MHO) individuals is of great importance
because it may provide insights into mechanisms by which
some obese individuals are protected from a wide range of
obesity-related complications. It may also enhance the abil-
ity to develop more focused obesity management strategies
at the individual level. Currently, there is a paucity of pub-
lished studies that have estimated the prevalence of PHA in
obese adult AA or its relationships with the MHO phenotype.

The MHO phenotype was described by Karelis et al. as
obese individuals with favorable metabolic profiles charac-
terized by high insulin levels with normal lipid and hormonal
profiles [26, 27]. To our knowledge, the only such study in
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AA was conducted by Morrison et al [25] in young AA girls
and found that higher-than-expected serum adiponectin was
associated with MHO. These investigators also observed that
high adiponectin level protected the young AA obese girls
against the development of metabolic syndrome later in life
[28]. In addition, it is estimated that about 20-30% of obese
adults [24] and young obese girls have paradoxically high
adiponectin levels despite high BMI. High adiponectin lev-
els have been associated with metabolically healthy pheno-
type which is characterized by high HDL-C, low insulin, TG
and glucose [25, 28]. In this study, we aimed to determine
the prevalence of PHA among obese AA and its relationship
with the MHO phenotype using a population-based sample
of AA enrolled from the Washington DC metropolitan area.

Methods and Procedures
Study subjects

Subjects included in this study were participants in the How-
ard University Family Study (HUFS) which has been fully
described elsewhere [29]. Briefly, the HUFS is a population-
based family study of AA in the Washington, D.C. metro-
politan area The major objective of the HUFS was to enroll
and examine a randomly ascertained sample of AA families
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Figure 2. Association between circulating adiponectin levels and obesity markers by gender in 822 African Americans.
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Figure 3. Association between circulating adiponectin levels and glycolytic indexes by gender in 822 African Americans.
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Figure 4. Association between circulating adiponectin levels and serum lipids by gender in 822 African Americans.
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Table 2. Clinical Characteristics of the Obese African American Subjects Included in this Study

Variables Men (n =110) Females (n = 233) P-value
Age (years) 429+10.5 42.8+£9.8 0.95
BMI (kg/m?) 35.7+6.5 38.0+7.0 0.004
PFM 36.0+7.5 46.6 + 6.4 0.000
WC (cm) 1109+ 144 106.0 + 13.4 0.002
WHR 0.94 +0.06 0.85+0.07 <0.0001
SBP (mmHg) 131.8+17.4 129.4 +18.5 0.26
DBP (mmHg) 83.4+11.0 81.0+11.6 0.08
Glucose (mg/dL) 909+ 123 86.0+9.8 <0.0001
Insulin (pU/mL) 16.8 +£18.9 (12.6) 16.4 +23.7 (11.5) 0.87
HOMA-IR 4.01£54(2.7) 3.7+6.3(2.4) 0.61
HDL-C(mg/dL) 43.8+11.3 51+153 <0.0001
LDL-C (mg/dL) 126.7 +44.4 120.3 £39.5 0.18

TG (mg/dL) 128.2 +77.9 (109.6) 105.1 +£63.8 (93.3) 0.007
Total cholesterol (mg/dL) 196.1 £47.7 192.3£43.8 0.46
Adiponectin (ng/mL) 6023.8 +3227.1 (5248.1) 7541.2 £4759.0 (6309.6) 0.001

Data is presented as mean + standard deviation; values in parenthesis ( ) are geometric means when variables were not normally
distributed; Student’s t-test was used to assess difference between men and women.

along with a set of unrelated individuals for study of the ge-
netic and environmental bases of common complex traits
including hypertension, obesity, diabetes, and associated
phenotypes. In order to maximize the utility of this cohort
for the study of multiple common traits, families and indi-
viduals were not ascertained based on any phenotype. All
participants were recruited after an overnight fast of at least
8 hours prior to the blood draw and all collected samples
were stored in a -80 °C freezer pending measurement of bio-
chemical parameters. Study protocol was approved by the
Institutional Review Board (IRB) at Howard University and

all study participants provided written informed consent.
The present study of PHA included only unrelated and non-
diabetic participants from the overall HUFS.

Anthropometric measurements

Weight was measured in light clothing with an electronic
scale to the nearest 0.1 kg, height was measured with a sta-
diometer to the nearest 0.1 cm, and BMI was calculated as
weight in kg divided by height in meters square (kg/m?).
Waist circumference (WC) was measured to the nearest 0.1
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cm at the narrowest part of the torso. Body composition was
estimated using bioelectric impedance (BIA) analysis with
validated population specific equation as previously de-
scribed [30] and percentage fat mass (PFM) was obtained
using the following formula: (Fat mass/weight) x 100.

Measurement of metabolic markers and adiponectin

HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C), tri-
glycerides (TG) and glucose were determined enzymatically
with COBAS Integra Plus Analyzer® (Roche Diagnostics,
Indianapolis, IN, USA). Insulin was measured using an im-
munoassay analyzer, Elecsys 1010 (Roche Diagnostics, In-
dianapolis, IN). IR was assessed by the HOMA-IR method.
In HOMA-IR, values are calculated from the fasting concen-
trations of insulin and glucose using the following formula:
(Fasting serum insulin (mU/L) x Fasting plasma glucose
(mmol/L))/22.5 as previously reported [31]. Adiponectin
was measured using an enzyme-linked immunoabsorbent as-
say, ELISA (Quantikine® human adiponectin immunoassay,
R and D Systems, Minneapolis, Minnesota, USA) following
the manufacturer’s recommendations.

Definitions

As previously described [24, 25, 28], paradoxical hypera-
diponectinemia (PHA) in obese subjects was defined as
adiponectin levels higher than the median of adiponectin in
non-obese (BMI < 25 kg/m?) subjects. In the present study,
the adiponectin levels followed a log-normal distribution.
Therefore, we opted to use the geometric mean instead of the
median as the measure of central tendency. The geometric
mean adiponectin level in non-obese subjects used as thresh-
old for PHA in this study were 8,377.2 ng/mL for men and
11,050.9 ng/mL for women, respectively (Fig. 1). The MHO
phenotype was defined as the concomitant presence of BMI
> 30 kg/m?, fasting plasma glucose < 126 mg/dL, systol-
ic blood pressure (SBP) < 130 or diastolic blood pressure
(DBP) <85, HDL-C > 40mg/dL for men and HDL-C > 50
mg/dL for women [24].

Statistical analysis

All statistical analysis were performed using SAS software
version 9.1 (SAS Institute, Cary, North Carolina, US).
Graphics were generated using the R package (www.R-proj-
ect.org). All variables that deviated from normal distribution
were logarithmically-transformed to normality before con-
ducting any statistical analysis. Continuous variables are ex-
pressed as mean + standard deviation (SD) or as geometric
means, medians and interquartile ranges. Student’s t-test was
used to compare study variables between gender. Pearson
correlation coefficients (r) and scatter plots were used to as-
sess the relationship between adiponectin, obesity measures
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(BMI, WHR, and PFM) and metabolic markers ( HDL-C,
LDL-C, triglycerides (TG), glucose and HOMA-IR) sepa-
rately for men and women. Logistic regression models were
used to determine the relationships between MHO and PHA
with models adjusted for age and additional covariates (hy-
pertension, WC, and insulin) which were added sequentially
to evaluate how each covariates modified observed associa-
tions.

Results

Clinical characterization and relationship between adi-
ponectin and metabolic markers in the entire cohort

The sample comprised 822 AA participants (364 men and
458 women). The anthropometric and metabolic character-
istics of the study participants, stratified by gender, are sum-
marized in Table 1. On average, men had significantly higher
fasting glucose, triglycerides, and WHR and the prevalence
of hypertension was about 4% higher in men than in wom-
en. In contrast, women were more obese, as exemplified by
higher BMI (31.3 vs. 27.9 kg/m?) and higher PFM (41.1%
vs. 27.9%). Despite this, women had higher adiponectin lev-
el compared to the males (mean difference = 1,001.6 ng/mL;
P =0.0005). Consistent with previous findings, adiponectin
was negatively associated with obesity measures (BMI, WC
and PFM), fasting glucose, insulin, HOMA-IR and triglycer-
ides but positively associated with HDL-C in both men and
women (Fig, 2, 3, 4).

Prevalence of paradoxical hyperadiponectinemia (PHA)
in obese subjects

The prevalence of obesity in the study sample was 41.7 %
(343/822) and was nearly two times higher in women than
in men (50.9 % vs. 30.2 %). The clinical characteristics of
obese subjects are summarized in (Table 2). Mean BMI
among obese subjects was 37.2 £+ 6.9 kg/m?* and similar gen-
der differences were observed among the obese subjects as
were seen in the overall cohort (i.e. women were heavier,
but had a healthier metabolic profile and higher adiponectin
levels).

The gender-specific geometric means of adiponectin in
the non-obese group i.e. BMI < 25 kg/m?* (8,377.2 ng/mL
for men and 11,050.9 ng/mL for women) were used to char-
acterize subjects with PHA (Fig. 1). The overall prevalence
of PHA among obese subjects was 19.2% (66/343; women
=19.3 and men = 19.1%, Table 3). On average, adiponectin
level was 2.5 times higher in individuals with paradoxically
high adiponectin. The inverse relationship between adipo-
nectin and BMI was maintained in obese individuals with
PHA (partial coefficient of correlation, Lo s -0.31, P =

e, sex

0.01). Individuals with PHA had higher HDL-C and lower
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Table 5. Association Between MHO Phenotype and Adiponectin Levels Among African Americans in Logistic Re-
gression Models With Adjustment for Relevant Covariates

Dependant variable: MHO (yes =1; no =0)

Gender PHA: yes/no (covariates) B + S.E. OR (95% CI) P-value
PHA* 1.01 £0.50 2.8 (1.03 - 7.40) 0.04*
PHAY (age) 1.10£0.51 2.9 (1.1-7.80) 0.04*

Men PHAY (age, HTN) 1.30 £ 0.56 3.5(1.2-10.55) 0.03*
PHA¥ (age, HTN, WC) 1.20+0.57 3.3(1.1-10.02) 0.04*
PHAY(age, HTN, WC, INS) 1.30+0.59 3.6 (1.1-11.5) 0.03*
PHAY 0.72 +£0.35 2.1(1.04-4.10) 0.04*
PHA¥ (age) 0.80 0.4 2.2(1.10-4.51) 0.03*

Women PHAY (age, HTN) 0.90 +0.39 2.4 (1.10 - 5.03) 0.03*
PHAY (age, HTN, WC) 0.65 + 0.40 1.9 (0.90 - 4.20) 0.10
PHAY (age, HTN, WC, INS) 0.61+£0.41 1.8 (0.80 - 4.12) 0.14

B: coefficient, S.E. standard error of B, OR: estimated odds ratio, Cl: confidence interval of OR; HTN: hypertension (0 = no hyper-
tension, 1 = hypertension), WC = waist circumference, INS = log- insulin; ¥ PHA status was coded 1, if adiponectin level is above
8377.2 ng/mL and 11050.9 ng/mL for men and women respectively; or 0, if adiponectin level is below 8377.2 ng/mL and 11050.9

ng/mL for men and women respectively. * Denote significant P-value (P < 0.05)

WC, TG, glucose, serum insulin and fasting glucose com-
pared to those without PHA (Table 3).

Association between MHO and paradoxical hyperadipo-
nectinemia (PHA)

The MHO phenotype was present in 96 obese individuals
representing 28% of the obese subjects (men = 29.1% and
women = 27.5%; Table 4). Among men, MHO individuals
had significantly lower insulin, were more insulin sensitive
as measured by HOMA-IR and had significantly higher adi-
ponectin than non MHO individuals. Among women, WHR,
and TG were significantly lower and adiponectin higher in
MHO individuals than non MHO but the difference in in-
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sulin and HOMA-IR did not reach significance among the
two groups (Table 4). Twenty-eight of the sixty-six (42.4%)
individuals with PHA were also metabolically healthy obese.

Using logistic regression models, we found that MHO
was significantly associated with PHA in both men (OR =
2.8, 95% confidence interval (1.03 - 7.40)) and women (OR
=2.1,95% CI (1.04 - 4.10); Table 5). This association was
stronger (OR = 3.6, 95% CI (1.14 - 11.5)) in men after ad-
justing for age, WC, insulin and hypertension. In women,
the association remained significant after adjusting for age
and hypertension; surprisingly however, the models that in-
cluded either WC (OR = 1.91, 95% CI (0.9 - 4.2)) or insulin
(OR = 2.1, 95% CI (0.96 - 4.6); P = 0.06) did not reach sig-
nificance in women.
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Discussion

The importance of adiponectin as a clinical biomarker is
gaining increasing recognition. In this study, we sought to
characterize PHA and to evaluate its association with the
metabolically healthy obese (MHO) phenotype in a large
well-characterized population-based sample of AA adults.
Previous studies have found an association between PHA
and MHO in other populations [24, 25]. This study is the
first to investigate PHA in a large cohort of adult AA with
a focus on identifying gender differences. We found that all
obesity measures were negatively associated with adiponec-
tin levels as previously reported [13, 15, 16, 32]. Women
had higher circulating adiponectin levels than men despite
having higher BMI and PFM also as previously observed in
other studies [15, 32].

As previously shown in young AA girls [25, 28] and in
Hispanics [24], we observed PHA in obese men and women.
However, despite having differences in the degree of obesity,
the prevalence of PHA was not significantly different be-
tween obese men and women in this study. This may be due
to the differences in the distribution and localization of fat.
Notably, although men and women in this study had almost
the same mean waist circumference, women had significant-
ly lower WHR consistent with the “pear shape” variety that
is less associated with obesity-related complications includ-
ing diabetes [33]. We speculate that the localization of fat in
these obese women did not extensively impair their ability to
efficiently produce adiponectin.

The prevalence of 19.2 % of PHA in this study is lower
than previously observed in adults [24, 25]. While this may
be a unique characteristic of this cohort, it is consistent with
the finding that, on average, adiponectin levels are lower in
AA than other ethnic groups [18]. Therefore, our findings
may simply be reflecting the overall lower adiponectin levels
among AA.

A key finding in this study is that obese AA with PHA
had a healthier metabolic profile. This implies that PHA
should be considered an important characteristic of the meta-
bolically healthy obese (MHO) phenotype. Furthermore, our
analyses showed a strong association between PHA and the
MHO phenotype in both men and women. In fact, individu-
als with PHA are two to three times more likely to be MHO
than others. The differences between men and women on ad-
justing for covariates suggests that, unlike in men, the asso-
ciation between PHA and MHO in women is mainly driven
by both visceral adiposity and insulin levels. This finding
implies the involvement of more complex physiological in-
teractions in women than in men.

The current criteria used to define the metabolic syn-
drome remain sub-optimal when used for individuals from
populations of African descent [34]. Since the criteria often
used to characterize MHO phenotype are closely related to
those of metabolic syndrome, it is possible that current stud-
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ies, including the present one, may not be characterizing
MHO optimally. The standardization of the criteria used to
define MHO individuals need to be addressed in future stud-
ies, even though it is well-accepted that it remains hard to
standardize the identification of MHO subjects [27]. In this
regard, it is pertinent to note that it may be useful to include
inflammatory markers (e.g. C-reactive protein, fibrinogen,
white cell count (WBC)) since inflammation is a charac-
teristic hallmark of obesity and obesity-related morbidities
[35]. Assessing the predictive power of the criteria currently
used to characterize MHO subjects will be key in clearly un-
derstanding the phenotype, especially at the genetic level.
Although the MHO phenotype has been described [36], no
studies have provided the molecular mechanisms linking
high adiponectin levels with favorable metabolic profile. In
this regard, more molecular studies including proteomics,
metabolomics and genomics are needed to adequately iden-
tify this subset of obese individuals with the long term goal
of understand the physiology involved in protecting these
individuals from adverse conditions associated with obesity.

A limitation of this study is the fact that only total adipo-
nectin (and not its multimeric forms) was measured. Studies
that have measured isoforms of adiponectin have shown a
more nuanced view of its associations with metabolic out-
comes. For example, differences in low molecular weight
(LMW) adiponectin explained the observed difference in ad-
iponectin levels between AA and European Americans [37].
A second limitation is that the cross-sectional nature of this
study limits any strong inference regarding causality. Recent
studies have shown that a number of factors including physi-
cal activity, smoking, therapeutic agents and androgens that
were not measured in this study affect the level of circulating
adiponectin [38-40] and not controlling for such factors may
affect observed associations. Lastly, even though the defi-
nition of PHA used in this study and previously published
articles [24, 25] uses the lean individuals adiponectin mean
as reference, it may not completely captured the variability
and biological effect of adiponectin levels across obese in-
dividuals.

In summary, we demonstrated that adiponectin is associ-
ated with obesity and metabolic parameters (lipids, glucose
and insulin resistance) in a large population-based cohort of
AA. We showed that PHA is fairly common in obese AA
and that it is associated with MHO phenotype. Notably, this
is the first study to closely investigate the sexual dimorphic
(male-females) effects on the relationship between PHA and
obesity-related traits among AA, taking advantage of a large
sample size, a wide age range (18 to 67 years), and focusing
on within-population differences. Furthermore, we confirm,
for the first time, the existence of the MHO phenotype in a
population-based sample of AA. This study not only com-
plements published data, it also allows generalization of the
paradigm of PHA to non-European ancestry populations.
Studying the relationship between high adiponectin and the
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phenomenon of MHO in AA is a significant topic with major
public health importance that could lead to more targeted in-
terventions directed at reducing the negative health impacts
of obesity.
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