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Abstract

Background—Our aim was to determine whether a low plasma adiponectin level is an
independent predictor of coronary heart disease (CHD).

Methods and Results—We measured adiponectin levels in frozen plasma samples (-80°C) in
a total of 3,188 male and female participants in cycle 6 of the Framingham Offspring Study, using
a novel full-automated assay. CHD cases at baseline were excluded, and participants were
followed for a mean of 7.5 years (mean age was 57 years in both men and women, and mean BMI
28.5 kg/m? in men and 27.3 kg/m? in women). Plasma adiponectin levels (median [25percentile,
75percentile]) were significantly higher in female than male controls (14.8 [10.7, 20.5] pg/mL
versus 9.0 [7.0, 12.2] pg/mL, p< 0.001). After adjustment for age, body mass index, smoking
status, systolic blood pressure, treatment for hypertension, diabetes status, use of cholesterol-
lowering medication, total cholesterol level, and high-density lipoprotein cholesterol level. A
decreased plasma adiponectin level was a highly significant predictor of future CHD events (n
=117) in men, with a hazards ratio of 0.4728 (p=0.0024). A bottom-quartile value of < 7.0 pg/mL
doubled the risk of CHD in men. The identical trend was observed in women; however, the
statistical significance of these associations disappeared after multivariate adjustments, possibly
due to a low number of female CHD cases (n=60).

Conclusion—An adiponectin level of < 7.0 pg/mL is a powerful independent predictor of CHD
in men in the United States.
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Introduction

Adiponectin is one of the major proteins produced in adipose tissues and has been found to
be pathologically anti-atherogenic molecules (1-3). Adiponectin is also a strong anti-
inflammatory compound acting through the nuclear factor kappa beta (NFkB) pathway (1).
Adiponectin has been shown to down-regulate adhesion molecule expression in endothelial
cells (2). In apo E-deficient mice, administration of adiponectin has been shown to protect
against diet-induced atherosclerosis (3).
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In contrast to the consensus in pathology, there is debate whether adiponectin is a significant
independent risk factor for coronary heart disease (CHD) in epidemiological fields (4-10).
In the Health Professional Study a doubling of baseline adiponectin was reported to be
associated with a significant 20% reduction in risk of myocardial infarction, a multivariate
analysis after adjustment for many risk factors (6). However, other studies including a recent
meta-analysis have not supported these observations (8). These studies included the British
Regional Health Services follow-up study, Strong Heart Study, as well as the British
Women’s Heart Health Study (8,11,12). The difference between these studies and the Health
Professionals Study is that they were all carried out in the United Kingdom as opposed to
the United States, and their mean body mass indexes were significantly lower. In most
studies, plasma adiponectin levels were measured by enzyme-linked immunosorbent assay
(ELISA). A novel full-automated assay has been developed for measuring plasma
adiponectin levels. The coefficients of variation (CV) within run and between runs of this
assay are less than 2%, which are much less than those of ELISA. Using the new assay, we
evaluated the hypothesis that plasma adiponectin levels are an independent predictor for
CHD coronary heart disease in the Framingham Offspring Study.

The participants in the Framingham Offspring Study (FOS), a long-term community-based
prospective observational study of risk factors for coronary heart disease are the offspring
and their spouses of the original Framingham Heart Study (FHS) cohort (13,14). During
cycle 6 of FOS (1995-1998) participants had a standardized medical history, physical
examination, and fasting lipid measurements. Exclusion criteria for controls were any
evidence of heart or vascular disease, hepatic or kidney disease, thyroid dysfunction, and
drug or alcohol abuse. Selection criteria for the CHD cases included a history of documented
myocardial infarction, coronary artery bypass, percutaneous coronary angioplasty, or
documented coronary disease on angiography. We performed our analyses on all available
plasma samples from male and female participants in cycle 6, which comprised 173 male
heart disease cases and 1335 male controls and 74 female cases and 1606 female controls.

Laboratory Measurements

Fasting plasma samples stored at —80 degrees were used. Plasma concentrations of standard
lipids and glucose levels had been previously measured. Adiponectin was measured by a
latex turbidometric immunoassay with kits obtained from Otsuka Pharmaceutical and
Mitsubishi Chemical Medience, Tokyo, Japan. Briefly, agglutination with adiponectin is
generated by rabbit anti-human adiponectin polyclonal antibodies immobilized on latex
beads by antigen-antibody reaction (15, 16). This assay was performed on a Hitachi 911
automated analyzer, and the coefficients of variation (CV) within and between run assays
were 0.6% and 1.3%, respectively. Insulin levels were measured with an automated
immunoassay distributed from Kamiya Biomedical, Seattle, WA, and within and between
run coefficients of variation were 3.1 and 3.4%, respectively.

Statistical Analysis

Data are expressed as means * standard deviations for continuous variables or proportions
for categorical variables. The distribution of the variables was compared between subjects
with or without type 2 diabetes, using non-paired T tests for continuous variables and Chi-
square tests for categorical variables. P values <0.05 were considered as statistically
significant.
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In the prospective analysis, subjects with established coronary heart disease at baseline were
excluded and the rest of the participants (1,331 men and 1,603 women) were followed up for
a mean of 7.5 years. Hazard ratios for the analysis of CHD outcome were calculated with the
use of the Cox proportional-hazards regression model, which was adjusted for body mass
index and the Framingham risk factors such as age, smoking, systolic blood pressure,
diabetes status, plasma total cholesterol level, plasma high-density lipoprotein cholesterol
level, the use of anti-hypertensives, and the use of cholesterol-lowering medications at the
6™ visit of FOS.

Characteristics of healthy men and women without CHD or diabetes, not on cholesterol
lowering medication, and women not on hormonal replacement therapy at baseline in exam
6 are shown in Table 1. As can be seen, women had significantly higher levels of
adiponectin than did men. They also had significantly lower body mass index (BMI), waist
size, systolic and diastolic blood pressure, treatment for hypertension, aspirin treatment, use
of alcohol, fasting triglyceride, glucose and insulin levels, and significantly higher levels of
HDL cholesterol than men. Data on healthy premenopausal and postmenopausal women
without CHD or diabetes, and not taking cholesterol lowering medication or hormonal
replacement therapy are shown in Table 2. Postmenopausal women had significantly higher
age, waist size, systolic blood pressure, antihypertensive treatment rate, aspirin use, and
fasting levels of triglyceride, LDL cholesterol, glucose, insulin, and adiponectin than
premenopausal women.

Normal ranges for fasting levels of adiponectin, glucose, and insulin are presented in Table
3 for the same subjects as selected for tables 1 and 2 (i.e. no CHD, diabetes, cholesterol
lowering medication, or hormonal replacement therapy). The 25t percentile value for
adiponectin for men was 7.0 micrograms per mL, while for premenopausal women this
value was 9.6 micrograms per mL, and for postmenopausal women it was 11.3 micrograms
per mL.

Data comparing heart disease cases and controls at cycle 6 are presented in Table 4 and 5.
As can clearly be seen, adiponectin levels were not significantly different between CHD
cases and controls at the baseline examination in men; however, they were significantly
lower in women (p=0.0121). Men with heart disease had significantly higher age, diastolic
blood pressure, prevalence of diabetes, use of antihypertensive medication, beta blockers,
oral glucose lowering agents, insulin, and cholesterol lowering medication, than men
without CHD (See Table 4). Male CHD cases also had significantly higher fasting levels of
triglyceride, glucose, and insulin, and significantly lower levels of LDL cholesterol and
HDL cholesterol than male non-cases (see Table 4). Women with heart disease had
significantly higher age, body mass index, waist size, systolic blood pressure, prevalence of
diabetes, use of antihypertensive medication, beta blockers, oral glucose lowering agents,
insulin, and cholesterol lowering medication, fasting levels of triglyceride, glucose, and
insulin, and significantly lower levels of LDL cholesterol and HDL cholesterol as compared
to women without CHD (see Table 5).

With regard to prospective analysis of the data, there were 117 new CHD cases in men and
60 new cases of CHD in the women over a mean of 7.5 years of follow-up. Data on the
hazards ratio for adiponectin after various adjustments is shown in Table 6. In men The
hazards ratio for low adiponectin was 0.4141 (p<0.001) in men after adjustment for age and
smoking. The hazards ratio for low adiponectin in men remained significant at 0.4728
(p=0.0024) after adjustment for all risk factors (age, body mass index, smoking, diabetes,
blood pressure, total cholesterol, and HDL cholesterol) and use of cholesterol lowering and

Atherosclerosis. Author manuscript; available in PMC 2013 May 23.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Aietal.

Page 4

antihypertensive therapy (see Table 6). In women, a low adiponectin was also a significant
risk factor for CHD after adjustment for age and smoking with a hazards ratio of 0.4278
(p=0.0017). However after adjustment for all risk factors and medication use, adiponectin
was no longer significant (hazards ratio 0.7101, p=0.3083). In figure 1 and 2 we show the
plots based on incidence of coronary heart disease. These data clearly indicate that lower
levels of adiponectin markedly increase the risk of CHD in men (figure 1). In the women we
see a similar trend, but our ability to detect significance in women may have been affected
by a smaller number of new CHD cases than in the men (figure 2).

Discussion

Our data clearly indicate that adiponectin is a significant independent predictor of heart
disease in men, with a similar trend being observed in women. The major difference
between our population and those of other investigators was that the mean body mass index
(BMI) in our population was considerably higher, and our data may be more relevant to US
populations. Even in normal subjects, the mean BMI was 27.0 kg/m?2 in women, which was
higher than the subjects in other observations (3—10). However, the results showed that the
hazard ratio did not change after adjusting BMI, which indicated that obesity did not effect
on the relationship between adiponectin levels and the cause of CHD events. Regarding
obesity and/or insulin resistance, a parameter using the combination of plasma adiponectin
levels and the homeostasis model assessment (HOMA) was also proposed to provide a
highly discriminatory parameter for CHD risk assessment (17). We calculated the HOMA
and the HOMA/adiponectin ratio, but unfortunately they were not better marker than plasma
adiponectin level itself in the FOS. These findings indicated that adiponectin is a unique
marker and probably different from other markers for insulin resistance.

There was significant difference in plasma adiponectin levels between men and women,
consistent with previous studies (5,7,9,10). In addition, postmenopausal women had
significantly higher levels of plasma adiponectin than premenopausal women. For
determining reference range for plasma adiponectin level, the gender difference and
menopausal status should be taken into consideration.

At baseline, plasma adiponectin levels were not significantly lower in male CHD cases than
in male controls, however the prospective analysis showed they were an independent
predictor for future CHD risks. These findings indicate that an adiponectin level of < 7.0 g/
mL is a powerful independent predictor of heart disease in men. Practically a high plasma
adiponectin level may not be problem but a low adiponectin level is surely problem in men.

It has been shown weight loss and exercise can increase plasma adiponectin levels (18,19).
In addition some methods have been shown to be effective. Thiazolidinediones, metformin
and niacin have all been reported to increase plasma adiponectin levels significantly (20—
24). Among 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)-reductase inhibitors
(statins), pravastatin has been reported to increase plasma adiponectin levels significantly
(25.26). Other statins have not been reported to have a significant effect on plasma
adiponectin levels. On the other hand, some drugs might have considerable effects on
adiponectin levels, which we do not know very well yet. In this study, the 90 percentile of
plasma adiponectin levels in healthy postmenopausal women was 28.4u.g/ml. Some studies
reported that the mean plasma adiponectin levels in the top quartile was over 40ug/ml and
their conclusions were high adiponectin levels increase the risk for coronary events and/or
all mortality. Even though the methods for the adiponectin measurement were different, we
could speculate that some factors (e.g. medication) increase plasma adiponectin levels,
causing discrepant results in population studies.
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Our measurements of plasma adiponectin levels were done using assay Kits that could be run
on an automated analyzer and the CVs were excellent. Other assays for measuring plasma
high-molecular-weight adiponectin levels have been developed, but they are not automated,
are more labor-intensive, and have higher coefficients of variation (27).

In

summary, our data in the Framingham Offspring Study indicate that low adiponectin is a

significant independent CHD risk factor in men. For middle age individuals, low plasma
adiponectin is a considerable risk for CHD. Any intervention for raising adiponectin levels
>7.0ug/ml could be helpful for preventing CHD.

Abbreviations

CHD Coronary Heart Disease

FOS
TC
TG

Framingham Offspring Study
Total Cholesterol
Triglyceride

HDL-C High Density Lipoprotein Cholesterol

LDL
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Age Adjusted Kaplan Meier Curve
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Adiponectin Quartile - Top 3 Quartles —— Bottom Quartile

Figure 1.

Kaplan-Meyer curves for the baseline plasma adiponectin levels and the cause of
cardiovascular diseases in men after adjusted for age. The bottom quartile of plasma
adiponectin levels had significantly higher event rates than the top 3 quartiles.
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Age Adjusted Kaplan Meier Curve

SEX=Female
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Figure 2.

Kaplan-Meyer curves for the baseline plasma adiponectin levels and the cause of
cardiovascular diseases in women after adjusted for age. The bottom quartile of plasma
adiponectin levels had significantly higher event rates than the top 3 quartiles.
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Characteristics, disease prevalence, and plasma glucose, insulin, adiponectin, and lipid levels in men and
women participating in the Framingham Offspring Study (Exam 6) without coronary heart disease, diabetes
mellitus, or receiving hormone replacement therapy

Women (n = 1012)

p value for differences

Variable Men (n = 1080)
Age (years) 57.1+9.7
Body Mass Index (kg/m2) 28.2+43
Body Mass Index > 30 (%) 27.2

Waist (cm) 100.4 +10.7
Waist > 102cm (%) 39.8

Systolic Blood Pressure (mmHg)  128.3 + 16.5
Diastolic Blood Pressure (mmHg) 77.8 9.3

Hypertension (%) 36.1
Hypertensive Treatment (%) 21.2

Taking Aspirin Regularly (%) 26.1
Cigarette Smokers (%) 15.1

> One drink alcohol/week (%) 55.9

TC (mg/dl) 201.4+35.7
TG (mg/dl) 114 [81, 160]
Log (TG) 473+051
HDL-cholesterol (mg/dl) 449+123
LDL-cholesterol (mg/dl) 130.7+31.6
Fasting Glucose (mg/dl) 99.4+9.3
Insulin (LU/ml) 10.8 [8.4,14.6]
Log (Insulin) 2.43+0.42
Adiponectin (j.g/ml) 9.0[7.0,12.2]
Log (Adiponectin) 223+0.44

57.4+10.5
27.1+56
24.2

93.1+14.7
23.6

124.8+19.3
73.7+9.3
30.7

30.9

211.8+39.5
100 [73, 142]
464 +0.48
57.1+15.2
131.3+355
952 +10.1
10.2[8.0,13.4]
2.36 +0.40
14.8[10.7,20.5]
2.68 +0.47

0.4851
<0.0001

"0.1146
<0.0001

"20.0001
<0.0001
<0.0001

"0.0001
*0.0561
"<0.0001
"0.4832

"<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.7218
<0.0001
0.0001
<0.0001
<0.0001
<0.0001

Values are expressed as mean + SD, median [25th percentile, 75th percentile], or percentage.

*
p-value obtained by Chi-Square test
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Table 2

Characteristics, disease prevalence, and plasma glucose, insulin, adiponectin, and lipid levels in
premenopausal and postmenopausal women participating in the Framingham Offspring Study (Exam 6)
without coronary heart disease, diabetes mellitus, nor hormone replacement therapies

Variable Premenopausal (n =313) Postmenopausal (n =698) p value for differences
Age (years) 46.4+5.0 62.4+8.3 <0.0001
Body Mass Index (kg/m2) 26.7+55 27.2+57 0.1622
Body Mass Index > 30 (%) 23.8 24.4 *0.8383
Waist (cm) 89.4 +13.6 94.7+14.8 <0.0001
Waist > 102cm (%) 16.6 26.7 *0.0005
Systolic Blood Pressure (mmHg)  115.3 £15.5 129.1+£19.3 <0.0001
Diastolic Blood Pressure (mmHg) 72.9 £9.2 74.0+9.3 0.0787
Hypertension (%) 151 37.7 *<0.0001
Hypertensive Treatment (%) 9.0 22.0 *<0.0001
Taking Aspirin Regularly (%) 9.3 21.4 *<0.0001
Cigarette Smokers (%) 16.3 16.2 *0.9741
> One drink alcohol/week (%) 34.8 29.1 *0.0715
TC (mg/dl) 194.4 + 36.4 219.5+38.4 <0.0001
TG (mg/dl) 83 [64,120] 106 [79,153] <0.0001
TG (mg/dl) 4.49 +0.45 4.71+0.48 <0.0001
HDL-cholesterol (mg/dl) 56.8 + 15.1 57.3+15.2 0.6906
LDL-cholesterol (mg/dl) 117.8+34.1 137.3+344 <0.0001
Fasting Glucose (mg/dl) 91.7+8.3 96.7 +10.5 <0.0001
Insulin (LU/ml) 9.2[7.6,12.2] 10.6 [8.2,14.0] #.0002
Log (Insulin) 2.29+0.38 2.40 +0.40 <0.0001
Adiponectin (ug/ml) 13.0[9.6,17.3] 15.8 [11.3,22.3] <0.0001
Log (Adiponectin) 2.54+0.45 2.75+0.47 <0.0001

Values are expressed as mean + SD, median [25th percentile, 75th percentile], or percentage.
*
p-value obtained by Chi-Square test

# . .
p-value obtained by using log-transformed values
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Characteristics and plasma glucose, insulin, adiponectin, and lipid levels in male subjects with and without

coronary heart disease participating in the Framingham Offspring Study (Exam 6)

Variable Coronary Heart Disease
NO (n=1335) YES(n=173) p value for differences

Age (years) 58.0 +9.7 65.3+7.9 <0.0001
Body Mass Index (kg/m2) 28544 28.7+4.3 0.6249
Body Mass Index > 30 (%) 30.1 31.8 0.6542
Waist (cm) 101.3+10.9 102.4 +10.9 0.1922
Waist > 102cm (%) 42.6 46.2 *0.3669
Systolic Blood Pressure (mmHg) 1296 +17.1 129.4+17.6 0.8633
Diastolic Blood Pressure (mmHg) 77.7+93 73.4+95 <0.0001
Hypertension (%) 41.9 66.5 *20.0001
Hypertensive Treatment (%) 271.7 58.5 *20.0001
Taking Aspirin Regularly (%) 311 78.0 *<0.0001
Diabetes Mellitus (%) 10.1 26.6 *20.0001
Oral Glycemic Control Drug Users (%) 4.4 12.2 *20.0001
On Insulin Treatment (%) 14 4.6 *0.0029
B-blocker Users (%) 9.4 54.9 *<0.0001
Cholesterol Lowering Drug Users (%) 11.4 46.8 *20.0001
Cigarette Smokers (%) 14.5 12.7 *0.5190
> One drink alcohol/week (%) 54.5 46.8 *0.0563
TC (mg/dl) 199.7+359  186.0+36.7  <0.0001
TG (mg/dl) 118 [83,166] 127 [93,187] #).0127
Log (TG) 4774052 4.88+0.51 0.0127
HDL-cholesterol (mg/dl) 441+£123 40.2+11.0 <0.0001
LDL-cholesterol (mg/dl) 128.5+31.7 115.4 +30.2 <0.0001
Fasting Glucose (mg/dl) 106.2 + 26.8 116.2+34.1 0.0003
Insulin (LU/ml) 11.3[8.6,155] 12.3[8.8,181] #) 0404
Log (Insulin) 2.48 £ 0.45 2.57£0.53 0.0404
Adiponectin (p.g/ml) 89[6.7,119] 8.4[6.1,12.5] #2761
Log (Adiponectin) 2.20+0.45 2.16 +£0.51 0.2761

Values are expressed as mean + SD, median [25th percentile, 75th percentile], or percentage.

*
p-value obtained by Chi-Squ

are test

#p-value obtained by using log-transformed values
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Characteristics and plasma glucose, insulin, adiponectin, and lipid levels in female subjects with and without

coronary heart disease participating in the Framingham Offspring Study (Exam 6)

Variable Coronary Heart Disease

NO (n=1606) YES (n=74) p value for differences
Age (years) 58.1+9.6 66.1+8.0 <0.0001
Body Mass Index (kg/m2) 27.3+5.7 29.1+54 0.0082
Body Mass Index > 30 (%) 25.8 35.1 %0.0757
Waist (cm) 93.9+14.8 101.1+13.3 <0.0001
Waist > 102cm (%) 26.3 39.7 *0.0110
Systolic Blood Pressure (mmHg) 126.5+19.6 140.4 + 24.6 <0.0001
Diastolic Blood Pressure (mmHg) 73.9+9.1 73.6+11.6 0.8502
Hypertension (%) 35.8 83.8 *20.0001
Hypertensive Treatment (%) 22.9 73.0 *20.0001
Taking Aspirin Regularly (%) 19.8 62.2 *20.0001
Diabetes Mellitus (%) 6.9 25.0 *<0.0001
Oral Glycemic Control Drug Users (%) 2.5 10.8 *20.0001
On Insulin Treatment (%) 1.2 9.5 *20.0001
B-blocker Users (%) 8.8 473 *20.0001
Cholesterol Lowering Drug Users (%) 8.8 35.1 *<0.0001
On Estrogen Therapy (%) 26.3 23.0 *0.5307
Postmenopause (%) 76.5 94.6 *0.0003
Cigarette Smokers (%) 15.5 18.9 %0.4322
> One drink alcohol/week (%) 30.5 21.6 *0.1035
TC (mg/dl) 211.9+38.3 2158 +39.3 0.3887
TG (mg/dl) 111.0 [78,163] 135.5[95,182]  # 0030
Log (TG) 4.74+£0.51 4.92 +0.56 0.0030
HDL-cholesterol (mg/dl) 57.4+16.0 54.3+16.1 0.0725
LDL-cholesterol (mg/dl) 128.2 + 34.6 128.6 +31.8 0.9241
Fasting Glucose (mg/dl) 99.8 + 25.6 1179+ 44.6 0.0009
Insulin (LU/ml) 10.2[8.0,13.6]  13.6[9.7,18.7] #0001
Log (Insulin) 2.37+0.43 2.67 £ 0.54 <0.0001
Adiponectin (png/ml) 145[10.4,19.9] 12.4[86,17.6] #0121
Log (Adiponectin) 2.65+0.47 2.51+0.48 0.0121

Values are expressed as mean + SD, median [25th percentile, 75th percentile], or percentage.

*
p-value obtained by Chi-Square test

7 . .
p-value obtained by using log-transformed values
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Table 6

Hazard ratio for coronary heart disease of adiponectin after adjusting conventional risk factors in male and
female subjects. (mean follow-up period was 7.5 years) *

Model 1
Model 2
Model 3
Model 4
Model 5

Male Female
Hazard Ratio Pvalue Hazard Ratio P value
0.4141 <0.0001 0.4278 0.0017
0.4731 0.0005 0.5693 0.0488
0.4610 0.0004 0.5945 0.0735
0.4870 0.0033 0.8124 0.5229
0.4728 0.0024 0.7107 0.3083

Covariates: Model 1; age and smoking status,

Model 2; age, smoking status, systolic blood pressure, hypertensive treatment, and diabetes status,

Model 3; age, smoking status, systolic blood pressure, hypertensive treatment, diabetes status, and cholesterol lowering medication,

Model 4; age, smoking status, systolic blood pressure, hypertensive treatment, diabetes status, cholesterol lowering medication, total cholesterol
level, and high-density lipoprotein cholesterol level.

Model 5; age, smoking status, systolic blood pressure, hypertensive treatment, diabetes status, cholesterol lowering medication, total cholesterol
level, high-density lipoprotein cholesterol level, and body mass index.

*
There were 117 new coronary heart disease cases in men out of 1332 participants, and 60 cases in women out of 1605 participants.
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