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BACKGROUND: The menopausal transition is characterized by increased cardiovascular risk, weight gain, and increased adipos-
ity for many women. The adipose- derived secretory proteins adiponectin and leptin are associated with insulin resistance, 
metabolic syndrome, and cardiovascular disease but their role in subclinical atherosclerotic disease is unclear. This cross- 
sectional study evaluated the associations of adiponectin and leptin with carotid artery intima- media thickness, adventitial 
diameter, presence of carotid plaques, and brachial- ankle pulse wave velocity (baPWV) in women aged 54 to 65 years.

METHODS AND RESULTS: Participants were 1399 women from SWAN (Study of Women’s Health Across the Nation), a community- 
based study of women transitioning through menopause. Carotid ultrasound and baPWV measures were obtained at SWAN 
follow- up visits 12 or 13, when 97% of participants were post- menopausal. Adipokines were assayed from serum speci-
mens obtained concurrently at these visits. Linear and logistic regression models were used to evaluate adiponectin or 
leptin, both log- transformed attributable to skewness, in relationship to carotid artery intima- media thickness, adventitial 
diameter, baPWV, and presence of carotid plaque. Covariates included age, race, study site, smoking, alcohol use, obesity, 
cardiovascular disease risk factors, and menopausal status. Lower levels of adiponectin were related to greater carotid artery 
intima- media thickness, wider adventitial diameter, and faster baPWV; associations were attenuated after adjusting for car-
diovascular disease risk factors. Higher levels of leptin were associated with greater carotid artery intima- media thickness and 
wider adventitial diameter in minimally and fully adjusted models, and contrary to expectation, with slower baPWV, particularly 
among women with diabetes mellitus or obesity.

CONCLUSIONS: Adiponectin and leptin are 2 important inflammatory pathways that may contribute to adverse subclinical car-
diovascular disease risk profiles in women at midlife.
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Adipokines, secretory proteins derived from adi-
pose tissue, likely play a role in obesity- related 
conditions, including insulin resistance, meta-

bolic syndrome, and cardiovascular disease (CVD).1 
Adiponectin is a highly abundant anti- inflammatory 
adipokine; leptin is proinflammatory, involved in meta-
bolic regulation, energy balance, and autonomic ner-
vous system functioning. Whether these adipokines 

play a significant role early in the atherosclerotic pro-
cess is unclear; available evidence, though mixed, 
suggests these adipokines may be important to con-
sider. Low adiponectin levels independently related 
to severity, extent, and pattern of atherosclerosis 
whereas high leptin related to severity and pattern of 
atherosclerosis in 1 case- control study.2 Lower adi-
ponectin levels were independently correlated with 
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greater carotid atherosclerosis in patients with chronic 
kidney disease (CKD) but not among patients without 
CKD in a Japanese study.3 Among Asian Indian pa-
tients with coronary artery disease (CAD) and their un-
affected family members (controls), lower adiponectin 
and higher leptin were related to higher odds of CAD 
and more adverse risk factor profiles, including higher 
levels of lipids, coagulation, and inflammatory mark-
ers.4 In 2 studies from Taiwan, higher serum leptin lev-
els were positively related to central arterial stiffness 
among middle- aged and older patients with hyper-
tension5 and with documented CAD.6 However, leptin 
was unrelated to arterial stiffness in a South African 
study of younger, healthy adults although it was in-
versely related to carotid wall thickness among men 
who were overweight.7 Among healthy adults, cir-
culating plasma levels of adiponectin were inversely 
associated with intima- media thickness in men 
only8; another study showed similar results in healthy 
middle- aged women.9

CVD risk increases after the menopausal transition. 
An increase in adipose tissue occurs at this time, with 
weight gain and increasing central adiposity commonly 
reported during the menopause transition. Whether 
concomitant changes in adipose- derived adiponectin 
and leptin contribute to increasing CVD risk among 
women during midlife is unclear. Moreover, racial/eth-
nic differences in CVD risk and adiposity are evident in 
women during the menopausal transition,10– 13 although 
data on racial/ethnic differences in subclinical CVD 
are mixed.14,15 A prior report from the SWAN (Study of 
Women’s Health Across the Nation) study showed ra-
cial/ethnic differences in adiponectin and leptin levels.16 
Relative to White women, Black women had signifi-
cantly higher leptin, and lower total and high molecular 
weight (HMW) adiponectin, whereas both Japanese 
and Chinese women had significantly lower total and 
HMW adiponectin, after adjusting for adiposity. The 
authors highlighted the need for additional research to 
determine if difference in adipokines contribute to ob-
served CVD racial disparities.

Several reports in the literature have noted para-
doxical or null associations of adiponectin and leptin 
with risk for coronary heart disease and/or total mor-
tality, particularly in high- risk individuals, eg, person 
with diabetes mellitus or Class III obesity.17– 19 Thus, the 
relationship of these pro-  and anti- inflammatory cyto-
kines with CVD may vary across stages of the athero-
sclerotic disease process and in the face of metabolic 
dysregulation.

This study brings together these lines of research 
to evaluate the association of adiponectin and leptin 
with markers of subclinical CVD in a multi- ethnic co-
hort of women, 97% of whom were post- menopausal 
at the time of data collection. We investigated ad-
iponectin and leptin in relationship to subclinical 
CVD, including markers of subclinical atheroscle-
rosis (carotid artery intimal medial thickness [cIMT] 
and presence of carotid plaque), vascular remodeling 
(adventitial diameter [AD]), and arterial stiffness (bra-
chial artery pulse wave velocity [baPWV]) in SWAN. 
We hypothesized that lower levels of adiponectin 
and higher levels of leptin would be associated with 
increased cIMT, greater AD, greater prevalence of 
carotid plaques and faster baPWV, all indicators of 
greater subclinical CVD.

Because of previously identified racial/ethnic dif-
ferences in adiponectin and leptin in SWAN19 and 
documented racial/ethnic differences in CVD risk, we 
examined potential differences in the hypothesized as-
sociations by race/ethnicity. Further, we investigated 
whether associations were independent of behavioral 
risk factors, traditional cardiovascular risk factors, and 
menopausal status, assessed by bleeding criteria and 
levels of estradiol and sex hormone binding globulin 
(SHBG).

CLINICAL PERSPECTIVE

What Is New?
• In a sample of nearly 1400 community- dwelling 

post- menopausal women without clinical car-
diovascular disease, we observed that lower 
levels of adiponectin and higher levels of leptin 
were associated with greater subclinical cardio-
vascular disease.

• Associations between subclinical cardiovascu-
lar disease and adiponectin were attenuated by 
known cardiovascular risk factors, but associa-
tions with leptin were mostly robust to risk factor 
adjustments.

What Are the Clinical Implications?
• Our study findings suggest that inflammatory 

pathways are critical to understanding the in-
creasing cardiovascular risk women experience 
as they age.

Nonstandard Abbreviations and Acronyms

AD adventitial diameter
baPWV brachial artery pulse wave velocity
cIMT carotid intimal- medial thickness
HMW high molecular weight
SHBG sex hormone binding globulin
SWAN Study of Women’s Health Across the 

Nation
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METHODS
Transparency and Reproducibility
SWAN provides access to public use data sets that 
include data from SWAN screening, baseline, and fol-
low- up visits (https://aging resea rchbi obank.nia.nih.
gov/). To preserve participant confidentiality, some, 
but not all, of the data used for this article are con-
tained in the public use data sets. A link to the public 
use data sets also is located on the SWAN website: 
http://www.swans tudy.org/swan- resea rch/data- 
acces s/. Investigators requiring assistance access-
ing the public use data set may contact the SWAN 
Coordinating Center by email at swanaccess@edc.
pitt.edu.

Population
Participants were from SWAN, a multi- ethnic, 
community- based, longitudinal study of the menopau-
sal transition among 3302 women enrolled at 7 US 
field sites (Boston, MA; Chicago, IL; Detroit, MI; Los 
Angeles, CA; Davis, CA; Newark, NJ; and Pittsburgh, 
PA) as previously described.20 At baseline (1996– 
1997), eligible women were non- pregnant, aged 42 to 
52  years, had an intact uterus with at least 1 ovary, 
and at least 1 menstrual period and no use of hormone 
therapy in the preceding 3 months.

The current analysis includes eligible women who 
participated in the carotid ultrasound and baPWV 
exams during the 12th or 13th annual follow- up 
clinic visit (n=1606). Women missing adipokine data 
(n=104) were excluded. Women with a history of prior 
myocardial infarction (n=103) also were excluded, 
given our focus on subclinical CVD; past diagnoses 
of other CVD conditions (eg, heart failure) were infre-
quent among participants and were not considered 
exclusionary. Thus, we identified a potential sample 
of 1399 with any subclinical CVD measure. Carotid 
plaque analyses included 1398 women as 1 partic-
ipant had no plaque data available; poor quality ca-
rotid images for 29 participants limited analyses of 
cIMT and AD to 1370 participants; 1096 completed 
the baPWV assessment but 6 women had poor 
quality baPWV data resulting in 1090 participants for 
baPWV analyses. The Institutional Review Board at 
each SWAN site and the SWAN Data Coordinating 
Center approved the study protocol; all participants 
provided written informed consent.

Predictor Variables and Covariates
All SWAN participants underwent approximately an-
nual study visits with interviewer- administered ques-
tionnaires to ascertain medication use and current 
smoking status, physical measures, and a fasting 
blood draw. Measures of adiponectin and leptin and 

other cardiovascular and metabolic risk factors were 
obtained from these data (detailed below).

Adipokines
Leptin and adiponectin were measured from serum 
specimens corresponding to the same clinic visit at 
which carotid ultrasound and baPWV were assessed. 
Blood draws were done before 10 am in a fasted state 
for all SWAN participants, timed to the early follicular 
phase (days 2– 5) for women who were still cycling, 
with cycle day of blood draw recorded as within or 
outside the targeted early follicular phase window. 
Among women who were no longer cycling (>97% of 
participants at visit 12 and 13), blood draws were com-
pleted within 90 days of the anniversary of their SWAN 
baseline visit. Assays for adiponectin and leptin were 
completed in duplicate using commercially available 
colorimetric enzyme- linked immunosorbent assay kits 
per instructions from the manufacturer (Millipore, St. 
Charles, MO). The inter- assay coefficient of variation 
percentage for adiponectin was 3.23±0.04 µg/mL and 
the coefficient of variation percentage for leptin was 
7.38±0.09 ng/mL.

Covariates
Demographics, Health Behaviors, and History

Race or ethnicity and education were self- reported at 
the SWAN baseline; education was classified as high 
school or less, some college/vocational, and college 
or more. Smoking status was categorized as current 
smoking (yes/no) based on self- report of smoking at 
SWAN visit 12. Alcohol consumption was categorized 
as none/low (alcohol use less than once a month); 
moderate alcohol use (defined as greater than once 
per month and <2 times per week); and high alcohol 
use (defined as ≥2 times per week). Physical activ-
ity was assessed by self- report of physical activity in 
4 domains: occupation, household and caregiving, 
sports and exercise, and daily routine.21,22 Women 
were considered to have diabetes mellitus if they self- 
reported diabetes mellitus or had fasting glucose levels 
≥126 mg/dL or reported any use of insulin/anti- diabetic 
mellitus agents at ≥70% of study visits or for ≥3 con-
secutive visits.

Cardiovascular Biomarkers and Risk Factors

Data on blood pressure, anthropometric and bio-
marker assessments were obtained from the visit 
corresponding to the carotid ultrasound visit (visit 
12/13). Systolic blood pressure (SBP) was measured 
manually per standard protocol in a seated position 
after at least a 5- minute rest; the average of 2 se-
quential readings was used in the analyses. Height 
was measured by a stadiometer and weight was 

https://agingresearchbiobank.nia.nih.gov/
https://agingresearchbiobank.nia.nih.gov/
http://www.swanstudy.org/swan-research/data-access/
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measured using calibrated scales; body mass index 
(BMI) was calculated as kg/m2. Triglycerides, high- 
density lipoprotein cholesterol (HDL- C) and direct low- 
density lipoprotein cholesterol (LDL- C) were analyzed 
via coupled enzymatic methods that used lipase, 
glycerol kinase, glycerol- 3- phosphate oxidase, and 
peroxidase (for triglycerides) and cholesterol ester-
ase, cholesterol oxidase, and peroxidase (for HDL- C 
and direct LDL- C). Serum insulin was measured by a 
2- site sandwich immunoassay using direct chemilu-
minescent technology. Glucose was measured using 
a 2- step enzymatic reaction that uses hexokinase 
and glucose- 6- phosphate dehydrogenase enzymes. 
Lipid, glucose, and insulin assays were performed on 
a Siemens ADVIA 2400 automated chemistry ana-
lyzer (Siemens Healthcare Diagnostics, Deerfield, IL) 
at the CLIA- certified University of Michigan Pathology 
Laboratory.

Sex Hormones and Menopausal Status

Estradiol was measured by a modified, off- line 
Automated Chemiluminescence System: 180 (E2- 
6). Lower limit of detection range was 1 to 7 pg/mL. 
SHBG was evaluated by a 2- site chemiluminescent 
immunoassay; limit of detection was between 1.9 and 
3.2 nmol/L. Menopausal status at the year 12 and 13 
visit was self- reported and reclassified into 3 catego-
ries: pre- menopausal/peri- menopausal (menstrual pe-
riod within 12 months), post- menopausal (≥12 months 
of amenorrhea), and surgical menopausal (hysterec-
tomy and/or bilateral oophorectomy).

Outcome Variables
Subclinical Cardiovascular Disease Measures

At each site, centrally trained and certified sonog-
raphers obtained carotid ultrasound images using a 
Terason t3000 Ultrasound System (Teratech Corp, 
Burlington, MA) equipped with a variable frequency 
5 to 12  MHz linear array transducer. Two digitized 
images for later reading were obtained of the left 
and right distal common carotid artery (CCA) dur-
ing end- diastole. Using artery measurement system 
(AMS) semi- automated edge detection software,23 
near and far wall CCA- IMT measures were obtained 
by electronically tracing the lumen- intima interface 
and media- adventitia interface across a 1- cm seg-
ment proximal to the carotid bulb. Averages of these 
measurements were recorded for all 4 images, with 
the mean of the average readings used in analyses. 
Common carotid artery AD was measured directly 
as the distance from the adventitial- medial interface 
on the near wall to the medial- adventitial interface on 
the far wall across the same CCA segments used 
for CCA- IMT measurement. Carotid scan images 

were read centrally at the SWAN Ultrasound Reading 
Center (University of Pittsburgh Ultrasound Research 
Lab) by 2 trained readers without knowledge of or 
access to participant data. Reproducibility of IMT 
and AD measures was excellent with an intraclass 
correlation coefficient (ICC) between site sonogra-
phers ≥0.77 for IMT and >0.85 for AD, and the ICC 
between readers >0.90 for IMT and >0.80 for AD. 
Sonographers at each site evaluated the presence 
and extent of plaque in each of 5 segments of the left 
and right carotid artery (distal and proximal common 
carotid artery, carotid bulb, and proximal internal and 
external carotid arteries).24,25 Plaque was defined as 
a distinct area protruding into the vessel lumen at 
least 50% thicker than the adjacent IMT. The pres-
ence (yes/no) of any plaque was used for analysis. 
For quality control, each site completed at least 20 
repeat plaque assessments for total of 136 repeat 
scans across sites; the resulting Kappa coefficient 
(95% CI) of 0.7561 (95% CI, 0.64‒ 0.87) indicates 
good reliability. Identical scanning and reading pro-
tocols have been used in several studies.25– 27

Brachial- ankle pulse wave velocity (baPWV) mea-
sures were automatically generated using a non- 
invasive automated waveform analyzer (VP2000, 
Omron Co., Komaki, Japan).28 This device provides 
a measure of mixed central and peripheral artery 
stiffness and ankle/brachial index by simultaneously 
recording baPWV, blood pressure, ECG and heart 
sounds. Following a 10- minute rest in a supine po-
sition, occlusion and monitoring cuffs were placed 
around both upper arms and ankles, following stan-
dardized placement procedures. Arm cuffs were 
placed on bare arms or over light clothing, and ankle 
cuffs were placed on bare ankles. ECG electrodes 
were placed on both wrists and a phonocardiogram 
was placed on the left edge of the sternum. Cuffs 
were connected to a plethysmographic sensor that 
determines pulse volume waveforms and to an oscil-
lometric pressure sensor that measures blood pres-
sure. Volume waveforms for the arm (brachial artery) 
and ankle (tibial artery) were stored for a 10- second 
sampling time with automatic gain analysis and 
quality adjustment. The baPWV was calculated as 
the path length between arterial sites divided by the 
time delay between the foot of the respective wave-
forms (ΔTba). The path length was calculated using 
height- based formulas rather than the actual “above 
the body” distances which corrects for the opposite 
direction of blood flow by subtracting the heart- to- 
brachial distance from the heart- to- tibial distance, as 
seen in the following equations29: path length from the 
heart to the brachium (Lb)=0.2195×height of the pa-
tient (cm) −2.0734; path length from the heart to ankle 
(La)=0.8129×height of the patient (cm) +12.328. The 
baPWV was calculated by time- phase analysis, for the 
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right and left sides, using the following equation: (La−
Lb)/(ΔTba). Left and right side baPWV values were av-
eraged for use in analyses. Data were collected from 3 
runs for each participant with values averaged.

Before the start of data collection, study sonogra-
phers from all SWAN sites were trained on the study 
protocol at the Ultrasound Research Laboratory at 
the University of Pittsburgh and monitored during 
the study period for reproducibility. This approach 
ensured accurate and consistent assessment of 
subclinical cardiovascular disease measures across 
study sites.

Statistical Analysis
Variables were examined for normality with skewed 
variables transformed as needed for analyses. 
Adiponectin, leptin, glucose, HDL- C, triglyceride, and 
SHBG were log- transformed. Estradiol was square- 
root transformed. The cIMT, AD, and baPWV meas-
ures were slightly skewed; thus, log- transformed, and 
untransformed measures were used in regression 
models. Results were similar; therefore, the untrans-
formed models are presented for ease of interpreta-
tion. Descriptive statistics (mean and SD or median 
and interquartile range values for continuous vari-
ables and counts and percentages for dichotomous 
or categorical variables) were used to summarize 
individual characteristics or risk factors by quartile 
of serum levels of adipokines. Analysis of variance 
F- test and Chi- square test were performed to test 
differences of continuous and categorical variables 
across quartiles of adipokines, respectively. Linear 
and logistic regression models were used to test for 
trends of continuous and categorical variables across 
quartiles of adipokines, respectively. Correlations of 
covariates, adipokines, and subclinical cardiovascu-
lar measures were examined to identify potential col-
linearity. BMI was highly correlated with adiponectin 
(r, −0.33, P<0.0001) and leptin (r, 0.75, P<0.0001); 
thus, we dichotomized BMI for analyses, with BMI 
values ≥30 noted as obese, and <30 as non- obese. 
Linear regression models were used with cIMT, AD, 
and baPWV as the dependent variables in separate 
models with adiponectin and leptin as predictors. 
With each outcome, the first model adjusted for age, 
race, and study site; the second model added covari-
ates for smoking and alcohol consumption; and the 
third model added dichotomous BMI as a covariate. 
We also performed sensitivity analyses using either 
waist:hip ratio or the calculated BMI residuals instead 
of obesity status as a covariate; results were similar 
to what is reported herein with obesity status as the 
covariate for adiposity. The final model included all 
covariates in the third model plus other potential con-
founders that were significant at P<0.1. Established 

health and CVD risk factors were candidate covari-
ates for the final model and included SBP, obesity, 
glucose, HDL- C, LDL- C, triglycerides, physical activity, 
use of anti- hypertensives and lipid- lowering medica-
tions, SHBG, estradiol, diabetes mellitus status, and 
menopausal status, classified as surgical menopause, 
postmenopause, or combined pre- /peri- menopause 
(referent). Serum glucose level is highly correlated with 
diabetes mellitus status, so these 2 variables were 
tested in separate models. Interactions of race and 
adipokines, diabetes mellitus, and adipokines, as well 
as obesity status and adipokines were tested after the 
final model was determined. Additional interactions of 
SBP with leptin and with obesity were tested in the 
baPWV model. Subgroup analyses were performed if 
interactions were statistically significant. SAS version 
9.3 (SAS Institute, Cary, NC) was used for the analy-
ses. All tests were 2- sided with α=0.05.

RESULTS
The study sample was multi- ethnic, including Black 
(30.0%), Chinese (12.7%), Hispanic (6.6%), and White 
(50.7%) women. Participants were predominantly post- 
menopausal (96.9%), non- smokers (90.9%), and, on 
average, aged 60 years at the time of the carotid exam 
visit. Fourteen percent reported a history of diabetes 
mellitus, 40% were currently on antihypertensive medi-
cations (65% ever use), 35.8% on lipid- lowering medi-
cations, and 4.5% reported currently using hormone 
replacement therapy.

Participants’ demographic and cardiovascu-
lar risk characteristics by quartile of adiponectin 
and leptin are summarized in Tables 1 and 2. Black 
women were more likely to be in the lower quartiles 
of adiponectin and higher quartiles of leptin while 
White women were more likely to be in the higher 
quartiles of adiponectin and Chinese women in the 
lowest quartile of leptin. Overall, lower adiponectin 
and higher leptin quartiles were associated with ad-
verse CVD risk profiles, indicated by measures of ad-
iposity, cardiometabolic health, and subclinical CVD. 
The box plots in Figure 1 graphically depict patterns 
of observed relationships for cIMT, AD, and baPWV 
across quartiles of adiponectin (Figure  1A through 
1C) and quartiles of leptin (Figure  1D through 1F), 
adjusted for age, race, and study site. CIs (depicted 
by error bars) are generally wide, yet distributions of 
cIMT, AD, and baPWV mean values across quartiles 
of adiponectin from low (Quartile 1) to high (Quartile 
4) show a graded, inverse pattern for each outcome. 
Across quartiles of leptin, graded patterns are seen 
for cIMT and AD, but not for baPWV, with the high-
est mean cIMT and AD values among women in the 
highest leptin quartile.
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Table 1. Sample Characteristics by Quartiles of Adiponectin: Study of Women’s Health Across the Nation Visit 12/13

Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High) No. P Value P- for- Trend

No. (total subjects) 352 352 353 342 1399

Race/Ethnicity, n(%)

Black 180 (51.1) 127 (36.1) 72 (20.4) 42 (12.3) 421 <0.0001 <0.0001

Chinese 40 (11.4) 44 (12.5) 53 (15.0) 40 (11.7) 177

Hispanic 38 (10.8) 18 (5.1) 19 (5.4) 17 (5.0) 92

White 94 (26.7) 163 (46.3) 209 (59.2) 243 (71.0) 709

Age, y, mean (SD) 59.3 (2.6) 59.6 (2.8) 59.7 (2.8) 59.7 (2.6) 1399 0.132 0.028

Diabetes mellitus, n (%)

Yes 96 (27.3) 50 (14.2) 19 (5.4) 26 (7.6) 191 <0.0001 <0.0001

No 256 (72.7) 302 (85.8) 334 (94.6) 316 (92.4) 1208

Current smoker, n (%)

Yes 55 (15.8) 28 (8.0) 26 (7.5) 17 (5.0) 126 <0.0001 <0.0001

No 294 (84.2) 320 (92.0) 322 (92.5) 324 (95.0) 1260

Alcohol use, n (%)

High (2+/wk) 39 (11.3) 59 (17.1) 95 (27.5) 117 (34.8) 310 <0.0001 <0.0001

Moderate 92 (26.7) 85 (24.6) 89 (25.7) 83 (24.7) 349

Low (<1/mo) 213 (61.9) 201 (58.3) 162 (46.8) 136 (40.5) 712

Menopause status, n (%)

Surgical menopause 40 (11.4) 40 (11.4) 24 (6.8) 24 (7.0) 128 0.045 0.006

Post- menopause 298 (85.1) 298 (84.9) 318 (90.6) 313 (91.5) 1227

Pre-  or peri- menopause 12 (3.4) 13 (3.7) 9 (2.6) 5 (1.5) 39

Current use of anti- hypertensives, n (%)

Yes 218 (74.7) 195 (71.4) 138 (54.8) 122 (55.7) 673 <0.0001 <0.0001

No 74 (25.3) 78 (28.6) 114 (45.2) 97 (44.3) 363

Current use of lipid- lowering drug, n (%)

Yes 152 (43.8) 141 (40.3) 112 (31.9) 91 (26.9) 496 <0.0001 <0.0001

No 195 (56.2) 209 (59.7) 239 (68.1) 247 (73.1) 890

Current use of hormone therapy, n (%)

Yes 14 (4.0) 15 (4.3) 12 (3.4) 22 (6.43) 63 0.237 0.198

No 338 (96.0) 337 (95.7) 341 (96.6) 320 (93.6) 1336

BMI, kg/m2, means (SD) 33.2 (6.9) 31.4 (7.2) 28.9 (6.9) 26.7 (6.3) 1377 <0.0001 <0.0001

Obesity (BMI ≥30 kg/m2), n (%)

Yes 219 (62.2) 180 (51.1) 128 (36.3) 76 (22.2) 603 <0.0001 <0.0001

No 133 (37.8) 172 (48.9) 225 (63.7) 266 (77.8) 796

Systolic blood pressure, mm Hg, 
means (SD)

128.5 (19.2) 122.7 (15.8) 119.6 (16.1) 118.4 (16.4) 1384 <0.0001 <0.0001

Fasting glucose, mg/dL, median 
(IQR)

99 (91– 114) 93 (88– 104) 91 (85– 97) 88 (83– 96) 1387 <0.0001 <0.0001

Triglycerides, mg/dL, median (IQR) 121 (89– 163) 112 (81– 157) 96 (73– 126) 81 (63– 110) 1381 <0.0001 <0.0001

HDL- C, mg/dL, median (IQR) 51 (45– 58) 56 (48– 64) 63 (54.5– 8) 70 (62– 82) 1392 <0.0001 <0.0001

LDL- C, mg/dL, means (SD) 116.0 (32.7) 120.0 (32.0) 122.1 (29.8) 121.7 (32.0) 1382 0.047 0.013

SHBG, nmol/L, median (IQR) 44.0 (30.5– 57.4) 48.3 (35.8– 67.9) 61.9 (44.3– 84.8) 84.0 (63.5– 112.2) 1399 <0.0001 <0.0001

Estradiol, pg/mL, median (IQR) 21.5 (13.5– 29.8) 18.8 (11.0– 26.7) 19.8 (11.2– 27.2) 16.1 (9.7– 23.3) 1397 <0.0001 <0.0001

Average CCA, mm, median (IQR) 0.81 (0.74– 0.9) 0.78 (0.72– 0.86) 0.77 (0.7– 0.83) 0.76 (0.69– 0.84) 1363 <0.0001 <0.0001

Max CCA, mm, median (IQR) 0.95 (0.87– 1.04) 0.91 (0.84– 1.01) 0.88 (0.81– 0.97) 0.88 (0.8– 0.96) 1368 <0.0001 <0.0001

AD, mm, median (IQR) 7.33 (6.88– 7.77) 7.14 (6.73– 7.61) 7.1 (6.65– 7.48) 6.99 (6.63– 7.4) 1366 <0.0001 <0.0001

 (Continued)
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Adiponectin Levels and Subclinical CVD
Every 1 unit lower log- transformed serum adiponec-
tin related to a 0.0159  mm (P=0.0013) thicker cIMT 
after adjusting for age, race, and study site (top half of 
Table  3, Model 1). The association remained statisti-
cally significant after adjusting for smoking and alco-
hol consumption (Model 2), but not after adjusting for 
obesity status (Model 3); adding covariates related to 
CVD risk, and menopausal status eliminated the ob-
served relationship of adiponectin with cIMT (Model 
4). For every 1 unit lower log- transformed serum adi-
ponectin, AD was 0.141  mm wider (P<0.001) adjust-
ing for age, site, and race (middle columns, Table 3, 
Model 1) and health behaviors (Model 2). The asso-
ciation remained statistically significant after adjusting 
for obesity status (Model 3) but reduced to null after 
adjusting for other CVD risk factors and menopau-
sal status (Model 4). Adjusting for age, site, and race, 
lower serum adiponectin was significantly associated 
with faster baPWV (β=−41.21, P<0.001), an associa-
tion that persisted after adjusting for smoking, alco-
hol consumption, and obesity status (right columns, 
Table 3, Models 1– 3) but not after adjusting for other 
covariates (Model 4). Including diabetes mellitus status 
in the model in place of fasting glucose did not alter 
the association between adiponectin and any of the 
subclinical vascular measures (data not shown). There 
was no statistically significant modification by race, 
diabetes mellitus status, or obesity (data not shown). 
Adiponectin levels were unrelated to presence of ca-
rotid plaques (data not shown).

Leptin Levels and Subclinical CVD
After adjusting for age, site, and race, every 1- log 
increment of leptin was associated with 0.0197 mm 
thicker cIMT (P<0.0001; see left columns, lower half 
of Table 3, Model 1). This association remained sta-
tistically significant after adjusting for smoking and 
alcohol consumption (Model 2) and obesity status 
(Model 3) but not for the other covariates (Model 4). 
AD was 0.156 mm wider for every 1- unit increase of 

log- transformed leptin after adjusting for age and 
race (P<0.001) (middle columns Table  3, Model 1), 
and remained statistically significant after covariate 
adjustment, albeit somewhat attenuated (Models 2– 
4). Higher concentrations of leptin were associated 
with slower baPWV across models (right columns, 
lower half of Table 3, Models 1– 4) but the associa-
tion only became statistically significant after SBP, 
fasting glucose, and LDL- C were added as covari-
ates (ie, Model 4). The coefficient for leptin is ≈8 
times larger in Model 4 (β=−33.237; P=0.0005) than 
in Model 1 (β=−4.487; ns). The R2 value of Model 
4 is 0.309, compared with <0.10 for each other 
model. The leptin- baPWV association appears to 
be especially impacted by fasting glucose and sys-
tolic blood pressure (both P<0.0001) but less so by 
LDL- C (P=0.09), all of which were positively related 
to baPWV (data not shown). Calculating the change 
in baPWV for each 1- SD increase in these covariates 
shows that baPWV was 41.7 cm/s faster per 1- SD of 
fasting glucose (SD, 27.7 mg/dL), 110.6 cm/s faster 
for each 1- SD increase in SBP (SD, 17.4 mm Hg), and 
10.6  cm/s faster for each 1- SD higher LDL- C value 
(SD, 32.2  mg/dL) (data not shown). Leptin is posi-
tively associated with fasting glucose and with SBP, 
as indicated in Table 2 where participants in the top 
quartile of leptin have the highest median value of 
glucose (P- for- trend<0.0001) and highest mean SBP 
(P- for- trend<0.0001). Using diabetes mellitus status 
in any of the fully adjusted leptin models in place of 
fasting glucose did not alter any of the associations 
observed between leptin and the subclinical CVD 
measures (data not shown). We observed signifi-
cant effect modification by diabetes mellitus status 
in the leptin and baPWV model (βleptin×diabetes 
mellitus=−70.77, SE=28.35, P=0.013); stratified 
models showed that leptin was related to slower 
baPWV in women with and without diabetes mel-
litus, but a stronger association was seen among 
women with diabetes mellitus. This was the case 
with or without fasting glucose included as a covari-
ate. We also explored effect modification by obesity 

Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High) No. P Value P- for- Trend

Plaque, n (%)

Yes 157 (44.7) 141 (40.0) 140 (39.7) 155 (45.3) 593 0.278 0.922

no 194 (55.3) 211 (60.0) 213 (60.3) 187 (54.7) 805

baPWV, cm/s, median (IQR) 1540.0 
(1358.2– 1692.4)

1462 
(1301.9– 1636.2)

1404.8 
(1276.2– 1517.2)

1417.7 
(1301.9– 1570.2)

1090 <0.0001 <0.0001

The column labeled "P value" shows P values for overall differences between groups; the column labeled "P- for- trend" shows P values from analyses 
testing for linear trends across groups. To obtain the P- for- trend values, linear regression analysis was performed for continuous risk factor variables, logistic 
regression analysis was performed for binary risk factor variables, and proportional odds logistic regression was performed for categorical variables. AD 
indicates adventitial diameter; baPWV, brachial artery pulse wave velocity; BMI, body mass index; CCA, common carotid artery; HDL- C, high density lipoprotein 
cholesterol; IQR, interquartile range; LDL- C, low- density lipoprotein cholesterol; and SHBG, sex hormone binding globulin.

Table 1. Continued
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Table 2. Sample Characteristics by Quartiles of Leptin: Study of Women’s Health Across the Nation Visit 12/13

Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High) No. P Value P- for- Trend

No. (total subjects) 349 350 350 350 1399

Race/Ethnicity, n (%)

Black 46 (13.2) 93 (26.6) 133 (3.08) 149 (42.8) 421 <0.0001 0.0002

Chinese 115 (33.0) 40 (11.4) 18 (5.1) 4 (1.1) 177

Hispanic 13 (3.7) 27 (7.7) 23 (6.6) 29 (8.3) 92

White 175 (50.1) 190 (54.3) 176 (50.3) 168 (48.0) 709

Age, y, mean (SD) 59.7 (2.6) 59.6 (2.7) 59.6 (2.7) 59.4 (2.8) 1399 0.611 0.212

Diabetes mellitus, n (%)

Yes 19 (5.4) 43 (12.3) 55 (15.7) 74 (21.1) 191 <0.0001 <0.0001

No 330 (94.6) 307 (87.7) 295 (84.3) 276 (78.9) 1208

Current smoker, n (%)

Yes 37 (10.6) 34 (9.7) 33 (9.5) 22 (6.4) 126 0.24 0.064

No 311 (89.4) 315 (90.3) 313 (90.5) 321 (93.6) 1260

Alcohol use, n (%)

High (2+/wk) 90 (26.2) 102 (29.7) 79 (23.2) 39 (11.4) 310 <0.0001 <0.0001

Moderate 79 (23.0) 85 (24.7) 94 (27.6) 91 (26.6) 349

<1/mo 175 (50.9) 157 (45.6) 168 (49.3) 212 (62.0) 712

Menopause status, n (%)

Surgical menopause 21 (6.0) 28 (8.1) 36 (10.3) 43 (12.3) 128 0.0037 <0.0001

Post- menopause 324 (92.8) 312 (89.9) 301 (86.2) 290 (83.1) 1227

Pre-  and peri- menopause 4 (1.1) 7 (2.0) 12 (3.4) 16 (4.6) 39

Current use of anti- hypertensives, n (%)

Yes 99 (44.4) 150 (62.8) 179 (66.8) 245 (80.1) 673 <0.0001 <0.0001

No 124 (55.6) 89 (37.2) 89 (33.2) 61 (19.9) 363

Current use of lipid- lowering drug, n (%)

Yes 93 (27.0) 118 (34.1) 119 (34.3) 166 (47.7) 496 <0.0001 <0.0001

No 252 (73.0) 228 (65.9) 228 (65.7) 182 (52.3) 890

Current use of hormone therapy, n (%)

Yes 21 (6.0) 16 (4.6) 12 (3.4) 14 (4.0) 63 0.390 0.149

No 328 (94.0) 334 (95.4) 338 (96.6) 336 (96.0) 1336

BMI, kg/m2, n (%) 23.2 (3.2) 27.4 (3.9) 31.8 (4.9) 38.0 (6.6) 1377 <0.0001 <0.0001

Obesity (BMI ≥30 kg/m2, n (%)

Yes 10 (2.9) 72 (20.6) 217 (62.0) 304 (86.9) 603 <0.0001 <0.0001

No 339 (97.1) 278 (79.4) 133 (38.0) 46 (13.1) 796

Systolic blood pressure, mm Hg, 
means (SD)

115.3 (17.3) 122.7 (17.1) 123.7 (15.4) 127.6 (17.3) 1384 <0.0001 <0.0001

Fasting glucose, mg/dL, median (IQR) 89 (83– 94) 92 (86– 99.5) 94 (88– 102) 97 (89– 110) 1387 <0.0001 <0.0001

Triglycerides, mg/dL, median (IQR) 85 (65– 114) 102 (76– 143) 108 (79– 149) 111 (81– 147) 1381 <0.0001 <0.0001

HDL- C, mg/dL, median (IQR) 68 (57– 81) 59 (51– 72) 56 (49– 68) 55 (47– 63) 1392 <0.0001 <0.0001

LDL- C, mg/dL, mean (SD) 119.3 (32.6) 121.2 (30.7) 121.2 (31.7) 118.1 (31.7) 1382 0.501 0.655

SHBG, nmol/L, median (IQR) 80.2 (56– 108.1) 60.1 (42.9– 8) 52.0 (37.2– 68.7) 45.2 (33.3– 63.8) 1399 <0.0001 <0.0001

Estradiol, pg/mL, median (IQR) 16.2 (8.4– 22.3) 18.0 (10.9– 25.7) 19.0 (12.7– 27.7) 23.6 (14.9– 32.7) 1397 <0.0001 <0.0001

Average CCA, mm, median (IQR) 0.73 (0.68– 0.81) 0.78 (0.71– 0.87) 0.79 (0.73– 0.87) 0.81 (0.74– 0.89) 1363 <0.0001 <0.0001

Max CCA, mm, median (IQR) 0.86 (0.79– 0.93) 0.91 (0.83– 1.01) 0.92 (0.85– 1.01) 0.95 (0.87– 1.03) 1368 <0.0001 <0.0001

AD, mm, median (IQR) 6.96 (6.6– 7.32) 7.06 (6.65– 7.54) 7.22 (6.77– 7.65) 7.31 (6.9– 7.79) 1366 <0.0001 <0.0001

 (Continued)
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status (βleptin×obese=−55.49, SE=20.76, P=0.008). 
Analysis stratified by BMI (<30 versus ≥30) showed 
that leptin was related to slower baPWV in women 
in both BMI groups, but a stronger relationship was 
seen among women with obesity (data not shown). 
In contrast, no evidence of effect modification by 
diabetes mellitus status was observed in either the 
IMT or AD models (data not shown). There were no 
significant leptin×race interactions for any outcomes, 
and leptin levels were unrelated to presence of ca-
rotid plaques (data not shown).

DISCUSSION

This study examined the relationship of adiponectin and 
leptin, 2 important adipose- derived secretory proteins, 
with several indicators of subclinical CVD among nearly 
1400 middle- aged and older community- dwelling 
women. Consistent with our hypotheses, women with 
lower levels of adiponectin or higher levels of leptin 
showed greater atherosclerotic burden, as indicated 
by greater cIMT and greater AD. Notably, adiposity 
(BMI), SBP, and high fasting glucose levels, recognized 

Quartile 1 (Low) Quartile 2 Quartile 3 Quartile 4 (High) No. P Value P- for- Trend

Plaque, n (%)

Yes 146 (41.8) 146 (41.7) 151 (43.1) 150 (43.0) 593 0.971 0.681

no 203 (58.2) 204 (58.3) 199 (56.9) 199 (57.0) 805

baPWV, cm/s, median (IQR) 1387.0 
(1195.8– 1431.1)

1428.6 
(1319.5– 1596.8)

1437.5 
(1310.5– 1623.9)

1453.6 
(1313.1– 1644.0)

822 0.669 0.698

The column labeled "P value" shows P values for overall differences between groups; the column labeled "P- for- trend" shows P values from analyses 
testing for linear trends across groups. To obtain the P- for- trend values, linear regression analysis was performed for continuous risk factor variables, logistic 
regression analysis was performed for binary risk factor variables, and proportional odds logistic regression was performed for categorical variables. AD 
indicates adventitial diameter; baPWV, brachial artery pulse wave velocity; BMI, body mass index; CCA, common carotid artery; HDL- C, high density lipoprotein 
cholesterol; IQR, interquartile range; LDL- C, low- density lipoprotein cholesterol; and SHBG, sex hormone binding globulin.

Table 2. Continued

Figure 1. Distributions of carotid artery intima- medial thickening, adventitial diameter, and brachial artery pulse wave 
velocity across quartiles of adiponectin and leptin: SWAN (Study of Women’s Health Across the Nation).
A and D, Means and distribution of carotid artery intima- medial thickening by quartiles of adiponectin and leptin, respectively, 
adjusted for age, race and study site. B and E, Means and distribution of adventitial diameter by quartiles of adiponectin and leptin, 
respectively, adjusted for age, race, and study site. C and F, means and distribution of brachial artery pulse wave velocity by quartiles 
of adiponectin and leptin, respectively, adjusted for age, race and study site. AD indicates adventitial diameter; baPWV, brachial artery 
pulse wave velocity; and cIMT, carotid artery intima- medial thickening.
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risk factors for atherosclerotic vascular disease, were 
important covariates in our models, accounting for 
some though not all of the observed associations be-
tween adipokines and subclinical atherosclerosis. For 
example, the associations of adiponectin with cIMT 
and AD were weakened when BMI was included in the 
analytic models and largely explained by adjustment 
or other CVD risk factors. In contrast, associations be-
tween leptin and these subclinical CVD measures re-
mained significant (or nearly so) after adjusting for BMI 
and other CVD risk factors. Our observed pattern of 
findings highlights the importance of proinflammatory 
processes in atherogenesis.

Prior studies investigating the role of adiponec-
tin in subclinical atherosclerosis produced mixed 
results. Lo et al9 reported that adiponectin was in-
versely related to mean carotid IMT in analyses ad-
justed for age, race, pack- years of smoking, and 
indicators of subcutaneous and visceral fat in a 
sample of ethnically diverse, younger (mean age=40 
years) community- dwelling women. Lipids, blood 
pressure, and indicators of glucose metabolism 
were not included as covariates in their multivari-
able model so it is unknown if further adjustment for 
these CVD risk factors would have impacted their 
observed relationship between adiponectin and 
cIMT. Significant cross- sectional associations be-
tween lower levels of adiponectin and greater cIMT 
also have been reported in adolescents with obesity 
in analyses adjusted for age, sex, and CVD risk fac-
tors29 and in middle- aged White adults at high risk 
for, but without clinical manifestation of atheroscle-
rosis30; in the latter study, associations were stron-
ger in men than women, particularly in fully adjusted 
models with CVD risk factors, C- reactive protein, and 
history of diabetes mellitus. Another study of healthy 
adults in their 60s observed a relationship between 
circulating adiponectin and mean IMT in men but 
not in women.8 Studies of patients with CAD2 and 
CKD3 reported that lower adiponectin levels were in-
dependently associated with greater carotid athero-
sclerosis, although the association was not evident in 
controls without those conditions. Lower adiponectin 
and higher leptin were related to greater odds of CAD 
and more adverse cardiovascular risk factor profiles 
in a sample of South Asian patients with CAD and 
their unaffected family members who were study 
controls selected from the Indian Atherosclerosis 
Research Study.4 However, another study of South 
Asian and White patients with angiographically doc-
umented CAD residing in the United Kingdom found 
no association between adiponectin levels and ex-
tent or severity of CAD.31 Our work shows potentially 
important relations of adiponectin and leptin to sub-
clinical atherosclerosis among midlife women with-
out established CVD, but additionally underscores 

the importance of comprehensive consideration of 
key CVD risk factors in these relationships.

Our analyses evaluating adipokines in relationship 
to arterial stiffness, measured by baPWV, revealed 
mixed findings. Women with lower adiponectin levels 
showed greater arterial stiffness (ie, faster baPWV). 
This inverse association was attenuated and no lon-
ger statistically significant with SBP, fasting glucose, 
and LDL- C included as covariates. Other cross- 
sectional studies similarly have found that lower 
levels of adiponectin are associated with arterial 
stiffness, in hypertensive populations and among 
healthy inviduals.32 Few longitudinal studies have 
evaluated adiponectin in relationship to changes in 
arterial stiffness; one population- based study of men 
without CVD33 and another study of patients with 
hypertension34 reported that lower baseline levels of 
adiponectin were related to increased arterial stiff-
ness over time. In our data, leptin was associated 
with slower baPWV only in the fully adjusted model, 
with the addition of covariates for SBP and especially 
fasting glucose influencing this relationship; contrary 
to expectations, in this model, higher levels of leptin 
were associated with less arterial stiffness. Further 
analyses revealed this relationship was strongest 
among women with obesity or diabetes mellitus, al-
though still evident among women without obesity 
or diabetes mellitus and with or without fasting glu-
cose included as a covariate. The extant literature, 
though neither extensive nor consistent, suggests 
that higher levels of leptin may contribute to vascular 
stiffness and hypertension.32 Thus, it is not clear why 
the pattern we observed emerged in our data. The 
interactions we identified suggest that obesity may 
be particularly important in helping to understand 
our findings. We accounted for obesity status using 
BMI and as we noted, sensitivity analyses with either 
BMI residuals or waist- to- hip ratio showed the same 
findings. It is possible that the BMI- leptin relationship 
may not be fully accounted for in how we analyzed 
our data. However, though leptin is strongly related 
to BMI in our data, BMI is only weakly associated 
with baPWV (rs=0.0556, P=0.059). It could be that 
the relationship of leptin with arterial stiffness varies 
depending on whether the specific pulse wave veloc-
ity measure that is obtained captures vascular stiff-
ening in central or peripheral artery beds. Our study 
measured baPWV, a composite indicator of central 
and peripheral artery stiffness. The studies by Tsai 
and colleagues5,6 showed that leptin was positively 
related to central arterial stiffness, as measured by 
carotid- femoral pulse wave velocity, in patients with 
hypertension or with CAD. However, this same mea-
sure of arterial stiffness was unrelated to leptin in 
healthy young adults in 1 study7 and inversely related 
with leptin in a recent report from the Framingham 
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Third Generation cohort.35 Yet both central and pe-
ripheral artery stiffness are associated with glucose 
dysregulation and greater cardiovascular risk.36– 38 
It is clear that further research is needed to better 
understand the complex interrelationships among 
leptin, arterial stiffness, glucose regulation, and adi-
posity among post- menopausal women.

In our sample of mostly post- menopausal women, 
there was little impact of menopausal status, estra-
diol, or SHBG on the observed relationships between 
the adipokines and subclinical CVD. Menopausal 
status, established by bleeding pattern criteria, met 
our criteria (P<0.1) for inclusion as a covariate in 4 
multivariable models evaluating the associations of 
adiponectin and leptin with cIMT and AD (Model 4s in 
Table 3); however, it was not a statistically significant 
covariate in any of the fully adjusted models. The 
patterns of association of SHBG and estradiol with 
the adipokines were similar to the pattern observed 
with menopausal status. SHBG values were increas-
ingly higher and estradiol values were increasingly 
lower from the bottom to top quartiles of adiponectin 
(Table 1), with a reverse pattern noted across quar-
tiles of leptin (Table 2), which is consistent with prior 
research.39 However, neither measure met criteria for 
inclusion in the final, fully adjusted models for either 
adipokine.

Study Limitations and Strengths
This study has limitations; data are cross- sectional 
so we cannot determine temporal relationships or 
whether changes in leptin or adiponectin over time af-
fect progression of IMT, arterial stiffness, or the other 
subclinical CVD measures. Additional data collection 
in SWAN at visit 15 included repeat assessments of 
several markers of subclinical CVD in a subset of par-
ticipants and we also have ongoing adjudication of 
cardiovascular events, so we will be able to examine 
longitudinal relationships of adipokines and cardio-
vascular risk in future analyses. Results are not gen-
eralizable to women younger or older than the age 
range of our participants or from other racial/ethnic 
backgrounds, or to men. We used total adiponec-
tin rather than HMW adiponectin in analyses, which 
might be interpreted as a limitation. HMW adiponec-
tin is more biologically active than total adiponectin 
and increases with improved insulin sensitivity so 
may be a better measurement than total adiponectin 
for insulin sensitivity and CVD40; however, levels of 
venous total and HMW adiponectin levels are highly 
correlated in humans and declines in both forms of 
adiponectin are associated with type 2 diabetes mel-
litus and an increased CVD risk.41

Our study also has important strengths. SWAN 
includes a well- measured and comprehensive set of 

cardiovascular risk factors, and our study design en-
abled us to examine associations of adipokines with 
several indicators of subclinical CVD among women 
before onset of clinical manifestations of CVD.

CONCLUSIONS
We observed a consistent association of greater 
subclinical atherosclerosis with lower levels of adi-
ponectin and higher levels of leptin, 2 important 
inflammatory pathways that may underlie relation-
ships between adiposity and CVD risk. Associations 
for leptin are mostly robust to risk factor adjustment 
whereas associations for adiponectin can be ex-
plained by known CVD risk factors. The data also 
show that low adiponectin is associated with greater 
arterial stiffness in our sample, with a surprising trend 
toward less arterial stiffness associated with higher 
leptin particularly in women with diabetes mellitus or 
obesity. Data are cross- sectional only; future inves-
tigations should evaluate whether adverse changes 
in these adipocyte- derived hormones contribute to 
a worsening of subclinical atherosclerotic vascular 
disease over time.
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