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Abstract

Circulating adiponectin is emerging as an important link between obesity, type 2 diabetes, and cardiovascular disease

(CVD). However, the spectrum of lifestyle factors that modulate the adiponectin concentration remains to be elucidated,

particularly among women. We conducted a cross-sectional study of 877 female twin pairs from the TwinsUK adult twin

registry. Using a co-twin design, we examined dietary and body composition influences on adiponectin by conducting

matched, within-pair analyses to eliminate confounding. Following multivariable adjustment within-twin pairs, significant

influences on adiponectin (log-transformed, percent change per SD of the dietary/body composition variable) were

observed for nonstarch polysaccharides (3.25%; 95% CI: 0.06, 6.54; P , 0.05) and magnesium intake (3.80%; 95%CI:

0.17, 7.57; P , 0.05), with a trend toward an association for fruit and vegetable (F&V) intakes (2.55%; 95% CI: 20.26,

5.45; P ¼ 0.08). These modest positive associations cannot be explained by confounding through other lifestyle factors

shared by the twins. A significant relationship between adiponectin and 3 derived dietary patterns (F&V, dieting, traditional

English), carbohydrate, protein, trans fat, and alcohol intake was also observed. Strong inverse associations with adip-

onectin were observed for BMI (210.72%; 95% CI: 213.78, 27.55), total (26.89%: 95% CI: 210.34, 23.30; P , 0.05),

and central fat mass (212.50%; 95% CI: 215.82, 29.05; P , 0.05); these relationships were significant both when twins

were analyzed as individuals and when characteristics were contrasted within-twin pairs, suggesting a direct effect. We

observed modest associations between dietary factors and adiponectin in female twins, independent of adiposity, and

report strong inverse associations with body composition. These data reinforce the importance of weight maintenance

and increasing consumption of diets rich in plant-based foods to prevent CVD and type 2 diabetes. J. Nutr. 139: 353–358,

2009.

Introduction

Adiponectin, a circulating adipose tissue-specific adipokine that
is produced in visceral, subcutaneous, and bone marrow fat
depots (1), plays an important role in modulating insulin
sensitivity and lipid metabolism (2–5). Although adiponectin
expression is almost exclusively restricted to adipocytes, plasma
concentrations are paradoxically downregulated in obese sub-
jects (1,6,7). Both total fat mass and distribution of adipose tissue
determine adiponectin levels; higher central adiposity is associ-
ated with lower levels (7,8).

Circulating adiponectin is emerging as an important link
among obesity, type 2 diabetes, and cardiovascular disease

(CVD)6 (3,4,6,9–13), but to date, the spectrum of lifestyle
factors that are predictors of adiponectin concentrations re-
mains to be elucidated. A better understanding of the control
of adiponectin expression may be important, because dietary
components may directly influence the molecular events that
govern gene expression of adipokine synthesis and interrelated
lipid and glucose metabolism. Limited available data suggest
energy restriction, weight loss, and activation of PPARg are
potential modifiers of adiponectin concentrations (14–18). In
healthy men, moderate alcohol intake is associated with in-
creased levels (2,19) and a carbohydrate-rich diet with a high
glycemic load is associated with decreased adiponectin concen-
trations (19). In diabetic women, adherence to a Mediterranean-
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type diet is associated with increased levels (20). However, at
present, little is known about dietary predictors of adiponectin
concentrations in healthy women.

The present study examines dietary and body composition
associations with adiponectin in healthy female twins derived
from the U.K. population. Studying associations in twins is the
equivalent of a matched case-control design, in which pairs are
matched for their genetic background and a range of factors in
their shared environment, all of which may influence the associ-
ation between adiponectin, diet, and body composition. This
provides a unique level of control over confounding by lifestyle
factors, which is a major limitation in the interpretation of many
dietary association studies. Our aim was to use a co-twin design
to examine the associations of body composition, dietary patterns,
foods, and nutrients on adiponectin concentrations in female twins.

Methods

Subjects and study design. The TwinsUK adult twin registry is an
ongoing study examining a wide range of age-related phenotypes. The

volunteer population comprises ;5000 twin pairs [35% monozygotic

(MZ), 65% dizygotic (DZ)], most of whom have undergone extensive
clinical investigations as part of previous studies. Participants were not

aware of the hypotheses being tested in this study and were not selected

on the basis of variables being studied. No significant differences have

been found for a range of traits when this group was compared with U.K.
adult singleton populations, suggesting that they are representative

(21,22). Zygosity was derived by questionnaire and confirmed by

multiplex-DNA fingerprinting (PE Applied Biosystems). Ethical ap-

proval was obtained from the St. Thomas’s Hospital Research Ethics
committee and informed consent was obtained from all subjects.

The twins included in this study were female, aged 18–80 y, and were

a sample of the total population group who attended for dual-energy
X-ray absorptiometry scans and clinical assessment between 1996–2000.

Complete data for this study were available for 1754 individuals, rep-

resenting 723 DZ pairs and 154 MZ pairs. Height and weight were

measured and BMI calculated. A venous blood sample was drawn
following an overnight fast and the resulting serum stored at 240�C until

analysis. For both twins of each pair, blood was taken 5 min apart. At

assessment, twins completed a questionnaire detailing their medical

history and lifestyle factors. Physical activity (PA) was recorded as
inactive, light, moderate, and heavy exercise during leisure time. This

previously validated measure of activity correlates well with an in-depth

measure of PA in the Dunbar Health Survey (23). Smoking was

categorized as current, ex, or never smoker. Index of multiple depriva-
tion scores (IMD) were derived for all subjects with valid U.K. postcodes,

as a measure of social class (22).

Assessment of body composition and dietary intake. Body com-

position was measured using dual-energy X-ray absorptiometry (Holo-

gic QDR). Total body fat (mass and percent body weight) was then

determined using standard software calculations. Central abdominal fat
was measured by a single blinded investigator and was defined as the

abdominal region extending from the top of the 2nd lumbar to the

bottom of the 4th lumbar vertebrae and laterally to the inner aspect of

the ribs (24); this region relates strongly to central abdominal fat
measured by computed tomography (25,26). Central abdominal fat is

expressed as mass of fat tissue in the defined region (in kilograms).

Subjects completed a 131-item validated FFQ (27,28) and nutrient
composition was determined using McCance and Widdowson Food

tables (29). To examine effects of dietary patterns and food and nutrient

intake on adiponectin, we first examined the relationship between the

dietary patterns previously described in our cohort (22): fruit and
vegetable (F&V): frequent intakes of fruit, allium, and cruciferous

vegetables and low intakes of fried potatoes; high alcohol: frequent

intakes of beer, wine, and allium vegetables and low intakes of high-fiber

breakfast cereals and fruit; traditional English: frequent intakes of fried
fish and potatoes, meats, savory pies and cruciferous vegetables; dieting:

frequent intakes of low-fat dairy products, low-sugar soda and low

intake of butter and sweet baked products; and low meat: frequent

intakes of baked beans, pizza, and soy foods and low intakes of meat,
other fish and seafood, and poultry. We then looked to confirm previous

findings from men and diabetic women (19,20) in relation to adiponectin

concentrations. To investigate the relative contribution of components of

F&V to circulating adiponectin concentrations, we conducted separate
analyses specifically to examine the relative contributions of magnesium

and nonstarch polysaccharide (NSP) intake to adiponectin levels.

Assessment of plasma adiponectin concentrations. Fasting serum
total adiponectin levels were measured with a 2-site DELFIA assay using

antibodies and standards from R&D Systems as described previously

(30). Adiponectin assays were performed by the Core Biochemical Assay
Laboratory, National Institute for Health Research Cambridge Biomed-

ical Research Centre, UK.

The day-to-day CV for plasma adiponectin was 9.9% at a concen-

tration of 3.2 mg/L, 7.8% at 8.5 mg/L, and 5.2% at 14.7 mg/L (30).

TABLE 1 Characteristics of the study population1

All
twins

MZ
only

DZ
only

P-
value4

n 1754 308 1446

Plasma adiponectin,2

mg/L

7.4 6 1.6 7.3 6 1.6 7.5 6 1.6 0.44

Age, y 47.8 6 12.3 47.0 6 13.4 47.9 6 12.0 0.28

BMI,3 kg/m2 24.9 6 1.2 24.4 6 1.2 25.0 6 1.2 0.02

Lean mass, % total

body weight

64.3 6 7.3 65.2 6 7.2 64.1 6 7.3 0.01

Fat mass, % total

body weight

35.7 6 7.3 34.8 6 7.2 35.9 6 7.3 0.01

Central fat mass, %

total body weight

5.5 6 1.6 5.3 6 1.7 5.5 6 1.6 0.13

Fat mass:lean mass 0.6 6 0.2 0.6 6 0.2 0.6 6 0.2 0.01

Total energy intake,

kJ/d

481 6 129 483 6 125 505 6 130 0.76

Carbohydrate, %

total energy

49.6 6 6.3 49.4 6 6.7 49.6 6 6.3 0.68

Protein, % total

energy

16.7 6 2.8 16.5 6 2.6 16.7 6 2.8 0.40

Total fat, % total

energy

30.2 6 5.4 30.3 6 5.4 30.1 6 5.4 0.67

Saturated fat, % total

energy

11.2 6 2.8 11.3 6 3.0 11.2 6 2.8 0.77

Monounsaturated fat,

% total energy

10.1 6 2.1 10.1 6 2.1 10.0 6 2.1 0.58

Polyunsaturated fat,

% total energy

6.7 6 1.7 6.7 6 1.6 6.7 6 1.7 0.99

Trans fat, % total

energy

0.9 6 0.3 0.9 6 0.3 0.9 6 0.3 0.54

NSP, g/d 20.5 6 7.7 20.3 6 7.7 20.6 6 7.7 0.55

F&V consumption,5

portions/d

6.7 6 3.6 6.8 6 3.7 6.7 6 3.5 0.47

Alcohol, g/d 10.4 6 14.2 10.9 6 13.2 10.3 6 14.4 0.47

Magnesium, mg/d 366 6 99.3 363 6 102 367 6 98.8 0.51

Current smokers, % 30.7 26.6 31.6 0.06

Moderate PA, % 54.8 56.8 54.4 0.33

IMD quintile,5 % 33.8 36.0 33.3 0.13

1 Values are means 6 SD or % unless otherwise indicated.
2 Nongeometric values for adiponectin: mean ¼ 8.32, SD ¼ 4.03, minimum ¼ 1.69,

maximum ¼ 28.5.
3 Values transformed back from the logarithmic of the original distribution.
4 P-values are from independent t tests for continuous variables or chi-square test for

categorical variables.
5 80 g/portion.
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