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Abstract

Aims Adiponectin, an insulin-sensitizing adipokine, con-

fers protection against type 2 diabetes. Although adipo-

nectin is secreted exclusively from fat, contributions of

visceral adipose tissue (VAT) versus subcutaneous adipose

tissue (SAT) to adiponectin levels have not been fully

understood. We aimed to examine correlations between

changes in VAT and SAT volumes and changes in adipo-

nectin levels.

Methods Here, we have investigated the correlations

between DVAT and DSAT with Dadiponectin in partici-

pants of the Diabetes Prevention Program, a clinical trial

investigating the effects of lifestyle changes and metformin

versus placebo on the rate of developing type 2 diabetes.

Data on VAT and SAT volumes, measured by computed

tomography, and on adiponectin levels at both baseline and

1-year follow-up were available in 321 men and 626

women.

Results In men, Dadiponectin was highly significantly

correlated with both DSAT (rs = -0.329) and DVAT
(rs = -0.413). Likewise, in women, Dadiponectin was

correlated with both DSAT (rs = -0.294) and DVAT

(rs = -0.348). In the lifestyle arm, Dadiponectin remained

highly significantly correlated with DSAT and DVAT in

men (rs = -0.399 and rs = -0.460, respectively), and in

women (rs = -0.372 and rs = -0.396, respectively), with

P\ 0.001 for all above correlations.

Conclusions We conclude that for both men and women,

adiponectin changes are highly significantly correlated

with changes in both SAT and VAT and that exercise- and

weight-loss-induced reduction in both SAT and VAT

contributes to the increased adiponectin.

Keywords Adiponectin � Subcutaneous adipose tissue �
Visceral adipose tissue

Insulin resistance is a key feature of metabolic syndrome,

which has dramatically increased in prevalence, mainly

because of the global obesity epidemic. A reduced concen-

tration of adiponectin, an insulin-sensitizing adipokine [1],

precedes the onset of type 2 diabetes; conversely, increased

adiponectin confers protection against type 2 diabetes [2, 3].

Increased visceral adipose tissue (VAT) is considered more

strongly associated with type 2 diabetes than subcutaneous

adipose tissue (SAT). Current evidence on the association

between adiponectin and VAT versus SAT has not been con-

clusive. Importantly, to investigate the contributions of VAT

versus SAT to adiponectin levels, it is necessary to examine the

correlation between changes in adiponectin concentration and

changes in VAT and SAT. However, such kind of longitudinal

studies have been limited, likely due to the tremendous efforts

needed to determine the adiponectin level, VAT and SAT at

multiple time points. Specifically, there has not been a longi-

tudinal study of lifestyle and metformin interventions to

examine the correlation between changes in VAT versus SAT

and changes in adiponectin in prediabetic populations. Here,
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we have investigated these correlations in participants of the

Diabetes Prevention Program (DPP) [4].

The DPP is a clinical trial investigating effects of life-

style changes or metformin versus placebo on the rate of

developing type 2 diabetes [4]. All DPP participants were

prediabetic, and the goals of the life style intervention were

to achieve and maintain a weight reduction of at least 7 %

of initial body weight, through healthy eating and exercise,

and to achieve and maintain a level of physical activity

equivalent to 700 kcal/week [4]. The DPP data Archive

version 2.1 was obtained from the NIDDK data repository.

VAT and SAT volumes were measured by CT scan at the

vertebral level L2–L3 and L4–L5 in 947 participants at

both baseline and 1-year follow-up [5], and subject num-

bers in lifestyle, metformin and placebo arms were 101,

112, 108 in men and 204, 206 and 216 in women,

respectively. Because adiponectin levels were not normally

distributed, the correlation between adiponectin and fat

depot was examined by Spearman’s rank correlation

coefficients. Statistical tests were performed using SAS

9.3, and P\ 0.05 was considered statistical significant.

Results based on L2–L3 and L4–L5 were consistent, and

therefore, only those of L2–L3 are shown.

First, we examined the correlation at baseline between

SAT and VAT volumes with adiponectin. In men, no sig-

nificant correlation was observed between adiponectin

levels with either SAT or VAT (Fig. 1a, b), while in

women, adiponectin was negatively correlated with SAT

(rs = -0.154, P\ 0.001) and with VAT (rs = -0.130,

P\ 0.001) (Fig. 2a, b).

Next, we examined the correlations between the change

in adiponectin levels and the change in SAT and VAT

volumes. In men, the change in adiponectin levels was

highly significantly correlated with the change in both

SAT (rs = -0.329, P\ 0.001) and VAT (rs = -0.413,

P\ 0.001) (Fig. 1c, d). Likewise, in women, the change in

adiponectin levels was also significantly correlated with the

change in both SAT (rs = -0.294, P\ 0.001) and VAT

(rs = -0.348, P\ 0.001) (Fig. 2c, d). Therefore, for both

men and women, changes in adiponectin levels were sig-

nificantly negatively correlated with changes in both SAT

and VAT.

Fig. 1 Correlations between adipose tissue volume and adiponectin

in male participants of the Diabetes Prevention Program. Correlations

between (a) subcutaneous (rs = 0.024, P = 0.66) and (b) visceral fats
(rs = -0.099, P = 0.07) with adiponectin levels at baseline. Corre-

lations between the change in (c) subcutaneous (rs = -0.329,

P\ 0.001) and (d) visceral fats (rs = -0.413, P\ 0.001) with

change in adiponectin levels. There were 321 male participants.

Adipose tissue volume was measured at baseline and 1-year follow-up

by computed tomography at the L2–L3 level. D = value(year 1)-

value(baseline), where values correspond to fat volume or adiponectin.

The Spearman’s rank correlation coefficient rs is calculated
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We then compared the correlations in response to life-

style changes and metformin versus placebo. In the life-

style arm, changes in adiponectin levels remained highly

significantly correlated with changes in SAT and VAT in

men (rs = -0.399 and rs = -0.460, respectively), and in

women (rs = -0.372 and rs = -0.396, respectively), with

P\ 0.001 for all above correlations. In the metformin arm,

the only significant correlation was between changes of

adiponectin and VAT in women (rs = -0.299, P\ 0.001).

In the placebo group, changes in adiponectin were nega-

tively correlated with changes in SAT and VAT, albeit to a

much lesser extent, compared to the lifestyle group. The

correlation coefficients of changes in adiponectin with

changes in SAT and VAT were -0.234 (P = 0.035) and

-0.243 (P = 0.029) in men, and -0.250 (P\ 0.001) and

-0.192 (P = 0.012) in women, respectively.

Therefore, rather than the basal adiponectin concentra-

tion, which may or may not be associated with VAT and

SAT, depending on age, gender and disease conditions,

what are highly significantly correlated were between

changes in adiponectin and changes in both SAT and VAT

for both men and women. Because adiponectin is secreted

exclusively from fat, in the DPP, exercise- and weight-loss-

induced reduction in both SAT and VAT contributed to the

increased adiponectin, an insulin-sensitizing hormone,

which plays a role in delaying type 2 diabetes development

in prediabetic populations.
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