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An increase of insulin resistance and a worsening of
lipid profile during 6 mo of military service in young
male Finnish population has previously been shown by
us. The present study demonstrates unfavorable changes
of serum adiponectin concentrations and their associ-
ation with weight loss in these particular circumstances.
Adiponectin in a range of 4.3-21.2 pg/mL was present
in the serum samples and had a significant negative
correlation with weight, body mass index, waist to hip
ratio, and insulin. Fasting serum lipids and plasma in-
sulin significantly increased and serum adiponectin
levels significantly decreased during the military ser-
vice. Even the subjects with a 5-10% decrease in body
weight showed the same result. In cases with more than
10% weight reduction and a significant decrease of
fasting insulin concentration, the total and low density
lipoprotein cholesterol significantly increased and adi-
ponectin concentration tended to decreased. Only in
severely obese cases (BMI > 30 kg/m?) with more than
10% decrease in body mass index adiponectin levels
tended to increase, although not statistically signifi-
cantly. This study shows that serum adiponectin con-
centrations decreased during a 6 mo high-caloric diet
in military service, and even a moderate weight reduc-
tion induced by high-energy expenditure in exercise
during service did not increase its levels.
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Introduction

Recent studies have pointed out that a variety of proteins
secreted by adipose tissue influence the systemic metabo-
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lism and organ functions (/). It has been reported that adip-
onectin, one of the cytokines secreted by adipose tissue,
would have some potential as a treatment for insulin resis-
tance and diabetes in animal models (2). Decreased cir-
culating adiponectin levels have been found in obese sub-
jects, type 2 diabetic patients, and the first-degree relatives
of patients with type 2 diabetes mellitus (3—7), coronary
artery disease (CAD), and dyslipidemia (8,9). An increase
in serum adiponectin levels has been noted in subjects with
weight reduction (6,10,11).

In our previous study, unfavorable changes in several
insulin resistance—associated cardiovascular risk factors,
such as plasma insulin and serum lipids, during 6 mo of
military service were found in a Finnish male population
(12,13). As the main explanation for this, the frequent con-
sumption of snacks such as doughnuts and confectionary
between high-caloric meals was suggested (12,13). Because
apossible role of adiponectin in insulin resistance has been
shown, we aimed in this study to investigate the serum adipo-
nectin concentrations and their changes over 6 mo of mili-
tary service, during which the unfavorable changes in insulin
resistance—linked metabolic markers have been demonstrated.

Results

Serum Adiponectin Concentrations
and Their Correlation with Insulin
Resistance—Associated Metabolic Markers

The mean adiponectin concentrations and other insulin
resistance—associated markers at baseline and after 6 mo
military service are presented in Table 1. Adiponectin in a
range of 4.3-21.2 pg/mL was present in the serum samples
and had a significant negative correlation with weight (Spear-
man correlation coefficient r= —0.14), body mass index (BMI)
(r=-0.17), waist to hip ratio (WHR) (r=-0.304), and fast-
ing plasma insulin levels (r = —0.23) at the baseline. Serum
adiponectin concentrations significantly decreased during
the 6 mo military service compared to the baseline, while
total, low and high density lipoprotein cholesterol, triglyc-
erides, and insulin significantly increased in the whole popu-
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Table 1
Mean Adiponectin Concentrations and Other Insulin
Resistance—Associated Markers at Baseline and After 6 mo Military Service
At the baseline After 6 m Difference
Value Mean (SD) Mean (SD) Mean (SD) p-value
Adiponectin (ug/mL) 11.30 (3.63) 10.31 (3.66) 0.99 (2.09) <0.001
Total cholesterol (mmol/L) 3.72 (0.68) 4.38 (0.79) —-0.66 (0.62) <0.001
LDL cholesterol (mmol/L) 2.19 (0.60) 2.57 (0.69) —0.37 (0.54) <0.001
HDL cholesterol (mmol/L) 1.15 (0.29) 1.29 (0.30) —0.14 (0.22) <0.001
Triglycerides (mmol/L) 0.83 (0.45) 1.16 (0.69) —0.32 (0.66) <0.001
Insulin (mU/L) 9.20 (4.46) 9.88 (4.96) —0.68 (4.60) <0.005
Body Mass Index (kg/mz) 25.14 (4.48) 24.75 (3.92) 0.39 (1.72) <0.001
Weight (kg) 79.57 (15.48) 78.29 (13.77) 1.28 (5.51) <0.001
Waist (cm) 87.41 (12.36) 85.54 (11.54) 1.87 (6.16) <0.001
Hip (cm) 98.69 (8.73) 97.16 (9.83) 1.52 (6.66) <0.001
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lation (Table 1). Insulin sensitivity measured by the Quan-
titative Insulin Sensitivity Index (QUICKI) decreased sig-
nificantly (0.35 vs 0.34, p < 0.001) during the same period.

Multivariate regression analysis showed that the changes
in QUICKI, triglycerides (TG), low density lipoprotein (LDL)
cholesterol, and body weight were independently related
to the change in serum adiponectin concentration (Table 2).

Association of Serum Adiponectin with Weight Changes

When the subjects were stratified according to their weight
changes into four groups (5-10% weight gain, no change,
5-10% weight loss, and more than 10% weight loss), a sig-
nificant decrease in the follow-up adiponectin levels was
shown, even in the subjects who lost 5—10% of their weight
during the 6 mo. In the subjects losing more than 10% of
their body weight, the adiponectin concentration deceased
also, but not significantly statistically. The changes of adip-
onectin concentrations with their 95% confidence inter-
vals according to the changes of body weight are presented
in Fig. 1.

Among the subjects with 5-10% decrease in body weight,
the total cholesterol, LDL cholesterol, TG, and insulin in-
creased significantly (Table 3). Subjects with more than

] ] ] I
5-10% increase Mo change 5-10% decrease >10%

) decrease
Weight change

Fig. 1. Changes of adiponectin concentrations with their 95%
confidence intervals according to the changes of body weight.

10% body weight reduction had a significant decline in
insulin, but the total and LDL cholesterol continued to be
significantly higher and adiponectin level tended to be lower
in this group (Table 3).

In severely obese cases (BMI > 30 kg/m?) with more
than a 10% decrease in body weight (n = 5 mean BMI =
32.3), the adiponectin levels increased (8.0 pg/mL vs 8.9,
p = 0.42), insulin significantly decreased (15.50 mU/L vs
9.56, p = 0.015) but the total and LDL cholesterol signifi-
cantly increased (3.38 mmol/L vs 4.38, p = 0.004 and 2.0
mmol/L vs 2.58, p = 0.036, respectively).

Discussion

The associations among obesity, insulin resistance, and
type 2 diabetes are well known. However, the mechanisms
underlying these relations and the role of adipocytokines
such as adiponectin in relation to insulin resistance warrant
additional investigations.
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Table 3
Change of Plasma Lipids and Insulin According to Weight Changes During 6 mo Military Service

Weight changes

>5-10% increase No change >5-10% decrease >10% decrease
(n=34) (n=110) (n=138) (n=23)
Mean SD p-value Mean SD p-value Mean SD  p-value Mean SD p-value

Total cholesterol (mmol/L)

baseline 3.82  0.73 3.79 0.67 3.60 0.68 3.39 0.60

after 6 mo 451 0.79 445 0.79 428 0.68 4.01 0.89
Difference -0.68 0.58 <0.001 -0.66 0.62 <0.001 -0.67 0.68 <0.001 -0.62 0.59 <0.001
LDL cholesterol (mmol/L)

baseline 227  0.65 225 0.58 2.14  0.62 1.92 0.55

after 6 mo 2.80 0.77 2.58 0.67 248  0.62 234 0.75
Difference -0.54 058 <0.001 -0.32 0.51 <0.001 -0.34 061 <0.001 -0.43 049 <0.001
TG (mmol/L)

baseline 0.81 0.34 0.83 0.51 0.79 0.34 0.94 0.46

after 6 mo 0.85 045 .22 0.70 1.28  0.80 1.08 0.57
Difference -0.04 0.49 N.S -0.39 0.67 <0.001 -0.50 0.74 <0.001 -0.14 0.54 N.S
Insulin (mU/L)

baseline 6.10 222 895 454 9.89 4.8 12.51 4.33

after 6 mo 9.15 4.34 9.64 4.96 11.53  6.06 9.36  3.16
Difference -2.19  3.67 <0.001 -0.69 4.51 N.S. -1.64 4.63 <0.001 3.15 441 <0.001

Our present results demonstrated that, during the period
of military service, the serum adiponectin level decreased
and even a moderate (5-10%) weight reduction did not
result in a rise of the serum adiponectin level. Associations
of hyperlipidemia with low plasma adiponectin concentra-
tions and an increase in adiponectin concentration with an
improvement of plasma lipid profiles have been found (9,
14). Increase in plasma adiponectin through insulin-sensitis-
ing agents such as rosiglitazone, which increase the subcu-
taneous adipose tissue mass while decreasing lipid profiles,
has been shown (15-18).

We have already reported a high caloric diet-induced
insulin resistance increase during 6 mo of military service
in a Finnish male population. The caloric content of ordi-
nary meals served in the Finnish army is 3200-3600 kcal
per day (/2), and additional energy is obtained from the
snacks such as doughnuts and confectionary that are for
sale in the cafeterias in the daytime between the meals and
in the evenings. According to the questionnaires, service-
men reported that they consumed more snacks during the
service compared to their normal life (/3). This high calo-
ric diet was suggested to be the main reason for the increase
of plasma lipids during the 6 mo of military service.

In the present study, we found that despite the over 10%
weight reduction and increased amount of physical exer-
cise, which is obvious on the basis of increase in HDL

cholesterol level (Table 1), total and LDL cholesterol sig-
nificantly increased during the 6 mo of military service. In
agreement with our results, a negative lipid profile change,
despite a significant weight loss during 1 yr, was shown in
the subjects on a high-fat diet (79).

Our data did not show an increase in serum adiponectin
with moderate weight loss, although some studies (6,10,11)
have reported that weight reduction could result in a rise
of the serum adiponectin level. In one study (6), plasma
adiponectin rose after a 10% BMI reduction in subjects on
a calorie-restricted diet in hospital. In two other studies (10,
11), plasma adiponectin concentrations increased in severely
obese patients who underwent in gastric surgery and had a
marked loss of body weight. In the present study, most of
those who lost 5-10% of their weight were moderately
overweight (BMI mean = 27.9) but not severely obese, and
they did not take a calorie-restricted diet. The age and eth-
nic difference between our cases and the subjects of the
other studies must be considered.

In agreement with our results, two investigations have
shown that moderate amounts of weight loss in obese and
overweight women (20,21) were not associated with an in-
crease in serum adiponectin. It therefore seems that a sub-
stantial (>10%) weight loss by severely obese (BMI > 30 kg/
m?) persons is necessary to increase the serum adiponectin
concentrations, as in the current study serum adiponectin
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in severely obese subjects with more than 10% weight loss
started to increase, although not significantly.

To our knowledge the mechanisms for reported changes
of adiponectin with weight change have not been elucidated.
With the result of this study it is not completely clear why
the serum adiponectin levels decreased, but it seems that
the increase of the plasma lipids could be a suppressor for
secretion of adiponectin. Whether lipids affect the adipo-
nectin gene expression, or whether other mechanisms are
involved, needs to be further investigated.

We conclude from our data that serum adiponectin levels
could decrease due to the increase of plasma lipids achieved
from a 6 mo high caloric diet, and its levels do not change
even with a moderate weight reduction in this situation. It
is possible also that, apart from the diet, a marked weight
loss in more obese persons is necessary to increase serum
adiponectin. Further studies are thus needed to better under-
stand the role of serum adiponectin and the mechanisms
involved in adiponectin change related to weight change.

Materials and Methods

Subjects and Study Design

A study population of 205 Finnish servicemen (17-28
yr) were recruited. This population consisted of 127 males
from the Ostrobothnian Brigade (OB) garrison (/5) and 78
males from the First Signal Company (FSC) (13), both lo-
cated in the northern part of Finland. The study was started
in 1995 and the effect of the military lifestyle on insulin
resistance—associated risk factors was investigated among
them. As previously described (22), the Ethic Committees of
the Oulu Deaconess Institute and the Finnish Defence Forces
approved the study protocol. All recruited servicemen were
informed about the study and gave written consent.

Methods

Serum total cholesterol, high density lipoprotein (HDL)
cholesterol, low density lipoprotein (LDL) cholesterol, tri-
glycerides (TG), plasma insulin, and glucose after an over-
night fast and also systolic and diastolic blood pressure (SBP
and DBP), weight, body mass index (BMI), and waist-to-
hip ratio (WHR) were measured once at the baseline and
6 mo later, as described previously (15-22). The proportions
and frequencies of subjects in the different BMI classes in
the population at the baseline were 1.4% (n = 3) underweight
(BMI < 18 kg/m?), 50.8% (n = 104) normal weight (BMI
18-24.9 kg/m?), 33.1% (n = 68) overweight (BMI 25.1-30
kg/m?), and 14.7% (n = 30) obese (BMI > 30.0 kg/m?).

As we have already reported, the amount of daily energy
in the food served to every Finnish serviceman is 3200—
3600 kcal/d (12). Snacks such as doughnuts and confection-
ary served as the extra energy intakes between the meals.

We defined insulin resistance with the quantitative insu-
lin sensitivity check index (QUICKI) that can be determined

from fasting insulin and glucose values according to the
equation: QUICKI = 1/ [log (10) + log (GO)], in which 10
is fasting insulin and GO is fasting glucose (23).

The serum samples were stored at —80°C until subsequent
adiponectin measurement. Adiponectin concentrations were
determined by the Human Adiponectin ELISA Kit (B-Bridge
international, Inc., CA and USA). This ELISA is a sand-
wich-type enzyme-linked immunoassay consisting of pri-
mary (mouse anti-adiponectin monoclonal) antibody-coated
plate, secondary (rabbit anti-human adiponectin polyclonal)
antibody, detection (HRP-conjugated goat anti-rabbit IgG)
antibody, substrate for HRP and (recombinant human) adip-
onectin standard. One human serum sample with a known
adiponectin concentration was used as a reference in the
ELISA measurements.

Statistical Analysis

Statistical analyses and data management were performed
using SPSS (v.11.5) and SAS (v. 8.2) for Windows. The nor-
mality of the studied variables was tested using the Kol-
mogorov—Smirnov test. Triglyceride values were log-trans-
formed to achieve a normal distribution. The paired #-test was
used to evaluate the significance of the difference between
the mean values at the baseline and 6 mo later. The potential
univariate relationships between adiponectin levels and other
values (the biological or anthropometric parameter recorded)
were assessed by Pearson’s and Spearman’s correation co-
efficient analyses. After that, stepwise (with backward elim-
ination) linear regression analysis was performed to assess
the variables independently related to the change in serum
adiponectin levels during service. For this purpose, only
the variables showing a significant univariate association
with adiponection concentration were considered for multi-
variate analysis. A two-sided value p < 0.05 was considered
to be significant.
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