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Summary

 

Objective

 

It is well known that ageing is associated with several

hormonal alterations. However, the consequence of ageing on the

endocrine function of adipose tissue is not fully elucidated. Adi-

ponectin is a new anti-inflammatory protein secreted exclusively by

adipocytes and plays a protective role against insulin resistance and

atherosclerosis. Therefore, the aim of present study was to estimate plasma

adiponectin concentration in apparently healthy elderly subjects.

 

Subjects

 

Fifty-eight women and 67 men aged 20–93 years were

included in this study. Subjects were divided into three groups:

younger than 50 years, between 50 and 70 years and older than

70 years of age.

 

Measurements

 

Plasma adiponectin concentration was estimated

by an enzyme-linked immunosorbant assay in blood samples with-

drawn in the morning after overnight fasting. In males plasma

testosterone and dehydroepiandrostendione sulphate concentra-

tions were assessed by a radioimmunoassay method.

 

Results

 

Plasma adiponectin concentration only tended to be

higher in all elderly subjects (above 70 years) than in the group of

all subjects aged between 50 and 70 and the group younger than

50 years of age (12·8 

 

±

 

 5·7; 9·9 

 

±

 

 5·7 and 10·7 

 

±

 

 5·4 

 

µ

 

g /ml, respect-

ively). Plasma adiponectin concentration was of similar magnitude

in female subjects of these three groups (11·2 

 

±

 

 5·7; 11·2 

 

±

 

 6·8 and

11·7 

 

±

 

 4·9 

 

µ

 

g /ml, respectively). In contrast, males over 70 years old

are characterized by significantly higher plasma adiponectin (14·0 

 

±

 

5·4 

 

µ

 

g /ml) concentration than males between 50 and 70 years of age

(8·9 

 

±

 

 4·7 

 

µ

 

g /ml, 

 

P

 

 < 0·01) and males younger than 50 years of age

(9·6 

 

±

 

 5·7 

 

µ

 

g /ml, 

 

P

 

 < 0·05). In the entire studied group a significant

but weak, positive correlation was found between plasma adiponectin

concentration and age (

 

τ

 

 = 0·12; 

 

P

 

 = 0·04). Additionally, significant

correlation was found between plasma adiponectin concentration

and age in males when analysed separately (

 

τ

 

 = 0·28; 

 

P

 

 = 0·0007).

Such correlation was not significant in females (

 

τ

 

 = 

 

−

 

0·06; 

 

P

 

 = 0·5).

 

Conclusions

 

Plasma adiponectin concentration in females did

not change significantly with age. In contrast to females, elderly

males over 70 years of age are characterized by significantly higher

plasma adiponectin concentration than younger ones.

(Received 29 June 2004; returned for revision 19 July 2004; finally 

 

revised 3 August 2004; accepted 30 August 2004)

There is growing evidence that the adipose tissue 

 

per se

 

 is a large

endocrine organ secreting several biologically active substances with

systemic action.

 

1,2

 

 These include leptin, adiponectin, plasminogen

activator inhibitor-1 (PAI-1), angiotensin II, tumour necrosis factor-

 

α

 

 (TNF-

 

α

 

) and resistin.

 

1,2

 

Adiponectin is a recently discovered anti-inflammatory protein

secreted exclusively by adipocytes.

 

3

 

 Results of animal experiments

strongly suggest that adiponectin plays a protective role against

insulin resistance and atherosclerosis (see reference

 

4

 

 for review).

Plasma adiponectin concentrations in humans are lower in obese

than in nonobese subjects, in males than in females and in patients

with coronary artery disease,

 

5

 

 diabetes mellitus Type 2

 

6

 

 and essential

hypertension

 

7

 

 than in healthy subjects.

Normal ageing in humans is associated with several hormonal and

metabolic alterations. It is well known that plasma concentrations

of gonadal hormones, dehydroepiandrosterone, thyroid hormones

and GH gradually decline throughout adult life.

 

8

 

 The consequence

of ageing on endocrine function of adipose tissue has not been fully

examined. However, we

 

9

 

 and other authors

 

10

 

 did not find any signi-

ficant changes of plasma leptin concentration in very elderly male and

female subjects. Ageing is very often accompanied by decreased insulin

tolerance

 

8

 

 and increased blood pressure.

 

11

 

 Moreover, advanced age is

one of the major risk factor of atherosclerosis.

 

12

 

Taking into account the antiatherogenic properties of adiponectin

and its beneficial influence on insulin sensitivity, estimation of

plasma adiponectin concentration in apparently elderly subjects

seems to be fully justified.

 

Materials and methods

 

Fifty-eight women and 67 men aged 20–93 years were included in

this study after giving informed consent. The study protocol was
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approved by the Local Bioethical Committee. Subjects were in good

physical health, fully ambulatory and well nourished. None of the

subjects had clinical features of endocrine, metabolic, kidney, liver

and other intercurrent disease. Subjects were divided into three

groups: younger than 50 years, between 50 and 70 years of age and

older than 70 years of age. Biochemical parameters were estimated

in blood samples withdrawn in the morning after overnight fasting.

Clinical and biochemical characteristic of patients from these

three groups is given on Table 1. Plasma adiponectin concentration

was assessed by an enzyme-linked immunosorbent assay (ELISA)

method using kits from B-Bridge International, Inc., San Jose, CA,

USA (coefficients of variation were 1·4% for low and 3·4% for high

values, respectively). Plasma testosterone and dehydroepiandro-

sterone sulphate (DHEAS) concentrations were assessed by a radio-

immunoassay (RIA) method (Orion Diagnostica, OY, Espoo, Finland).

Plasma insulin concentration was assessed by a RIA method pre-

viously described.

 

13

 

 Other parameters were assessed by routine

laboratory methods. Homeostasis model assessment insulin resistance

index (HOMA IR) was calculated according to the formula: fasting

plasma glucose concentration (mmol/ l) 

 

×

 

 fasting plasma insulin

concentration (

 

µ

 

U/ml)/22·5. Glomerular filtration rate (GFR) was

calculated as an endogenous creatinine clearence according to the

formula by Cockroft and Gault: GF

 

R

 

 = [140 – age (years)] 

 

×

 

 body

mass (kg) 

 

×

 

 1 (for males) or 0·85 (for females)/72 

 

×

 

 serum creatinine

concentration (mg/dl).

Statistical evaluation of the results obtained was performed using

the Mann–Whitney 

 

U

 

-test (comparison between females and males)

and 

 



 

 test followed by a Sheffé test (comparison between age

groups). Correlation coefficient was calculated according the Kendall

tau correlation test. Multiple regression analysis in the subjects of the

whole studied group with adiponectin as a dependent variable and

body mass index (BMI), age, sex, serum creatinine and plasma insulin

concentration as independent variables was also performed. Multiple

regression analysis in the males with adiponectin as a dependent

variable and BMI, age, plasma creatinine, insulin, glucose, testosterone

and DHEAS concentrations as independent variables was also

performed. All results are expressed as means 

 

±

 

 SD.

 

Results

 

Plasma adiponectin concentration only tended to be higher (not

statistically significant) in very elderly subjects than in the group of

subjects aged between 50 and 70 and the group younger than 50 years

(12·8 

 

±

 

 5·7; 9·9 

 

±

 

 5·7 and 10·7 

 

±

 

 5·4 

 

µ

 

g /ml, respectively). Plasma

adiponectin concentration was of similar magnitude in all studied

females and males (11·4 

 

±

 

 5·7 

 

vs.

 

 11·1 

 

±

 

 5·7 

 

µ

 

g /ml, respectively).

In several previously published studies, gender-dependent differ-

ences in plasma adiponectin were found.

 

4

 

 Comparison among the

three groups in this study was also performed separately for female

and male subjects. BMI, insulin and glucose concentration, as well

as HOMA IR were similar in all age groups of both females and males

(Table 1). We have observed slight but significantly higher blood

pressure values and serum creatinine concentration in elderly sub-

jects of both gender then in corresponding groups of ones younger

than 50 years of age (Table 1). Calculated values of GFR were signific-

antly reduced with the ageing in both males and females (Table 1).

As shown in Fig. 1(a), plasma adiponectin concentration was of sim-

ilar magnitude in all female groups. In contrast, males over 70 years

old were characterized by significantly higher plasma adiponectin

concentrations than younger ones. To study the possible relationship

between plasma adiponectin concentration and androgens we have

measured plasma testosterone and DHEAS in male subjects. As

shown in Table 2, plasma testosterone concentration in elderly male

subjects tended only to be slightly lower than in younger individuals.

In contrast, we have observed a significant reduction of plasma

DHEAS concentration in ageing males (Table 2).

In the whole group studied, significant negative correlations

were found between plasma adiponectin concentration and BMI

(

 

τ

 

 = 

 

−

 

0·18; 

 

P

 

 = 0·004), plasma insulin concentration (

 

τ

 

 = 

 

−

 

0·19;

 

P

 

 = 0·002), HOMA IR (

 

τ

 

 = 

 

−

 

0·19; 

 

P

 

 = 0·002) and calculated GFR

Table 1. Clinical and biochemical characteristic of female and male subjects from different age groups (mean ± SD)
 

 

< 50 years 50–70 years > 70 years 

Females (n = 18) Males (n = 17) Females (n = 17) Males (n = 24) Females (n = 23) Males (n = 26)

Age (years)  36 ± 9  35 ± 8  62 ± 6†††  61 ± 6 †††  80 ± 6 †††§§§  79 ± 7†††§§§

BMI (kg/m2) 25·3 ± 3·3 26·6 ± 3·7 27·5 ± 2·9 26·0 ± 3·0 26·6 ± 3·3 26·0 ± 3·5

Insulin (µU/ml) 13·8 ± 8·00 21·7 ± 18·4 18·3 ± 11·0 23·5 ± 21·7 21·6 ± 16·2 23·4 ± 15·5

Glucose (mmol/ l) 4·1 ± 1·0 4·8 ± 1·5 5·0 ± 1·6 4·9 ± 1·4 5·5 ± 1·6 4·9 ± 1·4

HOMA IR 2·4 ± 1·2 4·8 ± 3·7 4·4 ± 3·8 5·8 ± 7·7 5·2 ± 5·2 5·5 ± 4·7

Creatinine (mg/dl) 0·74 ± 0·08*** 0·87 ± 0·06 0·83 ± 0·16** 0·95 ± 0·12 0·89 ± 0·28** 1·03 ± 0·21††

GFR (ml/min)  113 ± 22**  133 ± 21  86 ± 24†††  89 ± 18†††  58 ± 15†††§§§  62 ± 21†††§§§

MAP (mmHg)  92 ± 8*  97 ± 8  106 ± 13†  103 ± 9  107 ± 12††  104 ± 10†

ALT (IU/l)  19 ± 8  20 ± 12  22 ± 13  19 ± 9  15 ± 4  17 ± 7

BMI, body mass index; HOMA IR, homeostasis model assessment insulin resistance index; MAP, mean arterial blood pressure; GFR, calculated glomerular 
filtration rate; ALT, alanine aminotransferase.
Statistical significance vs. corresponding group of males *P < 0·05, **P < 0·01, ***P < 0·001.
Statistical significance vs. subjects younger than 50 years †P < 0·05, ††P < 0·01, †††P < 0·001.
Statistical significance vs. subjects aged between 50 and 70 years §§§P < 0·001.
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(τ = −0·16; P = 0·005). In the entire group studied, a significant, but

weak, positive correlation was found between plasma adiponectin

concentration and age (τ = 0·12; P = 0·04). Additionally, significant

positive correlation was found between plasma adiponectin

concentration and age in males when analysed separately (τ = 0·28;

P = 0·0007; Fig. 1b). Such correlation was not significant in females

when analysed separately (τ = −0·06; P = 0·5; Fig. 1c). No significant

correlation was found between plasma testosterone and adiponectin

concentration (τ = 0·11; P = 0·2) in males (Fig. 2a). In contrast, a sig-

nificant positive correlation was found between plasma adiponectin

concentration and plasma DHEAS concentration in males (τ =

−0·21; P = 0·01; Fig. 2b).

Multiple regression analysis performed for the entire group, with

plasma adiponectin concentration as the dependent variable and

BMI, age, gender, plasma insulin and serum creatinine concentra-

tion, as independent variables showed that in this model (R2 = 0·14)

plasma adiponectin concentration significantly depends only

on BMI (β = −0·24; P = 0·0001) and plasma insulin concentration

(β = −0·19; P = 0·04). Multiple regression analysis performed for the

males, with plasma adiponectin concentration as the dependent

variable and BMI, age, plasma insulin, testosterone and DHEAS and

serum creatinine concentration as independent variables showed

that in this model (R2 = 0·27) plasma adiponectin concentration

significantly depends only on BMI (β = −0·27; P = 0·03) and age

(β = 0·56; P = 0·001).

Discussion

In the present study we have found a significant positive relationship

between plasma adiponectin concentration and age. Such a correla-

tion was recently found by Daimon et al.14 In another study,

Yamamoto et al.15 failed to find such correlation. However, both of

these studies have not analysed possible gender differences in the

relationship between age and plasma adiponectin concentration.

In the current study plasma adiponectin concentration in females

did not change significantly with age. Similar results were recently

obtained by Nishizawa et al.16 and Ryan et al.17 These authors showed

that women of different age groups did not differ with respect to

plasma adiponectin concentration. In contrast to female gender we

found that males over 70 years of age are characterized by significantly

Fig. 1 (a) Plasma adiponectin concentration in different age groups. 
#P < 0·05 vs. males younger than 50 years. §§P < 0·01 vs. males aged between 
50 and 70 years. (b) Correlation between plasma adiponectin concentration 
and age in the group of males. (c) Correlation between plasma adiponectin 
concentration and age in the group of females.

Table 2. Plasma testosterone and DHEAS concentration of male subjects 
from different age groups (shown as mean ± SD)
 

 

< 50 years 

(n = 17)

50–70 years 

(n = 24)

> 70 years 

(n = 26)

Testosterone (ng/ml) 4·1 ± 1·7 4·4 ± 1·6 3·8 ± 2·2

DHAES (µmol/ l) 9·1 ± 4·2 4·1 ± 2·0* 2·3 ± 1·1*†

Statistical significance vs. subjects younger than 50 years, *P < 0·01.
Statistical significance vs. subjects aged between 50 and 70 years, †P < 0·05.

Fig. 2 (a) Correlation between plasma adiponectin and testosterone 
concentration in the group of males. (b) Correlation between plasma 
adiponectin and dehydroepiandrosterone sulphate (DHEAS) concentration 
in the group of males.
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higher (by about 57%) plasma adiponectin concentration than

younger ones. Pathogenesis of higher plasma adiponectin concen-

tration in elderly males remains to be clarified.

Taking into account that ageing is often accompanied by a gradual

decrease of plasma testosterone and DHEAS concentrations, one

may hypothesize that the andropause participated, at least partially,

in the pathogenesis of increased plasma adiponectin concentration

in elderly males. In the current study plasma testosterone concen-

tration in elderly males only tended to be lower than in younger ones.

Additionally, we did not find any relationship between plasma adi-

ponectin and testosterone concentration in the group of healthy

males by univariate (Fig. 2a) and multiple regression analysis. Recently,

Lanfranco et al.18 found that hypogonadal males are characterized

by significantly elevated plasma adiponectin concentration com-

pared with eugonadal ones. Moreover, testosterone substitution in

hypogonadal subjects resulted in the increase, i.e. normalization of

plasma adiponectin concentration.18 Nishizawa et al.16 showed in sham-

operated and castrated mice, as well as in cultured adipocytes, that

testosterone inhibits adiponectin secretion without affecting adi-

ponectin mRNA. Therefore, an existance of a testosterone-dependent

factor regulating adiponectin secretion by adipocytes was postul-

ated.16 Results of our study do not support this hypothesis. The results

above, however, cannot be compared directly with our data, because

Lanfraco et al.18 have studied hypogonadal males, whilst we performed

our study in subjects characterized by normal plasma testosterone

concentrations. In contrast to testosterone, ageing was accompanied in

our males by a pronounced, and significant decline of plasma DHEAS

concentration. Moreover, we have found by correlation analysis a

significant positive relationship between plasma DHEAS and adipo-

nectin concentrations (Fig. 2b). To prove a possible role of DHEAS in

regulation of adiponectin secretion further clinical and experimental

studies are necessary. It is, however, interesting to stress the negative

correlation between adiponectinaemia and plasma DHEAS con-

centration recently found in haemodialysis uraemic patients.19

Multiple regression analysis performed for the males failed to

show any relationship between plasma adiponectin concentration

and each of the androgens studied. Therefore, it seems unlikely that

changes in androgen status may play a crucial role in the higher

plasma adiponectin concentration in observed elderly males.

Based on correlation analysis performed in this study we have con-

firmed that, in healthy subjects, plasma adiponectin concentration

inversely depends on BMI and insulin concentration and/or markers

of insulin sensitivity. In this study subjects from different age groups

were carefully matched according to BMI. The limitation of our

study is that we did not measure body composition. Therefore, we

are unable to exclude the fact that elderly males had lower body fat

mass in comparison to younger ones, which can significantly influence

plasma adiponectin concentration in elderly males. Recently,

Zamboni et al.20 showed that body composition in elderly males did

not change significantly during ageing. Therefore we speculate that

differences in body composition are not related to differences in

plasma adiponectin concentration. We did not find any significant

differences in plasma insulin concentration and HOMA IR between

subjects from different age groups. Therefore, it is unlikely that

changes in BMI and/or insulin resistance participate in the higher

plasma adiponectin concentration observed in elderly males.

It is also important to emphasize that a significant negative cor-

relation was found between plasma adiponectin concentration and

calculated GFR. These results are in line with the recent concept that

kidneys are important in the degradation and elimination of adi-

ponectin. Therefore, kidney function, among other factors, strongly

determines plasma adiponectin concentration. It was found previously

that plasma adiponectin concentration is elevated in haemodialysed

patients with chronic renal failure21,22 and is reduced after successful

renal transplantation.23 Mallamacci et al.24 showed an inverse rela-

tionship between GFR and plasma adiponectin concentrations in a

group of patients with essential hypertension. As expected we have

observed a reduction in calculated GFR with age. The calculated GFR

was very similar in elderly males and females. Therefore, it is unlikely

that age-related deterioration of kidney function participates in the

observed gender differences in plasma adiponectin concentration in

elderly subjects.

It should be mentioned that several other factors not investigated

here might influence plasma adiponectin concentration and con-

tribute to the observed higher plasma adiponectin concentration

seen in elderly males. Tietge et al.25 recently found that adiponectin

is also cleared by the liver. These authors showed in a small obser-

vational study that, in patients with liver cirrhosis, plasma adiponec-

tin concentration is significantly increased. We are unable to exclude

formally that minor differences in liver function influence plasma

adiponectin concentration in the present study. However, we think

that it is unlikely because in our study only healthy individuals

without any clinical and biochemical features of liver dysfunction

participated. Additionally, all subgroups studied did not differ sig-

nificantly with respect of alanine aminotransferase activity. Recently,

Sierksma et al.26 found that moderate alcohol intake is associated

with an increase in insulin sensitivity and plasma adiponectin con-

centration. However, Avogaro et al.27 in another study, failed to find

an influence of alcohol intake on plasma adiponectin concentration.

In the current study we have not estimated alcohol consumption.

Therefore we are unable to exclude the possibility that differences in

alcohol intake may influence our results. However, it should be

stressed that all subjects in this study were characterized by the same

cultural and ethnic background. Therefore it seems likely that there

was no major differences in alcohol intake between age groups.

A limitation of our study is that it is only an observational study.

Therefore, we are not able to follow plasma adiponectin concentra-

tions in ageing individuals. It is possible that due to higher cardio-

vascular mortality in ageing males the selection bias has occurred.

One may speculate that male subjects with higher plasma adiponectin

concentration are characterized by longer survival and, therefore, males

with high plasma adiponectin concentrations are over-represented

in our group of subjects older than 70 years.

What is a biological meaning of these findings? It is possible that

due to antiatherogenic and antidiabetic properties of adiponectin an

increase in plasma adiponectin in elderly males may be a defence

mechanism against atherosclerosis and glucose intolerance; common

features in the elderly subjects.

In conclusion, plasma adiponectin concentration in females did

not change significantly with age, whilst in contrast elderly males

over 70 years of age are characterized by a significantly higher plasma

adiponectin concentration than younger ones.
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