Adiponectin and metabolic syndrome in women at menopause
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Abstract

Obesity is associated with premature atherosclerosis, as well as with many
metabolic alterations including insulin resistance, dyslipidemia and hypertension.
Visceral fat accumulation, particularly, is closely associated with the development of
metabolic syndrome. The menopause transition, as well as the early postmenopausal
period, is associated with increase in total and central obesity. Among adipocytokines
secreted by the adipose tissue adiponectin is the only one that has a protective role in
the development of obesity-related disorders , such as type 2 diabetes and
cardiovascular disease.
This review aims to present a role that adiponectin may play during the progress of

menopause in relation to development of menopausal metabolic syndrome.
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Introduction

The prevalence of obesity has raised dramatically in recent years. Increased
adiposity, particularly, visceral fat accumulation, is closely associated with premature
atherosclerosis and many metabolic alterations including insulin resistance,
dyslipidemia and hypertension.[1,2,3]. Obesity is one of the most common disorders in
climacteric women and occurs in approximately 65% of them [4]. Recent data
suggested that menopause status is associated with differences in adipose tissue
metabolism in both, the abdominal and gluteal region [5]. Menopause has been shown
to contribute to the development of central obesity, insulin resistance and worsening of

glucose and lipid metabolism that increase the risk for cardiovascular disease in women
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[6,7]. In obese women higher morbidity and mortality from cardiovascular disease was
observed with the progress of climacterium. The primary cause for this situation seems
to be a menopausal metabolic syndrome observed in 40% of climacteric women [8].

Adipose tissue produces and releases hormones and other biologically active
molecules —adipokines- that regulate several metabolic activites of the human body [1].
Among these adipokines — adiponectin has been shown to directly or indirectly affect
insulin sensitivity through modulation of insulin signaling and the molecules involved
in glucose and lipid metabolism. Decrease in the circulating levels of adiponectin by
genetic and environmental factors is associated with the development of diabetes and
the metabolic syndrome [9,10].

The use of adiponectin is suggested as a novel therapeutic tool for diabetes and
the visceral obesity metabolic syndrome but evaluation of its effectiveness will require

further clinical studies [9].

Adipose tissue metabolism at menopause.

Menopause is associated with a raise in follicle-stimulating hormone (FSH) and
luteinizing hormone (LH ) levels and a fall in estrogens. The average age of menopause
is 51 years (45 to 55 yrs) [11,12,13,14]. During the transition from the reproductive
years through menopause and beyond, women experience many changes, among them
changes in adipose tissue metabolism that may contribute to body fat distribution [5,15].
Women have more body fat compared to men, and there is a gender-specific difference
in fat distribution. In women, adipose tissue is accumulated especially around the hips,
buttocks, and thighs while men have a larger intra-abdominal fat mass[16,17].

Among several hormones, estrogens promote, maintain and control the typical
distribution of adipose tissue and its metabolism through still partly unknown
mechanisms. Lipolysis in humans is controlled through the B-adrenergic (lipolytic) and
a2-adrenergic (antilipolytic) receptors. In visceral adipocytes adrenaline stimulates
lipolysis (high P/a2 receptor ratio) but in subcutaneous adipocytes it has an adverse
effect ((high a2/B receptor ratio) [18]. Pedersen et al demonstrated that estradiol, only
through the estrogen receptor o, inhibits adrenaline-stimulated lipolysis in human
subcutaneous fat cells by increasing the amount of a2-adrenergic antilipolytic

receptors. This may explain how estradiol is related to typical female subcutaneous
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adipose tissue distribution because this inhibition is not observed in visceral fat depots.
In women, estradiol may shift accumulation of fat from visceral into subcutaneous
depots [18].

Premenopausal women have significantly lower risk of developing obesity-
related diseases than men. This difference, abolished after menopause, suggests that
female sex steroid hormones, mainly estrogens, influence adipogenesis and adipose
tissue metabolism [17]. During postmenopausal period women develop increased
amounts of visceral fat. The redistribution of body fat, after menopause, may be
essential in linking the menopause with metabolic alterations which confer to
cardiovascular disease (CVD) risk [16,17].

Changes in the hormone levels at menopause, in particular estrogen deficiency, are
associated with an increase in total adiposity, preferentially at visceral region. Recent
data suggested that in postmenopausal women low estrogen concentrations, compared
with relatively elevated levels of circulating androgens, may explain, at least in part,
the body fat redistribution, loss of subcutaneous fat and gain of visceral fat [18,19].

Menopause status may influence adipose tissue metabolism and lipolysis.
Lipoprotein lipase (LPL) from adipose tissue is very important in accumulation and
distribution of fat stores. It was suggested that regional differences in subcutaneous
adipose tissue metabolism are related to menopause status. LPL in the gluteal and
abdominal fat tissue seems to be more active in postmenopausal compared with
perimenopausal women that, together with concomitant lower lipolysis, may
predispose postmenopausal women to increase body fat after menopause [5].

The more atherogenic lipid profile and increased level of the prothrombotic
plasminogen activator inhibitor-1 is observed in women after menopause. Additionally,
circulating cortisol concentration is increased that is associated with central obesity,
elevated blood pressure, insulin resistance and dyslipidemia [17]. It has been reported
that increased production of adiponectin, peroxisome proliferator-activated receptor vy
(PPARY) and fatty acid transporter in adipose tissue from gluteal region may be a
physiological response to preserve systemic insulin sensitivity in estrogen-deficient
women at postmenopause [16]. Among the different possible mechanisms, some
investigators have suggested a link between sex hormones and adiponectin metabolism

[8,17,20,21,22].
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Relationship of adiponectin with sex hormones.

Adiponectin seems to be the most interesting and promising biologically active
molecule released from fat cells since it has profound protective actions in the
pathogenesis of diabetes mellitus and cardiovascular disease. This protein is also called
ADIPOQ, gelatin-binding protein 28, Acrp30 [1,23]. Adiponectin is secreted from
adipose tissue and compared with many hormones, is very abundant in the plasma.
Human plasma adiponectin concentration is associated with sex and is significantly
higher in women than in men. This sexual dimorphism develops during pubertal
development in relation to serum androgens. Interestingly, sex differences in circulating
adiponectin levels in older adults cannot be explained by sex hormone regulation
[1,24,25].

In healthy women, adiponectin concentration increases significantly with age.
Plasma concentration of adiponectin inversely relates to visceral fat mass and visceral
fat area, however the correlation is weak in peri- and postmenopausal women
comparing to that in younger women [26].

The menopausal transition increases serum adiponectin concentration, however,
the data related to its levels and association with body fat and regulatory factors are
contradictory. FSH in postmenopausal women is undoubtedly significantly and
positively associated with higher adiponectin. Two big studies have shown a significant
inverse correlation of adiponectin with estradiol that was observed in healthy
postmenopausal women, even after adjustment for age and body mass index (BMI)
[27,28]. Laughlin et al assessed the determinants of serum adiponectin in
postmenopausal women and men aged 50-92 yrs [29] and found positive association of
adiponectin with testosterone, and negative with bioavailable estradiol in both sexes.
This was not explained by differences in age and adiposity. Recently, it has been
reported that dehydroepiandrosterone sulfate (DHEA-S), a precursor of androgens and
estrogens, may upregulate adiponectin gene expression in a depot-dependent manner.
The effect of DHEA-S was observed only in visceral adipocytes from fat depots of
morbidly obese humans [30].

On the other hand, increased levels of free testosterone, low sex hormone-
binding globulin (SHBG) in postmenopausal women were shown to be associated with

decreased production of adiponectin [31].
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The role of adiponectin in physiology and obesity related pathology

Adiponectin is involved in a number of metabolic processes, such as glucose
utilization, fatty acid oxidation in muscles, decreased insulin resistance in the liver and
the metabolism of adipose tissue, but the physiological role of adiponectin needs further
explanation [32,33,34]. Adiponectin accumulates in injured vascular walls, bound to
collagens I, III and V present in the subendothelial intima, indicating that it may be
involved in the repair process of damaged vasculature [2,35]. Recently it was shown
that low adiponectin concentration in postmenopausal women was associated with
adverse changes in carotid intima-media thickness and stiffness that was not dependent
on other cardiovascular risk factors [36].

Adiponectin level is partially determined by inflammatory marker levels. Most
factors with a significant impact on adiponectin regulation have inhibitory effects.
These include proinflammatory factors such as cytokines ( IL-6, and TNF-a), monocyte
chemotactic protein-1 and C-reactive protein (CRP) [27]. Decreased expression and
plasma levels of adiponectin may serve as a marker of increased metabolic and
inflammatory risk [15]. The association exists between adiponectin gene expression
and its plasma levels which results from exclusive secretion of this adipokine by
adipocytes. This is not the case for the pro-inflammatory IL-6 or TNF-o. gene
expression in fat cells because these molecules are also secreted by a number of other
cell types. It was found that plasma adiponectin levels and hs-CRP correlate inversely
what may suggest that decreased production of adiponectin contributes to the systemic
and vascular inflammation commonly found in obesity [15].

The potential role of adiponectin in obesity and related pathologies is directed
mainly to protection against atherogenesis and insulin resistance. Some studies suggest
that adiponectin could be a marker of risk for developing menopausal metabolic
syndrome [8]. Adiponectin has been shown to exert anti-inflammatory and anti-
atherogenic properties within the arteries and thus may negatively modulate the process
of atherogenesis [1,3,35,37]. Adiponectin increases insulin sensitivity in various models
of insulin resistance and in vitro increases the ability of sub-physiologic levels of insulin
to suppress glucose production in isolated hepatocytes. This protein intensifies
peripheral tissues sensitivity to insulin and its deficiency can contribute to the

development of insulin resistance in type 2 diabetes and obesity [3,34,38]. (Figure 1).
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Figure 1. Associations adiponectin between insulin resistance, metabolic syndrome
and atherosclerosis [39].
The role of adiponectin in pathogenesis of metabolic syndrome of menopause
Estrogen deficiency is increasingly being recognized as a cause of metabolic
syndrome, characterized by visceral obesity, insulin resistance, impaired lipid
metabolism [40] . Adiponectin plays a role in the pathogenesis of metabolic syndrome.
This protein improves glucose tolerance via increasing insulin sensitivity. Adiponectin
enhances fatty acid oxidation in liver and muscle, thus reducing triglyceride content in
these tissues. Moreover, it stimulates glucose utilization in muscle and inhibits glucose

production by the liver, consequently decreasing blood glucose levels. Plasma

Page 178
eJIFCC2008Vol19No4pp173-184



adiponectin levels are positively correlated with insulin sensitivity in humans [
41,42,43].

Recent studies have indicated that adiponectin levels are significantly lower in
obese than in non-obese women at the same stage of postmenopause and lower in those
with metabolic syndrome. Lobo et al. reported that weight gain and obesity lead to the
increased prevalence of metabolic syndrome in postmenopausal women and use of
transdermal hormonal therapy is beneficial overall for reducing many of the parameters
of metabolic syndrome [44].

Visceral fat accumulation results in reduced levels of adiponectin. It was
reported that centrally located fat was the main determinant of variability in
adiponectin concentration in healthy postmenopausal women [45]. From many studies
can be concluded that low plasma adiponectin was associated with all the components
of the metabolic syndrome. The association of the adiponectin genetic variation with
obesity, metabolic syndrome and diabetes mellitus has been found in a Taiwanese
elderly population [46]. It seems however, that in humans adiponectin gene does not
play a role of the master obesity gene [46]. Decreased adiponectin concentration is
rather a predictor of the development of type 2 diabetes than obesity. Low adiponectin
level most likely reflects obesity-dependent adipose tissue-specific insulin resistance
and mediates the effect of obesity on insulin resistance in the liver and muscles. Most
probably, the adipose tissue-specific insulin sensitivity rather than general adiposity
itself determines the adiponectin expression in the adipose tissues [46] (Figure 2).

The influence of menopausal status on the relationship between adiponectin and
insulin resistance was studied and it was found that significant inverse association
between adiponectin and homeostasis model assessment of insulin resistance (HOMA-
IR) occurred only after menopause [47]. The authors concluded that adiponectin may
play a role in the improvement of insulin sensitivity after, rather than before, menopause
[47].

Several counter-regulatory hormones and inflammatory cytokines, such as TNF-a,
that mediate insulin resistance, were shown to reduce either adiponectin mRNA
expression or protein secretion. High levels of TNF-a and low estradiol play the most

important role in development of insulin resistance. It was suggested that adiponectin
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Fig. 2 Adiponectin functions as the signal from adipose tissues to the other peripheral
tissues to mediate the favorable metabolic effects and end organ protective effects.

decreases the secretion of TNF-a and antagonizes TNF-a by influencing on the
expression of many adhesion molecules and the adhesion of monocytes to endothelial
cells [41,48]. Recent studies have indicated that TNF-a level depends more on
menopause progress than obesity. Moreover, estradiol level was found to be inversely
associated with TNF-a [40]. Postmenopausal women had higher TNF-o than
perimenopausal, however postmenopausal non-obese showed slightly lower TNF-a
levels compared with obese women [8].

The associations between adipocytokines and traditional risk factors for
cardiovascular disease were assessed in women at postmenopausal stage. The larger
decreases in adiponectin over the menopause transition were associated with greater
increase in systolic blood pressure, insulin and insulin resistance and with greater

decreases in high density lipoprotein (HDL-cholesterol) [49].

Page 180
eJIFCC2008Vol19No4pp173-184



Review of the data confirmed positive association of adiponectin with HDL-
cholesterol and negative relation with low-density lipoprotein (LDL-cholesterol) and

triglycerides (TG) but not with high total cholesterol [50,51].

Conclusions

Adiponectin should be regarded as a most important among adipocytokines.
Decreased adiponectin level, caused by obesity-induced insulin resistance in the adipose
tissue, leads to decreased insulin sensitivity in the liver and skeletal muscle and in
consequence to insulin resistance-related metabolic phenotypes.

Understanding the mechanisms by which sex hormones affect total and regional
body fat distribution and widening our knowledge about pathophysiology of obesity and
insulin resistance will have important therapeutic and preventive implications for

women at menopause.

References

1.Koerner A, Kratzsch J, Kiess W. Adipocytokines: leptin-the classsical, resistin-the
controversial, adiponectin- the promissing, and more to come. Best Pract Res Clin
Endocrinol Metab 2005; 19(4): 525-546.

2. Funahashi T, Matsuzawa Y, Kihara S. Adiponectin as a potential key player in
metabolic syndrome. Insights into atherosclerosis, diabetes and cancer. International
Congress Series 2004; 1262: 368-371.

3. Fulom T, Tessier D, Carpentier A. The Metabolic syndrome. Patholog Biol 2006; 54:
375-386.

4. Paszkowski T, Klodnicka M.: Hormonalna terapia zastgpcza. Przegl Menopauzalny
2007;2:106-109.

5. Ferrara CM, Lynch NA, Nicklas BJ, et al. Differences in adipose tissue metabolism
between postmenopausal and perimenopausal women. J Clin Endocrinol Metab
2002;87(9):4166-4170.

6. Berman DM, Rodrigues LM, Nicklas BJ, et al. Racial disparities in metabolism,
central obesity,and sex hormone-binding globulin in postmenopausal women. J Clin
Endocrinol Metab 2001; 86(1): 97-103.

7. Poehlman ET, Toth MJ, Gardner AN, Changes in energy balance and body
composition at menopause. A controlled londitudinal study. Ann Intern Med 1995; 123:
673-675.

8. Milewicz A, Zatonska K, Demissie M, et al. Serum adiponectin concentration and
cardiovascular risk factors in climacteric women. Gynecol Endocrinol 2005; 20(2): 68-
73.

9.Kadowaki T, Yamauchi T, Kubota N, et al. Adiponectin and adiponectin receptors in
insulin resistance, diabetes, and the metabolic syndrome. J Clin Invest
2006;116(7):1784-1792.

Page 181
eJIFCC2008Vol19No4pp173-184



10. Ryo M, Nakamura T, Kihara S, et al: Adiponectin as a biomarker of the metabolic
syndrome. Circ J 2004 ;68: 975-981.

11. Utian WH. Menopause-related definitions. International Congress Series 2004;
1266: 133-138.

12.Burger HG., Dudley EC., Robertson DM, et al. Hormonal changes in the menopause
transition. Recent Prog Horm Res 2002; 57: 257-275.

13.Blake J. Menopause: evidence-based practice. Best Pract Res Clin Obstet Gynaecol.
2006; 20(6): 799-839 J.

14.Augoulea A, Mastorakos G, Lambrinoudaki I, et al. Menopause. Role of
postmenopausal hormone replacement therapy on body fat gain and leptin levels.
Ginecol Endocrinol 2005;20(4): 227-235.

15. Engeli S, Feldpausch M, Gorzelniak K et al. Association between adiponectin and
mediators of inflammation in obese women with diabetes. Diabetes 2003; 52(4): 942-
947

16. Misso ML, Jang C, Adams J, et al. Differential expression of factors involved in fat
metabolism with age and the menopause transition . Maturitas 2005; 51(3) :299 — 306.
17. Mattsson C, Olsson T. Estrogens and glucocorticoid hormones in adipose tissue
metabolism. Curr Med Chem 2007;14(27):2918-24.

18. Pedersen SB, Kristensen K, Hermann PA, et al. Estrogen controls lipolysis by up-
regulating alpha2A-adrenergic receptors directly in human adipose tissue through the
estrogem receptor alpha. Implications for female fat distribution. J Clin Endocrinol
Metab 2004; 89: 1869-78.

19. Mclnnes KJ, Corbould A, Simpson ER, et al. Regulation of adenosine
5',monophosphate-activated protein kinase and lipogenesis by androgens contributes to
visceral obesity in an estrogen-deficient state. Endocrinology. 2006; 147(12): 5907-13.
20. Pfeilschifter J, Koditz R, Pfohl M, et al. Changes in proinflamatory cytokine activity
after menopause. Endocr Rev 2002; 23(1): 90-119.

21. Ryan AS, Nicklas BJ, Berman DM. Hormone replacement therapy, insulin
sensitivity, and abdominal obesity in postmenopausal women. Diabetes Care 2002;
25(1):127-133.

22. Brochu M, Starling RD, Tchernof A, et al. Visceral Adipose tissue is an independent
correlate of glucose disposal in older obese postmenopausal women. J Clin Endo Metab
2000; 85(7):2378-238.

23. Szopa M, Malczewska-Malec M, Wybranska I. Adiponectin--adipocytokine with a
broad clinical spectrum. Przegl Lek. 2004; 61:109-14.

24. Haslam D. Gender-specific aspects of obesity. The Journal of Men's Health and
Gender 2005; 2 (2):179-185.

25. Martos-Moreno GA, Barrios V, Ardente J. Normative date for adiponectin, resistin,
interleukin 6, and leptin/receptor ratio in healthy Spanish pediatric population:
relationship with sex steroids. Eur J Endocrinol 2006;155(3): 429-434.

26. Koh SJ, Hyun YJ, Choi SY, et al. Influence of age and visceral fat area on plasma
adiponectin concentrations in women with normal glucose tolerance. Clin Chim Acta
2008 ;389(1-2): 45-50.

27. Miyatani Y, Yasui T, Uemura H, et al. Associations of circulating adiponectin with
estradiol and monocyte chemotactic protein-1 in postmenopausal women. Menopause
2008;15(3):536-41.

28. Tworoger SS, Mantzoros C, Hankinson SE. Relationship of plasma adiponectin with
sex hormone and insulin-like growth factor levels. Obesity 2007; 15(9):2217-24.

Page 182
eJIFCC2008Vol19No4pp173-184



29. Laughlin GA, Barrett-Connor E, May S. Sex-specific determinants of serum
adiponectin in older adults: the role of endogenous sex hormones. Int J Obes (London)
2007; 31(3):457-65.

30. Hernandez-Morante JJ, Milagro F, Gabaldon JA, et al. Effect of DHEAS on
adiponectin gene expression in adipose tissue from different fat depots in morbidly
obese humans. Eur J Endocrinol 2006; 155: 593-600.

31. Sieminska L, Cichon-Lenart A, Kajdaniuk D, et al. Sex hormones and
adipocytokines in postmenopausal women. Pol Merkuriusz Lek 2006; 20 (120): 727-
730.

32. Karbowska J, Warczak E, Kochan Z. Polimorfizm genu i zaburzenia funkcjonalne
adiponektyny jako jedna z przyczyn rozwoju opornosci na insuling. Postepy Hig Med
Dosw 2004; 58: 449-457.

33.Trayhurn P. Endocrine and signalling role of adipose tissue: new perspectives on fat.
Acta Physiol Scand. 2005; 184(4): 285-93.

34. Pankowska E, Szalecki M. Adiponektyna- hormon tkanki thuszczowej 1 jej zwiazek
z zespolem metabolicznym i1 chorobami uktadu krazenia. Endokr Diabetol 2005; 11(3):
187-190.

35. Matsuzawa Y, Shimomura I, Kihara S, et al. Importance of adipocytokines in
obesity-related diseases. Horm Res 2003; 60(suppl 3): 56-59.

36. Stork S, Bots ML, Angerer P, et al. Low levels of adiponectin predict worsening of
arterial morphology and function . Atherosclerosis 2007; 194(2) :e147 - 153.

37. Goralski KB, Sinal Ch.J. Type 2 diabetes and cardiovascular disease:getting to the
fat of the master. Can. J. Physiol. Pharmacol. 2007; 85:113-132.

38. Scherer PE: Adipose Tissue: From Lipid Storage Compartment to Endocrine
Organ. Diabetes. 2006 ;55(6): 1537-1545.

39. Kadowaki T, Yamauchi T. Adiponectin and adiponectin receptors. Endocr Rev
2005 ;26(3): 439-451.

40. Milewicz A, Bohdanowicz-Pawlak A. Endokrynologia okresu przekwitania i
starzenia. Przew Lek 2002; 5(5): 88-92.

41. Siminska E, Gumprecht J, Skubala A. Adiponektyna-znaczenie w patogenezie
cukrzycy typu 2. Diabetol. Dosw. Klin. 2004; 4 (4): 249-254.

42.Karbowska J, Warczak E, Kochan Z. Polimorfizm genu i zaburzenia funkcjonalne
adiponektyny jako jedna z przyczyn rozwoju opornosci na insuling. Postepy Hig. Med.
Dosw. 2004; 58: 449-457.

43. Choi KM., Lee KW, Kim SG, et al. Inflammation, insulin resistance and glucose
intolerance in acute myocardial infarction in patients without a previous diagnosis of
diabetes mellitus. J. Clin Endocrinol Metab 2005; 90: 175-180.

44. Lobo RA. Metabolic syndrome after menopause and the role of hormones. Maturitas
2008; 60(1):10-8.

45. Ritland LM, Alekel DL, Matvienko OA, et al. Centrally located body fat is related
to appetitive hormones in healthy postmenopausal women. Eur J Endocrinol. 2008;
158(6): 889-97.

46. Lu JY, Huang KC, Chang LC, et al. Adiponectin: a biomarker of obesity-induced
insulin resistance in adipose tissue and beyond.
J Biomed Sci. 2008; 15(5): 565-76.

47. Tamakoshi K, Yatsuya H, Wada K, et al. The transition to menopause reinforces
adiponectin production and its contribution to improvement of insulin-resistant state.
Clin Endocrinol (Oxf). 2007 ;66(1): 65-71.

Page 183
eJIFCC2008Vol19No4pp173-184



48. Yilmaz MI, Sonmez A, Acikel C, et al. Adiponectin may play a part in the
pathogenesis of diabetic retinopathy. Eur J Endrocinol 2004; 15: 135-140.

49. Wildman RP, Mancuso P, Wang C, et al. Adipocytokine and ghrelin levels in
relation to cardiovascular disease risk factors in women at midlife: longitudinal
associations. Int J Obes (Lond).2008; 32(5): 740-8.

50. Koztowska A, Kowalska 1. The adiponectin role in pathogenesis of metabolic
syndrome and cardiovascular disease. Pol J Endocrinol 2006; 57 (6): 626-632.
51.Schulze MB, Grimm E, Shai I, et al. Insulin resistance, serum adiponectin and
marker of chronic inflammation in young subjects with metabolic syndrome.
Diabetologia 2005; 48 (1): 1680-1687.

Page 184
eJIFCC2008Vol19No4pp173-184





