
271C.J.H. Martin et al. (eds.), Nutrition and Diet in Menopause, Nutrition and Health,
DOI 10.1007/978-1-62703-373-2_20, © Springer Science+Business Media New York 2013

    X.   Ma ,  M.D., M.Phil.  
     Department of Epidemiology and Biostatistics ,  Arnold School of Public Health, 
University of South Carolina ,   800 Sumter Street ,  Columbia ,  SC   29201 ,  USA  
  e-mail: ma26@email.sc.edu    

    W.   He ,  M.D.   •     S.   Zhu ,  M.D., Ph.D. (*)  
     Obesity and Body Composition Research Center ,  Chronic Disease Research Institute, Zhejiang University 
School of Public Health ,   866 Yu-hang-tang Road ,  Hangzhou ,  Zhejiang   310058 ,  China  
  e-mail: hewei_1984@hotmail.com;     zsk@zju.edu.cn    

    Key Points 

  Available studies on body fat distribution and menopause suggest that menopause is associated • 
with an acceleration in the accumulation of abdominal adipose tissue, and most likely, intra-
abdominal fat.  
  This trend toward central obesity favors increased cardiovascular, cancer, and metabolic risks, and • 
may partially mediate the increased morbidity and mortality after menopause.  
  Compared with other races and ethnic groups, Asians such as Chinese, Japanese, and Singaporeans • 
were reported to be with lower BMI but with higher percent body fat and more abdominal fat at 
any given level of BMI.  
  Chinese women undergoing menopausal transition and postmenopausal women were associated • 
with decreased lean mass, and increased percent body fat, trunk fat mass, and trunk–leg fat mass 
ratio comparing with women remained premenopausal.  
  Limited evidence identi fi ed the effect of menopause on fat distribution among Chinese women; • 
however, more research was needed to con fi rm the  fi ndings with longitudinal design, larger sample 
size, and more advanced measuring technologies.      

 Keywords   Menopause  •  Fat distribution  •  Abdominal fat  •  Body composition  •  Central obesity  • 
 Chinese aspects  

   Abbreviations 

  WHR    Waist-to-hip ratio   
  SWAN    Study of women’s health across the nation   
  WC    Waist circumference   
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  DXA    Dual energy X-ray absorptiometry   
  BMI    Body mass index   
  CT    Computed tomography   
  MRI    Magnetic resonance imaging   
  MRS    Magnetic resonance spectroscopy   
  SHBG    Sex hormone binding globulin   
  HRT    Hormone replacement therapy     

     Introduction 

 Obesity is a medical condition in which excess body mass has accumulated to the extent that it may 
cause an adverse effect on health, leading to reduced life expectancy and/or increased health problems 
including cardiovascular disease, type 2 diabetes, cancer, osteoarthritis and so on  [  1  ] . Changes in 
body composition, including the amount and distribution of body fat, are important predictors of car-
diovascular risk. In particular, abdominal fat accumulation is associated with increased risks for car-
diovascular diseases  [  1,   2  ] . Menopause is commonly de fi ned as the absence of menses for 12 
consecutive months. Endocrine changes resulting from menopause not only lead to cessation of repro-
duction and accompanying symptoms in women, but also dramatically impact health in postmeno-
pausal life. Recent studies have found that change of body composition may mediate the relationship 
between menopause and adverse health outcomes. The  fi ndings about effects of menopause on body 
composition have been inconsistent due to different study design and characteristics of target popula-
tions: some studies have observed a progressive increase in fat mass, decrease in lean mass, and a shift 
to a more central body fat distribution caused by menopause, but others have not, especially after 
controlling the effects of aging  [  3–  5  ] . This chapter discusses the effects of menopause on body com-
position and potential behind mechanisms with particularly Chinese aspects.  

   Menopause and Body Composition 

 Two patterns of body fat distribution have been usually observed, the accumulation of fat in the cen-
tral region (android or apple shape) and the accumulation of fat in the gluteo-femoral region (gynoid 
or pear shape). The accumulation of fat in the central region (intra-abdominal) has been linked to 
increased risk of cardiovascular diseases independent of overall obesity. Despite con fl icting results, 
menopause was believed to associate with weight gain, increased fat mass and abdominal fat, and a 
shift to a more central, android body fat distribution. 

   Menopause, Body Weight and Total Body Fat 

 Women tended to gain weight with aging, and many women reported their weight gain started around 
the time of their menopause  [  6  ] . A number of studies on Caucasian middle-aged women reported an 
annual weight gain of about 0.5 kg or more, however there did not appear to be an independent effect 
of menopause on the weight gain  [  7,   8  ] . Wing et al. studied 485 US women who were initially pre-
menopausal and followed them for 3 years during which 61 were postmenopausal, 94 were perimeno-
pausal, and 279 were still premenopausal. However, they found the weight gain was similar in the 
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women who remained premenopausal and those who had a natural menopause  [  8  ] . In a comparison 
of premenopausal and postmenopausal Caucasian women matched for age, premenopausal women 
actually had a higher mean body weight  [  5,   9  ] . These evidence suggest that weight gain in midlife 
among women per se is more consistent with a pattern of chronologic aging, and not uniquely due to 
the menopausal transition. 

 Nevertheless, body weight consists of many compartments and components, and thus weight 
change alone is not an adequate indicator to the underlying changes in body composition that occur 
during menopause  [  6  ] . Wang and colleagues found that total lean mass decreased during the meno-
pausal transition among Danish women  [  4  ] , which indicated that increases in fat mass may occur with 
menopause despite a lack of change or even a reduction in body weight. Toth et al. claimed that total 
body mass was 28 % higher and percentage fat was 17 % higher in postmenopausal than in premeno-
pausal US women, and a similar pattern of differences in total adiposity was noted in subsamples of 
premenopausal and postmenopausal women matched by age  [  10  ] . A longitudinal analysis of 6-year 
changes in body composition among African-American and Caucasian women showed menopause 
was associated with substantial weight gain, signi fi cant increases in fat mass, and loss of skeletal 
muscle mass. The pattern of change in weight is linear, suggesting only an age effect, whereas the 
changes in fat mass and skeletal muscle mass were more with curvilinear pattern over time, suggest-
ing a menopause effect  [  11,   12  ] .  

   Menopause and Central Fat Distribution 

 In addition to body weight and total fat, more literature suggested that it was not just the amount of 
fat but also its distribution that determined the risk associated with obesity  [  13  ] . Excess abdominal fat 
is as great a risk factor for disease as excess body fat per se  [  1  ] . Although some studies using anthro-
pometric measurements of abdominal fat distribution most often failed to detect an effect of the meno-
pause transition after adjust for age  [  14,   15  ] , both cross-sectional  [  16  ]  and longitudinal studies  [  9,   17  ]  
have shown a menopause-related increase in central adiposity among Caucasians, independent of the 
effect of age and total body adiposity. By comparing postmenopausal with age-matched controls pre-
menopausal US women, Poehlman et al. found that the transition to menopause was associated with 
an increase in the waist-to-hip ratio (WHR) and total body fat  [  17  ] . Using data from the Study of 
Women’s Health Across the Nation (SWAN) among African-American and Caucasian women, 
Sowers et al. found that waist circumference (WC) continued to increase over time but the rate of 
increase slowed approximately 1 year after the  fi nal menstrual period, which indicated that both 
chronological aging and ovarian aging contribute to substantial changes in WC  [  12  ] . However, in 
subsequent SWAN longitudinal analyses with longer follow-up and including Japanese and Chinese 
women, change in waist seemed to be linear in relation to the  fi nal menstrual period  [  5  ] . 

 The dual energy X-ray absorptiometry (DXA) provides more details information on whole-body 
and regional estimates of fat mass, even though this technique does not differentiate subcutaneous 
from intra-abdominal adipose tissue compartments  [  18  ] . Several studies have reported a shift toward 
abdominal fat distribution among African-Americans and Caucasians at menopause based on DXA 
data  [  12,   19–  21  ] . Dawson-Hughes and Harris studies body composition changes across a 1-year 
period in 125 postmenopausal US women and found an increase in trunk fat measured by DXA. 
However, as there was no premenopausal comparison group in this study, it is not clear whether this 
change was due to menopause per se or aging  [  22,   23  ] . Gambaccianni and colleagues examined DXA 
measured trunk fat in a sample of premenopausal, perimenopausal, and postmenopausal Caucasian 
women, and found both perimenopausal and postmenopausal women had higher total and central 
body fat compared to premenopausal women. The effect of the menopause was further con fi rmed in 
a subgroup of women matched for age and body mass index (BMI)  [  24  ] .  
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   Menopause and Ectopic Fat 

 Ectopic fat is de fi ned as excess adipose tissue in locations not classically associated with adipose tissue 
storage, such as visceral, heart, liver, and bone marrow  [  2  ] . Ectopic fat is an important predictor of 
metabolic (in particular insulin resistance) and cardiovascular disease, carrying more risk than general 
fat accumulation  [  25  ] . For instance, intra-abdominal visceral fat is most highly associated with increased 
health risks, and some studies indicate that visceral obesity may be a better predictor of morbidity and 
mortality related to cardiovascular diseases and type 2 diabetes than general obesity  [  26  ] . 

 Computed tomography (CT) is current gold standard technique which can quantify both subcuta-
neous and intra-abdominal adipose tissue depots  [  27  ] . Toth and colleagues found that postmenopausal 
African-American and Caucasian women had a 49 % greater intra-abdominal and a 22 % greater 
abdominal subcutaneous fat area compared to premenopausal women. The menopause-related differ-
ence in intra-abdominal fat persisted after statistical adjustment for age and total body fat mass, 
whereas no difference in abdominal subcutaneous fat was noted  [  10  ] . Enzi et al. have reported that 
postmenopausal Italian women have a decreased subcutaneous-to-visceral fat ratio measured by CT 
scan comparing to age-matched premenopausal women  [  28  ] . Similar  fi ndings were reported by 
Lovejoy et al. in a longitudinal study in which they found that all African-American and Caucasian 
women gained subcutaneous fat over time but only those who became postmenopausal had a signi fi cant 
increase in visceral adipose tissue  [  3  ] . However, studies using the magnetic resonance imaging (MRI) 
reported no signi fi cant effect for menopause on abdominal fat accumulation. Schreiner et al. con-
cluded that menopause did not accelerate intra-abdominal fat accumulation, though a very small sam-
ple of postmenopausal US women was examined in this study  [  29  ] . 

 Recent  fi ndings suggested an association between bone marrow fat and bone loss, and osteoporosis 
has been proposed as the “obesity of bone”  [  30  ] . However, little literature was available for the change 
of bone marrow fat during menopause, and whether this change is associated with menopause-induced 
osteoporosis. Using proton ( 1 H) magnetic resonance spectroscopy (MRS), Grif fi th found that in 
females vertebral marrow fat content rose sharply between 55 and 65 years of age while in males 
vertebral marrow fat content rose more slowly throughout life with no sharp rise in above range of age 
 [  31  ] . This increased deposition in marrow fat concurs with recognized changes in extraosseous fat 
distribution in postmenopausal females, which suggested that the bone marrow fat deposition may be 
menopause-related. More studies are needed before any conclusion can be made. 

 In summary, there are discrepancies in previous cross-sectional studies which may be related to 
the methodology used for the measurement of body fat distribution. Studies using anthropometric 
measures (WC or WHR) more likely failed to detect the difference independent of age and total fat. 
DXA and CT led to the conclusion that the menopause accelerated the selective deposition of intra-
abdominal fat. Available longitudinal studies supported an increase in central fat accumulation occur-
ring with menopause.   

   Mechanism Behind Menopause and Body Composition 

 The sex hormones have been suggested to play a critical role in menopause-related changes in body 
fat and fat distribution. Menopause is of occurrence with decline of estrogen levels. A number of 
 studies reported that menopause-induced hormonal changes may be associated with abdominal fat 
distribution. Haffer et al. found that in postmenopausal Mexican-American and non-Hispanic white 
women overall adiposity and an unfavorable body fat distribution are associated with decreased sex 
hormone binding globulin (SHBG) concentration  [  32  ] . Observational studies and clinical trials have 
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showed the effect of hormone replacement therapy (HRT) on fat distribution  [  33,   34  ] . The HRT using 
among postmenopausal women was associated with prevention, attenuation, or delay of abdominal 
fat accumulation related to menopause  [  35  ] . Therefore, changes in fat distribution during menopausal 
transition may be related to the dynamics of hormone such as estrogens and SHBG. 

 The physiologic basis for the shifting fat distribution after menopause appears to be a decreased 
lipoprotein lipase activity in femoral adipocytes and a loss of the high lipolytic responsiveness of 
abdominal and mammary adipocytes that is observed in premenopausal women  [  36  ] . Thus, unlike 
premenopausal women, postmenopausal women do not preferentially deposit fat in the periphery but 
are equally likely to deposit fat in adipose depots in the trunk. Lindberg et al. have also shown that 
treatment with estrogen in postmenopausal women restores the lipoprotein lipase activity of the femo-
ral adipocytes  [  37  ] . 

 In contrast to the stable patterns of daily food intake observed in males of many species, in females 
of many species caloric intake are cyclic and correlate with phases of the menstrual or estrous cycle 
 [  23  ] . When estrogen is elevated and progesterone is low, female show a signi fi cant decrease in caloric 
intake. Furthermore, it has been reported in female rodent models, physiologic levels of estrogen 
within the estrus phase was inversely related to food intake  [  23,   38  ] . Given the data linking changes 
in estrogen levels to alterations in food intake across the menstrual cycle, it might be expected that the 
decrease in estrogen at menopause may cause changes in eating behavior. Unfortunately, few studies 
have investigated the effect of menopause on food intake. A recent study found a decrease of energy 
intake after the onset of menopause compared with 3–4 years before the onset, but a slightly increase 
were found 2 years after the menopause  [  3  ] . 

 In addition to affecting total energy intake, cyclic  fl uctuations in reproductive hormones also affect 
preference for macronutrients, such as fat and carbohydrate. In female rodents, low levels of estradiol 
during the luteal phases of the cycle are associated with increased preference and intake of fat  [  39  ] . In 
a recent longitudinal study, after adjustment for changes in total energy intake, protein, carbohydrate 
seem to decline overtime and were relatively higher in the years preceding onset of menopause than 
those after menopause. In contrast, fat intakes were higher 2 years after menopause onset compared 
with menopause onset and tended to increase over time  [  3  ] . 

 Current literature indicated that natural menopause may be associated with reduced energy 
expenditure during rest and physical activity, both of which could contribute to a positive energy 
balance and weight gain in menopausal women  [  23  ] . Women experience a gradual fall in resting 
metabolic rate after menopause. In a recent study, 24 h energy expenditure and sleeping energy 
expenditure decreased signi fi cantly with age, however, the decrease in sleeping energy expenditure 
was 1.5-fold greater in women who become postmenopausal compared with premenopausal con-
trols  [  3  ] . There appear to be at least two components contribute to this change. First, it has been 
reported that menopausal women have slightly decreased resting metabolic rate because of the loss 
of fat free mass  [  6,   23  ] . Fat free mass plays a major role in RMR, and can explain 63 % variations 
in resting metabolic rate  [  40  ] . Furthermore, changes in fat-free mass, including a postmenopausal 
decline in both soft lean tissue mass and bone mass, are mainly menopause-related  [  4  ] . Second, the 
decreased metabolic rate in postmenopausal women may be due in part to the loss of ovarian func-
tion and luteal phase of the menstrual cycle, which can theoretically reduce energy expenditure by 
about 15,000–20,000 Kcal per year  [  6  ] . Cyclic variation in resting energy expenditure was found in 
premenopausal women. During the 14-day luteal phase following ovulation, core temperature 
increased, as well as 8–16 % increase in total energy expenditure measured by direct and indirect 
calorimetry  [  6,   41  ] . 

 The estrogen/testosterone pathway may play an important role in the regulation of physical activity 
 [  42  ] . In rodents, wheel running is reduced after surgical/pharmacological gonadectomy and is increased 
after hormones are reinforced via capsules or injections. However, in human subject, whether the 
decline in hormone concentration after menopause will cause a reduction in physical activity is still 
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unclear. Dorn et al. investigated breast cancer risk in premenopausal and postmenopausal US women 
with and without cancer. As a component of this analysis, the researchers asked the subjects to recall 
their strenuous physical activity patterns during the previous 2 years, and found a reduction in physical 
activity level after menopause  [  43  ] . In a recent longitudinal study, physical activity decreased 30.2 % 
in subjects who were initially premenopausal and then become postmenopausal during the follow-up. 
However, in subjects who remain menopause, it decreased even a slightly higher (38.7 %), which 
 suggest an aging effect rather than menopause effect.  

   Chinese Aspects 

 Compared with other races and ethnic groups, Asians such as Chinese, Japanese, and Singaporeans 
were reported to be with lower BMI but with higher percent body fat and more abdominal fat at any 
given level of BMI  [  44–  47  ] . Chinese women in early menopausal transition were noted with the low-
est unadjusted level of serum estradiol and SHBG comparing to other ethnic groups in SWAN study. 
The BMI was signi fi cantly correlated with all reproductive and somatic hormones measured in the 
perimenopause  [  48  ] . Therefore, the effect of menopause on fat and fat distribution may be different 
for Chinese women. 

 The evidence on changes of body composition during menopausal transition was extremely 
 limited in Asian, particularly Chinese population. Teh et al. revealed an age-related increase in 
abdominal fat, but they did not consider the effect of menopause in their study  [  49  ] . Including meno-
pause effect in a cross-sectional study, Sternfeld and colleagues reported a lower lean mass and 
 possibly higher percent body fat in perimenopausal and postmenopausal Chinese women than in 
those in other ethnic groups  [  21  ] . Only one longitudinal study was available to date to evaluate the 
changes of body composition during menopausal transition in Chinese women  [  50  ] . A total of 438 
middle-aged Chinese women aged 44–55 years were recruited with 30-month follow-up in Hong 
Kong. After controlling age, age of menarche and education level, women undergoing menopausal 
transition and postmenopausal women were associated with decreased lean mass, and increased 
percent body fat, trunk fat mass, and trunk–leg fat mass ratio comparing with women remained pre-
menopausal (Fig.  20.1 ).  

 More studies with longitudinal design were encouraging to examine the effect of menopause on 
body composition among Chinese women. No Asian studies examined intra-abdominal fat changes 
during menopausal transition using CT, current gold standard to measure body composition. More 
research was warranted in Chinese menopausal women.  

   Conclusion 

 In conclusion, careful examination of available studies on body fat distribution and menopause sug-
gested that menopause was associated with an acceleration in the accumulation of abdominal adipose 
tissue, and most likely, intra-abdominal fat. This trend toward central obesity favors increased cardio-
vascular, cancer, and metabolic risks, and may partially mediate the increased morbidity and mortality 
after menopause. Limited evidence identi fi ed the effect of menopause on fat distribution among 
Chinese women; however, more research was needed to con fi rm the  fi ndings with longitudinal design, 
larger sample size, and more advanced measuring technologies.      
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