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ABSTRACT 

 

Menopause transition is usually associated with changes in body composition and a decrease in 

physical activity energy expenditure. Adipose tissue, especially visceral fat, is an important 

source of inflammatory markers, which contributes to the development of a pro-inflammatory 

state. Conversely, high levels of physical activity and exercise have an anti-inflammatory effect. 

One-hundred and two healthy premenopausal women participated in a 5-year longitudinal 

observational study (MONET: Montreal Ottawa New Emerging Team). The present secondary 

analyses were performed on 58 participants between the ages of 47 and 54 years with a full set of 

data.The aim of study was to investigate the impact of menopause transition and physical activity 

on inflammatory makers. The major finding of the first of 3 studies was that menopausal 

transition is accompanied by an increase in inflammatory markers, namely ferritin, IL-8, and 

sTNFR 1 and 2. The increase in IL-8 and sTNFR2 with menopause could be explained, in part, 

by changes in fat mass and peripheral fat, respectively. 

During and after menopause, significant bone loss occurs in women due to reduced estrogen 

production. Estrogen reduction favors bone resorption by regulating the production and activity 

of inflammatory markers. Therefore we further investigated the association between 

inflammatory markers and bone mineral density in premenopausal women transitioning to 

menopause (paper 2). Our results showed no significant association between change in 

inflammatory markers and change in bone mineral density in women transitioning to menopause. 

However, in premenopausal women hs-CRP was negatively associated with total, lumbar spine 

and femoral neck bone mineral density and along with weight and cardiorespiratory fitness may 

play a role in bone mineral density variation. Baseline level of hs-CRP, Hp, IL-6 and femoral 

neck bone mineral density along with percent change in physical activity energy expenditure and 
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menopausal status partly explained the individual variation of bone mineral density losses in 

women transitioning to menopause. Finally, we investigated time spent in the postmenopausal 

years and the influence of the duration of the postmenopause status on body composition and 

cardiometabolic risk factors. We indicated that postmenopausal years and years since menopause 

is associated with decrease in blood glucose and increase in waist circumference, percent fat 

mass, total cholesterol, and high density lipoprotein. Inflammatory markers including ApoB, 

ferritin, adiponectin, sCD14 were higher during years after final menstrual period while sTNFR1 

and sTNFR2 were higher during the menopause transition and early postmenopausal years.     
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CHAPTER 1 

1. Introduction  

The increased prevalence of risk factors for cardiovascular diseases in aging women has raised 

concerns among health researchers, especially in regards to body composition, body fat 

distribution and cardiometabolic changes that are associated with the menopausal transition and 

postmenopausal period.
1,2

 Among the many cardiometabolic changes observed during these 

periods, alteration of the inflammation status has received growing interest from the scientific 

community.
3
 In particular, chronic inflammation, which is associated with aging, has been linked 

with the development of obesity.
1
 Chronic inflammation is also related to a variety of chronic 

diseases including cardiovascular diseases, type 2 diabetes, osteoporosis, and cancer.
4
 In 

addition, body composition and body fat distribution have been shown to change during the 

menopause transition. In fact, the
 
transition from pre- to post-menopause is associated with 

increased fat mass and central fat, especially the accumulation of visceral abdominal fat.
2,4

 

However, fat cell (adipocytes) are no longer considered to serve solely as passive storage units
 
of 

fat. Rather, they are thought to be active contributors to women’s cardiometabolic profiles, 

including the inflammatory status,
 
and their overall health. There is mounting evidence that 

adipocytes act as an
 
endocrine organ, secreting a variety of cytokines which could lead to a 

chronic inflammation status.
5
 Therefore the increase in body fat mass, especially visceral fat, 

observed across the menopausal transition may favor the development of a pro-inflammatory 

adipokine profile.
6
  

Menopause is also associated with a shift to a more sedentary lifestyle
7
 and it has been shown 

that lower physical activity and cardiorespiratory fitness are related to higher levels of 
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inflammatory markers [i.e., C-reactive protein (CRP), fibrinogen and tissue plasminogen 

activator (PAI-1)].
8
 In addition, there is evidence that hormonal changes that occur during the 

menopausal transition, such as a progressive decline in ovarian estrogen secretion and an 

elevation in gonadotropin levels, can affect cytokine production.
9
 It has also been shown that 

estrogen regulates bone remodeling by modulating the production of cytokines.
9
 Hence, the 

increase in cytokine concentrations during menopausal transition is involved in the pathogenesis, 

development and progression of metabolic syndrome, atherosclerosis, osteoporosis and many 

other diseases that can affect postmenopausal women’s health.
9
  

It would therefore be important to further investigate the influence of the menopause transition 

and the effect of post-menopause-associated changes in body composition, body fat distribution 

and cardiometabolic parameters on inflammatory markers. It would also be relevant to determine 

the influence of physical activity and cardiorespiratory fitness on levels of inflammatory markers 

in women during the menopausal transition and during the post-menopausal period. This 

research program contributes to a better documentation and understanding of the factors 

associated with the development of a chronic inflammation status and its impact on the 

cardiometabolic risk factors and bone mineral density in women during the menopause transition 

and post-menopausal period. The results from the proposed studies may lead to improved 

identification of preventive interventions for women going through menopause transition and 

postmenopausal years.  
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2. Literature Review 

2.1 Inflammation  

Inflammation plays an important role in the development of many chronic diseases such as 

cardiovascular diseases, type 2 diabetes, and cancer (figure 1) and it can be classified as either 

acute or chronic.
4
 Obesity is one example of a sub-chronic inflammatory status. Markers of 

inflammation can be beneficial in diagnosing and monitoring many diseases, for instance 

atherosclerosis.
10

 Markers of inflammation can be classified into three groups: cytokines, acute 

phase proteins and adhesion molecules.
11

 

 

Figure 1. Inflammation and Chronic Diseases
12

  

 

A major function of cytokines is to mediate the interactions between immune and inflammatory 

systems. Cytokines include interleukins, interferons, lymphokines, and tumour necrosis 

factoralpha (TNF- ). Cytokines are produced by multiple sources (mostly by macrophages and 

monocytes), and have multiple target functions. The cytokines that are involved in inflammatory 

processes are the main stimulators of the acute-phase proteins.
13

 Many types of cytokines can 

also play an important role in regulating other cytokines as well as the production of cytokine 
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receptors. For example, TNF-   is the main stimulator of interleukin-1 production in patients 

with rheumatoid arthritis; interleukin-1β may increase or decrease expression of its own 

receptors; and interleukin-6 (IL-6) inhibits the expression of tumor necrosis factor alpha.
13

  

In response to cytokines especially interleukin 6, acute-phase reactants or proteins are produced 

by the hepatocytes. Examples of acute phase proteins include fibrinogen, serum amyloid A 

(ORM), and CRP which have been examined as inflammatory markers related to the 

development of atherosclerosis.
6,13

  

Another form of protein is adhesion molecules, which is located on the cell surface and they are 

involved in adhesion with other cells or with the extracellular matrix. Every cell expresses 

cellular adhesion molecules. Adhesion molecules on the vascular endothelium and on circulating 

leukocytes mediate the recruitment of leukocytes in response to inflammatory stimuli. Increased 

expression of adhesion molecules along with immune cell migration inside the vessels initiates 

the development of atherosclerosis (figure 1.2).
10

 

 

Figure 2. Inflammation and Atherosclerosis Development
14
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 2.2 Menopause  

Menopause is a natural process in women that is characterized by a progressive loss of ovarian 

activity and the cessation of menstrual periods, which is confirmed after 12 consecutive months 

without menses.
15

 In the American population, the mean age of menopause occurrence is 51.3 

years.
15

 Menopause is associated with changes in plasma hormone levels, mainly a decrease in 

plasma estrogen, which is associated with changes in body composition (e.g. increased fat mass 

and decreased lean body mass) and body fat distribution (e.g. increased abdominal fat, especially 

visceral fat).
2,11,15

 Also, it has been recently reported that the menopause transition is associated 

with a decrease in physical activity energy expenditure and a shift towards a more sedentary 

lifestyle.
7
 This decrease in estrogen combined with the decrease in physical activity energy 

expenditure can increase the risk of weight gain, fat mass gain and abdominal fat accumulation 

among perimenopausal women.
7
 Similarly, it can also increase the risk of reductions in lean 

body mass, especially muscle mass (sacopenia) as well as bone mineral density (osteoporose).
16

 

However, significant weight gain during menopause transition is not always observed. 

Previously by our group, we found that a decrease in physical activity energy expenditure was 

associated with a decrease in caloric intake in healthy none-obese premenopausal women that 

were followed for 5 years throughout their menopause transition.
7
  

Experts at the Stages of Reproductive Aging Workshop working group in 2010 identified three 

stages that are important in a women’s life (Table 1): 1) Reproductive stage, 2) Menopausal 

transition stage and, 3) Postmenopausal stage. The reproductive stage is characterized by the 

period from menarche (first menstrual cycle, or first menstrual bleeding) up to perimenopause. 

The menopausal transition is the interval after perimenopause and before postmenopause during 

which the ovaries progressively decrease the production and secretion of estrogen. The transition 
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interval is associated with irregular menstrual periods which are characterized by two skipped 

menstrual cycles with 60 or more days of amenorrhea. Finally, the postmenopausal stage 

corresponds to the occurrence of the final menstrual period and is then confirmed by 12 months 

of amenorrhea.
15

  

Table 1. Menopause Staging System based on the Stage of Reproductive Aging Workforce. 

  
From Edwards 2013

15
 

 

2.3 Menopause and inflammatory markers  

There is evidence that menopause is associated with an increase in fat mass and abdominal 

adiposity even in the absence of significant weight gain.
2
 The increase in fat mass across the 

menopausal transition may result in the development of a chronic sub-inflammation status.
4,6

 

Body fat distribution, especially visceral fat accumulation, is considered to be a key risk factor in 

the development of cardiometabolic disorders.
4,6

 In comparison to abdominal subcutaneous fat, 

visceral fat plays an important role in the development of the metabolic syndrome due to its 

proximity in respect to portal circulation.
6
 It has also been demonstrated that visceral fat 

adipocytes are more metabolically active than those in peripheral subcutaneous fat. As an 

endocrine organ, adipocytes secrete pro-inflammatory factors that contribute to the sub-chronic 
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inflammatory status.
6,17

 With increased fat mass and adipocyte hypertrophy (enlargement), the 

blood supply to adipocytes may be reduced. This leads to adipocyte hypoxia and necrosis.
6,17

 

Adipocyte necrosis promotes macrophage infiltration, accumulation, and persistence in white 

adipose tissue. In response, resident macrophages in adipose tissue promote the development of a 

sub-chronic inflammation status. The primary cytokine responsible for the macrophage 

infiltration is the monocyte chemotactic protein-1 (MCP-1). Active macrophages express 

activation markers (MAC-2), a potent macrophage chemoattractant that promotes macrophage  

Aggregation, form crown like structures (CLS) that surround and scavenge residual adipocyte 

lipid, and ultimately form multinucleate giant cells (MGCs), a sign of chronic inflammatory 

state.
17

 Macrophages have two subclasses, M1 and M2 macrophages. M1 macrophages enhance 

a chronic inflammatory state whereas M2 macrophages participate in decreasing inflammatory 

responses from the adipose tissue. There is a shift from M2 macrophages to M1 macrophages 

with macrophage infiltration, which occurs as a result of less blood supply as well as adipocytes 

hypoxia and necrosis due to adipocyte hypertrophy. With the rise in M1 macrophages, cytokine 

production increases which leads to a more pro-inflammatory environment (figure 1.3).
17

 

 

MCP-1: monocyte chemotactic protein-1; IL-6: Interleukin 6; IL-10: Interleukin 10; TNF- : Tumor necrosis factor alpha 

Figure 3. Fat Mass and Macrophage Infiltration
18
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Table 2. Present the summary of the evidences concerning the menopausal status and 

inflammatory markers.  

 Table 2. Menopausal Status and Inflammatory Markers   

Author 

 

Number of 

Subjects 

 

Menopausal 

Status 

 

Age (yrs) 

 

Main Results 

 

CROSS SECTIONAL STUDIES 

 

Puurunen 

(2011)19 
50 

Pre 

Post 

polycystic ovary 

syndrome 

43 

59 
  CRP in Post 

Yasui (2008)9 

191 

Peri (99) 

Post (92) 

 

Healthy Peri and 

Post 

47.9  3.87 

56.2  7.13 

 IL-4,   MCP-1 in post. IL-1 β , IL-2, IL-6, IL-7, 

IL-8, IL-10, IL-12, IL-13, IL-17, G-CSF, GM-

CSF,      ,     γ,  MCP-1 

Yasui (2007) 20 

122 

Pre (16) 

Peri (54) 

Post (52) 

 

Healthy Pre, Peri 

and Post 
40-65 

 IL-2 ,  IL-4 ,  G-CSF,   GM-CSF during 

menopause transition. IL-1β, IL-2, IL-4, IL-5, 

IL-6, IL-7,IL-8, IL-10, IL-12 (p70), IL-13, IL-

17,      ,     γ, MIP-1β, (MCP)-1 

Vural (2006)21 
Pre (25) 

Post (24) 

Healthy Pre and 

Post 

43-55 

19-38   
 IL4,   IL-10,   IL-12,         in post 

Vural (2006)22 

75 

Pre (25) 

Post (50) 

 

Healthy Pre and 

Post (HRT, no 

HRT) 

   2.5 

     3.5 
     ,       β,    IL-10 in post 

Stefanska 

(2005)23 

Peri (47) 

Post (78) 

 

Healthy Peri and 

Post 

 

 

47 3 

53 4 
   sICAM-1, CRP, IL-6, fibrinogen, sVCAM-1 

Karelis 

(2005)24 
88 

Obese sedentary 

Post 

Metabolically 

Healthy obese, at 

risk 

44-73 
  CRP,    alpha-1 antitrypsin in metabolic healthy 

obese  

 

Sites (2002)25 

 

45 Pre 

44 Post 

Pre and Post 
47 3 

51 4 

      in post. 

CRP, IL-6 

 

Cioffi (2002)26 

 

82 

Pre 34 Post 

48 

Pre and Post 
32 7 

54 8 

 

IL-6,   IL-18 ,          ,       β in post 

IL-2, IL-4, IL-5, IL-10, IL-12,     γ 

 

 

Nishizawa 

(2002)27 

137 women 

442 men 
Pre and Post 53 12   in post adiponectin 

 

Oger (2001)28 

 

Pre 74 

Post 60 

 

Healthy Prei and 

Post (HRT, no 

HRT) 

45-54    cICAM-1 in pos CRP e-selectin 

Kamada 

(2001)29 
97 

Pre and Post (HRT, 

no HRT) 
32-93 

       in post comparing to pre 

IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-18, 

     ,     β not detectable due to sensitivity 

of the assays used. 
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Giuliani 

(2001)30 

220 

Pre 59 

Post 161 

Pre and Post 25-104  IL-6,     sIL-6 in post 

Hak (1999)31 

186 

Pre 93 

Post 93 

Healthy Pre and 

Post 
43-55         CRP between pre & post 

 

LONGITUDINAL STUDIES 

 

Lee (2009)6 69 
Healthy Peri 

follow up to post 

45-44 

follow up 

49-69 

  

Adiponectin,    SAA,      MCP-1     

tPA, IL-6 ,      , Leptin, CRP 

 

Wildman (2008)32 40 

Healthy Pre, 

Peri, 

Post 

39.6 0.6 

46.3     

51.8 0.6 

   adiponectin during menopause transition,        

resistin in pre comparing to peri & post 

Sowers (2008)5 40 

Obese and non 

obese Pre, Peri, 

and Post 

38.5_52 

 Resistin in pre comparing to peri & post in both 

groups. 

 Adiponectin in peri comparing to pre & post 

status in both groups. 

Matthews (2007)33 
3249 

 

Pre, early Peri, 

late Peri, 

Post (natural), 

Post (surgery), 

unknown status 

 

46.3  2.7 

 Fibrinogen in post and late peri comparing to pre,      

 

tPA-ag in early peri, late peri and post comparing 

to pre, CRP 

 

Sowers (2005)34 

 

3286 

Pre, early Peri, 

late Peri, 

Post (natural), 

Post (surgery), 

HT 

42-52 

Fibrinogen,  tPA, CRP, PAI-1 in post and peri 

comparing to pre, 

 CRP ,    PAI-1 in women with hormone therapy 

Ridker (2000)35 
366 

Post with and 

without CVD 
59.3 

 CRP,     IL-6,    ORM,      sICAM-1 in women 

with CVD 

CRP was related to intraabdominal fat in post 

    Decrease;          No change;      Increase of Inflammatory Markers 

Premenopausal (Pre), Perimenopausal (Peri), Postmenopausal (Post) women, Hormone Therapy (HT), Apolipoprotein B (APO-B),  

C-reactive protein (CRP), Interferon gamma (IFNγ), Interleukin  (IL), Plasminogen activator inhibitor-1 (PAI-1), Serum Amyloid A (SAA)                         

Soluble tumor necrosis factor receptor (sTNFR), Tumour necrosis factor (TNF-  ), monocyte-chemotactic protein-1 (MCP-1), Tissue 

plasminogen activator (tPA), vascular cell adhesion molecule 1 (VCAM-1), Intercellular Adhesion Molecule 1(ICAM-1), 

Granulocyte - colony stimulating factor (G-CSF), cardiovascular diseases (CVD) 

 

 In most cross-sectional studies during menopause, inflammatory markers do not differ or were 

higher in postmenopausal women compared to premenopausal women. However in few studies, 

inflammatory markers were lower in metabolically healthy obese postmenopausal women 

compared to premenopausal women.
24,27

  This discrepancy in the results of cross-sectional 

studies could be due to significant age gaps between cohorts (pre and postmenopausal women), 

for instance in a study by Giuliani et al.
30

 there was up to 80 year gaps. In addition, other factors 
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such as body composition and the use of hormone therapy may have led to differences in 

inflammatory markers rather than the effects of women’s menopausal status.
6
  

The results of five longitudinal studies
5,6,32-34

 that investigated the influence of the menopause 

transition on inflammatory markers are not consistent. In the Study of Women's Health Across 

the Nation (Swan study) Matthews et al.
33

 showed that menopausal status was an important 

predictor of all inflammatory markers, except for C-reactive protein. Compared with 

premenopausal women, late perimenopausal women had increased fibrinogen and plasminogen 

activator antigen (tPA-ag). tPA-ag and fibrinogen were also increased among postmenopausal 

women compared with premenopausal women.
33

 Conversely, in the same study but with 

different grouping, Sowers et al.
34

 showed that transitioning from premenopause and early 

perimenopause to postmenopause was not associated with significant change in levels of 

inflammatory factors. However, women who used hormone therapy showed 25% higher CRP 

concentrations and 20% lower PAI-1 concentrations compared with nonusers.
34

 Difference in 

these results could be due to selection/grouping method used, such that i.e., in the Sowers et al. 

study, hormone therapy use and surgical menopause participant were taken into consideration. 

In the Michigan Bone Health and Metabolism Study (MBHMS study)
5
, the researchers only 

measured resistin albeit they showed that levels of this inflammatory marker decreased in none-

obese as well as in obese peri- and post-menopausal women compared to pre-menopause 

women. Resistin is secreted form adipocytes, but it is also produced by macrophages. It 

participates in regulation of systemic inflammatory response, stimulating the production of IL-6, 

IL-8, IL-12, and TNF-  in adipose tissue.
1
 Researchers in MBHMS study suggested that it is 

possible resistin is produced in the ovary and declines with increasing ovarian age.
5
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Most longitudinal studies have not documented body composition changes such as body fat mass 

and abdominal fat which are important phenotype characteristics that could affect the production 

and the levels of inflammation markers in women going through the menopause transition.
5
 In 

one study that did evaluate body composition,
32

 the measurement technique that was used was 

bioelectrical impedance resistance, which has been questioned in terms of its measurement 

accuracy and reliability.
36

 Considering the conflicting results and the lack of valid measurements 

of body composition changes in these longitudinal studies, the proposed study aims to provide 

more precise information on the relationship between body composition and inflammatory 

markers and their respective changes in women going through menopause transition as well as 

during the postmenopausal period.  

2.4 Physical Activity and inflammatory markers  

It has been shown that regular physical activity plays an anti-inflammatory role on adipose tissue 

and skeletal muscles.
37,38

 The following mechanisms have been suggested regarding how 

physical activity can reduce inflammation status:
37,38

 

• Increased anti-oxidant defense by up-regulation of anti-oxidant enzymes such as 

superoxide dismutase, glutathione peroxidise, glutathione reductase and 

catalases; 

• Decreased reactive oxygen species and decreased nitric oxide activity, which are 

associated with a decrease in nuclear factor kappa B (an important transcription factor for 

inflammatory cytokines gene expression); 

•  Decreased adipocyte size and a reduction in hypoxia in adipose tissue; 

•  Improved endothelial function; and 
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• Increased cytokine release from exercising muscles, such as IL-6 which results in anti- 

inflammatory cytokine production of receptor antagonist (IL-10 and IL-1) and suppression 

of pro-inflammatory cytokines such as tumor necrosis factor alpha. The release of IL-8 

from contracting muscles can play an important role in stimulating angiogenesis.
38

 

Table 3 provides a summary of the evidence regarding physical activity levels and inflammatory 

markers based on women’s menopausal status.  

Table 3. Physical Activity Levels and Inflammatory Markers base on Women Menopausal 

Status. 
 

Author 

 

Sample Size 

 

Status 

 

Age (yrs) 

 

 

Study Design + 

measurement 

 

Main Results 

 

CROSS SECTIONAL STUDIES  

 

 

Lavoie (2010)39 

 

152 

 

Obese 

overweight Post 

 

56.7-58.3 

 

Cross sectional study 3 

groups 

PAEE high >1100 

PAEE 730-1100 

PAEE low <730 

doubly labeled water 

combined with indirect 

calorimeter  

  

  CRP,    Haptoglobin in active 

women. Orosomucoid , IL-6, 

sTNFR1,        

Autenrieth 

(2009)40 

796 (n = 

359women) 

Overweight 

Men and women 

(66.3% post) 

35-74  Cross sectional 

self report PA  

 CRP,    IL-6,    fibrinogen in 

women 

Woolf (2008)41 158 Healthy pre, peri, 

post 

20-30 

(n=49) 

40-50 

(n=62) 

>60 (n=47) 

Cross sectional 

Self report + pedometer 

7 days 

lower level of Leptin in active 

vs. sedentary , CRP 

 

Mora (2006)42 

 

27158 

 

Healthy women 

54% post 

 

mean 54.7 

 

Cross sectional 

Questionnaire 

Modest level of PA (at least 

1000 kcal/wk or 2.5 hr/wk is 

significantly associated with 

more favorable level of CRP, 

Apo A1, fibrinogen, ICAM1-1 

Manns 

(2003)43 

133  Post 50-73 Cross sectional 

Standford 7-day activity 

recall 

 

Higher PA, Lower CRP 

LONGITUDINAL STUDIES  

 

 

Esposito 

(2003)44 

 

120 

 

Pre obese healthy 

women 

 

20-46 

Randomized single-

blind trial 

24 mo occupational, 

household leisure time 

PA  

1300d/first yr 1500d/2d 

yr 

   

 IL-6,     IL-18,    CRP, 

adiponectin  
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   Decrease;          No change;     Increase of Inflammatory Markers.Premenopausal (Pre), Perimenopausal (Peri), Postmenopausal (Post) women, 

Hormone Replacement Therapy (HRT), C-reactive protein (CRP), Interleukin  (IL), Soluble tumor necrosis factor receptor (sTNFR), Tumour 

necrosis factor (TNF-  ), Intercellular Adhesion Molecule 1(ICAM-1),  physical activity (PA) 
Results are based on women.  

 

As demonstrated in Table 3, results of cross sectional studies have shown that physical activity 

levels are associated with lower inflammatory markers.
39-43

 Whereas three studies used self-

report physical activity questionnaires, only two studies
39,41

 employed devices such as 

pedometers or methods such as indirect calorimeter and doubly labeled water for measuring 

daily physical activity. Finally, only one cross-sectional study compared the inflammatory 

marker profile of women based on menopausal status and it reported no significant difference in 

inflammatory markers between active and sedentary pre-, peri-, and postmenopausal women.
41

 

To our knowledge there is only one longitudinal study to date on this topic and it compared 

levels of physical activity and inflammatory markers in premenopausal women over a two-year 

period. The results showed that higher physical activity levels and greater weight reduction via 

an intervention improved inflammatory profiles.
44

 There is a lack of longitudinal research 

investigating the relationship between physical activity levels and inflammatory markers in 

women of different menopausal status.  

2.5 Cardiorespiratory fitness and inflammatory markers  

Studies have shown that cardiorespiratory fitness is inversely associated with inflammatory 

marker levels in men and women (Table 4). For example in a study by LaMonte,
45

 CRP levels 

were lower in higher tertiles of cardiorespiratory fitness in 135 overweight women (age 55.0 

±11.0 yr) with unknown menopause status. In another study by Giallauria
46

 in 124 

premenopausal women with polycystic ovary syndrome, cardiorespiratory fitness was inversely 

associated with CRP as well as fibrinogen. Similar results were reported by McGavock et al.
47

 in 
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28 middle-aged women with type 2 diabetes for whom the menopause status was unknown. 

However, Valentine et al.
48

 and Messier et al.
49

 demonstrated that cardiorespiratory fitness was 

not significantly related to CRP levels in postmenopausal women. To our knowledge there are no 

longitudinal studies documenting the association between cardiorespiratory fitness levels and 

inflammatory markers in women of different menopausal status.  

Higher levels of cardiorespiratory fitness, as achieved through regular exercise, have beneficial 

effects on cardiovascular health, thereby reducing the risk of coronary heart diseases, stroke, and 

mortality.
50

 Exercise activates the hypothalamic–pituitary–adrenal axis.
51

 Through this axis, the 

sympathetic nervous system stimulates cortisol and adrenaline release from the adrenal cortex 

and medulla, respectively. These hormones inhibit pro inflammatory cytokines secretion such as 

TNF-  by monocytes. Exercise also promotes interleukin 6 secretion in the contracting skeletal 

muscles which can down-regulate TNF-  secretion leading to chronic decrease of pro-

inflammatory markers. Exercise also increases plasma concentrations of key inflammatory 

immune cell chemokines (chemokine is a type of cytokine that is produced as a "chemo-

attractant molecules" to attract cells to sites of inflammation); repeated increases of such 

chemokines may lead to a down regulation of their cellular receptors, and the result is reduced 

tissue infiltration
51

 which reduce chronic inflammation.  

Table 4. Cardiorespiratory Fitness levels and Inflammatory Markers based on Menopausal 

Status. 

Author Number 

Subjects 

Status Age (yrs) Study Design Main Results 

CROSS SECTIONAL studies 

 

Giallauria (2009)46 124 Pre 

With 

polycystic 

ovary 

syndrome 

24.1±4.5 Cross sectional CRP, fibrinogen lower in 

women with higher CRF 

Valentine (2009)48 132 (47 

men, 85 

women) 

Healthy post 70±5.4 Cross sectional No relationship between CRP 

and CRF in women  
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Messier (2008)49 

 

127 overweight 

and obese post 

57.7±4.8 Cross sectional  No relationship between CRP 

and CRF in women 

 

 

 

LaMonte (2002)45 135 Normal 

overweight 

55±11 Cross sectional CRP decreased across tertiles 

of Fitness 

 

    Decrease;        No change;      Increase of inflammatory markers. Premenopausal (Pre), Perimenopausal (Peri), Postmenopausal (Post) women 

month (mo), week (wk), aerobic training (AT), heart rate (HR), C-Reactive Protein (CRP), Cardiorespiratory Fitness (CRF)  

Results are based on women participants. Note: No longitudinal studies were identified.  

 

Menopause is characterized by the cessation of menstrual cycle due to loss of ovarian follicular 

activity and changes in body composition.
52

 These changes occur in the setting of progressive 

decreasing ovarian estrogen production, advancing age and changes in lifestyle that include 

decreased physical activity energy expenditure
53

. Overall, in women, age-related changes in 

body composition, for example body fat distribution, body weight, body fat, waist 

circumferences and fat free mass changes, have been observed after menopause.
54

 Aging also 

affect adipose tissue and muscle mass.
55

 As menopause is a natural period in women’s life, it is 

thus difficult to conceptually separate the independent effects of ageing from the effects of 

menopause. The general purpose of thesis is to determine the effects of menopause transition and 

duration of postmenopausal years on inflammatory markers. The influence of body composition, 

body fat distribution and physical activity energy expenditure will also be investigated. We 

hypothesized that women will have an increase in fat mass, waist circumference, inflammatory 

markers and a decrease in fat free mass, and physical activity energy expenditure. Also, number 

of years since final menstrual periods affects body composition, body fat distribution, physical 

activity energy expenditure and inflammatory makers.  
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3. Menopause, inflammatory markers and bone mineral density  

Bone mineral density (BMD), which is expressed as grams of bone minerals per unit area, is the 

ratio of bone mineral content to bone size.
56

 

 Previous studies have shown that a woman’s hormonal profile is one of the major determinants 

of BMD.
55,57,58

 It is known that adequate estrogen levels stimulate bone formation, while 

estrogen deficiencies can result in bone loss.
57

 Since menopause is associated with important 

changes in endocrine and metabolic processes, it has been suggested to have a strong impact on 

bone mineral density.
58,59

 Table 5 represents studies investigating bone mineral density and 

inflammatory markers based on menopausal status.  

Bone remodelling is a continuous process that occurs throughout the life span and it is regulated 

by several factors such as genetics, levels of estrogen, calcium, and vitamin D. Body mass and 

body composition as well as physical activity are other important regulatory factors. In adults, 

the bone remodelling process occurs at a rate of about 10% per year. Bone homeostasis is 

controlled by a balance between bone resorption by osteoclasts and bone formation by 

osteoblasts cells. An imbalance between these cells could result in bone loss and osteoporosis.
60

 

Biological interactions between bone and the immune system occur via shared developmental 

pathways such as bone marrow. Indeed, bone marrow is the environment for the development of 

hematopoietic stem cells which are the blood cells from which all other immune system cells are 

derived.
61

 The differentiation of hematopoietic stem cells is regulated by immune cells. By 

producing pro-inflammatory cytokines, the immune cells have the potential to cause an 

imbalance in bone metabolism. These cytokines can increase bone resorption via activation of 

the receptors of nuclear factor kappa-B ligand (RANKL) which acts as a key factor for osteoclast 
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differentiation and activation. An example of this biological interaction between bone and 

immune system could be rheumatoid arthritis.
62

  

Menopause and the associated loss in estrogen can also affect bone metabolism as there is 

evidence that estrogen plays an important role on bone metabolism. Specifically, estrogen 

stimulates transforming growth factor beta (TGF-B) which inhibits osteoclast formation as well 

as osteoclast activity.
63

 Moreover, the decreased concentration of oestrogen during the 

menopause transition favors bone resorption by stimulating pro-inflammatory cytokines such as 

IL-1, IL-6, and TNF- . These inflammatory markers have a positive effect on pre-osteoclasts 

size in bone marrow which could lead to osteoporosis.
63

  

Given that previous studies have shown that levels of inflammatory markers are possibly higher 

in postmenopausal women compared to premenopausal women,
33

 understanding the link 

between inflammation markers and bone metabolism in relation to the menopause status and 

estrogen deficiency would be important.  

Table 5. Inflammatory Markers and Bone Mineral Density (BMD) and Content (BMC) base on 

Menopausal Status.  
Author Subjects (N) Status Age 

(yr) 

Results 

Koh (2005)64 Pre=3662 

Post= 1031 

Healthy 

Pre and 

Post 

30-76  CRP in pre and post with osteopenia and/or 

osteoporosis comparing with normal BMD. 

CRP levels higher than 1.2 mg/l and 1.8 mg/l associated 

with osteoporosis and/orosteopenia in pre- and post 

 

Papadopoulos 

(1997)65 

24 Healthy 

Post 

women 

44-54 negative correlation between IL-6 and BMD. Women 

with high IL-6 levels= lower bone mass 

Kania (1995)66 45 Healthy 

Post 

women 

25-74 No correlation between  IL-6  and BMD at either the 

lumbar spine or femoral neck 

 

Mckane 

(1994)67 

80 Normal 

Healthy 

Pre Post 

24-87 No correlation between marker of inflammation (IL-6, 

IL1 alpha, IL-1 beta, IL-1ra)  

 

Gertz (2010)60 

 

242 women 

 

Healthy 

post 

 

45.8-65 

 

CRP, IL-1beta, IL-6, TNF-alpha accounted for 1.1–6.1% 

of the variance in the observed 12-mo changes in BMC 

and BMD 
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Ding (2008)68 168 Post 48% 

women 

and men 

(normal 

overweig

ht)  

52-78 For both men and women= Change in total body BMD 

associated with baseline hs-CRP, IL-6, and TNF-a, and 

change in CRP (r=-0.41) and IL-6 (r=-0.62). 

associations between hs-CRP, change in hs-CRP and 

change in total body BMD in women more than or equal 

to 10 yr past menopause is more evident (r =-0.58, P 

=0.001; and r=- 0.48, P= 0.01, respectively). Same result 

for IL-6 (r =-0.53, P= 0.003; and r =-0.50, P= 0.002). 

 

Scheidt-Nave 

(2001)69 

137 Post 

women 

52-80 serum IL-6 is a predictor of post femur (not spine) bone 

loss. effect most relevant through the first 

postmenopausal decade 

 

Abrahamsen 

(2000)70 

160 Peri 

women 

50 2.8 serum IL-1ra and sIL-6R associated with the rate of 

bone loss in peri. Serum IL-6 associated with an 

increase in lumbar spine BMD 

 

Sponholtz 

(2014)71 

2915 

Men n=1293 

Pre women n= 

231 

Post women 

with HT n=498 

without HT n= 

893 

 

Post, pre 

women 

 

29-86 Pre = inverse association IM and BMD (IL-6=-0.03, 

CRP= -0.015) but positive between TNF-a and BMD 

(r=0.043) 

Post = with HT positive association of CRP with BMD 

(r=0.011) without HT no association.  

       Increase of Inflammatory markers, Premenopausal (Pre), Perimenopausal (Peri), Postmenopausal (Post) women . Bone mineral density 

(BMD), C-Reactive Protein (CRP), Interleukin (IL), Tumour necrosis factor (TNF-  )  

 

 Some cross sectional studies have revealed a significant relationship between BMD and 

inflammatory markers
64,65

 while some studies did not.
66,67

 Discrepancy in the results of cross-

sectional studies could be due to significant age gaps between cohorts (pre and postmenopausal 

women). The relationship between bone loss and inflammatory makers has not been investigated 

in perimenopausal women. To our knowledge, five longitudinal studies have investigated the 

associations between changes in inflammatory markers and bone loss/resorption in women. Ding 

et al.
68

 measured inflammatory markers at baseline and at 3-year follow-up in 168 

postmenopausal women (48%) and men and found that baseline IL-6 and changes in IL-6 were 

negatively associated with BMD at the hip and spine respectively. Another study reported that 

serum IL-6 was a significant predictor of femoral (not lumbar spine) BMD loss in women, 

especially in the early postmenopausal period,
69

 while Abrahamsen et al.
70

 reported that serum 

IL-6 was associated with an increase in lumbar spine BMD over a 5-year period in 
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perimenopausal women. Overall, the literature on the association between inflammatory markers 

and bone loss in women is inclusive and requires further investigation.  
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CHAPTER 2 

1. Specific Problem 

The menopausal transition is a critical period that is associated with an increase in total body fat 

and a redistribution of body fat favoring an increase in abdominal fat, especially of visceral fat in 

normal weight, overweight and obese women.
4,5

 It is well documented that high levels of visceral 

fat is associated with an increased risk of developing metabolic syndrome, type 2 diabetes and 

cardiovascular diseases.
4,5

 In addition, increased fat mass and visceral fat in particular are 

associated with a sub-chronic inflammation state that is characterized by increased adipocyte 

size, hypoxia, macrophage infiltration and abnormal inflammatory markers secretion.
4-6

 

However, there is a lack of evidence concerning the influence of menopause-related changes in 

body composition and body fat distribution as well as physical activity and cardiorespiratory 

fitness on inflammation markers. Also, little is known about the relationship between 

inflammatory markers with cardiometabolic risk factors and bone mineral density. Considering 

that the majority of the studies to date on this topic have been performed with overweight or 

obese none healthy women, further research is needed, especially longitudinal studies, that 

follows healthy, none-obese premenopausal women during the menopause transition as well as 

in the postmenopausal period.  

Thus, our aim will be to determine the factors associated with the development of a chronic 

inflammation status and its relationships with cardiometabolic risk factors in non-obese healthy 

women. Also, we will investigate the relationship between inflammatory markers and bone 

mineral density in premenopausal women during the menopause transition and postmenopausal 

period.   
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2. Purpose 

Primary Purpose:  

Determine if body composition, body fat distribution, physical activity and cardiorespiratory 

fitness are significant predictors of inflammatory markers in non-obese healthy premenopausal 

women.  

Secondary Purposes:  

1. Determine the effect of menopause transition and physical activity energy expenditure 

on inflammatory markers.   

2. Investigate the influence of inflammatory markers on bone mineral density in women 

going through the menopause transition. 

Tertiary Purpose:  

Determine the effects of duration of postmenopausal years on inflammatory markers. The 

influence of body composition, body fat distribution and physical activity energy expenditure 

will also be investigated.  

3. Main Hypothesis 

Primary hypothesis:  

Waist circumference and physical activity energy expenditure are significant predictors of 

inflammatory markers in premenopausal women. 
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Secondary hypotheses:  

1. Postmenopausal will show higher levels of inflammation markers than pre- and 

perimenopausal women. The inflammatory markers will be inversely associated with 

levels of physical activity energy expenditure.  

2. Inflammatory markers will be inversely associated with level of bone mineral density. 

Tertiary hypothesis:  

We hypothesized women will have an increase in fat mass, waist circumference, inflammatory 

markers and a decrease in fat free mass, and physical activity energy expenditure. Also, number 

of years since final menstrual periods affects body composition, body fat distribution, physical 

activity energy expenditure and inflammatory makers.  
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CHAPTER 3 

Method  

Methods used in the present thesis are detailed within the methodology section of each article in 

chapters 4 to 6. 
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CHAPTER 4 

EFFECT OF THE MENOPAUSAL TRANSITION AND PHYSICAL ACTIVITY ENERGY 

EXPENDITURE ON INFLAMMATORY MARKERS: A MONET GROUP STUDY 
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Abstract  

 

Objective: Menopause transition is usually associated with changes in body composition and a 

decrease in physical activity energy expenditure. Adipose tissue, especially visceral fat, is an 

important source of inflammatory markers, which contributes to the development of a pro-

inflammatory state. Conversely, high levels of physical activity and exercise have an anti-

inflammatory effect. This study aimed to investigate the impact of menopause transition and 

physical activity on inflammatory makers. Method: One-hundred and two healthy premenopausal 

women participated in a 5-year longitudinal study. The present secondary analyses were 

performed on 58 participants with a full set of data (age: 49.6 ± 1.7 y; body mass index: 23.3 ± 

2.4 kg/m²). Measures included body composition, waist circumference, fasting glucose and 

insulin levels, insulin sensitivity, plasma lipid levels, cardiorespiratory fitness, physical activity 

energy expenditure and inflammatory markers. Results: Repeated measure analyses revealed 

that, after the 5 year follow-up, significant increases in ferritin, interleukin-8 (IL-8), tumor 

necrosis factor-  soluble receptor 1 and 2 (sTNFR1 and sTNFR2)  (p < 0.001), and  a significant 

decrease in serum high-sensitive C-reactive protein (hs-CRP) (p < 0.05). Positive correlations 

were observed between change (year 5 – baseline) in waist circumference and changes in hs-

CRP, orosomucoid (ORM), haptoglobin (HP) and apolipoprotein B (ApoB) levels (0.26 ≤  r  ≤ 

0.34; p < 0.05), and between change in peripheral fat and changes in ORM, ApoB, sTNFR2 

(0.28 ≤  r  ≤ 0.39; p < 0.05). On the other hand, negative correlations were found between change 

in physical activity energy expenditure and changes in ORM as well as ApoB (r = -0.35 and r = -

0.36 respectively; p < 0.05). No significant correlations were found between change in 

cardiorespiratory fitness, glucose, insulin, insulin sensitivity and changes in inflammatory 
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markers. Multiple regression analysis showed that changes in physical activity energy 

expenditure and waist circumference together explained 23% of the individual variance of 

change in ORM (p < 0.05). Also, change in physical activity energy expenditure explained 15% 

(p < 0.05) of the variance of change in ApoB. Fat mass change explained 15 % (p < 0.05) of the 

variance of change in IL-8, and finally change in peripheral fat explained 15% of  variance of 

change in sTNFR2 (p < 0.05).  

Conclusion: The present study indicates that menopausal transition is accompanied by an 

increase in inflammatory markers, namely ferritin, IL-8, and sTNFR 1 and 2. The increase in IL-

8 and sTNFR2 with menopause could be explained, in part, by changes in fat mass and 

peripheral fat, respectively.  

Key words: Menopause transition, Physical activity, Inflammatory markers    
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Introduction  

Menopause transition, a normal stage in a woman’s life, is usually associated with changes in 

body composition, alterations in body fat distribution (e.g. increased abdominal fat, especially 

visceral fat)
2
 and an increase in the prevalence of metabolic syndrome and cardiovascular 

diseases.
11,15

 Body composition changes during menopausal transition, including the increase in 

visceral fat, may contribute to the development of a pro-inflammatory adipokine state. 
6
 Pro-

inflammatory markers are important risk factors for the development of insulin resistance, 

metabolic syndrome, diabetes and cardiovascular diseases.
35,72

 Four of the most important and 

well-studied pro-inflammatory markers that are associated with an increased risk of developing 

chronic diseases are: high-sensitive C-reactive protein (hs-CRP), interleukin-6 (IL-6), tumor 

necrosis factor-   (TNF- ), and interleukin 1-beta (IL-1β).  

C reactive protein is an acute phase protein secreted by the liver in response to cytokine 

stimulation, such as IL-6. Both hs-CRP and IL-6 have been shown to be important markers of 

vascular inflammation and predictors of cardiovascular events.
23,25

 IL-6 also up-regulates TNF-  

secretion.
73

 TNF-  is a monocyte, macrophage-derived inflammatory marker that plays a critical 

role in insulin resistance in adipose tissue and muscle by impairing insulin signalling at the level 

of the insulin receptor substrate proteins.
74

 TNF-  also activates the transcription factor nuclear 

factor kappa B (NF-ĸB), which promotes pro-inflammatory cytokine secretion.
73

 Finally, IL-1β 

contributes to the development of cardiovascular diseases by promoting the expression of 

leukocyte adhesion molecules and enhancing adhesion of monocytes on the endothelial surface, 

thereby promoting the development of atherosclerosis.
75

 IL-1β also promotes the release of 

cytokines, such as IL-6, by activating macrophages.
75
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Previous studies including the Montreal Ottawa New Emerging Team longitudinal study 

(MONET Study), from which the present sub-sample was drawn,
2
 have reported that menopause 

transition is associated with an increase in total body fat and abdominal fat mass.
76,77

 This is 

associated with a decrease in physical activity energy expenditure and a shift to a more sedentary 

lifestyle.
7
 Furthermore, one study demonstrated that adipocyte enlargement contributed to the 

development of systemic inflammation by promoting pro-inflammatory cytokine secretion. 

Adipocyte hypertrophy is associated with a dramatic increase in macrophage infiltration into 

adipose tissue to scavenge dead adipocytes.
78

 These findings suggest that adipocytes act as 

endocrine organ that produce inflammatory markers.
78

 In contrast, cross-sectional studies have 

shown that higher reported levels of physical activity in adults were associated with lower 

plasma concentrations of inflammatory markers such as hs-CRP and IL-6. 
79-81

  

There are inconsistencies in the literature with regard to the effects of menopause status or 

menopause transition on inflammatory makers. While several cross sectional studies have noted 

higher levels of inflammation in postmenopausal women,
19,21,22,26,30 

other studies reported no 

differences
9
 or lower levels

26
 when compared to premenopausal women. Discrepancies among 

the findings of cross-sectional studies could be due to large mean age gaps (from 30 to 70 years) 

between cohorts (premenopausal and postmenopausal women) or to other factors such as 

differences in body composition or in the use of hormone therapy between study populations 

rather than the effects of menopause status per se.
6
  

There are limited longitudinal data examining menopause-related changes in inflammatory 

markers. To our knowledge, there are currently only four available studies that have followed 

healthy women throughout menopause transition.
5,6,33,34

 Lees et al 
6
 showed deleterious changes 

in inflammatory markers in overweight women from the Seattle Midlife Women’s Health Study 
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who were going through menopause transition. These changes in inflammatory markers were 

correlated with increased visceral adiposity. Using data from the Study of Women's Health 

Across the Nation, Matthews et al
33

 showed that menopausal status was an important predictor of 

all inflammatory markers, except hs-CRP, in women across the weight-spectrum not using 

hormone therapy.  In addition, compared with premenopausal women, late perimenopausal 

women had higher fibrinogen and tissue-type plasminogen activator antigen levels. Fibrinogen 

was also higher in postmenopausal women compared with premenopausal women.
33

. In the 

Michigan Bone Health and Metabolism Study, the researchers measured only one inflammatory 

marker, resistin, and they showed that for normal weight and obese women, levels were 

significantly lower during perimenopause and postmenopause compared to the premenopause 

stage.
5
 

Nonetheless, most of these longitudinal studies did not document, or account for changes in body 

composition.  This is an important limitation since body fat and abdominal fat mass are 

important phenotypes that could affect inflammatory markers in women going through 

menopause transition.
5,32

 Moreover, these studies did not measure physical activity. Considering 

the conflicting results and the absence of detailed measurements of body composition and 

physical activity in women transitioning to menopause, the present study, which uses more 

rigorous phenotyping measures, may improve our knowledge by examining the effect of 

menopause transition on inflammatory markers, by accounting for body composition and 

physical activity. We hypothesized that menopause transition, would be associated with an 

increase in inflammatory markers. We also hypothesized that an increase in inflammatory 

markers would be positively associated with visceral fat and inversely associated with physical 

activity energy expenditure.  
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Methods  

The present study is a secondary analysis of data from the MONET study. The complete design 

and methodology of the MONET study has been described previously.
2
 Briefly, the MONET 

study was a 5-year longitudinal observational study investigating the effects of menopausal 

transition on body composition and cardiometabolic risk factors. One hundred and two 

premenopausal women (aged between 47 and 55 years) were recruited using community 

advertising and referrals from gynecology clinics. Analyses were conducted on 58 women who 

had complete data over the 5 year period for inflammatory markers and physical activity energy 

expenditure.  Inclusion criteria for the study were the following:  premenopausal status (two 

menstruations in the last 3 months, no increase in cycle irregularity in the 12 months before 

testing, and a plasma follicular-stimulating hormone level ≤ 30 IU/L (for verification); no 

surgically-induced menopause; non-smoker; body mass index between 20.0 and 29.9 kg/m²; and 

reported weight stability (± 2 kg) for 6 months before enrollment in the study. Exclusion criteria  

included:  pregnancy or planning to become pregnant; medical problems that could have 

interfere with outcome variables including cardiovascular and/or metabolic diseases; use of oral 

contraceptives or hormonal therapy; high risk for hysterectomy; and history of drug and/or 

alcohol abuse. This study was approved by the University of Ottawa and the Montfort Hospital 

ethics committees. All participants signed a written consent form prior to their participation in 

the study. 

Study Design- Participants visited the laboratory for multiple assessments each year over five 

years.  The following measurements were made each year: anthropometry, body composition, 

body fat distribution, and fasting blood sampling for inflammatory markers, glucose and insulin 
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levels. Cardiorespiratory fitness was measured at year 1, 3 and 5. As a means of standardization, 

all laboratory measurements were performed in the early follicular phase (within 8 days) as long 

as women still had a regular cycle. Menopause status was determined yearly by self-reported 

questionnaire about menstrual bleeding and its regularity. Follicle stimulating hormone levels 

were measured annually during the early follicular phase to verify menopause status. Women 

were classified as premenopausal if they reported no change in menstrual cycle frequency and 

perimenopausal if they reported changes in menstrual frequency and/or amenorrhea for 3 to 11 

months. Finally, women were classified as postmenopausal based on their final menstrual period 

and confirmed by 12 months of amenorrhea.
2 

 

Anthropometrics- Body weight and height were measured using a BWB- 800AS digital scale 

and a Tanita HR-100 stadiometer, respectively (Tanita Corporation of America Inc., Arlington 

Heights, IL). Body mass index was calculated as body weight in kilograms divided by height in 

square meters (kg/m²). Waist circumference (mean of two measurements) was determined using 

a Gulick tape at the middle distance between the lowest rib and the iliac crest.
2,82

 Fat mass, % 

body fat, and fat-free mass were measured using dual-energy x-ray absorptiometry (GE-LUNAR 

Prodigy module; GE Medical Systems, Madison, WI) as previously described.
83,84

 Using 

duplicate measurements of % body fat in 12 healthy participants tested in our laboratory, the 

coefficient of variation and the correlation for the reproducibility were 1.8% and r = 0.99, 

respectively.  

Cardiorespiratory fitness- An exercise stress test was performed to measure cardiorespiratory 

fitness. The participants were asked to refrain from vigorous exercise for 24 hours before the test 

and to refrain from consuming alcoholic beverages 6 hours prior. They were also asked to 

abstain from eating and drinking caffeinated beverages for 2 hours before the test. After a brief 
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warm-up, participants performed the progressive test protocol on a treadmill, which consisted of 

3-minute stages with an increasing workload to the point of exhaustion. Heart rate, blood 

pressure, and the Borg scale
85

 to evaluate participants’ perceived exertion on a graded scale (6 to 

20) were taken throughout the test at the end of each stage. The test was terminated when at least 

two of the following criteria were achieved: (1) predicted maximal heart rate was reached, (2) 

respiratory exchange ratio was greater than 1.1, (3) oxygen consumption remained stable or 

decreased with an increase in workload, or (4) rating on the Borg scale reached 19 or higher.
86

 

Peak oxygen consumption (       ) was considered to be the highest     reached during the 

test.  Breath-by breath samples of expired air were collected throughout the test, and 

measurements of     , carbon dioxide consumption, and respiratory exchange ratio were taken 

automatically using a Vmax 229 series metabolic cart (SensorMedics Corporation, Yorba Linda, 

CA). The indirect calorimetry unit was calibrated according to the manufacturer’s specifications 

before every test. 

Physical activity energy expenditure- An Actical accelerometer (Mini Mitter Co., Inc., Bend, 

OR) was used to measure daily physical activity and estimate mean physical activity energy 

expenditure. During 7 days following the annual lab visit, participants wore the accelerometer 

upon waking up and took it off just before going to bed. This time period was chosen because it 

is estimated to result in 90% reliability for the measurement of physical activity in both men and 

women.
87 

 The accelerometer was worn on the right hip (anterior to the iliac crest) and secured 

with an elastic belt with the arrow pointing up. The accelerometers used in this study were 

validated previously with the use of doubly labeled water measurements to estimate physical 

activity energy expenditure.
88
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Blood sampling- Blood samples were taken after a 12-hour overnight fast. Plasma glucose levels 

were determined using spectrophotometric analysis after conversion of glucose to glucose-6-

phosphate by hexokinase (Sigma-Aldrich Canada Ltd., Oakville, Ontario, Canada; Fisher 

Scientific Limited, Nepean, Ontario, Canada). Plasma insulin concentrations were determined by 

radioimmunoassay using 125I-labeled human insulin and a human insulin antiserum (Millipore, 

St. Charles, MO).Insulin resistance was estimated using the QUICKI model (score) by the 

following equation: 1/[log insulin (mU/l)+ log glucose (mg/dl)].
89

 For hs-CRP, orosomucoid 

(ORM) and haptoglobin (Hp), assessments were made by immunonephelometry using an image 

analyzer (Beckman-Coulter, Villepinte, France) with detection limits of 0.20 mg/L, 0.25 g/L and 

0.08 g/L respectively. Apolipoprotein B (apoB) was assessed by immunoturbidimetry (Architect, 

Abbott, Rungis, France) with detection limits of 0.03 g/L. Serum ferritin concentration was 

measured by chemiluminescence (Architect, Abbott, Rungis, France) with detection limits of 1 

ng/mL. Serum  IL- -6, IL-8, soluble tumor necrosis factor-  receptor 1 and 

2 (sTNFR1 and sTNFR-2) were measured using standard and high sensitivity commercial 

enzyme-linked immunosorbent assay (ELISA) kits (Quantikine®, Abingdon, UK) with detection 

limits of 1.00 pg/mL, 0.04 pg/mL, 3.50 pg/mL, 0.77 pg/mL and 0.60 pg/mL, respectively. 

Coefficients of variation for inter- and intra-assay reproducibility were < 10% for inflammatory 

marker measurements performed with ELISA (IL-1β, IL-6, IL-8, sTNFR1 and sTNFR2) and < 

5% for other inflammatory markers, namely Ferririn, ORM, Hp, apoB and hs-CRP.  

Statistical analysis- SPSS 16.0 for windows (SPSS Inc., Chicago, IL) was used to perform the 

statistical analyses. Variables were first checked for normality; hs-CRP, ferritin, IL-6 were log-

transformed. IL-8 and IL-1B were not normally distributed even after log transformation. 

Descriptive results are expressed as the mean ± standard deviation. A repeated-measure analysis 
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of variance was performed to determine absolute changes in variables of interest from baseline to 

year 5 and across menopausal status (perimenopause and postmenopause). However, one of the 

limitations in conducting analyses using year of study was the smaller representation, at certain 

time points, of data by menopause status. Therefore, additional exploratory analyses were 

conducted by restructuring the dataset to derive ‘cases’ or groups based on menopause status. 

Specifically, values in the first year were selected for premenopause; values for the last year in 

which the women were in perimenopause status were selected for perimenopause; and values of 

the fifth year were selected for postmenopause. An ANCOVA based on menopausal status 

controlling for time was conducted.
2
  

In addition, given normally and non-normally distributed data, Pearson and Spearman 

correlations were performed, to examine the association between changes (year 5 – baseline) in 

body composition and body fat distribution indices, cardiorespiratory fitness, physical activity 

energy expenditure, glucose, insulin, QUICKI score and changes in inflammatory markers. 

Lastly, a stepwise multiple regression analysis was performed to identify the predictors of 

individual variation of changes in inflammatory makers. Variables included in the model were 

based on the correlations between the variables of interest and evidence in the literature. A p-

value less than 0.05 was considered statistically significant. 

 

Results  

Baseline characteristics of the 58 participants included in the current secondary analysis are 

presented in Table 1 and are similar to the original MONET Study cohort of 102 healthy 

premenopausal women (data not shown). At baseline, all women were premenopausal. Their 

body mass index was categorized as below 29.9 kg/m
2
 (average body mass index of 23.31±2.41). 
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They had a mean age of 49.66 ± 1.77 years. The average daily physical activity energy 

expenditure at baseline varied between 326.29 and 1904.71 kcal/day. By year 5, 2 (3.5%) women 

were still premenopausal, 15 (25.8%) were perimenopausal and 41 (70.7%) had become 

postmenopausal. To increase power we combined premenopausal and perimenoapausal women 

for repeated measure analysis.  

As presented in Table 2, results of the repeated-measure analysis of variance showed a 

significant effect of time for hs-CRP, ferritin, IL-8, sTNFR1, and sTNFR2 (p < 0.05), revealing 

increases overall, except for hs-CRP , which showed a decrease. There was also a significant 

effect of menopausal status on Hp levels, with perimenopausal women showing higher Hp levels 

compared to postmenopausal women (p < 0.05). Also, a significant effect of time by menopausal 

status interaction was observed for hs-CRP and Hp levels. After adjusting for waist 

circumference, the effect of menopause status on Hp levels remained significant. Furthermore, a 

significant effect of time by menopausal status interaction was noted for hs-CRP and Hp. 

However, the effect of time on inflammatory markers was no longer significant.  

We also conducted additional analyses adjusting for age. Results showed a significant effect of 

time for ferritin, IL-8, sTNFR1 and sTNFR2. However, the effect of time and interaction on hs-

CRP was no longer significant (results not shown).  

The exploratory analysis of covariance revealed that perimenopausal and postmenopausal 

women had significantly higher levels of ferritin, IL-8, sTNFR1 and sTNFR2 than 

premenopausal women (Fig 1).  

Pearson and Spearman correlations performed between the absolute changes (year 5 - baseline) 

in the independent variables and changes in inflammatory markers showed positive correlations 

between changes in waist circumference and changes in hs-CRP, ORM, Hp and ApoB levels 
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(0.26 ≤ r ≤ 0.34; p < 0.05). Furthermore, a positive correlation was observed between changes in 

peripheral fat and changes in ORM, ApoB, and sTNFR2 (0.28 ≤ r ≤ 0.39; p< 0.05), whereas 

changes in daily physical activity energy expenditure were negatively associated with changes in 

ORM and ApoB (r = -0.35 and r = -0.36 respectively; p < 0.05) (Fig 2). Change in fat mass was 

positively correlated with changes in ApoB and sTNFR2 (r=0.27, r=0.32 respectively; p < 0.05) 

whereas changes in % body fat were negatively correlated with changes in IL-8 (r = -0.29, p < 

0.05). No significant correlations were found between changes in glucose, insulin, QUICKI score 

and changes in the inflammatory markers (data not shown).  

Multiple regression analyses (Table 3) were performed to model the predictors of absolute 

changes in inflammatory makers in premenopausal women transitioning to postmenopause based 

on the identified bivariate correlations as well as evidence in the literature. In separate regression 

analyses for each of the inflammatory markers, the following variables were used: fat mass, fat 

free mass, waist circumference, trunk fat, peripheral fat, cardiorespiratory fitness and physical 

activity energy expenditure. As a result, changes in daily physical activity energy expenditure 

and waist circumference together explained 23% of the individual variance in changes in ORM ( 

p < 0.05). Also, change in daily physical activity energy expenditure explained 15% (p < 0.05) of 

the variance in change in ApoB while change in fat mass explained 15 % (p < 0.05) of the 

variance of IL-8. Change in peripheral fat explained 15% of the variance in change in sTNFR2 

(p<0.05).
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Discussion  

To our knowledge, this is the first longitudinal study that investigated changes in inflammatory 

markers among healthy, non-obese women going through the menopause transition. In fact, most 

studies to-date have been cross sectional
9,19,21,22,26,30

 and previous longitudinal studies involved 

mainly overweight or obese women with metabolic complications.
6,33,34

  

The main finding of the present study is that healthy normal weight women going through the 

menopause transition showed an increase in Ferritin, IL-8, sTNFR1 and sTNFR2. Our findings 

are contrary to those of Sowers et al
34

 who observed no differences in inflammatory markers 

from premenopause to postmenopause in overweight women with and without hormone therapy. 

However, as previously reported,
6,33,34

 postmenopausal women tend to have either similar or 

higher circulating levels of inflammatory markers compared to premenopausal women. In the 

longitudinal Study of Women’s Health Across the Nation, Matthews et al
33

 showed that 

fibrinogen, and tissue-type plasminogen activator antigen were significantly higher in normal, 

overweight and obese  perimenopausal and postmenopausal women in comparison to  

premenopausal women. Our findings are consistent with those from a cross-sectional study by 

Berge et al
90

 who showed that ferritin levels were higher in healthy normal weight 

postmenopausal than premenopausal women. Such increases in ferritin are probably due to the 

cessation of regular vaginal bleeding that occurs progressively over the course of menopause. 

Previous studies have showed that ferritin levels could increase up to two to threefold after 

menopause transition.
91

  

One possible explanation for the increase in inflammatory markers across the menopause 

transition could be related to the changing levels of estrogens during this period. Estrogens have 

the ability to suppress NF-ĸB through a interaction of estrogens with a subunit of activated NF-
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ĸB.
92 

NF-ĸB is a primary transcription factor and a key regulator for transcription of a number of 

inflammatory markers. Therefore, the loss of estrogen production with menopause could be 

associated with NF-ĸB activation and upregulate the production of  inflammatory markers
92  

Surprisingly, we observed a reduction in hs-CRP levels over the course of this 5-year follow-up 

study. Previous research showed that hs-CRP is strongly related to waist circumference in 

healthy middle aged women
31

 and the fact that the increase in waist circumference over time in 

our study remained far below the waist circumference thresholds associated with poorer 

cardiometabolic health (mean waist circumference for our group was 77.9±7.5 cm vs. reported 

thresholds of 88 cm)
2
 may help to explain our lower hs-CRP.  Furthermore, even if the 

participants in our MONET group study showed a decrease in their physical activity energy 

expenditure,
7
 they were still on average, more active than the general population.

93
 Previous 

research indicates that higher daily physical activity energy expenditure is associated with 

reduced systemic inflammation (e.g. hs-CRP) in healthy women.
39

  

An additional explanatory factor might be the fibre intake of our participants. Studies have 

shown that high dietary fiber intake could decrease inflammation especially hs-CRP
94,95

  and 

women in our study had a mean fiber intake of 23.34±7.79 g/d (measured by 7 day food dietary 

journal
7
) which is above dietary fiber recommendation by Health Canada (21 g/d)

96
.  

The fact that participants in the present study were healthy, normoglycemic, physically active 

women with a waist circumference below the risk threshold could have also contributed to our 

lack of association between the inflammatory markers and glucose, insulin and QUICKI score.  

We observed positive correlations between body composition indices and inflammatory markers. 

The strongest positive associations were observed between changes in waist circumference and 

peripheral fat and changes in ORM and ApoB. Body composition and body fat distribution have 
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been shown to change during the menopause transition. In fact, the
 
transition from premenopause 

to postmenopause is associated with increased fat mass and central fat, especially the 

accumulation of visceral abdominal fat.
2,31

 Results recently published by our group using the full 

cohort of women,
2
 showed that although the participants did not show any significant change in 

body weight, they presented a significant increase in fat mass, % body fat and visceral fat
2
.  The 

same results were obtained in the present subsample.  

With increased fat mass and adipocyte hypertrophy, the blood supply to adipocytes may be 

reduced, leading to adipocyte hypoxia and necrosis. As a result, macrophage infiltration occurs 

in adipose tissue.
4,97

 Macrophages are responsible for the expression of most of the tissue TNF-  

and IL-6.
5,97

 TNF-  exerts its main effects via two high-affinity cell surface receptors. The 

extracellular domains of these receptors are sTNFR1 and sTNFR2. As the level of TNF-  

increases, so too does the level of soluble receptors.
98

 Measuring circulating levels of soluble 

receptors has been shown to be more reliable for determining TNF-  production and activity. In 

fact, our results showed that sTNFR 1 and 2 increase as women go through menopause 

transition. TNF-  is known to activate two transcription signaling pathways linked to insulin 

resistance; NF-ĸB and the c-Jun NH2-terminal kinase pathways. TNF-  may also increase 

systemic insulin resistance by stimulating the release of fatty acids from adipose tissue into the 

circulation.
8
 Therefore, the increase in body fat mass observed across the menopausal transition 

in the present cohort, may favor the development of a pro-inflammatory adipokine profile such 

as an increase in TNF- , IL-8 and ferritin.
6
  Ferritin, an acute phase reactant that stores iron, has 

been shown to increase up to threefold after menopause transition.
42,90,91

 Iron can promote 

oxidative stress, which is a deleterious factor leading to insulin resistance. In a subsample of the 

longitudinal Study of Women’s Health Across the Nation, Kim and co-authors
99

 showed that 
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ferritin, iron and insulin resistance increased as women went through menopausal transition. In 

their study, there was also a positive association between changes in iron levels over the course 

of the menopausal transition, and the changes in homeostatic model assessment-IR.
99

 Although 

we also report an increase in ferritin levels over the menopause transition, we did not find an 

increase in insulin resistance or an association between ferritin and QUICKI score (data not 

shown).
99

 The rise in ferritin is not surprising given its association with a reduction in vaginal 

bleeding during menopause transition.  

Behaviorally, menopause is often associated with a shift to a more sedentary lifestyle and it has 

been shown that lower physical activity levels are related to higher levels of inflammatory 

markers.
7
 However, very few studies to date

39,41
 have employed devices such as pedometers or 

methods such as indirect calorimetry or doubly labeled water for measuring daily physical 

activity. Indeed, the majority of studies used self-report physical activity questionnaire rather 

than objective measure of physical activity such as accelerometers as used in the present study. 

Our results indicated that an increase in daily physical activity energy expenditure is associated 

with a decrease in ORM, ApoB and sTNFR2 (Fig 2). Our findings are in line with the results of 

previous cross-sectional studies
39-41,43,99

 which showed that high physical activity energy 

expenditure is associated with low levels of inflammatory markers. In addition, a prospective 

study by Esposito et al
44

 reported that a low-energy Mediterranean-style diet and increased 

physical activity significantly decreased inflammatory markers in healthy obese women. This is 

no surprising given the data indicating that regular physical activity plays an anti-inflammatory 

role on the adipose tissue and skeletal muscles.
41,44

 The influence of daily physical activity 

energy expenditure on inflammation could be explained by: 1) increased anti-oxidant defense by 

up-regulation of anti-oxidant enzymes such as superoxide dismutase, glutathione peroxidase, 
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glutathione reductase and catalases; 2) decreased reactive oxygen species and decreased nitric 

oxide activity, which are associated with a decrease in NF-ĸB (an important transcription factor 

for inflammatory cytokines gene expression); and 3) increased cytokine release from exercising 

muscles, such as IL-6 which results in anti- inflammatory cytokine production of receptor 

antagonist (IL-10 and IL-1) and suppression of pro-inflammatory cytokines such as TNF- .
37,38

  

 

The findings of our study should be interpreted within certain limitations. First, the population 

studied was composed of healthy women with a body mass index of 23.31±2.41 kg/m
2
. 

Therefore, our results are limited to this subgroup of the population. Still, it is noteworthy to 

point out that 45% of the women aged between 40 and 59 years in the Canadian population 

present a body mass index between 20 and 29 kg/m
2
. Second, the short and variable duration of 

the follow-up, especially for the postmenopausal period (only 2 years in most women) was 

another limitation, although 71% of the women became postmenopausal by year 5. Third, the 

number of women in the premenopausal group decreased throughout the study, which reduces 

power in conducting cross-menopause group comparisons. Finally, we used the more cost-

efficient waist circumference and trunk fat by dual-energy x-ray absorptiometry instead of 

measuring visceral fat area by computed tomography.  

Despite these limitations, the present study consists of a well-characterized cohort of women that 

were followed for 5 years. The longitudinal design allowed us to compare the same women as 

they went through the menopause transition, and thus limit intra-individual variation in factors 

that could account for the effects on inflammatory markers. Lastly, we used gold-standard 

methods for the measurement of body composition (dual-energy x-ray absorptiometry) and daily 

physical activity energy expenditure (accelerometer).  
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Conclusion 

The present study indicates that menopausal transition is accompanied by an increase in some 

inflammatory markers, especially ferritin, IL-8, and sTNFR 1 and 2. The increase in IL-8 and 

sTNFR2 with menopause might be partly explained by changes in fat mass and peripheral fat, 

respectively.  
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Figure 1. The effect of menopause status on inflammatory markers adjusted for time.  

*Significantly different from premenopause (P < 0.05); **Significantly different from 

premenopause (P ≤ 0.001); IL-8, Interleukin 8; sTNFR1,2, Soluble tumor necrosis factor-  

receptor 1 and 2. 

 

Figure 2. Pearson correlation between changes in daily physical activity energy expenditure and 

inflammatory markers. ORM, orosomucoid; ApoB, apolipoprotein B.  
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Table 1. Baseline characteristics of the premenopausal women (n=58) 

Variable  Mean ± SD Range 

 

Age (years) 49.66±1.77 47.00-54.00 

Weight (kg) 60.58±6.58 46.80-76.60 

Height (cm)   161.31±6.94 150.00-180.50 

Body mass index (kg/m
2) 

23.31±2.41 19.27-28.75 

Waist circumference (cm) 78.25±7.15 62.2-93.7 

% Body fat  31.60±7.07 18.2-41.7 

Fat mass (kg) 19.25±5.59 9.63-29.95 

Fat-free mass (kg) 38.46±3.98 31.16-47.32 

Peripheral fat (kg) 9.99±2.76 4.98-15.54 

Trunk fat (kg) 9.26±3.24 3.33-18.27 

        (ml   /kg/min)
a
 33.70 ± 6.79 20.90 - 52.00 

PAEE (kcal/day) 831±282 326-1904 

Glucose (mmol/L) 4.81 ± 0.39 3.80 - 5.70 

Insulin (µUm/L) 11.87 ± 4.04 5.03 - 32.07 

QUICKI 0.33 ± 0.01 0.29 - 0.38 
 
a(n =56); PAEE, Physical activity energy expenditure.  
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TABLE 2. Inflammatory markers by time and menopause status.  

 Perimenopause         Postmenopause ANOVA-Repeated Measure 

 Baseline Year 5 Baseline Year 5 Time Status Interaction 
n 17* 17* 41 41    

hsCRP, mg/l 2.51 2.42 1.16 1.03 1.27 1.43 1.26 1.87 <0.05 NS <0.05 
ORM, g/l 0.68 0.16 0.58 0.16 0.61  0.10 0.60 0.17 NS NS NS 
Hp, g/l 1.09 0.41 0.90 0.33 0.77 0.27 0.77 0.36 NS <0.05 <0.05 
ApoB, g/l 0.79 0.17 0.75 0.19 0.73 0.13 0.73 0.20 NS NS NS 
Ferritin, µg/l 30.94 24.17 61.17 72.40 37.26 30.88 71.92 37.71 <0.05 NS NS 
IL-6, pg/ml 0.87 0.47 0.94 0.67 1.09 1.36 1.12 0.94 NS NS NS 
IL-8, pg/ml 18.83 3.86 26.56 13.86 21.46 12.40 25.27 11.26 <0.05 NS NS 
IL-1B, pg/ml 4.42 2.96 4.61 4.57 3.40 1.03 3.43 1.20 NS NS NS 
sTNFR1, pg/ml 1339.21 240.20 1534.19 219.50 1381.89 231.37 1497.93 260.00 <0.05 NS NS 
sTNFR2, pg/ml 2762.02 449.37 3063.10 750.10 2691.22 454.40 2968.18 629.21 <0.05 NS NS 

 

Values are mean   SD. Hs-CRP, high sensitive c-reactive protein; ORM, orosomucoid; Hp, haptoglobin; ApoB, apolipoprotein B; IL-6, Interleukin 6; IL-8, Interleukin 8; IL-1B, interleukin 1B; 
sTNFR1,2, Soluble tumor necrosis factor –  receptor 1 and 2; NS, not significant. Log transformation scores for CRP, Ferritin, IL-6 have been used for analysis but physiological values have been 

reported. IL-8, IL-1B Wilcoxon method has been used. *two pre-menopausal woman were added to the perimenopause group.   
 

 

Table 3. Determinants of changes in inflammatory markers using multiple regressions analysis.  

 

Stepwise 

regression            

Dependent variable Independent variable R² Total R² P value 

ORM (N=54) 

Physical activity energy 

expenditure 

Waist circumference 

0.15 

0.08 
23% 

0.003 

0.025 

ApoB (N=54) 
Physical activity energy 

expenditure 
0.15 15% 0.003 

IL-8 (N=55) Fat mass 0.15 15% 0.004 

sTNFR2 (N=55) Peripheral fat 0.15 15% 0.004 

 

Variable used in the regression: Fat mass, Fat free mass, Waist circumference, Trunk Fat, Peripheral Fat,        , Physical activity energy expenditure.  

ORM, orosomucoid; ApoB, apolipoprotein B; IL-8, Interleukin 8; sTNFR2, Soluble tumor necrosis factor-  receptor 2. 
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Abstract  

INTRODUCTION: Progressive estrogen loss during the transition to menopause is associated 

with higher levels of inflammatory markers that could promote bone loss.  

PURPOSE: To investigate the association between inflammatory markers and bone mineral 

density (BMD) in premenopausal women transitioning to menopause.  

METHOD: The study included 102 healthy premenopausal women at baseline (age: 49.93±1.90 

y; BMI: 23.27±2.24 kg/m
2
) who took part in a 5-year longitudinal study on the effects of the 

menopause transition on body composition and cardiometabolic risk factors. Outcome measures 

included body composition (fat mass and fat free mass) and BMD (total, lumbar spine and 

femoral neck) measured by dual-energy x-ray absorptiometry as well as waist circumference, 

cardiorespiratory fitness, physical activity energy expenditure, and a panel of inflammatory 

markers.  

RESULT: A significant decrease in BMD (total, lumbar spine and femoral neck) was observed 

from year 1 to 5 (all p <0.001). Longitudinal data analysis showed no significant association 

between change (%∆) of inflammatory markers and %∆ of BMD. However, a positive 

correlation was found between baseline hs-CRP levels (r=0.37) and haptoglobin (Hp) (r=0.24) 

and %∆ of total BMD whereas a negative correlation was observed with interleukin-6 (IL-6) (r= 

-0.26) (all p<0.05). In addition, a positive correlation was found between baseline hs-CRP 

(r=0.32) and Hp (r=0.27) (all p<0.05) and %∆ of lumbar spine BMD. Finally, there was a 

positive correlation between baseline hs-CRP (r=0.31, p <0.05) and %∆ of femoral neck BMD. 

Stepwise regression analysis showed that baseline levels of hs-CRP, IL-6 and menopause status 

explained 35% of individual variations of %∆ of total BMD in women transitioning to 

menopause. Baseline levels of Hp and menopause status explained 17% of individual variation 
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of %∆ at lumbar spine BMD. Also, 22% of variation in %∆ femoral neck BMD was explained 

by baseline hs-CRP and femoral neck BMD and %∆ of physical activity energy expenditure.  

CONCLUSION: We did not observe an association between %∆ in inflammatory markers and 

%∆ in BMD in women transitioning to menopause. However, baseline levels of hs-CRP, Hp and 

IL-6 are among the predictors of individual variation of bone loss in women transitioning to 

menopause. Longitudinal studies with a larger sample size need to be performed to confirm our 

results on the role of systemic inflammation in bone loss in women transitioning to menopause.  

Keywords: bone mineral density, cytokines, inflammation, menopause 
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Introduction  

Osteoporosis is a metabolic bone disease characterized by compromised bone strength and 

increased risk of bone fractures.
100

 As much as one and a half million (10%) Canadians over the 

age of 40 years old having osteoporosis. Women are four times more likely to have osteoporosis 

than men.
101

 The overall yearly cost of treating osteoporosis and consequent fractures is over 

$2.3 billion in the Canadian health care system.
101

  

Studies show that factors such as weight, body composition, physical activity level and systemic 

inflammation contribute to regulating bone mass homeostasis throughout a woman’s life.
63,102,103

 

Bone mass homeostasis is the result of a balance between bone formation by osteoblasts and 

bone resorption by osteoclast cells. An imbalance between the activity of these cells toward 

excessive resorption results in bone loss and osteoporosis.
104

  One of the major factors increasing 

the risk of osteoporosis in women is the low levels of estrogen associated with the natural 

process of aging observed in postmenopausal years. Estrogen stimulates the release of 

transforming growth factor beta (TGF-β), an inhibitor of bone resorption that decreases 

osteoclast formation as well as osteoclast activity.
63

 The progressive decrease of estrogen levels 

during the transition to menopause could cause bone resorption by stimulating inflammatory 

markers production such as C reactive protein (CRP), interleukin 1-beta (IL-1β), interleukin 6 

(IL-6), interleukin 8 (IL-8), and tumor necrosis factor alpha (TNF- ).
63

 As a result, these pro-

inflammatory cytokines could promote activation of receptor activator of nuclear factor -κB 

ligand (RANK), which increases osteoclast differentiation and activity, stimulating bone 

loss.
63,103,105,106

  Another inflammatory marker, ferritin, an iron storage element, plays a role in 

upregulating osteoclast activity by promoting mitochondrial biogenesis. Moreover, it suppresses 
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osteoblast differentiation and activity.
107,108

 Recently, there has been clinical evidence to support 

an association between levels of ferritin and bone mineral density (BMD). 
109

  

Moreover, studies show that reduced physical activity levels during menopause 
53

 could affect 

bone loss.
110,111

  Physical activity promotes bone strength 
110,111

  and  studies suggest higher 

physical activity levels are associated with lower levels of inflammatory markers and as a result, 

lower rates of bone loss. 
39,112,113

 Physical activity plays a role in down regulating nuclear factor–

κB (NF-κB) (an important transcription factor for inflammatory cytokine gene expression).
113

  

Scientific evidence on the link between inflammatory markers and BMD is based mostly on 

results of cross-sectional studies. Some studies suggest a negative relationship between levels of 

inflammatory markers and bone mineral density in pre-
64,114

 and postmenopausal women,
65,115

 

while others reported no relationship.
66,67,116

  Longitudinal studies are more reliable than cross-

sectional studies because they report changes of the same group of participants and  make 

population-based inferences.
117

 Only two longitudinal studies 
68,70

 have investigated the 

relationship between levels of inflammatory markers and change in BMD. Ding et al.
68

 found 

among 193 women with an average 2.9 year follow-up (age range: 52-78 years old) that both 

baseline IL-6 serum levels, and change in IL-6 levels were consistently associated with bone loss 

(total, lumbar spine, and total hip) whereas the effects of TNF-  and CRP were not independent 

of IL-6. In contrast, in a five-year longitudinal study Abrahamsen et al.
70

 reported in 160 

perimenopausal women (age: 50.1 ± 2.8 years), that baseline IL-6 serum levels were not 

associated with bone loss whereas serum levels of IL-1ra and sIL-6R were associated with the 

rate of bone loss. 

Considering that previous studies have showed that levels of inflammatory markers are higher in 

postmenopausal women as compared to premenopausal women 
4
 and the inconclusive results of 
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longitudinal studies 
68,70

  on the potential role of inflammatory makers on BMD loss during the 

transition to menopause, additional prospective studies are needed. Thus, the objective of this 

study was to determine the association between inflammatory markers and BMD in healthy 

normal weight premenopausal women transitioning to menopause. We hypothesized that 

inflammatory markers are negatively associated with BMD loss during the transition to 

menopause.   
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Methods  

The present study is a secondary analysis of data from the 5-year longitudinal study performed 

by the Montreal-Ottawa New Emerging Team (MONET) (from 2004 to 2009) regarding the 

effects of menopausal transition on body composition and cardiometabolic risk factors. All 

experiments were conducted according to the guidelines laid down in the Declaration of Helsinki 

and all the procedures involving human participants were approved by the University of Ottawa 

and Montfort Hospital ethics committees. Written informed consent was obtained from all 

participants. The complete study design and methodology of the MONET study is described in a 

previous publication.
2
  

Participants- One hundred and two premenopausal women (aged between 47 and 55 years) 

were recruited using community advertising and referrals from gynecology clinics. Inclusion 

criteria for the study were the following:  premenopause status (two menstruations in the last 3 

months, no increase in cycle irregularity in the 12 months before testing, and a plasma levels of 

follicular-stimulating hormone ≤ 30 IU/L as a mean of verification); no surgically induced 

menopause; non-smoker; body mass index (BMI) between 20.0 and 29.9 kg/m²; and reported 

weight stability (± 2 kg) for 6 months or more before enrolment in the study. Exclusion criteria 

included:  pregnancy or planning to become pregnant; medical problems that could have 

interfered with outcome variables including cardiovascular and/or metabolic diseases; taking oral 

contraceptives or replacement hormonal therapy; high risk for hysterectomy; and history of drug 

and/or alcohol abuse. 

Status- Yearly menopause status was determined by self-reported questionnaire about menstrual 

bleeding and its regularity. Plasma levels of follicle-stimulating hormone were measured during 

the early follicular phase to verify menopause status. Women were classified as premenopausal if 
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they reported no change in menstrual cycle frequency and perimenopausal if they reported 

changes in menstrual frequency and/or amenorrhea for 3 to 11 months. Finally, women were 

classified as postmenopausal based on their final menstrual period and confirmed by 12 months 

of amenorrhea
118

. 

Study Design- Participants came annually to the laboratory for an evaluation of the following 

measures: anthropometric, body composition and body fat distribution, BMD, physical activity 

energy expenditure, cardiorespiratory fitness (measured at year 1, 3 and 5) and inflammatory 

markers (measured at baseline and at year five). As a means of standardization, all measurements 

were performed in the early follicular phase (within 8 days) as long as women still had a regular 

menses cycle.  

Anthropometric assessment- Body weight and height were measured using a BWB- 800AS 

digital scale and a Tanita HR-100 height rod, respectively (Tanita Corporation of America Inc., 

Arlington Heights, IL). BMI was calculated (body weight in kilograms/height in square meters 

(kg/m²)). Waist circumference (mean of two measures) was determined using a Gulick tape at 

the middle distance between the lowest rib and the iliac crest.
82

 Body composition (fat mass, % 

fat mass and fat-free mass) and BMD (lumbar spine [L4-L5] and femoral neck) were measured 

using dual-energy x-ray absorptiometry (DXA) (GE-LUNAR Prodigy module; GE Medical 

Systems, Madison, WI) as previously described.
83

 The coefficient of variation and the correlation 

for % body fat measured in 12 healthy participants tested in our laboratory were 1.8% and the r = 

0.99, respectively.
2
 Meanwhile the coefficient of variation for measuring BMD by DXA was 

<1% using PHANTOM. The participants wore a light hospital gown without shoes during these 

measurements. 
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Cardiorespiratory fitness - A progressive exercise stress test was performed on a treadmill to 

measure the participant’s cardiorespiratory fitness. Heart rate and blood pressure were measured 

at rest and at the end of each 3-minute stage, with the addition of the Borg scale during the test. 

The Borg scale is a category scale for ratings of perceived exertion ranging from 6 to 20.
85

 

Breath-by-breath samples of expired air were collected through a mouthpiece during the test and 

measurements of VO2 and VCO2 were obtained using a Vmax 229 Series Metabolic Cart 

(SensorMedics Corporation, Yorba Linda, CA). The indirect calorimetry unit was calibrated 

according to the manufacturer’s specifications before every test. The exercise stress test was 

terminated when at least two of the following criteria were achieved:
86

  predicted maximal heart 

rate for age was reached; respiratory quotient was greater than 1.1; oxygen consumption 

remained stable or decreased with an increase in workload; or  rate of Borg-type scale reached 19 

or higher. Peak oxygen consumption (VO2 peak) was considered as the highest oxygen 

consumption reached during the test.  

Physical activity energy expenditure- An accelerometer (Actical; Mini Mitter Co., Inc., Bend, 

OR) was used to measure physical activity and to estimate physical activity energy expenditure. 

During 7 days, the participants wore the accelerometer on their right hip (anterior to the iliac 

crest), secured with an elastic belt with the arrow pointing up, upon waking up and took it off 

just before going to bed. This duration was chosen because it is estimated to result in 90% 

reliability for the measurement of daily physical activity in both men and women.
87

  The 

accelerometers used in this study were validated previously with the use of doubly labeled water 

measurements to estimate daily physical activity energy expenditure.
88

  

Blood sampling- Fasting samples were taken after a 12-hour overnight fast. Plasma levels of 

high sensitive (hs)-CRP and Hp were assessed by immunonephelometry using an image analyzer 
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(Beckman-Coulter, Villepinte, France) with detection limits of 0.20 mg/L and 0.08 g/L 

respectively. Plasma levels of ferritin was measured by chemiluminescence (Architect, Abbott, 

Rungis, France) with detection limits of 1 ng/mL. Plasma levels of interleukin IL-1β, IL-6, IL-8, 

soluble receptor tumor necrosis factor 1 (sTNFR1) and 2 (sTNFR2) were measured using 

standard and high sensitivity commercial ELISA kits, respectively (Quantikine®, Abingdon, 

UK) with detection limits of 1.00 pg/mL, 0.04 pg/mL, 3.50 pg/mL, 0.77 pg/mL and 0.60 pg/mL 

respectively. Sample below the limit of inflammatory marker detection (varying from 4 to 16% 

depending of the inflammatory marker) were assigned a zero value.
119,120

  

 

Statistical analysis 

SPSS 16.0 for Windows (SPSS Inc., Chicago, IL) was used to perform the statistical analyses. 

Variables were first checked for normality of distribution, and hs-CRP, ferritin, IL-6, IL-8 and 

IL-1β were log-transformed. However, IL-8 and IL-1β were still not normally distributed thus 

we used non-parametric analysis for these variables. Results are expressed as mean ± standard 

deviation. A repeated-measure analysis of variance was performed to determine if relative 

change in BMD [(year 5 – year 1)/year 1 ×100] was significantly different depending on 

menopausal status. Partial correlations were performed to examine the association between 

inflammatory markers and bone mineral density in premenopausal women and their respective 

relative changes after the five-year follow-up. In addition, a stepwise regression analysis was 

performed to identify the predictors of the individual variation of BMD loss during the transition 

to menopause. P values less than 0.05 were considered statistically significant.  
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Results  

From the 102 Caucasian women who were recruited, 91 completed the study. Eleven women 

with similar baseline characteristics dropped out of the study. They were either not interested or 

did not accept the DXA risk. The characteristics of participants are presented in Table 1.  At 

baseline, participants were all premenopausal, non-obese based on BMI and had normal BMD 

values at lumbar spine and femoral neck. After the 5-year follow-up, 4% (n=4) of participants 

were still premenopausal, 29% (n=26) perimenopausal and 67% (n=61) postmenopausal. At 

baseline, none of the women were using hormone replacement therapy. However, during the 5-

year longitudinal study, five women started using hormone replacement therapy. There were no 

significant differences in the cardiometabolic characteristics, body composition profile, bone 

density or inflammatory markers level between hormone therapy users and nonusers (results not 

shown).  

 

We observed a significant decrease in total BMD as well at lumbar spine and femoral neck over 

the 5-year follow-up (Table 2).  No significant effect of menopausal status was observed but time 

and menopausal status significantly affected total, lumbar spine and femoral neck BMD. As 

previously reported 
121

, levels of hs-CRP decreased (p<0.05) while IL-8, ferritin, sTNFR1 and 

sTNFR2 levels increased (p<0.05) and IL-6 and IL-1β levels remained unchanged over the 5-

year follow-up. Hp levels decreased significantly (p<0.05) (data not shown).  

Partial correlations between baseline inflammatory markers and baseline and percent change 

BMD are present in Table 3. Baseline analysis showed only negative associations between the 

levels of hs-CRP and total, lumbar spine and femoral neck BMD at baseline. After controlling 
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for body weight, cardiorespiratory fitness and physical activity energy expenditure, correlations 

were still significant (p<0.05).  

Furthermore, we found significant correlations between baseline hs-CRP, Hp, and IL-6 levels 

and percent decrease of total BMD over the 5-year follow-up (table 3). Hs-CRP and Hp levels 

were positively associated with percent decrease in BMD whereas IL-6 levels were negatively 

associated. In addition, we observed significant positive correlations between baseline hs-CRP 

and Hp levels and percent decrease in BMD at lumbar spine as well as between hs-CRP levels 

and percent decrease in BMD at femoral neck.  Based on Figure 1, on one hand, as the baseline 

levels of CRP and Hp increase the percent decrease in BMD is lower whereas when baseline 

levels of IL-6 increase, the percent decrease of BMD is higher. On the other hand, significant 

associations were noted between percent change (decrease) in physical activity energy 

expenditure and percent change (decrease) at lumbar spine (r=0.33) and femoral neck (r=0.29) 

BMD (all p<0.05).   

We then conducted stepwise multiple regression analyses to identify predictors of the individual 

variation of BMD in premenopausal women and percent changes in BMD observed during the 5-

year follow-up. Baseline levels of hs-CRP, Hp, IL-6, cardiorespiratory fitness, physical activity 

energy expenditure, and body weight were used in the stepwise analysis for premenopausal 

women BMD variations. For percent changes in BMD over the 5-year follow-up, baseline levels 

of BMD (total, lumbar spine or femoral spine), hs-CRP, Hp, IL-6, and percent changes of 

cardiorespiratory fitness, physical activity energy expenditure, body weight and menopausal 

status were included based on significant correlation between these phenotypes and BMD. In 

premenopausal women, cardiorespiratory fitness, body weight and levels of hs-CRP explained 

38%, 21% and 21% of individual variation of total, lumbar spine and femoral neck BMD, 
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respectively. Menopause status and baseline levels of hs-CRP, and IL-6 explained 35% of 

individual variations of percent change of total BMD in women transitioning to menopause. 

Menopause status and baseline levels of Hp explained 17% of individual variations of percent 

change of BMD at lumbar spine. Finally, 22% of variations in percent change of femoral neck 

BMD is explained by baseline hs-CRP, baseline femoral BMD and percent change of physical 

activity energy expenditure.   
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 Discussion  

The major finding of the present longitudinal study is the absence of association between percent 

changes in inflammatory markers and percent decrease in total, lumbar spine and femoral neck 

BMD in women transitioning to menopause. We hypothesized that inflammatory markers are 

associated negatively with BMD loss during the transition to menopause. However, contrary to 

our hypothesis, we observed positive correlations between baseline hs-CRP and Hp and percent 

decrease of BMD.  Even if surprising, these results have been observed by other investigators. 

Sponholtz et al.
71

 reported a negative correlation between levels of CRP and femoral neck BMD 

in premenopausal women whereas in postmenopausal women using hormone replacement 

therapy, levels of CRP were positively associated with femoral neck BMD.
71

 Other cross-

sectional studies have led to inconsistent results regarding the relationship between inflammatory 

markers and BMD.
114,122,123

  Pablo et al.
122

 reported a negative association between levels of 

CRP and total BMD in a large representative population-based sample (n=5214; age = 51±19 yr; 

47% postmenopausal). This association was independent of menopause status.
122

 However, 

Berglundh et al.
123

 demonstrated that levels of CRP were not an indicator for low BMD at 

femoral neck in postmenopausal women aged 75 and above. In the present study, we report 

negative correlations at baseline between levels of hs-CRP and BMD (total, lumbar spine, 

femoral neck). This opposite finding could be partly due to the significant decrease we observed 

in levels of hs-CRP and Hp after the 5-year follow-up. It could be that persistently elevated 

levels of CRP (≥ 3 mg/L) may be necessary to accelerate bone loss . In fact , Berglundh et al 

showed that bone loss was greater among those participants with higher CRP levels (≥ 3 mg/L) 

sustained over 5 years. 
123

 However, that was not the case in the present study in which we 

observe no difference in bone loss between the subgroups with sustained high or increased levels 
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of hs-CRP as compared to sustained low or decreased levels of hs-CRP during the 5-year follow-

up (result not shown). Although, mean CRP  in our participants was lower and only 4 

participants  have a CRP levels  ≥ 3 mg/L. 

In our cohort, CRP levels were positively correlated with BMI (r=0.41, p<0.05) and body fat 

mass (r=0.32, p<0.05). This might partly explain why CRP is a positive predictor of BMD as 

higher BMI could have a protective role for BMD by transmitting more mechanical load on 

weight bearing skeleton.
124

 Also, adipose tissue acts as an endocrine organ, producing 

inflammatory markers 
6
. It seems that CRP could not be a good predictor of bone loss due to the 

complicated interaction between BMD, body fat and inflammation. 

Another possibility is a difference between the actions of inflammatory markers in the bone 

microenvironment and their circulating levels 
71

 or different phenotypes of inflammatory 

markers.
125

. Duration of postmenopause is also a factor that may contribute to the relationship 

between inflammatory markers and BMD.
68

 Ding et al 
68

. showed significantly higher negative 

correlations between baseline levels of CRP and IL-6, changes in levels of CRP and IL-6 and 

change in total BMD in women who were 10 years or more into the postmenopausal state. The 

short duration of the postmenopausal state of the participants of this study could partly explain 

why we did not observe any significant associations between changes in inflammatory markers 

and changes in BMD. Of note, even if 71% of our participants were transitioning to a 

postmenopausal status, the majority were in the early postmenopausal phase (< 5 years).  

Furthermore, our participants were healthy and active as compared to the general Canadian 

population.
93

 Physical activity positively affects BMD via mechanical loading mechanism, 

increasing muscle mass and reducing inflammation.
126-128

  In fact, the  annual rate of bone loss  

when participants were in perimenopausal status ( 0.006 g/cm²  and 0.005 g/cm² for lumbar spine 
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and femoral neck) and in postmenopausal status (0.016g/cm² and 0.009 g/cm² for lumbar spine 

and femoral neck) was lower as compared to reported annual rates of bone loss for 

perimenopausal women (0.018 and 0.010 g/cm²  for  lumbar spine and femoral neck) and for 

postmenopausal women (0.022 and 0.013 g/cm²  for the lumbar spine and femoral neck).
129

   

Few longitudinal studies have investigated the associations between inflammatory markers and 

bone loss in women. These studies mostly focused on postmenopausal women or women with 

hormonal replacement therapy.
68,70

 For instance, Abrahamsen et al.
70

 reported that IL-1ra and 

sIL-6R were associated with the rate of bone loss in perimenopausal women. Cross-sectional 

studies including one performed by Gur et al.
106

 revealed that IL-2, IL-8, and TNF-  may play an 

important role in high-turnover osteoporosis. Oppositely, Khosla et al.
116

 indicated that 

postmenopausal women with osteoporosis do not have higher levels of IL-l , IL-1β, or IL-6 as 

compared to women with normal BMD. In line with our hypothesis, we report a negative 

correlation between baseline IL-6 levels and percent decrease in total BMD whereas we did not 

find any relationship between IL-8 and IL-1β and BMD in our participants. Discrepancy in the 

results could be due to significant age gaps between cohorts (pre and postmenopausal women) in 

cross-sectional studies and different bone health, body composition status and lifestyle, 

especially diet and physical activity.  Beside the opposite association observed between the 

baseline levels of hs-CRP and BMD, none of the inflammatory markers (IL-6, IL-8, IL-1β, 

sTNFR1 and sTNFR2) were associated with BMD in our participants. This could be partly 

explained by the fact that higher levels of inflammatory markers have been observed in 

premenopausal and postmenopausal women with obesity 
130

 or women with inflammatory 

diseases such as  rheumatoid arthritis 
131

 whereas the participants of the present study were not 

obese (BMI = 23.31± 2.41 kg/m²) and healthy.  
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Concerning potential predictors of BMD, our results showed that hs-CRP, weight and 

cardiorespiratory fitness contribute to explaining the individual variations in total, lumbar spine 

and femoral neck BMD at baseline when all participants where in premenopausal status. 

Throughout the five years, menopause status, percent change of physical activity energy 

expenditure and baseline levels of hs-CRP, Hp, IL-6 and BMD are important predictors of 

percent decrease in BMD. These results further underscore the role of physical activity in 

attenuating BMD loss in women transitioning to menopause.  Studies also demonstrated that 

cardiorespiratory fitness, a proxy of regular physical activity 
132,133

, positively affects BMD. 
133

 

Furthermore, studies suggest physical activity is associated with lower levels of inflammatory 

markers. 
112,113

 

 We also previously reported in our MONET cohort, an increase in levels of ferritin during the 5-

year follow-up.
121

 Unlike other studies that documented a role for ferritin in BMD loss,
109,134

 we 

found no significant association between levels of ferritin and changes in BMD. This could 

partly be because levels of ferritin seem to affect BMD during late and not early postmenopausal 

status.
108

  

Previously we reported that daily dietary calcium and vitamin D intake did not show any 

significant correlation with BMD changes through the 5 years in our participant.
102

 Only 6% of 

our participants met the Canadian Guideline recommendations for daily dietary calcium intake 

(1200 mg/day)
135

, while none of our participants met the recommendations for daily dietary 

vitamin D intake (15 mcg/day or 600 IU/day)
135

 throughout the 5-year study. The average intake 

of vitamin D was 4.1 ± 2.8 mcg/d in our cohort. Vitamin D has been shown to have anti 

inflammatory role.
64

 It reduces inflammatory markers by binding to their receptors in monocytes. 

Also, vitamin D suppresses nuclear factor -κB expression, which is a primary transcription factor 
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for inflammatory markers production. 
64,136

 Furthermore, vitamin D acts as an anti-inflammatory 

agent by decreasing T cell responsiveness and inhibiting cellular proliferation, which reduces 

lymphokine production.
137

 Therefore, vitamin D deficiency in our participants could partly 

explain the negative association between hs-CRP and bone mineral density in baseline.  

Our study presents some limitations. Firstly, the population studied was composed of healthy 

non-obese women thus; our findings are limited to this population. However, 45% of the 

Canadian women aged between 40 and 59 years present a BMI between 20 and 29 kg/m2.
2
 

Secondly, we did not measure levels of estradiol or estrogen, so we could not investigate the role 

of estrogen in the links between inflammatory markers and BMD. Also, we did not measure 

biomarkers of bone turn-over such as serum osteocalcin and bone-specific alkaline phosphatase. 

Despite these limitations, the present study enriches the scientific evidence on potential 

inflammatory markers predictors of BMD status in a well-characterized cohort of premenopausal 

women transitioning to menopause over a five-year period. We used gold standard measures 

methods for the measurement of BMD and body composition.
138

 Also, our assessment of 

physical activity energy expenditure was performed by accelerometers and cardiorespiratory 

fitness by indirect calorimetry, which both have been shown to be valid and reliable 

measurements.
88

  

In conclusion, our results showed no significant association between change in inflammatory 

markers and change in BMD in women transitioning to menopause. However, baseline levels of 

hs-CRP, Hp, IL-6 and femoral neck BMD along with percent change in physical activity energy 

expenditure and menopausal status partly explained the individual variation of BMD loss in 

women transitioning to menopause. Additional longitudinal studies including larger sample sizes 
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are needed to confirm our results and the role of systemic inflammation or acting as a biomarker 

of bone loss in women transitioning to menopause.  
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Figure 1. Partial correlation between baseline inflammatory markers and percent change of total 

bone mineral density (BMD) adjusted for body weight, cardiorespiratory fitness and physical 

activity energy expenditure; hs-CRP scores have been log transformed. After log transformation 

hs-CRP ranges between -0.70 to 1.02. 
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Table 1. Baseline characteristics of the participants  

 Variable N Baseline  

Anthropometric 

Age (years) 99 49.93±1.90 

Weight (kg) 99 61.00±6.75 

Body mass index (kg/m2) 99 23.27±2.24 

Waist circumference (cm) 99 77.89±6.72 

% Body fat 99 31.31±6.54 

Fat mass (kg) 99 19.18±5.32 

Fat-free mass (kg) 99 38.92±4.08 

          (ml/kg/min) 95 33.83 ± 5.90 

  PAEE (kcal/day) 86 805.24 ± 257.64 

Inflammatory 

Markers 

Hs-CRP (mg/l)  95 1.55±1.67 

Hp (mg/l)  94 0.87±0.33 

ApoB (g/l) 95 0.74±0.14 

Ferritine (µg/l) 85 33.32±26.57 

IL-6 (pg/ml) 85 1.03±1.01 

IL-8 (pg/ml) 85 22.78±16.22 

IL-1β (pg/ml) 85 3.81±1.89 

sTNFR1 (pg/ml) 85 1351.85±264.82 

sTNFR2 (pg/ml) 85 2689.85±400.15 

Data are mean ± SD. PAEE, physical activity energy expenditure; Hs-CRP, High-sensitive C-reactive protein; ApoB, 

apolipoprotein B; IL-1β, interleukin 1Beta; IL-6, interleukin 6; IL-8, interleukin 8; sTNFR1 and sTNFR2, soluble tumor necrosis 

factor receptor 1 and 2. 

 

 

 

Table2. Bone mineral density (g/cm²) by time point and menopausal status.  

 Perimenopause 

(N=27) 

Postmenopause 

(N=59) 

Repeated measures      

ANOVA P value 

Bone mineral 

density(g/cm²) 

Baseline Year 5 Baseline   Year 5            Time status Interaction 

Total  

 

1.16±0.07 1.15±0.06 1.17±0.07 1.14±0.07 <0.001 NS <0.001 

Lumbar spine 
 

1.17±0.11 1.14±0.10 1.20±0.14 1.12±0.14             <0.001 NS <0.01 

Femoral neck 
 

0.93±0.09 0.91±0.09 0.95±0.11 0.90±0.10              <0.001 NS <0.05 
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Table 3. Partial correlations between inflammatory markers and bone mineral density.  

Baseline Total BMD  Lumbar spine BMD Femoral neck BMD 

 Baseline 

(N=87) 

%∆ 

(N=87) 

Baseline 

(N=85) 

%∆ 

 (N=85) 

Baseline 

(N=87) 

%∆  

(N=87) 

Hs-CRP(mg/l) -0.28* 0.37* -0.30* 0.32* -0.30* 0.31* 

Hp (g/l) -0.15 0.24* -0.20 0.27* -0.12 0.09 

ApoB (g/l) -0.18 0.23 -0.14 0.20 -0.00 0.15 

Ferritine (µg/l) 0.02 0.05 0.03 0.05 0.03 -0.09 

IL-6 (pg/ml) -0.01 -0.26* -0.15 -0.06 0.03 -0.06 

IL-8 (pg/ml) -0.02 0.04 0.15 -0.01 -0.10 -0.05 

IL-1β  (pg/ml) -0.02 -0.08 0.08 -0.14 0.00 -0.21 

sTNFR1(pg/ml) -0.03 -0.03 0.03 0.06 -0.08 0.06 

sTNFR2 (pg/ml) -0.18 0.18 -0.13 0.21 -0.08 0.06 

∆, relative change; *, P<0.05 
Hs-CRP, High-sensitive C-reactive protein; ApoB, apolipoprotein B; IL-1β, interleukin 1Beta; IL-6, interleukin 6; IL-8, 

interleukin 8; ; sTNFR1 and sTNFR2, soluble tumor necrosis factor receptor 1 and 2.BMD, bone mineral density; log 

transformation has been done for CRP, IL-6, and ferritine. Adjusted for body weight, cardiorespiratory fitness and physical 

activity energy expenditure.  

 

Table 4. Predictors of bone mineral density.                                                              
 Dependent 

variable  

     

Independent variable R R² Total R² P value 

 Baseline 

 

Stepwise 

regression 

Total BMD  

(N=73) 

Cardiorespiratory fitness 

Weight 

Hs-CRP 

 

0.29 

0.34 

-0.28 

0.218 

0.120 

0.043 

38% 0.000 

0.003 

0.033 

 

Lumbar spine 

BMD (N=72) 

 

Cardiorespiratory fitness  

Weight 

Hs-CRP 

 

0.19 

0.24 

-0.30 

0.074 

0.081 

0.060 

21% 0.025 

0.012 

0.021 

Femoral neck 

BMD (N=73) 

Cardiorespiratory fitness 

Weight 

Hs-CRP 

 

0.23 

0.26 

-0.30 

0.079 

0.069 

0.068 

21% 0.010 

0.021 

0.026 

 %∆ BMD  

 

 

Stepwise 

regression          

Total BMD        

(N=73) 

Menopause Status 

Baseline Hs-CRP 

Baseline IL-6 

-0.44 

0.37 

-0.26 

0.198 

0.075 

0.076 

35% 0.000 

0.006 

0.009 

Lumbar spine 

BMD (N=72) 
Menopause Status 

Baseline Hp     

 

-0.33 

0.27 

 

0.049 

0.123 

 

17% 0.003 

0.048 

 

Femoral neck 

BMD (N=73) 

 

Baseline Hs-CRP 

%∆Physical Activity Energy 

Expenditure 

Baseline femoral neck BMD 

 

0.31 

0.28 

-0.27 

0.110 

0.051 

0.066 

 

22% 0.004 

0.043 

0.017 

 

Hs-CRP, High-sensitive C-reactive protein; BMD, bone mineral density; %∆, percentage change.  

For baseline bone mineral density, stepwise regression analysis included baseline CRP, Hp, IL-6, physical activity energy 

expenditure, cardiorespiratory fitness and weight whereas for percent change in bone mineral density during the menopause 

transition , menopause status at year 5, baseline CRP, Hp, IL-6, baseline bone mineral density, percent change of physical 

activity energy expenditure, cardiorespiratory fitness and weight were used.  
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Abstract  

 

Objective: The menopause transition and postmenopausal periods are usually associated with 

changes in body composition and a decrease in physical activity energy expenditure. This study 

investigated body composition, cardiometabolic risk factors, physical activity energy expenditure 

(PAEE), and inflammatory makers in premenopausal women after a 10-year follow-up. 

Design/Methods: One hundred and two premenopausal women participated in the 5-year 

observational longitudinal Montreal Ottawa New Emerging Team (MONET) study. This present 

sub-study included 48 participants (age: 60.0 ± 1.7 years; body mass index: 23.2 ± 2.2 kg/m²) 

6.0±0.3 years after completion of the initial MONET study. Measures included body 

composition, waist circumference (WC), fasting glucose and insulin levels, insulin sensitivity 

(QUICKI model), plasma lipid levels, PAEE and inflammatory markers.  

Results: Compared to baseline measures of the MONET study, analyses revealed no significant 

increase in body weight although there were significant increases in WC, fat mass (FM), % FM,  

total cholesterol (TC), low (LDL-C) and high density lipoproteins (HDL-C),  haptoglobin (Hp), 

Apolipoprotein B (ApoB), ferritin, adiponectin, and soluble cluster of differentiation 14 (sCD14) 

(all p < 0.001) after the 10-year follow-up. However, significant decreases were observed for fat 

free mass (FFM), PAEE, fasting glucose levels, interleukin 8 (IL-8) levels and soluble tumor 

necrosis factor receptor 1 and 2 (sTNFR-1 and sTNFR-2) levels (all p < 0.05). To determine the 

effect of postmenopausal years, data was restructured based on final menstrual period (FMP) and 

one-way ANOVAs were performed. Results showed that WC, % FM, TC, HDL-C, ApoB, 

ferritin, adiponectin, sCD14 were higher in early and late postmenopausal periods in these 

women. sTNFR-1 and sTNFR-2 levels were higher at the FMP and early postmenopausal years 
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as compared to the late postmenopausal periods. Finally, IL-8 levels were lower in years after 

FMP.  Conclusion: The number of years elapsed since the FMP can affect body composition, 

cardiometabolic risk factors and inflammatory markers in healthy premenopausal women going 

through menopause transition and postmenopausal periods. 

Key words: Postmenopause, inflammatory markers, lipid profile, body composition, physical 

activity, cardiometabolic risk factors   
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Introduction 

 

The menopause transition is associated with an increased risk of developing the metabolic 

syndrome and cardiovascular diseases
139

. There is a growing body of evidence that chronic 

inflammation is a contributing factor to cardiometabolic alterations associated with 

menopause.
140

 Previous studies have shown that inflammatory markers such as C-reactive 

protein (CRP), ferritin, interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF- ) are 

associated and could play a role in the development of cardiometabolic risk factors.
140,141

 

Furthermore, the level of these inflammatory markers is known to be higher in postmenopausal 

women.
6,9,20,30,33

 However, studies investigating inflammatory markers and menopause have 

mainly focused on aging and comparing different groups of pre and postmenopausal women 

rather than investigating the effect of the number of years since the final menstrual period 

(FMP).  

Menopause-related body composition changes, especially increases in fat mass (FM) and visceral 

fat, and plasma lipid alterations contribute to increasing the risk of cardiovascular diseases.
142,143

 

In fact, visceral fat constitutes 5-8% of total FM in premenopausal women which has been 

shown to increase up to 15-20%  in postmenopausal women.
144

 Visceral fat acts as an endocrine 

organ secreting inflammatory markers that play a role in the development of the metabolic 

syndrome and cardiovascular diseases.
145

  

Epidemiological studies indicate that premenopausal women have a lower incidence of 

cardiometabolic disease as compared to postmenopausal women.
32,146,147

 Therefore, 

postmenopausal status (years since the FMP) could play an important role in the prevalence of 

the cardiometabolic diseases. Since it is difficult to distinguish the difference between the effects 
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of natural aging from those of menopause, few studies
23,54,55,148,149

 have addressed the influence 

of the duration (in years) since the FMP on body composition and cardiometabolic risk factors in 

healthy normal weight women.  

Numerous studies
23,54,148,149

 have shown that postmenopausal women are at a higher risk of 

developing abdominal obesity and the metabolic syndrome. They also have a higher body mass 

index (BMI), waist circumference (WC), blood pressure, CRP, cholesterol, triglyceride and low 

density lipoprotein cholesterol (LDL-C) levels whereas the direction of change of blood glucose 

and high lipoprotein cholesterol (HDL-C) is not consistent among studies.  In addition, Wang et 

al
55

 showed in postmenopausal women that fat free mass (FFM) decreased with years since 

menopause while FM and body fat distribution were not related to years since menopause but 

with age.   

Decreased level of physical activity energy expenditure (PAEE) and its association with body 

composition alterations in postmenopausal women have been reported previously.
150-152

 However 

these studies accounted for age but not for years since the FMP. These studies showed that the 

level of physical activity decreases in midlife and older women. However, those who maintained 

or increased their physical activity level tended to experience less change in body 

composition.
150-152

 

None of these longitudinal studies reported inflammatory markers and/or PAEE changes and 

their association with body composition and cardiometabolic risk factor changes using gold 

standard techniques over an extensive postmenopausal period in healthy women. Documenting 

the changes of body composition over time and cardiometabolic risk factor alterations may 

contribute to identifying timely preventive interventions that could decrease the risk of 

developing the metabolic syndrome and/or cardiometabolic diseases in postmenopausal women. 
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This study will investigate how body composition, cardiometabolic risk factors, PAEE and the 

inflammatory markers change after a 10-year follow-up in healthy normal weight premenopausal 

women. We hypothesized women will have an increase in FM, WC, inflammatory markers and a 

decrease in FFM, and PAEE. Furthermore, we also aimed to assess how the duration (number of 

years) since the FMP affects these primary outcomes.   
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Methods  

The present article is a sub-study of the Montreal Ottawa New Emerging Team (MONET) study. 

The MONET study consisted in a 5-year longitudinal study (2004 to 2009) on the effects of the 

menopause transition on body composition and cardiometabolic risk factors in 48 healthy 

premenopausal women aged between 47 and 55 years. The complete design and methodology of 

the MONET study has been described previously.
2
 The present sub-study is an observational 

community based study which consisted in contacting - by sending out letters - participants after 

completion of the MONET study for a series of follow-up assessments. Figure 1 presents the 

recruitment diagram and participants sample size. Inclusion criteria for the present study were 

the following: healthy women that participated and completed the MONET study. Exclusion 

criteria includes: (1) medical problems or medication that could interfere with outcome variables 

such as Cushing's disease, polycystic ovary syndrome, thyroid gland disease or cancer;  (2)  a 

history of drug and/or alcohol abuse; (3)  medications including antipsychotics/antidepressants, 

oral corticosteroids or anti-obesity medications. Three and ten women were receiving hormone 

replacement therapy at the 5-year and 10-year follow-up, respectively. One woman had 

undergone a hysterectomy and three women had removed one ovary. Women were instructed not 

to restrict diet and/or physical activity. (4) BMI ≥ 30     .  The study was approved by the 

University of Ottawa and the Montfort Hospital Ethics Committees. All participants signed a 

written consent form prior to their participation in the study. 

Study Design-  Participants were invited to the laboratory for the following tests and measures: 

1) anthropometric and body composition (dual-energy x-ray absorptiometry [DXA]) 

measurements; and 2) fasting blood samples for the measurement of fasting plasma lipid, insulin, 

glucose, and inflammatory marker levels. Menopause status was determined using a self-
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reported questionnaire about menstrual bleeding and its regularity. Women were classified as 

premenopausal if they reported no change in menstrual cycle frequencies and perimenopausal if 

they reported changes in menstrual frequency and/or amenorrhea for 3 to 11 months. Finally, 

women were classified as postmenopausal based on their FMP and confirmed by 12 months of 

amenorrhea.
2
  

Anthropometrics- Body weight and height were measured using a BWB- 800AS digital scale 

and a Tanita HR-100 stadiometer, respectively (Tanita Corporation of America Inc., Arlington 

Heights, IL). BMI was calculated as body weight in kilograms divided by height in square 

meters (kg/m²). WC (mean of two measurements) was determined using a Gulick tape at the 

middle distance between the lowest rib and the iliac crest.
2,82

 FM, % FM, and FFM were 

measured using dual-energy x-ray absorptiometry (GE-LUNAR Prodigy module; GE Medical 

Systems, Madison, WI) as previously described.
2,83

 Using duplicate measurements of % FM in 

12 healthy participants tested in our laboratory, the coefficient of variation and the correlation for 

the reproducibility were 1.8% and r = 0.99, respectively.  

Physical activity energy expenditure- An Actical accelerometer (Mini Mitter Co., Inc., Bend, 

OR) worn on the right hip (anterior to the iliac crest) and secured with an elastic belt with the 

arrow pointing up was used to measure daily physical activity and to estimate mean PAEE. 

During 7 days following the lab visit, participants wore the accelerometer upon waking up and 

took it off just before going to bed (90% reliability for the measurement of physical activity
87

). 

The accelerometers used in this study were validated previously with the use of doubly labeled 

water measurements to estimate physical activity energy expenditure.
88
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Blood sampling- Blood samples were taken after a 12-hour overnight fast. Plasma glucose levels 

were determined using spectrophotometric analysis after conversion of glucose to glucose-6-

phosphate by hexokinase (Sigma-Aldrich Canada Ltd., Oakville, Ontario, Canada; Fisher 

Scientific Limited, Nepean, Ontario, Canada). Plasma insulin concentrations were determined by 

radioimmunoassay using 
125

I-labeled human insulin and a human insulin antiserum (Millipore, 

St. Charles, MO). Insulin resistance was estimated using the QUICKI model (score) by the 

following equation: 1/[log insulin (mU/l)+ log glucose (mg/dl)].
89

  

Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG) 

levels were analysed using the Vitros 950 immunoassay analyzer (Ortho Clinical Diagnostics; 

Johnson & Johnson Company, Markham, Ontario, Canada) at a wavelength of 540 nm. TC, 

HDL-C, and TG were used in the Friedwald formula to calculate low-density lipoprotein 

cholesterol (LDL-C) concentrations.
153

  

For CRP, orosomucoid (ORM) and haptoglobin (Hp), assessments were made by 

immunonephelometry using an image analyzer (Beckman-Coulter, Villepinte, France) with 

detection limits of 0.20 mg/L, 0.25 g/L and 0.08 g/L respectively. Apolipoprotein B (apoB) was 

assessed by immunoturbidimetry (Architect, Abbott, Rungis, France) with detection limits of 

0.03 g/L. Serum ferritin concentration was measured by chemiluminescence (Architect, Abbott, 

Rungis, France) with detection limits of 1 ng/mL. Serum high sensitivity IL-6, IL-8, soluble 

tumor necrosis factor receptor 1 and 2 (sTNFR-1 and sTNFR-2), soluble cluster of differentiation 

14 (sCD14) and adiponectin levels were measured using standard and high sensitivity 

commercial enzyme-linked immunosorbent assay (ELISA) kits (Quantikine®, Abingdon, UK) 

with detection limits of 0.04 pg/mL, 3.50 pg/mL, 0.77 pg/mL, 0.60 pg/mL, 125 pg/mL, and 0.25 
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ng/mL, respectively. Coefficients of variation for inter- and intra-assay reproducibility were < 

10% for biomarker measurements performed with ELISA (IL-6, IL-8, sTNFR-1, sTNFR-2, 

sCD14 and adiponectin) and < 5% for other inflammatory markers, namely ferririn, ORM, Hp, 

ApoB and CRP. 

Statistical analysis-Descriptive results are expressed as the mean ± standard deviation. 

Normality was determined and then CRP, ferritin, IL-6 and IL-8 were log-transformed to allow 

normality of distribution. Repeated-measure analysis of variance (ANOVA)s were performed to 

determine changes in variables of interest from premenopausal status to postmenopausal status. 

A one-way ANOVA was performed to compare the difference of variable changes between years 

relative to FMP. We re-organized the data in cases and divided participants into 5 groups based 

on their menopausal status at baseline (all premenopausal), at year five [2% premenopausal 

(n=1), 35% perimenopausal (n=17)  and 60% postmenopausal (n=29)], and after 10 years (all 

postmenopausal); Group 1: FMP -9 to -5, group 2: -5 to -1, group 3: FMP 0, group 4: FMP +1 to 

+5, and group 5: FMP +5 to +9. Year 0 is the year within the FMP; year 1 is considered as 1 year 

after FMP, year -1 is considered as 1 year before FMP, and so on. For example, if a participant 

was at -5FMP at the beginning of the study, it means she had her first menopausal year 5 years 

after she was recruited in the study and she has been postmenopausal for 5 year at the time of 

analysis. Pearson correlation was performed to investigate the relationship between variables. 

We also used mixed model linear analysis to confirm our results. SPSS 16.0 for windows (SPSS 

Inc., Chicago, IL) was used to perform statistical analyses. A p-value less than 0.05 was 

considered statistically significant.  
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Results  

At baseline, all women were premenopausal. By the end of year five, 2% (n=1) were still 

premenopausal, 35% (n=17) perimenopausal and 60% (n=29) were postmenopausal. At the 10-

year follow-up (average of 10.1±0.3 yrs), all women were postmenopausal.  

In Table 1, significant effects of time were noted with increases for WC, FM and % FM (all 

p<0.001) and decreases for FFM despite the absence of significant differences in body weight 

and BMI. Furthermore, a significant effect of time was observed with increases for TC, HDL-C, 

LDL-C, while decreases were observed for glucose levels, PAEE, resting systolic and diastolic 

blood pressure (p = 0.001-0.05) (Table 2). We performed additional analysis with and without 

the participants under hormone replacement therapy and the results were the same (data not 

shown). 

As presented in Table 3, levels of Hp (P<0.05), ApoB, ferritin, adiponectin, sCD14, IL-8, 

sTNFR-1, and sTNFR-2 (all p < 0.001) increased at follow-up while IL-8, sTNFR-1 and sTNFR-

2 levels decreased.  

Effect size for body composition variables with significant change was between 0.22-0.50 with 

an observed power of 0.94-1.00. Effect size for cardiometabolic variables with significant 

change was between 0.12-0.65 with an observed power of 0.69-1.00. Effect size for 

inflammatory markers with significant change was between 0.11-0.59 with an observed power of 

0.67-1.00. 

As shown in Table 4, WC was gradually higher from years prior to the FMP to the years after 

final menstrual period. Percentage FM was significantly higher in +1 to +5 FMP and +5 to+9 
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FMP groups as compared to -9 to -5 FMP group. Moreover, levels of TC and HDL-C were 

gradually higher from years prior to the FMP to the years after FM after FMP. PAEE was lower 

in +5 to +9 FMP group as compared with 0 FMP and -5 to -1 FMP groups. Finally, resting 

diastolic blood pressure was lower in +5 to +9 FMP group as compared with all other FMP 

groups (Table 5).  

Finally, ApoB, ferritin, sCD14, and adiponectin levels were significantly higher while IL-8 

levels were gradually lower years prior to the FMP as compared to years after FMP (Figure 2). 

However, sTNFR-1 and sTNFR-2 levels were higher in -5 to -1 FMP and 0 FMP groups as 

compared with +5 to +9 FMP group. We also used mixed model linear analysis from which we 

obtained the same results except for adiponectin and fat mass that were no longer significant. 

Significant negative correlation was found between years since FMP and % change in PAEE (r= 

-0.38, P<0.05).   
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Discussion 

To our knowledge, this is the first longitudinal study documenting inflammatory markers and 

PAEE changes over an extensive postmenopausal period in healthy non obese women. One 

major finding of the present study is that we observed no increase in body weight and BMI in our 

healthy participants after an average of six years postmenopause. As previously reported
2
 in the 

original MONET study, we observed an increase in FM, % FM and a decrease in FFM with time 

However, body fat distribution changes become more evident as years since FMP progressed. 

These results support the concept that menopause transition and postmenopausal periods affect 

body fat distribution and body composition and not body weight per se. Our results are consistent 

with studies that reported a role of menopause transition and of the postmenopausal period in 

body composition and body fat distribution change.
148,154

 However, they are in contradiction with 

other studies that found aging to be more important regardless of menopausal status.
151,155

 One 

study used a cross sectional design
155

 and in the other study
151

, the follow-up periods was shorter 

(3 years). 

The changes in body composition observed in our participants could be partly related to the 

reduction of PAEE due to a shift to a more sedentary lifestyle after menopause, as demonstrated 

by a significant negative correlation between years since FMP and % change in PAEE (r= -0.38, 

P<0.05). In fact, our participants decreased their PAEE by 17% and 23.2% since premenopausal 

status and FMP, respectively. Another factor that may play a role in menopause related changes 

in body composition and body fat distribution is the progressive decline of estrogen levels. As 

reported by other researchers, estrogen deficiency mediates changes in body fat distribution and 

body composition by increasing FM especially visceral fat and decreasing FFM.
156,157
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Our results showed significant increases in TC and LDL-C. These findings support the 

hypothesis that the increase in cardiovascular diseases in postmenopausal women could be, in 

part, related to the progressive increase in LDL-C with aging and the increase in TC after 

menopause.
54

  

Although it is  known that HDL-C is normally lower in postmenopausal women
158

, to our 

surprise values increased progressively with higher levels than baseline in our participants. This 

HDL-C trajectory has also been previously reported.
159,160

 One possible explanation for the 

increase in HDL-C levels could be the level of PAEE. It is well documented that high physical 

activity levels are associated with higher HDL-C levels.
161,162

 Although we demonstrated that 

level of PAEE decreased in our participants, they are still on average, more active (average 242 

minutes moderate and 29 minutes vigorous physical activity per week) than guideline 

recommendations (150 minutes of moderate to vigorous intensity physical activity/ week).
82

 

According to Canadian Health Measures Survey (CHMS) data, only 5% of Canadian women 

aged 40 to 59 year meet the recommended guideline.
163

 Higher level of physical activity in our 

women, could  also partly explain the reduction observed in glucose levels and diastolic blood 

pressure with time and menopausal status.
164

 

A second major finding of the present study is that inflammatory markers including Hp, ApoB, 

165
 ferritin, sCD14, and adiponectin levels increased while sTNFR-1, sTNFR-2, and IL-8 levels 

decreased at 10-year follow-up. The increase in inflammatory markers could be due to the shift 

in fat deposition that accompanies menopause, which normally leads to more visceral fat 

deposition, which acts as an endocrine organ producing inflammatory markers.
78,145

 Considering 

that we also observed a progressive increase in WC during the postmenopausal years in our 
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women (an average of 6.48±6.49 cm in 10 years), we performed another analysis to investigate 

the role of menopause and postmenopausal periods. Results showed that levels of ApoB, Ferritin, 

sCD14, and adiponectin increased significantly years prior to the FMP until years after FMP. 

Levels of sTNFR-1 and sTNFR-2 were significantly higher around the FMP and early 

postmenopausal years as compared to late postmenopausal years. These results are consistent 

with a previously published cross sectional study
166

 that reported levels of TNF-  were higher 

during the early postmenopausal period (6.2 years since menopause) as compared to pre and peri 

menopausal women. However, our results are in contradiction with another cross sectional 

study
26

 that showed levels of TNF-  were lower in postmenopausal women (age 54±8 years, 

range 48–63) compared with premenopausal women (age 32±7 years, range 18–45). These 

studies did not report the years since FMP or body composition characteristics of the women. 

Large age gaps (from 30 to 60 years) between cohorts (premenopausal and postmenopausal 

women) or other factors such as differences in body composition or use of hormone therapy 

between study populations could explain discrepancies among the findings.   

Increased concentrations of sCD14, a protein expressed in hepatocytes and adipocytes that 

mediates the proinflammatory signal 
167

, have been related to cardiometabolic disorders and 

cardiovascular diseases.
168

 Our results showed that sCD14 levels  increased significantly from 

baseline to 10 years notably during the early and late postmenopausal periods. In a study by 

Reiner et al
169

, the authors demonstrated strong positive correlations between sCD14 with 

measures of vascular diseases such as carotid wall thickness.  In our population, ferritin levels 

increased from baseline to year 10. In the additional analysis, level of ferritin increased 

significantly from years prior to the FMP to the years after the FMP. As the menstrual cycle 

stops, serum ferritin increases two to threefold because of the absence of vaginal bleeding.  This 
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has been confirmed by other studies.
91,99

  Similarly, Kim et al. found an increase in ferritin levels 

with menopause.
99

 However, contrary to what we expected, adiponectin levels increased in this 

sub-study. Previous studies have shown that body fat distribution is related to adiponectin level 

and increased visceral fat is associated with low levels of adiponectin secretion while 

subcutaneous fat is not.
170-172

 It is possible that increase in WC observed in our participants is 

due to a greater accumulation of subcutaneous fat. Also, physical activity has been shown to 

increase serum adiponectin
173

 and our participants were on average, physically active. 

Furthermore, we did not measure high molecular weight adiponectin, which has been suggested 

to be a better predictor of metabolic parameters than total adiponectin.
174

 This could account for 

the lack of consistency. These results have been reported by other investigators.
58

 Furthermore, 

our results showed IL-8 decreases significantly from baseline to year 10.  This has been also 

previously reported by another group. 
175

 

The findings of our study should be interpreted considering certain limitations. Firstly, the 

population studied was composed of healthy women within a narrow range of BMI. Therefore, 

our results are limited to this subgroup of the population. Still, it is notable to point out that 45% 

of the women aged between 40 and 59 years in the Canadian population present a BMI between 

20 and 29 kg/m
2
. Secondly, the number of participants in the study decreased throughout the 

study, which reduces statistical power. Finally, we used the more cost-efficient index (waist 

circumference) to estimated abdominal fat instead of measuring visceral fat area by computed 

tomography.  

 

Despite these limitations, the present study consists of a well-characterized cohort of women that 

were followed for 10 years. The longitudinal design allowed us to compare the same women as 



106 

 

 

they went through the menopause transition and postmenopausal years, and thus limit intra-

individual variation in factors that could account for the effects on inflammatory markers. Lastly, 

we used gold-standard methods for the measurement of body composition (dual-energy x-ray 

absorptiometry) and daily PAEE (accelerometer).   
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Conclusion  

This longitudinal 10-year follow-up study indicates that the postmenopausal period is associated 

with a decrease in physical activity and glucose levels as well as an increase in waist 

circumference, % FM and total cholesterol and HDL levels.  Levels of inflammatory markers 

(including ApoB, ferritin, adiponectin, sCD14) were higher in early and late postmenopausal 

periods while sTNFR-1 and sTNFR-2 levels were higher around the final menstruation period 

and early postmenopausal years. Finally, we observed being physically active could lead to an 

increase of some biomarkers potentially "beneficial" (adiponectin and HDL-C) in healthy 

premenopausal women going through menopause transition and postmenopausal periods. 

However, it is possible that the increase in low-grade inflammation and lipid disorders that we 

observed, may outweigh the beneficial effects and may, in the long term, overcome them. 

 

  



108 

 

 

Reference  

1. Gurka MJ, Vishnu A, Santen RJ, DeBoer MD. Progression of Metabolic Syndrome 

Severity During the Menopausal Transition. J Am Heart Assoc. 2016;5(8). 

2. Esser N, Paquot N, Scheen AJ. Inflammatory markers and cardiometabolic diseases. Acta 

clinica Belgica. 2015;70(3):193-199. 

3. Perry CD, Alekel DL, Ritland LM, et al. Centrally located body fat is related to 

inflammatory markers in healthy postmenopausal women. Menopause. 2008;15(4 Pt 

1):619-627. 

4. Lee CG, Carr MC, Murdoch SJ, et al. Adipokines, inflammation, and visceral adiposity 

across the menopausal transition: a prospective study. The Journal of clinical 

endocrinology and metabolism. 2009;94(4):1104-1110. 

5. Yasui T, Maegawa M, Tomita J, et al. Changes in serum cytokine concentrations during 

the menopausal transition. Maturitas. 2007;56(4):396-403. 

6. Yasui T, Uemura H, Yamada M, et al. Associations of interleukin-6 with interleukin-

1beta, interleukin-8 and macrophage inflammatory protein-1beta in midlife women. 

Cytokine. 2008;41(3):302-306. 

7. Giuliani N, Sansoni P, Girasole G, et al. Serum interleukin-6, soluble interleukin-6 

receptor and soluble gp130 exhibit different patterns of age- and menopause-related 

changes. Experimental gerontology. 2001;36(3):547-557. 

8. Matthews KA, Schott LL, Bromberger J, Cyranowski J, Everson-Rose SA, Sowers MF. 

Associations between depressive symptoms and inflammatory/hemostatic markers in 

women during the menopausal transition. Psychosomatic medicine. 2007;69(2):124-130. 



109 

 

 

9. Zhou Y, Zhou X, Guo X, et al. Prevalence and risk factors of hypertension among pre- 

and post-menopausal women: a cross-sectional study in a rural area of northeast China. 

Maturitas. 2015;80(3):282-287. 

10. Figueroa-Vega N, Moreno-Frias C, Malacara JM. Alterations in adhesion molecules, pro-

inflammatory cytokines and cell-derived microparticles contribute to intima-media 

thickness and symptoms in postmenopausal women. PloS one. 2015;10(5):e0120990. 

11. Karvonen-Gutierrez C, Kim C. Association of Mid-Life Changes in Body Size, Body 

Composition and Obesity Status with the Menopausal Transition. Healthcare (Basel, 

Switzerland). 2016;4(3). 

12. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. The Journal of clinical 

endocrinology and metabolism. 2004;89(6):2548-2556. 

13. Son MK, Lim NK, Lim JY, et al. Difference in blood pressure between early and late 

menopausal transition was significant in healthy Korean women. BMC women's health. 

2015;15:64. 

14. El Khoudary SR, Wang L, Brooks MM, Thurston RC, Derby CA, Matthews KA. 

Increase HDL-C level over the menopausal transition is associated with greater 

atherosclerotic progression. Journal of clinical lipidology. 2016;10(4):962-969. 

15. Wildman RP, Mancuso P, Wang C, Kim M, Scherer PE, Sowers MR. Adipocytokine and 

ghrelin levels in relation to cardiovascular disease risk factors in women at midlife: 

longitudinal associations. International journal of obesity. 2008;32(5):740-748. 

16. Cho GJ, Lee JH, Park HT, et al. Postmenopausal status according to years since 

menopause as an independent risk factor for the metabolic syndrome. Menopause (New 

York, N.Y.). 2008;15(3):524-529. 



110 

 

 

17. Stefanska A, Sypniewskay G, Senterkiewicz L. Inflammatory markers and cardiovascular 

risk in healthy polish women across the menopausal transition. Clinical chemistry. 

2005;51(10):1893-1895. 

18. Janssen I, Powell LH, Crawford S, Lasley B, Sutton-Tyrrell K. Menopause and the 

metabolic syndrome: the Study of Women's Health Across the Nation. Archives of 

internal medicine. 2008;168(14):1568-1575. 

19. Matthews KA, Kuller LH, Sutton-Tyrrell K, Chang YF. Changes in cardiovascular risk 

factors during the perimenopause and postmenopause and carotid artery atherosclerosis in 

healthy women. Stroke. 2001;32(5):1104-1111. 

20. Wang Q, Hassager C, Ravn P, Wang S, Christiansen C. Total and regional body-

composition changes in early postmenopausal women: age-related or menopause-related? 

The American journal of clinical nutrition. 1994;60(6):843-848. 

21. Nelson DB, Sammel MD, Freeman EW, Lin H, Gracia CR, Schmitz KH. Effect of 

physical activity on menopausal symptoms among urban women. Medicine and science 

in sports and exercise. 2008;40(1):50-58. 

22. Sternfeld B, Wang H, Quesenberry CP, Jr., et al. Physical activity and changes in weight 

and waist circumference in midlife women: findings from the Study of Women's Health 

Across the Nation. American journal of epidemiology. 2004;160(9):912-922. 

23. Paivi M, Mirja H, Terttu P. Changes in Physical Activity Involvement and Attitude to 

Physical Activity in a 16-Year Follow-Up Study among the Elderly. Journal of aging 

research. 2010;2010:174290. 



111 

 

 

24. Abdulnour J, Doucet E, Brochu M, et al. The effect of the menopausal transition on body 

composition and cardiometabolic risk factors: a Montreal-Ottawa New Emerging Team 

group study. Menopause (New York, N.Y.). 2012;19(7):760-767. 

25. Physiology CSfE. The Canadian Physical Activity, Fitness and Lifestyle Approach 

(CPAFLA): CSEP - Health and Fitness Program's Health-Related Appraisal and 

Counselling Strategy. Canadian Society for Exercise Physiology; 2003. 

26. Doucet E, Laviolette M, Imbeault P, Strychar I, Rabasa-Lhoret R, Prud'homme D. Total 

peptide YY is a correlate of postprandial energy expenditure but not of appetite or energy 

intake in healthy women. Metabolism: clinical and experimental. 2008;57(10):1458-

1464. 

27. Matthews CE, Ainsworth BE, Thompson RW, Bassett DR, Jr. Sources of variance in 

daily physical activity levels as measured by an accelerometer. Medicine and science in 

sports and exercise. 2002;34(8):1376-1381. 

28. Goris AH, Meijer EP, Kester A, Westerterp KR. Use of a triaxial accelerometer to 

validate reported food intakes. The American journal of clinical nutrition. 

2001;73(3):549-553. 

29. Antuna-Puente B, Faraj M, Karelis AD, et al. HOMA or QUICKI: is it useful to test the 

reproducibility of formulas? Diabetes & metabolism. 2008;34(3):294-296. 

30. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-

density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. 

Clinical chemistry. 1972;18(6):499-502. 



112 

 

 

31. Svendsen OL, Hassager C, Christiansen C. Age- and menopause-associated variations in 

body composition and fat distribution in healthy women as measured by dual-energy X-

ray absorptiometry. Metabolism: clinical and experimental. 1995;44(3):369-373. 

32. Trikudanathan S, Pedley A, Massaro JM, et al. Association of female reproductive factors 

with body composition: the Framingham Heart Study. J Clin Endocrinol Metab. 

2013;98(1):236-244. 

33. Hamosh M, Hamosh P. The effect of estrogen on the lipoprotein lipase activity of rat 

adipose tissue. The Journal of clinical investigation. 1975;55(5):1132-1135. 

34. Poehlman ET. Re: Tchernof, A. and Poehlman E., Effects of the menopause transition on 

body fatness and body fat distribution, Obesity Research vol. 6, No. 3 (May):246-254 

1998. Obesity research. 2005;13(7):1300. 

35. Jensen J, Nilas L, Christiansen C. Influence of menopause on serum lipids and 

lipoproteins. Maturitas. 1990;12(4):321-331. 

36. Zhou JL, Lin SQ, Shen Y, Chen Y, Zhang Y, Chen FL. Serum lipid profile changes 

during the menopausal transition in Chinese women: a community-based cohort study. 

Menopause. 2010;17(5):997-1003. 

37. Fernandez ML, Murillo AG. Postmenopausal Women Have Higher HDL and Decreased 

Incidence of Low HDL than Premenopausal Women with Metabolic Syndrome. 

Healthcare (Basel, Switzerland). 2016;4(1). 

38. Skoumas J, Pitsavos C, Panagiotakos DB, et al. Physical activity, high density lipoprotein 

cholesterol and other lipids levels, in men and women from the ATTICA study. Lipids in 

health and disease. 2003;2:3. 



113 

 

 

39. Dominguez Coello S, Cabrera De Leon A, Bosa Ojeda F, Perez Mendez LI, Diaz 

Gonzalez L, Aguirre-Jaime AJ. High density lipoprotein cholesterol increases with living 

altitude. International journal of epidemiology. 2000;29(1):65-70. 

40. Colley RC, Garriguet D, Janssen I, Craig CL, Clarke J, Tremblay MS. Physical activity 

of Canadian adults: accelerometer results from the 2007 to 2009 Canadian Health 

Measures Survey. Health reports. 2011;22(1):7-14. 

41. Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the 

evidence. CMAJ : Canadian Medical Association Journal. 2006;174(6):801-809. 

42. Faraj M, Messier L, Bastard JP, et al. Apolipoprotein B: a predictor of inflammatory 

status in postmenopausal overweight and obese women. Diabetologia. 2006;49(7):1637-

1646. 

43. Fantuzzi G. Adipose tissue, adipokines, and inflammation. The Journal of allergy and 

clinical immunology. 2005;115(5):911-919; quiz 920. 

44. Taleb-Belkadi O, Chaib H, Zemour L, Fatah A, Chafi B, Mekki K. Lipid profile, 

inflammation, and oxidative status in peri- and postmenopausal women. Gynecological 

endocrinology : the official journal of the International Society of Gynecological 

Endocrinology. 2016:1-4. 

45. Cioffi M, Esposito K, Vietri MT, et al. Cytokine pattern in postmenopause. Maturitas. 

2002;41(3):187-192. 

46. Fernandez-Real JM, Perez del Pulgar S, Luche E, et al. CD14 modulates inflammation-

driven insulin resistance. Diabetes. 2011;60(8):2179-2186. 

47. Navarro-Gonzalez JF, Mora-Fernandez C, Muros de Fuentes M, Donate-Correa J, 

Cazana-Perez V, Garcia-Perez J. Effect of phosphate binders on serum inflammatory 



114 

 

 

profile, soluble CD14, and endotoxin levels in hemodialysis patients. Clinical journal of 

the American Society of Nephrology : CJASN. 2011;6(9):2272-2279. 

48. Reiner AP, Lange EM, Jenny NS, et al. Soluble CD14: genomewide association analysis 

and relationship to cardiovascular risk and mortality in older adults. Arteriosclerosis, 

thrombosis, and vascular biology. 2013;33(1):158-164. 

49. Kim C, Nan B, Kong S, Harlow S. Changes in iron measures over menopause and 

associations with insulin resistance. Journal of women's health. 2012;21(8):872-877. 

50. Jian J, Pelle E, Huang X. Iron and menopause: does increased iron affect the health of 

postmenopausal women? Antioxidants & redox signaling. 2009;11(12):2939-2943. 

51. Drolet R, Belanger C, Fortier M, et al. Fat depot-specific impact of visceral obesity on 

adipocyte adiponectin release in women. Obesity (Silver Spring, Md.). 2009;17(3):424-

430. 

52. Motoshima H, Wu X, Sinha MK, et al. Differential regulation of adiponectin secretion 

from cultured human omental and subcutaneous adipocytes: effects of insulin and 

rosiglitazone. The Journal of clinical endocrinology and metabolism. 2002;87(12):5662-

5667. 

53. Kishida K, Kim KK, Funahashi T, Matsuzawa Y, Kang HC, Shimomura I. Relationships 

between circulating adiponectin levels and fat distribution in obese subjects. Journal of 

atherosclerosis and thrombosis. 2011;18(7):592-595. 

54. Kriketos AD, Gan SK, Poynten AM, Furler SM, Chisholm DJ, Campbell LV. Exercise 

increases adiponectin levels and insulin sensitivity in humans. Diabetes care. 

2004;27(2):629-630. 



115 

 

 

55. Hara K, Horikoshi M, Yamauchi T, et al. Measurement of the high-molecular weight 

form of adiponectin in plasma is useful for the prediction of insulin resistance and 

metabolic syndrome. Diabetes care. 2006;29(6):1357-1362. 

56. Jurimae J, Jurimae T. Plasma adiponectin concentration in healthy pre- and 

postmenopausal women: relationship with body composition, bone mineral, and 

metabolic variables. Am J Physiol Endocrinol Metab. 2007;293(1):E42-47. 

57. Clark JA, Peterson TC. Cytokine production and aging: overproduction of IL-8 in elderly 

males in response to lipopolysaccharide. Mech Ageing Dev. 1994;77(2):127-139. 

 

 

  



116 

 

 

 

Figure 1. Recruitment process and sample size of women. 
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 Figure 2. Inflammatory markers changes since final menstrual period (FMP) in 5 groups [group 

1:  FMP -9 to -5, group 2: -5 to 0, group 3: 0 FMP , group 4: FMP +1 to +5, group 5 :FMP +5 to 

+9] a, significant difference between G1 and G5; b, significant difference between G2 and G5; c, 

significant difference between G3 and G5; d, significant difference between G4 and G5; e, 

significant difference between G1 and G4; f, significant difference between G2 and G4; g, 

significant difference between G3 and G4; h, significant difference between G1 and G3. Thin 

lines are trend lines.  
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Table 1. Body composition characteristics of the participants by time point. 

 
Baseline 

 

10 Years 

(10.12±0.33) 
ANOVA-Repeated Measure 

P-value 

N                               48  

Age (yrs) 49.77±1.80 59.97±1.78 P<0.001 

Weight (kg) 60.89±6.61 62.04±8.20 NS 

BMI(kg/m
2
)

 23.24±2.27 23.79±2.76 NS 

WC (cm) 78.04±7.02 84.56±7.60 P<0.001* 

FM (%) 30.83±6.83 34.10±7.94 P<0.001* 

FM (kg) 18.88±5.37 21.38±7.07 P<0.001* 

FFM (kg) 39.17±4.20 37.96±4.05 P<0.001* 
 BMI, body mass index; WC, waist circumference; FM%, percent fat mass; FM, fat mass, FFM, fat free mass;  NS, not significant; . 

 

Table 2. Cardiometabolic characteristics of the participants by time point.  

 
Baseline 

 

10 Years  

(10.12±0.33) 

ANOVA-Repeated Measure 

P-value 

N                           48  

TG (mmol/l) 0.84±0.30 0.95±0.44 NS 

TC (mmol/L) 4.49±0.63 5.20±0.66 P<0.001* 

LDL-C (mmol/L) 2.52±0.60 2.81±0.66 P<0.05* 

HDL-C (mmol/L) 1.58±0.37 1.96±0.51 P<0.001* 

TC/HDL-C ratio 2.98±0.74 2.83±0.84 NS 

Glucose (mmol/L) 4.78±0.32 4.46±0.47 P<0.001* 

Insulin (µU/ml) 11.56±3.00 11.42±7.62 NS 

QUICKI 0.34±0.03 0.34±0.02 NS 

PAEE (kcal/day) 838.97±291.61 698.13±243.55 P<0.05* 

 SBP(mm Hg) 117.60±12.34 112.26±14.40 P<0.05* 

 DBP (mm Hg) 73.27±8.03 69.37±8.06 P<0.05* 
TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; PAEE, 

physical activity energy expenditure; SBP, systolic blood pressure, DBP, diastolic blood pressure; NS, not significant. . 

 

 

 

Table 3. Inflammatory markers of the participants by time point. 

 
Baseline 

 

10 Years  ANOVA-Repeated Measure 

P-value 

N                               48  

Hs-CRP (mg/l) 1.51±1.86 1.85±3.67 NS 

ORM (g/l) 0.63±0.13 0.66±0.17 NS 

Hp (g/l) 0.86±0.35 0.96±0.41 P<0.05* 

ApoB (g/l) 0.75±0.14 0.91±0.17 P<0.001* 

Ferritin (µg/l) 32.38±23.67 86.23±59.93 P<0.001* 

Adiponectin (mg/l) 12.29±4.70 15.74±6.58 P<0.001* 

sCD14(ng/ml) 1653.07±306.69 2235.73±398.27 P<0.001* 

IL-6 (pg/ml) 0.99±0.50 1.16±2.30 NS 

IL-8 (pg/ml) 25.58±20.97 6.49±4.78 P<0.001* 

sTNFR-1(pg/ml) 1364.22±280.62 1108.46±173.64 P<0.001* 

sTNFR-2 (pg/ml) 2721.47±396.28 2424.09±508.35 P<0.001* 
Values are mean   SD. CRP, high sensitive c-reactive protein; ORM, orosomucoid; Hp, haptoglobin; ApoB, apolipoprotein B; IL-6, Interleukin 

6; IL-8, Interleukin 8; sTNFR-1,2, Soluble tumor necrosis factor receptor 1 and 2.  Log transformation scores for CRP, Ferritin, IL-6 and IL-8 

have been used for analysis but physiological values have been reported. NS, not significant;   
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Table 4. Body composition changes of participants since final menstrual period. 

  Years Since Final Menstrual Period   

Groups  G1 

-9 to -5 FMP 

G2 

-5 to -1 FMP 

G3 

0 

G4 

+1to +5 FMP 

G5 

+5 to +9 FMP 
ONE WAY 

ANOVA P-value 

N 25 38 9 38 32 

Weight (kg) 60.10±6.88 61.79±6.55 59.23±7.47 62.42±7.40 61.72±8.39 NS 

BMI(kg/m
2
)

 
22.99±2.10 23.56±2.42 22.91±2.14 23.82±2.88 23.69±2.80 NS 

WC (cm) 76.88±7.64 78.36±6.60 76.32±4.50 81.15±7.14 85.26±7.21 P<0.001a,b,c,d,e 

FM (%) 29.26±6.25 32.55±7.26 29.85±7.31       34.68±7.53 34.13±8.16 P<0.05a,e 

FM (kg) 17.68±5.02 20.22±5.81 17.86±6.16 21.81±6.55 21.33±7.32 NS  

FFM (kg) 39.70±4.48 38.71±4.09 38.71±4.04 37.82±3.86 37.70±3.83 NS 

BMI, body mass index; WC, waist circumference; FM%, percent fat mass; FM, fat mass; FFM, fat free mass; final menstrual period (FMP); [group 1:  FMP -9 to -5, group 2: -5 to 

0, group 3: 0 FMP, group 4: FMP +1 to +5, group 5 :FMP +5 to +9]; NS, not significant; a, significant difference between G1 and G5; b, significant difference between G2 and 

G5; c, significant difference between G3 and G5; d, significant difference between G4 and G5; e, significant difference between G1 and G4    

 

 Table 5. Metabolic and Physiologic characteristics changes since final menstrual period. 

  Years Since Final Menstrual Period  

Groups  G1 

-9 to -5 FMP 

G2 

-5 to -1 FMP 

G3 

0 

G4 

+1to +5 FMP 

G5 

+5 to +9 FMP 
ONE WAY 

ANOVA P- value 

N 25 38 9 38 32 
  TG (mmol/l) 0.84±0.37 0.87±0.31 0.87±0.36 0.92±0.42 0.90±0.37 NS 

  TC (mmol/L) 4.38±0.64 4.69±0.67 4.82±0.48 5.19±0.72 5.13±0.62 P<0.001a,b,e,f 

  LDL-C (mmol/L) 2.47±0.59 2.63±0.63 2.66±0.46 2.92±0.66 2.77±0.64 NS 

  HDL-C (mmol/L)  1.53±0.36 1.66±0.39 1.76±0.34 1.85±0.45 1.97±0.48 P<0.05a,b,e, 

  TC/HDL-C ratio 2.99±0.72 2.95±0.73 2.79±0.50 2.96±0.78 2.75±0.78 NS 

  Glucose (mmol/L) 4.81±0.31 4.70±0.33 4.52±0.17 4.49±0.33 4.41±0.51 P<0.05a,b,e,f 

  Insulin (µUm/L) 11.53±3.38 10.91±2.97 9.62±3.28 11.09±5.86 11.61±7.57 NS 

  QUICKI 0.34±0.04 0.34±0.03 0.34±0.01 0.34±0.02 0.34±0.01 NS 

  PAEE (kcal/day) 779.54±221.75 879.06±297.89 900.77±169.10 764.63±290.28 691.23±229.24 P<0.05b,c 

Resting SBP(mm Hg) 116.24±12.15 119.42±11.39 119.50±12.03 116.26±11.41 112.03±15.47 NS 

Resting DBP (mm Hg) 72.44±8.07 75.35±7.78 74.50±6.99 72.66±7.13 68.06±7.46 P<0.05a,b,c,d 

TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; PAEE, physical activity energy expenditure; 

SBP, systolic blood pressure, DBP, diastolic blood pressure, final menstrual period (FMP); [group 1:  FMP -9 to -5, group 2: -5 to 0, group 3: 0 FMP , group 4: FMP +1 to +5, 

group 5 :FMP +5 to +9]; NS, not significant; a, significant difference between G1 and G5; b, significant difference between G2 and G5; c, significant difference between G3 and 

G5; d, significant difference between G4 and G5; e, significant difference between G1 and G4; f, significant difference between G2 and G4
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CHAPTER 7 

GENERAL DISCUSSION AND CONCLUSION  
 

The prevalence of chronic diseases, including cardiovascular heart disease, metabolic syndrome 

and osteoporosis, increases during menopause and postmenopausal years.
176

 Menopause may 

trigger a cascade of deleterious metabolic events. Indeed, the prevalence of metabolic syndrome 

is reported to range between 13.7 to 41.5% in postmenopausal women.
177

 Menopause-related 

body composition changes, especially increases in fat mass and visceral fat, and plasma lipid 

alterations contribute to increasing the risk of cardiovascular diseases.
176

 Increase in visceral fat, 

may contribute to the development of a pro-inflammatory state.
6
 Pro-inflammatory markers are 

important risk factors for the development of insulin resistance, metabolic syndrome, diabetes 

and cardiovascular diseases.
178

 There has been little longitudinal work directed at changes in 

inflammatory markers and/or physical activity energy expenditure and its association with body 

composition and cardiometabolic risk factors changes using gold standard techniques during 

menopause transition and over an extensive postmenopausal period in healthy non obese women. 

The Montreal-Ottawa New Emerging Team (MONET) study was conducted to enhance the 

knowledge in this regard. MONET study was a 5 year longitudinal observational study that 

investigates changes in body composition and cardiometabolic risk factors in none obese women 

going through the menopause transition. The study included 102 premenopausal women between 

the age of 47 and 55 years at baseline. The primary objective of the present thesis was to 

examine the effect of menopause transition on inflammatory markers, by accounting for body 

composition and physical activity changes in healthy non-obese women going through the 

menopause transition. Although participants on average did not gain body weight throughout the 
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5-year follow-up into the menopause transition, they did increase their body fat mass and waist 

circumference, suggesting that menopause could have more influence on body composition and 

fat distribution.
157

  Also, menopausal transition is accompanied by an increase in inflammatory 

markers, namely ferritin, IL-8, and sTNFR 1 and 2. The increase in inflammatory markers with 

menopause could be explained, in part, by changes in fat mass and peripheral fat, respectively. In 

fact, we observed positive correlations between body composition indices and inflammatory 

markers. The strongest positive associations were observed between changes in waist 

circumference and peripheral fat and changes in inflammatory markers (ORM, ApoB). 

 Transition from premenopause to postmenopause is associated with increased fat mass and 

central fat, especially the accumulation of visceral abdominal fat.
2,6

 With increased fat mass and 

adipocyte hypertrophy, the blood supply to adipocytes may be reduced, leading to adipocyte 

hypoxia and necrosis. As a result, macrophage infiltration occurs in adipose tissue which is 

responsible for the majority of inflammatory cytokine production.
17

  

Surprisingly, hs-CRP, an indicator of systemic inflammation, decreased in our participants 

through menopause transition. Since hs-CRP is strongly related to waist circumference in healthy 

middle aged women
31

 and the fact that the increase in waist circumference over time in our study 

remained far below the waist circumference thresholds associated with poorer cardiometabolic 

health
2
 may partly explain the none significant increase in hs-CRP in our sample. Participants in 

our study showed higher level of physical activity energy expenditure and higher level of dietary 

fiber intake.
7
 This could also contribute to explain the decrease we observed in hs-CRP during 

the transition to menopause. Previous research indicates that higher daily physical activity 

energy expenditure is associated with reduced systemic inflammation (e.g. hs-CRP) in healthy 

women.
39

 Studies have shown that high dietary fiber intake could decrease inflammation 
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especially hs-CRP.
94

 To further investigate the effect of menopause and inflammation in 

women’s health, we investigate the association between inflammatory markers and bone mineral 

density in premenopausal women transitioning to menopause. Inflammation has been reported to 

play a role in postmenopausal bone loss.
62

  Progressive estrogen loss during the transition to 

menopause results in production of cytokines and inflammatory markers.
62,103

 These cytokines 

can promote bone loss through increasing osteoclast (bone resorption) differentiation, and 

osteoblast (bone formation) inhibition.
60,62

 Most of scientific evidences on the link between pro-

inflammatory markers and bone homeostasis are based on cross sectional studies. Considering 

that previous studies have shown that plasma levels of inflammatory markers are higher in 

postmenopausal women compared to premenopausal women
6
, documenting the link between 

inflammation and bone mineral density in women transitioning to menopause will contribute to 

determine the potential role of inflammatory markers in bone mineral density loss. The major 

finding of the present study is that baseline level of hs-CRP is inversely associated with total, 

lumbar spine and femoral neck bone mineral density in premenopausal women. On the other 

hand, during the prospective observational follow-up, no association was found between percent 

changes in inflammatory markers and percent changes in total, lumbar spine and femoral neck 

bone mineral density. However, significant correlation was found between baseline 

inflammatory markers and percent changes of total, lumbar spine and femoral neck bone mineral 

density. Indeed, positive correlation was found between baseline hs-CRP and Hp and percent 

change of total bone mineral density whereas a negative correlation was observed with baseline 

IL-6. Also, positive correlation was found between baseline hs-CRP and Hp and percent change 

of lumbar spine bone mineral denstiy. Finally, there was a positive correlation between baseline 

hs-CRP and percent change of femoral neck bone mineral density. Meaning the higher the levels 
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of CRP and Hp at baseline, the lower is the percent decrease in bone mineral density and the 

higher the level of IL-6 higher is the percent of bone loss. The positive correlation we found was 

contrary to our expectation that higher inflammation is related to higher bone mineral density 

loss. This unexpected finding could be partly due to a difference between the actions of 

inflammatory markers in bone microenvironment and their circulating levels
71

 or because of 

different phenotype of inflammatory markers.
125

  We also reported significant effect of time on 

bone mineral density (total, lumbar spine and femoral neck), showing an overall decrease 

throughout the 5 years, while menopausal status per see did not show any significant effect on 

bone mineral density. However, none of the participants meet the clinical diagnosis criteria of 

osteoporosis as defined by world health organization criteria. Considering that prevalence of 

osteoporosis in Canadian women aged ≥50 years is 12.1% at the lumbar spine and 7.9% at the 

femoral neck,
179

 the absence of osteoporosis in our sample could be partly explained by high 

level of physical activity documented in our participants. It is well known that physical activity 

attenuate bone mineral density loss.
111

  

Finally, in premenopausal women hs-CRP, weight and cardiorespiratory fitness determine bone 

mineral density variations. Baseline level of hs-CRP, Hp, IL-6 and femoral neck bone mineral 

density along with percent change in physical activity energy expenditure and menopausal status 

partly explained the individual variation of bone mineral density losses in women transitioning to 

menopause. 

Considering the important role of time spent in the postmenopausal years and years since final 

menstrual period in the prevalence of the cardiometablic disorders, a longer follow-up period 

may be needed for the development of comorbidities normally associated with menopause in 

healthy women. However, few studies
23,54,55,148,149

 have addressed the influence of years since 
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final menstrual period on body composition, body fat distribution, inflammatory markers and 

cardiometabolic risk factors using gold standard methods of measurement. Therefore, we invited 

the original participants of the MONET cohort to participate in a long-term follow-up study to 

investigate how body composition, cardiometabolic risk factors, physical activity and the 

inflammatory markers change after a 10-year follow-up study in healthy normal weight 

premenopausal women. Our results suggest postmenopausal period is associated with decrease in 

physical activity energy expenditure, glucose, fat free mass and increase in waist circumference, 

percent fat mass, total cholesterol and high density lipoprotein. However, only 4% of our 

pariticpants had metabolic syndrome compared to a prevalence of 19% in Canadian adult 

population.
180

 The changes in body composition could be partly explained by decreased physical 

activity energy expenditure of our participants due to a shift to a more sedentary life style after 

menopause. We found a significant negative correlation between years since final menstrual 

period and percent change in physical activity. In fact, our participants decreased their physical 

activity energy expenditure by 17% (premenopausal until after 10 years follow up) and and 

23.2% (since FMP to 10 years) since premenopausal status and final menstrual period, 

respectively. Another factor that may plays a role in menopause related changes in body 

composition and body fat distribution is the progressive declined estrogen level. Indeed, estrogen 

deficiency mediates changes in body fat distribution and body composition by increasing fat 

mass especially visceral fat and decreasing fat free mass
157

.  

Inflammatory markers including ApoB, ferritin, adiponectin, sCD14 were higher during years 

after final menstrual period while sTNFR-1 and sTNFR-2 were higher during the final 

menstruation period and early postmenopausal years. However, the increase of some of the 

inflammatory markers were still in normal range. The increase in inflammatory markers could be 
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due to the shift in more fat deposition associated with menopause, which acts as an endocrine 

organ producing inflammatory markers.
6
 Although we observed an increase of some biomarkers 

potentially "beneficial" (adiponectin and HDL-C) in healthy premenopausal women going 

through menopause transition and postmenopausal periods, it is possible that the increase in 

inflammatory makers and lipids that we observed, may outweigh the beneficial effects and may 

overcome them in particular over the long term period.  

 

Similar to other health sciences studies, the findings of our study should be interpreted within 

certain limitations. First, the population studied was composed of healthy women within a 

narrow range of BMI of 23.2±2.3 kg/m
2
. Therefore, our results are limited to this subgroup of the 

population and cannot be generalized to the whole population. Still, it is notable to point out that 

45% of the women aged between 40 and 59 years in the Canadian population present a BMI 

between 20 and 29 kg/m
2
.
181

 Second, the number of participants in the study decreased 

throughout the study, which reduces the statistical power. Finally, we used the more cost-

efficient index (waist circumference) to estimated abdominal fat instead of measuring visceral fat 

area by computed tomography.  Despite these limitations, the present study consists of a well-

characterized cohort of women that were followed for 10 years. The longitudinal design allowed 

us to compare the same women as they went through the menopause transition and 

postmenopausal years, and thus limit intra-individual variation in factors that could account for 

the effects on inflammatory markers. Lastly, we used gold-standard methods for the 

measurement of body composition (dual-energy x-ray absorptiometry), daily physical activity 

energy expenditure (accelerometer).
88,182,183
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This thesis enhances our knowledge on menopause issues and its effect on the body weight, body 

composition, body fat distribution, bone and cardiometabolic health in healthy, non-obese 

women with relatively higher level of physical activity energy expenditure. As women go 

through this natural period’s of their life, it is of great importance to pay particular attention on 

having an active lifestyle to maintain a healthy body weight and prevent risk of metabolic 

syndrome and cardiovascular diseases. Due to the high prevalence of obesity worldwide, which 

is considered a serious public health problem; the result of this study highlights the importance 

of developing, implementing and evaluating strategies
76

 to help women maintain a healthy body 

composition and body fat distribution before, during and after the menopause transition. Tool 

like weight control decision aids for women
184

 to encourage them to have healthier lifestyle 

practice could be useful, especially during the menopause transition and postmenopausal years to 

decrease the risk of cardiometabolic diseases. 
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FUTURE RECOMMENDATIONS 
  

The current research investigated the effect of menopause transition and postmenopausal years 

on inflammatory markers, body composition, physical activity and bone mineral density among 

healthy active non obese women. Future research should focus on collecting longitudinal data to 

compare changes in body composition, diet, physical activity, inflammatory markers and bone 

mineral density in different phenotype of body weight and physical activity level such as lean 

active, lean sedentary, obese active, obese sedentary women transitioning to menopause or 

during postmenopausal years.  
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CONTRIBUTION   
 

I have been part of the MONET (Montreal Ottawa New Emerging Team) and MONET recall 

studies on the effect of the menopause transition and postmenopausal years on body 

composition, inflammatory markers and cardiovascular risk factors. My contributions to these 

studies especially MONET recall study was numerous and the training that I have been exposed 

helped me develop and perform the following measurements: resting metabolic rate and thermic 

effects of food measurement (indirect calorimetry); body composition (DEXA); physical activity 

energy expenditure (accelerometer) and dietary intake assessment (7 days food journal). I 

participated in ethics application, participant invitation and recruitment, testing and data 

collection process, data entry, verification, analysis and interpretation.  
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