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Abstract 

 

 It is well established that obesity impacts health and physical 

capacity of postmenopausal women. However, obesity-related 

conditions might not be the same between postmenopausal 

women obese for a long time of period compared to newly obese 

older women.  Thirty-seven postmenopausal obese women were 

recruited for this cross-sectional study.  Obesity history was 

determined by a self-reported BMI ≥30 kg/m2 at age of 45.  In a 

single visit, fasting blood sample, resting metabolic rate, 

anthropometric measures, blood pressure, physical capacity 

tests, and body composition were collected. Finally, participants 

were asked to wear a pedometer for seven consecutive days and 

mail the equipment along with a list of their current medications 

used.   Obese women after menopause were lighter compared to 



 

 

women obese before menopause (P<.01).  Even when adjusted 

for body mass, the two groups presented a difference for waist 

circumference, hip circumference, and fat mass (all P<.05) with 

an advantage for women obese after menopause.  In regards to 

the metabolic profile, this latter group also presented a lower 

fasting blood glucose compared to women obese before 

menopause (P=.04). The ability to maintain balance was different 

between the two groups of women with a lower value in women 

who were obese for a longer period (3.5 vs. 12.7 seconds; P<.01).  
This pilot study shows that obesity history has different health 

impacts and physical capacity in postmenopausal obese women. 

Therefore, lifestyle intervention aiming to prevent obesity 

related comorbidities might need to be personalized based on 

obesity history.  
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Introduction 

 

Although obesity has reached epidemic proportions world-wide 

(WHO, 2003), very few studies have explored the implications of 

obesity history in older adults. As of now, prospective studies 

have shown an association between the numbers of years lived 

with obesity and mortality (Abdullah et al., Janssen and Bacon, 

2008, Shimazu et al., 2009), mobility (Stenholm et al., 2007), and 

risk of type 2 diabetes (Abdullah et al., 2010, Bouchard et al., 

2013b) in older adults.  Together these results suggest that 

obesity history is a significant predictor of mortality and 

morbidity risk. However, the clinical implications of obesity 

history remain unknown. Precisely for older women, it is 

unknown if being obese before or after menopause as different 

impacts on health and physical capacity outcomes. 



 

 

Menopause (mean age 50) is a critical period for women 

characterized by an increase in fat mass, central adiposity, and 

body mass (Panotopoulos et al., 1997, Simkin-Silverman and 

Wing, 2000). As a consequence, a good majority of women will 

become obese right after the menopause transition. Newly 

postmenopausal obese women may present different health risk 

factors and physical capacity compared to postmenopausal 

women who have been obese for a much longer period of time.  If 

that is the case, it means that obesity history would have to be 

considered when implementing strategies to reduce body mass in 

older women. 

 

We performed this study aiming to determine if women who 

were obese before menopause present different health risk 

factors and physical capacity after menopause compared to 



 

 

women who were classified as being obese only after 

menopause. The second objective was to characterise women 

with different obesity history.  

 

Methods 

 

Participants 

 

Thirty-seven obese postmenopausal women were recruited 

through public advertisements including journal placements, 

billboards in physician waiting rooms, and pharmacies.  

Statistical power was not generated to determine the number of 

women recruited as this was a pilot study.  Time and budget 

have determined the number of participants. Criteria for 

inclusion were: age 60 years or over, currently obese (body 



 

 

mass index ≥ 30 kg/m2), experienced a natural menopause, (≥ 1 

year without menses), menopause at age 50 ± 2 years, and not 

currently using or not having used hormone replacement 

therapy in the last six months.   

 

Overview of the Protocol 

 

Women were asked to come for a four-hour visit at our facility 

after fasting for 12 hours.  The visit was divided in two parts.  

During the first part of the visit, the participants read and 

signed the written consent form approved by the University 

Research Ethics Board.  The research staff took various clinical 

measures at fasting level including a blood sample, resting 

metabolic rate, anthropometric measures, blood pressure, and 

body composition.  Thereafter, a continental breakfast was 



 

 

offered to each participant.  During the second part of the visit, 

physical capacity using the Senior Fitness battery test was 

measured. Subsequently, the participants filled out a series of 

questionnaires in the presence of a research assistant. These 

questionnaires aimed at collecting information regarding their 

menopause (e.g., symptoms), weight loss history (e.g., weight 

loss attempts). After the visit, women were asked to wear a 

pedometer for seven consecutive days and record the number 

of steps each day. Participants were asked to mail the results 

and the equipment along with their most recent list of 

medication provided by their pharmacist. 

 

 

 

 



 

 

Obesity History 

 

Obesity history was evaluated using the weight history 

questionnaire, which included three questions of interest for this 

study (National Health and Nutrition Examination Survey., 2009): 

1- How tall were you without shoes at the age of 21? 2- What was 

your weight at menopause when you were not pregnant?  Body 

Mass Index (BMI) was then calculated at menopause years using 

the mean height between the self-reported height at age 21 years 

and the current measured height (kg/m2) to overcome some of 

the variability in self-reported reported height (McAdams et al., 

2007) and adjust for height reduction associated with aging (Dey 

et al., 1999).  If BMI was ≥ 30 kg/m2 at menopause years, women 

were categorized as being obese before menopause. If BMI was 

<30kg/m2, women were categorized as obese after menopause.  



 

 

Menopause was used because as the thresholds since it is before 

the natural menopause period for the majority of women (Belisle 

et al., 2006) and there is a validated questionnaire to capture 

weight and height at menopause (National Health and Nutrition 

Examination Survey., 2009). 

 

Clinical Measures 

 

Blood samples were obtained after an overnight fast (12 h).  

Fasting total cholesterol, HDL-cholesterol, LDL-cholesterol, 

triglycerides, and glucose levels were analysed. Resting Metabolic 

Rate (RMR) was measured following standard procedures as 

previously described (Compher et al., 2006).  Respiratory gases 

were measured using a canopy and an indirect metabolic cart 

(VMax Medical Graphics Corporation, St Paul, MN). Daily RMR 



 

 

(kcal/day) based on the Siri equation (Siri, 1993) was recorded. 

Blood pressure was measured after being in a sitting position for 

at least five minutes by a validated automatic device (Omron, 

Model HEM711). The average of two readings was used for 

analyses. Body composition including fat mass, lean body mass, 

and bone mass, was performed using dual energy X-ray 

absorptiometry (DXA, GE Prodigy Lunar Radiation Corp, 

Madison, WI). When a woman’s body mass exceeded the 

apparatus size for accurate measurement, a half scan was 

performed using the right side according to the standard 

procedure (Rothney et al., 2009). In our laboratory, the 

correlation between both sides was high (r=0.97) and similar to 

what is reported in the literature (Rothney et al., 2009). Body 

mass was measured to the nearest 0.1 kg on a calibrated scale 

(SECA, Hambourg, Germany), and height was obtained with a 



 

 

standard stadiometer (Takei, Tokyo, Japon). Waist and hip 

circumferences were measured as suggested by the Canadian 

Society for Exercise Physiology (US National Institutes of Health., 

1998).  

 

Physical capacity was measured with a set of validated physical 

tasks in postmenopausal adults to estimate aerobic endurance, 

strength, flexibility, power, and balance.  Aerobic endurance was 

measured with the use of the six-minute walk test (Beriault et al., 

2009).  Strength was measured by asking women to lift a five-

pound free weight as many times as possible in 30 seconds (Rikli 

and Jones, 2013).  Flexibility was measured with the use of the 

sit-and-reach test (Rikli and Jones, 2013).  Power was measured 

by asking women to stand up from a chair as many times as 

possible in 30 seconds (Jones et al., 1999).  Finally, balance was 



 

 

measured using the one leg stance test (Iverson et al., 1990) that 

consisted of holding balance on one foot for a maximum of 30 

seconds. 

 

Lifestyle Information 

 

Fruit and vegetable portions were reported using the Short Form 

Food Frequency Questionnaire (Andersen et al., 2002).  The 

specific question was: On average, how many portions of fruit 

and vegetable do you eat a day?  Hours of sleep were reported by 

asking: How many hours you normally sleep per night? Smoking 

history and alcohol intake were reported using the same 

questions used in the National Health and Nutrition Examination 

Survey (National Center for Health Statistics).  Women were 

categorized as former smokers if they were not currently 



 

 

smoking, but had smoked more than 100 cigarettes in their life, 

and non-smokers if they smoked less than this amount. Alcohol 

intake was calculated based on mean number of reported 

alcoholic drinks per day.  Finally, participants were asked to 

monitor seven consecutive days of physical activity with the use 

of a pedometer (Stepcounts, Ontario).  Subjects were also 

instructed to log all physical activities lasting 10 minutes or more 

in duration. No instructions regarding the type, duration, or 

intensity were given. The pedometer was worn on the waist, 

while they were awake, and number of steps was recorded each 

day.   

 
 

 

 



 

 

Questionnaires 

 

The menopause experience was reported with the menopause-

specific quality of life questionnaire (Hilditch et al., 1996).  Part 

of the questionnaire includes an open question in which women 

have to indicate the main reason why they think they have 

accumulated extra body mass over time.  The possible answers 

were physical activity, stress, medication, menopause, 

pregnancy, or others.  Women were also asked to report at what 

age they clinically reached menopause, whether either 12 

consecutive months without menses or were medically 

diagnosed (Gracia et al., 2005). Number and type of medications 

were recorded based on the copy of the current medications 

obtained by the participants through their pharmacist.  

Thereafter, medications were analyzed based on their effects on 



 

 

diabetes, blood pressure, cholesterol, and, depression/anxiety.  

The total number of medications was also recorded.  

 

Statistical Analyses 

 

Data management and statistical analyses were performed using 

SPSS version 17.0 (SPSS Inc, Chicago, IL).  Normality of variables 

was tested by the Shapiro Wilk test.  Results are reported as 

mean ± standard deviation (SD) for normally distributed 

variables, and as median (25th-75th percentiles) for variables not 

normally distributed. N (%) was used to report categorical 

variables.  The differences on health and physical capacity were 

evaluated with independent T-tests, Mann-Whitney, or chi-

square, as deemed appropriated. General linear model were used 

to identify if obesity history (0 or 1) was associated to health 



 

 

outcomes and physical capacity. Analyses were adjusted for body 

mass when evaluating general characteristics and body 

composition.  When evaluating metabolic profile, analyses were 

additionally adjusted for medication usage.  Because body mass 

and BMI were significantly different between the two obesity 

history groups and because of the small sample, a sub-sample 

matched for BMI (±1 kg/m2) was analysed to supplement our 

findings.  It was possible to match 12 participants (six from each 

group). 

 

Results 

 

As shown in Table 1, no difference was observed between 

current age and age of menopause between the two groups.  

Women obese before menopause were 18% heavier (P<.01), had 



 

 

a waist circumference and a hip circumferences 11% wider (both 

P<.01), and had a resting metabolism 10% higher (P=.02) 

compared with women who were obese after menopause.  

Similarly, women who were obese before menopause presented 

more absolute and relative fat mass (P<.02), trunk fat mass 

(P<.01), and leg fat mass (P<.01) while no difference between the 

groups was observed for fat-free mass and bone mass. Once 

adjusted for body mass, the observed differences remained 

significant for waist circumference, hip circumference as well as 

all fat mass measures (P<.05).  

 

Table 1: Description of the Sample and Body Composition 

 

Please See Table 1 in Full PDF Version 



 

 

No significant differences were observed between the two groups 

for nutrition, sleeping behavior, history of smoking, alcohol 

consumption, and physical activity level (Table 2). However, in 

terms of physical capacity, the ability to maintain balance on one 

foot was 4-fold lower in women who were obese before 

menopause (3.5 seconds) compared  to women  obese after 

menopause (12.7 seconds; P<.01).  All other physical capacity 

test results were not significantly different between the two 

groups. 

 

Table 2: Lifestyle and Physical Capacity 

 

 Please See Table 2 in Full PDF Version 

 



 

 

Women obese before menopause reported stress as the main 

reason of their current obesity level (Figure 1), but not reach 

significance.  On the other hands, women obese after menopause 

reported exercise as the main reason of their obesity status 

(P<.01). 

 

 
 

Figure 1. Main Reason Reported Why Currently Obese 
Difference between Groups Was Measured by Chi-square Tests 



 

 

Women obese before menopause reported a greater use of 

overall medications to treat diabetes, blood pressure, cholesterol, 

and depression/anxiety (Table 3).  However, differences were 

not significant.  In terms of the metabolic profile, with the 

exception of LDL-cholesterol, women who were obese before 

menopause presented a lower metabolic profile, but only fasting 

glucose was significantly (P=.04) different compared with 

women who were obese after menopause. 

 

Table 3: Medications and Metabolic Profile 

 

Please See Table 3 in Full PDF Version 

 

A sub-sample of participants (six women obese after menopause 

and six women obese before menopause) was matched for BMI 



 

 

and similar results were observed. For example, fasting blood 

glucose was significantly higher in women obese before 

menopause compared to women obese after menopause (7.2 

mmol/l vs. 5.1 mmol/l; P=.01). In addition, a 10 cm greater waist 

circumference (124.3 cm vs. 114.1 cm; P=.08) and a three-fold 

lower balance performance (3.8 sec vs. 10.8 sec; P=.07) were 

observed in women obese before menopause compared to 

women obese after menopause without reaching significance.  

 
Discussion 

 

The main objective of this study was to determine if health risk 

factors and physical capacity were different in postmenopausal 

obese women with different obesity history. The present results 

show that postmenopausal obese women who were obese for a 



 

 

longer period are heavier, and presented a different profile of 

body fat distribution.  In addition, these women have less 

balance, and have higher blood glucose level compared with 

postmenopausal women who only been obese after the 

menopause transition. In addition, this study bring novel 

insights for the obesity management of older women by  

showing that women obese after menopause believe that  lack 

of physical activity is the main reason why they are currently 

obese. Taken together, our results reinforce the notion that 

obesity history as an impact on postmenopausal women and 

should be taken into consideration. However, some health risk 

factors and physical capacity results were not different between 

groups.  Because of the small sample, it will be important to test 

the same hypothesis with a large sample to confirm our results. 

 



 

 

Postmenopausal women who were obese before menopause 

presented a greater waist circumference, hip circumference, 

greater leg and trunk fat mass even once adjusted for body 

mass difference between the groups.  These differences might 

explain why postmenopausal women obese before menopause 

presented a higher glucose level, as glucose level is strongly 

associated with waist circumference (Klein et al., 2007).  Since 

body fat distribution, and, more specifically, trunk fat mass, are 

strongly associated with metabolic health (Van Pelt et al., 2002), 

it is suggested that postmenopausal women obese before 

menopause presented a higher risk for future metabolic 

disorders.  This is supported by a study that reported that 

weight history may contribute to our understanding why some 

postmenopausal obese individuals are free from  metabolic risk 

factors, while other display risk factors (Alley and Chang, 2007).  



 

 

While weight loss benefits in older adults are still debated 

(Witham and Avenell, 2010), exercise on the other hand is 

promoted regardless of weight loss  because it is independently 

associated with significant changes in body fat distribution (Lee 

et al., 2005, Ross et al., 2004). This cross-sectional study shows 

that postmenopausal women who were obese for a longer 

period were 17.7% heavier than postmenopausal women who 

were newly obese.  The observed difference has important 

implications in terms of lifestyle modifications in order to lose 

weight or improve functions and health outcomes.  First, it is 

known that women with a higher level of obesity at baseline 

will lose more weight during the intervention (Teixeira et al., 

2004).  Second, women that are heavier at baseline may be less 

interested in interventions involving exercise as body mass is 

strongly associated with mobility issues (Bouchard et al., 2009a, 



 

 

Bouchard et al., 2007, Davison et al., 2002), pain (Lake et al., 

2000), and osteoarthritis (Coggon et al., 2001).   

 

In general, physical capacity has been negatively associated 

with body mass (Bouchard et al., 2009b, Bouchard et al., Visser, 

2011, Visser et al., 1998).  Therefore, it was not surprising to 

observe low values for all tested physical capacity measures in 

this study. In fact, for both groups, median values for most 

measures were below the threshold considered as ‘optimal’ 

(Briggs et al., 1989, Rikli and Jones, 2013), with the exception of 

flexibility and muscle strength.   These results show that all 

postmenopausal obese women would benefit from a treatment 

to improve physical capacity regardless of obesity history.  The 

only difference identified between the two obesity history 

groups was on the balance test where the postmenopausal 



 

 

women who were obese before menopause were only able to 

stay on one foot for a median time of three seconds compared 

to thirteen seconds for the other group.  This difference 

remained even after adjusting for body mass or total reported 

medications.  Again, despite a significant difference between the 

two groups, our results suggest that postmenopausal obese 

women would benefit from a program that aimed to improve 

balance as they were, for the most part, below the suggested 

threshold of 24 seconds that increases risk of falls (Briggs et al., 

1989).  However, because postmenopausal obese women who 

were obese before menopause transition were performing 76% 

less time on the balance test they might benefit even more from 

such programs that aim to improve balance.  This result is in 

line with a study that reported in a large sample size (n=4,000) 

of older adults a greater risk of walking limitations in 



 

 

individuals obese since the age of 30 (nine times more likely) 

compared to individuals obese since the age of 50 (four times 

more likely)  (Stenholm et al., 2007).  

 

Women who were obese before menopause did not report that 

lack of exercise was the main reason why they were currently 

obese. Therefore, these participants might not be interested to 

participate in an intervention aiming to increasing physical 

activity level as a strategy to reduce body mass compared with 

the other group of women. The fact that women who were 

obese after menopause reported the lack of exercise as the main 

reason why they were currently obese, even if the number of 

steps was below recommendation, can be interpreted in at least 

two ways.  First, women who became obese after menopause 

are conscious that exercise might be part of the reason why 



 

 

they became obese and realize that they should be more active 

because of a shift in physical activity level since menopause 

(Evans and Racette, 2006).  However, because of the cross-

sectional nature of this study, it is possible that women who 

were obese before menopause do not see lack of exercise as a 

major cause of their obesity because they were inactive before 

and after the menopause period. Second, it is possible that 

women who were obese before menopause have been inactive 

before menopause and do not feel that exercise is part of the 

reason why they became obese.   

 

Potential Clinical Implications 
 

Because obesity history seems to have an impact on the 

characteristics of post-menopausal women, it means that 57% 



 

 

of postmenopausal women who are currently trying to lose 

weight (Serdula et al., 1999, Weiss et al., 2007) may respond 

differently to a conventional weight loss strategies.  Future 

studies will need to determine if obesity history has an impact 

on the response to a lifestyle modification program aiming to 

reduce body weight. 

 

 Study Limitations 

 

Despite the novel results arising from this study, an important 

limitation requires mention. Obesity history was based on self-

reported BMI at menopause. First,  obesity history was based on 

self-reported height and weight has and it is known that a large 

variation exists when compared with objective measure (Gorber 

et al., 2007).Second, because an arbitrary cut-off of menopause 



 

 

was used to determine obesity history, it might not represent 

specific duration of obesity, but with the average age of 

menopause around 50, it seems like the optimal age to determine 

obesity history in women without the influence that menopause 

has on body mass changes. Third, the small sample precludes 

adjustments for confounder variables and it restricted the 

number of women to be paired in the sub-group analyses 

matched for BMI.  Finally, Information regarding diet and 

physical activity could be strengthened by using valid measures 

such as three-day diary log and accelerometers.  However, the 

present study addresses an important public health concern, and 

is strengthened by valid and reliable methods to evaluate body 

composition, metabolic health, and physical capacity.  

 

 



 

 

Conclusion 

 

Our study suggests that obesity history affects some health 

factors and physical capacity of postmenopausal obese women.  

In addition, this study shows that lack of exercise is report as the 

main reason why older women feel they became obese after 

menopause. Further studies may want to investigate the impact 

of obesity history on the response to a weight loss program.  
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