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Abstract

Author:   Mary Jansen 

Title: Relationships Between Diet and Physical Activity Lifestyle 

Factors and Body Composition, Waist Circumference, and 

Body Mass Index in Postmenopausal Women  
 

Institution:   Florida Atlantic University 

Thesis Advisor:  Robert Zoeller, Ph.D. 

Degree:   Master of Science 

Year:    2017 

 PURPOSE: The purpose of this study was to compare relationships between 

dietary and physical activity (PA) behaviors and body composition and body fat 

distribution, as measured by percent body fat (BF%), waist-to-height ratio (WHt), waist-

to-hip ratio (WHp) and body mass index (BMI) in post-menopausal women (Post), with 

the same relationships in pre-menopausal women (Pre). METHODS: Ninety-two subjects 

(n = 48 Post; n = 44 Pre) were measured for height, weight, waist and hip circumferences 

and skinfold thicknesses. Dietary content was obtained from a Diet History Questionnaire 

(DHQ II); PA was estimated from responses to the International Physical Activity 

Questionnaire (IPAQ). RESULTS: Multiple regression identified no modifiable predictor 

variables for Pre. Models for Post identified saturated fat grams (SFGs), PA, years 

postmenopause (YrsPost), and Alcohol (Alc) as predictors of WHt, WHp, BMI and BF%. 

CONCLUSIONS: PA, SFG and Alc are modifiable variables related to postmenopausal 

body composition and fat distribution. 



 

 

Dedication 

This manuscript is dedicated to Shirley Jansen, my mentor, my life-guide, and my 

mom, without whose support, patience and love, this lifelong dream would not have been 

realized. Thanks Mom. 



vii 

 

Relationships Between Diet and Physical Activity Lifestyle Factors and Body 

Composition, Waist Circumference, and Body Mass Index in Postmenopausal 

Women

List of Tables ..................................................................................................................... xi 

List of Figures ................................................................................................................... xii 

Introduction ......................................................................................................................... 1 

Significance of the Problem ............................................................................................ 3 

Purpose of the Study ....................................................................................................... 4 

Hypothesis. .................................................................................................................. 4 

Delimitations. .................................................................................................................. 4 

Limitations. ..................................................................................................................... 5 

Review of Literature ........................................................................................................... 6 

Introduction ..................................................................................................................... 6 

Diet and Abdominal Fat .................................................................................................. 7 

Physical Activity, EE and Abdominal Fat ...................................................................... 9 

Interventions ................................................................................................................. 11 

Summary ....................................................................................................................... 14 

Methods............................................................................................................................. 15 



  

 

viii 

Participants .................................................................................................................... 15 

Procedures ..................................................................................................................... 15 

Instrumentation ............................................................................................................. 16 

Anthropometrics. ...................................................................................................... 16 

International Physical Activity Questionnaire (IPAQ). ............................................ 17 

Diet History Questionnaire (DHQ II) ....................................................................... 17 

Statistical Techniques ................................................................................................... 17 

Results ............................................................................................................................... 19 

Age and Menopausal Status .......................................................................................... 19 

Reported Net Energy Balance ....................................................................................... 19 

ANOVA .................................................................................................................... 20 

Regression Analysis ...................................................................................................... 21 

Pre Models. ............................................................................................................... 22 

Post Models. .............................................................................................................. 22 

Discussion ......................................................................................................................... 24 

Age and YrsPost ........................................................................................................... 25 

Physical Activity - Post ................................................................................................. 25 

PA and YrsPost ......................................................................................................... 26 

Saturated Fat - Post ....................................................................................................... 27 

Alcohol. ......................................................................................................................... 29 



  

 

ix 

Study Limitations .......................................................................................................... 31 

Conclusions ................................................................................................................... 32 

Appendixes ....................................................................................................................... 33 

Appendix A ....................................................................................................................... 34 

Screenshot from DHQ II Web page .............................................................................. 34 

Sample DHQ-II Data Output – 3 respondents .............................................................. 35 

Appendix B ....................................................................................................................... 36 

International Physical Activities Questionnaire ........................................................... 36 

Appendix C ....................................................................................................................... 45 

Skinfold Measurements ................................................................................................ 45 

Appendix D ....................................................................................................................... 46 

Definitions .................................................................................................................... 46 

Appendix E ....................................................................................................................... 47 

Body Fat Prediction Equation ....................................................................................... 47 

Met-minute Equation .................................................................................................... 47 

Harris-Benedict Equation ............................................................................................. 47 

Appendix F........................................................................................................................ 48 

FAU IRB Approval Letter ............................................................................................ 48 

Appendix G ....................................................................................................................... 50 

Telephone/In-person Screening Script/Email Screening Questions ............................. 50 



  

 

x 

References ......................................................................................................................... 51 

 



xi 

 

List of Tables 

Table 1. ANOVA, Selected Variables………………………………………….21 

Table 2. Forward Stepwise Regression Models………………………………..23 



xii 

 

List of Figures 

Figure 1. Net Energy Balance……………………………………………………20 



  

 

1 

Introduction 

Women approaching and transitioning through menopause are at high risk for 

gaining weight, and in particular, for gaining abdominal fat (Lejskova, Alusiki, Valenta, 

Adamkova & Valenta, 2012; Sowers et al., 2007). The increases in weight and central 

adiposity have been shown to begin from two to five years before menopause, to continue 

into the post-menopause years (Sowers et al., 2007) and to be accompanied by loss of 

lean muscle mass (Lovejoy, Champagne, de Jonge, Xie & Smith, 2008). These changes 

in body composition and fat distribution have been associated with estrogen depletion, 

increases in follicle stimulating hormone (FSH) and a higher free testosterone index (FTI) 

(Guthrie et al., 2002; Janssen, Powell, Kazlauskaite, & Dugan, 2009).  Associations 

between these profound shifts in absolute and relative hormone concentrations and 

changes in body composition and fat distribution have been the focus of multiple cross-

sectional and longitudinal studies (Franklin, Ploutz-Snyder, & Kanaley, 2009; 

Gambacciani, et al., 2001; Lizcano & Guzman, 2014; Toth, Tchernof, Sites, & Poehlman, 

2000). 

In addition to their associations with increases in body fat (BF) and central 

adiposity, shifts in hormone concentrations occurring at menopause have been associated 

with increased risk for cardiovascular disease (CVD), stroke, loss of bone mineral density 

(BMD) and osteoporosis, Type II Diabetes Mellitus (T2DM) and all cause death 

(Bombelli et al., 2012; Nazare et al., 2015; Orsatti et al., 2010). Increased waist 

circumference (WC) is itself considered one of the five risk factors defining metabolic 
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syndrome (MetS) and is an independent predictor of cardiometabolic risk (CMR) (Nazare 

et al., 2015).  

Menopausal body composition changes have been associated as well with 

decreases in physical activity (PA), energy expenditure (EE), including sleeping EE, and 

changes in diet (Abildgaard et al., 2013; Lovejoy, Champagne, Jonge, Xie, & Smith, 

2008).  Whether these changes are a function of the menopause transition, a result of age 

or a combination of factors remains controversial.  While there is substantial and growing 

research into the hormonal causes of menopausal change, there is far less research into 

the behavioral factors influencing body changes at menopause.  Diet and physical activity 

levels are contributory and modifiable lifestyle factors that likely help mediate the effects 

of the hormonal changes that define menopause. The extent to which weight gain, shifts 

in BF distribution and loss of lean body mass are primarily or secondarily mediated by 

lifestyle factors is not clear.  

In the 1980’s and 1990’s, hormone replacement therapy (HRT) became a widely 

popular treatment for mitigating some of the deleterious effects of estrogen loss. By 1999 

incidence of HRT usage was estimated to exceed 22% in women aged 40 and older, and 

to exceed 40% among women between the ages of 50 and 69.  This trend began a 

dramatic and sustained reversal with the 2002 publication of the Women’s Health 

Initiative linking HRT use to CVD, breast cancer, stroke and pulmonary embolism.  

Subsequent data from the National Health and Nutrition Examination Survey (NHANES) 

puts 2009-2010 usage at 4.7% overall, among women aged 40 years and older (Sprague, 

Trentham-Dietz & Cronin, 2013). Research into the effectiveness of HRT continues, with 

emphasis on finding lower dose, lower risk solutions. Recent studies demonstrate the 
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efficacy of HRT against MetS risk markers (Lara, Casanova & Spritzer, 2010; Korljan et 

al., 2010). 

Significance of the Problem  

Median age for menopause is 51.4 years, and typically occurs between the ages of 

40 and 58 years (Mehraban, 2012).  Average life expectancy for US women is 81.2 years 

(Centers for Disease Control, 2013), which means women will spend more than one third 

of their lives in an estrogen depleted state and at greater risk for CVD, MetS and other 

morbidities.  

Whether menopause related or age related, as women enter later life, WC, weight, 

and BMI increase. Sixty-six percent of women aged 40-59 years are either obese or 

overweight and 68.6% of women over the age of 60 years are considered obese or 

overweight (Flegal, Carroll, Ogden, & Curtin, 2010).   

Health consequences of obesity cannot be overstated.  Treatment of chronic 

diseases is responsible for 75% of health care costs, and obesity contributes to half of the 

ten leading causes of death in the US (Akabas, 2012).  Co-morbidities of obesity and 

menopause related central adiposity include CVD, stroke, hypertension, Type II diabetes, 

some cancers, nonalcoholic fatty liver disease, MetS, and osteoarthritis. 

Most women do not consider HRT a viable therapeutic option, and for those who 

do, while HRT may mitigate changes in fat distribution and body composition, it will do 

little to offset weight gain per se (Lara et al., 2010). There is some longitudinal and cross-

sectional research regarding the relationship between physical activity and weight gain at 

menopause (Lovejoy et al., 2008; Park, Kwak & Ji, 2015; Simkin-Silverman, Wing, 

Boraz, & Kuller, 2003; Sims et al., 2013) but there is a lack of research investigating the 
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relationships between both physical activity and nutritional lifestyle trends of menopausal 

women and changes in body composition, BF distribution, WC, and BMI. 

Purpose of the Study  

The purpose of this study was to compare the correlations between specific 

dietary and physical activity behaviors and changes in body composition and body fat 

distribution, as measured by BF%, waist to height ratio (WHt), waist to hip ratio (WHp) 

and BMI in post-menopausal women, with the same relationships in younger/pre-

menopausal women. A secondary purpose of this study was to identify potential causal 

relationships as a basis for future experimental research and for development of dietary 

and physical activity interventions promoting enduring post-menopausal wellness and 

quality of life. 

Hypothesis. Increases in BMI, BF%, WHt and WHp will be inversely related to 

PA and positively related to total dietary energy intake (EI) in post-menopausal and pre-

menopausal women. A secondary hypothesis is that PA will be lower in post- than in pre-

menopausal women, EI will be higher in post- than in pre- menopausal women, and these 

differences will be reflected in higher BMI, BF%, WHt and WHp.   

Delimitations.  

Subjects are all non-smoking women who have not used hormone replacement 

therapy for at least twelve months, have not been on a weight loss diet for at least six 

months, have no history of cardiovascular, respiratory, or metabolic disease and who are 

neither diagnosed with nor taking medication for diabetes. 



  

 

5 

Limitations. 

This study design relies upon self-reported dietary and physical activity 

information as well as self-reported menopausal status.  It is a cross-sectional study 

designed for correlation analysis among multiple variables and as such cannot establish 

cause and effect relationships. Experimental research will be required to establish cause 

and effect. 
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Review of Literature

Introduction 

Possible mediators of changes to body composition and fat distribution associated 

with menopause, be they primary or secondary mediators, include: hormone 

concentrations, chronological age, diet, types, amounts, and intensity of physical activity 

or exercise, and energy efficiency during physical activity (metabolic rates). Most 

research to date has focused on the role that hormones play in determining the physical 

location of fat depots, the role that hormones play in altering metabolic activity, and the 

role that aging plays in altering metabolic activity. There is also some research on the 

effects of diet and exercise on the age of onset of menopause, but research as to their 

effects on BF distribution, BMI, or body composition is sparse.   

There remains a great deal of controversy as to the degree to which chronological 

age versus hormonal shifts are most responsible for changes in substrate utilization and 

metabolic rates at menopause.  While it is clear that estrogen deficiency from 

ovariectomies in laboratory animals causes obesity, and while documented changes in 

BF, BF distribution and EE in menopausal women are consistent with the findings in 

rodents (Lovejoy, 2009), the relationship in humans is more complex.  Substrate 

utilization and metabolic rates are influenced by a lifetime of complex environmental, 

genetic, and behavioral variables, and an analysis of their interactions is beyond the scope 

of this project. 
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In keeping with this study’s purpose of identifying potential causal relationships 

as a basis for developing dietary and physical activity interventions, the focus of this 

chapter will be on reviewing existing research in the areas of controllable diet and 

physical activity lifestyle factors at menopause as they relate to changes in BF and fat 

distribution, WC and BMI. Content regarding hormonal influences is included only 

insofar as it provides useful insight into these relationships. 

Diet and Abdominal Fat 

The idea that loss of ovarian estrogen causes increased food intake is supported in 

theory by multiple experimental studies in rodents.  Ovariectomy in rats and mice is 

known to increase meal size and this change is known to be reversible by estradiol 

treatment (Asarian & Geary, 2006). Selective activation of α estrogen receptors has been 

shown to induce anorexigenic effects, i.e., decreased total food intake, meal size and 

body weight, in the ovariectomized (OVX) rat (Santollo, Wiley, & Eckel, 2007).   

Conversely, Rogers, Perfield, Strissel, Obin, and Greenberg (2009) found a loss of 

ovarian hormone production to promote increased adiposity and insulin resistance 

independent of diet in OVX mice.  This study used mice instead of rats because 

ovariectomy is known to produce hyperphagia in rats, but not in mice. Under monitored, 

similar EI, OVX mice gained significantly more BF than did the control group (sham 

surgery) mice.   Associated with the OVX weight and fat gain, the mice displayed 

decreased EE and that decreased EE was only partially explained by reduced ambulatory 

activity. Diet was monitored, but unrestricted, and the OVX mice did not consume more 

than the control group. The authors noted that in mice, brown adipose tissue has a greater 
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role in energy metabolism than in humans, a fact which potentially confounds the 

parallel. 

There is direct evidence in humans that macronutrient content of diet changes as 

women approach menopause, but little evidence of increased total EI.  Lovejoy et al. 

(2008), in a 4-year longitudinal study of body composition, fat distribution, and energy 

balance, found total EI, and protein, carbohydrate and fiber intake to be significantly 

higher three to four years before the onset of menopause as compared with menopause 

onset, which they defined as having had no menstrual cycles in the previous year and 

FSH>30mIU/ml.  After adjusting for changes in total EI, polyunsaturated fatty acids 

(PUFA) and protein were significantly higher in year -4 (four years before onset of 

menopause or year 0) than in year 0, while fiber intake was significantly higher in years -

4, -3, and -2.  Saturated fatty acids (SFA) and cholesterol intake were significantly higher 

two years post menopause, with a continuing upward trend.  The reductions in PUFA 

intake and increases in SFA and cholesterol intake corresponded temporally (beginning 

in year -4) to an increase in visceral adipose tissue (VAT), but this study did not include a 

statistical analysis relating dietary changes to increases in WC.  In their cross-sectional 

analysis of the study population at baseline, the authors found calcium and fiber to be 

inversely correlated with body fatness and they found fiber to be the strongest 

independent predictor of body fatness (Lovejoy et al., 2008). 

Colby and Johnson (2010) found that consumption of fat or saturated fat in excess 

of recommended levels, and consumption of carbohydrates and fiber below 

recommended levels were associated with increases in WC.  Their analysis was based on 

data from the 2003-2004 NHANES and recommended intake ranges as established by the 
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Institute of Medicine (IOM) in their Acceptable Macronutrient Distribution Range 

(AMDR).  The recommended AMDRs used were 10-35% for protein, 45-65% for 

carbohydrates, and 20-35% for fats.  The estimated age adjusted mean WC in women 

increased from 89.0 cm to 94.0 cm between the 1988 and the 2003-4 surveys. In addition, 

women with abdominal obesity (WC > 88cm) increased from 47.0% to 61.3 %.  This 

analysis is not specific to postmenopausal women and instead includes all women, ages 

19 through 80+ years.  

A five-year longitudinal study of dietary intake and appetite across women in the 

menopause transition found a reduction in overall EI and a reduction in carbohydrate 

intake concurrent with an increase in appetite, and no significant change to intake of 

dietary fiber (Duval et al., 2014).  This study’s subjects were all non-obese, with BMI 

between 20 and 29 kg/m2, although 59% had BF >30%.  Weight consciousness among 

these subjects was thought to be an explanation of the dichotomy of increased appetite 

and lower EI. Of the 94 premenopausal subjects at baseline, only 31 reached menopause, 

defined post hoc as last menses, and only 9 subjects were 2 years postmenopausal at the 

end of the study.  Changes in BMI were reported as “minimal” and there were no data 

presented on WC and percent BF except at baseline.  

Physical Activity, EE and Abdominal Fat 

In the Lovejoy et al. (2008) 4-year longitudinal study mentioned above, the 

researchers found significant decreases in EE and sleeping EE with age. Of the 34 

women tested at year 4, the decreases in total daily EE and in sleeping EE tended to be 

greater in post-menopausal women (n=17) as compared to those who had not reached 

menopause (n=17), but these differences were not statistically significant. They also 
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found spontaneous physical activity or non-exercise activity thermogenesis (NEAT) 

declined by 30-40% in both groups, regardless of menopausal status.   

The Lovejoy et al. (2008) findings were based on 24-hour indirect calorimetry 

performed on 34 subjects at baseline, but only 17 of whom had both experienced 

menopause and agreed to participate in a repeat of the test at year 4.  Four years may not 

be a long enough time for a longitudinal study of menopause. This study reported 

significant changes in key measurements between the first and second years of the study. 

Menopausal changes can occur as early as 5-years before last menses, and two years or 

more post menses and patterns can be irregular (Sowers et al., 2007). An extended study 

with a larger sample size would be needed to confirm these findings. 

If the decrease in EE is mediated by hormonal shifts, another reason for the lack 

of significance in the differences in EE for the two groups may be that the changes begin 

a year or two or more prior to last menses. The increases in circulating FSH from 

baseline to year four were significant in the group that remained perimenopausal and the 

group that was post-menopausal at year 4, while the decreases in estradiol were only 

significant in the postmenopausal group. Corresponding increases in VAT were 

significant in years -4 and -3, and continued until one-year post menopause, at which 

time VAT appears to have plateaued.  

Physical activity was also measured over 4 days by accelerometer in all subjects, 

annually. Of the women who became postmenopausal during the study, EE was about 

210% above baseline (year during which menses occurred) at years -4 and -3. The 

reduction to baseline occurred in year -2 and EE remained at that level through year +2, 

the end of the study. 
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Regardless of the role of hormones in lowered EE, the findings of the Lovejoy et 

al. (2008) study point to the fact that women are at high risk for abdominal obesity in the 

years preceding onset of menopause, and underscore the importance of healthful diet and 

exercise practices to prevent weight gain and visceral adiposity during the menopausal 

transition. 

Interventions  

Longitudinal diet and/or PA intervention studies in menopausal populations are 

scarce. Sims et al. 2013, provided an observational analysis of the interactions between 

PA levels over a six-year period, and their effects on BF and lean mass based on data 

from the Women’s Health Initiative (WHI). After exclusions, the WHI data provided an 

analytical cohort of 8352 participants partitioned by age-group (50-59 years at baseline, 

60-69 years at baseline and 70-79 years at baseline), but not by menopausal status. 

Assuming average age at onset of menopause to be 51-52 years of age, it is probable that 

most of these women were post-menopausal. The women were further stratified on the 

basis of PA, which was assessed by questionnaire at baseline and in years 3 and 6, into 

four categories labelled sedentary, low PA, moderate PA and high PA. Moderate PA 

corresponded to national guidelines of 150 minutes per week of moderate intensity 

aerobic exercise. 

The Sims et al. (2013) study found less than half of total respondents (45.6%) met 

recommended national guidelines for PA. At baseline, the 70 to 79-year age group was 

most active. Over time, all four groups reduced their habitual PA levels significantly. PA 

was shown to reduce BF and BMI over time in the two younger groups, but not in the 70 
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to 79-year age group. There were no WC measurements reported. All groups experienced 

a loss in lean mass, likely due to the majority of PA being aerobic in nature.   

In a twelve-week intervention, Park et al. (2015), conducted a combined program 

of resistance and aerobic exercise training (10-minute warm-up, 40 minutes of aerobic 

and 30 minutes of resistance exercise, 10-minute cool-down) among 20 postmenopausal 

women three times per week. The subjects were randomly assigned to a control (n=10) or 

an exercise (n=10) group. Body fat was measured by computed tomography (CT) and 

reported in cubic centimeters (cm3). The exercise program resulted in reduced visceral fat 

volume and a reduced visceral to subcutaneous fat ratio. Total fat volume did not change 

significantly. Significant increases in HDL-C and significant decreases in TNF-α were 

also observed. The visceral fat, HDL-C and TNF-α values all changed significantly as 

compared to pre-program values and over time and between groups.   

The Women’s Healthy Lifestyle Project (WHLP) was a 5-year randomized 

clinical trial designed to test the efficacy of diet and exercise related behavioral 

interventions on the prevention of menopause related increases in body fat, WC and other 

cardiovascular risk factors prior to onset of menopause (Simkin-Silverman et al., 2003). 

Subjects were 535 women aged 44 to 50-years old at time of enrollment, all self-reported 

pre-menopausal. The women were randomly assigned to an assessment-only (n=275) or a 

lifestyle intervention (n=260) group.  The WHLP study included women of normal 

(n=287), overweight (n=190) and obese (n=58) BMI status. The intervention group were 

given modest weight loss goals and diet guidance, as well as informational sessions on 

food labeling, social support, dietary adherence and other topics during weekly meetings 

for the first 5 months of their program. Meetings were less frequent during months 6-54 
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of the program, but continued to provide support and information. Follow-up assessments 

were conducted in both groups at month 6, 18, 30, 42 and 54.  Mean change in weight of 

the intervention group was -0.1kg and mean change in the control group was +2.4kg. 

Waist circumference changed by -2.9cm in the intervention group and -0.5cm in the 

control group. Both WC and weight differences were significant at p < .001. The 

intervention group showed a greater percentage BF loss than control at 30, 42, and 54 

months, although the intervention group decline in fat free mass was not significant. All 

measures of PA showed the intervention group to be significantly more active:  PA 

(kcal), blocks walked (kcal) and sport at recreational activity (kcal).  

Given that the median age of onset of menopause is 51.4 years, it is likely that 

most of the participants in the WHLP study passed through menopause during this 54-

month period. There were no measures of serum FSH or estradiol reported, either at 

baseline or at the end of the study, nor was there any other report of menopause status at 

the end of the study, so it is not possible to relate any of the other findings to years pre- or 

post-menopause. Nevertheless, this study does provide a model for prevention of 

menopausal weight gain and adverse changes in body composition through lifestyle 

dietary and physical activity intervention (Simkin-Silverman et al., 2003). 

Using six years of data from the longitudinal Study of Women’s Health Across 

the Nation (SWAN), Sowers et al. (2007) studied changes in 543 pre- and 

perimenopausal women aged 42-52 years at baseline. They found increases in BF (3.4 

kg) and decreases in skeletal muscle (0.23kg) and increased WC (5.7cm) over the 6-year 

period. While fat mass increased across the time period with no change in rate of 
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increase, WC rate of increase slowed one year after final menstrual period, which is in 

keeping with the Lovejoy findings (Lovejoy et al., 2008). 

Summary  

Studies to date show that changes in diet, PA and anthropometric measurements 

may begin to change three or four or more years before the onset of menopause, but 

exactly when is not known. Macronutrient consumption has been shown to shift away 

from protein, carbohydrates, fiber and PUFA and in the direction of SFA and cholesterol 

during this period.   

While the reasons are still not clear, a significant reduction in energy expenditure 

appears to begin at least four years prior to last menses and in the studies to date, reaches 

a new lower equilibrium two years prior to last menses (Lovejoy et al., 2008). Increases 

in WC have been shown to be inversely related to fiber, carbohydrate and calcium intake 

(Colby & Johnson, 2010; Lovejoy et al., 2008). Increases in WC appear to plateau one to 

two years post menses (Lovejoy et al., 2008; Sowers et al., 2007). There is no reported 

evidence of a reduction in the rates of increase in either BF or BMI in the years 

immediately preceding or following onset of menopause (Sowers et al., 2007). 
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 Methods  

Participants   

Female subjects were recruited via internet advertisements and posted notices. 

Criteria for inclusion included 1) non-smoking; 2) no hormone replacement therapy for 

the twelve months immediately preceding study participation; 3) not on a weight-loss diet 

for six months immediately preceding study participation; 4) no history of cardiovascular, 

respiratory, or metabolic disease; and 5) not diagnosed with or taking medications for 

diabetes. Participants were classified according to menopausal status as either 

postmenopausal (Post), where Post is defined as the absence of menses for a minimum of 

twelve months prior to study participation, or premenopausal (Pre), where Pre includes 

those having experienced at least one menses in the twelve months immediately 

preceding study participation.  

To attract as many participants as possible, the advertisements and notices offered 

a personal report including anthropometric body measurements, an individual analysis of 

the macro and micro-nutrient content and caloric content of participants’ diets as well as 

an estimate of daily energy expenditure. The individual analyses were generated from the 

results of the laboratory measurements and the individual survey responses of the 

participants. 

Procedures   

Respondents were screened for inclusion via a telephone interview, email 

communications or in person, during which time the researcher also explained the 

purpose and the procedures of the study and scheduled an appointment for 

anthropometric measurements to be taken. Measurements were taken in the Exercise 
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Science Laboratory of Florida Atlantic University located on the campus in Boca Raton 

Florida, or alternate, mutually agreed upon venues.  Height, weight, waist and hip 

circumference and skinfold measurements were recorded on a single visit.   

Subjects were asked to complete an online Diet History Questionnaire (DHQ II) 

(see Appendix A for a sample screenshot and sample data output) prior to their 

appointments at the lab. They were provided detailed instructions for accessing and 

completing the questionnaire along with a unique identifying number to facilitate later 

analysis. Additionally, the subjects were emailed or hand delivered the International 

Physical Activity Questionnaire (IPAQ) (Appendix B) and asked to bring the completed 

questionnaire to their appointment. In the event a subject had not completed the IPAQ 

prior to her appointment she completed it while at the measurements session. In the event 

the subject had not completed the DHQ II prior to her measurements appointment, 

repeated follow-up via phone or email message encouraged her to do so.  

As subjects arrived at the lab for their appointments, and prior to taking 

measurements, the researcher once again explained all procedures and risks associated 

with the study and the participants signed an informed consent. A signature signified 

understanding of the procedures and risks, the voluntary nature of participation and the 

subject’s right to terminate participation at any time for any reason.  

Instrumentation   

Anthropometrics. Height was measured in cm using a standard wall-mounted 

stadiometer and weight was measured in lbs., barefoot and in minimal clothing, using a 

digital scale. WC was measured in cm around the torso at the umbilicus using a flexible 

plastic-coated measuring tape.  Skinfold measurements were made using Lange skinfold 
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calipers (Beta Technology, Ann Arbor, MI). Skinfold measurement procedures are 

detailed in Appendix C.   

International Physical Activity Questionnaire (IPAQ). The IPAQ was 

developed to measure health related physical activity in populations. It has had extensive 

worldwide use since its development in 1998 and has been successfully evaluated for 

reliability and criterion-based validity (Hagstrőmer, Oja, & Sjőstrőm, 2006).   

The long-form questionnaire includes questions on PA as it relates to job, 

transportation, household care and maintenance, leisure time activities (including planned 

exercise), and time spent sitting. Results are scored according to the energy requirements 

of the time spent doing various activities.   

Diet History Questionnaire (DHQ II). The DHQ-II is a cognitively based food 

frequency questionnaire (FFQ) developed by the researchers at the National Cancer 

Institute. The instrument was validated favorably by comparison with the Block and 

Willet FFQs and estimated truth (Subar et al., 2001). The DHQ-II is an online survey 

that, through a series of questions on specific foods and portion sizes, estimates dietary 

content of over 200 categories of macro-and micro-nutrients. Macronutrient data output 

includes total fat, carbohydrate, protein and alcohol content in grams and kcals, as well as 

breakdowns within those categories (e.g., dietary fiber, saturated fat, monounsaturated 

fat, polyunsaturated fat, etc.). Micronutrient output includes vitamin and mineral content, 

by weight or international units (IU) as appropriate.   

Statistical Techniques  

Data was analyzed using IBM® SPSS® Statistics GradPack 23.  Significance was 

established at α = .05 for all analyses. Analysis of variance (ANOVA) evaluated 
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differences between groups (Table1). Forward stepwise linear regression models 

identified relationships between the dependent variables (DVs) of WHt, WHp, BMI and 

BF% and the independent variables (IVs) measuring diet and PA practices and habits as 

well as non-modifiable IVs of age in years (Age) and years since last menses (YrsPost) 

for each of the two groups.  
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Results

Age and Menopausal Status 

Of the 170 subjects who volunteered and qualified for the study, 92 completed all 

three sections (Npost = 48, and Npre = 44).  Fifteen of the Post subjects had undergone 

surgical menopause at mean age of 41.7 years and median age of 42 years; 33 Post 

subjects experienced natural menopause at mean age of 49.5 years and median age of 50 

years. The combined group means and medians were 47.1 years and 48.5 years, 

respectively. Mean years since last menses for the Post group was 15.4 years. The mean 

and median ages of the Post group at date of study participation were 62.5 years and 62 

years, respectively.  The mean age of the Pre group was 29.9 years and the median age 26 

years. 

Reported Net Energy Balance 

Average daily net energy balance was calculated as the difference between 

calories expended (Harris-Benedict equation, Appendix E, plus self-reported physical 

activity from IPAQ converted to MET minutes and kcals) and daily caloric intake as 

computed by DHQ II. The combined effects of apparent under-reporting of caloric intake 

and over-reporting of PA resulted in mean reported net caloric energy balance of -528 

kcals (Post = -489, SD 727.9; Pre = -570, SD = 844.9; p = .624). A histogram of net 

energy balance is shown in Fig. 1.  

 

 



  

 

20 

 

ANOVA 

There were no between group differences for any of the dietary or PA IVs.  There 

were between group differences between anthropometric measures of WHp, WHt, height, 

WC and BF% (Table 1).  

Figure 1. Net Energy Balance 
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Table 1.  ANOVA, Selected Variables  

 

Between 

Group 

Sig. 

Men

Stat N Mean Std. Dev. Minimum Maximum 

WHp .000 
Pre 32 0.8307 0.055 0.725 0.943 

Post 38 0.8846 0.065 0.749 1.076 

 WHt .004 
Pre 32 0.5034 0.050 0.429 0.613 

Post 38 0.5514 0.078 0.424 0.778 

Height .020 
Pre 32 165.2 5.667 151.7 175.3 

Post 38 161.3 7.638 146.1 180.3 

WC .022 
Pre 32 83.2 8.520 69.5 107.0 

Post 38 88.6 10.636 68.0 121.0 

BF% .003 
Pre 32 22.7185 5.680 14.978 36.329 

Post 38 26.6650 5.083 17.355 35.690 

BMI .556 
Pre 32 23.3 3.0339 18.2 30.0 

Post 38 23.8 3.9616 17.9 36.4 

SFG .395 
Pre 32 20.2 10.1941 8.9 58.6 

Post 38 18.4 8.0195 7.4 39.9 

VigMM .082 
Pre 32 993.0 1054.1 0.0 4320.0 

Post 38 1674.6 1955.5 0.0 7380.0 

TotMM .191 
Pre 32 3373.0 2597.3 495.0 12237.0 

Post 38 4226.2 2767.6 558.0 11444.0 

%EnAl .718 
Pre 32 3.3475 6.5338 0.0 32.1500 

Post 38 2.8879 3.9225 0.0 15.4200 

Sig. = Significance; MenStat = Menopausal Status; Std Dev. = Standard Deviation; WHp = Waist to Hip 

ratio; WHt = Waist to Height ratio; WC = Waist Circumference; BF% = Body Fat %; YrsPost = Years 

since last menses; BMI = Body Mass Index; SFG = Saturated Fat Grams; VigMM = Vigorous MET 

Minutes; TotMM = Total MET Minutes; %EnAl = % of Energy intake from Alcohol  

 

Regression Analysis 

Relationships between dietary factors, reported PA and measures of BMI, WHt, 

WHp and BF% were examined using forward stepwise linear regression. Data was first 

split by menopause status. Cases for which reported net energy balance was less than  
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-1000 were excluded from the below reported models. Models created without excluding 

these data did not meet assumptions of linearity, independence of errors, 

homoscedasticity or normality; their results, however, were similar.  Details of reported 

models are presented in Table 2, below. 

Pre Models. For prediction of WHt and WHp in the Pre models, the only 

independent variable entered into the forward regression was Age, and the relationships 

were weak. There were no variables entered into equations to predict BF% or BMI for the 

Pre models. 

Post Models. To predict WHt, the full model of YrsPost, SFGs, %Energy from 

Alcohol (%EnAl) and Vigorous Weekly MET Minutes (VigMMs) was statistically 

significant, R2 = .629, p < .001. To predict BF%, the full model of SFGs and Total 

Weekly MET Minutes (TotMMs) was statistically significant, R2 = .401, p < .001. To 

predict BMI, the full model of VigMMs, SFGs, %EnAl and YrsPost was statistically 

significant, R2 = .558, p < .001. To predict WHp, the full model of YrsPost, SFGs, 

and %EnAl was statistically significant, R2 = .598, p < .001. 

All reported models exhibited linearity, independence of errors and 

homoscedasticity as assessed by scatter plots of standardized residuals vs standardized 

predicted values and their fit lines.  There was no evidence of collinearity as assessed by 

VIF statistics, and all models met the assumption of normality, as assessed by P-P Plots.



 

23 

Table 2. Forward Stepwise Regression Models  

Sig. = Significance; WHt = Waist to Height ratio; BF% = Body Fat %; BMI = Body 

Mass Index; WHp = Waist to Hip ratio; YrsPost = Years since last menses; SFG = 

Saturated Fat Grams; %EnAl = % of Energy intake from Alcohol; VigMM = Vigorous 

MET Minutes; TotMM = Total MET Minutes 

Outcome 

Variable 

Menopausal 

Status 

Predictor 

Variable 

R2 (model 

cum) F Sig. β 

WHt 

Post 

n = 38 

YrsPost .298 15.305 .000 .445 

SFG .460 14.920 .000 .448 

%EnAl .567 14.864 .000 .292 

VigMM .629 13.961 .000 -.260 

Pre 

n = 32 

Age (yrs.) .124 4.237 .048 .352 

     

 Post 

n = 38 

SFG .214 9.803 .003 .454 

 TotMM .401 11.740 .000 -.433 

BF% Pre 

n = 32 

  

      

BMI 

Post  

n = 38 

VigMM .244 11.640 .002 -.322 

SFG .403 11.819 .000 .469 

%EnAl .495 11.108 .000 .342 

YrsPost .558 10.400 .000 .260 

Pre 

n = 32 

  

WHp 

Post 

n = 38 

YrsPost .319 16.842 .000 .504 

SFG .531 19.833 .000 .535 

%EnAl .598 16.859 .000 .268 

Pre 

n = 32 

Age (yrs.) .232 9.068 .005 .482 
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Discussion

The purpose of this study was the identification of relationships between diet, 

exercise and body composition, before and after the menopause transition, which are both 

modifiable and important to the health and wellness of women.  Contrary to our 

hypothesis, ANOVA showed no significant differences in any of the independent 

variables (dietary or PA) between the Pre and Post groups and there was no between – 

group difference in outcome variable BMI. Consistent with our hypotheses were findings 

of between-group differences in outcome variables WHp, WHt, WC and BF%. There was 

also a between-group difference in height, which was not addressed in our hypothesis. To 

the degree that the height difference is an age-related loss of stature, it would represent an 

age related contribution to between group differences in WHt (Table 1). 

Associations identified through forward stepwise regression were different 

between the two groups. Two non-modifiable predictor factors were identified: YrsPost 

for Post women (WHt, WHp, and BMI) and Age for Pre women (WHt, WHp). There 

were no modifiable factors identified for Pre women.  Post models identified three 

modifiable predictors: saturated fat intake, alcohol consumption and physical activity 

practices or habits. Consistent with our hypothesis, PA was inversely related to WHt, 

BF%, and BMI. Contrary to our hypothesis, PA showed no relationship to WHp. Also 

contrary to our hypothesis, total EI showed no relationship to WHt, BF%, BMI or WHp.   
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Age and YrsPost 

The non-modifiable IV of YrsPost was a contributor to the outcome variables 

WHt, BF%, BMI and WHp in the Post models.  This is entirely consistent with 

previously mentioned work linking body fat distribution shifts to the hormonal changes 

of estrogen depletion, increasing FSH and increasing FTI (Guthrie et al., 2002; Janssen, 

Powell, Kazlauskaite, & Dugan, 2009) as these hormonal effects would be expected to 

increase over time. The magnitude of these relationships in our study was greater than 

that of the modifiable risk factors, in terms of R2 and β’s for WHt and WHp in Post, but 

not for BMI or BF%. This suggests a stronger link between hormonal changes over time 

and fat distribution compared to total body fat accumulation.   

For the Pre women, Age was the only predictor in the WHt and WHp models, and 

the relationship was weak.   No relationships between EI, PA and body composition and 

fat distribution were evident in our results.  

Physical Activity - Post 

In this study, VigMM was inversely related to WHt and BMI. TotMM was 

inversely related to BF%. VigMM accounted for the greatest contribution to the 

prediction of BMI (ΔR2 = .223) while contributing only modestly to WHt (ΔR2 = .055). 

This result suggests that while exercise has the potential to mediate total fat or body 

weight in postmenopausal women, it may be less effective in reducing abdominal fat 

depots. 

PA was not found to be a predictor of WHp in Post women.  This result is 

suggestive of the possibility that, in Post women, PA may affect waist and hip 

circumferences similarly, such that the relationship between the two is unchanged with 
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exercise. In their 1986 study, Rebuffé-Scrive, Eldh, Hafström, & Björntorp, demonstrated 

differences in adipocyte activity in abdominal versus femoral adipocytes in pre-

menopausal women but not in post-menopausal women.  Specifically, femoral adipocytes 

of pre-menopausal women exhibited higher lipoprotein lipase (LPL) activity and lower 

lipolytic responses as compared to abdominal adipocytes. Post-menopausal women 

exhibited no such difference in regional adipocyte activity.   

It is also possible that the postmenopausal tendency toward abdominal and 

visceral fat depots is not matched with a commensurate tendency to reduce those stores 

first, such that exercise has a lesser negative influence on waist circumference than on hip 

circumference after menopause. In either case, changes to WHp over time, and the 

commonly referenced WHp criterion measure of abdominal fat as a surrogate for the 

cardiometabolic risk factor of VAT (Pescatello, 2014), might be less useful than a WHt 

surrogate.   

In longitudinal analysis of data from the Women’s Health Initiative (WHI) 

relating changes in BMI, WHp, WC and WHt to cardiometabolic risk factors, change in 

WHp was found to be the weakest predictor of changes in serum triglycerides, glucose, 

and HDL-C, and it was found not to be a predictor of total cholesterol or diastolic blood 

pressure (Kabat et al., 2014). By comparison, WHt was found to be a statistically 

significant predictor of diastolic BP, p < .0001, and a statistically stronger predictor (in 

pair-wise differences between coefficients, p < .01) of serum triglycerides, glucose, 

HDL-C, HOMA-IR, insulin and systolic BP. 

PA and YrsPost.  In premenopausal women, exercise training has been shown to 

promote fat repartitioning of post diet, regained weight.  This repartitioning occurred in 
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favor of peripheral depots over visceral depots. To explain their findings, Hunter et al., 

2010, hypothesized that decreasing cortisol and increasing growth hormones (GH) as 

induced by exercise have a negative effect on visceral fat.  This explanation is consistent 

with the modest negative relationship we observed in Post, between PA and WHt, but it 

says nothing about the possibility of that relationship diminishing after menopause, or 

with diminishing estrogen levels. However, Van der Pompe, Bernards, Kavelaars, and 

Heijnen (2001), did find a weakening in endocrine response to exercise, postmenopause, 

which could diminish exercise induced protection against VAT fat depots in 

progressively later post menopause years.  

In the Chaston and Dixon (2008) review of weight loss trials over all study 

populations and inclusive of various caloric restriction and exercise weight reduction 

strategies, there appears to be a preferential loss of VAT compared to SAT in early 

weight-loss, but that effect is transient and the preference towards VAT loss diminishes 

with greater weight loss. These researchers surmised that VAT serves to provide fuel in 

times of acute negative energy balance, which would add insight into the clinically 

important metabolic benefits achieved with modest weight loss.  Whether this is true in 

postmenopausal women is not clear. 

Saturated Fat - Post 

Dietary SFG was a predictor of BF%, WHt, BMI, and WHp. This association is 

consistent with findings in several RCTs and other correlational studies. Over-feeding of 

SFA’s was shown to cause a significant increase in liver fat when compared with over-

feeding of PUFAs (Rosqvist et al., 2014) in a young, healthy cohort of normal-weight 

men and women. The same RCT demonstrated a twofold larger increase in VAT from 
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SFAs than PUFAs with PUFAs causing a three-fold increase in lean tissue as compared 

to SFAs. In a 36-week-long study of obese, postmenopausal women with T2DM, the 

addition of 8.0g/day of supplemental PUFAs in the form of safflower oil capsules 

resulted in increased lean mass and reduced trunk adipose mass, while having no effect 

on BMI or total adipose mass.  The safflower oil trial also resulted in lowered fasting 

glucose and increased adiponectin (Norris et al., 2009).  

These results are indicative of a role for a healthy dietary fat profile not only to 

protect against CMDs, but also to preserve lean body tissue. A cross-sectional analysis of 

2689 women aged 18 – 79 years (50% of whom were over 50 years) found a positive 

relation between PUFA to SFA ratio and indices of FFM, and inverse relationships 

between total fat, SFAs, MUFAs and trans fatty acids (TFAs) and the same indices of 

FFM (Welch et al., 2014). These relationships were specifically reported as also holding 

among the over 50 sub-group in this cohort. A negative association between SFAs and 

appendicular lean mass (ALM) was also found in a correlational study of dietary intake 

and body composition among community dwelling older male and female adults (Scott, 

Blizzard, Fell, Giles, & Jones, 2010). 

Other RCTs of dietary patterns have yielded similar or consistent results. In the 

three-year WHI Observational Study of diet and body composition changes among 

postmenopausal women, both higher diet quality scores at baseline and improvements to 

diet quality over the three years, which included shifts away from SFAs and towards 

PUFAs, were found to be protective against increases in waist circumference and 

predictive of lesser weight gains (Feliciano et al., 2016). A two-year RCT compared a 

Paleolithic-type (PD) ad libitum diet strategy with a Nordic Nutrition Recommendations 
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(NNR) ad libitum diet strategy for effects on body composition in postmenopausal 

women (Mellberg et al., 2014).  The PD group, which targeted 30% energy intake each 

from protein and carbohydrates, and 40% energy intake from fat (largely MUFAs and 

PUFAs) fell short of protein goals. The NNR group targeted 15% protein, 25-30% fats, 

and 55-60% carbohydrates, but fell short of carbohydrate goals. The actual intake report 

showed the PD group diet to be significantly lower in % energy from carbohydrates, 

higher in protein (verified through nitrogen excretion), MUFA, PUFA, MUFA:SFA, 

PUFA:SFA and total fat as compared to the NNR group. WC, fat mass, BMI and sagittal 

diameter (SAD) were decreased significantly more in the PD than NNR groups at six and 

24 months, but the 24 month differences were smaller and no longer significant.  Overall 

energy intake reductions of 20% (PD) and 12% (NNR) with these ad libitum diets 

suggest the possibility of greater satiety due to increased protein intake and PUFAs, and 

the reductions in WC and SAD achieved despite the protein shortfall may underscore the 

impact of PUFAs on body fat distribution. 

Alcohol.  

Alcohol consumption is thought to have both protective and deleterious effects on 

cardiometabolic health (Fan et al., 2008). There is mixed evidence regarding the 

relationships between alcohol and obesity, abdominal adiposity and BMI (Brandhagen et 

al., 2012; Suter & Tremblay 2005). Conflicting evidence reflects complex associations 

between such variables as gender, age, total intake and intake patterns (i.e., daily 

moderate drinking versus occasional binge drinking) (Traversy & Chaput, 2015). Some 

studies have shown a modest negative association between alcohol intake and adiposity 

in women and a slightly positive relationship in men, up to a minimum threshold volume, 
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above which point consumption seems to predict higher measures of adiposity (Traversy 

& Chaput, 2015).  

An analysis of current drinkers, aged 20-84 years, from the 1999-2002 NHANES 

survey showed relationships between heavy or binge drinking and metabolic 

abnormalities, where heavy is defined as exceeding one or two drinks per day, for women 

and men, respectively (Fan et al., 2008). Drinking more than 3 times per week, but not 

exceeding dietary guidelines, was associated with reduced risk of metabolic 

abnormalities. Drinking in excess of dietary guidelines was associated with increased risk 

of MetS symptoms, including abdominal obesity. 

Most studies report men and women separately, but do not report women by age 

or menopausal status.  A longitudinal study based on data from the WHI tracked changes 

in BMI over a 7-year period among postmenopausal women who were of normal weight 

at baseline (Thomson et al., 2012). Data from this study show an inverse relationship 

between alcohol and weight gain from baseline to year 7, and the researchers report 

overall reductions in the risks of becoming overweight or obese of 35% and 88% 

respectively, for postmenopausal women of normal weight, who consume 19.4g alcohol 

per day, or roughly 1.4 standard drinks of beer, wine or alcohol. 

(https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/what-standard-

drink). No relationships between alcohol consumption and waist circumference or other 

measures of central or intra-abdominal obesity were reported in the WHI study. 

Average reported alcohol consumption among Post women in our study was just 

under 6g per day, or less than one half drink per day, making the relationships we found 

of minor clinical significance. Also, as ours was a cross-sectional analysis and as 29% of 
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Post subjects had BMI > 25, our results are not comparable to those of the WHI study. 

Further, our data contain no information about drinking patterns. More research into the 

specific effects of alcohol on postmenopausal fat distribution and CMD risk factors is 

needed.  

Study Limitations 

Self-reporting of diet and PA data resulted in negative reported net energy balance 

and may have biased our results. The finding of no modifiable predictor variables in Pre 

models makes data for the Pre group more suspect. The problem of energy intake under-

reporting in women has been shown to be positively related to overweight, protein intake, 

poor perception of diet quality, and sedentary behavior (Vanrullen, Volatier, Bertaut, 

Dufour, & Dallongeville, 2013) and inversely related to education level and age 

(Scagliusi, Polacow, Artioli, Benatti, & Lancha, 2003; Vanrullen et al., 2013), and errors 

in portion size estimation (Scagliusi et al., 2003). Murakami, Sasaki, Uenishi, & Japan 

Dietetic Students’ Study for Nutrition and Biomarkers Group (2012) demonstrated high 

correlations between reporting inaccuracies in overall energy intake and the reporting 

inaccuracies in the individual nutrient intake when comparing reported intakes against 

24-hour urinary excretion. 

 The cross-sectional design of this study precludes cause and effect conclusions. 

Experimental studies would be required to confirm the predictor relationship findings of 

this study. Lastly, skinfold and circumference body measurements make no distinction 

between visceral and subcutaneous fat depots. 
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Conclusions 

The findings of this study revealed no association between modifiable lifestyle 

factors of diet and PA and measures of body composition or fat distribution in Pre 

women. In Post women however, both diet (SFG, %EnAl) and PA were predictive of 

body composition and fat distribution accounting for a quarter to one half the between-

subject differences in these measures.  While saturated fat and alcohol intake were shown 

to be positively related to measures of abdominal adiposity and BMI after menopause, 

exercise may exert less influence on abdominal fat than on overall levels of adiposity. 

Interventional studies on the specific effects of PA and PA intensity on abdominal 

adiposity, visceral adiposity and total adiposity are needed. 



 

33 

Appendixes



 

34 

Appendix A 

Screenshot from DHQ II Web page 

 

Diet History Questionnaire, Version 2.0 (2010) 
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Sample DHQ-II Data Output – 3 respondents 

Respondent ID NLit001                        NLit002                        NLit003                        

Record Number 1 2 3 

Sex 1 0 1 

Age 58 50 52 

Birth Date 195607 196406 196211 

Questionnaire Date 20150123 20150122 20150312 

GRAMWT_G_USDA 3334.28 3890.96 2655 

ENERGY_KCAL_USDA 1440.06 2473.16 769 

TOTAL_FAT_G_USDA 70.09 72.95 32.79 

CARBOHYDRATE_G_USDA 151.72 396.89 103.34 

PROTEIN_G_USDA 58.13 69.96 20.61 

ALCOHOL_G_USDA 0.24 0.01 0 

CHOLESTEROL_MG_USDA 206.32 215.49 63.5 

TOTAL_SAT_FA_G_USDA 22.16 25.04 9.15 

TOTAL_MONOUNSAT_FA_G_USDA 26 25.96 12.89 

TOTAL_POLYUNSAT_FA_G_USDA 14.17 15.45 7.96 

DIETARY_FIBER_G_USDA 12.31 12.08 8.22 

RETINOL_MCG_USDA 298.58 319.52 168.89 

VIT_E_ALPHA_TOCOPH_MG_USDA 7.2 7.08 4.11 

VIT_K_MCG_USDA 132.96 85.08 122.28 

VIT_C_MG_USDA 79.14 236.4 65.46 

THIAMIN_VITAMIN_B1_MG_USDA 1.1 1.55 0.56 

RIBOFLAVIN_VITAMIN_B2_MG_USDA 1.91 1.61 0.74 

NIACIN_MG_USDA 15.29 17.27 6.53 

VITAMIN_B6_MG_USDA 1.32 1.67 0.64 

TOTAL_FOLATE_MCG_USDA 292 320.13 177.38 

VITAMIN_B12_MCG_USDA 2.97 4.79 1.18 

CALCIUM_MG_USDA 624.72 694.92 512.87 

PHOSPHORUS_MG_USDA 906.78 1198.16 409.35 

MAGNESIUM_MG_USDA 234.11 234.81 147.85 

IRON_MG_USDA 9.24 12.65 5.4 

ZINC_MG_USDA 7.91 10.36 3.26 

COPPER_MG_USDA 0.98 1.18 0.64 

SELENIUM_MCG_USDA 71.1 80.97 30.95 

SODIUM_MG_USDA 2456.52 3184.57 1163.15 

POTASSIUM_MG_USDA 2598.63 2897.01 1133.8 
 
Diet*Calc Analysis Program, Version 
1.5.0 (2010)    
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Appendix B 

International Physical Activities Questionnaire 

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 

(October 2002) 

LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT 

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years) 

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 

questionnaires. Long (5 activity domains asked independently) and short (4 generic 

items) versions for use by either telephone or self-administered methods are available. 

The purpose of the questionnaires is to provide common instruments that can be used to 

obtain internationally comparable data on health–related physical activity. 

Background on IPAQ 

The development of an international measure for physical activity commenced in Geneva 

in 1998 and was followed by extensive reliability and validity testing undertaken across 

12 countries (14 sites) during 2000. The final results suggest that these measures have 

acceptable measurement properties for use in many settings and in different languages, 

and are suitable for national population-based prevalence studies of participation in 

physical activity. 

Using IPAQ 

Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 

recommended that no changes be made to the order or wording of the questions as this 

will affect the psychometric properties of the instruments. 

Translation from English and Cultural Adaptation 
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Translation from English is encouraged to facilitate worldwide use of IPAQ. Information 

on the availability of IPAQ in different languages can be obtained at www.ipaq.ki.se. If a 

new translation is undertaken we highly recommend using the prescribed back translation 

methods available on the IPAQ website. If possible, please consider making your 

translated version of IPAQ available to others by contributing it to the IPAQ website. 

Further details on translation and cultural adaptation can be downloaded from the 

website. 

Further Developments of IPAQ 

International collaboration on IPAQ is on-going and an International Physical Activity 

Prevalence Study is in progress. For further information, see the IPAQ website. 

More Information 

More detailed information on the IPAQ process and the research methods used in the 

development of IPAQ instruments is available at www.ipaq.ki.se and Booth, M.L. 

(2000). 

Assessment of Physical Activity: An International Perspective. Research Quarterly for 

Exercise and Sport, 71 (2): s114-20. Other scientific publications and presentations on the 

use of IPAQ are summarized on the website. 

LONG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 

2002. 
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 

We are interested in finding out about the kinds of physical activities that people do as 

part of their everyday lives. The questions will ask you about the time you spent being 

physically active in the last 7 days. Please answer each question even if you do not 

consider yourself to be an active person. Please think about the activities you do at work, 

as part of your house and yard work, to get from place to place, and in your spare time for 

recreation, exercise or sport. 

Think about all the vigorous and moderate activities that you did in the last 7 days. 

Vigorous 

physical activities refer to activities that take hard physical effort and make you breathe 

much harder than normal. Moderate activities refer to activities that take moderate 

physical effort and make you breathe somewhat harder than normal. 

PART 1: JOB-RELATED PHYSICAL ACTIVITY 

The first section is about your work. This includes paid jobs, farming, volunteer work, 

course work, and any other unpaid work that you did outside your home. Do not include 

unpaid work you might do around your home, like housework, yard work, general 

maintenance, and caring for your family. These are asked in Part 3. 

1. Do you currently have a job or do any unpaid work outside your home? 

_____Yes 

_____No Skip to PART 2: TRANSPORTATION 

The next questions are about all the physical activity you did in the last 7 days as part of 

your paid or unpaid work. This does not include traveling to and from work. 

2. During the last 7 days, on how many days did you do vigorous physical activities like 
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heavy lifting, digging, heavy construction, or climbing up stairs as part of your work? 

Think about only those physical activities that you did for at least 10 minutes at a time. 

_____ days per week 

_____No vigorous job-related physical activity Skip to question 4 

3. How much time did you usually spend on one of those days doing vigorous physical 

activities as part of your work? 

_____ hours per day 

_____ minutes per day 

4. Again, think about only those physical activities that you did for at least 10 minutes at 

a time. During the last 7 days, on how many days did you do moderate physical 

activities like carrying light loads as part of your work? Please do not include walking. 

_____ days per week 

_____No moderate job-related physical activity Skip to question 6 

5. How much time did you usually spend on one of those days doing moderate physical 

activities as part of your work? 

_____ hours per day 

_____ minutes per day 

6. During the last 7 days, on how many days did you walk for at least 10 minutes at a 

time as part of your work? Please do not count any walking you did to travel to or from 

work. 

_____ days per week 

_____No job-related walking Skip to PART 2: TRANSPORTATION 

7. How much time did you usually spend on one of those days walking as part of your 
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work? 

_____ hours per day 

_____ minutes per day 

PART 2: TRANSPORTATION PHYSICAL ACTIVITY 

These questions are about how you traveled from place to place, including to places like 

work, stores, movies, and so on. 

8. During the last 7 days, on how many days did you travel in a motor vehicle like a 

train, bus, car, or tram? 

_____ days per week 

_____No traveling in a motor vehicle Skip to question 10 

9. How much time did you usually spend on one of those days traveling in a train, bus, 

car, tram, or other kind of motor vehicle? 

_____ hours per day 

_____ minutes per day 

Now think only about the bicycling and walking you might have done to travel to and 

from work, to do errands, or to go from place to place. 

10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a 

time to go from place to place? 

_____ days per week 

_____No bicycling from place to place Skip to question 12 

11. How much time did you usually spend on one of those days to bicycle from place to 

place? 

_____ hours per day 
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_____ minutes per day 

12. During the last 7 days, on how many days did you walk for at least 10 minutes at a 

time to go from place to place? 

_____ days per week 

_____No walking from place to place Skip to PART 3: HOUSEWORK, 

HOUSE MAINTENANCE, AND CARING FOR FAMILY 

13. How much time did you usually spend on one of those days walking from place to 

place? 

_____ hours per day 

_____ minutes per day 

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY 

This section is about some of the physical activities you might have done in the last 7 

days in and around your home, like housework, gardening, yard work, general 

maintenance work, and caring for your family. 

14. Think about only those physical activities that you did for at least 10 minutes at a 

time. During the last 7 days, on how many days did you do vigorous physical activities 

like heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard? 

_____ days per week 

_____No vigorous activity in garden or yard Skip to question 16 

15. How much time did you usually spend on one of those days doing vigorous physical 

activities in the garden or yard? 

_____ hours per day 

_____ minutes per day 
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16. Again, think about only those physical activities that you did for at least 10 minutes at 

a time. During the last 7 days, on how many days did you do moderate activities like 

carrying light loads, sweeping, washing windows, and raking in the garden or yard? 

_____ days per week 

_____No moderate activity in garden or yard Skip to question 18 

17. How much time did you usually spend on one of those days doing moderate physical 

activities in the garden or yard? 

_____ hours per day 

_____ minutes per day 

18. Once again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do moderate 

activities like carrying light loads, washing windows, scrubbing floors and sweeping 

inside your home? 

_____ days per week 

_____No moderate activity inside home Skip to PART 4: RECREATION, 

SPORT AND LEISURE-TIME 

PHYSICAL ACTIVITY 

19. How much time did you usually spend on one of those days doing moderate physical 

activities inside your home? 

_____ hours per day 

_____ minutes per day 

PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY 

This section is about all the physical activities that you did in the last 7 days solely for 
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recreation, sport, exercise or leisure. Please do not include any activities you have already 

mentioned. 

20. Not counting any walking you have already mentioned, during the last 7 days, on 

how many days did you walk for at least 10 minutes at a time in your leisure time? 

_____ days per week 

_____No walking in leisure time Skip to question 22 

21. How much time did you usually spend on one of those days walking in your leisure 

time? 

_____ hours per day 

_____ minutes per day 

22. Think about only those physical activities that you did for at least 10 minutes at a 

time. During the last 7 days, on how many days did you do vigorous physical activities 

like aerobics, running, fast bicycling, or fast swimming in your leisure time? 

_____ days per week 

_____No vigorous activity in leisure time Skip to question 24 

23. How much time did you usually spend on one of those days doing vigorous physical 

activities in your leisure time? 

_____ hours per day 

_____ minutes per day 

24. Again, think about only those physical activities that you did for at least 10 minutes at 

a time. During the last 7 days, on how many days did you do moderate physical 

activities like bicycling at a regular pace, swimming at a regular pace, and doubles tennis 

in your leisure time? 
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_____ days per week 

_____No moderate activity in leisure time Skip to PART 5: TIME SPENT 

SITTING 

25. How much time did you usually spend on one of those days doing moderate physical 

activities in your leisure time? 

_____ hours per day 

_____ minutes per day 

PART 5: TIME SPENT SITTING 

The last questions are about the time you spend sitting while at work, at home, while 

doing course work and during leisure time. This may include time spent sitting at a desk, 

visiting friends, reading or sitting or lying down to watch television. Do not include any 

time spent sitting in a motor vehicle that you have already told me about. 

26. During the last 7 days, how much time did you usually spend sitting on a weekday? 

_____ hours per day 

_____ minutes per day 

27. During the last 7 days, how much time did you usually spend sitting on a weekend 

day? 

_____ hours per day 

_____ minutes per day 

This is the end of the questionnaire, thank you for participating. 
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Appendix C 

Skinfold Measurements 

Skinfold Site Description 

Abdominal Vertical fold; 2cm to the right side of the 

umbilicus 

Chest/Pectoral Diagonal fold; one-third the distance 

between the anterior axillary line and the 

nipple 

Midaxillary Vertical fold; on the midaxillary line at the 

level of the xiphoid process of the 

sternum 

Subscapular Diagonal fold (at 45o angle); 1 to 2 cm 

below the inferior angle of the scapula 

Suprailiac Diagonal fold; in line with the natural 

angle of the iliac crest taken in the 

anterior axillary line immediately superior 

to the iliac crest 

Thigh Vertical fold; on the anterior midline of 

the thigh, midway between the proximal 

border of the patella and the inguinal 

crease (hip) 

Triceps Vertical fold; on the posterior midline of 

the upper arm halfway between the 

acromion and the olecranon processes, 

with the arm held freely to the side of the 

body 

Jackson and Pollock, 1985 (as cited in Nieman, 2011) 
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Appendix D 

Definitions 

Body Mass Index (BMI): weight in kilograms divided by height in meters, squared. 

BMI = Weight in kg/(Height in m)2 

Energy Intake (EI): Total caloric intake measured in kilocalories. 

Kcal: kcal is the symbol of kilocalorie. One kilocalorie is equal to 1000 calories. 

Menopause: Menopause is variously defined in scientific literature as irregularity of 

menses, ceasing of menses or time since last menses, increases in FSH, or on the basis of 

combinations of hormonal levels and occurrence of menses. For our purposes, onset of 

menopause will be self-reported and defined as the time of last menses.  Women will be 

considered post-menopausal twelve months after last reported menses. 

Physical Activity (PA): Any bodily movement produced by the contraction of skeletal 

muscle that increases EE above a basal level (Centers for Disease Control, 2015).  

Waist Circumference (WC):  Measurement in centimeters (cm) of the circumference of 

the waist at the level of the umbilicus after exhalation. 
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Appendix E 

Body Fat Prediction Equation 

The prediction equation to be used for estimating body fat is calculated as: 

% BF = ((5.01/BD) – 4.57) X 100, 

where BD is body density, which is calculated as  

BD = 1.0970 – (0.00046971 X sum of 7 skinfolds) + ((0.00000056) X (sum of 7 

skinfolds)2) – (0.00012828 x age). 

Equations are from Jackson and Pollock, 1985 (as cited in Nieman, 2011). 

Met-minute Equation 

PA scores are expressed in multiples of resting metabolic rate, or METs.  An 

overall score in MET-minutes is calculated as  

MET-minutes = (MET score of activity) X (minutes performed). 

Harris-Benedict Equation 

665.1 + (9.65 X weight in kg) + (1.85 X height in cm) – (4.668 X age in yrs.) = 

basal metabolic rate in kcals per day.  The 95% confidence range is +201.0 kcals per day. 
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Appendix F 

FAU IRB Approval Letter 
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Appendix G 

Telephone/In-person Screening Script/Email Screening Questions 

Name_______________________     Date_________________________ 

Email_______________________      Phone_______________________ 

I would like to ask you a series of questions to determine if you are eligible to 

participate in a study regarding the relationships between diet, physical activity and body 

weight and other measurements in adult women. 

1. Are you between the ages of 18 and 80? 

2. Do you smoke? 

3. Do you have diabetes or are you taking any medications for diabetes 

symptoms? 

4. Do you have any personal history of cardiovascular, metabolic, or 

respiratory disease? 

5. Have you taken hormone replacement therapy at any time during the last 

twelve months? 

6. Have you been on a weight loss diet at any time during the last six 

months? 
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