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Abstract

Objective.—We aimed to characterize the relationship between cardiorespiratory fitness and 

quality of life in a sample of healthy midlife women aged 40-65 years.

Methods.—Cardiorespiratory fitness was measured with a VO2max test. Quality of life was 

assessed with the menopause-specific Utian Quality of Life scale (UQOL). The UQOL measures 

overall quality of life, which comprises health, emotional, occupational, and sexual domains. 

Simple and multiple linear regression models were built to analyze relationships between 

cardiorespiratory fitness and overall quality of life as well as the separate UQOL domains.

Results.—Forty-nine women with an average age of 52.5 years were included in the analysis. In 

simple linear models, cardiorespiratory fitness was related to overall (R2=0.34, p<0.001), health 

(R2=0.55, p<0.001), emotional (R2=0.08, p=0.05), and occupational (R2=0.09, p=0.03) quality of 

life. In multiple regression models, cardiorespiratory fitness was associated with overall (p<0.01) 

and health (p<0.001) quality of life, after controlling for physical activity, age, body mass index, 

and time sedentary.

Conclusions.—Higher cardiorespiratory fitness is associated with better quality of life during 

midlife, particularly in the health domain. Increasing cardiorespiratory fitness may be a useful 

means to promote quality of life in this population.
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Introduction

Midlife is a time when women face psychological and physical challenges to their health 

and well-being. Midlife may offer a critical window of opportunity to enhance health, 

reduce disease risk, and improve quality of life among women. Quality of life (QOL), 

is conceptualized as “a state of complete physical, mental, and social well-being.”1 In 

midlife, the transition to menopause is a period of major change that may significantly 

impact QOL2 and can include changes in health, physical, and psychosocial outcomes. 

Health changes with menopause include an increase in risk factors for cardiovascular 

disease, such as alterations in body composition3, plasma lipids4,5, and blood pressure.6 

Menopause is associated with sleep disturbances, anxiety, and depression.7,8 Vasomotor 

symptoms of menopause, such as hot flashes and night sweats, have been suggested to 

have a significant and deleterious effect on QOL.2,9 Further, menopause is associated with 

declines in physical function.10,11 Psychosocial factors, such as relationship status, degree 

of life stress12, financial well-being, and employment status2, are also related to QOL in 

midlife women. Given these multi-faceted changes, it is critical to understand which factors 

may have the greatest impact on QOL in midlife women. This knowledge can be used to 

develop evidence-based solutions and recommendations to improve women’s QOL during 

challenges to well-being.

While physical activity (PA) is movement that increases energy expenditure beyond what is 

required at rest, cardiorespiratory fitness (CRF) is a measure of the maximum capacity of the 

body to utilize oxygen and is related to an individual’s capacity to perform work. Greater 

CRF is a strong, independent risk factor for cardiovascular disease, all-cause mortality13,14, 

and future disability15. In patients with one or more risk factors for CVD, the risk for 

developing the disease is significantly reduced in those with moderate to high levels of 

CRF.16,17 Further, higher CRF is associated with significantly greater reductions in CVD 

risk than greater PA .18 These data make CRF an important target for improving overall 

health and QOL.

Cardiorespiratory fitness has been associated with QOL domains in older men and women19 

and in early postmenopausal women20; however, the influence of CRF on QOL in midlife 

women remains unclear. Studies have shown positive correlations between both self-report21 

and objective measures22 of habitual physical activity on QOL and a positive effect of 

increasing physical activity on QOL23 in women; however, these studies did not assess 

specific relationships between QOL and CRF. Therefore, it is important to understand the 

link between CRF and QOL in midlife women. A better understanding of these associations 

can help guide prescription of therapies targeted to improve QOL among midlife women. 

The purpose of this study was to investigate the relationship between objectively-measured 

CRF and QOL in midlife women. We hypothesized that CRF would be positively related to 

QOL.
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Methods

This research was approved by the University of Massachusetts Amherst Institutional 

Review Board. Participants provided informed consent prior to completing study protocols. 

Vascular outcomes from these participants have been published elsewhere.24-26

Study Population

This cohort included healthy midlife women aged 40-65 years. The original study aimed 

to evaluate differences in vascular function in women at different menopausal stages and 

with differing CRF before and after an acute bout of exercise. An a priori sample size 

estimation for our original aims was calculated with a power of 0.80 and an alpha of 0.05. 

Fifty-one women participated in the study. In this analysis, two women were excluded 

because of missing QOL data, one for missing occupational QOL and one for missing 

sexual QOL, leaving a total of 49 women for this analysis. Women were categorized 

as premenopausal, perimenopausal, and postmenopausal according to their self-reported 

menstrual cycle as per standards set by STRAW+10.27 Premenopausal women had regular 

menstrual cycles and were not taking oral contraceptives for at least 6 months prior to 

enrollment in the study. Perimenopausal women had menstrual cycles of variable length, at 

least 7 days different between consecutive cycles, or had up to 11 months of amenorrhea. 

Postmenopausal women had undergone natural menopause and were at least 5 years 

from their final menstrual period. Perimenopausal and postmenopausal women were not 

using hormone therapy for at least 6 months prior to enrollment. Women were included 

if they had blood pressure <140/<90 mmHg, fasting plasma glucose <126 mg/dL, LDL-

C≤159mg/dl, HDL-C >40mg/dl, triglycerides <150mg/dl and had no history of cardiac 

events or cardiovascular disease. Participants were excluded if they were current smokers, 

used medications or dietary supplements known to impact cardiovascular function (e.g. 

blood pressure or lipid-lowering medications), or had a history of long-term menstrual 

irregularities prior to menopause.

Quality of Life

Quality of Life (QOL) was measured using the Utian QOL instrument (UQOL), a 

questionnaire that assesses QOL specific to the menopausal transition.28 The Utian 

questionnaire measures perceptions of well-being rather than physiological symptoms.28 

The questionnaire comprises four QOL domains: health, occupational, emotional, and 

sexual. There are 23 statements to which participants must respond, such as: “I feel 

physically well,” “My mood is generally depressed,” and “I am able to control things in 

my life that are important to me”.28 To calculate scores for each domain and overall QOL, 

we followed the UQOL scoring system. Specifically, questions were scored on a scale of 

1-5, from “Not true of me” as 1, “Moderately true of me” as 3, and “Very true of me,” 

as 5, with no specific labels for values 2 and 4.28 Points for statements within each QOL 

domain were summed with the range of scores for each domain as follows: Health (7-35), 

Emotional (6-30), Occupational (7-35), and Sexual (3-15). The scores for each domain were 

then summed to produce an overall QOL score (23-115). Higher scores indicate better QOL 

for each domain and the overall score. The UQOL is a reliable measure with good internal 

consistency.28
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Cardiorespiratory fitness

Cardiorespiratory fitness was measured using a graded exercise treadmill test (Parvo Medics 

TrueOne 2400, Parvo, UT). Participants walked or ran on a treadmill at a self-selected speed 

starting at a 0% incline. During the test, the incline was increased by 2% every 2 minutes 

until the participant reached volitional fatigue. If necessary, speed was increased during the 

test. Heart rate and rhythm were monitored via 12-lead ECG. Standard criteria were used 

to determine VO2max.29 Because not all participants reached the criteria for a maximal test, 

data are reported as VO2peak.

Physical Activity

Self-reported physical activity (PA) was measured via the International Physical Activity 

Questionnaire Short-Form (IPAQ) which measures walking, moderate activity, vigorous 

activity, and sitting over the past week. The IPAQ has good reliability, with a test-retest 

correlation of roughly ρ=0.76.30 MET-minutes per week were calculated as per the IPAQ 

scoring guidelines.31 MET-minutes per week were calculated for each category of PA, and 

total MET-minutes were calculated from the sum of the PA categories. Due to the original 

study design, which focused on vascular outcomes, women were recruited who either met 

the “low” (less than 150 minutes per week of moderate intensity activity or less than 75 

minutes per week of vigorous intensity activity accumulated in 10-minute bouts) or the 

“high” (at least 300 minutes per week of moderate intensity activity or 150 min/week 

of vigorous intensity activity accumulated in 10-minute bouts) criteria. Participants had a 

similar level of activity over the past 2 years. Time sedentary was measured as average hours 

per day sitting, which included time spent sitting at a desk, visiting with friends, reading or 

traveling on a bus, or sitting or lying down to watch television.31

Body Composition

Total body fat percentage was measured with Dual-energy X-ray Absorptiometry (DEXA) 

technology. Body mass index (BMI) was determined using height and weight measures 

taken in the laboratory and calculated as the participant’s weight in kilograms divided by 

height in meters squared.

Data Analysis

All analyses utilized RStudio software version 3.6.2. Descriptive statistics were performed 

to characterize the study population (e.g., age, body composition, PA, CRF, and QOL 

scores). We used simple linear regression to analyze bivariate relationships between QOL 

domains and overall score and CRF in separate models. Bivariate relationships between 

QOL domains and covariates were also examined. Pearson correlation coefficients and 

corresponding p-values are reported in Figure 1. Covariates PA (MET-minutes per week), 

time sedentary (hours per day), age, and BMI were added to multiple regression models 

as continuous variables. Covariates were chosen based on established correlations with 

QOL.21-23,32-35

Multiple regression models for each QOL domain and overall QOL score were constructed 

using reverse stepwise methods. All independent variables were added to the models 

initially, and then variables with the largest p-values were removed one at a time until 
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only a single independent variable remained (see Supplemental Tables 1-5, which show all 

regression models). Age was kept in the model regardless of significance. Final models were 

chosen from this process of removing one variable at a time by p-value magnitude; the 

model with the highest adjusted R2 value, out of all stepwise models for a single dependent 

variable (overall QOL or one of the QOL domains), was selected as the “final model” for 

that dependent variable. For cases in which multiple models shared the same adjusted R2, 

the model with the fewest independent variables was chosen. All regression models were 

checked for conditions of residual normality, linearity, heteroscedasticity, and independence.

Results

Participant Characteristics

Forty-nine participants were included in this analysis. By study design, women were healthy 

and had few risk factors for cardiovascular disease. The average BMI was within the normal 

range, along with blood pressure, cholesterol, and fasting plasma glucose. Participants had 

an average age in their early fifties and were unevenly distributed across menopausal stages 

with more participants in perimenopause and postmenopause than premenopause (Table 1).

In bivariate analyses, there were significant correlations between CRF and overall QOL 

(r=0.58, p<0.001), health QOL (r=0.74, p<0.001), emotional QOL (r=0.28, p=0.05), and 

occupational QOL (r=0.30, p=0.03) (Figure 1). CRF was significantly related to overall 

QOL (R2=0.34, p<0.001), health QOL (R2=0.55, p<0.001), emotional QOL (R2=0.08, 

p=0.05), and occupational QOL (R2=0.09, p=0.03) (Table 2). For health and overall QOL, 

there was a moderate-to-strong, positive, linear relationship between CRF and QOL. For 

emotional and occupational QOL, there was a small-to-moderate positive relationship 

between CRF and QOL. Sexual QOL was not significantly related to CRF (R2=0.04, 

p=0.19). In bivariate models, CRF explained a larger proportion of the variance in health, 

emotional, and overall QOL than any other independent variable, including PA, and BMI.

Final multiple regression models predicted a significant proportion of the variance in overall, 

health, occupational, and sexual QOL (Table 2). Cardiorespiratory fitness was a significant 

predictor of overall and health QOL when controlling for PA, age, BMI, and time sedentary 

(see Supplemental Tables 1 and 2, which show all regression models). Cardiorespiratory 

fitness, PA, and age explained 42% of the variance in overall QOL and 59% of the variance 

in health QOL (Table 2). CRF alone explained 34% of the variance in overall QOL, with 

an 8% increase in variance explained when adding PA and age to the model. CRF alone 

explained 55% of the variance in health QOL, with only a 4% increase in variance explained 

when adding PA and age to the model.

Physical activity, and not CRF, significantly predicted occupational and sexual QOL in 

multiple regression models: PA, time sedentary, and age predicted 22% of the variance in 

occupational QOL, while PA and age predicted 13% of the variance in sexual QOL (Table 

2). While CRF alone predicted a significant proportion of the variance in emotional QOL, 

after controlling for additional covariates, these associations were no longer significant 

(Table 2).
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Discussion

The purpose of this study was to investigate the relationship between objectively-measured 

CRF and QOL in healthy midlife women. Using the UQOL questionnaire, our analysis 

showed, in accordance with our hypothesis, that CRF was a significant predictor of overall 

QOL, which includes health, emotional, occupational, and sexual QOL domains. We also 

found that CRF predicted a large proportion of the variance in health QOL, and that the 

relationship between CRF and health QOL was significant after controlling for covariates. 

Additionally, we report that CRF was moderately related to emotional QOL in unadjusted 

models, although the relationship did not remain significant when adjusting for age and 

sedentary time. Finally, PA was moderately related to occupational and sexual QOL. These 

results reflect the importance of CRF for midlife women and indicate that CRF may be a 

useful interventional target for improving QOL in this population.

Quality of life is a subjective multidimensional construct that includes physical, mental and 

social domains1 and is not simply the absence of symptoms or disease. The vast majority of 

studies that have measured QOL in women around menopause have used assessments that 

measure symptoms.36 However, in an analysis of a large, diverse group of midlife women 

from the Study of Women’s Health Across the Nation (SWAN), Avis, et al.10 demonstrated 

that vasomotor symptoms were not associated with QOL in midlife women. While the 

transition to menopause is a major event for women, and is associated with symptoms and 

increased disease risk, studies have shown that other factors, such as perceived daily stress, 

are influential to well-being during midlife.12,37 The UQOL questionnaire is a tool that 

was created for and validated in perimenopausal and postmenopausal women and assesses 

the perception of well-being, distinct from menopausal symptoms.28 The UQOL assesses 

subjective feelings of emotional, physical, occupational, and sexual wellness, including 

feelings of content and control. The UQOL is considered an assessment of both general and 

menopause-specific QOL. To our knowledge, no other studies have evaluated the role of 

CRF using the UQOL in this population.

Midlife women experience reductions in physical function, and the transition to menopause 

appears to be a critical period in the development of physical limitations.38-40 In a 2-year 

longitudinal study of women aged 45-50 years, in those transitioning to perimenopause, 

the greatest declines in health were in physical functioning and role limitation (e.g. trouble 

completing “work or other daily activities”)41 due to physical changes.11 In data from 

SWAN, Avis, et al.42 reported a reduction in the physical component score of the Short-

Form Health Survey-36 (SF-36) health-related QOL over 11 years of follow up. Midlife, 

and, specifically, the menopause transition, is an important time to focus on reducing the 

development of physical limitations. Considering our findings in this context, higher CRF 

may allow women around menopause to independently perform daily activities with a high 

level of physical function, leading to a higher subjective rating of health and overall QOL. 

Conversely, it may also suggest that women with low QOL may benefit from an intervention 

that focuses on improving CRF.

Few studies have specifically investigated the relationship between CRF and QOL in midlife 

women across menopausal stages. In early postmenopausal women with an average age of 
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55.6±5SD years, there was a correlation between higher overall QOL score on the SF-36 

and CRF assessed with the 6-min walk test. In this analysis, the 6-min walk test was also 

significantly related to “emotional role,” “bodily pain,” and “vitality” SF-36 subscores.20 

On the other hand, a study of postmenopausal Taiwanese women aged 50-89 years reported 

a positive relationship between SF-36 scores and metrics of back strength but not the step 

test for cardiorespiratory endurance.43 Exercise intervention trials that include women at 

different menopausal stages and have assessed changes in CRF have shown concomitant 

improvements in CRF and QOL measures.23,32,44 These studies did not specifically 

evaluate the relationships between change in CRF and QOL. The studies were focused 

on symptoms,23,44 used a combination of physical and psychosocial interventions,44 used 

interventions to change multiple aspects of physical fitness, such as CRF, muscular fitness, 

and flexibility,32,44 or only focused on postmenopausal women.32,44 The data presented 

herein extend our knowledge from these prior studies by incorporating an objective, high 

quality measure of CRF, a measure of QOL distinct from a symptom inventory, and a sample 

of women across different menopausal stages. Our data indicate that CRF explained a larger 

proportion of the variance in health, emotional, and overall QOL than physical activity and 

BMI. This supports the importance of CRF for QOL relative to other factors that may be 

influenced by exercise in midlife women.12,19,45

Psychological well-being involves both feeling good and functioning optimally in the 

world.46,47 Data from SWAN and others have generally found that perimenopausal, and, 

often, postmenopausal women have a heightened chance of experiencing an episode 

of major depression or depressive symptoms.7 In midlife women, higher CRF may be 

associated with better mental health, which could contribute to the higher measures of QOL 

found in the present study. In the one study published to date that specifically evaluated CRF 

and QOL in women, researchers measured the relationship between various components of 

physical fitness (e.g. strength, flexibility, balance) with health-related QOL via the SF-36 

in early postmenopausal women. They found that CRF (assessed via the 6-min walk test) 

was positively and independently related to the mental component of the SF-36, but not the 

physical component.20 In perimenopausal women, higher self-reported fitness, measured by 

the International Fitness Scale (IFIS), was associated with better mental health outcomes 

including lower anxiety and depression, and improved affect.48 Our data show that CRF 

significantly predicted overall and emotional QOL, although the relationship between CRF 

and emotional QOL disappears when controlling for age and sedentary time. Together these 

data suggest that higher CRF may have a unique influence on QOL via mental well-being 

for women around the menopausal transition, but more study is needed to clarify this 

relationship.

We found that PA, but not CRF, was significantly related to occupational and sexual QOL 

and helped to explain the variance in overall QOL. Studies have addressed the benefits of 

PA on QOL in women around the menopausal transition.21-23 Through a mediation analysis, 

Elavsky49 showed that greater PA was related to self-worth and positive affect, which were 

related to UQOL outcomes. The benefits of PA on QOL may be both direct and indirect. 

Recent data from the FLAMENCO project showed that while a greater amount of light 

PA was related to the emotional role dimension on the SF-36, moderate and vigorous PA 

were associated with physical function and vitality and physical function and bodily pain, 
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respectively.22 These data are in alignment with our finding that higher CRF was strongly 

associated with health QOL, while PA alone was more strongly related to occupational 

QOL. Higher intensities of PA, which may be necessary to improve CRF, appear to be 

important for improving the self-report of physical health in women around menopause.

Clinical Implications

This study is of clinical importance because the results suggest that quality of life, a 

critical health outcome, may be improved by increasing CRF in midlife women. Our results 

indicate that healthcare practitioners would benefit from targeting CRF as an important 

health indicator beyond its prognostic ability to predict disease risk. CRF can be measured 

by a variety of simple tests, such as the 6-minute walk test, which does not require expensive 

equipment or a great investment of time. Similarly, our data support the measurement of 

QOL for midlife women. Exercise training programs aimed at improving CRF may be 

prescribed to midlife women who have low QOL. These interventions include activities 

outlined in the American College of Sports Medicine (ACSM) Guidelines as moderate 

intensity aerobic exercise done at least 5 days/week or vigorous intensity aerobic exercise 

done at least 3 days/week, or a weekly combination of 3-5 days/week of moderate and 

vigorous intensity exercise.29 Specific prescriptions would depend on initial CRF level. 

Future study is needed to clarify exact exercise interventions that can maximize QOL in this 

population. Finally, targeting patients with low CRF may improve not only QOL but also 

reduce healthcare costs. A recent analysis showed that individuals with the lowest CRF had 

$14,662 higher health costs per year compared with individuals with the highest CRF.50

Strengths and Limitations

The study has a number of strengths. To our knowledge, this is the first study to evaluate 

the association between objectively-measured CRF and QOL in women at multiple stages 

of the menopausal transition. Additionally, we used a well-validated QOL assessment, the 

UQOL Scale, specifically designed for women going through menopause that measures 

QOL beyond menopausal symptoms. To date, studies evaluating exercise training, PA, and 

physical fitness have largely focused on symptoms. Finally, we had a sample with a large 

range of habitual PA and CRF, including both participants who were very low and those who 

were very high on these measures.

This study is not without limitations. Differences in QOL have been shown between ethnic 

groups.51 Our sample was from a healthy population of mostly white women. Therefore, 

future analyses should evaluate whether the relationship between CRF and QOL are 

consistent in a more ethnically diverse population. The sample size for this analysis was 

powered on the original study aims and participants were selected to have few disease 

risk factors, which allowed us to evaluate the independent relationship between CRF and 

QOL while limiting potential confounding variables. However, we were unable to pull apart 

the influences of body fat percentage and CRF on QOL due to their high collinearity. On 

average, our participants had a significantly higher QOL in every domain of the UQOL than 

the population norms of the scale, except for occupational QOL, therefore, results may not 

be translatable to individuals who score lower on the UQOL.28 Due to the cross-sectional 

design of this study, we were unable to establish a causal relationship between CRF and 
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QOL. It is possible that low QOL may have a negative impact on physical activity and CRF. 

Finally, this study focused on objectively measured CRF, therefore, we are limited in our 

ability to speak to the relationship between QOL and other facets of fitness. Future studies 

should investigate the relationship between objectively-measured CRF and QOL in a larger, 

more nationally representative sample and elucidate whether the relationship between CRF 

and QOL differs in premenopausal, perimenopausal, and postmenopausal women.

Conclusions

In conclusion, we found that CRF is significantly related to QOL in a population of healthy 

midlife women. The relationship between CRF and health QOL in particular was strong. 

We hypothesize that high CRF contributes significantly to perceptions of well-being and 

one’s capacity to complete daily tasks and engage in leisure activities20, thereby influencing 

overall QOL. Therefore, including bouts of higher intensity PA may be worth considering in 

crafting exercise prescriptions for menopausal women in order to improve QOL
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Pearson correlation coefficients (r) and corresponding p-values between A. cardiorespiratory 

fitness (CRF) and overall quality of life (QOL). B. CRF and health QOL. C. CRF and 

emotional QOL. D. CRF and occupational QOL. E. CRF and sexual QOL. QOL, quality of 

life; CRF, cardiorespiratory fitness (reported as VO2peak values).
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TABLE 1.

Participant characteristics

Characteristic Mean ± SD
a

Age (years) 52.5 ± 7.2

Number of Participants 49

Premenopausal (n,%) 11 (22.5)

Perimenopausal (n, %) 18 (36.7)

Postmenopausal (n, %) 20 (40.8)

BMI (kg/m2) 23.5 ± 3.5

Total Body Fat (%) 31.8 ± 9.5

Blood Pressure (Systolic/Diastolic) (mmHg) 106.8/61.2 ± 12.6/7.9

Low-Density Lipoprotein Cholesterol (mg/dL) 103.3 ± 24.6

High-Density Lipoprotein Cholesterol (mg/dL) 80.9 ± 18.1

Triglycerides (mg/dL) 44.0 ± 16.1

Fasting Plasma Glucose (mg/dL) 95.2 ± 6.7

VO2peak (ml/kg/min) 41.4 ± 10.6

PA (MET-min/week) 2705.0 ± 2364.8

Time Sedentary (hours/day) 7.2 ± 3.4

Overall QOL Score (range, 48-100) 88.9 ± 11.2

Health QOL Score (range, 11-31) 27.5 ± 4.8

Emotional QOL Score (range, 12-28) 24.4 ± 3.4

Occupational QOL Score (range, 13-35) 26.3 ± 4.5

Sexual QOL Score (range, 0-15) 10.7 ± 3.0

a
Unless otherwise noted
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TABLE 2.

Bivariate and multiple linear regression models of cardiorespiratory fitness and overall and domains of quality 

of life

Overall QOL

Model Variables P Value R2a Adjusted R2

Model 1 (p<0.001)
a CRF

<0.001
a 0.34 0.32

Model 2 (p<0.001)
a CRF 0.01c 0.42 0.39

PA 0.02c

Age 0.74

Health QOL

Model 1 (p<0.001)
a CRF

<0.001
a 0.55 0.54

Model 2 (p<0.001)
a CRF

<0.001
a 0.59 0.56

PA 0.14

Age 0.40

Emotional QOL

Model 1 (p=0.05)c CRF 0.05c 0.08 0.06

Model 2 (p=0.15) CRF 0.12 0.11 0.05

Time Sed 0.24

Age 1.00

Occupational QOL

Model 1 (p=0.03)c CRF 0.03c 0.09 0.07

Model 2 (p=0.01)b PA
<0.001

a 0.22 0.17

Time Sed 0.14

Age 0.30

Sexual QOL

Model 1 (p=0.19) CRF 0.19 0.04 0.02

Model 2 (p=0.04)c PA 0.04c 0.13 0.09

Age 0.19

a
R2 represents the proportion of variance in the dependent variable predicted by the model.
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