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Abstract 

Objective: Menopause and hormone therapy (HT) may influence 
modifiable health behaviors (MHBs), but their independent and 
combined effects are not well understood. This study examined 
dietary intake, physical activity, and sleep, overall and in rela
tion to guidelines, by menopausal and HT status.

Methods: This cross-sectional analysis used self-reported data from 
10,381 females from the Canadian Longitudinal Study on Aging, 
classified into four groups: (1) pre/perimenopausal, (2) post
menopausal/never HT, (3) postmenopausal/current HT, or (4) 
postmenopausal/past HT. MHBs were self-reported. Diet was 
grouped into six categories; physical activity included walking/light, 
moderate-vigorous, and strength-based (min/wk); sleep was aver
age nightly duration. Primary analyses used linear mixed models to 
compare MHBs across groups, and binary logistic regressions as
sessed meeting physical activity and sleep guidelines, adjusting for 
sociodemographic and lifestyle factors. When significant, second
ary analyses for pairwise comparisons were conducted.

Results: Postmenopausal females who never used HT reported lower 
intake of fruit/vegetables (P = 0.012). Never-HT users were also 19% 

less likely to meet strength-based activity guidelines (P = 0.049). 
Sleep duration was shorter in postmenopausal females who had 
never used HT or had used HT in the past, compared to pre/peri
menopausal females (P = 0.001, P = 0.035). The likelihood of 
meeting sleep guidelines was 14% lower in never, 26% lower in cur
rent, and 24% lower in past HT users compared with pre/peri
menopausal females (P = 0.048, P = 0.004, P = 0.002).

Conclusion: Menopausal and HT status are related to differences in 
MHBs, including meeting established physical activity and sleep 
guidelines. Findings highlight the need to consider hormonal and 
life-stage factors in strategies to support healthy aging of females.

Key Words: Chronic disease prevention/control, Estrogens, 
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A quarter million females reach menopause each year, 
and ∼5.6 million females are currently postmenopausal 

in Canada—a state in which females are expected to spend 
about one third of their lives.1 During the menopause 
transition, there is a marked increase in the risk of chronic 
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diseases2,3 and a high occurrence of vasomotor and ur
ogenital symptoms.4,5 The use of exogenous ovarian sex 
hormones through hormone therapy (HT) in menopausal 
females is often used as a treatment option to negate the 
occurrence of menopausal symptoms.6 HT use has been 
reported in ∼30% of females during or after the menopause 
transition7 and may relate to improved health outcomes 
such as reduced risk of chronic diseases and all-cause 
mortality.8-12 However, whether HT affects health out
comes and chronic disease risk directly or indirectly 
through altered health behaviors is unclear.

Modifiable health behaviors (MHBs) such as dietary 
intake, physical activity, and sleep are actions or choices that 
individuals can change to modify their health and chronic 
disease risk. Thus, characterizing MHBs in aging females is 
important for informing targeted disease risk prevention 
strategies during and after the menopause transition. Previous 
research has shown that MHBs may be altered across the 
menopause transition or in relation to HT. For example, some 
research suggests that postmenopausal females consume a 
more healthful diet than premenopausal females, with higher 
intakes of fiber, protein, and micronutrients, particularly 
among HT users.13 However, post-menopause is also asso
ciated with greater fasting hunger and desire to eat, indicating a 
potential increase in appetite despite improvements in dietary 
intake.14 Some longitudinal studies report decreased activity 
and increased sedentary time during and after the menopause 
transition.15,16 Other findings show higher physical activity 
levels in postmenopausal HT users.17 Similarly, sleep duration 
has been reported as both shorter18 and longer in post
menopausal females,19 with some studies indicating longer 
sleep among HT users19 and others finding no significant 
differences.20,21 These inconsistencies in findings limit our 
ability to determine definitive underlying mechanisms through 
which endogenous and exogenous sex hormones influence 
health behaviors, and ultimately complicate efforts to support 
chronic disease prevention and healthy aging.

While there is moderate evidence suggesting that 
MHBs may vary by menopausal or HT status, no studies 
have examined whether these differences impact the likli
hood of meeting public health guidelines —a critical gap 
given the potential role of MHBs in chronic disease risk 
modulation. Furthermore, very few studies have consid
ered both menopausal and HT status within the same 
study, which limits our ability to understand the in
dependent and combined effects of menopause and HT on 
health-related outcomes. In addition, much of the existing 
data are limited by small sample sizes. This study aimed to 
address these knowledge gaps by characterizing MHBs in 
general and in relation to current public health guidelines 
in females according to menopausal and HT status.

METHODS
This secondary data analysis is part of a larger 

project examining the role of menopause and HT on di
etary intake, physical activity, sleep, and metabolic health 
among aging females in Canada. The project was ap
proved by the University of British Columbia Clinical 

Research Ethics Board (#H23-01748) on August 21, 2023. 
Data used in this secondary analysis are from the Com
prehensive Cohort from the Canadian Longitudinal 
Study on Aging (CLSA), which is an observational, 
longitudinal study that includes data from over 50,000 
participants aged 45-85 years across the 10 Canadian 
provinces.22,23 This study used data collected at baseline 
between 2011 and 2015.22

Population
Participants were excluded from the CLSA if they 

were unable to communicate in either English or French, 
considered cognitively impaired, lived in the three terri
tories, were full-time members of the Canadian Armed 
Forces, lived in long-term care institutions, or lived on 
Indigenous reservations or settlements.22 The subsample 
used for the current analyses consisted of participants 
who identified their sex as female and had known men
opausal status and HT use history. Exclusion criteria in
cluded females who were pre/perimenopausal and 
reported using HT, had missing menopause or HT data, 
or had breast, ovarian, or other female genital cancers. 
Because surgical menopause may have different health 
implications, participants who indicated they had a 
hysterectomy were excluded from analyses due to lack of 
CLSA information on hysterectomy reason, age of pro
cedure, and type of hysterectomy (precluding the ability 
to determine the participants’ hormonal profile).

Females were grouped into one of the four follow
ing menopause/HT groups: (1) pre/perimenopausal, (2) 
postmenopausal/never HT, (3) postmenopausal/current 
HT, or (4) postmenopausal/past HT. Participants were 
asked, “Have you gone through menopause, meaning that 
your menstrual periods stopped for at least one year and 
did not restart?” Those who answered “no” were con
sidered “pre/perimenopausal,” and participants who an
swered “yes” were considered postmenopausal. 
ostmenopausal females were further grouped by HT his
tory using responses to “Have you ever used any HT, 
sometimes called HT, for any reason?” Postmenopausal 
females who answered “no” were classified as “post
menopausal/never HT.” Those who answered “yes” were 
further dichotomized according to recency of HT use. 
Specifically, age of HT initiation and number of years of 
HT use were compared with participant's age at the time 
of data collection. Those whose sum of age of HT ini
tiation plus the number of years of HT use was within 
0.5 years of participant age were classified as “post
menopausal with current HT use,” and those whose 
summed age of initiation plus number of years of HT use 
was more than 0.5 years to the participant age were 
characterized as “postmenopausal with past HT use.” In 
other words, those who currently use HT or stopped HT 
within the past six months were considered current HT 
users. Those who did not know, refused to answer, or had 
no answer to CLSA questions for HT use, initiation, or 
length of use were excluded. In addition, those who were 
classified as pre/perimenopausal, but reported using HT, 
were also excluded due to the inability to determine a 
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clear hormonal milieu.

Descriptive Data
The CLSA collected participant data on race, where 

response options included “White,” “Black,” “Chinese,” 
etc. In our analyses, participants were grouped as 
“White” and “Non-White” to support distributed sample 
sizes, similar to previous research.24 The CLSA also col
lected data on chronological age, marital status, educa
tion level, and household income through study-specific 
questionnaires. Alcohol intake was categorized according 
to three groups: never, < 1 drink/mo, and > 1 drink/mo. 
Smoking status was assessed using a derived variable 
from the CLSA, identifying if participants were current, 
past, or never smokers. Body weight was measured 
through 140-10 HealthWeigh digital physician scale, and 
height was measured through Seca 213 stadiometer. Body 
mass index (BMI) was calculated as weight in kilograms 
divided by height in meters squared.

Dietary intake
The CLSA collected dietary intake data using a 

food frequency questionnaire called the Short Diet 
Questionnaire, which assessed the frequency of con
sumption for 30 foods and six beverages, with an em
phasis on those related to aging and bone health.25,26 In 
our analyses, these 36 items were grouped into food 
groups of “grains,” “fruit and vegetables,” “proteins,” 
“dairy,” “fats,” and “processed foods,” similar to food 
groups in the 2007 Canadian Food Guide,27 and 
methodology in previous research28 (Supplemental Ta
ble 1, Supplemental Digital Content 1, http://links.lww. 
com/MENO/B519).

Physical activity
To characterize physical activity, the CLSA used the 

Physical Activity Scale for the Elderly,29 which was initially 
developed for use in older adults but has also been used in 
studies in middle-aged populations.30-32 This survey asks 
questions regarding participant frequency (never, 1-2 d, 
3-4 d, 5-7 d) and duration ( < 30 min, between 30 min and 
< 1 h, between 1 h and < 2 h, between 2 h and < 4 h, or 4 h 
or more) in walking, light, moderate, and vigorous-in
tensity aerobic activities, strength-based activities, as well 
as time spent sitting and walking. To compare activity 
levels across groups, mid-point values were derived from 
the frequency and duration of walking, light, moderate, 
vigorous, and strength-based activity. These values were 
then converted to minutes/day, which was subsequently 
multiplied by seven to obtain minutes per week in each 
activity category, similar to previous studies.33-35

We compared physical activity levels to the Cana
dian 24-Hour Movement Guidelines36 using minutes/ 
week for moderate-vigorous activity and number of days 
spent in strength-based activity per week. Participants 
who reported engaging in ≥ 150 min/wk of moderate- 
vigorous activity or > 2 d/wk of strength-based activity 
were considered to be meeting the respective guidelines.

Sleep duration
Sleep duration from the CLSA was determined by 

asking participants, “During the past month, on average, 
how many hours of actual sleep did you get at night?”, 
which was recorded as a continuous numerical value. The 
present analyses used this response in the analyses with
out additional calculations. To assess the meeting of 
guidelines, sleep duration was compared with the Na
tional Sleep Foundation guidelines recommendations for 
older adults.37 Participants were classified as meeting the 
sleep guidelines (7-8 h) or not meeting the guidelines ( < 7 
or > 8 h).

Statistical analyses
Data cleaning and comparison of sociodemographic 

and descriptive variables were conducted using RStudio38

software (version 2023.09.1). All other statistical analyses 
were conducted using IBM SPSS software (version 
30.0.0.0 [172]). Due to the large sample size, Shapiro-Wilk 
or Kolmogorov-Smirnov tests of normality were not 
chosen, because minor deviations from normality were 
expected to result in significance. Rather, distribution of 
data was assessed using histograms and quantile-quantile 
plots. MHB responses that were greater than four 
standard deviations (SDs) from the mean for each food 
group, and those that were three SDs from the mean for 
physical activity levels and sleep duration were considered 
outcome outliers and excluded. These cutoffs were de
termined through visual inspection of the data and 
practical considerations of what constitutes plausible 
values for dietary intake, physical activity, and sleep. For 
all analyses, type 1 error rate (⍺) was set to 0.05.

Descriptive and sociodemographic data were com
pared across groups using analysis of variance for con
tinuous variables (age, BMI), and χ2 analyses for 
categorical variables (race, alcohol intake, smoking sta
tus, marital status, education level, household income). 
Descriptive values for MHB outcomes (adjusted for age) 
were assessed across groups through analysis of co
variance. In analyses comparing the four groups, the pre/ 
perimenopausal group was used as the reference group to 
focus our analyses and because it represents the baseline 
hormonal profile against which differences associated 
with menopausal status and hormone therapy use can be 
assessed. For a primary analysis, linear mixed models 
(LMMs) with unstructured covariance were used to assess 
MHBs (food groups, physical activity levels, and sleep 
duration) between pre/perimenopausal females and the 
postmenopausal groups (ie, those who have never used 
HT, those who currently use HT, and those who have 
used HT in the past). The dependent variable consisted of 
the MHB (eg, food group, physical activity level, or sleep 
duration), and menopause/HT group was the fixed effect. 
Covariates were included where appropriate, as described 
below. Continuous covariates (ie, age, BMI) were mod
eled as linear terms, and categorical covariates (ie, race, 
alcohol intake, smoking status, marital status, education, 
household income) were dummy coded. When model re
siduals did not appear normally distributed, the depen
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dent variable was log-transformed to meet model as
sumptions, and the LMM was re-run. Secondary analyses 
were conducted in cases where significant effects were 
observed. Post hoc pairwise comparisons of estimated 
marginal means (with Bonferroni adjustment for multiple 
comparisons) were conducted and interpreted to identify 
specific differences among groups. The proportion of fe
males who met the recommendations for public health 
guidelines for physical activity or sleep was compared 
using separate binary logistic regressions. For each model, 
a binary outcome variable (1 = met guidelines, 0 = did 
not meet guidelines) was regressed against menopause/HT 
group and relevant covariates.

Each LMM and binary logistic regression was con
ducted three times. The first crude model did not include 
covariates. Due to the expected lower age in the pre/peri
menopausal group compared with the postmenopausal 
groups, each model was conducted a second time, adjusted 
for age. To account for effects of other descriptive and 
sociodemographic variables on each MHB, models were 
conducted a third time, as a fully adjusted model to include 
all demographic variables as covariates (ie, age, BMI, race, 
alcohol intake, smoking status, marital status, education, 
and household income). To account for potential nonlinear 
associations between age and MHBs and reduce the risk 
of residual confounding, models 2 and 3 included both 
linear and quadratic (age2) terms to account for potential 
nonlinear associations of age. For brevity and clarity, 
this study used the fully adjusted model for interpretation. 
The crude and age-adjusted models are presented as 
supplementary tables (Supplemental Tables 2-5, Supple
mental Digital Content 2, http://links.lww.com/MENO/ 
B520, Supplemental Digital Content 3 http://links.lww. 
com/MENO/B521, Supplemental Digital Content 4, http:// 
links.lww.com/MENO/B522, Supplemental Digital Con
tent 5, http://links.lww.com/MENO/B523).

The statistical power for this analysis was based on 
previously published data among a large cohort of pre- 
menopausal and postmenopausal Australian females, in 
which a greater proportion of postmenopausal females 
(61%) met the guidelines for vegetable/legume intake com
pared with premenopausal females (57%).39 Thus, our 
analyses were expected to have > 95% power (minimum 
sample size n ≈ 215 per group) to detect an effect size of 
0.1414 (ie, proportion of females meeting guidelines for food 
groups important for health, like vegetables). Although the 
present study did not investigate the proportion of females 
meeting dietary guidelines (due to the limitations of the di
etary questionnaire used in the CLSA), effect size estima
tions based on dietary intake were expected to be less 
pronounced compared with differences in physical activity 
or metabolic health.40 Consequently, this approach provided 
a more conservative estimate of the necessary sample size.

RESULTS

Population characteristics
There were 30,097 participants in the entire com

prehensive cohort. After applying exclusion criteria, 

10,381 females were included in the present analyses 
(Fig. 1). Of the 10,381 included females, most participants 
were classified as postmenopausal/never HT (n = 5,185), 
and the smallest group was postmenopausal/current HT 
(n = 713; Fig. 1).

The overall median (interquartile range) age was 60 
(15) years in the entire sample. As expected, the pre/peri
menopausal group was younger than other groups (P < 
0.001; Table 1). On average, participants had a BMI in the 
“overweight” category (BMI: 26.6 [7.3] kg/m2), mostly 
identified as White (96%), consumed alcohol > 1x/mo 
(71%), were past smokers (55%), married or in common- 
law relationships (62%), completed post-secondary educa
tion (77%), and had a household income ranging $50,000- 
$99,000 (32%).

Differences in modifiable health behaviors 
between menopausal/hormone therapy groups

After adjusting for age, in terms of dietary intake, 
there were descriptive differences across groups in con
sumption of fruits and vegetables (P < 0.001), proteins 
(P < 0.001), dairy (P = 0.015), fats (P = 0.004), and 
processed foods groups (P < 0.001; Table 2). Physical 
activity levels also varied across menopause/HT groups, 
in which walking/light and strength-based activity varied 
across groups (both P < 0.001). Sleep was also different 
across groups (P < 0.001). Notably, postmenopausal 
current HT users had the longest average sleep duration.

After accounting for all covariates in model 3, there 
were main effects of group on intake of fruit and vege
tables, and proteins (Table 3). In secondary analyses with 
post hoc adjustment, fruit and vegetable intake was sig
nificantly lower in the postmenopausal/never HT group 
(β = -0.05 ± 0.02, P = 0.012) compared with the pre/ 
perimenopausal group (Table 4). Although there was an 
overall main effect of intake of the protein food group, 
there were no differences in intake across the menopause/ 
HT groups. After adjusting for all covariates, there were 
no differences in grains, dairy, fats, or processed food 
intake between menopausal/HT groups (all P > 0.05).

In fully adjusted models, there were no main effects 
of menopause/HT group on walking/light, moderate-vig
orous, or strength-based physical activity (Table 3). There 
were main effects of group on sleep duration in primary 
analyses (Table 3). After adjusting for multiple compar
isons in secondary post hoc analyses, sleep was significantly 
lower in postmenopausal never and past HT users (β = 
−0.16 ± 0.04, P = 0.001; β = −0.14 ± 0.05, P = 0.035) 
compared with the pre/perimenopausal group (Table 4).

Meeting the public health guidelines across 
menopausal/hormone therapy groups

Of the females with data for moderate-vigorous and 
strength-based physical activity across all menopausal/HT 
groups (n = 9,933, and n = 9,929, respectively), 23.0% (n 
= 2,287) met the guidelines for moderate-vigorous physical 
activity ( ≥ 150 min/wk), and 16.0% (n = 1,586) met 
the guidelines for strength-based activity ( > 2 times/wk; 
Supplemental Table 6, Supplemental Digital Content 6, 
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http://links.lww.com/MENO/B524). The overall intercept 
of the fully adjusted model for moderate-vigorous physical 
activity was not significant. However, the postmenopausal/ 
never HT group were 19.0% less likely to meet the guide
lines compared with pre/perimenopausal females (odds 
ratio [OR]: 0.81, 95% CI: 0.66-1.00, P = 0.049; Table 5).

Of those who had data for sleep duration (n = 
10,357), 58% (n = 6,000) met the recommendations of 
7-8 hours of sleep per night (Supplemental Table 7, 
Supplemental Digital Content 7, http://links.lww.com/ 
MENO/B525). The likelihood of meeting sleep guidelines 
was 14.0% (OR: 0.86, 95% CI: 0.74-1.00, P = 0.048) 
lower in never, 26.0% (OR: 0.74, 95% CI: 0.61-0.91, P = 
0.004) lower in current, and 24.0% (OR: 0.76, 95% CI: 
0.64-0.91, P = 0.002) lower in past HT users compared 
with pre/perimenopausal females (Table 6). When as
sessing those who were under or over the guidelines, 
10.3% of postmenopausal/current HT users report sleep
ing more than 8 h/night, compared with 3.9% of pre/ 

perimenopausal females sleeping more than 8 h/night; 
among never HT users, 5.0% were above the guidelines; in 
past HT users, 6.9% were above and 36.7% were below 
the sleep guidelines (Supplemental Table 7, Supplemental 
Digital Content 7, http://links.lww.com/MENO/B525).

DISCUSSION
The overall aim of this project was to assess dietary 

intake, physical activity, and sleep in relation to meno
pause and use of HT. We found that postmenopausal 
females who have never used HT consumed less fruit and 
vegetables compared with pre/perimenopausal females. 
The levels of physical activity did not differ in post
menopausal groups compared with pre/perimenopausal 
females, but there were lower levels of meeting of the 
guidelines for strength-based activity in postmenopausal/ 
never HT users. Sleep duration was lower in post
menopausal never and past HT groups compared with 
pre/perimenopausal females, and all postmenopausal fe

FIG. 1. Consort diagram of participants included and excluded from analysis. Male participants were excluded. Those reporting 
hysterectomy or missing menopause or HT data, reported using HT and were pre/perimenopausal, pregnant, or had history of 
breast, ovarian, or other female genital cancers were excluded from analysis. Individuals with dietary intake, physical activity, and 
sleep duration levels that fell in outlier range were also excluded. The resulting 10,381 participants were included and classified by 
menopause and HT status. HT, hormone therapy.
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males were less likely to meet sleep guidelines compared 
with pre/perimenopausal females, regardless of HT use.

Our findings align with previous findings reporting 
lower intakes of fruits in postmenopausal females com
pared with premenopausal females.13 However, other 
studies have found no differences in fruit and vegetable 
intakes across menopausal status,41 and, in some cases, 
postmenopausal females consumed more fiber14 and were 

more likely to meet guidelines for vegetable and legume 
intake,39 suggesting a higher propensity to consume a 
more healthful diet after menopause. Ovarian hormone 
fluctuations in estrogens and progesterone throughout the 
menstrual cycle have been demonstrated to affect appe
tite, including wanting of certain foods, cravings, and 
emotional eating.42-44 Although the current analyses did 
not assess ovarian hormones, the relatively lower and 

TABLE 1. Baseline population characteristics
Total 

(N = 10,381)
Pre/perimenopausal 

(n = 2,050)
Postmenopausal; never 

HT (n = 5,185)
Postmenopausal; 

current HT (n = 713)
Postmenopausal; past 

HT (n = 2,433) P

Age, ya 60.0 (15.0) 49.0 (5.0) 61.0 (13.0) 60.0 (9.0) 68.0 (11.0) < 0.001
BMI, kg/m2a 26.6 (7.3)b 26.0 (7.7)c 27.0 (7.6)d 25.6 (5.7)e 26.7 (6.6)f < 0.001
Race < 0.001

White 9,956 (95.9) 1,923 (93.8) 4,953 (95.5) 70 (98.7) 2,376 (97.7)
Non-White 426 (4.1) 127 (6.2) 232 (4.5) 9 (1.3) 57 (2.3)

Alcohol intake < 0.001
> 1 drink/mo 7,318 (70.5) 1,514 (73.9) 3,457 (66.7) 563 (79.0) 1,784 (73.3)
< 1 drink/mo 1,576 (15.2) 281 (13.7) 882 (17.0) 79 (11.1) 334 (13.7)
Never 1,482 (14.3) 253 (12.3) 846 (16.3) 71 (10.0) 312 (12.8)
Missing 5 (0.1) 2 (0.1) 0 0 3 (0.1)

Smoking status < 0.001
Current 896 (8.6) 187 (9.1) 491 (9.5) 59 (8.3) 159 (6.5)
Past 5,738 (55.3) 1,020 (49.8) 2,795 (53.9) 438 (61.4) 1,487 (61.0)
Never 3,687 (35.5) 831 (40.5) 1,871 (36.1) 213 (29.9) 772 (31.7)
Missing 61 (0.6) 12 (0.6) 28 (0.5) 3 (0.4) 17 (0.7)

Marital status < 0.001
Single/never 

married
1,042 (10.0) 222 (10.8) 555 (10.7) 76 (10.7) 189 (7.8)

Married/ 
common law

6,412 (61.8) 1,519 (74.1) 3,042 (58.7) 464 (65.1) 1,387 (57.0)

Widowed 1,220 (11.8) 37 (1.8) 710 (13.7) 48 (6.7) 425 (17.5)
Separate/ 

divorced
1,703 (16.4) 271 (13.2) 876 (16.9) 125 (17.5) 431 (17.7)

Missing 4 (0.0) 1 (0.1) 2 (0.0) 0 1 (0.0)
Education Level < 0.001

< secondary 
school 
graduation

512 (4.9) 35 (1.7) 286 (5.5) 34 (4.8) 157 (6.5)

Secondary 
school 
graduation

1,069 (10.3) 130 (6.3) 602 (11.6) 76 (10.7) 261 (10.7)

Some post- 
secondary 
education

783 (7.5) 113 (5.5) 426 (8.2) 41 (5.8) 203 (8.3)

Post-secondary 
degree/ 
diploma

8,005 (77.1) 1,771 (86.4) 3,866 (74.6) 558 (78.3) 1,816 (74.4)

Missing 12 (0.1) 1 (0.1) 5 (0.1) 4 (0.6) 2 (0.1)
Household income, 

CAD/y
< 0.001

< $20,000 590 (5.7) 75 (3.7) 326 (6.3) 45 (6.3) 144 (5.9)
$20,000-$49,999 2,411 (23.2) 208 (10.1) 1,351 (26.1) 136 (19.1) 716 (29.4)
$50,000-$99,999 3,368 (32.4) 601 (29.3) 1,684 (32.5) 229 (32.1) 854 (35.1)
$100,000- 

$149,999
1,760 (17.0) 522 (25.5) 795 (15.3) 144 (20.2) 299 (12.3)

≥ $150,000 1,484 (14.3) 554 (27.0) 621 (12.0) 111 (15.6) 198 (8.1)
Missing 768 (7.4) 90 (4.4) 408 (7.9) 48 (6.7) 222 (9.1)

BMI, body mass index; CAD, Canadian dollars; HT, hormone therapy.
aData presented as median (interquartile range). All other data are presented as number (%). Bolded P-values are significant. Significance was determined using analysis 

of variance for continuous variables (age, BMI) or χ2 analyses for categorical variables.
bn = 10,340 (41 N/A values).
cn = 2,045 (5 N/A values).
dn = 5,159 (26 N/A values).
en = 709 (4 N/A values).
fn = 2,427 (6 N/A values).

Shillito et al Menopause � Volume 34, Number 1, January 2027

6 | © 2026 by The Menopause Society 



more stable levels of estradiol and progesterone expected 
in the postmenopausal females who have never used HT 
could relate to reduced orexigenic hormone effects and 
influence dietary intake, potentially contributing to lower 
intakes of the fruit and vegetables group. Concurrently, it 
is possible that HT use resulted in a more stable hormonal 
profile with higher levels of ovarian hormones similar to 
pre/perimenopausal females, resulting in increased hun
ger, and lack of differences in food group intakes. To our 
knowledge, little to no research has assessed differences in 
dietary intake between those who have never used HT 
versus those with past HT use. Our findings suggest that 
there may be long-term effects of exogenous hormones 
that support consumption of fruit/vegetables in a post

menopausal state, even after cessation of HT use. Fur
thermore, older females may be more likely to 
underreport energy intake,45 which could contribute to 
lower reports of some food groups.

The lower intake of fruit and vegetables in post
menopausal/never HT users may also reflect a broader 
difference in health engagement (ie, the “healthy user 
bias”), rather than isolated dietary shifts related to men
opause alone. Previous research has found that HT users 
were more likely to engage in more health-supporting 
behaviors, including more frequent health screenings, 
supplement use, higher self-esteem, lower blood pressure, 
and lower risk of diabetes and cardiovascular disease, 
even before HT initiation.46,47 Thus, the females in the 
current analyses identified as postmenopausal with cur
rent or past HT use may be more health literate and 
consciously aim to eat more fruit and vegetables than 
those who have never used HT.

The present study found that there were no differ
ences in walking/light, moderate-vigorous, or strength- 
based physical activity levels in postmenopausal females 
compared with pre/perimenopausal females. However, 
postmenopausal/never HT females were predicted to meet 
guidelines for strength-based physical activity less than 
pre/perimenopausal females. These findings are similar to 
a previous study that found moderate and vigorous 
physical activity did not differ across menopausal 
status.48 However, these findings differ from previous 
studies that found either lower49 or high physical activity 
levels in those who use HT compared with those who do 
not,17 and studies reporting increases in high-level phys
ical activity levels in postmenopausal females compared 
with premenopausal females.50 Postmenopausal females 
may be more conscious of their unique physiological 
circumstance of menopause and have been reported to 
have lower perception of body image compared with 
perimenopausal females.51,52 While speculative, it is pos

TABLE 2. MHBs across menopause/HT groups

Variable
Total 

(N = 10,381)

Pre/ 
perimenopausal 

(n = 2,050)
Postmenopausal; never 

HT (n = 5,185)
Postmenopausal; 

current HT (n = 713)
Postmenopausal; past 

HT (n = 2,433) P

Dietary intake (frequency eaten/d)
Grains 1.13 ± 0.73 0.98 ± 0.69 1.15 ± 0.73 1.08 ± 0.73 1.20 ± 0.73 0.471
Fruits and vegetables 4.39 ± 1.80 4.48 ± 1.86 4.31 ± 1.79 4.46 ± 1.75 4.44 ± 1.76 < 0.001
Proteins 2.08 ± 0.78 2.10 ± 0.78 2.05 ± 0.78 2.18 ± 0.80 2.09 ± 0.76 < 0.001
Dairy 2.10 ± 1.08 2.06 ± 1.06 2.07 ± 1.07 2.17 ± 1.13 2.16 ± 1.09 0.015
Fats 1.11 ± 0.72 1.08 ± 0.72 1.10 ± 0.72 1.12 ± 0.73 1.15 ± 0.71 0.004
Processed foods 1.10 ± 0.74 1.15 ± 0.74 1.08 ± 0.73 1.14 ± 0.82 1.10 ± 0.73 < 0.001

Physical activity (minutes/wk)
Walking/light PA 288.74 ± 265.17 274.53 ± 252.41 291.42 ± 267.38 306.89 ± 280.14 289.54 ± 265.98 < 0.001
Moderate-vigorous PA 91.33 ± 154.30 107.68 ± 158.21 88.66 ± 154.26 104.69 ± 168.84 79.42 ± 145.02 0.087
Strength-based PA 31.05 ± 66.83 33.97 ± 70.26 28.21 ± 64.12 35.63 ± 68.20 33.27 ± 68.82 < 0.001

Sleep (h/night)
Sleep duration 6.84 ± 1.18 6.82 ± 1.11 6.81 ± 1.17 7.04 ± 1.25 6.87 ± 1.21 < 0.001

Data are presented as mean ± SD. Bold P-values indicate statistical significance across groups, using ANCOVA adjusted for age.
HT, hormone therapy; MHB, modifiable health behavior; PA, physical activity.

TABLE 3. Main effects of menopausal and HT groups on diet, 
physical activity, and sleep outcomes

Model 3

F P

Food group intake
Grains 0.95 0.417
Fruits and vegetables 4.34 < 0.001
Proteins 6.50 < 0.001
Dairy 1.94 0.120
Fats 0.99 0.396
Processed foods 1.00 0.394

PA
Walking/light PA 1.11 0.342
Moderate-vigorous PA 1.03 0.378
Strength-based PA 1.85 0.137

Sleep
Sleep duration 9.83 < 0.001

Model 3 = Age, body mass index, race, alcohol intake, smoking status, marital 
status, education level, and household income included in the model. Significance 
was determined using linear mixed models. F-statistic represents the contribution 
of menopause/HT status on each MHB outcome. Bolded P-values are significant.

HT, hormone therapy; PA, physical activity.
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sible that heightened awareness of body dissatisfaction 
associated with menopausal changes may have motivated 
maintenance in participation of exercises among post
menopausal females to a similar level in pre/peri
menopausal females. Although age was included as a 
covariate in the present analyses, age-related lifestyle 
factors may have also contributed to the lack of differ
ences between pre/perimenopausal and postmenopausal 
females. For example, there were more widowed or sep
arated/divorced (and therefore likely living alone) post
menopausal females than there were pre/perimenopausal 
females (Table 1). Time constraints experienced by 
younger females (pre/perimenopausal group) attributed 
to job-related and family-related burden, and in older 

females (postmenopausal/past HT group) occurrence of 
age-related frailty and poorer physical function may 
contribute to lower or similar physical activity levels be
tween groups.53-56

Despite lack of differences in strength-based phys
ical activity on a continuous scale, the lower predicted 
adherence to meeting the strength-based physical activity 
guidelines in those who have never used HT may be re
lated to estrogen decline. Estrogen supports and preserves 
bone and muscle function and strength, and reduced es
trogen associated with post-menopause (without HT use) 
is associated with increased risk of musculoskeletal 
injury.57,58 Relative to the pre/perimenopausal group, this 
increased injury risk and lower muscle strength may be 
related to post-menopause/never HT users meeting 
strength-based activity guidelines less, compared with the 
lack of differences in meeting guidelines among HT cur
rent and past users. It is possible that current HT users 
may have higher levels of estrogen and, therefore, better 
muscle strength, while past HT users may experience 
sustained effects of previous HT use that support ongoing 
engagement in strength-based activity. These mechanisms 

TABLE 4. Post hoc comparisons of MHBs across menopausal 
and HT groups

Model 3a

β ± SE P

Grains (frequency eaten/d)
Postmenopausal; never HT 0.01 ± 0.03 1.000
Postmenopausal; current HT −0.05 ± 0.04 1.000
Postmenopausal; past HT 0.00 ± 0.04 1.000

Fruits and vegetables (frequency eaten/d)
Postmenopausal; never HT −0.05 ± 0.02 0.012
Postmenopausal; current HT −0.02 ± 0.02 1.000
Postmenopausal; past HT −0.03 ± 0.02 0.791

Proteins (frequency eaten/d)
Postmenopausal; never HT −0.02 ± 0.02 1.000
Postmenopausal; current HT 0.05 ± 0.02 0.103
Postmenopausal; past HT 0.01 ± 0.02 1.000

Dairy (frequency eaten/d)
Postmenopausal; never HT 0.01 ± 0.02 1.000
Postmenopausal; current HT 0.07 ± 0.03 0.200
Postmenopausal; past HT 0.03 ± 0.03 1.000

Fats (frequency eaten/d)
Postmenopausal; never HT −0.05 ± 0.03 0.790
Postmenopausal; current HT −0.02 ± 0.04 1.000
Postmenopausal; past HT −0.03 ± 0.04 1.000

Processed foods (frequency eaten/d)
Postmenopausal; never HT −0.03 ± 0.03 1.000
Postmenopausal; current HT 0.02 ± 0.04 1.000
Postmenopausal; past HT −0.02 ± 0.04 1.000

Light PA (minutes/wk)
Postmenopausal; never HT −0.01 ± 0.04 1.000
Postmenopausal; current HT −0.004 ± 0.05 1.000
Postmenopausal; past HT 0.05 ± 0.05 1.000

Moderate-vigorous PA (minutes/wk)
Postmenopausal; never HT 0.03 ± 0.05 1.000
Postmenopausal; current HT 0.06 ± 0.07 1.000
Postmenopausal; past HT −0.03 ± 0.06 1.000

Strength-based PA (minutes/wk)
Postmenopausal; never HT −0.12 ± 0.05 0.210
Postmenopausal; current HT −0.11 ± 0.07 0.700
Postmenopausal; past HT −0.07 ± 0.07 1.000

Sleep (hours/d)
Postmenopausal; never HT −0.16 ± 0.04 0.001
Postmenopausal; current HT 0.05 ± 0.06 1.000
Postmenopausal; past HT −0.14 ± 0.05 0.035

Pre/perimenopausal is the reference group; bolded P-values represent those 
that were significant in reference to the reference group. P-values are Bonferroni- 
adjusted for multiple comparisons.

HT, hormone therapy; MHB, modifiable health behavior.
aAge, body mass index, race, alcohol intake, smoking status, marital status, 

education level, and household income included in the model.

TABLE 5. Effects of menopausal and HT status on meeting the 
guidelines for moderate-vigorous and strength-based physical 
activity

Model 3a

β ± SE OR (95% CI) P

Moderate-vigorous activity
Model intercept 0.670

Postmenopausal; never HT 0.04 ± 0.09 1.05 (0.88-1.24) 0.619
Postmenopausal; current HT 0.01 ± 0.12 1.01 (0.80-1.28) 0.929
Postmenopausal; past HT −0.03 ± 0.11 0.97 (0.78-1.20) 0.761

Strength-based activity
Model intercept 0.018
Postmenopausal; never HT −0.21 ± 0.11 0.81 (0.66-1.00) 0.049
Postmenopausal; current HT −0.14 ± 0.14 0.87 (0.66-1.14) 0.314
Postmenopausal; past HT −0.03 ± 0.13 0.97 (0.76-1.24) 0.826

Bolded P-values are significant. 
Significance was determined through binary logistic regressions. 
Data are in reference to the pre/perimenopausal group. 
HT, hormone therapy; OR, odds ratio.
aIncludes age, body mass index, race, alcohol intake, smoking status, marital 

status, education level, and household income as covariates.

TABLE 6. Effects of menopausal and HT status on meeting the 
guidelines for sleep

Model 3a

β ± SE OR (95% CI) P

Sleep
Model intercept 0.005

Postmenopausal; never HT −0.15 ± 0.08 0.86 (0.74-1.00) 0.048
Postmenopausal; current HT −0.30 ± 0.10 0.74 (0.61-0.91) 0.004
Postmenopausal; past HT −0.28 ± 0.09 0.76 (0.64-0.91) 0.002

Bolded P-values are significant. Significance was determined through binary 
logistic regression. Data are in reference to the pre/perimenopausal group.

HT, hormone therapy; OR, odds ratio.
aIncludes age, body mass index, race, alcohol intake, smoking status, marital 

status, education level, and household income as covariates.
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may affect consistency of strength-based activity rather 
than overall activity volume, thus resulting in differences 
in meeting strength-based physical activity guidelines. 
Furthermore, lower adherence to strength-based physical 
activity guidelines in the postmenopausal/never HT group 
may also be related to the aforementioned health literacy 
and consciousness experienced by HT users.46,47 Because 
physical activity is important in preventing chronic 
conditions59,60 and may alleviate some menopausal 
symptoms,50 future research may consider both hormonal 
status and broader life-stage factors that influence health 
behavior to better negate chronic disease risk during and 
after the menopause transition.

We found that sleep duration was lower in post
menopausal females who do not use HT (ie, never and 
past HT users), and that all postmenopausal groups were 
predicted to meet sleep guidelines less compared with 
pre/perimenopausal females. The shorter sleep duration 
of the postmenopausal/never HT group is similar to 
previous research.18,19 These findings may be related to 
elevated follicle-stimulating hormone levels, as expected 
in postmenopausal females who do not use HT, and the 
lower estradiol levels associated with menopause, which 
have been associated with poorer sleep.61,62 In addition, 
menopause-related vasomotor and urogenital symptoms 
can contribute to sleep disturbances, but these symptoms 
may be alleviated by HT, thereby improving sleep in
directly, and may have resulted in similar sleep duration 
to pre/perimenopausal females.19,63 While we did not find 
differences in sleep duration on a continuous scale in 
current HT users, our findings of all postmenopausal 
groups being less likely to meet the sleep guidelines may 
be attributed to the fact that more HT users reported 
sleep that exceeded the guidelines. The National Sleep 
Foundation guidelines recommend achieving 7-9 hours of 
sleep for those 24-65 years old, and 7-8 hours for those 
aged ≥ 65 years.37 Our definition of “meeting guidelines” 
for sleep was 7-8 hours, in line with the guidelines for 
those aged 65 or older.37 Some females in these groups 
may be younger than 65 years old, for whom this nar
rower range may not accurately reflect whether their sleep 
met age-appropriate guidelines. Nonetheless, obtaining 
too much sleep has been associated with negative effects 
on health.37,64 Therefore, how adherence to sleep guide
lines varies across menopause and HT status warrants 
further investigation to ensure sleep behaviors support 
health across the menopause transition.

To our knowledge, this is the first study to assess 
meeting of national guidelines for physical activity and 
sleep according to menopause status and HT in a large 
cohort of middle-aged and older females. Furthermore, 
the current study was strengthened through the use of a 
large sample size and assessment of both menopause and 
HT status. In addition, many previous studies group fe
males dichotomously as HT users or non-users. Our study 
further categorized females as having never used HT, 
currently using HT, or have used HT in the past (but not 
currently using), which may provide insight on longer- 
term effects of HT on MHBs. However, some limitations 

should be considered. Firstly, there is limited information 
about menopausal and HT status in the CLSA, such as 
last menstrual period, cycle regularity, or other in
formation to differentiate those who were premenopausal 
versus perimenopausal. The analysis was also limited to 
information on sex, with no data on gender identity, and, 
therefore, conclusions on the impact of possible gender 
roles on these results cannot be determined. The minimal 
racial diversity of this study’s participant population re
stricts the applicability of our results to more diverse 
populations. Future research should aim to include a 
broader demographic representation to determine if sim
ilar findings would result among different racial groups. 
Although our approach to deriving physical activity levels 
was similar to previous research,33-35 to our knowledge, 
this method has not been used to compare activity pat
terns to physical activity guidelines and may limit com
parability with existing estimates. Data on all MHBs were 
also collected with questionnaires, which are prone to 
recall biases.65 Furthermore, our analyses were cross- 
sectional and, therefore, may not capture how MHBs may 
evolve over time. Future longitudinal research may un
cover more nuanced relationships between MHBs and 
menopausal and HT status.

CONCLUSION
In conclusion, our findings suggest that menopause 

and HT are associated with MHBs in midlife and older 
females. Patterns of dietary intake, physical activity, and 
sleep appear to differ across menopausal and HT groups, 
reflecting multifaceted relationships among biological 
changes with health behaviors. MHBs can be readily 
adapted to accommodate individual needs and provide 
promising avenues for improving health outcomes. It is 
also important to consider the possibility of healthy user 
bias in these findings, in which females who use HT or are 
more engaged in health care may differ systematically 
from non-HT users with respect to socioeconomic re
sources, access to care, and health literacy. Although we 
adjusted for many sociodemographic covariates, un
measured factors may remain unaccounted for in this 
observational data. Nonetheless, given the increased risk 
of chronic disease after menopause, identifying under
lying mechanisms between these MHBs and both endog
enous and exogenous hormones may offer valuable 
strategies to support healthy aging in females. Longi
tudinal research is needed to clarify how health behaviors 
may change over time and to inform tailored public 
health strategies that may consider hormonal status and 
broader life contexts to promote healthy aging in females.
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