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Abstract

BACKGROUND: Physical activity (PA) has the potential to attenuate cardiovascular disease risk
in midlife women through multiple pathways, including improving lipid profiles. Longitudinal
patterns of PA and blood lipid levels have not been studied in midlife women. Our study identified
trajectories of PA and blood lipids across midlife and characterized the associations between these
trajectories.

METHODS: We evaluated 2,789 participants from the Study of Women’s Health Across the
Nation (SWAN), a longitudinal cohort study with follow-up over the menopause transition.
Women reported PA using the Kaiser Physical Activity Survey at seven study visits across 17
years of follow-up. Serum high-density lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, and triglycerides were measured at eight study visits across the same 17-year
follow-up period. We used group-based trajectory models to characterize trajectories of PA and
blood lipids over midlife and dual trajectory models to determine the association between PA and
blood lipid trajectories adjusted for race/ethnicity, body mass index category, smoking, and lipid-
lowering medication use.

RESULTS: Women were 46 years old, on average, at study entry. Forty-nine percent were non-
Hispanic white; 32% were Black; 10% were Japanese; and 9% were Chinese. We identified four
PA trajectories, three HDL cholesterol trajectories, four LDL cholesterol trajectories, and two
triglyceride trajectories. The most frequently occurring trajectories were the consistently low PA
trajectory (69% of women), the low HDL cholesterol trajectory (43% of women), the consistently
moderate LDL cholesterol trajectory (45% of women), and the consistently low triglycerides
trajectory (90% of women). In dual trajectory analyses, no clear associations were observed
between PA trajectories and HDL cholesterol, LDL cholesterol, or triglycerides trajectories.

CONCLUSIONS: The most frequently observed trajectories across midlife were characterized by
low physical activity, low HDL cholesterol, moderate LDL cholesterol, and low triglycerides.
Despite the absence of an association between long-term trajectories of PA and blood lipids in this
study, a large body of evidence has established the importance of clinical and public health
messaging and interventions targeted at midlife women to promote regular and sustained PA
during midlife to achieve other cardiovascular and metabolic benefits.

Keywords
Physical activity; HDL cholesterol; LDL cholesterol; triglycerides; trajectory; midlife
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Introduction

Methods

Midlife women experience increases in low density lipoprotein (LDL) cholesterol and
triglyceride levels [1, 2], creating a lipid profile associated with high cardiovascular disease
risk [3, 4]. Additionally, the quality of HDL molecules in midlife women seems to be
compromised, further raising their risk for cardiovascular disease [1, 5, 6].

Physical activity improves cardiovascular and metabolic health across the lifecourse,
reducing the risk of obesity [7], type 2 diabetes [8, 9], high blood pressure [10], and
cardiovascular disease [9], including coronary heart disease [11, 12] and stroke [13, 14]. In
women, physical activity has the potential to attenuate the detrimental changes in
cardiovascular disease risk, including changes in blood lipid levels [15-18], that occur
during the midlife period [19, 20].

Long-term trajectories of physical activity and blood lipids in midlife women and the impact
of physical activity on blood lipid levels measured longitudinally across midlife are still
unclear and understudied in population-based samples. Few studies have longitudinal data in
midlife women to explore these patterns and associations. Previous prospective studies and
randomized controlled trials have explored these associations in younger and older women
[17, 18], supporting beneficial associations of physical activity and blood lipid levels,
particularly HDL and triglycerides, in these populations. Because changes in blood lipid
levels occur across midlife in women, it is important to consider changes in physical activity
and blood lipid levels jointly across this stage of life. The objectives of this study were to
identify patterns of physical activity, HDL cholesterol, LDL cholesterol, and triglycerides
across midlife and to characterize associations between identified patterns of physical
activity and patterns of blood lipids.

Study setting and study population

The Study of Women’s Health Across the Nation (SWAN) is a longitudinal cohort study of a
racially and ethnically diverse cohort of women transitioning from midlife to late adulthood.
A total of 3302 pre- and early peri-menopausal women who were 42-52 years old in
1996-97 were recruited from seven geographic sites across the United States: Boston MA,
Chicago IL, Detroit area MI, Los Angeles CA, Newark NJ, Oakland CA, and Pittsburgh PA.
Women were eligible if they had an intact uterus and at least one ovary, reported a menstrual
period and no exogenous hormone use in the three months prior to recruitment, were not
currently pregnant or lactating, and identified their primary race/ethnicity as Black (at the
Boston, Chicago, Detroit, and Pittsburgh sites), Japanese (at the Los Angeles site), Hispanic
(at the Newark site), Chinese (at the Oakland site), or white (at all sites). The sampling and
recruitment strategies have been previously described in greater detail [21].

Women completed near-annual follow-up study visits through 2011 (follow-up visit 13).
Data collection was halted mid-study and later resumed at the Newark site (N=432), the only
site to recruit Hispanic participants, leading to a lack of necessary longitudinal data for this
analysis and exclusion of women from the Newark site. Women with unknown menopause
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status at the baseline study visit (n=30), no physical activity data at any visit (n=8), no lipid
data at any visit (n=2), and missing baseline covariates included in trajectory models (body
mass index [BMI] or smoking status, n=41) were also excluded. The final analytic sample
thus included 2789 women. Exclusion of participants from the Newark site excluded all
Hispanic women and a portion of non-Hispanic white women from our analyses. Excluded
women on average also had a lower baseline physical activity score and were more likely to
have at most a high school education and overweight or obesity at the baseline study visit
(Supplemental Table 1).

All protocols were approved by the Institutional Review Boards at each of the participating
institutions. All participants provided written informed consent at each study visit.

Data collection

Physical activity—Physical activity data were collected using the Kaiser Physical
Activity Survey, a self-administered questionnaire [22, 23], The sports and exercise index
within the Kaiser Physical Activity Survey was used to estimate moderate and vigorous
intensity leisure time physical activity exposure. At baseline (1996-97) and follow up study
visit 3 (1999-2000), visit 5 (2001-02), visit 6 (2002-03), visit 9 (2005-06), visit 12
(2010-11), and visit 13 (2011-13), participants were asked to report up to two sports and
exercise activities of at least moderate intensity (=3 METS) that they engaged in most
frequently over the previous 12 months. For each activity, participants also reported
frequency (number of months per year) and duration (number of hours per week) of
engaging in the activity. Reported sports and exercise activities were coded by intensity and
multiplied by the reported frequency and duration. The resulting score was mapped to a
scale, ranging from 1 to 5 [23], We dichotomized the physical activity score at the 75%
percentile of its distribution (=3.75) to establish categories of low vs high activity.

Blood lipids—~Fasting plasma blood samples (minimum 10-hour fast) were collected,
separated, frozen at —80°C, and sent on dry ice to the Medical Research Laboratory in
Lexington KY (baseline through visit 7) and the University of Michigan Pathology Lab in
Ann Arbor MI (visit 8 through visit 13). Both laboratories are CLIA-certified and accredited
by the College of American Pathologists. Lipid fractions were determined from EDTA-
treated plasma [24, 25], Measurements were performed on a Hitachi 747-200 analyzer
(Boehringer Mannheim Diagnostics, Indianapolis IN) at the Medical Research Laboratory
and on an ADVIA 2400 automated chemistry analyzer (Siemens, Washington DC) at the
University of Michigan Pathology Lab. At the Medical Research Laboratory, HDL
cholesterol was isolated with heparin and manganese chloride. At the University of
Michigan Pathology Lab, HDL cholesterol was isolated based on the method of Izawa et al
[26]. LDL cholesterol was calculated using the Friedewald equation [27]. Triglycerides were
determined by coupled enzymatic methods. Lipid assays were run only at baseline and
follow up study visit 1, visit 3, visit 4, visit 5, visit 6, visit 7, visit 12, and visit 13 due to
fiscal limitations. A cross-calibration study was conducted to ensure comparability in
measures across the two laboratories.
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Covariates—Standardized questionnaires were used to collect information on participants’
age, race/ethnicity [28], sociodemographic characteristics (educational attainment [28]),
health behaviors (smoking status [29], alcohol consumption [30]), and medical
characteristics (menopause status [31], hormone use [28, 32, 33], and lipid-lowering
medication use [28, 32, 33]) at each study visit. BMI (kg/m?2) was calculated using height,
measured by stadiometer, and weight, measured using a calibrated balance beam scale. BMI
was categorized using standard adult BMI outpoints for Black and white women [34]:
underweight: <18.5 kg/m?; normal weight: 18.5-24.9 kg/m?; overweight 25-29.9 kg/m?;
obese: =30 kg/m?, and using Asian-specific BMI cutpoints for Chinese and Japanese women
[35]: underweight: <18.5 kg/m?; normal weight: 18.5-22.9 kg/m?2; overweight 23-27.4
kg/m?; obese: >27.5 kg/m?.

Statistical analyses

Sociodemographic and medical characteristics at baseline were summarized for all women.
Mean and standard deviation were used to describe continuous variables. Frequency and
percentage were used to describe categorical variables.

Group-based trajectory analysis [36—38] was used to identify individual trajectories of the
probability of having a physical activity score =3.75 and each lipid outcome: HDL
cholesterol, LDL cholesterol, and triglycerides over the SWAN follow up period though visit
13. Group-based trajectory analysis is a data-driven approach that assumes the population is
composed of a mixture of distinct groups defined by their trajectories. The number of
distinct trajectories and form (shape) of these trajectories were identified through a series of
steps guided by comparison of Bayesian Information Criteria (BIC) for different models and
plausibility and interpretability of trajectories. Covariates were not included in models for
identification of trajectories. A model (logit for physical activity score =3.75, censored
normal for each lipid outcome) with chronological age as the time scale was used to
calculate sets of probability distributions for trajectory groups using maximum likelihood.
Log Bayes factor (2ABIC) >10 was considered strong evidence for a better model [36].

First, to determine the optimal number of trajectory groups, models with different numbers
of trajectory groups with all groups of a quadratic form were compared. Next, to determine
the form of the identified trajectories, the form of all identified trajectory groups was varied
(linear, quadratic, cubic) to find the best form for each trajectory group. We identified four
physical activity trajectories (all quadratic form), three HDL cholesterol trajectories (all
quadratic form), four LDL cholesterol trajectories (all cubic form), and two triglyceride
trajectories (all cubic form). All final trajectories had mean posterior membership
probability >0.70 and odds of correct classification =5, indicating good model fit for all
trajectory models [39] (Supplemental Table 2).

To assess unadjusted associations between identified physical activity trajectories and
trajectories for each lipid outcome, Chi-square tests were used. To assess adjusted
associations, the determined number and form of trajectory groups for each variable was
used in a dual trajectory analysis of physical activity and each lipid outcome to calculate the
probability of membership in each lipid outcome trajectory conditional on membership in
each physical activity trajectory. Dual trajectory models were adjusted for a priori-selected
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time-stable covariates [race/ethnicity (white, Black, Japanese, Chinese), BMI category at
baseline (underweight/normal weight, overweight, obese), smoking status at baseline
(current, former, never)] and time-varying covariates (lipid-lowering medication use at each
study visit). Adjusted conditional probabilities were calculated, with percentile-based 95%
confidence intervals for adjusted conditional probabilities bootstrapped with 1000
replications. A two-sided alpha level of 0.05 was used for statistical significance in all
analyses. Analyses were performed using SAS 9.4 (SAS Institute, Cary NC) and Stata 16.0
(StataCorp, College Station TX).

SWAN participants were, on average, 46 years old (SD=2.7 years) at baseline (Table 1).
Forty-nine percent of participants were white, 32% were Black, 10% were Japanese, and 9%
were Chinese. All participants were in pre-menopause or early perimenopause at baseline,
and most had overweight or obesity (62%). Across the 17-year follow up period, 69% of
women had a consistently low probability of having physical activity in the highest quartile
of the distribution of the physical activity score (consistently low physical activity
trajectory); 16% had an increasing probability of having physical activity in the highest
quartile of the distribution of the physical activity score (increasing physical activity
trajectory); 4% had a decreasing probability of having physical activity in the highest
quartile of the distribution of the physical activity score (decreasing physical activity
trajectory); and 12% had a consistently high probability of having physical activity in the
highest quartile of the distribution of the physical activity score (consistently high physical
activity trajectory) (Figure 1). Women in the consistently high physical activity trajectory
were more likely to be non-Hispanic white, have a post-graduate education, have a normal
weight BMI, have more alcohol use, and have higher HDL cholesterol and lower LDL
cholesterol and triglycerides at baseline, on average, than women in the other physical
activity trajectory groups.

HDL cholesterol

The three identified HDL cholesterol trajectories were characterized by differences in level
of HDL cholesterol, and all had similarly increasing HDL cholesterol with increasing age
(Figure 2A). Across the follow up period, 43% of women were in the low HDL cholesterol
trajectory; 41% were in the moderate HDL cholesterol trajectory; and 16% were in the high
HDL cholesterol trajectory. In unadjusted analyses, no associations were observed between
physical activity and HDL cholesterol trajectories (P=0.81). In adjusted dual trajectory
analyses (Figure 2B), women in the consistently low and increasing physical activity
trajectories had higher conditional probability of being in the low HDL cholesterol trajectory
than in the high HDL cholesterol trajectory. Women in the decreasing and consistently high
physical activity trajectories had higher conditional probability of being in the moderate
HDL cholesterol trajectory than in the low or high HDL cholesterol trajectories.

LDL cholesterol

The four identified LDL cholesterol trajectories were characterized by differences in level of
LDL cholesterol and differences in change in LDL cholesterol with increasing age (Figure
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3A). Across the follow up period, 18% of women were in the low-increasing LDL
cholesterol trajectory; 45% were in the consistently moderate LDL cholesterol trajectory;
31% were in the moderate-decreasing LDL cholesterol trajectory; and 6% were in the high-
decreasing LDL cholesterol trajectory. In unadjusted analyses, no associations were
observed between physical activity and LDL cholesterol trajectories (P=0.77). In adjusted
dual trajectory analyses (Figure 3B), women in all physical activity trajectories had a higher
conditional probability of being in the consistently moderate LDL trajectory than in the low-
increasing or high-decreasing LDL cholesterol trajectories. Women in the consistently low
physical activity trajectory also had a higher conditional probability of being in the
moderate-decreasing LDL cholesterol trajectory than in the low-increasing or high-
decreasing LDL cholesterol trajectory.

Triglycerides

Across the follow up period, 90% of women were in the consistently low triglycerides
trajectory, and 10% were in the high-decreasing triglycerides trajectory (Figure 4A). In
unadjusted analyses, no associations were observed between physical activity and
triglycerides trajectories (P=0.50). In adjusted dual trajectory analyses (Figure 4B), women
in all physical activity trajectories had a higher conditional probability of being in the
consistently low triglycerides trajectory compared to the high-decreasing triglycerides
trajectory.

Discussion

In the SWAN cohort of midlife women, the most frequently occurring trajectories across
midlife were characterized by low physical activity, low or moderate HDL cholesterol,
moderate LDL cholesterol, and low triglycerides across 17 years of follow-up that spanned
the menopause transition. We did not observe clear associations between physical activity
trajectories and HDL cholesterol, LDL cholesterol, or triglycerides trajectories across follow

up.

Interestingly, we observed HDL cholesterol trajectories that were slightly increasing with
age, with 57% of women in the moderate or high HDL trajectories, despite most women
having consistently low physical activity. This is consistent with a previously reported 0.4
mg/dL increase in HDL cholesterol per year in a subset of the SWAN cohort over nine years
of follow up[40] and increasing HDL cholesterol levels across midlife in the Dutch
LifeLines Cohort [41] and UK Medical Research Council National Survey of Health and
Development [42]. A growing body of literature has suggested that higher levels of HDL
cholesterol are associated with greater cardiovascular disease risk in women traversing
menopause [5, 6, 40, 43, 44], in contrast to associations of lower HDL cholesterol levels
with greater cardiovascular disease risk in younger women [45]. This may be explained by
changes in the quality of HDL over the menopause transition that could not be captured by
the static measure of the cholesterol components of HDL particles used in this study [5]. It is
critical to assess changes in other metrics of HDL, which may be better indicators of
cardiovascular disease risk in midlife women, such as HDL-cholesterol efflux capacity and
HDL subclasses [5], during midlife in future studies.

Maturitas. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Badon et al.

Page 8

We also observed that most women in our study had levels of LDL cholesterol and
triglycerides that are considered clinically low or not risk-enhancing across the study period
[46], with 63% of women with low-increasing or consistently moderate LDL cholesterol
levels and 90% of women with consistently low triglyceride levels. Despite most women
having consistently low physical activity in our cohort, women had other healthy habits that
suggest healthy lifestyles: over half (57%) of women were never smokers, and half (50%)
reported no alcohol use, which may have contributed to the clinically low and not-risk
enhancing LDL cholesterol and triglycerides trajectories observed in our study. Previous
analyses of the SWAN cohort with 9-11 years of follow up have observed increasing mean
LDL cholesterol until 12 months after the final menstrual period and increasing triglyceride
levels with increasing age [1, 2]; however these previous analyses were limited by the
shorter follow up time, which failed to capture an additional inflection point observed with
longer follow up in our current study, particularly for LDL cholesterol. A recent study using
data from the UK Medical Research Council National Survey of Health and Development
observed trajectories of decreasing LDL cholesterol levels and triglyceride levels across
midlife [42], Our results for triglycerides are consistent with a previous report from the
Women’s Health Study in which 67% of midlife women had low fasting triglyceride levels
(<147 mg/dL) [47], Previous research suggests that functionality of blood lipids, in addition
to concentration, may play a role in the development of cardiovascular disease. LDL particle
size and oxidized LDL may be better indicators of cardiovascular disease risk in midlife and
postmenopausal women than LDL cholesterol concentration [48, 49].

We would expect that women in the consistently high physical activity trajectory would have
the most favorable lipid profiles compared to those in the other physical activity trajectory
groups. In analyses of physical activity and HDL cholesterol, our results showed that women
with consistently high physical activity were more likely to have moderate HDL than low or
high HDL; however, women with decreasing physical activity also had the same beneficial
association, which was not consistent with our expected association of consistently high
physical activity with the high HDL cholesterol profile. Women in all physical activity
trajectories had similar probabilities of being in each identified LDL cholesterol and
triglycerides trajectory, which was also not consistent with our expected association between
consistently high physical activity and low-risk lipid profiles.

Few studies have examined associations between long-term physical activity and blood lipid
levels. In the Healthy Women Study, greater level of physical activity over 17 years spanning
the menopause transition was associated with a small decrease in triglyceride levels (3
mg/dL decrease per 100 kilocalories of energy expended in physical activity), but not with
changes in HDL or LDL cholesterol levels, in within-person analyses [50]. Another study
conducted in a population of Norwegian adults (20-49 years old) reported associations of
sustained high physical activity over seven years with 3 mg/dL higher HDL and 13 mg/dL
lower triglycerides [18]. Associations were strongest among the oldest study participants.
Measures of physical activity in these previous studies include additional domains beyond
leisure time physical activity, such as transportation, which may explain differences in
results compared to those of our study. Previous studies have not examined long-term
patterns of physical activity and blood lipids in midlife women across the menopause
transition, as we did in our study. Our use of group-based trajectory analysis to categorize
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women by pattern of blood lipids may have limited our ability to detect the small changes in
HDL cholesterol and triglycerides associated with greater physical activity previously
observed in other studies.

Other studies have assessed the impact of increasing physical activity on blood lipid levels
through interventions in midlife women across shorter periods of time, with generally
beneficial associations, though associations with individual blood lipids have been
inconsistent. In premenopausal midlife women with dyslipidemia, a 12-week water-based
aerobic training intervention increased HDL cholesterol levels and reduced LDL cholesterol
levels but did not change triglyceride levels [51]. In postmenopausal women with
dyslipidemia, water-based aerobic and resistance training interventions increased HDL
cholesterol levels and decreased LDL cholesterol and triglyceride levels [52]. In healthy
perimenopausal women, a 12-week walking intervention reduced triglyceride levels but did
not change HDL or LDL cholesterol levels [53]. Additionally, in a cross-sectional
observational study of premenopausal women in the Healthy Women Study, Owens et al
reported associations of moderate physical activity level with higher HDL cholesterol levels
and high physical activity level with lower triglycerides and LDL cholesterol [54]. The
results of these previous studies suggest beneficial short-term associations between higher
levels of physical activity, which can be achieved through physical activity interventions,
and blood lipids, but lack long term follow up to determine if these beneficial associations
are sustained. We did not observe associations between physical activity and blood lipids
over a longer time period in our observational cohort study.

The strengths of our study include repeated measurement of physical activity and blood lipid
levels over 17 years of follow up in a large, diverse cohort of midlife women followed over
the menopause transition and use of a data-driven approach to characterize patterns of
physical activity and blood lipid levels across midlife. However, a few limitations should
also be considered in the context of the findings. First, physical activity was self-reported,
which may have introduced measurement error in physical activity; however, the Kaiser
Physical Activity Survey is a validated measure of physical activity in this population [23].
Second, we were unable to include participants from the Newark, NJ SWAN study site due
to limitations with availability of longitudinal data, which excluded all Hispanic women and
a portion of non-Hispanic white women from our analyses. Third, we only identified two
triglyceride trajectories, with 90% of women in one category, which limited our ability to
assess associations of physical activity patterns with triglyceride patterns. Fourth, while we
adjusted for BMI and smoking in our analysis, we did not adjust for dietary intake or alcohol
consumption (additional behaviors that are often associated with physical activity and may
affect lipid levels) due to issues with model convergence when including additional
covariates in trajectory models. Finally, we did not include additional domains of physical
activity beyond leisure time because information on intensity for these domains was not
available.

In conclusion, consistently low physical activity was frequently observed in the midlife
women in our cohort, but we did not observe a clear pattern for associations between long-
term trajectories of physical activity and blood lipid profiles across midlife. Although we did
not observe associations between physical activity and blood lipid trajectories, increasing
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physical activity in midlife women should be encouraged using clinical and public health
messaging and interventions because of its beneficial associations with blood lipids in the
short term as well as other cardiovascular and metabolic benefits [8-14].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Trajectories of physical activity and lipids were identified in midlife women.
Consistently low physical activity was most prevalent.

Consistently low high-density lipoprotein cholesterol and triglycerides were
most prevalent.

Consistently moderate low-density lipoprotein cholesterol was most
prevalent.

No associations were observed between physical activity and lipid
trajectories.
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Figure 1. Physical activity trajectories
Identified physical activity trajectories across midlife: consistently low (69% of women in

our cohort), decreasing (4%), increasing (16%), consistently high (12%)
Percentages do not total to 100% due to rounding.
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Figure 2. HDL cholesterol trajectories and adjusted conditional probabilities of HDL cholesterol
trajectory by physical activity trajectories
A. Identified HDL cholesterol trajectories: orange= low (43% of women in our cohort),

blue= moderate (41%), green= high (16%).

B. Conditional probabilities of HDL cholesterol trajectory by physical activity trajectory
adjusted for race/ethnicity, baseline body mass index category, baseline smoking, and time-
varying lipid-lowering medication use
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Figure 3. LDL cholesterol trajectories and adjusted conditional probabilities of LDL cholesterol
trajectory by physical activity trajectories
A. Identified LDL cholesterol trajectories: green=low-increasing (18% of women in our

cohort), blue=consistently moderate (45%), pink=moderate-decreasing (31%), orange=high-
decreasing (6%).

B. Conditional probabilities of LDL cholesterol trajectory by physical activity trajectory
adjusted for race/ethnicity, baseline body mass index category, baseline smoking, and time-
varying lipid-lowering medication use
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Figure 4. Triglycerides trajectories and adjusted conditional probabilities of triglycerides
trajectory by physical activity trajectories

A. Identified triglycerides trajectories: green=consistently low (90% of women in our
cohort), orange=high-decreasing (10%).

B. Conditional probabilities of triglycerides trajectory by physical activity trajectory
adjusted for race/ethnicity, baseline body mass index category, baseline smoking, and time-
varying lipid-lowering medication use
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