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A B S T R A C T

Background: Reproduction affects health and longevity among females across the life course. While significant

focus has been devoted to the role of menarche, menopause remains understudied. Most menopause research

is conducted in industrialized populations, where the risk of cardiovascular diseases increases progressively

during the menopausal transition.

Methodology: We worked with the Tsimane, Indigenous Bolivian forager-farmers with physically active lifestyles,

and the Moseten, genetically and culturally related horticulturalists experiencing greater market integration. We

assessed relationships between menopause status and lipid biomarkers (HDL, LDL, non-HDL, total cholesterol,

triglycerides, and apolipoprotein-B). Using linear mixed-effects models, in an all-age sample of n = 1,121 women

(15---92 years) we found positive associations between menopausal status and most lipid levels.
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Results: Menopause was associated with 5.0% higher total cholesterol (b = 7.038 mg/dL, P = .001), 9.4% higher

LDL (b = 5.147 mg/dL, P = .017), 5.9% higher non-HDL cholesterol (b = 8.071 mg/dL, P < .001), 11.3% higher

triglycerides (b = 19.119 mg/dL, P < .001), and 1.5% higher apolipoprotein-B (b = 0.248 mg/dL, P = .001),

controlling for age, body mass index (BMI), year of data collection, and population. In contrast, HDL did not

vary with menopause status.

Conclusions: After controlling for age, BMI, and year of data collection, post-menopausal lipid profiles among

the Tsimane across six biomarkers are 2---7 times lower than those documented in U.S./U.K. populations. These

results support existing literature that documents distinct shifts in lipid profiles during and after the menopause

transition in industrialized populations. Further, our results suggest lipids increase post-menopause similarly

to those of industrialized populations, despite the differential diet, physical activity, fertility, and hormone

exposure in industrialized environments.

Lay Summary: Menopause is a relatively rare life history trait primarily studied in industrial populations.

We examined relationships between menopause and cardiovascular disease risk biomarkers in two forager-

horticulturalist populations. We found positive associations between menopause and total cholesterol, HDL,

LDL, non-HDL, triglycerides, and apolipoprotein-B, suggesting lipid increases post-menopause are a human

universal.

K E Y W O R D S: menopause; lipids; cardiovascular disease; forager-horticulturalists; aging

BACKGROUND

Humans are among the few species with long post-reproductive
lifespans [1---3]. As much as one-third of women’s lifespan is
post-reproductive period. While a handful of species survive past
reproduction in captivity, it is rare for most species to switch
from direct to indirect reproductive effort in the wild [2, 4, 5].
Nonetheless, there are still a number of health consequences
associated with the transition to menopause. Rapid increases
in cardiovascular disease, depression, osteoporosis, and breast
cancer have been observed in post-menopausal women in high-
income countries [6---8]. Cardiovascular disease in particular is
a concern; rates of cardiovascular disease increase dramatically
post-menopause, and cardiovascular disease is currently the
leading cause of death for women worldwide [9, 10]. Given this
increased risk of cardiovascular disease post-menopause, this
study will assess if the menopausal increases in lipid levels that
have been reported in sedentary industrialized populations are
generalizable to physically active subsistence populations with
low levels of cardiovascular disease.

The force of selection is expected to decline post-menopause,
since direct reproduction has ceased [11]. Natural selection
optimizes reproduction, not health or longevity (unless those
benefit reproduction). As such, the force of selection declines
after direct reproduction ends, though potential inclusive fitness
benefits of a long post-reproductive lifespan may prevent a
complete decline of this force to zero [5, 12]. It is thus expected
that there will be increases in a number of health conditions,
including an increase in cardiovascular disease risk, following
the transition to menopause.

Scholars debate both the evolutionary timing and the selection
pressures that led to a long post-reproductive life in humans [4].

Prominent theories on the evolution of a long post-reproductive
lifespan include the Grandmother Hypothesis, where post-
reproductive longevity supports inclusive fitness of kin through
provisioning of offspring and grandchildren [5], and the Mother
Hypothesis, which argues post-reproductive lifespans allow
mothers to raise their last children to self-sufficiency [13].
Embodied Capital Theory argues that a long post-reproductive
lifespan exists to facilitate intergenerational resource transfers
between older individuals who produce surplus calories and
juveniles unable to meet their caloric needs while learning
complex skills like hunting [2, 14, 15].

Regardless of its evolutionary origins, a variety of health
changes have been associated with the menopause transition,
including increased levels of low density lipoprotein (LDL)
cholesterol, non-high density lipoprotein (non-HDL) cholesterol,
varied levels of triglycerides and apolipoprotein-B (Apo-B),
changes in LDL and HDL cholesterol particle size, cognitive
declines, and decreasing levels of estradiol [16---21]. However,
the biological mechanisms underlying these changes are
contested [22]. Post-menopausal declines in estrogen may reduce
its cardioprotective effects------such as improved endothelial
function, increased arterial elasticity, and reduced inflammation-
-----thereby elevating cardiovascular disease risk markers [23-
--25]. These impacts may differ between industrialized and
non-industrial, high-fertility populations due to differences in
hormone exposures (e.g. patterns of pregnancy and lactation,
hormonal contraceptive use). However, it is unclear if hormonal
and metabolic changes occur as a consequence of aging or as
a direct result of the menopause transition [22]. In our study
populations, we observe markedly distinct cardiovascular risk
marker profiles for women after menopause and men after age
50 (see Fig. 1 for population-level trends in these profiles by sex).

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/13/1/201/8209420 by guest on 08 D
ecem

ber 2025



Blood lipid levels after transition to menopause Getz et al. | 203

Figure 1. Six graphs showing trends for male and female cholesterol, HDL, non-HDL, triglycerides, LDL, and Apo-B by age/years from menopause.
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Pregnancy and lactation are energetically costly [26], and
increases in cardiovascular disease risk post-menopause have
been attributed to increased caloric availability after the end of
reproduction. For example, Tsimane women have 9.1 children
on average, resulting in a major energetic cost throughout the
reproductive lifespan [27]. After menopause, we see increases in
body mass as these costs disappear [27, 28]. Greater net caloric
availability may also contribute to an increasingly atherosclerotic
lipid profile alongside declining estrogen levels. However, these
results conflict with other research in high-fertility environments
like Papua New Guinea that have identified maternal depletion,
or lower body mass index (BMI) associated with increased
fertility [29].

Most data on menopause to date have been collected from
historically white, industrialized populations [30]. Because of this
sample bias, much of our knowledge on the health effects of
menopause and their variation are based on poorly generalizable
models. These rely on data from individuals with meaningfully
different hormone exposures and physical activity levels
(PALs) than subsistence-oriented, food-limited high-fertility
environments [30, 31]. Working with two Bolivian horticultural
populations------the Tsimane and Moseten------we address this
knowledge gap to examine associations between menopause
and cardiovascular disease risk factors in a less industrialized,
traditional high-fertility environment [27, 28, 32, 33]. The Tsimane
have shown the lowest levels of coronary arterial calcium
recorded [33], with low levels of hypertension and other cardiac
issues [34---36]. This positions the Tsimane as a compelling
comparator population, given the high burden of cardiovascular
disease in industrialized populations. If similar associations
between cardiovascular risk biomarkers and menopause are
observed in the Tsimane and Moseten as those seen in
industrialized populations, this suggests that menopause-related
shifts in cardiovascular profiles are a human universal, despite
differences in population-level cardiovascular risks.

The Tsimane are an Indigenous Bolivian group numbering
roughly 17,000. Residing largely in communities along the
Maniqui River, a tributary of the Amazon, the Tsimane live a
physically active subsistence lifestyle [37]. Common subsistence
practices include hunting, fishing, foraging, and farming with
hand tools. 24-hour PALs among Tsimane men and women are
2.02---2.15 and 1.73---1.85, respectively [38]. This high level of
activity contrasts with those seen in industrialized populations-
-----U.S. adults have an estimated mean PAL of 1.63 [39].
Communities have limited access to treated water, sanitation
services, pharmaceuticals, or electricity [40---43]. The Moseten are
linguistically, genetically, and culturally related to the Tsimane,
but are horticulturalists experiencing greater levels of market
integration [44]. Estimated at around 3,000 individuals, the
Moseten are generally more acculturated into Bolivian society and
have greater access to electricity, market foods, and medications.

The Moseten have been shown to consume diets substantially
higher in refined sugars and oils than the Tsimane [45], display
lower PALs [35], and have slightly lower fertility rates at around six
children per woman. While more market-integrated, the Moseten
still live in rural communities and participate in labor-intensive
agriculture [35, 44, 45].

Given the decline in the force of selection after direct
reproduction has ceased and eliminated energetic costs of direct
reproduction, we expect to see higher lipid levels in the Tsimane
and Moseten post-menopause. Extra calories reallocated from
reproduction could lead to higher lipid production. These
elevated lipids would be produced in selection’s shadow,
leading to higher levels of cardiovascular disease among post-
menopausal women. LDL cholesterol, HDL cholesterol, non-
HDL cholesterol, total cholesterol, triglycerides, and Apo-B are
associated with cardiovascular health [46---49]. We collected
cross-sectional and longitudinal data from 2004 to 2022 on
these biomarkers and menopause status as a part of the
Tsimane Health and Life History Project. We aim to test the
associations between these biomarkers and menopause status,
providing an opportunity to assess the relationship between
menopause status and cardiovascular disease risk in two non-
industrialized populations. To the best of our knowledge, this
is the largest sample size of lipid-menopause measurements in
any Indigenous population.

These two populations provide an opportunity to investigate
potential changes associated with menopause in a population
undergoing market transition and another living a more
traditionally active lifestyle. We expect the Tsimane lipids
to be lower than U.S./U.K. comparator populations given
their high fertility levels, relatively high PALs, and physically
active subsistence strategies [37, 38]. While the Moseten
maintain relatively high fertility and PALs compared to U.S./U.K.
populations, we predict their cardiovascular risk markers will
be more intermediate between industrialized populations and
the Tsimane as they have undergone greater levels of market
integration. For example, the Moseten display significantly higher
levels of obesity, diabetes, and hypertension than the Tsimane.
Moseten metabolic risk biomarkers remain significantly lower
than comparably aged U.S. adults [35]. In our analysis, we aim to
provide some of the first results of their kind on the association
between menopause and cardiovascular disease risk markers, as
well as the global variation of cardiovascular disease risk markers
across the menopause transition.

METHODOLOGY
Sample

Our sample was comprised of 2,216 serum specimens for
lipid analyses from 1,121 women ages 15---92, including 850
Tsimane and 271 Moseten. Our sampling strategy included all
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individuals over the age of 45 and age-stratified random sampling
of individuals younger than 45. We also included male Tsimane
(n = 1,768, aged 15---94) and Moseten (n = 421, aged 22---89) as a
comparator group (Fig. 1).

Demographic interviews

Demographic interviews were conducted in the Tsimane
language with a bilingual Tsimane translator. Among the
Moseten, interviews were conducted in Spanish. Years of birth
were assigned and cross-referenced using known ages from
written records, photo comparisons of individuals with known
ages, relative age rankings by multiple informants, and dated
events [50]. Where possible, estimated ages were compared
against Catholic mission birth records dating back to 1952 [50].
Each method produced a roughly independent age estimate, and
the average of these estimates was used if all fell within a three-
year age range, unless one method was considered superior to
others (see Gurven et al., 2007).

Reproductive status

Age at menopause was assessed using two methods: self-
reported menopause status with age and yearly medical visits
asking date of last menstrual cycle. In routine health screenings
approximately every 16 months between 2002 and 2022, women
were asked about the total number of live births they had ever
had, live births since their last health screening, total number
of pregnancies (including miscarriages and other losses), total
number of pregnancies since their last screening, and the date of
the last menstruation. Among the Tsimane and Moseten there is
no taboo around discussing child death or fetal loss. However,
early fetal loss is likely under-detected and underreported.
There is no word for menopause in Tsimane, and menopause
status was back-calculated from the date of a participant’s last
menstrual cycle [28]. A subset of 459 women in our sample had
detailed reproductive histories originally collected in 2002---2005
and updated through 2022. Women over age 50 who lacked data
on age at menopause were assigned post-menopause status
at age 50. Individuals assigned menopause status comprised
35.6% of our post-menopause observations. Nine individuals
self-reported undergoing menopause at age 38 and 39. An
estimated less than 1% of women undergo menopause before
the age of 40 in industrialized populations [51]. Given this low
estimate, the nine individuals were removed from our post-
menopause sample.

Lipid biomarker collection and assay procedures

Fasting morning blood (n = 2,216 specimens) was collected and
separated into serum before being frozen in liquid nitrogen and
transferred to Arizona State University on dry ice before storage

at -80C. A commercial immunoassay was used to measure Apo-B
(R&D Systems, Minneapolis, Minnesota). Fasting lipids (HDL,
LDL, total cholesterol, triglycerides) were measured from serum
samples using a Stat Fax 1908 (Awareness Technology, Palm
City, Florida) in the Tsimane Health and Life History Project’s
laboratory in San Borja, Beni, Bolivia [33]. Non-HDL cholesterol
was calculated by subtracting HDL from total cholesterol. Not
all individuals had complete lipid data collected for all measures
due to lack of availability of some reagents in Bolivia at the time
of analyses; Apo-B was only run on a subset of individuals over
age 40 (n = 357).

Anthropometric measure collection procedures

BMI was calculated using weight (kg) divided by height (m)
squared. Standing height was measured without shoes to the
nearest millimeter with a SECA 213 mobile stadiometer (Seca,
Hamburg, Germany). Weight was collected using a Tanita BC-
1500 scale (Tanita, Tokyo, Japan).

Statistical methods

All main models were run in STATA 17.0, and sensitivity analyses
and cohort effects were run in R version 4.4.2. Logistic regressions
for clinically high values were run in STATA 17.0. We performed
mixed-effects linear regression models using menopause status
and LDL cholesterol, HDL cholesterol, non-HDL cholesterol,
total cholesterol, triglycerides, and Apo-B, controlling for age,
BMI, year of data collection, and population and centered on
age, BMI, and year of data collection. Individuals were modeled
as random effects; 50.6% of individuals in the sample provided
longitudinal data (nobservations = 1,122). Variance inflation factors
(VIFs) were run for all variables included in the model to account
for potential collinearity.

Ethics

Informed consent was collected at three levels: from the
individuals in the study, each community where data were
collected, and the governing bodies of the Tsimane (Gran
Consejo Tsimane) and Moseten (Organización del Pueblo
Indígena Mosetén). All study protocols were approved by the
Institutional Review Boards at the University of California Santa
Barbara (#3-21-0652), the University of New Mexico (#07---157),
and the Universidad Mayor de San Simón (Cochabamba, Bolivia).

RESULTS

Menopause was associated with higher total cholesterol, LDL
cholesterol, non-HDL cholesterol, triglycerides, and Apo-B
among the Tsimane and Moseten, controlling for age, BMI,
year, and population (see Table 1).
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). We found positive associations between total choles-

terol and menopause status (beta = 7.038 mg/dL, CI = 2.710-
--11.376 mg/dL, P = .001, see Table 2). LDL cholesterol was
also positively associated with menopause (beta = 5.147 mg/dL,
CI = 0.913---9.381 mg/dL, P = .017, see Table 2). Overall, after
controlling for age, BMI, and year of data collection, total
cholesterol was 5.0% higher in post-menopausal women,
while LDL cholesterol was 9.4% higher after menopause.
Non-HDL cholesterol (beta = 8.071 mg/dL, CI = 3.778---12.364,
P < .001) and triglycerides (beta = 19.119 mg/dL, CI = 11.468-
--26.770 mg/dL, P < .001) were both positively associated
with menopause status (see Table 2). Non-HDL cholesterol
levels were 5.9% higher post-menopause, and triglycerides were
11.3% higher post-menopause compared to pre-menopause
values. Apo-B was also positively associated with menopause
(beta = 0.248, CI = 0.107---0.390, P = .001) (Table 2) and was
1.5% higher post-menopause compared to pre-menopause. We
found no significant association between menopause and HDL
cholesterol (see Table 2). VIFs for each variable in each model------
total cholesterol (2.29, 2.50, 1.14, 1.40, and 1.63 for menopause,
age, BMI, population, and year of data collection, respectively),
LDL (2.25, 2.44, 1.14, 1.40, and 1.61), non-HDL (2.25, 2.45, 1.14,
1.40, and 1.61), triglycerides (2.30, 2.50, 1.14, 1.40, and 1.63),
Apo-B (1.72, 1.74, 1.02, 1.07, and 1.05), and HDL (2.25, 2.45,
1.14, 1.40, and 1.61)------were all ≤2.5. In addition to assessing
collinearity between age and menopause status, our model
included both age and year of data collection to control for cohort
effects due to increased market integration and lifestyle change.

Population differences

Most lipid levels were higher among Moseten than Tsi-
mane women, including total cholesterol (beta = 9.092 mg/dL,
CI = 4.478---13.705, P < .001), non-HDL (beta = 9.516 mg/dL,
CI = 5.00---14.028, P < .001), and triglycerides (beta = 35.593,
CI = 27.258---43.928, P < .001) (see Table 2). Total cholesterol
levels, after all controls, were 7.6% higher among post-
menopausal Moseten women, while non-HDL and triglycerides
were 14.1% and 7.8% higher for this group, respectively (Table 1).
The Moseten did not significantly differ from Tsimane in LDL,
HDL, or Apo-B (Fig. 2).

Sensitivity analysis

In our sensitivity analysis comparing self-report versus assigned
menopause women there were no significant differences for
LDL, total cholesterol, or Apo-B. HDL (beta = 1.762, P < .001)
and triglycerides (beta = −0.145, P < .001) were significant,
but these differences were minimal (4.9% and −0.1% of total
sample post-menopause means, respectively). The mean age
at menopause of participants who self-reported menopause
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status was 48.6 years (SD = 4.48), and mean age of participants
assigned menopause status was 61.3. Largely, women assigned
menopause status were elderly individuals who could not recall
their age at menopause, nor time since their last menses. For
details, see SI and Tables S1, S2, and S3.

Clinically high values

Menopause status was associated with increased risk of clinically
high levels of non-HDL (OR = 2.33, P = .003), total cholesterol
(OR = 3.00, P = .003), and triglycerides (OR = 2.52, P < .001)
(Fig. 3). Menopause status did not significantly predict high LDL
or HDL cholesterol (see SI for methods).

DISCUSSION

In this study, we investigated the association between
menopause and cardiovascular disease risk biomarkers (HDL,
LDL, total cholesterol, non-HDL cholesterol, triglycerides, and
Apo-B) in a non-industrial, high-fertility population with the
lowest levels of coronary artery calcium ever reported [33, 35].
Our results indicate that among the Tsimane and Moseten,
total cholesterol, LDL, non-HDL cholesterol, triglycerides, and
Apo-B are significantly higher among post-menopausal women.
Triglycerides show the largest increase among the Tsimane post-
menopause (an 11.3% increase in post- vs pre-menopause beta
values when controlling for age, BMI, and year of data collection),
while non-HDL cholesterol shows the largest increase among
the Moseten (14.1% in our model with all controls). Additionally,
our results indicate that being post-menopausal increases an
individual’s odds of having high non-HDL cholesterol at 2.3x
that of their pre-menopause counterparts, increases the odds
of high total cholesterol by 3.0x, and increases the odds of high
triglycerides at 2.5x that of the pre-menopausal rate. We did
not find significant associations between menopause status and
HDL cholesterol.

Our results are consistent with earlier longitudinal and
cross-sectional work that documents significant increases in
total cholesterol, LDL cholesterol, non-HDL cholesterol, and
triglycerides during and after the menopause transition in
high-income settings [21, 57---62] (see Fig. 3 for lipid changes
among our longitudinal participants). However, in some cases,
increases among the Tsimane appear to be reduced compared
to industrialized populations. Compared to existing studies,
post-menopause total cholesterol levels from the U.S. Study
of Women’s Health Across the Nation (SWAN) are roughly
comparable to Tsimane women [59]. However, studies among
white women based in the U.K. have shown total cholesterol
levels ranging from 13.7 to 37.7% higher among post-
menopausal women, roughly three to seven times the magnitude
of observed differences in the Tsimane after controlling for
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Figure 2. Six graphs showing trends for female Tsimane and Moseten cholesterol, HDL, non-HDL, triglycerides, LDL, and Apo-B by years from menopause.

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/13/1/201/8209420 by guest on 08 D
ecem

ber 2025



Blood lipid levels after transition to menopause Getz et al. | 209

Figure 3. Five spaghetti plots showing individual values for total cholesterol, HDL, non-HDL, triglycerides, and LDL by years from menopause.
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age, year of data collection, and BMI [58, 61, 63]. While post-
menopause Tsimane and Moseten women do show significantly
higher total cholesterol levels than pre-menopause participants,
these increases are considerably lower------both relatively and
absolutely------than some industrialized populations.

LDL cholesterol levels among post-menopausal Tsimane
women were roughly 9% higher than their pre-menopausal
counterparts (after controlling for age, year of data collection,
and BMI). Using the same controls, the Moseten saw a 4.9%
increase in post-menopausal women, similar to what has been
described in U.S. populations [59]. There is a good deal of
variation in the literature, with increases ranging from 1.6% to
35.0% in high-income settings [58, 61---63].

Non-HDL cholesterol increased 5.9% and 14.1% among the
Tsimane and Moseten after controlling for age, year of data
collection, and BMI, while high-income studies report increases
ranging from 20.8% to 62.8% in industrialized populations
[58, 61]. These changes are 3.5---10.6 times greater than those
observed in the Tsimane and Moseten. For LDL, non-HDL, and
total cholesterol, Fig. 2 displays slight decreases in mean levels
roughly 20 years after menopause.

Triglyceride levels also show marked variation across
populations. The Tsimane experience an 11.3% increase, similar
to white women in the U.K. [61] and higher than that of the
Moseten and some SWAN data, even after controlling for year of
data collection, BMI, and age [59]. However, other studies using
SWAN and U.K. data have shown 6.2%---54.5% increases among
post-menopausal women [58, 62, 63].

We found a modest but significant 1.5% increase in Apo-B
beta values among the post-menopausal Tsimane after applying
all controls. This is consistent with existing studies that display
significant increases in Apo-B associated with the menopause
transition, though mean values for cohorts were not available for
direct comparison [16, 21, 64].

For all markers collected, we see substantial variation in
both absolute and relative increases across populations. We
did find significant differences between the U.S./U.K. and
Moseten and Tsimane pre-to-post-menopause baseline values
and percent change for total cholesterol and HDL (see
Table S4). Longitudinal results from SWAN report that higher
pre-menopause weight is associated with larger increases in
lipids post-menopause, particularly among white U.S. women
[59]. However, the mechanisms underlying this variation are
largely unclear. Similarly, we see pronounced variation in percent
changes between the Tsimane and Moseten, with LDL and
triglyceride levels showing greater increases among the Tsimane
and higher non-HDL cholesterol and total cholesterol increases
among the Moseten. Some of these results, as well as the
differences between Tsimane and U.S./U.K. changes, could
be partially attributable to higher PALs and significantly lower

amounts of oil, sugar, and fat in Tsimane diets [35, 38, 45].
However, these diet and activity differences are unlikely to
account for greater LDL and triglyceride increases among the
Tsimane when compared to the Moseten.

Overall levels of total cholesterol, LDL, non-HDL cholesterol,
triglycerides, and Apo-B appear to rise for the first 10---
20 years following menopause (Fig. 3). Menopause eliminates
the energetic burdens of fertility, freeing calories previously
allocated for reproduction. Without a corresponding energy cost,
this available energy is carried through the blood in the form
of glucose and lipids, including HDL, total cholesterol, and
triglycerides. The Tsimane experience low levels of cardiovascular
disease relative to industrialized populations [33], high levels
of fertility, and demonstrate increases in BMI after direct
reproduction has ceased [27, 28]. Given this, our results
are consistent with potential energetic surplus after direct
reproduction has ceased that lead to elevated lipid biomarkers
after the transition to menopause. Our results suggest that
increased lipids following menopause may be a human universal
across all populations. After direct reproduction declines or
ceases, available lipids contribute to increased fat storage,
as has been seen in postmenopausal Tsimane women [27],
post-menopausal industrial populations [65], and even various
mammals [66]. This lipid availability also produces increasingly
atherosclerotic lipid profiles. At later ages (by the second
decade after menopause), we see declines in nearly all lipids.
These changes have been observed across populations and
are likely due to the increased costs of somatic maintenance
later in life and the associated changes in body mass
(e.g. sarcopenia) [67].

Our results also show a strong secular trend. The effect of
menopause on Tsimane lipid levels is roughly equivalent of a 5---
7 kg/m2 increase in BMI, or the equivalent of aging 5---8 years. In
addition, we found that menopause status significantly predicts
higher odds of clinically high levels of non-HDL, total cholesterol,
and triglycerides. VIFs under 2.5 for all variables in all models
suggests limited collinearity; age and menopause appear to
exert independent effects on lipid profiles. Overall, our results
suggest that while increases in total cholesterol, LDL cholesterol,
non-HDL cholesterol, triglycerides, and Apo-B post-menopause
appear to be a human universal, the magnitude of increase
may vary dramatically between populations depending on their
pre-menopausal cardiovascular risk.

While our study did not find significant associations between
HDL and menopause status, previous studies have reported
mixed findings, with some showing increases [21, 64], others
decreases [58, 61], and some reporting no association between
HDL and menopause [21, 57, 60, 62, 63]. These inconsistencies
highlight the need for further research to examine HDL’s
relationship to the menopause transition.
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Limitations

The Apo-B sample was a relatively small subsample of
women (n = 361) aged 40---91 and mainly cross-sectional (19.4%
longitudinal), limiting its power when compared to our other
analyses. We also had a limited sample of Moseten participants
(n = 271, aged 33---89) compared to Tsimane participants
(n = 850, aged 15---92), potentially limiting our results.

We are unable to measure other advanced lipid metabolism
markers such as HDL efflux capacity or LDL particle size
under field conditions. Previous studies [21] found decreased
LDL particle size following the transition to menopause,
contributing to an increasingly atherosclerotic lipid profile.
Other studies have reported that total HDL and HDL3 declined
following menopause but did not find significance for HDL2,
indicating that remodeled particle size and efflux capacity
may contribute to altered lipid profiles after the transition to
menopause [58].

CONCLUSIONS

Despite dramatically lower levels of cardiovascular disease than
observed in industrialized populations [33, 35], we find increases
in five cardiovascular disease risk biomarkers following the
menopause transition. These post-menopausal lipid increases
reflect similar trends to what has been reported in industrialized
populations, though there is a high degree of cross-population
variation in the magnitude of these changes. In summary, the
cessation of direct reproduction appears to result in higher lipid
levels regardless of environment (subsistence vs. industrialized),
suggesting that this may be a universal human pattern shaped
by our relatively rare life history strategy of an extended post-
reproductive lifespan.
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approval (even if exempt) and will be reviewed by an Advisory
Council composed of Tsimane community leaders, community
members, Bolivian scientists, and the THLHP leadership. The
study authors and the THLHP leadership are committed to open
science and are available to assist interested investigators in
preparing data access requests.

REFERENCES

1. Ellis S, Franks DW, Nielsen MLK et al. The evolution of menopause in
toothed whales. Nature. 2024;627:579---85. https://doi.org/10.1038
/s41586-024-07159-9

2. Kaplan H, Lancaster J, Robson A. Embodied capital and the
evolutionary economics of the human life span. Popul Dev Rev
2003;29:152---82.

3. Wood BM, Negrey JD, Brown JL et al. Demographic and
hormonal evidence for menopause in wild chimpanzees. Science.
2023;382:eadd5473. https://doi.org/10.1126/science.add5473

4. Chan S, Gomes A, Singh RS. Is menopause still evolving? Evidence
from a longitudinal study of multiethnic populations and its
relevance to women’s health. BMC Womens Health 2020;20:74.
https://doi.org/10.1186/s12905-020-00932-8

5. Hawkes K. Grandmothers and the evolution of human longevity. Am
J Hum Biol 2003;15:380---400. https://doi.org/10.1002/ajhb.10156

6. Dosi R, Bhatt N, Shah P et al. Cardiovascular disease and
menopause. J Clin Diagn Res JCDR 2014;8:62---4. https://doi.org
/10.7860/JCDR/2014/6457.4009

7. Collaborative Group on Hormonal Factors in Breast Cancer.
Menarche, menopause, and breast cancer risk: individual participant
meta-analysis, including 118 964 women with breast cancer from 117
epidemiological studies. Lancet Oncol 2012;13:1141---51. https://doi.
org/10.1016/S1470-2045(12)70425-4

8. Santoro N, Epperson CN, Mathews SB. Menopausal symptoms and
their management. Endocrinol Metab Clin N Am 2015;44:497---515.
https://doi.org/10.1016/j.ecl.2015.05.001

9. Lansky AJ, Ng VG, Maehara A et al. Gender and the extent of coronary
atherosclerosis, plaque composition, and clinical outcomes in acute
coronary syndromes. JACC Cardiovasc Imaging 2012;5:S62---72. https:
//doi.org/10.1016/j.jcmg.2012.02.003

10. Vervoort D, Wang R, Li G et al. Addressing the global burden
of cardiovascular disease in women. J Am Coll Cardiol 2024;83:
2690---707. https://doi.org/10.1016/j.jacc.2024.04.028

11. Flatt T, Partridge L. Horizons in the evolution of aging. BMC Biol
2018;16:93. https://doi.org/10.1186/s12915-018-0562-z

12. Davison R, Gurven M. The importance of elders: extending
Hamilton’s force of selection to include intergenerational transfers.
Proc Natl Acad Sci 2022;119:e2200073119. https://doi.org/10.1073
/pnas.2200073119

13. Peccei JS. A critique of the grandmother hypotheses: old and new.
Am J Hum Biol 2001;13:434---52. https://doi.org/10.1002/ajhb.1076

14. Kaplan H, Hill K, Lancaster J et al. A theory of human life history
evolution: diet, intelligence, and longevity. Evol Anthropol Issues News
Rev 2000;9:156---85. https://doi.org/10.1002/1520-6505(2000)9:4<

156::AID-EVAN5>3.0.CO;2-7

15. Schniter E, Gurven M, Kaplan HS et al. Skill ontogeny among
Tsimane forager-horticulturalists. Am J Phys Anthropol 2015;158:
3---18. https://doi.org/10.1002/ajpa.22757

16. Auro K, Joensuu A, Fischer K et al. A metabolic view on menopause
and ageing. Nat Commun 2014;5:4708. https://doi.org/10.1038
/ncomms5708

17. Clayton GL, Borges MC, Lawlor DA. The impact of reproductive
factors on the metabolic profile of females from menarche to
menopause. Nat Commun 2024;15:1103. https://doi.org/10.1038
/s41467-023-44459-6

18. Ghaffari S, Naderi Nabi F, Sugiyama MG et al. Estrogen inhibits
LDL (low-density lipoprotein) transcytosis by human coronary artery
endothelial cells via GPER (G-protein-coupled Estrogen receptor)
and SR-BI (scavenger receptor class B type 1). Arterioscler Thromb
Vasc Biol 2018;38:2283---94. https://doi.org/10.1161/ATVBAHA.118.
310792

19. Iqbal J, Zaidi M. Understanding Estrogen action during menopause.
Endocrinology. 2009;150:3443---5. https://doi.org/10.1210/en.2009
-0449

20. O’Connor KA, Ferrell R, Brindle E et al. Progesterone and ovulation
across stages of the transition to menopause. Menopause. 2009;16:
1178---87. https://doi.org/10.1097/gme.0b013e3181aa192d

21. Wang Q, Ferreira DLS, Nelson SM et al. Metabolic characterization
of menopause: cross-sectional and longitudinal evidence. BMC Med
2018;16:17. https://doi.org/10.1186/s12916-018-1008-8

22. Ryczkowska K, Adach W, Janikowski K et al. Menopause and women’s
cardiovascular health: is it really an obvious relationship? Arch Med
Sci AMS 2022;19:458---66. https://doi.org/10.5114/aoms/157308

23. Knowlton AA, Lee AR. Estrogen and the cardiovascular system. Phar-
macol Ther 2012;135:54---70. https://doi.org/10.1016/j.pharmthera.
2012.03.007

24. Raj A, Chakole S, Agrawal S et al. The impact of menopause on car-
diovascular aging: a comprehensive review of androgen influences.
Cureus. 2023;15:e43569. https://doi.org/10.7759/cureus.43569

25. Xing D, Nozell S, Chen YF et al. Estrogen and mechanisms of
vascular protection. Arterioscler Thromb Vasc Biol 2009;29:289---95.
https://doi.org/10.1161/ATVBAHA.108.182279

26. Jasienska G. Reproduction and lifespan: trade-offs, overall energy
budgets, intergenerational costs, and costs neglected by research.
Am J Hum Biol 2009;21:524---32. https://doi.org/10.1002/ajhb.20931

27. Gurven M, Costa M, Trumble B et al. Health costs of reproduction
are minimal despite high fertility, mortality and subsistence lifestyle.
Sci Rep 2016;6. https://doi.org/10.1038/srep30056

28. Trumble BC, Charifson M, Kraft T et al. Apolipoprotein-ε4 is
associated with higher fecundity in a natural fertility population.
Sci Adv 2023;9:eade9797. https://doi.org/10.1126/sciadv.ade9797

29. Garner P, Smith T, Baea M et al. Maternal nutritional depletion in a
rural area of Papua New Guinea. Trop Geogr Med 1994;46:169---71.

30. Jasienska G, Bribiescas RG, Furberg AS et al. Human reproduction
and health: an evolutionary perspective. Lancet 2017;390:510---20.
https://doi.org/10.1016/S0140-6736(17)30573-1

31. Trumble BC, Cummings D, von Rueden C et al. Physical competition
increases testosterone among Amazonian forager-horticulturalists:
a test of the ‘challenge hypothesis’. Proc R Soc B Biol Sci 2012;279:
2907---12. https://doi.org/10.1098/rspb.2012.0455

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/13/1/201/8209420 by guest on 08 D
ecem

ber 2025

https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1038/s41586-024-07159-9
https://doi.org/10.1126/science.add5473
https://doi.org/10.1126/science.add5473
https://doi.org/10.1126/science.add5473
https://doi.org/10.1126/science.add5473
https://doi.org/10.1126/science.add5473
https://doi.org/10.1126/science.add5473
https://doi.org/10.1126/science.add5473
https://doi.org/10.1126/science.add5473
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1186/s12905-020-00932-8
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.1002/ajhb.10156
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.7860/JCDR/2014/6457.4009
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/S1470-2045(12)70425-4
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.ecl.2015.05.001
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1016/j.jacc.2024.04.028
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1186/s12915-018-0562-z
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1073/pnas.2200073119
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/ajhb.1076
https://doi.org/10.1002/1520-6505(2000)9:4%3c156::AID-EVAN5%3e3.0.CO;2-7
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1002/ajpa.22757
https://doi.org/10.1038/ncomms5708
https://doi.org/10.1038/ncomms5708
https://doi.org/10.1038/ncomms5708
https://doi.org/10.1038/ncomms5708
https://doi.org/10.1038/ncomms5708
https://doi.org/10.1038/ncomms5708
https://doi.org/10.1038/ncomms5708
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1038/s41467-023-44459-6
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1161/ATVBAHA.118.310792
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1210/en.2009-0449
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1097/gme.0b013e3181aa192d
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.5114/aoms/157308
https://doi.org/10.5114/aoms/157308
https://doi.org/10.5114/aoms/157308
https://doi.org/10.5114/aoms/157308
https://doi.org/10.5114/aoms/157308
https://doi.org/10.5114/aoms/157308
https://doi.org/10.5114/aoms/157308
https://doi.org/10.5114/aoms/157308
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.1016/j.pharmthera.2012.03.007
https://doi.org/10.7759/cureus.43569
https://doi.org/10.7759/cureus.43569
https://doi.org/10.7759/cureus.43569
https://doi.org/10.7759/cureus.43569
https://doi.org/10.7759/cureus.43569
https://doi.org/10.7759/cureus.43569
https://doi.org/10.7759/cureus.43569
https://doi.org/10.7759/cureus.43569
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1161/ATVBAHA.108.182279
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1002/ajhb.20931
https://doi.org/10.1038/srep30056
https://doi.org/10.1038/srep30056
https://doi.org/10.1038/srep30056
https://doi.org/10.1038/srep30056
https://doi.org/10.1038/srep30056
https://doi.org/10.1038/srep30056
https://doi.org/10.1038/srep30056
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1126/sciadv.ade9797
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1016/S0140-6736(17)30573-1
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455
https://doi.org/10.1098/rspb.2012.0455


Blood lipid levels after transition to menopause Getz et al. | 213

32. Blackwell AD, Tamayo MA, Beheim B et al. Helminth infection,
fecundity, and age of first pregnancy in women. Science. 2015;350:
970---2. https://doi.org/10.1126/science.aac7902

33. Kaplan H, Thompson RC, Trumble BC et al. Coronary atherosclerosis
in indigenous south American Tsimane: a cross-sectional cohort
study. Lancet 2017;389:1730---9. https://doi.org/10.1016/S0140
-6736(17)30752-3

34. Gurven M, Blackwell AD, Rodríguez DE et al. Does blood pressure
inevitably rise with age? Hypertension. 2012;60:25---33. https://doi.
org/10.1161/HYPERTENSIONAHA.111.189100

35. Kaplan H, Hooper PL, Gatz M et al. Brain volume, energy balance,
and cardiovascular health in two nonindustrial south American
populations. Proc Natl Acad Sci 2023;120:e2205448120. https://doi.
org/10.1073/pnas.2205448120

36. Rowan CJ, Eskander MA, Seabright E et al. Very low prevalence and
incidence of atrial fibrillation among Bolivian forager-farmers. Ann
Glob Health 2021;87:18. https://doi.org/10.5334/aogh.3252

37. Gurven M, Stieglitz J, Trumble B et al. The Tsimane health and
life history project: integrating anthropology and biomedicine. Evol
Anthropol Issues News Rev 2017;26:54---73. https://doi.org/10.1002
/evan.21515

38. Gurven M, Jaeggi AV, Kaplan H et al. Physical activity and mod-
ernization among Bolivian Amerindians. PLoS One 2013;8:e55679.
https://doi.org/10.1371/journal.pone.0055679

39. Matthews CE, Patel S, Saint-Maurice PF et al. Physical activity levels
(PAL) in US Adults-2019. Med Sci Sports Exerc 2023;55:884---91. https:
//doi.org/10.1249/MSS.0000000000003102

40. Dinkel KA, Costa ME, Kraft TS et al. Relationship of sanitation,
water boiling, and mosquito nets to health biomarkers in a rural
subsistence population. Am J Hum Biol 2020;32:e23356. https://doi.
org/10.1002/ajhb.23356

41. Gatz M, Mack WJ, Chui HC et al. Prevalence of dementia
and mild cognitive impairment in indigenous Bolivian forager-
horticulturalists. Alzheimers Dement 2023;19:44---55. https://doi.org
/10.1002/alz.12626

42. Trumble BC, Cummings DK, O’Connor KA et al. Age-independent
increases in male salivary testosterone during horticultural activity
among Tsimane forager-farmers. Evol Hum Behav 2013;34:350---7.
https://doi.org/10.1016/j.evolhumbehav.2013.06.002

43. Trumble BC, Smith EA, O’Connor KA et al. Successful hunting
increases testosterone and cortisol in a subsistence population.
Proc R Soc B Biol Sci 2014;281:20132876. https://doi.org/10.1098
/rspb.2013.2876

44. Lea AJ, Garcia A, Arevalo J et al. Natural selection of immune and
metabolic genes associated with health in two lowland Bolivian
populations. Proc Natl Acad Sci 2023;120:e2207544120. https://doi.
org/10.1073/pnas.2207544120

45. Kraft TS, Stieglitz J, Trumble BC et al. Nutrition transition in 2
lowland Bolivian subsistence populations. Am J Clin Nutr 2018;108:
1183---95. https://doi.org/10.1093/ajcn/nqy250

46. Ahmad M, Sniderman AD, Hegele RA. Apolipoprotein B in cardio-
vascular risk assessment. CMAJ Can Med Assoc J 2023;195:E1124.
https://doi.org/10.1503/cmaj.230048

47. Brunner FJ, Waldeyer C, Ojeda F et al. Application of non-HDL
cholesterol for population-based cardiovascular risk stratification:
results from the multinational cardiovascular risk consortium. Lancet

2019;394:2173---83. https://doi.org/10.1016/S0140-6736(19)32519
-X

48. Gordon DJ, Probstfield JL, Garrison RJ et al. High-density lipoprotein
cholesterol and cardiovascular disease. Four prospective American
studies. Circulation. 1989;79:8---15. https://doi.org/10.1161/01.CIR.
79.1.8

49. Sandesara PB, Virani SS, Fazio S et al. The forgotten lipids:
triglycerides, remnant cholesterol, and atherosclerotic cardiovas-
cular disease risk. Endocr Rev 2019;40:537---57. https://doi.org/10.
1210/er.2018-00184

50. Gurven M, Kaplan H, Supa AZ. Mortality experience of Tsimane
Amerindians of Bolivia: regional variation and temporal trends. Am
J Hum Biol 2007;19:376---98. https://doi.org/10.1002/ajhb.20600

51. C MM. 4 Things to Know about Early and Premature Menopause. Yale
Medicine, 2024. [cited 2025 Feb 3]. Available from: https://www.
yalemedicine.org/news/early-and-premature-menopause.

52. Anagnostis P, Stevenson JC, Crook D, Johnston DG, Godsland IF.
Effects of menopause, gender and age on lipids and high-density
lipoprotein cholesterol subfractions. Maturitas 2015;81:62---8.

53. Derby CA, Crawford SL, Pasternak RC, Sowers M, Sternfeld B,
Matthews KA. Lipid changes during the menopause transition in
relation to age and weight: the Study of Women’s Health Across the
Nation. Am J Epidemiol 2009;169:1352---61.

54. Stevenson JC, Crook D, Godsland IF. Influence of age and
menopause on serum lipids and lipoproteins in healthy women.
Atherosclerosis 1993;98:83---90.

55. Woodard GA, Brooks MM, Barinas-Mitchell E, Mackey RH,
Matthews KA, Sutton-Tyrrell K. Lipids, menopause, and early
atherosclerosis in Study of Women’s Health Across the Nation
Heart women. Menopause 2011;18:376---84.

56. Bermingham KM, Linenberg I, Hall WL, Kadé K, Franks PW,
Davies R, et al. Menopause is associated with postprandial
metabolism, metabolic health and lifestyle: The ZOE PREDICT
study. EBioMedicine 2022;85:104303.

57. Ambikairajah A, Walsh E, Cherbuin N. Lipid profile differences during
menopause: a review with meta-analysis. Menopause. 2019;26:
1327---33. https://doi.org/10.1097/GME.0000000000001403

58. Anagnostis P, Stevenson JC, Crook D et al. Effects of menopause,
gender and age on lipids and high-density lipoprotein cholesterol
subfractions. Maturitas. 2015;81:62---8. https://doi.org/10.1016/j.
maturitas.2015.02.262

59. Derby CA, Crawford SL, Pasternak RC et al. Lipid changes during
the menopause transition in relation to age and weight: the study
of Women’s health across the nation. Am J Epidemiol 2009;169:
1352---61. https://doi.org/10.1093/aje/kwp043

60. Li H, Sun R, Chen Q et al. Association between HDL-C levels
and menopause: a meta-analysis. Hormones. 2021;20:49---59. https:
//doi.org/10.1007/s42000-020-00216-8

61. Stevenson JC, Crook D, Godsland IF. Influence of age and
menopause on serum lipids and lipoproteins in healthy
women. Atherosclerosis. 1993;98:83---90. https://doi.org/10.1016
/0021-9150(93)90225-J

62. Woodard GA, Brooks MM, Barinas-Mitchell E et al. Lipids,
menopause, and early atherosclerosis in study of Women’s health
across the nation heart women. Menopause. 2011;18:376---84. https:
//doi.org/10.1097/gme.0b013e3181f6480e

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/13/1/201/8209420 by guest on 08 D
ecem

ber 2025

https://doi.org/10.1126/science.aac7902
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1126/science.aac7902
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1016/S0140-6736(17)30752-3
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1161/HYPERTENSIONAHA.111.189100
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.1073/pnas.2205448120
https://doi.org/10.5334/aogh.3252
https://doi.org/10.5334/aogh.3252
https://doi.org/10.5334/aogh.3252
https://doi.org/10.5334/aogh.3252
https://doi.org/10.5334/aogh.3252
https://doi.org/10.5334/aogh.3252
https://doi.org/10.5334/aogh.3252
https://doi.org/10.5334/aogh.3252
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/evan.21515
https://doi.org/10.1002/evan.21515
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1371/journal.pone.0055679
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1249/MSS.0000000000003102
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/ajhb.23356
https://doi.org/10.1002/alz.12626
https://doi.org/10.1002/alz.12626
https://doi.org/10.1002/alz.12626
https://doi.org/10.1002/alz.12626
https://doi.org/10.1002/alz.12626
https://doi.org/10.1002/alz.12626
https://doi.org/10.1002/alz.12626
https://doi.org/10.1002/alz.12626
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1016/j.evolhumbehav.2013.06.002
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1098/rspb.2013.2876
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1073/pnas.2207544120
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1093/ajcn/nqy250
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1503/cmaj.230048
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1016/S0140-6736(19)32519-X
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1161/01.CIR.79.1.8
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1002/ajhb.20600
https://doi.org/10.1002/ajhb.20600
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://www.yalemedicine.org/news/early-and-premature-menopause
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1097/GME.0000000000001403
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1016/j.maturitas.2015.02.262
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1093/aje/kwp043
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1007/s42000-020-00216-8
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1097/gme.0b013e3181f6480e
https://doi.org/10.1097/gme.0b013e3181f6480e
https://doi.org/10.1097/gme.0b013e3181f6480e
https://doi.org/10.1097/gme.0b013e3181f6480e
https://doi.org/10.1097/gme.0b013e3181f6480e
https://doi.org/10.1097/gme.0b013e3181f6480e
https://doi.org/10.1097/gme.0b013e3181f6480e
https://doi.org/10.1097/gme.0b013e3181f6480e


214 | Getz et al. Evolution, Medicine, and Public Health

63. Bermingham KM, Linenberg I, Hall WL et al. Menopause is
associated with postprandial metabolism, metabolic health and
lifestyle: the ZOE PREDICT study. EBioMedicine. 2022;85:104303.
https://doi.org/10.1016/j.ebiom.2022.104303

64. Matthews CSL, Chae CU, Everson-Rose SA et al. Are changes
in cardiovascular disease risk factors in midlife women due
to chronological aging or to the menopausal transition? J Am
Coll Cardiol 2009;54:2366---73. https://doi.org/10.1016/j.jacc.2009.
10.009.

65. Kodoth V, Scaccia S, Aggarwal B. Adverse changes in body
composition during the menopausal transition and relation to
cardiovascular risk: a contemporary review. Womens Health Rep
2022;3:573---81. https://doi.org/10.1089/whr.2021.0119

66. Hansen M, Flatt T, Aguilaniu H. Reproduction, fat metabolism, and
lifespan --- what is the connection? Cell Metab 2013;17:10---9. https:/
/doi.org/10.1016/j.cmet.2012.12.003

67. Kirkwood TBL. Evolution of ageing. Mech Ageing Dev 2002;123:
737---45. https://doi.org/10.1016/S0047-6374(01)00419-5

© The Author(s) 2025. Published by Oxford University Press on behalf of the Foundation for Evolution, Medicine, and Public Health. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
Evolution, Medicine, and Public Health [2025] pp.201---214
https://doi.org/10.1093/emph/eoaf020
Original Research Article

D
ow

nloaded from
 https://academ

ic.oup.com
/em

ph/article/13/1/201/8209420 by guest on 08 D
ecem

ber 2025

https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.ebiom.2022.104303
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1016/j.jacc.2009.10.009
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/j.cmet.2012.12.003
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://doi.org/10.1016/S0047-6374(01)00419-5
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/emph/eoaf020

	 Higher blood lipid levels after the transition to menopause in two forager-horticulturalist populations
	BACKGROUND
	METHODOLOGY
	RESULTS
	DISCUSSION
	CONCLUSIONS
	Acknowledgements
	Author contributions
	Supplementary data
	Funding
	Data availability
	REFERENCES


