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Abstract

Objectives: A plant-based diet has been shown to reduce hot
flashes, partly by weight loss. Because some plant-based foods
are highly processed, this secondary analysis assessed associa-
tions between consumption of processed foods, body weight, and
severe hot flashes in postmenopausal women.

Methods: Participants (N= 84) were randomly assigned to a low-
fat vegan diet supplemented with soybeans (n= 42) or an om-
nivorous control group (n= 42) for 12 weeks. Three-day diet
records were analyzed using the Nutrition Data System for Re-
search software; the NOVA classification was used to assess
processed food consumption. A repeated measures ANOVA was
used for statistical analyses.

Results: Consumption of unprocessed or minimally processed ani-
mal foods decreased in the vegan group, compared with the control
group; effect size: −106 g/d (95% CI: −169 to −42); P= 0.002. The

reduction in consumption of unprocessed or minimally processed
animal foods was associated with weight loss (r=+0.45; P< 0.001)
and a reduction in severe hot flashes (r=+0.31; P= 0.01). Similarly,
consumption of ultra-processed animal foods decreased in the ve-
gan group by 60 g/d (95% CI: −105 to −15); P= 0.004, with no
significant change in the control group; effect size: −65 g/d (95% CI:
−115 to −16); P= 0.01. The reduction in consumption of ultra-
processed animal foods was associated with weight loss (r=+0.43;
P< 0.001). Consumption of ultra-processed plant-based foods
changed only minimally and nonsignificantly and was not asso-
ciated with changes in weight or hot flash frequency.

Conclusions: These findings suggest that, in the context of a
soybean-supplemented vegan diet, replacing the consumption of
both unprocessed or minimally processed and ultra-processed
animal foods with plant foods (regardless of the level of pro-
cessing), was associated with significant weight loss and a re-
duction in severe hot flashes.

Received for publication October 15, 2024; accepted February 4, 2025.
From the 1Department of Clinical Research, Physicians Committee for

Responsible Medicine, Washington, DC; 2Department of Nutritional
Sciences, Temerty Faculty of Medicine, University of Toronto; 3Tor-
onto 3D Knowledge Synthesis and Clinical Trials Unit and Clinical
Nutrition and Risk Factor Modification Centre; 4Clinical Nutrition &
Risk FactorModification Centre, Li Ka Shing Knowledge Institute, St.
Michael’s Hospital, Toronto, ON, Canada; 5Pediatric Critical Care,
School of Medicine, University of Utah, Salt Lake City, UT; and
6Department of Medicine, George Washington University School of
Medicine and Health Sciences, Washington, DC.

Funding/support: This work was funded by the Physicians Committee for
Responsible Medicine.

Financial disclosure/conflicts of interest: H.K., T.Z.-M., A.J., G.M.,
and R.H. received compensation from the Physicians Committee
for Responsible Medicine for their work on this study. L.C. re-
ceived funding from a Toronto 3D New Investigator Award and
has received research support from the Canadian Institutes of
Health Research (CIHR), Protein Industries Canada (a Govern-
ment of Canada Global Innovation Clusters), The United Soybean
Board (USDA soy “Checkoff” program), and the Alberta Pulse
Growers Association. R.H. has a past DSMB membership with
Pfizer. N.D.B. is an Adjunct Professor of Medicine at the George
Washington University School of Medicine. He serves without
compensation as president of the Physicians Committee for Re-
sponsible Medicine and Barnard Medical Center in Washington,
DC, nonprofit organizations providing educational, research, and

medical services related to nutrition. He writes books and articles
and gives lectures related to nutrition and health and has received
royalties and honoraria from these sources.

H.K. and N.D.B. designed and executed the study; T.Z.-M., A.J., and
G.M. prepared the data for analysis; L.C. independently reviewed the
accuracy of food categorization. R.H. performed the statistical
analysis. All authors had full access to the data, contributed to the
manuscript, and approved its final version. H.K. had full access to all
the data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis.

Trial registration: ClinicalTrials.gov, NCT04587154, registered on Oc-
tober 14, 2020.

The study was conducted in accordance with the Declaration of Helsinki,
and the study protocol was approved by the Advarra Institutional
Review Board, located in Columbia, MD. The study was registered
on ClinicalTrials.gov (NCT03698955). All participants gave informed
written consent.

Supplemental Digital Content is available for this article. Direct URL
citations are provided in the HTML and PDF versions of this article
on the journal’s website, www.menopause.org.

Address correspondence to: Hana Kahleova, MD, PhD, Physicians
Committee for Responsible Medicine, 5100 Wisconsin Ave, NW,
Suite 400, Washington, DC 20016. E-mail: hana.kahleova@gmail.
com

© 2025 by The Menopause Society
eISSN: 1530-0374
DOI: 10.1097/GME.0000000000002563

BRIEF REPORT

Menopause � Volume 32, Number 9, September 2025 | 1

http://www.menopause.org
mailto:hana.kahleova@gmail.com
mailto:hana.kahleova@gmail.com


Key Words: Hot flashes, NOVA, Nutrition, Plant-based, Pro-
cessed foods, Vegan, Weight.

(Menopause 2025;32:000–000)

P lant-based diets have been shown to significantly re-
duce body weight in clinical trials.1,2 However, it is not

clear whether the consumption of processed foods would
impair weight loss. Some researchers have classified foods
based on their processing levels using the NOVA classi-
fication system,3 and the consumption of ultra-processed
foods has been suggested to contribute to weight gain and
increased risk of type 2 diabetes.4,5 However, a 2023
analysis of the data from three large US cohorts showed
that, while the consumption of animal-based ultra-pro-
cessed foods and sugar-sweetened beverages was asso-
ciated with an increased risk of type 2 diabetes,
consumption of ultra-processed breads and cereals and
packaged sweet and savory snacks was associated with
reduced risk.5 Therefore, the relationship between changes
in processed food intake and body weight in the context of
a vegan diet merits investigation in randomized controlled
trials, taking into account the food origin (animal vs.
plant-based).

A low-fat vegan diet supplemented with soybeans
has been shown to reduce body weight and post-
menopausal hot flashes.6 Since weight loss may contribute
to improvements in hot flashes,7 this secondary analysis of
previously published data6 assessed the association of
NOVA categories, divided into animal and plant-based
foods, with changes in body weight and severe hot flashes
in postmenopausal women. Our hypothesis was that ani-
mal and plant-based foods within the NOVA categories
would affect body weight differently, which may have
significant implications on specific dietary recom-
mendations for postmenopausal women.

METHODS
The methods have been described in detail previously.6

Briefly, postmenopausal women aged 40-65 years reporting
at least 2 moderate-to-severe hot flashes per day were re-
cruited through social media and screened by telephone in
two cohorts (fall and spring) for a parallel-design, 12-week
study beginning in September 2020 and February 2021 in
Washington, DC. Exclusion criteria were any cause of vas-
omotor symptoms other than natural menopause; current
use of a low-fat, vegan diet; soy allergy; use of hormonal
medications in the preceding 2 months; smoking; substance
abuse including the consumption of more than 1 alcoholic
beverage a day; eating disorder history; use of weight-re-
ducing medication during the last 6 months; a current effort
at weight loss; and body mass index < 18.5 kg/m2. The
Advarra Institutional Review Board approved the study on
September 2, 2020 (Pro00045315). All participants provided
written informed consent. This study follows the Con-
solidated Standards of Reporting Trials (CONSORT, Sup-
plemental Digital Content 1, http://links.lww.com/MENO/
B372) reporting guidelines.

Volunteers who met participation criteria were ran-
domly assigned to a vegan group or control group using a
computer-generated sequence. The assignment was done
simultaneously, so allocation was concealed before
randomization. The main outcome was the number and
intensity of hot flashes, which were tracked with a mobile
application, over 12 weeks. The vegan group was asked to
avoid all animal foods and follow a low-fat plant-based
diet, consisting of fruits, vegetables, grains, and legumes,
including one-half cup (86 g) of cooked soybeans per day.
Control participants maintained their usual diets. No in-
structions regarding processed food consumption were
given to either group. Participants in both groups were
provided with a vitamin B12 supplement (100 µg) and
were asked to keep their medications and physical activity
constant. Alcoholic beverages were limited to one per day.

Measurements were performed at baseline and week
12. The frequency and intensity of hot flashes were re-
corded, using the My Luna mobile application (Blue Trail
Software Holding). Body weight was measured using a
self-calibrating digital scale (Renpho Model ES-CS20M),
accurate to 0.05 kg.

Dietary adherence was assessed weekly. In addition,
each participant completed a 3-day dietary record (two
weekdays and one weekend day) at baseline and week 12.
Dietary intake data were collected and analyzed by a staff
member certified in the Nutrition Data System for Re-
search which was developed by the Nutrition Coordinat-
ing Center at the University of Minnesota, Minneapolis,
MN.8 All foods were categorized for the degree of pro-
cessing using the NOVA system,3 and by their origin
(animal, plant-based, or mixed). NOVA category 1 is
defined as unprocessed or minimally processed foods;
category 2 includes processed ingredients, such as salt,
sugar, oil, and butter; category 3 includes processed foods
made by adding salt, sugar, preservatives, etc.; and cat-
egory 4 is composed of ultra-processed foods, greatly
modified by industrial techniques and processes. L.C.
served as an independent reviewer, blinded to group as-
signment, to check the accuracy of food categorization.
Physical activity was assessed by the International Phys-
ical Activity Questionnaire (IPAQ).9

The intention-to-treat analysis included all study
participants. In addition, an analysis was performed, in-
cluding only study completers who submitted complete
data at baseline and week 12. A repeated measure AN-
OVA was used by a statistician blinded to dietary inter-
ventions, with factors group, subject, and time. Dietary
intake in each NOVA category was the dependent varia-
ble. For each intake outcome, a linear mixed model was fit
with fixed effects for the study arm and time period
(baseline and 12 wk) and an interaction between time
periods. A random effect was included to take into ac-
count the correlation between within-participant meas-
urements; separate covariances were fit for the two
treatment groups. Least-square estimates of changes
within each treatment arm and of the difference in changes
between treatment arms, along with (two-sided 95%) CIs
and significance assessments, were then constructed from
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these models. All results are presented as means with 95%
CIs. In addition, within-group and between-group differ-
ences were tested, using paired t tests. For food categories
exhibiting a significant between-group difference in con-
sumption changes, Spearman correlations (in both groups
combined) were used to evaluate the magnitude and sig-
nificance of associations between food intake changes and
changes in hot flashes and body weight. After Bonferroni
correction, P values < 0.01 (0.05/4) were considered sig-
nificant.

RESULTS
Of 1,662 volunteers, 361 were screened by telephone,

and 84 participants were randomly assigned to the 2 study
groups, with 71 participants completing the whole study
(Supplemental Fig. 1, Supplemental Digital Content 2,
http://links.lww.com/MENO/B373). The baseline demo-
graphics are listed in Supplemental Table 1, Supplemental
Digital Content 3, http://links.lww.com/MENO/B374.
There were no significant between-group differences in
any variables, including race, ethnicity, marital status,
education, use of medication, body weight, years since
menopause, dietary intake, and alcohol consumption, ex-
cept for the vegan group being slightly younger. The
groups were comparable in terms of the number and se-
verity of hot flashes at baseline. The average number of
total hot flashes was 5.8 ( ± 3.5) in the vegan and 5.2
( ± 3.8) in the control group (between-group P= 0.40), and
most of the reported hot flashes were moderate-to-severe:
4.8 ( ± 3.5) in the intervention and 4.1 ( ± 3.2) in the con-
trol group (between-group P= 0.34).

Hot flashes and body weight
Severe hot flashes were reduced by 92% (from 1.3/d

to 0.1/d) in the vegan group (P< 0.001) and did not
change significantly in the control group (from 0.7/d to
0.4/d; P= 0.13; between-group P= 0.02). Moderate-to-se-
vere hot flashes decreased by 88% (from 5.0/d to 0.6/d) in
the vegan group (P< 0.001) and by 34% (from 4.4/d to 2.9/
d) in the control group (P< 0.001; between-group
P< 0.001). Mean body weight decreased by 3.6 kg in the
vegan group and 0.2 kg in the control group [effect size:
−3.4 kg (95% CI: −4.5 to −2.3); P< 0.001]. As reported
earlier,6 the improvements were comparable in the fall and
spring cohorts.

NOVA categories
As reported previously,6 there was no significant

between-group difference in energy intake. Changes in
animal and plant-based foods in all NOVA categories in
study completers with complete data at baseline and week
12 are listed in Table 1. The results from the intention-to-
treat analysis that included all study participants were very
similar and are shown in Supplemental Table 2, Supple-
mental Digital Content 4, http://links.lww.com/MENO/
B375. Spearman correlations between changes in the
consumption of the NOVA food categories with a sig-
nificant between-group difference and changes in body
weight and hot flashes are listed in Table 2. The con-TA
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sumption of unprocessed or minimally processed animal
foods decreased in the vegan group, compared with the
control group; effect size: −106 g/d (95% CI: −169 to −42);
P= 0.002. This reduction was associated with weight loss
(r=+0.45; P< 0.001) and a reduction in severe hot flashes
(r=+0.31; P= 0.01). Concomitantly, the intake of un-
processed or minimally processed plant-based foods in-
creased in the vegan group by 432 g/d (95% CI: 118-745);
P= 0.009, but the between-group difference was not sta-
tistically significant (P= 0.08). Consumption of animal-
based processed culinary ingredients and processed foods
was minimal at baseline in both groups. No significant
changes in the consumption of animal or plant-based
processed culinary ingredients were observed in either
group. The processed animal-food consumption decreased
in the vegan group by 9 g/d (95% CI: −15 to −3);
P= 0.004, as did the intake of processed plant-based foods
by 9 g/d (95% CI: −16 to −1); P= 0.02, but the difference
between the groups was not statistically significant for
either category. The consumption of ultra-processed ani-
mal foods decreased in the vegan group by 60 g/d (95% CI:
−105 to −15); P= 0.004, with no significant change in the
control group; effect size: −65 g/d (95% CI: −115 to −16);
P= 0.01. The reduction in consumption of ultra-processed
animal foods was associated with weight loss (r=+0.43;
P< 0.001) and a reduction in severe hot flashes (r=+0.31;
P= 0.01). There was no significant change in the con-
sumption of ultra-processed plant-based foods or mixed
foods in either group.

DISCUSSION
The current randomized trial demonstrated that, in

the context of a vegan diet, replacing the consumption of
both unprocessed or minimally processed and ultra-pro-
cessed animal foods with plant foods (regardless of the
level of processing), was associated with weight loss and a
reduction in severe hot flashes in postmenopausal women.
Conversely, the level of processing of plant foods was not
associated with changes in body weight or hot flashes,
suggesting that the benefits of increasing plant foods are
independent of processing level. While consumption of
animal-derived ultra-processed foods is associated with an
increased risk of type 2 diabetes in observational studies,
the reverse is true for most plant-based foods. Even many
highly processed plant-based foods are associated with a
lower diabetes risk.5

Nutrition interventions that are low in fat and rich in
whole grains, fruits, and vegetables may help reduce the
frequency and intensity of hot flashes. For instance, in The

Women’s Health Initiative study, this diet increased the
likelihood of women being relieved of hot flashes at 1 year
by 14% after adjustments for changes in body weight, and
by 23% in women who lost at least 10% of body weight.10

The findings raise the question of the potential
mechanisms that may explain the observed clinical im-
provements. The positive effects of nutrition modifications
on postmenopausal hot flashes may, in part, be mediated
by changes in dietary advanced glycation end-products
(AGEs), a group of endocrine disruptors affecting the
secretion of insulin, reproductive hormones, as well as
secretion of adipose tissue hormones such as leptin and
adiponectin.11 A low-fat vegan diet that included daily
consumption of soybeans led to a 92% reduction in severe
hot flashes and a 73% reduction in dietary AGEs. The
reduction in the dietary AGEs, related mainly to the re-
duction in animal-derived products and increased con-
sumption of plant-based foods regardless of their degree of
processing, was associated with the reduction in hot
flashes, independent of changes in energy intake and
changes in body mass index.12

The strengths of the current trial include a
randomized, parallel design, which accounted for seasonal
effects. The study also has limitations. The food con-
sumption was based on self-reported diet records. The
participants were volunteers and may not represent the
general population.

CONCLUSIONS
In conclusion, these findings suggest that, in the

context of a soybean-supplemented vegan diet, replacing
the consumption of both unprocessed or minimally pro-
cessed and ultra-processed animal foods with plant foods
(regardless of the level of processing), was associated with
significant weight loss and a reduction in severe hot flashes.
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