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ABSTRACT

Objective: This study involved a secondary data analysis of Health & Her app data to investigate
medical profiles and menopausal symptom clusters.

Study Design: Using a linear mixed effects model, we assessed how medical conditions, including
Polyendocrine Metabolic Ovarian Syndrome (PMOS), premenstrual dysphoric disorder (PMDD),
premature ovarian insufficiency (POI), cancers, depression, anxiety, uterine fibroids, endometriosis,
adenomyosis and autoimmune disorders, predict menopausal symptom patterns. We also assessed
medical procedures including bilateral oophorectomy, hysterectomy, unilateral oophorectomy,
partial hysterectomy, endometrial ablation, and cancer treatment. Symptom clusters were
identified via Principal Component Analysis. Linear mixed effects models analysed the effects of
predictors on symptom outcomes.

Main outcome measures: Menopausal symptom clusters, and how menopausal symptom
patterns and severities are associated with medical profiles.

Results: Data from 210,489 app users from October 2020 to June 2024 identified symptom
clusters, including joint aches, sleeping problems, low libido, weight gain, vasomotor, psychological/
cognitive, vaginal and physical symptoms. Depression and anxiety were associated with the
strongest increases in menopausal symptoms. Gynaecological surgeries were associated with
increased vasomotor symptoms. POl and endometriosis were associated with vaginal symptoms.
Autoimmune diseases had significant associations with joint aches, and physical and psychological/
cognitive symptoms. PMOS, adenomyosis and PMDD were associated with reduced vasomotor
symptoms. Undergoing cancer treatment was associated with reduced symptoms in most
domains, albeit vaginal and vasomotor symptoms increased. Likewise, breast and gynaecological
cancers were associated with low libido, and increased vasomotor and sleep symptoms.
Conclusions: Our findings highlight the importance of healthcare professionals considering
comorbidities when supporting women with menopausal symptoms.

KEYWORDS
Menopause; menopausal
symptoms; medical
co-morbidities;
pre-existing medical
conditions; pre-existing
diagnoses

1. Introduction treatment preferences, age at first experiencing meno-
pausal symptoms, cause of menopause (e.g. surgical
vs. natural) and time since last period [1].

These limitations probably attenuate the ecological

There is rising public awareness and demand for bet-
ter care provision for menopausal women. This has

been reflected by heightened investment in meno-
pause research [1] and the gradual increase in the
number of publications focused on menopause since
the early 1990s [1].

However, menopause-related research can be meth-
odologically limited as it suffers from a systematic
failure to account for key modifiers, independent
explanatory variables and confounders [1]. These fac-
tors include medical comorbidities, menopause-specific

validity of research reports, as comorbidities and
gynaecological procedures which can induce meno-
pausal symptoms are widespread among midlife
women, regardless of menopausal status [2]. These
include depression impacting 19% of UK women [3],
gynaecological conditions such as endometriosis,
polyendocrine metabolic ovarian syndrome (PMOS,
previously polycystic ovary syndrome or PCOS) and
uterine fibroids affecting up to 10% [4], 26% [5], and
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80% [6] of UK women, respectively. Data from the
Middle East suggests that women with depression
report higher rates of urogenital symptoms, hot
flushes, heart discomfort, joint pain and sleeping
problems during menopause [7]. Endometriosis and
PMOS symptoms can be impacted by excess estrogen
and testosterone levels, while lowered levels of these
hormones have been implicated in the genesis of
menopausal symptoms such as vasomotor and vaginal
symptoms [8,9]. Thus, women with these conditions
during menopause may report variances in their
menopausal symptoms compared to women without.
Furthermore, hormone agonist treatments for gynae-
cological conditions such as endometriosis [9], pre-
menstrual dysphoric disorder (PMDD) and uterine
fibroids [10], can induce menopause.

Age at menopause onset can also influence meno-
pausal symptom severities. Women with early meno-
pause (before the age of 45) often experience severe
VMS, more severe sleep disturbance and reduced
quality of life compared to women starting meno-
pause later [11]. Premature ovarian insufficiency (POI,
defined as spontaneous menopause before age 40)
occurs in ~1-4% of women and 5% of women enter
natural menopause before age 45 [11]. In the UK,
approximately 20% of women undergo hysterectomy
with or without bilateral oophorectomy during their
lifetime [12]. In our electronic health record-based
menopause cohort (derived from Welsh primary and
secondary NHS data) and in UK Biobank, the preva-
lence of bilateral oophorectomy has been estimated at
7.3-7.6% among women ages 40-65 [13]. Therefore, a
large proportion of women will experience meno-
pause prematurely.

Menopause-related multimorbidity is also highly
relevant to NHS preventive healthcare initiatives. In
England, adults aged 40-74 are eligible for the NHS
Health Check programme, a national cardiovascular
and metabolic risk assessment initiative designed to
identify early risk factors for conditions including
heart disease, stroke, diabetes and kidney disease.
Menopause is increasingly recognised as a critical
period for the emergence or acceleration of car-
diometabolic risk, particularly among women experi-
encing early menopause, premature ovarian
insufficiency (POI), surgical menopause, obesity,
depression, or metabolic disorders such as PMOS.
Given the high prevalence of these conditions among
midlife women, understanding how comorbidities and
gynaecological histories interact with menopausal
symptom profiles may have implications extending
beyond symptom management alone, potentially help-
ing to identify women at elevated long-term risk of

adverse physical and mental health outcomes. Findings
from this study may therefore help inform more per-
sonalised and preventative approaches to midlife
womens healthcare within both digital health plat-
forms and wider NHS wellness and prevention
strategies.

Given that many midlife women have comorbidi-
ties or undergo gynaecological procedures which can
impact the menopause transition, it is important to
understand how such factors could influence their
experience of menopausal symptoms. This informa-
tion will be valuable to patients and their healthcare
providers, enabling them to predict and prepare for
varying symptom outcomes arising from menopause.
Furthermore, it will help to overcome the limitations
described above.

This study explored how different medical diagno-
ses and surgical procedures are associated with meno-
pausal symptom clusters using secondary data
provided by users of the Health & Her app. Health &
Her is a digital healthcare company providing support
for women during hormonal health transitions includ-
ing the menopause [14]. The app enables women to
track their menopausal symptoms and triggers and
menstrual periods and provides activities to help
manage their menopausal symptoms including health
and lifestyle articles and products designed to support
wellness, including own-brand Health & Her dietary
supplements. The app collects data on symptoms,
medical diagnoses and treatments and gynaecological
surgeries which could impact menopausal symptoms.

The study was conducted to evaluate the impact of
historical, pre-existing and/or comorbid medical diag-
noses on women’s experiences during the menopause
transition.

We had three research questions.

1. What symptom clusters present among Health
& Her app users?

2. How do medical profiles impact menopausal
symptom presentations?

3. How do medical diagnoses, treatments, or
gynaecological procedures, influence meno-
pausal symptom clusters and severities?

2, Methods
2.1. Design

This study involved a secondary data analysis of med-
ical data provided by consenting users of the Health
& Her app. The app was not designed for the pur-
poses of this study. Instead, this study provides an



opportunity to investigate real-world patterns of
menopausal symptoms and comorbidities in a signifi-
cant self-selected sample. Symptom clusters were
identified using Principal Component Analysis, and
linear mixed-effects models were used to analyse the
effects of diagnosed medical conditions and proce-
dures on these symptom domains.

2.2. Participants

This study used anonymised Health & Her app data
collected between October 2020 and June 2024 from
women who downloaded the app, consented to
research participation, and completed onboarding
questions. The app is freely available; users discovered
the app via social media, the Health & Her website,
word of mouth, app stores, or supplement packaging.
Participants were linked by unique identification
codes generated through Amazon Web Services (AWS).

2.2.1. Exclusions
Users were excluded if they did not consent to data
use or did not complete onboarding. To ensure rele-
vance to menopause, users under 40 were excluded
unless they reported POI or bilateral oophorectomy
and users over 80 were excluded to control for broader
age-related effects and reduce misclassification and
heterogeneity. Users who reported that they were
unsure of their menopausal status (i.e., perimeno-
pausal, menopausal, postmenopausal)
excluded, unless their menopausal status could be
inferred from their period data or medical history
(see supplementary table SI to view how users were
asked to report their menopausal status).

Of 253,435 women who logged symptoms, 210,489
met inclusion criteria.

were also

2.2.2. Patient & public involvement

Patients and the public were not involved in study
design or development but could access the app freely
and were included as participants. User reviews
informed improvements to app experience, questions,
and services. Menopause specialist GPs advised on
question development.

2.3. Data collection

After first downloading and opening the app, users
are asked to engage with an onboarding process which
asks users to provide information on their age, medi-
cal history, HRT use, hormonal contraceptive use,
menopausal status, dietary supplement usage and
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current menopausal symptoms. See supplementary
Table S1 to view all onboarding questions. Once all
onboarding questions have been answered, users are
asked to enter their current menopausal symptoms.
Once the user has entered their menopausal symp-
toms, this signifies completion of app onboarding.

2.3.1. Menopausal symptoms
The app recorded 22 symptoms based on a British
Menopause Society survey [15], including hot flushes,
night sweats, sleeping problems, joint aches, low
libido, and more. Users rated symptom severity on a
scale of 1 (mild) to 3 (severe).

To reduce dimensionality and explore relationships
with medical diagnoses, Principal Components Analysis
(PCA) identified four symptom clusters (physical, psy-
chological, vasomotor, vaginal). Four symptoms (low
libido, joint aches, sleeping problems, weight gain)
were analysed independently. A ninth outcome com-
bined all symptoms (‘Combined Symptoms’).

Symptom clusters were averaged and rounded to
create ordinal scores for analysis. For example, a user
rating hot flushes as 2 (moderate) and night sweats as
3 (severe) would receive a vasomotor score of 3.

2.3.2. Medical profiles

During the onboarding process (prior to inputting
menopausal symptom data) the Health & Her app asks
users to indicate what stage they are in their meno-
pause transition: Unsure, Perimenopausal, Menopausal,
or Postmenopausal (see supplementary Table S1 to
view how these stages were defined to users). Users
were then asked whether they have been diagnosed
with any of the following medical conditions, and users
can select more than one medical condition: Breast or
gynaecological cancer, Other cancers, Endometriosis,
Pre/postnatal depression, Uterine fibroids, Premenstrual
Syndrome/Premenstrual Dysphoric Disorder (PMDD),
Depression, Anxiety, Adenomyosis, Autoimmune dis-
ease (thyroid disease, diabetes, rheumatoid arthritis),
POI, PMOS. Users then select whether they had under-
gone any surgical procedures from a drop-down menu:
bilateral oophorectomy (both ovaries removed), unilat-
eral oophorectomy (one ovary removed), hysterectomy
(womb removed), partial hysterectomy (subtotal hyster-
ectomy), endometrial ablation, cancer treatment (che-
motherapy/radiotherapy).

2.4. Covariates

Covariates were included to control for confounding
and improve model accuracy. Dichotomous variables
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included hormone replacement therapy (HRT), hor-
monal contraception (HC) and supplement use.
Menopause stage was added as a factor variable with
three levels: perimenopause (experiencing periods and
menopausal symptoms), menopause (no longer expe-
riencing periods and experiencing menopausal symp-
toms), post-menopause (no longer experiencing
periods, most symptoms have abated except urogeni-
tal symptoms). Total number of days since last period
was added as a continuous variable.

2.5. Data analysis

Anonymised data were accessed from AWS by the
lead author. Data are not publicly available. Analyses
were conducted in R Studio [16]. Only data collected
at onboarding were analysed.

2.5.1. Identification of menopausal symptom
clusters

PCA was performed using the ‘psych’ package in R
[17], which provides functions for factor analysis, reli-
ability, descriptive statistics, item response theory, and
scale construction. Symptom severity data were aggre-
gated per menopausal symptom per user. A zero was
assigned for symptoms not experienced. Oblimin and
simplimax rotations indicated no correlation between
components; varimax was used for final analysis.
Statistical significance was set at p<0.05. The KMO
statistic of 0.95 was calculated to assess the adequacy
of our sampling, indicating the data are highly suit-
able for factor analysis, as values closer to 1 suggest
that factor analysis is likely to be reliable [18].
Sampling adequacy was confirmed by KMO = 0.95.
Bartlett’s test was significant (x*(231) = 1,561,463,
p<0.001), supporting factor analysis. Structure coeffi-
cients 20.32 were used to determine symptom cluster
inclusion; cross-loadings were resolved using a thresh-
old of 0.40 and a 0.20 loading difference. Unmatched
items were treated as independent symptoms [19].
Cronbach’s alpha was used to assess the internal con-
sistency of symptom clusters identified through
exploratory factor analysis, indicating the extent to
which symptoms within each cluster reliably mea-
sured the same underlying construct. Each symptom
cluster was summarised into a single outcome.

2.5.2. Descriptive statistics

Frequencies (N, %) described app user selections at
onboarding in relation to age, menopausal status,
symptoms, procedures undergone, diagnosed condi-
tions and medication and dietary supplement use.

2.5.3. Correlations between symptoms, diagnoses
and procedures

Spearman rank correlations were used to assess asso-
ciations between symptom domains and binary indi-
cators of diagnoses and procedures/treatments, using
pairwise complete observations. Results were visual-
ised as heatmaps to explore patterns across medical
profiles. Given the large sample size and differing
variable types, correlations were interpreted descrip-
tively, with emphasis on magnitude and pattern
rather than statistical significance and recognising
that coefficients may be attenuated for less prevalent
conditions.

2.5.4. Symptom severities across diagnostic groups
To compare menopausal symptom severity across psy-
chiatric and physical diagnoses, participants were cat-
egorised into four mutually exclusive groups: psychiatric
(anxiety, depression, PMDD, pre/postnatal depression),
physical (breast or gynaecological cancers, other can-
cers, endometriosis, adenomyosis, fibroids, autoim-
mune diseases, POI, PMOS), both (reporting at least
one psychiatric and one physical diagnosis), or no
diagnosis (no reported conditions). Group differences
in symptom severity were assessed using Kruskal-Wallis
tests implemented via ‘gtsummary’ [20], with
Benjamini-Hochberg correction applied to account for
multiple comparisons. These groupings were used for
descriptive comparison only and were not intended to
represent latent or data-driven clusters.

2.5.5. Linear mixed effects models

Nine linear mixed effects (LME) models were used to
assess the nine symptom clusters in relation to medical
profiles, computed with Ime4’ [21]. Random intercepts
for country and random slopes for age by country
were used to account for clustering and cross-country
variation in menopause age. HRT, HC, supplements,
days since last period and menopause stage (reference:
menopause) were included as covariates. Each model
simultaneously included all diagnoses (binary, Y/N)
and procedures (binary, Y/N), allowing for adjustment
for co-occurring conditions when estimating the asso-
ciation between each diagnosis/procedure and symp-
tom severity domains. Model outputs were summarised
using ‘gtsummary’ [20]. Collinearity was evaluated via
correlation heatmaps using ‘corrplot’ [22]; no variable
exceeded the +0.70 threshold [23].

Given the large sample, statistical significance alone
was insufficient. ORs >21.10 (p<0.05) were considered
clinically meaningful [24-26], along with protective
effects. Results were visualised with ‘ggplot2’ [27].



3. Results
3.1. Menopausal symptom clusters

Joint aches and weight gain did not load highly
(r<0.40) onto any clusters and were analysed sep-
arately. Low libido and sleeping problems showed
cross-loadings with <0.20 difference between clus-
ters and were also treated as independent
outcomes.

PCA was rerun excluding these four symptoms to
reassess cluster reliability. All loadings in the second
iteration met inclusion criteria, so symptoms within
each of the four clusters were combined. Table 1 sum-
marises the first PCA rotation:

o Cluster 1 - Psychological/cognitive: brain fog,
low energy, low mood, memory loss, poor con-
centration, stress/anxiety.

o Cluster 2 - Physical: bloating, digestive issues,
headaches, dizziness, palpitations, period
changes, sensitive bladder, skin changes.

o Cluster 3 - Vasomotor: hot flushes, night sweats.

o Cluster 4 - Vaginal: painful sex, vaginal
dryness.

3.2. Descriptive statistics

The study included 210,489 women with a mean age
of 49.1years (SD 4.8). The majority reported being
perimenopausal (78%), with fewer being menopausal
(19%) and postmenopausal (3.2%).
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At onboarding, 16% reported using HRT, 19% were
using hormonal contraception, and 44% reported tak-
ing dietary supplements.

Gynaecological procedures were relatively uncom-
mon, with hysterectomy reported by 4.2% of women,
and unilateral and bilateral oophorectomy and endo-
metrial ablation occurring in 4.1% and 2% of the
sample, respectively. Cancer treatment was reported
by 1.8% of women.

Commonly diagnosed conditions included anxiety
(27%) and depression (24%), while physical condi-
tions such as uterine fibroids (10%), autoimmune dis-
eases (9%), and endometriosis (6%) were also reported.
Other conditions, including PMOS (3.8%), PMDD
(3.9%), and POI (0.4%), were less prevalent. Total
cancer diagnoses were reported by a small proportion
of the sample (3%).

Across symptom domains, the highest mean sever-
ity scores were observed for weight gain (1.35), sleep-
ing problems (1.32), joint aches (1.23) and low libido
(1.17). Psychological/cognitive symptoms were also
relatively prominent (1.13), while physical (0.71) and
vaginal symptoms (0.46) showed lower average
severity.

3.3. Correlations between symptoms, diagnoses,
and procedures

As shown in Figure 1, there were consistent posi-
tive correlations between several diagnoses, proce-
dures and symptom domains, although effect sizes

Table 1. Cronbach’s alpha and cluster loadings across all menopausal symptoms.

Cluster 1: Psychological/

Symptom cognitive Cluster 2: Physical Cluster 3: Vasomotor  Cluster 4: Vaginal
Cronbach’s alpha' 0.85 0.76 0.65 0.74
Bloating 0.51

Brain fog 0.73

Digestive issues 0.63

Dizziness 0.60

Headaches 0.54

Hot flushes 0.81

Joint aches? 0.37 0.39

Low libido? 0.41 0.55
Low energy 0.64

Low mood 0.68

Memory loss 0.67

Night sweats 0.83

Painful sex 0.79
Palpitations 0.53

Period changes 0.49

Poor concentration 0.73

Sensitive bladder 0.49

Skin changes 0.50

Sleeping problems? 037 0.54

Stress and anxiety 0.63

Vaginal dryness 0.78
Weight gain? 0.35

'Cronbach’s alpha in bold for all symptoms included in cluster.
2Symptom assessed independently as it did not meet criteria for cluster inclusion.
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Figure 1. Heatmap of Spearman correlations between medical conditions, procedures and menopausal symptom domains. The
plot was developed using R package ‘ggplot2’ [27] and shows Spearman’s rho correlation coefficient magnitudes for each diagno-

sis, procedure/treatment and symptom domain.

Abbreviations: PMOS, Polyendocrine Metabolic Ovarian Syndrome; PMDD, Premenstrual Dysphoric Disorder; POI, Premature Ovarian Insufficiency; VMS,

Vasomotor Symptoms.

were modest overall. The strongest associations
were observed for anxiety and depression, which
showed the highest correlations with psychological/
cognitive scores as expected, as well as total symp-
tom score, sleeping problems and joint aches. Pre/
postnatal depression and autoimmune disorders
demonstrated a similar but weaker pattern, with
moderate correlations across psychological/cogni-
tive,  physical, and sleep-related domains.
Endometriosis, and to a lesser extent, fibroids,
were associated with a broader symptom profile,
showing modest correlations across multiple
domains including physical, urogenital and
pain-related symptoms. Breast/gynaecological can-
cer had a strong correlation with VMS symptoms
but much weaker correlations with all other

symptom domains. In contrast, conditions such as
adenomyosis, PMOS, POI, and other cancers
showed generally weak or near-null correlations
across symptom domains. Procedure-related vari-
ables, particularly hysterectomy and bilateral ovary
removal, were associated with modest increases
across several symptom domains, including vaso-
motor, physical and vaginal scores. Cancer treat-
ment showed largely weak associations overall,
with near-null correlations across most domains
and a slight negative correlation with physical
score. Overall, correlations were attenuated for less
prevalent conditions (e.g. POI) and were generally
small in magnitude. Therefore, patterns should be
interpreted descriptively rather than as evidence of
independent effects.



3.4. Menopausal symptom severity across
diagnostic groups

To examine differences in menopausal symptom sever-
ity across diagnostic profiles, participants were catego-
rised into four groups: psychiatric diagnoses only
(anxiety, depression, PMDD, pre/postnatal depression),
physical diagnoses only (breast or gynaecological can-
cers, other cancers, endometriosis, adenomyosis,
fibroids, autoimmune diseases, POI, PMOS), both types
of diagnosis and no diagnosis (Table 3, Section A).

As shown in Table 3 (section B), menopausal
symptom severities varied by diagnostic group, with
women with both psychiatric and physical diagnoses
reporting the highest severity scores. Women with
psychiatric diagnoses alone showed the second high-
est symptom severity, while those with no diagnosis
consistently reported the lowest scores across all
symptom domains.
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3.5. Linear mixed effects models

Clinically meaningful predictors of symptom out-
comes are summarised below. Figure 2 presents a
heatmap of exponentiated coefficients (expp), where
red or blue coloured cells indicate statistically signifi-
cant associations (p<0.05), and diamonds indicate
clinically meaningful effects (p<0.05 and expp>1.09
or <0.99). Supplementary Table 2 provides full model
outputs.

Compared to the menopause reference group, per-
imenopause was consistently associated with reduced
symptom reporting across most domains, including
physical, psychological/cognitive, vasomotor (VMS),
vaginal, sleep, and weight-related symptoms.
Postmenopause showed a similar pattern of reduc-
tions, though effects were generally smaller and less
consistent, with increases observed in vaginal symp-
toms. POI showed few associations but was linked to

Heatmap of effect estimates across symptom domains
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Figure 2. Heatmap of expf coefficients of predictors of menopause symptom outcomes. The plot was developed using R package
‘ggplot2’ [27] and shows the 9 symptom domains determined from the principal components analysis: physical, psychological/
cognitive, vasomotor (VMS), vaginal, low libido, joint aches, sleeping problems, weight gain and combined symptoms (overall).
Clinically meaningful predictors are defined where expB>1.09 or expB <0.99 for statistically significant (p<0.05) effects. Values

>1 indicate increased symptoms and values <1 indicated decreased symptoms.
Abbreviations: HRT, Hormone Replacement Therapy; HC, Hormonal Contraception; PMOS, Polyendocrine Metabolic Ovarian Syndrome; PMDD, Premenstrual

Dysphoric Disorder; POI, Premature Ovarian Insufficiency.
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Table 2. Baseline characteristics of the study population
(N=210,489).

Characteristic

Full sample’ N=210489
49.1 (4.8)

Age (mean, SD)

Selected stage at onboarding:

«  Perimenopause

«  Menopause

«  Post-menopause

Hormones & Supplements at onboarding:
« Taking HRT

+  Using hormonal contraceptives

« Taking dietary supplements

Procedures/ treatments undergone:

163,312 (78%)
40,441 (19%)
6,736 (3.2%)

33,809 (16%)
40,310 (19%)
91,722 (44%)

+ Unilateral oophorectomy 4,449 (2.1%)
«+ Bilateral oophorectomy 4,260 (2.0%)
- Endometrial ablation 4,209 (2.0%)
+ Partial hysterectomy 2,182 (1.0%)
«  Hysterectomy 8,800 (4.2%)
« Cancer treatment 3,876 (1.8%)
Diagnosed conditions:

. PMOS 7,950 (3.8%)
. Uterine fibroids 21,365 (10%)
«  Autoimmune diseases 18,559 (9%)

- Endometriosis 12,617 (6%)

«  Adenomyosis 1,346 (0.6%)
- POI 763 (0.4%)
«  Anxiety 55,891 (27%)
«  Depression 50,896 (24%)
«  Pre/postnatal depression 14,404 (7%)

- PMDD 8,207 (3.9%)
«  Breast/gynecological cancer 3,527 (1.7%)
- Other cancers 2,705 (1.3%)
Symptom severity scores (mean, SD)

- Vasomotor symptoms 0.94 (1.06)
- Vaginal symptoms 0.46 (0.82)
+  Psychological/cognitive symptoms 1.13 (0.95)
«  Physical symptoms 0.71 (0.75)
. Joint aches 1.23 (1.19)
«  Low Libido 1.17 (1.27)
«  Sleeping problems 1.32 (1.21)
«  Weight gain 1.35 (1.25)
« Combined symptoms 0.92 (0.75)

'Mean values (SD) and percentage (%).

Abbreviations: HRT, Hormone Replacement Therapy; PMDD, Premenstrual
Dysphoric Disorder; PMOS, Polyendocrine Metabolic Ovarian Syndrome;
POI, Premature Ovarian Insufficiency.

increased low libido and vaginal symptoms, with little
effect across other domains.

HRT was associated with increased symptoms
across multiple domains, including combined symp-
toms, joint aches, low libido, psychological symp-
toms and weight gain, but showed a reduction in
vasomotor symptoms. Hormonal contraception (HC)
showed minimal associations overall, with a reduc-
tion in physical symptoms and an increase in weight
gain being the most notable effects. Supplements
were not associated with clinically meaningful
changes.

All surgical procedures showed consistent increases
in symptom burden, particularly for vasomotor symp-
toms, where effects were strongest. Partial hysterec-
tomy demonstrated the most widespread associations,
including increases in joint aches, sleep problems,
weight gain, VMS, vaginal and combined symptoms.
Bilateral oophorectomy was associated with increased

vaginal symptoms, low libido, and VMS, while endo-
metrial ablation showed increases in joint aches, sleep,
VMS, and weight-related symptoms. Effects were gen-
erally positive (expB>1), indicating increased symp-
tom reporting.

Endometriosis was associated with clinically signif-
icant increased vaginal symptoms and smaller signifi-
cant increases across all symptom domains, while
PMOS showed clinically significant increases in weight
gain and reduced vasomotor symptoms. Fibroids were
linked to reduced psychological symptoms, and ade-
nomyosis showed minimal associations, with a reduc-
tion in vasomotor symptoms. Autoimmune diseases
showed were associated with clinically significant
increases across joint aches, physical, psychological,
and combined symptoms.

Depression and anxiety demonstrated the largest
and most consistent effects across all domains, partic-
ularly for psychological/cognitive symptoms and com-
bined symptom burden. Both were also associated
with increases in joint aches, physical symptoms, and
sleep problems, with depression additionally linked to
increased vasomotor symptoms, low libido, and weight
gain. PMDD showed a contrasting pattern, with
reductions in vasomotor symptoms and weight gain,
and limited associations elsewhere.

Cancer treatment showed a mixed pattern, with
increases in vasomotor and vaginal symptoms, but
reductions in psychological, physical, combined symp-
toms and weight gain. Breast and gynaecological can-
cers were associated with increased vasomotor and
sleep symptoms and reduced libido, with smaller or
non-significant effects across other domains. No
meaningful associations were observed for ‘other
cancers.

4. Discussion

This study examined the effects of various diag-
nosed health conditions on menopausal symptoms
and found clinically significant negative and posi-
tive associations between medical profiles and
menopausal symptom reporting. These outcomes
remained significant even after controlling for fac-
tors such as age, menopausal status, medication
and supplement use. Among the most important
findings were the strong positive associations
between diagnosed depression and anxiety with a
wide range of menopausal symptoms and higher
severity scores compared with other pre-existing
diagnoses. Additionally, women who had under-
gone POI, bilateral oophorectomy and other gynae-
cological surgeries reported more severe vasomotor
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Table 3. Diagnostic group composition and menopausal symptom severity across groups.

Section A: Composition of diagnostic groups

No Diagnosis' Both Types' Physical only’ Psychiatric only’

N=105,786 N=28,955 N=28,855 N=46,893
PMOS 0 (0%) 4,412 (15%) 3,538 (12%) 0 (0%)
Uterine fibroids 0 (0%) 10,617 (37%) 10,748 (37%) 0 (0%)
Autoimmune diseases 0 (0%) 9,972 (34%) 8,587 (30%) 0 (0%)
Endometriosis 0 (0%) 6,762 (23%) 5,855 (20%) 0 (0%)
Adenomyosis 0 (0%) 742 (2.6%) 604 (2.1%) 0 (0%)
POI 0 (0%) 415 (1.4%) 348 (1.2%) 0 (0%)
Anxiety 0 (0%) 21,439 (74%) 0 (0%) 34,452 (73%)
Depression 0 (0%) 19,867 (69%) 0 (0%) 31,029 (66%)
Pre/postnatal depression 0 (0%) 6,319 (22%) 0 (0%) 8,085 (17%)
PMDD 0 (0%) 4,284 (15%) 0 (0%) 3,923 (8.4%)
Breast/gynecological cancer 0 (0%) 1,512 (5.2%) 2,015 (7.0%) 0 (0%)
Other cancers 0 (0%) 1,313 (4.5%) 1,392 (4.8%) 0 (0%)

Section B: Menopausal symptom severity by diagnostic group

Symptom severity score (mean, SD) No diagnosis Both types Physical only Psychiatric only p23
Vasomotor 0.88 (1.04) 1.08 (1.09) 0.92 (1.06) 0.99 (1.06) <0.001
Vaginal 0.42 (0.79) 0.57 (0.89) 0.49 (0.84) 0.45 (0.81) <0.001
Psychological/cognitive 1.01 (0.93) 1.40 (0.97) 1.01 (0.92) 1.32 (0.96) <0.001
Physical 0.63 (0.72) 0.89 (0.79) 0.67 (0.73) 0.79 (0.77) <0.001
Joint aches 1.12 (1.16) 1.48 (1.23) 1.23 (1.18) 1.30 (1.20) <0.001
Low Libido 1.10 (1.24) 1.33 (1.31) 1.16 (1.26) 1.26 (1.29) <0.001
Sleeping problems 1.24 (1.20) 1.49 (1.23) 1.30 (1.20) 1.38 (1.22) <0.001
Weight gain 1.28 (1.23) 1.50 (1.28) 1.36 (1.25) 1.40 (1.26) <0.001
Combined symptoms 0.83 (0.73) 1.12 (0.77) 0.88 (0.73) 1.02 (0.75) <0.001

'Mean values (SD) and Percentage (%).
Kruskal-Wallis rank sum test for differences between diagnostic groups.
3Benjamini-Hochberg correction for multiple testing.

Abbreviations: PMDD, Premenstrual Dysphoric Disorder; PMOS, Polyendocrine Metabolic Ovarian Syndrome; POI, Premature Ovarian Insufficiency.

and vaginal symptoms. Conversely, diagnosed con-
ditions such as PMOS, adenomyosis, fibroids, and
PMDD were associated with reduced vasomotor
symptom severities, and women who had under-
gone cancer treatment reported reduced symptom
severities related to weight gain and psychological/
cognitive and physical symptoms. Together, these
results suggest a complex interaction between
physical and psychological diagnoses experienced
by women at midlife and the symptoms of their
menopausal transition.

4.1. Menopausal symptom clusters

This is the largest study to identify symptom clus-
ters during the menopause transition. Eight dis-
tinct  clusters identified: = vasomotor,
psychological, physical, vaginal, sexual, sleep, joint
aches and weight gain. While our findings align
with previous research on menopausal symptom
clusters [28-32], unlike these earlier studies our
analysis included independently assessed symptoms
that did not fit principal component analysis (PCA)
clusters. Given that low libido, sleeping problems,
joint aches and weight gain did not load strongly
onto any specific symptom cluster, this may reflect
their non-specific nature and potential influence

were

from broader ageing, lifestyle, or comorbid pro-
cesses, rather than being uniquely associated with
the menopausal transition.

4.2. Menopause onset

Perimenopause and Postmenopause stage groups were
associated with reduced symptoms, particularly VMS
compared to the stage ‘Menopause, which was linked
to more severe symptoms aligning with previous
research, probably due to abrupt and recent estrogen
decline [33]. Vaginal symptoms were increased in the
Postmenopause group compared to the Menopause
and Perimenopause groups [30].

4.3. Hormones & dietary supplements

Exogenous hormones and supplements were associ-
ated with increased risks for most symptoms, partic-
ularly among women who were currently taking HRT.
This may reflect initial symptom severity prompting
intervention use. HRT appeared protective for VMS,
as expected from its therapeutic role in managing
these symptoms [34]. Notably, this outcome suggests
that women taking HRT still reported increases in
other types of menopausal symptoms compared to
women not using HRT.
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4.4. Surgeries

All gynaecological surgeries were associated with clin-
ically significant effects on VMS. Surprisingly, partial
hysterectomy showed the largest effect, surpassing
bilateral oophorectomy with its associated steep
decline in estrogen [11]. However, the unknown tim-
ing of surgeries could explain our data, as well as the
indications for undergoing a partial rather than total
hysterectomy. Thus, unrecorded comorbidities could
be responsible for these variances. In addition, VMS
from bilateral oophorectomy may initially be severe
but may align with other gynaecological surgeries
over time [35], while hysterectomy can increase VMS
risk, regardless of ovary conservation, many years
after surgery [35]. This may be due to hysterectomy
causing vascular compromise of the ovaries and ear-
lier ovarian failure or due to the original indication
for the hysterectomy [35]. We also observed strong
associations between bilateral oophorectomy and
symptoms such as VMS, vaginal symptoms and sleep-
ing problems, consistent with prior research, suggest-
ing these symptoms may be more prevalent in women
who undergo this type of surgery [11]. The original
indication for surgery could mediate the varying asso-
ciations between symptoms and gynaecological sur-
geries, as women who undergo bilateral oophorectomy
may be more likely to have been diagnosed with can-
cer, or endometriosis, and more likely to be using
HRT to treat menopausal symptoms and protect bone
health, and these distinctions could influence meno-
pausal symptom experiences [35]. The type and extent
of surgical intervention could be crucial in symptom
development and needs to be considered when sup-
porting women.

4.5. Gynaecological & Autoimmune diseases

Gynaecological conditions like PMOS and adenomyo-
sis were linked to reduced VMS, suggesting women
with these conditions may report fewer vasomotor
symptoms. Among women with adenomyosis there
were no other significant differences found, aside
from physical symptoms which were only slightly
increased (HR = 1.05, p=0.04). However, PMOS was
associated with increased symptoms overall, particu-
larly in relation to weight gain and joint aches.
Endometriosis, despite being an estrogen-dependent
condition [9], was linked to clinically significant
increases in vaginal symptoms, possibly via alternative
mechanisms [36]. Symptoms related to these diagno-
ses, particularly heavy menstrual bleeding, may
improve post-menopause when menstruation ceases

[8,9,37]. Autoimmune disease was associated with
increased joint, physical and psychological symptoms,
low libido and sleeping issues linked to chronic pain
[38] and psychological issues [39], suggesting a need
for targeted care as these symptoms can overlap with
the conditions themselves. Women with POI reported
increased vaginal symptoms and reduced libido, prob-
ably due to early hormonal decline leading to vaginal
atrophy [40].

4.6. Psychiatric diagnoses

As expected, psychiatric diagnoses were linked to
increased psychological menopausal symptom reports,
as well as more severe symptoms overall. Having a
diagnosis of anxiety or depression was associated with
the most severe menopausal symptoms. Overlapping
symptoms between menopause and psychiatric condi-
tions possibly contribute to misdiagnosis [34].
Depression was also linked to joint aches, VMS, low
libido and weight gain while diagnosed anxiety was
associated with joint aches and physical symptoms.
Prior work supports this link between psychiatric
diagnoses and menopausal symptom severity [7].
Pre-/postnatal depression had small but significant
effects, likely reflecting broader depressive tendencies
[41]. Diagnosed PMDD was associated with decreased
VMS and weight gain, which contrasts with the other
psychiatric diagnoses but aligns with findings that
PMDD may have different symptom patterns com-
pared to general depression or anxiety [42]. While
PMDD is listed as a psychiatric illness in the DSM, it
is influenced by hormone levels which could explain
why it is associated with reductions in more hormon-
ally derived menopausal symptoms such as VMS [42].
Furthermore, women reporting PMDD may have
been younger (as they may have still been having
periods hence the diagnosis) and VMS has been
found to peak in severity around the time of the final
menstrual period. Notably, women with PMDD
reported increased symptoms overall, largely driven
by psychiatric/cognitive symptoms, physical symptoms
and sleeping problems. Our findings underscore the
need to consider mental health history in the compre-
hensive management of menopausal symptoms.

4.7. Cancer

Cancer treatment (e.g. chemotherapy or radiotherapy)
was linked to lower overall symptom severity, possibly
due to holistic care or treatment-induced suppression
[43]. It should be noted that women may not



attribute symptoms to menopause, but instead to can-
cer or cancer treatment, and therefore underreport
symptoms via the app. However, having undergone
cancer treatment was associated with increased VMS
and vaginal symptoms and breast/gynaecological can-
cers were linked to greater VMS and low libido, both
consistent with the adverse hormonal effects of cancer
and cancer treatments [44]. These findings suggest
tailored symptom support is vital for cancer patients.

4.8. Strengths, limitations & future directions

An important advantage of this study is the very large
sample size suggesting the findings are generalisable
to many menopausal women. However, this also
inflates very small effect sizes and thus the study
focused on findings with a clinically significant impact
so smaller, but potentially important, effects may have
been overlooked. The cross-sectional design, and lack
of data on the timing of diagnoses, treatments and
procedures, mean it is not possible to infer causality
between menopausal symptoms and the symptoms of
other conditions, nor to assess whether temporal
effects could have explained some findings. Ultimately
it should be acknowledged that some symptoms may
not be attributable solely to menopause, as several of
the conditions included in this study present with
symptom profiles that overlap with menopausal symp-
toms. Symptom severity is subjective; however, we
used a conservative, well-understood 3-point Likert
scale to counteract this. This study was limited to
only being able to analyse the data collected via the
app, and the app was not developed to conduct the
present study. Therefore, validated data collection
tools for researching menopausal symptoms, meno-
pause stages, ethnicity and other medical and repro-
ductive characteristics were not included. A notable
limitation was that data on different cancers and can-
cer treatments, and the timing of said treatments,
were not captured by the app, therefore findings relat-
ing to cancer survivors should be interpreted with
caution. This also applies to women who were taking
HRT, as the timing of HRT initiation was not cap-
tured by the app. However, given the large sample
size and the ecological validity of data collected in
real-world, non-clinical settings, this analysis provides
valuable insights into menopausal symptom experi-
ences across diverse groups of midlife women. This
form of secondary analysis offers a unique opportu-
nity to explore naturally occurring symptom patterns
and medical associations at a scale rarely achievable
in controlled research environments. In addition, as
diagnoses and other medical information were limited
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by the app, and diagnoses and medical characteristics
were self-reported and not verified, we could not
assess and control for all medical characteristics. We
acknowledge that self-reported diagnostic and proce-
dural data may lack clinical precision, particularly for
gynaecological surgeries where terminology may not
be well understood. Of note, the app uses menopausal
stage classifications that differ from widely accepted
clinical terminology. It categorises women as peri-
menopausal; menopausal (>12months since their last
menstrual period but still experiencing most meno-
pausal symptoms); or postmenopausal (=12months
since their last menstrual period and with most symp-
toms having abated, except for vaginal and sexual
symptoms). Consequently, data reported for the app’s
‘postmenopausal’ group may predominantly reflect
women who are several years beyond menopause,
rather than the broader clinical definition of post-
menopause, which includes women from 12months
after their final menstrual period onwards. In addi-
tion, some conditions (e.g. fibroids and adenomyosis)
may be identified incidentally via imaging and may
not always be clinically significant, introducing fur-
ther heterogeneity in diagnostic reporting. This rep-
resents an important limitation; however, such
misclassification is likely to be non-differential and
would tend to attenuate, rather than exaggerate,
observed associations. Finally, using an app could
skew the population of women in this study towards
particular socioeconomic groups and those who are
motivated to track the menopause, so the results may
not be generalisable to all menopausal women.

5. Conclusions

This study is the largest to date investigating the link
between medical profiles and menopausal symptoms.
It therefore provides a unique contribution to the lit-
erature about the complex interplay between mental
health, medical diagnoses, surgical procedures and
menopausal symptoms. It significantly extends previ-
ous literature by analysing symptom clusters and indi-
vidual symptoms that do not fit into these clusters.
The findings suggest a need for personalised treatment
approaches for menopausal symptoms covering both
psychological and physiological health variables.
Furthermore, these findings may have implications
beyond symptom management alone, particularly for
NHS midlife preventive strategies such as the NHS
Health Check programme, as several diagnoses associ-
ated with severe menopausal symptoms are also linked
to elevated long-term cardiometabolic and mental
health risk. Given that menopausal symptoms can
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influence future health [45], research should focus on
longitudinal studies to understand the progression of
menopausal symptoms in women with different med-
ical diagnoses and validate the impact of comorbidities
on specific symptoms. Such research will be crucial in
developing optimal treatment strategies tailored to
individual medical profiles, ultimately improving the
quality of life for women navigating menopause.
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