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ABSTRACT
Introduction Menopausal factors, including age at 
menopause, bilateral oophorectomy, hysterectomy and 
hormone replacement therapy (HRT), have been associated 
with dementia risk, which might be due to increased 
glucose levels after menopause. This study investigated 
the associations of these menopausal factors with 
glycaemia and dementia risk, and whether glycaemia 
mediates the association of menopausal factors with 
dementia risk.
Methods We used longitudinal data from the 
population- based UK Biobank cohort (n=147 119 women; 
mean±SD age 55.2±8.0 years at baseline). Menopausal 
status, bilateral oophorectomy, hysterectomy, HRT and 
age at natural menopause, surgery and HRT were self- 
reported. Glycaemia was measured with fasting plasma 
glucose and haemoglobin A1c (HbA1c) levels. Dementia 
diagnoses were ascertained from hospital records. Cox 
proportional hazards regression analyses tested the 
associations between menopausal factors, glycaemia and 
dementia risk. Causal mediation models were used to test 
mediation.
Results After a mean follow- up of 12.5±1.6 years, 1385 
participants had incident dementia. Though there was 
a direct effect of bilateral oophorectomy, hysterectomy, 
lifetime HRT and age at natural menopause and surgery 
on fasting plasma glucose and HbA1c levels, only age 
at natural menopause (HR=0.97 (95% CI 0.96 to 0.99) 
per year and HR=1.31 (95% CI 1.08 to 1.60) for early 
natural menopause) and lifetime HRT in women with 
natural menopause (HR=1.13 (95% CI 1.00 to 1.27)) were 
associated with dementia risk. Causal mediation analyses 
showed that up to 4.7% of the total effect of age at natural 
menopause on dementia risk was mediated by HbA1c 
levels, while both fasting plasma glucose and HbA1c 
affected the increased dementia risk for lifetime HRT in 
women with natural menopause.
Conclusions We observed associations between bilateral 
oophorectomy, hysterectomy, lifetime HRT and age at 
natural menopause and surgery with glycaemia. An earlier 

age at natural menopause was associated with increased 
dementia risk, and HbA1c marginally mediated this 
association. Inconsistent associations between HRT and 
dementia risk require further research.

INTRODUCTION
Globally, the prevalence of dementia among 
those aged 65 years has been reported to be 
1.46 times higher for women compared with 
men.1 The rapid decline in oestrogenss and 
progesterone after menopause in women, 
compared with the more gradual age- related 
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 ⇒ Menopausal factors may contribute to the increased 
risk for dementia in women compared with men 
through hyperglycaemia.
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 ⇒ Up to 4.7% of the total effect of age at natural meno-
pause on dementia risk is mediated by haemoglobin 
A1c levels, while no mediation by fasting plasma 
glucose is found.

 ⇒ Associations of lifetime hormone replacement ther-
apy with glycaemia and risk for dementia depend on 
menopausal type.
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an increased risk for dementia may not only prevent 
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and dementia risk is complex and requires further 
research to consider age, menopausal type and va-
somotor symptoms.
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decline in testosterone in men, may contribute to 
increased dementia risk in women compared with men.2 3 
This may especially be the case after surgical menopause 
in which both ovaries (bilateral oophorectomy) and/
or the uterus (hysterectomy) are removed.4 Early age 
at menopause (before 45 years of age according to the 
UK National Health Service (NHS)5 and surgical meno-
pause have been related to increased dementia risk.6–8 
However, another systematic review and meta- analysis did 
not find associations between age at natural or surgical 
menopause and dementia risk but did find indications 
for better cognitive performance and delayed cognitive 
decline with advanced age at menopause, supporting a 
link between female hormone deficiency and cognitive 
ageing.9

The timing hypothesis suggests that the effects of 
hormone replacement therapy (HRT) on the brain 
depend on age and time window at the initiation of 
treatment, being beneficial when initiated early after 
menopause but may become neutral or detrimental if 
HRT is initiated later in life when vascular or degenera-
tive lesions are present in the brain.10 11 However, recent 
observational studies challenge the timing hypothesis by 
finding harmful effects.12–16 Cardiometabolic risk factors 
have been proposed as an underlying mechanism for the 
association between HRT and increased dementia risk,11 
with HRT shown to be beneficial for glycaemia levels.17 18

Metabolic changes during the transition to menopause 
may contribute to dementia risk via hyperglycaemia.19 
The brain has a high and continuous glucose demand 
that, in contrast to other tissues, cannot replace its 
metabolism with other substrates in case of deficiency of 
glucose.20 Consequently, disruptions in glucose metab-
olism can directly impact brain activity and neuronal 
plasticity. Both early age at menopause and surgical 
menopause have been associated with increased risk of 
type 2 diabetes mellitus (T2DM),21 22 where insulin insuf-
ficiency interrupts glucose metabolism leading to higher 
blood glucose levels. Results of a dose- response meta- 
analysis have shown that the risk of T2DM was reduced 
by 10% with each 5- year increment in age at natural or 
surgical menopause.21 Furthermore, findings from the 
China Kadoorie Biobank study have shown that women 
with natural perimenopausal or postmenopausal status 
have an increased risk to develop T2DM compared with 
premenopausal women, with both earlier and later age 
at natural menopause associated with T2DM risk.23 In 
a study of women aged 30–49 years, hysterectomy was 
associated with a 1.4 times higher risk of T2DM, while 
hysterectomy with oophorectomy was not related to an 
increased risk of T2DM.22 However, the study partici-
pants’ age range was younger than the worldwide average 
age of natural menopause of 45–55 years.24 Important to 
note, all studies used categorical instead of continuous 
values of glycaemia. In addition to T2DM being associ-
ated with an increased dementia risk,25 26 higher average 
levels of glycaemia regardless of a diabetes diagnosis have 
also been related to an increased dementia risk.27 This 

further supports hyperglycaemia as an underlying mech-
anism involved in the aetiology of dementia.19 Given that 
hyperglycaemia is a worldwide increasing problem,28 it is 
important to investigate its contribution to the associa-
tion of menopausal factors with dementia risk.

The aim of this study was to investigate the associations 
of bilateral oophorectomy, hysterectomy, age at natural 
menopause and surgery, and lifetime and initiation 
of HRT with fasting plasma glucose and haemoglobin 
A1c (HbA1c) levels and dementia risk. In addition, we 
assessed whether glycaemia mediated the associations 
of these menopausal factors with dementia risk. We 
hypothesised that (1) bilateral oophorectomy, hysterec-
tomy and early age at natural menopause and surgery are 
associated with higher levels of glycaemia and increased 
dementia risk; (2) lifetime HRT and initiation of HRT 
close to menopause are associated with lower levels of 
glycaemia but associations with dementia risk are incon-
sistent depending on age and type of menopause or 
surgery and (3) higher levels of glycaemia partly mediate 
the association between these menopausal factors and 
dementia risk.

MATERIALS AND METHODS
Study population and design
We used longitudinal data from the UK Biobank, a 
population- based cohort study in the UK that collected 
baseline data from 502 536 participants aged 40–69 years 
between 2006 and 2010.29 This study included follow- up 
data for dementia risk until 6 November 2021. Figure 1 
shows the flow chart for obtaining the study population. 
Women who had missing data on menopausal status, bilat-
eral oophorectomy, hysterectomy, HRT, age of surgery 
and menopause in case of surgical intervention, and 
those who were not sure or preferred not to answer, were 
excluded from the analyses. Of the 502 536 participants, 
239 831 women could be categorised into one of the four 
menopausal groups (premenopausal, natural meno-
pause, bilateral oophorectomy or hysterectomy). Age at 
natural menopause, age at bilateral oophorectomy, age 
at hysterectomy and age at start of HRT were reported 
by 154 594, 21 193, 49 843 and 93 211 women, respec-
tively. Data on education were unavailable among 57 549 
participants. Of the 182 282 women with data on meno-
pausal group and the main confounders, 147 161 women 
had complete data on glycaemia. The analytical sample 
(n=147 119; 1385 incident dementia cases) excluded 
participants with prevalent dementia (n=42) and included 
46 311 premenopausal women (n=51 incident dementia 
cases), 87 098 women who underwent natural meno-
pause (n=1150 incident dementia cases), 9819 women 
who underwent bilateral oophorectomy prior to meno-
pause (n=109 incident dementia cases) and 3891 women 
who underwent hysterectomy prior to menopause (n=75 
incident dementia cases). Age at natural menopause was 
available in 82 426 participants (n=1035 dementia cases), 
age at bilateral oophorectomy was available in 9667 
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participants (n=101 dementia cases), age at hysterectomy 
in 3837 participants (n=74 incident dementia cases) and 
age at start HRT in 3837 participants (n=74 incident 
dementia cases).

Menopausal factors
Baseline data on menopausal status, bilateral oophorec-
tomy and hysterectomy, including age, were self- reported 
(see online supplemental material for the exact wording). 
Female participants were divided into four groups: (1) 
premenopausal women without surgical interference, 
(2) women who underwent natural menopause without 
surgical interference prior to menopause but prob-
ably surgical interference after natural menopause, (3) 
women who underwent a bilateral oophorectomy (with 
or without a hysterectomy) prior to menopause and (4) 
women who underwent a hysterectomy (without bilat-
eral oophorectomy) prior to menopause. The average 
age at natural menopause in our study sample was 50.3 
years (table 1). Therefore, we compared women who 
underwent bilateral oophorectomy/hysterectomy and 
were aged below 50 years at baseline to premenopausal 
women, and women who underwent bilateral oophorec-
tomy/hysterectomy aged 50 years or older at baseline 
to women who underwent natural menopause. Age at 
natural menopause, bilateral oophorectomy and hyster-
ectomy were treated as both a continuous variable, as well 
as a categorical variable for early menopause (< 45 years 
of age). HRT was assessed with the question: “Have you 
ever used hormone replacement therapy (HRT)?” and 
categorised into lifetime history of HRT (yes/no). To 

test the timing hypothesis,10 11 age at HRT initiation was 
categorised into close to menopause (initiation <61 years 
or initiation <11 years from menopause for women with 
menopause at age >44 years and initiation <52 years for 
women with menopause at age <45 years) and later life 
(initiation >60 years or initiation >10 years from meno-
pause for women with menopause at age >44 years and 
initiation >51 years for women with menopause at age 
<45 years).30

Glycaemia
Baseline glycaemia was measured by levels of fasting 
plasma glucose and HbA1c (table 1). Fasting plasma 
glucose in mmol/L was measured by hexokinase analysis 
on a Beckman Coulter AU5800 at baseline (analytical 
range 0.6–45 mmol/L). HbA1c (mmol/mol), providing 
information about a 3- month average blood glucose 
level, was measured using HPLC from blood samples 
on a Bio- Rad VARIANT II Turbo (analytical range of 
15–184 mmol/mol). Glycaemic measurements were 
standardised into z- scores.

Dementia risk
Incident all- cause dementia was ascertained from ICD- 9 
and ICD- 10 (International Classification of Diseases, 9th 
and 10th revisions) codes of hospital inpatient data that 
contained data on admissions and diagnoses (England: 
Hospital Episode Statistics; Scotland: Scottish Morbidity 
Record; and Wales: Patient Episode Database) and 
death records (England and Wales: NHS Digital; Scot-
land: Information and Statistics Division), as described 

Figure 1 Flow chart of the study population. HbA1c, haemoglobin A1c; HRT, hormone replacement therapy.
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previously.31 Dementia diagnosis has high validity in 
English hospital records (sensitivity, 78%; specificity, 
92%)32 and in Scottish routine data (positive predictive 
value, 83%).31 Follow- up data for dementia risk until 6 
November 2021, was included with a mean follow- up 
duration of 12.5±1.6 years.

Statistical analyses
Statistical analyses were performed in Stata V.18 (Stat-
aCorp). Cox proportional hazards regressions were used to 
assess the associations of menopausal factors and markers 
of glycaemia with time to dementia, resulting in HRs and 
their 95% CIs. The failure event was incident dementia. 

Table 1 Baseline characteristics of study population

Characteristic

Incident dementia

P value

Available 
data
(n=)No (n=145 734) Yes (n=1385)

Demographics

  Age (years) 55.1±8.0 63.7±5.3 <0.001 147 119

  High educational attainment, n (%) 60 588 (41.6) 467 (33.7) <0.001 147 119

  Townsend deprivation index* 2.08±0.33 2.10±0.34 0.041 146 943

Menopausal factors

  Premenopausal, n (%) 46 260 (31.7) 51 (3.7) <0.001 147 119

  Natural menopause, n (%) 85 948 (59.0) 1150 (83.0) <0.001 147 119

  Bilateral oophorectomy, n (%) 9710 (6.7) 109 (7.9) 0.073 147 119

  Hysterectomy, n (%) 3816 (2.6) 75 (5.4) <0.001 147 119

  Age of natural menopause (years) 50.3±4.5 50.0±5.0 0.102 82 426

  Early natural menopause (< 45 years), n (%) 7588 (9.3) 111 (10.7) 0.124 82 426

  Age at bilateral oophorectomy (years) 45.8±6.7 46.2±7.2 0.486 9667

  Early bilateral oophorectomy (< 45 years), n (%) 3500 (36.6) 35 (34.7) 0.688 9667

  Age hysterectomy (years) 41.4±6.4 41.5±7.6 0.961 3837

  Early hysterectomy (< 45 years), n (%) 2578 (68.5) 55 (74.3) 0.286 3837

  Ever used HRT, n (%) 49 065 (33.7) 779 (56.3) <0.001 147 119

  Age start HRT (years) 47.7±5.3 48.0±5.6 0.063 45 639

  Initiation HRT close to menopause *, n (%) 34 841 (98.7) 531 (98.0) 0.127 35 836

Glycaemia

  Fasting plasma glucose (mmol/L) 5.0±1.0 5.3±1.5 <0.001 147 119

  HbA1c (mmol/mol) 35.4±5.6 38.0±8.5 <0.001 147 119

Cardiometabolic risk factors

  Waist circumference (cm) 83.6±12.3 85.9±13.3 <0.001 146 854

  Triglyceride- to- HDL ratio 1.03±0.77 1.13±0.81 <0.001 146 996

  Lipid- modifying medication, n (%) 14 278 (9.8) 372 (26.9) <0.001 147 119

  Systolic blood pressure (mm Hg) 135.5±19.9 144.2±20.6 <0.001 137 682

  Diastolic blood pressure (mm Hg) 80.4±10.6 81.0±10.6 0.046 137 683

  Antihypertensive medication, n (%) 13 062 (9.0) 181 (13.1) <0.001 147 119

Behavioural risk factors

  Alcohol use frequency days per week (0/1–4/5–7), n (%)
49 292/70 434/25 931
(33.8/48.4/17.8)

595/536/253
(43.0/38.7/18.3) <0.001 147 041

  Current smoker, n (%) 11 514 (7.9) 114 (8.2) 0.654 147 058

  Moderate physical activity (min/day) † 3.7±0.9 3.8±0.9 <0.001 111 261

  Ever had mental health problems, n (%) 58 082 (40.1) 619 (45.0) <0.001 146 182

Genetic risk

  Standardised polygenic risk scores for dementia 0.04 (0.99) 0.77 (1.20) <0.001 145 810

Data are presented as means±SD or number (%).
*Initiation <61 years or initiation <11 years from menopause for women with menopause at age >44 years or initiation <52 years for women with 
menopause at age <45 years.
†Values are log transformed because of skewed distribution.
HbA1c, haemoglobin A1c; HDL, high- density lipoprotein; HRT, hormone replacement therapy.
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Time- in- study was used as the time scale. Follow- up time 
was calculated from baseline assessment to incidence of 
dementia, death, dropout or 6 November 2021, which-
ever came first. Linear regression analyses were used to 
assess the associations of menopausal factors with fasting 
plasma glucose and HbA1c. Causal mediation was tested 
using the mediate command. Probit models were used 
to estimate the total effect of menopausal factors on inci-
dent dementia, and to decompose total effects into direct 
and indirect effects via the markers of glycaemia. Age at 
natural or surgical menopause was standardised and an 
SD of +1 was compared with an SD of −1. All analyses 
were adjusted for age at baseline, educational attainment 
and history of HRT. A binary variable for high educa-
tional attainment was created in which university/college 
degree was compared with A levels/O levels/certificate 
of secondary education/national vocational qualifica-
tions (or equivalent). A two- sided p<0.05 was considered 
statistically significant. Analyses on HRT were stratified by 
type of menopause (natural and surgical).11

Several additional analyses were performed. As 
cardiometabolic and behavioural factors might be 
on the causal pathway from menopausal factors to 
brain ageing,33–35 we additionally adjusted for baseline 
cardiometabolic (waist circumference, triglyceride- to- 
high- density lipoprotein (HDL) ratio, systolic blood pres-
sure, and use of cholesterol, or blood pressure- lowering 
medication) and self- reported behavioural (alcohol use 
frequency (5–7/1–4/0 times per week), current tobacco 
use (yes/no), minutes of daily moderate physical activity 
and ever visited a general practitioner because of mental 
health problems (yes/no)) factors in additional anal-
yses.36 To consider baseline area- level socioeconomic 
deprivation, analyses were additionally adjusted for the 
Townsend Deprivation Index.37 Because of its skewed 
distribution and score range from −6.3 to 11, a value of 
10 was added to the Townsend Deprivation Index, where-
after it was log- transformed. To examine whether genetic 
risk for dementia affects the associations of menopausal 
factors with dementia risk, we additionally adjusted for 
polygenic risk score for Alzheimer’s disease (AD). Interac-
tions of menopausal factors with polygenic risk score for 
AD on dementia risk were tested to investigate whether 
menopausal factors had similar effects on dementia risk 
in those with a low or high genetic predisposition. Poly-
genic risk scores for AD were obtained from UK Biobank 
(data field: 26206, Standard PRS for AD) and calculated 
as the z- standardised weighted sum of the number of 
prevalent alleles at each AD- related single nucleotide 
polymorphism, including APOE genotype as described 
previously.38

RESULTS
Participants excluded from analyses because of unavail-
able data were older, less educated, more deprived, more 
often developed dementia, had a worse cardiometabolic 
risk profile, were more likely to be postmenopausal, had 

undergone bilateral oophorectomy or hysterectomy, had 
used HRT, had undergone natural menopause or surgery 
at an earlier age and initiated HRT later in life compared 
with participants included in our analyses (online supple-
mental eTable 1).

After a mean follow- up period of 12.5±1.6 years, 1385 
participants had incident dementia. Participants who 
developed dementia were more likely to be older, less 
educated, more deprived, postmenopausal, had under-
gone hysterectomy prior to menopause, had a history of 
HRT, higher levels of glycaemia, a worse cardiometabolic 
risk profile and more lifetime mental health problems 
(table 1). Women who underwent bilateral oopho-
rectomy or hysterectomy were more likely to be lower 
educated, have a higher waist circumference, higher 
triglyceride- to- HDL ratio, use lipid- modifying or anti-
hypertensive medication and have had lifetime mental 
health problems compared with women who underwent 
natural menopause. In addition, women who had under-
gone bilateral oophorectomy more often used HRT 
(online supplemental eTable 2).

Association of menopausal factors and glycaemia with 
dementia risk
The associations of menopausal factors and glycaemia 
with dementia risk are shown in table 2. As the number of 
incident dementia cases was too small for participants who 
underwent bilateral oophorectomy (n=5) and hysterec-
tomy (n=2) prior to menopause and aged below 50 years 
at baseline, we only compared dementia risk for women 
who underwent these surgeries prior to menopause aged 
≥50 years at baseline to women who underwent natural 
menopause without surgical interference. Women aged 
≥50 years at baseline who underwent bilateral oophorec-
tomy (HR=0.87 (95% CI 0.71 to 1.07)) or hysterectomy 
(HR=1.10 (95% CI 0.86 to 1.39)) prior to menopause did 
not differ in their dementia risk compared with women 
who underwent natural menopause. Older age at natural 
menopause was associated with a decreased dementia 
risk (HR=0.97 (95% CI 0.96 to 0.98) per year) and early 
natural menopause with an increased dementia risk 
(HR=1.31 (95% CI 1.08 to 1.60)), while age at bilateral 
oophorectomy (HR=0.97 (95% CI 0.95 to 1.00) per year), 
early bilateral oophorectomy (HR=1.44 (95% CI 0.95 to 
2.17)), age at hysterectomy (HR=0.98 (95% CI 0.95 to 
1.02) per year) and early hysterectomy (HR=1.60 (95% 
CI 0.95 to 2.71)) were not associated with dementia risk.

Among women who had undergone natural meno-
pause, lifetime HRT was associated with increased 
dementia risk (HR=1.13 (95% CI 1.00 to 1.27); table 3). 
No other associations between lifetime HRT and 
dementia risk were found. The number of incident 
dementia cases in the subgroups of bilateral oophorec-
tomy and hysterectomy for HRT initiation was too small 
to analyse (no incident dementia case among those who 
had undergone hysterectomy and one incident dementia 
case among those who had undergone bilateral oopho-
rectomy and initiated HRT more distant to menopause). 

https://dx.doi.org/10.1136/bmjph-2024-002120
https://dx.doi.org/10.1136/bmjph-2024-002120
https://dx.doi.org/10.1136/bmjph-2024-002120
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No association between HRT initiation and dementia risk 
was found in the total study population or among partic-
ipants who had undergone natural menopause (table 3).

Both fasting plasma glucose and HbA1c were associated 
with increased dementia risk (HR=1.15 (95% CI 1.10 to 
1.20 per 1 SD) and HR=1.21 (95% CI 1.16 to 1.26) per 1 
SD, respectively; table 2).

Additional analyses on menopausal factors and dementia risk
Several sensitivity analyses were performed. Additional 
adjustments for cardiometabolic factors, health behav-
ioural factors and deprivation did not change the asso-
ciation of age at natural menopause with decreased 
dementia risk (online supplemental eTable 3). However, 
the associations of early natural menopause and lifetime 
HRT among those with natural menopause with increased 
dementia risk attenuated and became statistically not 
significant after adjustment for cardiometabolic factors 
(HR=1.21 (95% CI 0.98 to 1.50) and HR=1.10 (95% CI 
0.98 to 1.25), respectively; online supplemental eTable 
3). This attenuation was the result of some selection bias 
in the study population with available cardiometabolic 
factors, as the increased dementia risk was attenuated 
in the population with data on cardiometabolic factors 
(HR=1.25 (95% CI 1.01 to 1.54)), and the increased 
dementia risk in those on lipid- modifying medications 
(HR=1.63 (95% CI 1.40 to 1.88)), as all other cardiomet-
abolic factors were not associated with dementia risk. The 
associations between menopausal factors and dementia 
risk did not change after additional adjustment for poly-
genic risk scores for AD and no interactions of meno-
pausal factors with polygenic risk scores on dementia risk 
were found (online supplemental eTables 4 and 5).

Associations of menopausal factors with glycaemia
Associations of menopausal factors with markers of 
glycaemia are shown in online supplemental eTables 6 
and 7. Bilateral oophorectomy (for those aged <50 years 
and ≥50 years at baseline) was associated with higher 
levels of fasting plasma glucose and HbA1c. Hysterec-
tomy was associated with higher HbA1c levels (for those 
aged <50 years and ≥50 years at baseline) but only with 
fasting plasma glucose for those aged ≥50 years at base-
line. No association was found between hysterectomy and 
fasting plasma glucose for those who underwent hysterec-
tomy and were aged <50 years at baseline (online supple-
mental eTable 6).

Older age at natural menopause, bilateral oopho-
rectomy and hysterectomy were associated with lower 
fasting plasma glucose and HbA1c levels. Furthermore, 
participants who underwent early natural menopause, 
early bilateral oophorectomy and early hysterectomy 
had higher levels of fasting plasma glucose and HbA1c 
(online supplemental eTable 6).

Lifetime HRT was associated with lower levels of fasting 
plasma glucose and HbA1c among women who had 
undergone natural menopause and bilateral oophorec-
tomy, while no associations between lifetime HRT and 
glycaemia were found among those who had undergone 
hysterectomy (online supplemental eTable 7). No associ-
ation between initiation of HRT and glycaemia was found 
(online supplemental eTable 7).

Additional analyses on menopausal factors with glycaemia
The associations of bilateral oophorectomy, hysterectomy 
and age at natural menopause, age at bilateral oophorec-
tomy and age at hysterectomy with glycaemia attenuated 

Table 2 Associations of menopausal factors and markers of glycaemia with dementia risk

Number of participants in analysis 
(number of dementia cases)

Incident dementia
HR (95% CI) P value

Menopausal factors

  Bilateral oophorectomy aged ≥50 years* 95 711 (1254) 0.87 (0.71 to 1.07) 0.180

  Hysterectomy aged ≥50 years* 90 739 (1223) 1.10 (0.86 to 1.39) 0.447

  Age of natural menopause (years) 82 426 (1035) 0.97 (0.96 to 0.98) <0.001

  Early natural menopause 82 426 (1035) 1.31 (1.08 to 1.60) 0.007

  Age at bilateral oophorectomy (years) 9667 (101) 0.97 (0.95 to 1.00) 0.061

  Early bilateral oophorectomy 9667 (101) 1.44 (0.95 to 2.17) 0.087

  Age hysterectomy (age) 3837 (74) 0.98 (0.95 to 1.02) 0.301

  Early hysterectomy 3837 (74) 1.60 (0.95 to 2.71) 0.079

Markers of glycaemia

  Fasting plasma glucose (per 1 SD) 147 119 (1385) 1.15 (1.10 to 1.20) <0.001

  HbA1c (per 1 SD) 147 119 (1385) 1.21 (1.16 to 1.26) <0.001

Analyses are adjusted for age, educational level and history of hormone replacement therapy. Statistically significant associations using a 
two- sided p<0.05 are presented in bold.
*Compared with postmenopausal women without surgical interference prior to menopause.
HbA1c, haemoglobin A1c.
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after additional adjustment for cardiometabolic factors 
(mainly because of waist circumference and lipid profile) 
and most became statistically non- significant (online 
supplemental eTable 8). The association of older age at 
bilateral oophorectomy with lower fasting plasma glucose 
remained statistically significant after full adjustment for 
cardiometabolic factors, health behavioural factors and 
deprivation, while the association of older age at hysterec-
tomy with lower fasting plasma glucose became statistically 
non- significant after adjustment for cardiometabolic and 
health behavioural factors (online supplemental eTable 
8). Older age at natural menopause remained statisti-
cally significantly associated with lower HbA1c levels 
after adjustment for cardiometabolic factors but became 
statistically non- significant after further adjustments for 
health behavioural factors (online supplemental eTable 
8). Furthermore, bilateral oophorectomy for those aged 
<50 years at baseline and hysterectomy for those aged 
≥50 years at baseline remained statistically significantly 
associated with higher HbA1c after full adjustments for 
cardiometabolic factors, health behavioural factors and 
deprivation.

Associations between lifetime HRT and lower glycaemia 
remained statistically significant after full adjustment for 
cardiometabolic factors, health behavioural factors and 
deprivation (online supplemental eTable 9).

Mediation analysis
Of the menopausal factors, only age at natural meno-
pause and lifetime HRT among those with natural meno-
pause were associated with dementia risk. Therefore, 
mediation analyses were only performed to decompose 
the total effect of these factors on dementia risk into 
a direct and indirect effect via fasting plasma glucose 
and HbA1c. Table 4 shows that a small, but statisti-
cally significant part (1.7%) of the association between 
standardised age at natural menopause and decreased 
dementia risk (total effect=B=−0.00378 (95% CI −00527 
to −0.00227)) is mediated by HbA1c levels (indirect 
effect=B=−0.00006 (95% CI −0.00010 to −0.000003)). 
The direct effect of standardised age at natural meno-
pause on decreased dementia risk was almost equal to the 
total effect (direct effect=B=−0.00371 (95% CI −0.00523 
to −0.00227), 98.3%). Furthermore, 4.7% of the associ-
ation between early natural menopause and increased 
dementia risk (total effect=B=0.00375 (95% CI 0.00071 
to 0.00678)) is mediated by HbA1c levels (indirect 
effect=B=0.00018 (95% CI 0.00009 to 0.00026)), while 
95.3% could be explained by the direct effect of early 
natural menopause on increased dementia risk effect 
(direct effect=B=0.00357 (95% CI 0.00056 to 0.00658)). 
No mediation by fasting plasma glucose levels was found 
on the associations between standardised age at natural 
menopause and decreased dementia risk (indirect 
effect=B=−0.00002 (95% CI −0.00004 to 0.00000)) and 
early natural menopause and increased dementia risk 
(indirect effect=B=0.00006 (95% CI 0.00000 to 0.00011); 
table 4).Ta
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A negative indirect effect of lifetime HRT on dementia 
risk via fasting plasma glucose and HbA1c levels was 
found (B=−0.00008 (95% CI −0.00012 to −0.00004) and 
B=−0.00017 (95% CI −0.00022 to −0.00011), respec-
tively), while a positive direct effect of lifetime HRT on 
dementia risk was found (B=0.00171 (95% CI 0.00020 to 
0.00323) and B=0.00182 (95% CI 0.00030 to 0.00334), 
table 4).

Additional mediation analysis
Additional adjustments for cardiometabolic factors removed 
the significant indirect effect of older standardised age at 
natural menopause and early menopause via HbA1c on 
dementia risk (online supplemental eTable 10).

DISCUSSION
This study investigated associations of bilateral oopho-
rectomy, hysterectomy, age at natural menopause and 
surgery, and lifetime and initiation of HRT with fasting 
plasma glucose and HbA1c levels and dementia risk. In 
line with our first hypothesis, direct effects of bilateral 
oophorectomy, hysterectomy and age at natural meno-
pause or surgery on fasting plasma glucose and HbA1c 
levels were found. These findings corroborate previous 
data from meta- analyses linking these menopausal factors 
to T2DM21 22 and with findings from smaller studies 
that have linked surgical menopause and age at meno-
pause to higher levels of glycaemia.39–41 However, only 

Table 4 Decomposed associations of age at natural menopause with incident dementia via glycaemia

Number of participants 
in analysis (number of 
dementia cases)

Incident dementia
B (95% CI) Proportion mediated

Model

Standardised age at natural 
menopause (SD 1 vs SD −1)* 82 426 (1035)

  Direct −0.00377 (−0.00529 to −0.00226) –

  Indirect via fasting plasma glucose −0.00002 (−0.00004 to 0.00000) 0.005 (−0.001 to 0.011)

  Total −0.00379 (−0.00530 to −0.00227) –

Standardised age at natural 
menopause (SD 1 vs SD −1)* 82 426 (1035)

  Direct −0.00371 (−0.00523 to −0.00227) –

  Indirect via HbA1c −0.00006 (−0.00010 to −0.00003) 0.017 (0.005 to 0.028)

  Total −0.00378 (−0.00527 to −0.00227) –

Early natural menopause 82 426 (1035)

  Direct 0.00375 (0.00071 to 0.00678) –

  Indirect via fasting plasma glucose 0.00006 (0.00000 to 0.00011) 0.016 (−0.001 to 0.033)

  Total 0.00381 (0.00076 to 0.00685) –

Early natural menopause 82 426 (1035)

  Direct 0.00357 (0.00056 to 0.00658) –

  Indirect via HbA1c 0.00018 (0.00009 to 0.00026) 0.047 (0.009 to 0.085)

  Total 0.00375 (0.00071 to 0.00678) –

Lifetime HRT among those with 
natural menopause 87 098 (1150)

  Direct 0.00171 (0.00020 to 0.00323) –

  Indirect via fasting plasma glucose −0.00008 (−0.00012 to −0.00004)

  Total 0.00163 (0.00012 to 0.00314) –

Lifetime HRT among those with 
natural menopause 87 098 (1150)

  Direct 0.00182 (0.00030 to 0.00334) –

  Indirect via HbA1c −0.00017 (−0.00022 to −0.00011)

  Total 0.00165 (0.00015 to 0.00361) –

Regression results are decomposed in direct, indirect and total effects and presented as B with 95% CI and adjusted for age, educational 
level and history of hormone replacement therapy. Statistically significant associations using a two- sided p<0.05 are presented in bold.
*Age is standardised and an SD of 1 is compared with an SD of −1.
HbA1c, haemoglobin A1c; HRT, hormone replacement.

https://dx.doi.org/10.1136/bmjph-2024-002120
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age at natural menopause was associated with increased 
dementia risk. This association was independent of genetic 
risk for dementia and did not differ between those with 
a low and high genetic predisposition for dementia. The 
absence of an association of bilateral oophorectomy and 
hysterectomy with elevated dementia risk is in line with 
a meta- analysis8 and with some work from UK Biobank,7 
but not all.6 Differences in the analytical approach may 
have contributed to these discrepancies, specifically our 
approach to (a) account for competing risk of death or 
drop- out and (b) only considered likely postmenopausal 
women aged ≥50 years at baseline as reference group for 
clearer effect estimation.

The findings that older age at natural menopause is 
associated with a decreased risk and early natural meno-
pause with an increased risk for dementia are similar 
to previous work using UK Biobank.6 7 A systematic 
review and meta- analysis coming to different conclu-
sions included only one study with a focus on natural 
menopause,9 which was characterised by a small sample 
(n=592) and short follow- up (6.6 years).42 We did not find 
associations between age at bilateral oophorectomy and 
age at hysterectomy with dementia risk, which agrees with 
two meta- analyses that did not find associations of age at 
menopause and age at surgical menopause with dementia 
risk.8 9 Also, a younger age at hysterectomy was associated 
with increased dementia risk, whereas the relationship 
for age at bilateral oophorectomy and dementia risk 
appeared to be U- shaped using UK Biobank data.7 The 
use of restricted cubic spline plots might explain these 
differences in results, but the rationale for a later age at 
surgical menopause increasing dementia risk is unclear. 
Although early age at surgical menopause, defined as 
<45 years, was associated with increased dementia risk,8 
the one out of the two meta- analysed studies with clin-
ical dementia ascertainment did not find an associa-
tion between age at surgical menopause and dementia 
risk,43 corroborating our results. In conclusion, studies 
that have investigated the associations of age at natural 
menopause, bilateral oophorectomy and hysterectomy 
and differentiated between the type of menopause with 
clinically ascertained incident dementia remain scarce. 
Therefore, replication of our findings in large long- term 
follow- up cohorts is recommended.

In line with our second hypothesis, lifetime HRT was 
associated with lower levels of glycaemia among those who 
had undergone natural menopause and bilateral oopho-
rectomy. However, no association between initiation of 
HRT and glycaemia was found. As expected, the associ-
ations between lifetime HRT and dementia risk (inde-
pendent of polygenic genetic risk) differed depending 
on age and menopausal type,11 while no association 
between HRT initiation and dementia risk was found. 
The increased dementia risk for lifetime HRT among 
women who have undergone natural menopause corrob-
orates recent findings from other large population- based 
cohorts.12–16 Although these results support that lifetime 
HRT might be associated with both glycaemia levels 

and dementia risk, no support for the ‘timing hypoth-
esis’ was found.30 44 This might be because of the rela-
tive short follow- up duration, which resulted in a lack 
of dementia cases in subgroup analyses. As said, repli-
cation of our findings in long- term followed- up cohorts 
is recommended. In addition, statistical power might be 
further increased by cohorts focused on surgical meno-
pause. However, caution is needed in the interpretation 
of these results, as the association between HRT and 
the brain is complex and involves many interconnected 
factors. Additionally, women reporting more contained 
use of HRT may have also been treated under new proto-
cols of shorter duration of HRT with more targeted, safer 
drugs. Updated findings of the KEEPS study have shown 
that there are no long- term cognitive effects of short- 
term exposure to HRT started in early menopause versus 
placebo providing reassurance about the neurocognitive 
safety of HRT during the menopausal transition.45

In line with our third hypothesis, HbA1c level margin-
ally mediated the increased risk for dementia in those 
with an older age of natural menopause (1.7%) and 
those with early natural menopause (4.7%). This finding 
provides additional evidence that hyperglycaemia may 
be involved in increased dementia risk in women with 
an earlier onset of natural menopause. Although the 
mediated part of the association between age at natural 
menopause and dementia risk was small, hyperglycaemia 
might be an important target to prevent or delay onset of 
dementia in women with an early age of natural meno-
pause. Lifetime HRT showed direct positive effects on 
dementia risk but indirect negative effects via fasting 
plasma glucose and HbA1c levels. This suggests the pres-
ence of further unobserved determinants of HRT and/
or risk of dementia, and further unobserved mediators to 
investigate in future studies.

Results of this study contribute to recommendations 
for clinical practice and further research. Women who 
undergo natural menopause at a young age should be 
monitored for both hyperglycaemia and dementia. This 
might even be more beneficial for the prevention and 
delay of cognitive decline, as convincing evidence has 
linked an earlier age of natural menopause and surgical 
menopause to worse cognitive performance in later 
life and more rapid cognitive decline.8 9 In addition, all 
women undergoing bilateral oophorectomy, hysterec-
tomy and especially those at a younger age should be 
followed up to monitor their levels of glycaemia. Sensi-
tivity analyses showed that the associations between meno-
pausal factors and higher levels of glycaemia attenuated 
after adjustment for other metabolic risk factors. There-
fore, it is recommended to consider the whole cardiomet-
abolic risk profile, to not only prevent the development 
of hyperglycaemia46 but also reduce dementia risk.47

Clinical recommendations about the use of HRT in 
dementia prevention are complex and require atten-
tion to variability between women.48 The North Amer-
ican Menopause Society recommends HRT to prevent 
dementia for women who undergo menopause in the 
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normal age range (45–54 years) and experience vaso-
motor symptoms.30 However, no recommendations are 
made for other groups. Future research should differen-
tiate types of HRT and investigate the role of HRT on 
glycaemia and dementia risk in subgroups differentiated 
by (1) sociodemographic profiles, (2) premature, early, 
normal age and late menopause, (2) natural and surgical 
menopause, including hysterectomy with ovarian conser-
vation and (3) vasomotor symptoms.11 A large part of 
the association between age at natural menopause and 
dementia risk remained unexplained in our study. Natural 
menopause depends on multiple factors such as genetics, 
ethnicity, environment, inflammation, lifestyle, socioeco-
nomic position and comorbidities.49–52 All these factors 
have also been linked to dementia risk.53–55 Further-
more, later age at natural menopause has been related to 
increased longevity and better health outcomes56–58 that 
may reflect some innate resilience or protectiveness that 
delays biological ageing. Therefore, further investiga-
tions of determinants and potential mechanisms under-
lying the association between age at natural menopause 
and dementia risk are needed.

Strengths of this study are the large sample size and long 
follow- up duration that included hospital records, which 
enabled investigation of bilateral oophorectomy and hyster-
ectomy in the general population and incident dementia. 
Furthermore, we performed a range of sensitivity analyses 
to evaluate effects of potential confounders and included 
two measures of glycaemia. There are also some limitations. 
First, the mean follow- up period of 12.5 years might have 
been still short to assess incident dementia in this relatively 
young study population. Although we found some asso-
ciations with incident dementia, the relatively small inci-
dence of dementia (0.9%) suggests some underdiagnosis. 
Second, menopausal factors were self- reported. Misclassi-
fication bias in which participants are falsely categorised 
as premenopausal or postmenopausal might have affected 
our results. Third, the average age of natural menopause 
in our study sample was 50.3 years, which is earlier than 
the national average of 51 years in the UK.59 Although the 
difference is small, UK Biobank might not be completely 
representative of the general population. However, valid 
assessment of exposure- disease relationships may be gener-
alisable even if participants are not fully representative of 
the population.60 Fourth, women who underwent bilateral 
oophorectomy and hysterectomy might have been better 
monitored than those who were premenopausal or under-
went natural menopause. Indeed, women who underwent 
bilateral oophorectomy or hysterectomy were more likely 
to use lipid- modifying or antihypertensive medication, 
possibly lowering their dementia risk. In addition, women 
who had undergone bilateral oophorectomy more often 
used HRT in line with postsurgery protocol. Fifth, the 
inability to distinguish between types of dementia and 
possible heterogeneity in underlying pathologies may have 
affected our results. The contribution of glycaemia to the 
association between early age at natural menopause and 
incident dementia may be higher for vascular dementia61 62 

and/or AD caused by insulin resistance, also called ‘type 3 
diabetes’.63 Sixth, there might have been reverse causation 
in which higher levels of glycaemia affect the age of natural 
menopause, as T2DM may accelerate the onset of meno-
pause.64 Cardiometabolic and behavioural mediators 
may have also affected the age of natural menopause.65 66 
Studies like the Study of Women’s Health Across the Nation 
collecting fine- grained data of women going through 
menopause may provide better insight into the tempo-
rality of age at menopause and metabolic profile changes. 
Seventh, no information on the type of HRT was available. 
Lastly, no data on vasomotor symptoms was collected. HRT 
may be beneficial for women who undergo menopause at 
a normal age with vasomotor symptoms, while its effect on 
the brain regardless of vasomotor symptoms could not be 
confirmed.11

In conclusion, this study observed associations between 
bilateral oophorectomy, hysterectomy and earlier age 
at natural menopause and surgery with higher levels of 
glycaemia, while lifetime HRT was associated with lower levels 
of glycaemia. HbA1c levels marginally mediated increased 
dementia risk in those with an earlier age of natural meno-
pause. The metabolic profile of women undergoing natural 
menopause at an early age should be monitored to not only 
prevent hyperglycaemia but also decrease dementia risk. 
Studies investigating alternative mechanisms may further 
elucidate the complex associations between menopausal 
factors, HRT and dementia risk.
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