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Abstract
Background: To examine the risk of incident all-cause dementia associated with reproductive factors in
women, and the number of children in both sexes; and whether the effects vary by age, socioeconomic
status (SES), smoking status and body mass index in the UK Biobank.

Methods: A total of 273,265 women and 228,966 men without prevalent dementia from the UK Biobank
were included in the analyses. Cox proportional hazard regressions estimated hazard ratios (HRs) for
reproductive factors with incident all-cause dementia.

Results: Over a median of 11.3 years follow-up, 1,680 dementia were recorded in women and 2,021 in
men. Adjusted HRs (95% con�dence intervals (CIs)) for dementia were 1.20 (1.08, 1.35) for menarche <12
years, and 1.24 (1.10, 1.39) for menarche ≥15 years compared to 13 years; 0.86 (0.74, 1.00) for ever been
pregnant; 0.80 (0.69, 0.93) for each abortion; 1.29 (1.12, 1.49) for menopause at <47 compared to 50
years; 1.13 (1.01, 1.27) for hysterectomy; 0.80 (0.72, 0.90) for oral contraceptive pills use; and 1.56 (1.40,
1.73) for hormone replacement therapy (HRT) use. The U-shaped associations between the number of
children and the risk of dementia were similar for both sexes. There was evidence for early (natural and
arti�cial) menopause, and a greater number of children were associated with a higher risk of dementia
among women of relatively lower SES only.

Conclusions: Shorter cumulative endogenous estrogen exposure in women is associated with higher
dementia risk, although female biological factors involved in childbearing are unlikely to account for risk
variation.

Introduction
The dementia epidemic confronts the world as a major challenge, with extensive impact on individuals,
carers, families and societies at large.1, 2 Fifty million people live with dementia globally, and this number
is projected to triple by 2050.1 There is no effective course-modifying treatment for dementia to date;2

mitigation and modi�cation of risk factors, therefore, present opportunities to reduce the burden
associated with dementia at a population level.2

The age-standardised global prevalence and death rates for dementia were estimated to be higher in
women than men.3 While the risk of developing dementia increases with age, the extent to which the
female predominance is simply due to women's longer lifespan remains far from conclusive, and female-
speci�c reproductive factors may be able to explain these sex disparities.4, 5

Several endogenous estrogen changes occur throughout a woman's reproductive life. Estradiol (E2) is the
most predominant form of estrogen during reproductive life (from menarche to menopause)6 and estriol
(E3) is the primary estrogen during pregnancy.7 Exogenous hormone use, such as oral contraceptives
during reproductive years, and hormone replacement therapy (HRT) in later life can also in�uence
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estrogen level. Few studies evaluated the long-term effect of reproductive factors on dementia risk, such
that conclusions remain equivocal, and the putative mechanisms are not well-understood.4, 8–13

This study examined the reproductive factors and exogenous hormone use in relation to the risk of
incident all-cause dementia in women in the UK Biobank. We assessed whether the effects of these
factors vary by age, socioeconomic status, smoking status and body mass index (BMI).

Methods

Study population
The UK Biobank is a prospective population-based cohort, recruited over 500,000 (aged 40 to 69 years)
women and men between 2006 and 2010.14 Individuals were invited to attend one of the 22 centres
across the UK for baseline assessment, which included questionnaires soliciting information on lifestyle,
medical history, and reproductive history. Physical measurements were collected, and a blood sample
was taken. Written informed consent was obtained for all participants electronically.

Measurement of reproductive factors
Self-reported reproductive factors included in this study were age at menarche, pregnancy history, number
of live births, age at �rst live birth, number of stillbirths, number of miscarriages, number of abortions,
reproductive lifespan, age at menopause, (age at) hysterectomy, (age at) oophorectomy. Exogenous
hormone exposures included oral contraceptive pills use, age started using oral contraceptive pills, use of
HRT, age at HRT initiation, and duration of HRT use. Early menarche was de�ned as age at the �rst
menstrual period before 12 years of age. Early natural menopause was de�ned as the permanent
absence of a menstrual period before 47 years of age. The reproductive lifespan was de�ned as the
difference between the age at menopause and the age at menarche. Age at hysterectomy and
oophorectomy were used to determine the timing of these procedures. The number of children fathered
was also recorded for men and was thus analysed here.

Study endpoint
The primary endpoint in this study was incident (i.e. fatal or non-fatal) all-cause dementia, as de�ned by
the UK Biobank Outcome Adjudication Group, using International Classi�cation of Diseases (ICD)-10
codes A81.0, F00, F01, F02, F03, F05, G30, G31.0, G31.1, G31.8, and I67.3.15 Hospital inpatient data from
England, Scotland, and Wales, as well as the national death registers were used to identify the date of the
�rst known dementia after the date of baseline assessment. Follow-up for all participants started at the
entry to the study, with data from the death registers ended on the 30th June 2020, and hospital inpatient
data ended on the 31st May 2020; or when fatal, non-fatal all-cause dementia or death was recorded.
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Covariates
Socioeconomic status (SES) was determined using the Townsend Deprivation Index. Smoking status was
self-reported and categorised as never, former, or current smokers. Systolic blood pressure was taken at
study baseline using the Omron HEM-7015IT digital blood pressure monitor as the mean of two sitting
measures. BMI was calculated as the weight of the individual in kilograms, measured using the Tanita
BC-418 MA body composition analyser, divided by the square of the individual's standing height in
metres. Diabetes status was self-reported: if the age at diagnosis was younger than 30, and the
participant was using insulin, they were classi�ed as type 1 diabetes, otherwise as type 2 diabetes. Total
cholesterol was measured using the Beckman Coulter AU580. Self-reported medication use was also
recorded.

Statistical analysis
The present analyses excluded participants with prevalent dementia at baseline (N = 263). Baseline
characteristics are presented as mean with standard deviation (SD) for continuous variables and number
with percentage for categorical variables.

Sex-speci�c crude incidence rates of dementia were estimated using Poisson regression models, with a
log offset for person-years. We estimated the unadjusted and multiple-adjusted rates for dementia per
10,000 person-years in all risk factor categories. Multiple adjusted models included age at study entry,
SES, smoking status, systolic blood pressure, BMI, history of diabetes mellitus, total cholesterol,
antihypertensive drugs and lipid-lowering drugs.

The associations between reproductive factors and dementia were assessed using Cox proportional
hazard regression models that estimated the hazard ratios (HRs) with 95% con�dence intervals (95%
CIs). When more than two groups were compared, the 95% CIs were estimated using �oating absolute
risks.16 Covariate adjustments were the same as those made in the Poisson models. The association
between the number of children fathered and dementia was assessed in men, �tted with the same set of
covariates, to make a direct comparison with the number of live births in women.

Multiple-adjusted restricted cubic splines (with kernel density plots) were constructed to assess the shape
of continuous reproductive factors associated with dementia risk. The top and bottom 2.5% of the
distributions, where precision is poor, were excluded, with the median value of the distribution taken as
the reference.

Pre-de�ned subgroup analyses were conducted by age group (categorised as ≥ 65 versus < 65 years, to
yield an approximately equal number of events in each group), SES (Townsend deprivation index at or
below versus above the national median (-0.56)), smoking status (ever versus never smoker) and BMI (> 
25 kg/m2 versus ≤ 25 kg/m2), to examine the effect modi�cations by these characteristics. The
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interaction term was �tted between the exposure of interest and the pre-speci�ed subgroup to obtain the
p-value.

For sensitivity analysis, we excluded women who underwent hysterectomy or oophorectomy.

All analyses were performed on complete case data using R version 4.0.2 (R Core Team, 2020) and Stata
16.0 (StataCorp, 2019).

Results
Over a median of 11.3 years follow-up, 1,680 incident dementia were recorded among 273,265 women. At
the study baseline, the mean age of women was 56 years; the mean age at menarche and age at �rst live
birth was 13 and 26 years, respectively; 85% reported they have been pregnant at least once, and 44%
reported having two children. Sixty-one percent of the women were postmenopausal, and the mean age at
natural menopause was 50 years. The percentage of women who reported a history of hysterectomy and
oophorectomy were 19% and 8%, respectively; 81% reported ever used oral contraceptive pills, and 38%
reported ever used HRT, with a mean age of 47 years for HRT initiation, and a mean duration of 6.0 years.

Among 228,966 men, 2,021 incident cases of dementia were recorded. The mean age for men at baseline
was 57 years, with 41% reported fathering two children (Table 1).
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Table 1
Baseline characteristics of study participants in the UK Biobank.

  Women (n = 273 265) Men (n = 228 966)

Dementia, n % 1 680 (0.6) 2 021 (0.9)

Age, years 56.3 (8.0) 56.7 (8.0)

Socioeconomic status, %:    

Highest (≤ -2.08) 138 675 (50.7) 115 580 (50.5)

Middle (-2.08–1.40) 81 867 (30.0) 66 667 (29.1)

Lowest (≥ 1.40) 52 396 (19.2) 46 423 (20.3)

Smoking status, %:    

Never smoker 161 981 (59.3) 111 406 (48.7)

Former smoker 85 413 (31.3) 87 535 (38.2)

Current smoker 24 359 (8.9) 28 593 (12.5)

Blood pressure:    

Systolic blood pressure (Mean (SD)) 135.3 (19.2) 140.9 (17.5)

Diastolic blood pressure (Mean (SD)) 80.7 (10.0) 84.1 (10.0)

Body Mass Index (Mean (SD)) 27.1 (5.2) 27.8 (4.2)

Diabetes, %:    

Type 1 diabetes 564 (0.2) 652 (0.3)

Type 2 diabetes 9 946 (3.6) 15 514 (6.8)

Total cholesterol (Mean (SD)) 5.87 (1.1) 5.48 (1.1)

Antihypertensive drugs 38 406 (14.1) 47 966 (20.9)

Lipid lowering drugs 29 503 (10.8) 45 731 (20.0)

Age at menarche, years 13.0 (1.6) -

Ever pregnant, % 231 372 (84.7) -

Number of children, %    

None 51 086 (18.7) 47 100 (20.6)

One child 36 459 (13.3) 28 636 (12.5)

Two children 119 121 (43.6) 94 267 (41.2)
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  Women (n = 273 265) Men (n = 228 966)

Three children 48 277 (17.7) 38 129 (16.7)

Four or more children 17 494 (6.4) 16 562 (7.2)

Age at �rst live birth, years 25.9 (5.1) -

Number of miscarriages, %:    

None 171 528 (62.8) -

One 40 044 (14.7) -

Two or more 15 876 (5.8) -

Number of stillbirths, %:    

None 220 602 (80.7) -

One 6 074 (2.2) -

Two or more 963 (0.4) -

Number of abortions, %:    

None 180 114 (69.2) -

One 30 544 (11.2) -

Two or more 7 351 (2.7) -

Number of reproductive years 37.3 (4.8) -

Menopause:    

Postmenopausal, % 165 865 (60.7) -

Age at menopause, years 50.3 (4.5) -

Surgical menopause:    

History of hysterectomy, % 51 233 (18.7) -

Age at hysterectomy, years 43.9 (8.0) -

History of oophorectomy, % 21 938 (8.0) -

Age at oophorectomy, years 47.4 (7.8) -

History of both hysterectomy and oophorectomy 20 904 (7.6)  

Exogenous hormone use:    

Oral contraceptive pills use:    

Ever used oral contraceptive pills, % 220 367 (80.6) -



Page 8/28

  Women (n = 273 265) Men (n = 228 966)

Age �rst taken oral contraceptive pills, years 21.5 (4.7) -

Hormone replacement therapy (HRT) use:    

Ever used HRT, % 104 142 (38.1) -

Age initiated HRT, years 47.4 (5.4) -

HRT duration, years 6.3 (5.3) -

 

Dementia rates
The crude incidence rate for dementia was 5.48 (5.23, 5.75) for women and 7.99 (7.65, 8.35) for men per
10,000 person-years.

The multiple-adjusted rates of dementia per 10,000 person-years were the highest among those with
shorter reproductive span (< 33 years: 7.36 (5.86, 8.87); 33–35 years: 7.46 (5.99, 8.94)); and earlier age at
menopause (< 47 years: 7.45 (6.09, 8.81)) (Table 2). For the number of children, the rates were higher
among men than women across all the categories, especially among men with four or more children, the
multiple-adjusted rate was 11.32 (9.75, 12.89) for men, and 5.67 (4.56, 6.77) for women [See Additional
�le 1].



Page 9/28

Table 2
Unadjusted and multiple-adjusted rates of incident dementia for reproductive risk factors in women.

Risk factors Unadjusted rates/10 000 person
years (95% CI)

Multiple-adjusted rates/10 000 person
years (95% CI) *

Age at menarche    

<12 5.75 (5.14, 6.36) 5.09 (4.38, 5.81)

12 5.32 (4.72, 5.92) 4.98 (4.25, 5.71)

13 4.57 (4.08, 5.07) 4.58 (3.95, 5.21)

14 5.02 (4.45, 5.59) 4.82 (4.13, 5.51)

≥15 6.34 (5.64, 7.03) 5.81 (4.99, 6.62)

Ever been pregnant    

No 4.72 (4.09, 5.35) 5.93 (4.95, 6.91)

Yes 5.60 (5.31, 5.89) 5.04 (4.70, 5.37)

Number of live births    

0 4.45 (3.90, 4.99) 5.73 (4.84, 6.62)

1 4.85 (4.17, 5.52) 5.61 (4.63, 6.60)

2 5.19 (4.81, 5.58) 4.77 (4.31, 5.23)

3 6.49 (5.82, 7.17) 5.07 (4.38, 5.76)

4 or more 8.82 (7.50, 10.13) 5.67 (4.56, 6.77)

Parous    

No 4.45 (3.90, 4.99) 5.73 (4.84, 6.63)

Yes 5.71 (5.41, 6.00) 5.05 (4.71, 5.39)

Age at �rst live birth    

<21 7.78 (6.86, 8.70) 6.97 (5.89, 8.06)

21–22 7.62 (6.65, 8.58) 5.35 (4.46, 6.25)

23–24 7.55 (6.67, 8.45) 6.09 (5.20, 6.99)

25–26 4.88 (4.19, 5.58) 3.95 (3.21, 4.69)

27–29 4.46 (3.87, 5.04) 4.71 (3.92, 5.51)

>29 3.35 (3.04, 4.04) 4.97 (4.06, 5.88)

* Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body
mass index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs.
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Risk factors Unadjusted rates/10 000 person
years (95% CI)

Multiple-adjusted rates/10 000 person
years (95% CI) *

Number of
miscarriages

   

0 5.76 (5.42, 6.10) 5.42 (5.02, 5.83)

1 4.80 (4.16, 5.44) 4.72 (3.90, 5.55)

2 or more 5.41 (4.33, 6.49) 4.32 (3.06, 5.59)

Number of stillbirths    

0 5.47 (5.17, 5.76) 5.23 (4.88, 5.59)

1 9.04 (6.77, 11.31) 5.49 (3.58, 7.40)

2 or more 9.49 (3.61, 15.37) 6.98 (1.39, 12.58)

Number of abortions    

0 5.99 (5.66, 6.32) 5.31 (4.94, 5.69)

1 3.95 (3.29, 4.62) 5.10 (3.94, 6.26)

2 or more 1.59 (0.73, 2.46) 3.51 (1.33, 5.69)

Reproductive years    

<33 7.89 (6.69, 9.10) 7.36 (5.86, 8.87)

33–35 7.03 (5.94, 8.12) 7.46 (5.99, 8.94)

36–37 5.48 (4.58, 6.37) 5.70 (4.52, 6.88)

38–39 4.88 (4.09, 5.68) 4.84 (3.82, 5.86)

40–42 5.46 (4.65, 6.27) 5.16 (4.18, 6.14)

>43 7.18 (5.91, 8.44) 5.28 (4.04, 6.53)

Age at menopause    

<47 8.22 (7.11, 9.32) 7.45 (6.09, 8.81)

47–49 5.78 (4.83, 6.74) 6.44 (5.07, 7.80)

50 6.52 (5.51, 7.52) 6.68 (5.42, 7.93)

51–52 4.98 (4.20, 5.76) 4.59 (3.62, 5.57)

53–54 4.51 (3.60, 5.41) 4.71 (3.53, 5.90)

* Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body
mass index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs.
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Risk factors Unadjusted rates/10 000 person
years (95% CI)

Multiple-adjusted rates/10 000 person
years (95% CI) *

>54 7.23 (6.17, 8.31) 5.57 (4.51, 6.64)

Hysterectomy    

No 4.77 (4.50, 5.05) 4.96 (4.60, 5.33)

Yes 8.46 (7.71, 9.21) 5.63 (4.99, 6.28)

Oophorectomy    

No 5.15 (4.88, 5.41) 4.99 (4.65, 5.32)

Yes 7.89 (6.77, 9.00) 5.43 (4.45, 6.41)

Ever taken oral
contraceptive pills

   

No 10.37 (9.53, 11.20) 5.90 (5.30, 6.50)

Yes 4.31 (4.05, 4.57) 4.76 (4.38, 5.14)

Ever used HRT    

No 4.04 (3.75, 4.33) 5.31 (4.84, 5.78)

Yes 7.69 (7.19, 8.20) 4.93 (4.50, 5.36)

* Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body
mass index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs.

 

Age at menarche
Overall, the relationship between age at menarche and dementia appeared to be U-shaped (Table 3,
Fig. 1A): the multiple-adjusted HRs (95% CI) of the age at menarche < 12 associated with dementia was
1.20 (1.08, 1.35), and at the age of ≥ 15 was 1.24 (1.10, 1.39), compared to women who had their
menarche at 13.
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Table 3
Multiple-adjusted hazard ratios for reproductive factors in association with incident dementia.

Risk factors No. of events Multiple-adjusted HR (95% CI)*

Age at menarche    

<12 341 1.20 (1.08, 1.35)

12 299 1.08 (0.96, 1.23)

13 (ref) 331 1.00 (0.89, 1.12)

14 294 0.95 (0.84, 1.08)

≥15 317 1.24 (1.10, 1.39)

Ever been pregnant 1454 0.86 (0.74, 1.00)

Number of live births    

0 254 1.16 (1.02, 1.33)

1 198 1.09 (0.94, 1.26)

2 (ref) 695 1.00 (0.92, 1.08)

3 352 1.03 (0.92, 1.15)

4 or more 172 1.14 (0.96, 1.34)

Parous vs not 1417 0.89 (0.77, 1.03)

Per live birth - 0.99 (0.95, 1.03)

Age at �rst live birth    

<21 192 1.47 (1.29, 1.68)

21–22 239 1.25 (1.09, 1.43)

23–24 280 1.34 (1.19, 1.52)

25–26 (ref) 222 1.00 (0.86, 1.16)

27–29 276 1.16 (1.01, 1.33)

>29 194 1.15 (0.99, 1.34)

Per additional year of age at �rst live birth - 0.98 (0.97, 0.99)

Number of miscarriages    

0 (ref) 1108 1.00 (0.94, 1.06)

*Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body
mass index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs
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Risk factors No. of events Multiple-adjusted HR (95% CI)*

1 216 0.86 (0.74, 0.99)

2 or more 96 1.01 (0.81, 1.25)

Miscarriage vs not 312 0.90 (0.79, 1.03)

Per miscarriage - 1.00 (0.93, 1.08)

Number of stillbirths    

0 (ref) 1353 1.00 (0.94, 1.06)

1 61 1.21 (0.92, 1.58)

2 or more 10 1.10 (0.52, 2.31)

Stillbirth vs not 71 1.20 (0.92, 1.55)

Per stillbirth - 1.09 (0.90, 1.32)

Number of abortions    

0 (ref) 1272 1.00 (0.94, 1.07)

1 135 0.92 (0.77, 1.10)

2 or more 13 0.37 (0.20, 0.70)

Abortion vs not 148 0.83 (0.69, 1.00)

Per abortion - 0.80 (0.69, 0.93)

Reproductive years    

<33 (ref) 165 1.00 (0.85, 1.18)

33–35 160 1.00 (0.85, 1.18)

36–37 144 0.77 (0.65, 0.92)

38–39 145 0.69 (0.58, 0.82)

40–42 174 0.72 (0.61, 0.84)

>43 123 0.82 (0.68, 0.98)

Age at menopause    

<47 214 1.29 (1.12, 1.49)

47–49 141 1.05 (0.88, 1.25)

*Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body
mass index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs
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Risk factors No. of events Multiple-adjusted HR (95% CI)*

50 (ref) 162 1.00 (0.85, 1.18)

51–52 156 0.81 (0.68, 0.96)

53–54 95 0.78 (0.63, 0.96)

>54 176 0.95 (0.81, 1.11)

Hysterectomy vs not 483 1.13 (1.01, 1.27)

Oophorectomy vs not 192 1.05 (0.89, 1.23)

Ever taken oral contraceptive pills 1067 0.80 (0.72, 0.90)

Age started oral contraceptive pills (per year) - 1.01 (1.00, 1.03)

Ever used HRT 895 1.56 (1.40, 1.73)

Age started HRT (per year) - 0.96 (0.95, 0.98)

Duration of HRT use (per year) - 0.99 (0.98, 1.01)

*Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body
mass index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs

 

Parity-related factors
The HR for dementia who had ever been pregnant was 0.86 (0.74, 1.00) compared with never pregnant.
Younger age at �rst live birth was associated with a higher dementia risk (Fig. 1B). Compared with
women who never had an abortion, the HR for dementia in women who had two or more abortions was
0.37 (0.20, 0.70). Stillbirth and miscarriage were not associated with dementia risk.

Number of children
Compared with those who had two children, the associations between the number of children and
dementia were similar for women and men and were U-shaped (Fig. 2). Some heterogeneity by SES was
observed, where each additional child was associated with lower dementia risk in women of higher SES
(0.92 (0.87, 0.98)), but a greater risk in women of lower SES (1.07 (1.01, 1.14)) (Table 4); this difference
by SES was not observed in men.

Menopause-related factors
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A longer reproductive lifespan and an older age at menopause had inverse log-linear associations with
dementia risk (Table 3, Fig. 1C, Fig. 1D). The HR of dementia associated with menopause before the age
of 47 was 1.29 (1.12, 1.49) compared to women who had their menopause at the age of 50. For women
who reported a history of hysterectomy, the HR for dementia was 1.13 (1.01, 1.27) compared with women
who never had a hysterectomy. Oophorectomy was not signi�cantly associated with dementia; the HR
was 1.05 (0.89, 1.23)). Younger age at hysterectomy was associated with increased dementia risk
(Fig. 1E), whereas the relationship for age at oophorectomy and dementia was U-shaped (Fig. 1F). In
addition, the timing of hysterectomy and oophorectomy did not appear to be associated with dementia
risk, although some exposure categories were based on a small number of events [See Additional �le 2].
For early menopause, hysterectomy and oophorectomy, there was some evidence of heterogeneity by
SES, such that women of relatively lower SES had a greater dementia risk, but not for women of high SES
(Table 4).

Exogenous hormone use
The HR for dementia in women who reported oral contraceptive pill use was 0.80 (0.72, 0.90) (Table 3).
There was some evidence of heterogeneity by age, such that the lower risk was only statistically
signi�cant in women younger than 65 years at study baseline (Table 4). The HR for dementia associated
with a 1-year increment in the age �rst taking oral contraceptive pills was 1.01 (1.00, 1.03)) (Table 3,
Fig. 1G). The HR for dementia in women who reported HRT use was 1.56 (1.40, 1.73) compared with
those who never used HRT. The HR for dementia associated with a 1-year increment in the age at HRT
initiation was 0.96 (0.95, 0.98) (Table 3, Fig. 1H). There was no evidence for HRT duration affecting
dementia risk (0.99 (0.98, 1.01) per year) (Table 3, Fig. 1I).
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Table 4
Multiple-adjusted hazard ratios for incident dementia associated with reproductive factors, by age, SES,

smoking, BMI.
Risk factors Age Socioeconomic status

< 65 years ≥ 65 years P-
value

Higher SES Lower SES P-
value

Early menarche* vs. not 1.14 (0.95,
1.37)

1.14 (0.96,
1.36)

0.91 1.13 (0.96,
1.34)

1.13 (0.90,
1.43)

0.78

Age at �rst live birth per
year

0.98 (0.96,
1.00)

0.98 (0.97,
1.00)

0.35 0.99 (0.97,
1.01)

0.97 (0.95,
1.00)

0.12

Each child†            

Women 0.97 (0.91,
1.03)

1.00 (0.95,
1.06)

0.47 0.92 (0.87,
0.98)

1.07 (1.01,
1.14)

< 
0.001

Men 1.05 (1.01,
1.09)

1.01 (0.97,
1.06)

0.19 1.02 (0.97,
1.08)

1.04 (1.01,
1.08)

0.54

Stillbirth vs. not 1.08 (0.69,
1.70)

1.26 (0.92,
1.74)

0.70 1.17 (0.82,
1.68)

1.24 (0.83,
1.86)

0.79

Miscarriage vs. not 0.93 (0.76,
1.14)

0.88 (0.73,
1.05)

0.64 0.84 (0.70,
1.00)

1.07 (0.85,
1.36)

0.07

Abortion vs. not 0.77 (0.59,
1.00)

0.89 (0.69,
1.15)

0.54 0.75 (0.58,
0.98)

0.91 (0.69,
1.21)

0.16

Early menopause‡ vs.
not

1.57 (1.23,
2.00)

1.30 (1.04,
1.62)

0.16 1.19 (0.96,
1.49)

1.80 (1.37,
2.38)

0.02

Hysterectomy vs. not 1.14 (0.95,
1.36)

1.13 (0.97,
1.30)

0.81 0.98 (0.85,
1.14)

1.32 (1.08,
1.61)

0.03

Oophorectomy vs. not 1.12 (0.87,
1.43)

1.01 (0.81,
1.24)

0.47 0.81 (0.64,
1.02)

1.37 (1.06,
1.79)

< 
0.001

Oral contraceptive pill
use vs. not

0.66 (0.55,
0.79)

0.93 (0.81,
1.06)

< 
0.001

0.88 (0.76,
1.02)

0.71 (0.59,
0.87)

0.37

HRT use vs. not 1.08 (0.92,
1.28)

0.94 (0.82,
1.08)

0.25 0.94 (0.82,
1.07)

1.14 (0.94,
1.38)

0.26

Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body mass
index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs. P-values are the
interaction between subgroups.

*Early menarche was de�ned as age at �rst menstrual period before the age of 12 years.

†Each livebirth in women and each child fathered in men.

‡Early menopause was de�ned as the permanent absence of menstrual periods before the age of 47
years.
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Risk factors Age Socioeconomic status

< 65 years ≥ 65 years P-
value

Higher SES Lower SES P-
value

Risk factors Smoking status BMI

Never Ever P-
value

≤ 25
kg/m2

> 25 kg/m2 P-
value

Early menarche* vs. not 1.06 (0.89,
1.26)

1.22 (1.02,
1.47)

0.33 1.22 (0.97,
1.53)

1.10 (0.94,
1.28)

0.61

Age at �rst live birth per
year

0.98 (0.96,
0.99)

0.99 (0.97,
1.01)

0.46 0.98 (0.96,
1.00)

0.98 (0.97,
1.00)

0.74

Each child†            

Women 0.96 (0.91,
1.02)

1.02 (0.96,
1.09)

0.13 1.02 (0.95,
1.09)

0.98 (0.93,
1.03)

0.46

Men 1.05 (0.99,
1.11)

1.03 (0.99,
1.07)

0.70 1.01 (0.95,
1.07)

1.05 (1.01,
1.08)

0.33

Stillbirth vs. not 1.05 (0.71,
1.54)

1.35 (0.95,
1.93)

0.30 1.27 (0.80,
2.01)

1.15 (0.84,
1.58)

0.71

Miscarriage vs. not 0.79 (0.65,
0.95)

1.04 (0.86,
1.25)

0.05 0.77 (0.61,
0.98)

0.97 (0.82,
1.14)

0.12

Abortion vs. not 0.79 (0.59,
1.04)

0.87 (0.68,
1.11)

0.60 0.93 (0.69,
1.24)

0.77 (0.60,
0.97)

0.34

Early menopause‡ vs.
not

1.40 (1.11,
1.77)

1.42 (1.13,
1.78)

0.90 1.38 (1.06,
1.81)

1.41 (1.15,
1.74)

0.88

Hysterectomy vs. not 1.18 (1.01,
1.37)

1.08 (0.91,
1.28)

0.43 1.01 (0.83,
1.24)

1.20 (1.05,
1.38)

0.16

Oophorectomy vs. not 1.08 (0.87,
1.34)

1.01 (0.80,
1.29)

0.69 0.97 (0.73,
1.30)

1.08 (0.89,
1.31)

0.52

Oral contraceptive pill
use vs. not

0.79 (0.68,
0.91)

0.82 (0.70,
0.98)

0.84 0.83 (0.69,
1.00)

0.80 (0.70,
0.92)

0.90

Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body mass
index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs. P-values are the
interaction between subgroups.

*Early menarche was de�ned as age at �rst menstrual period before the age of 12 years.

†Each livebirth in women and each child fathered in men.

‡Early menopause was de�ned as the permanent absence of menstrual periods before the age of 47
years.
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Risk factors Age Socioeconomic status

< 65 years ≥ 65 years P-
value

Higher SES Lower SES P-
value

HRT use vs. not 0.93 (0.81,
1.07)

1.05 (0.90,
1.23)

0.26 0.87 (0.73,
1.03)

1.08 (0.94,
1.23)

0.08

Analyses were adjusted for age, Townsend index, smoking status, systolic blood pressure, body mass
index, diabetes, total cholesterol, antihypertensive drugs, lipids lowering drugs. P-values are the
interaction between subgroups.

*Early menarche was de�ned as age at �rst menstrual period before the age of 12 years.

†Each livebirth in women and each child fathered in men.

‡Early menopause was de�ned as the permanent absence of menstrual periods before the age of 47
years.

 

Sensitivity analysis
After excluding women who underwent hysterectomy or oophorectomy, the associations for age at
menarche, reproductive years and age at menopause in relation to dementia risk were similar to the main
results [See Additional �le 3].

Discussion
In this large population-based cohort study, we found several associations between reproductive factors
and exogenous use of hormone with the dementia risk later in life. Both early and late menarche, younger
age at �rst live birth, and hysterectomy were associated with greater dementia risk. Ever been pregnant,
ever had an abortion, longer reproductive span, older age at menopause were associated with lower
dementia risk. There was some evidence of heterogeneity by SES for early menopause, hysterectomy and
oophorectomy, such that the elevated dementia risk associated with these risk factors was con�ned to
women of lower SES. U-shaped associations were found for the number of children and dementia risk,
similar for both sexes. For exogenous hormone exposures, the use of oral contraceptive pills was
associated with a lower risk, while HRT use was associated with a greater risk of dementia.

Surrogates for endogenous hormone exposures
Reproductive events indicating shorter cumulative exposure to estradiol, including later menarche, early
menopause, shorter reproductive span and hysterectomy, were all associated with an elevated risk of
dementia in our study. Nevertheless, previous studies on the relationship between these risk factors have
reported mixed results. Consistent with our �ndings, the Kaiser Permanente (KP) study showed that
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reproductive events contributing to shorter estradiol exposure were associated with elevated dementia
risk.10 A nation-wide study from South Korea also reported these comparable �ndings.13 These �ndings
may be driven by the effects of estradiol on brain health; in experimental studies, estradiol has shown to
confer neuroprotective effects by promoting neuronal dendritic spline regeneration17 as well as reducing
apoptosis and in�ammation.18 In contrast, the Gothenburg H709 and Rotterdam study11 reported that a
longer reproductive span and later menopause were associated with greater dementia risk,9 while the
10/66 study reported no association for reproductive span and dementia.12 The discrepancy in �ndings
cannot be explained by the exclusion of women who reported hysterectomy or oophorectomy in the two
studies reported opposite �ndings.9, 11 However, the studies that reported null or opposite results included
older women at study baseline (mean age around 70 years),11, 12 or the women were followed into their
late life.9 Notably, the Gothenburg H709 only found signi�cant associations with dementia for longer
reproductive span and older age at menopause, among those with the older onset of dementia (75 years
and above).9 As such, we hypothesise that the risk exposure in midlife and older life may be different.

Surgically-induced menopause (hysterectomy and oophorectomy), when performed before the onset of
natural menopause, can cease the secretion of endogenous sex hormones prematurely.19 The KP study
found the dementia risk is greater among women who underwent a hysterectomy,10 which was consistent
with our �ndings. Similarly, a pooled analysis of two cohorts found that the risk of cognitive impairment
and dementia was higher in women who underwent a hysterectomy, and the risk was even greater in
those who had a hysterectomy and bilateral oophorectomy.20 A meta-analysis did not �nd an overall
association between surgical menopause and dementia;21 but surgical menopause before the age of 45
was associated with greater dementia risk.21 We similarly demonstrated that younger age at
hysterectomy and oophorectomy were inversely associated with dementia risk, providing further evidence
for early cessation of hormones having a detrimental effect on cognition.

When disaggregated by SES, early natural menopause, hysterectomy, and oophorectomy were only
associated with a greater risk of dementia in women of relatively low SES. Previous studies reported SES
might adversely in�uence the age at entry to perimenopause.22, 23 Further, social disadvantage can
modulate the level of cortisol.24 During the menopausal transition, increased cortisol level has been
associated with vasomotor symptoms and depressed mood,25 which are key determinants for cognitive
function.26, 27

Parity-related factors
Pregnancy induces marked changes in endogenous estrogen levels 7, 28 and estrogen can be both
neuroprotective or neurotoxic, depending on the concentration.28, 29 A pooled study from the Cohort
Studies of Memory in an International Consortium (COSMIC) found that the risk of Alzheimer's disease
doubled for women who had four or more completed pregnancies.28 Another COSMIC analysis showed
that having �ve or more children was associated with increased dementia risk, while nulliparity and
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having two to four children showed similar associations with primiparous women.30 In our study, the
number of children was similarly associated with dementia risk for women and men. As such, the risk
variation in women appears to be more related to social and behavioural factors involved in parenthood
rather than biological factors associated with childbearing. Further, each additional child was adversely
associated with dementia in women of lower SES but protective in women of higher SES. This difference
by SES was not apparent in men. A plausible explanation for this could be related to the additional
expenditures and responsibilities associated with the number of dependents, which could lead to
economic hardships and increase psychological distress in parents.31 In particular, mothers are more
likely to bear the brunt of childcare than fathers in a low-income household; hence the impact of
parenthood on mothers of lower SES may be more adverse.31

Our study showed that abortion was associated with a lower risk of dementia, while we did not �nd any
link for stillbirth or miscarriage. The COSMIC study by Jang et al. also found the risk of Alzheimer's
disease in women who had incomplete pregnancies was half that of those who never experienced an
incomplete pregnancy;28 however, incomplete pregnancies in this study encompassed surgical or
medical-induced abortion and spontaneous miscarriage. A Danish register-based cohort study that
excluded women who had a surgical and medical abortion found stillbirth was associated with 86%
greater risk of dementia, while miscarriage was not associated with dementia.32 Both studies28, 32 had
limitations that precluded the effect of spontaneous miscarriage and abortion from being differentiated.
The course of pregnancy and childbirth can have a considerable in�uence on lifestyle and health,28

although we did not �nd any effect modi�cations to explain some of the �ndings in pregnancy-related
factors. Further clari�cation for the mechanism which underpins these observations is needed.

Exogenous hormone use
The use of oral contraceptive pills was associated with a lower risk of dementia, whereas HRT was
associated with a greater risk. The link between premenopausal hormone use and dementia risk has
hardly been characterised.33 A previous study suggested that women who reported hormonal
contraceptive use performed better in the visuospatial ability and speed and �exibility domains of the
neuropsychiatric tests than those who had never used hormonal contraception.33 On the other hand, the
potential bene�ts of HRT to prolong estrogen supply in older women have not been corroborated by
interventional studies,34, 35 while the observational evidence remains con�icting.4, 36–39 The Women's
Health Initiative Study (WHIS), is the only clinical trial that evaluated postmenopausal hormone therapy
on preventing dementia, concluded that the risk of dementia was doubled in women randomised to
estrogen-progestin based HRT.34 In a case-control study in Finland, long-term use of systemic HRT was
associated with an increased risk of Alzheimer's disease.39 As such, it is still largely contentious whether
HRT can potentially prevent dementia. The timing of HRT use may be crucial, such that there is a critical
window which exogenous hormone use can confer cognitive bene�ts in postmenopausal women.29, 40
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Strengths and limitations
The strengths of our study were the large sample size and the prospective design, with linkage to national
health records and death registers. Further, our study included a comprehensive list of reproductive
factors and exogenous hormone use through the life-course. The limitations included retrospective and
self-reported measures of reproductive factors, which may be inherently subject to recall bias and
misclassi�cation. The generalisability of the �ndings may be limited, given that the UK Biobank cohort is
relatively healthier and more a�uent than the UK general population. Dementia subtypes were not
differentiated due to the currently small number of events in the UK Biobank. Lastly, although multiple
adjustments were made to account for confounders, there may still be other unmeasured factors that can
lead to residual confounding.

Conclusions
This study highlights that the reproductive and endocrine milieu in women can have a signi�cant impact
on their dementia risk, although the physical experiences of childbearing is unlikely to account for the risk
variation in women. Our research supports a life-course approach for dementia prevention, particularly
around the design of risk reduction strategies pertaining to reproductive factors which are unique to
women. It is necessary to validate our �ndings on hormone use through rigorous clinical trials, and our
�ndings may be helpful for identifying high-risk women to participate in future trials. Further, deprivation
is likely to be an important determinant of dementia risk and other aspects of women's health, given that
the elevated dementia risk associated with early (natural and arti�cial) menopause and a greater number
of children were restricted to women of lower SES. These �ndings are pertinent given the recent
recommitment to the Beijing Declaration to improve equity in sexual and reproductive health.
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CI Con�dence Interval

COSMIC Cohort Studies of Memory in an International Consortium
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ICD International Classi�cation of Diseases

SES Socioeconomic Status

WHIS Women's Health Initiative Study
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Figure 1

Multiple-adjusted restricted cubic splines (with kernel density plots) showing HRs for dementia and
reproductive factors. After excluding the values from the top and bottom 2.5% of the distribution, with the
median value being the reference. Splines adjusted for age, Townsend deprivation index, smoking status,
systolic blood pressure, body mass index, diabetes, total cholesterol, antihypertensive drugs, lipids
lowering drugs.

Figure 2

Multiple-adjusted hazard ratios for incident dementia associated with number of children for women and
men. The HRs are plotted on a �oating absolute scale. Analyses were adjusted for age, Townsend
deprivation index, smoking status, systolic blood pressure, body mass index, diabetes, total cholesterol,
antihypertensive drugs, lipids lowering drugs.
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