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Abstract
Background  Age at natural menopause is a matter of 
concern for women of reproductive age as both an early 
or late menopause may have implications for health 
outcomes.
Methods  Study participants were women aged 40–65 
years who had experienced a natural menopause from 
the UK Women’s Cohort Study between baseline and 
first follow-up. Natural menopause was defined as the 
permanent cessation of menstrual periods for at least 
12 consecutive months. A food frequency questionnaire 
was used to estimate diet at baseline. Reproductive 
history of participants was also recorded. Regression 
modelling, adjusting for confounders, was used to 
assess associations between diet and age at natural 
menopause.
Results  During the 4-year follow-up period, 914 
women experienced a natural menopause. A high 
intake of oily fish and fresh legumes were associated 
with delayed onset of natural menopause by 3.3 years 
per portion/day (99% CI 0.8 to 5.8) and 0.9 years per 
portion/day (99% CI 0.0 to 1.8), respectively. Refined 
pasta and rice was associated with earlier menopause 
(per portion/day: −1.5 years, 99% CI −2.8 to −0.2). 
A higher intake of vitamin B6 (per mg/day: 0.6 years, 
99% CI 0.1 to 1.2) and zinc (per mg/day: 0.3 years, 
99% CI −0.0 to 0.6) was also associated with later age 
at menopause. Stratification by age at baseline led to 
attenuated results.
Conclusion  Our results suggest that some food groups 
(oily fish, fresh legumes, refined pasta and rice) and 
specific nutrients are individually predictive of age at 
natural menopause.

Introduction
The average age of menopause in the UK is reported 
to be 51 years.1 Menopause is an important phase 
in a woman’s life indicating the end of the repro-
ductive life  span with reduction in oestrogen and 
increased progesterone levels.2 3 Several studies 
have documented an association between earlier 
age at natural menopause and lower bone density, 
osteoporosis, depression and premature death.4 5 
Other studies have shown increased risk of cardio-
vascular and coronary diseases.6 7 In contrast, a late 
menopause has been associated with a higher risk 
for breast, ovarian and endometrial cancers.8

A number of causes have been postulated for the 
relationship between age at menopause and these 
health outcomes, such as genetic factors, behavioural 
and environmental exposures, socio-demographic 
factors, hormonal mechanisms and health-related 
factors.9 Diet can also be an underlying factor.9 Two 

large cohort studies have also hypothesised an asso-
ciation10 11 but reported conflicting findings.

The limited number of studies and contradic-
tory results10–12 in this area suggests the need for 
further cohort studies with detailed dietary intake 
measures to clarify this association. The aim of this 
analysis was to explore the associations between 
food groups and nutrient intake in a large cohort of 
British women with age at incident natural meno-
pause. We hypothesised that intake of healthier 
food groups such as fruits and vegetables would be 
associated with an earlier menopause while a high 
consumption of meat and processed meat would 
delay the onset of menopause.

Methods
Study population
The UK Women’s Cohort Study (UKWCS) is a large 
prospective study consisting of 35 372 women aged 
between 35 and 69 years. Recruited participants 
were from England, Scotland and Wales.13 Baseline 
data were collected between the years 1995 and 
1998 via postal questionnaire. Follow-up data were 
collected on average 4 years later, between the years 
1999 and 2002.13

Study design and data collection
In total, 14 172 women who participated at both 
baseline and follow-up were considered for this 
study. Information was collected on demographic 
details, weight history, physical activity, repro-
ductive history (age at last period; number of 
periods in last 12 months; use of hormone replace-
ment therapy (HRT)), anthropometric and other 
health-related factors at baseline as well as at 
follow-up. Participants who experienced a natural 
menopause at follow-up were identified through 
comparison of baseline and follow-up data. Natural 
menopause was defined as the permanent cessation 
of the menstrual periods for at least 12 consecu-
tive months.2 Menstruating women, that is, those 
having one or more menstrual period in the last 
12 months at baseline and who became naturally 
postmenopausal at follow-up were included in 
the final analysis. Inclusion criteria also comprised 
never used HRT at baseline and currently not using 
HRT at follow-up (as HRT use may influence the 
bleeding pattern among premenopausal women14). 
Women who ever used HRT after reaching meno-
pause at phase II were also included. Women who 
had bilateral oophorectomy and hysterectomy at 
baseline as well as pregnant women at baseline were 
excluded from the study. In addition, only women 
with an age at natural menopause between ≥40 and 
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Figure 1  Flow chart of participants included in analysis diet and age at natural menopause. HRT, hormone replacement therapy; UKWCS, UK 
Women’s Cohort Study. 

≤65 years were included (as no menstruation before the age of 
40 might be chemically induced or due to surgical procedures). 
In addition, participants with missing data on the main study 
outcome, age at natural menopause and confounders were also 
excluded from the study (figure 1).

Dietary assessment
Dietary assessment at baseline involved a detailed 217-item food 
frequency questionnaire (FFQ) derived from the FFQ which 
was validated on a subsample of 303 cohort subjects against a 
4-day food diary as well as fasting blood measures of specific 
nutrients.13 15 16 Using the different frequency categories of the 
FFQ, the number of daily portions for the 217 food items was 
defined. These were consequently converted into weight of each 
food consumed per day based on the Food Standards Agency 
portion sizes book.17 For the current study, the individual food 
items were collated into food groups according to their culi-
nary uses (eg, Mediterranean vegetables, cruciferous vegetables, 
citrus family fruits) and nutrient profile (eg, fat or fibre content) 
(online supplementary table 1). In total, 15 food items were 
considered individually. Seven food items were considered indi-
vidually due to their specific nutrient profile such as textured 
vegetable proteins, oily fish, shellfish, grapes, herbal tea, tea and 
wines, which have antioxidant properties and might separately 
affect age at natural menopause. The remaining eight food items 
(eg, tomatoes, sauces, low calorie salad cream, etc) were consid-
ered indivdually because they could not be collated under any 
of the other food groups. Furthermore, in order to have a better 
estimate for the difference in mean age at natural menopause 
across the different food groups, results were presented per 
portion size.

Covariate assessment
A directed acyclic graph (DAG) (online supplementary figure 
1) with diet (food groups) as the main exposure and age at 

natural menopause (continuous) as the outcome was generated 
to determine confounding variables. Based on available litera-
ture and data collected, potential confounding variables (age, 
parity, energy intake, body mass index (BMI), social class, age 
at first full-term pregnancy, age at menarche, smoking, alcohol 
consumption and physical activity) were included in the DAG. 
According to the minimal sufficiency set of adjustments, phys-
ical activity (MET-hours/week), smoking status (current vs not 
current smoker), alcohol consumption (g/day) and social class 
(routine and manual, intermediate, professional and managerial) 
were identified as confounders and were thus adjusted for in the 
regression models. For the associations between nutrient intake 
and age at natural menopause, total energy intake was also 
adjusted for the non-energy-containing nutrients (women were 
excluded if they had extremely high (>6000 kcal/day) or low 
(<500 kcal/day) energy intake) and energy from other macronu-
trients was adjusted for specific macronutrients.

Statistical analysis
Descriptive statistics were used to explore the socio-demographic 
and obstetric history of the women. Linear regression models 
were used to determine the relationships between the various 
food groups (continuous exposure in g/day) as well as nutrients 
(continuous exposure) and age at natural menopause (contin-
uous outcome in years). In addition, because younger women at 
baseline have less chance of a later menopause we evaluated the 
associations by stratifying on age at baseline (≤50 vs >50 years). 
An estimate >0 was considered as a later age at natural meno-
pause. Assumptions for linear regression were checked by plot-
ting the residuals against fitted values which showed a constant 
variance and a histogram demonstrated a normal distribution 
of the residuals. Due to the differences in age at natural meno-
pause by vegetarian status and parity as evidenced by previous 
studies,10 18 sensitivity analysis exploring that relationship was 
undertaken stratified by vegetarian status and parity (nulliparous 

https://dx.doi.org/10.1136/jech-2017-209887
https://dx.doi.org/10.1136/jech-2017-209887
https://dx.doi.org/10.1136/jech-2017-209887


735Dunneram Y, et al. J Epidemiol Community Health 2018;72:733–740. doi:10.1136/jech-2017-209887

Research report

Table 1  Baseline characteristics of participants

Characteristics
(mean/%, 95% CI)

Age at natural menopause

40–48 years
n=226

49–51 years
n=319

≥52 years
n=369

Total
n=914

Age at baseline (years) 45.4 (45.0 to 45.8) 49.0 (48.8 to 49.2) 52.1 (51.9 to 52.4) 49.4 (49.2 to 49.6)

Birth year (years) 1950 (1950 to 1951) 1947 (1946 to 1947) 1944 (1943 to 1944) 1946 (1946 to 1946)

Body mass index (kg/m²) 23.6 (23.0 to 24.1) 23.5 (23.1 to 23.9) 24.3 (23.8 to 24.7) 23.8 (23.6 to 24.1)

Obese>30 kg/m² (%) 8.4 (5.4 to 12.8) 6.9 (4.6 to 10.3) 12.6 (9.5 to 16.4) 9.6 (7.8 to 11.7)

Physical activity (min/day) 12.8 (10.2 to 15.4) 16.5 (13.6 to 19.4) 14.1 (11.8 to 16.3) 14.6 (13.1 to 16.1)

Vegetarian (%) 45.7 (39.2 to 52.4) 44.2 (38.8 to 49.8) 33.0 (28.3 to 38.0) 40.0 (36.9 to 43.3)

Alcohol consumption (g/day) 10.1 (8.4 to 11.8) 8.6 (7.5 to 9.7) 8.4 (7.4 to 9.4) 9.0 (8.2 to 9.6)

Smoking (%) 10.2 (6.9 to 14.9) 8.0 (5.4 to 11.5) 5.0 (3.1 to 7.7) 7.3 (5.8 to 9.2)

Age at menarche (years) 12.6 (12.4 to 12.8) 12.7 (12.5 to 12.8) 12.9 (12.7 to 13.1) 12.7 (12.6 to 12.8)

Age at first full-term pregnancy (years) 26.6 (25.8 to 27.5) 26.0 (25.4 to 26.5) 25.6 (25.1 to 26.0) 25.9 (25.6 to 26.3

Parous (%) 68.6 (62.0 to 74.5) 77.1 (72.1 to 81.5) 84.3 (80.1 to 87.8) 78.0 (75.1 to 80.4)

Ever married (%) 76.3 (70.3 to 81.5) 78.6 (73.7 to 82.8) 78.1 (73.5 to 82.0) 77.8 (75.0 to 81.1)

Degree level (%) 36.7 (30.5 to 43.4) 37.5 (32.2 to 43.1) 26.1 (21.7 to 31.0) 32.8 (29.7 to 36.0)

Professional and managerial class (%) 70.0 (63.6 to 75.6) 63.8 (58.3 to 68.9) 60.3 (55.1 to 65.2) 63.9 (60.7 to 67.0)

vs multiparous). Moreover, since presence of diabetes might 
influence both diet and age at natural menopause, we also 
adjusted for diabetes. To take account of multiple testing, the 
significance level was set at 1% with 99% CIs. All analyses were 
conducted using Stata V. 14.0 (StataCorp).

Results
Socio-demographic characteristics
Of the 1874 women who were premenopausal at baseline survey 
(and had self-reported age at natural menopause at follow-up), 
914 had become postmenopausal at 4-year follow-up. Baseline 
characteristics of the participants are outlined in table  1. The 
mean age at natural menopause at follow-up was 50.5 years 
(95% CI 50.3 to 50.8). Participants had a mean BMI of 23.9 kg/
m2 (95% CI 23.6 to 24.1) and 9.6% were categorised as obese. 
Physical activity level was quite low among the participants with 
a mean of 15 min/day. This study also included 38% vegetarian 
participants. Most of the women were married, parous and 
of professional and managerial class. In this study, only 8% of 
women smoked and the mean alcohol consumption was 9 g/day 
(around one unit).

Association between food groups and age at natural 
menopause
An increase in portion size of refined pasta and rice as well as 
savoury snacks was associated with an earlier age at natural 
menopause by 1.8 years (99% CI −3.0 to −0.5) and 0.9 years 
(99% CI −1.7 to −0.1), respectively in the unadjusted model 
(table 2). In the adjusted model, for each additional portion of 
oily fish and fresh legumes, age at menopause was increased by 
3.3 years (99% CI 0.8 to 5.8) and 0.9 years (99% CI 0.0 to 1.8), 
respectively. On the other hand, a higher intake of refined pasta 
and rice (per portion/day: 1.5 years; 99% CI −2.8 to −0.2) was 
associated with an earlier menopause. Stratification by age at 
baseline led to reduced associations between the various food 
groups and age at natural menopause. The CIs were wider 
because of the smaller samples in these subgroups.

For the association between nutrients and age at natural 
menopause, a later age at natural menopause by approximately 
0.6 years was found with a higher intake of vitamin B6 per 
mg (99% CI 0.1 to 1.2). Similarly, a higher intake of zinc was 

associated with a delayed age at natural menopause by 0.3 years 
per mg (99% CI −0.0 to 0.6) (table 3). Stratification by age at 
baseline further demonstrated that a higher intake of carbohy-
drates was associated with an earlier age at natural menopause 
by 0.2 years (99% CI −0.4 to −0.0) among women 50 years or 
below.

Sensitivity analysis
Our findings demonstrated that non-vegetarians reach a natural 
menopause 0.8 years later compared with vegetarians (99% CI 
0.2 to 1.4). Exploring associations for non-vegetarians alone 
showed they had an earlier age at natural menopause associated 
with an increased consumption of savoury snacks (per portion/
day: −1.7 years, 99% CI −3.1 to −0.4) and soft drinks (per 
portion/day: −1.3 years, 99% CI −2.5 to −0.2) while an increase 
in intake of oily fish (per portion/day: 3.4 years, 99% CI 0.2 to 
6.5) and fresh legumes (per portion/day: 1.4 years, 99% CI 0.2 
to 2.7) were associated with a later onset of menopause (online 
supplementary table 2).

Sensitivity analysis by parity demonstrated a difference for the 
association between the various food groups and age at natural 
menopause for nulliparous against the multiparous participants. 
In multiparous women, a later onset of age at natural menopause 
was found to be associated with an increased intake of oily fish 
(per portion/day: 3.3 years, 99% CI 0.3 to 6.3) and fresh legumes 
(per portion/day: 1.1 years, 99% CI 0.1 to 2.01) while an increase 
in intake of refined pasta and rice (per portion/day: −1.9 years, 
99% CI −3.3 to −0.4) as well as savoury snacks (per portion/
day: −1.0 years, 99% CI −2.1 to −0.0) was  associated with 
an earlier age at natural menopause. For nulliparous women, 
a higher consumption of grapes (per portion/day: 2.5 years, 
99% CI 0.0 to 4.9) and poultry (per portion/day: 5.2 years, 99 % 
CI 0.1 to 10.3) was found to be significantly associated with a 
later age at natural menopause (online supplementary table 3).

Further adjusting the model by presence of diabetes demon-
strated no changes in our results (online supplementary table 4).

Discussion
This is the first study of women in the UK to report on food 
and nutrient intake in relation to age at incidence of natural 
menopause. Of 14 172 women who were followed up for 
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Table 3  Estimates (overall and stratified on age at baseline) for the association between daily nutrient intake and age at natural menopause 
(years)

Daily nutrient intake

Age at baseline ≤50 years >50 years

Estimate* 99% CI P values Estimate† 99% CI P values Estimate‡ 99% CI P values Estimate§ 99% CI P values

Fibre (g) 0.0 −0.0 to 0.1 0.111 −0.0 −0.1 to 0.0 0.087 0.0 −0.0 to 0.1 0.161 0.0 −0.0 to 0.0 0.641

% energy from fats 0.0 −0.1 to 0.0 0.140 −0.1 −0.4 to 0.1 0.144 −0.2 −0.4 to 0.0 0.010 −0.1 −0.4 to 0.2 0.356

% energy from proteins 0.1 0.0 to 0.2 0.005 −0.0 −0.3 to 0.2 0.713 −0.3 −0.5 to 0.0 0.011 −0.0 −0.3 to 0.3 0.995

% energy from carbohydrates 0.0 −0.0 to 0.1 0.416 −0.1 −0.3 to 0.1 0.227 −0.2 −0.4 to −0.0 0.009 −0.1 −0.3 to 0.2 0.508

% energy from saturated fats −0.1 −0.2 to 0.0 0.094 −0.1 −0.2 to 0.1 0.171 −0.1 −0.3 to 0.1 0.155 −0.0 −0.2 to 0.1 0.443

% energy from polyunsaturated fats −0.1 −0.2 to 0.1 0.243 −0.0 −0.2 to 0.2 0.941 0.1 −0.2 to 0.3 0.485 0.0 −0.2 to 0.2 0.936

% energy from monounsaturated fats 0.0 −0.2 to 0.1 0.324 −0.1 −0.2 to 0.4 0.488 0.0 −0.3 to 0.4 0.795 0.0 −0.3 to 0.3 0.855

Vitamin C (mg) 0.0 0.0 to 0.1 0.010 0.0 −0.0 to 0.1 0.031 0.0 −0.0 to 0.1 0.329 0.0 −0.0 to 0.1 0.585

Vitamin B1 (mg) 0.0 −0.2 to 0.1 0.271 −0.1 −0.2 to 0.0 0.110 −0.0 −0.2 to 0.1 0.396 −0.1 −0.2 to 0.0 0.130

Vitamin B2 (mg) 0.3 −0.1 to 0.6 0.060 0.3 −0.2 to 0.9 0.105 −0.2 −0.9 to 0.4 0.306 0.0 −0.5 to 0.5 0.987

Vitamin B6 (mg) 0.4 −0.0 to 0.7 0.014 0.6 0.1 to 1.2 0.005 0.0 −0.6 to 0.7 0.900 0.2 −0.4 to 0.8 0.508

Vitamin B12 (µg) 0.0 −0.0 to 0.0 0.198 0.0 −0.0 to 0.0 0.440 0.0 −0.0 to 0.0 0.848 0.0 −0.0 to 0.0 0.536

Folate (µg) 0.1 −0.0 to 0.2 0.038 0.2 −0.0 to 0.3 0.029 0.0 −0.2 to 0.2 0.805 0.1 −0.1 to 0.2 0.408

Vitamin D (µg) 0.4 −0.0 to 0.7 0.011 0.4 −0.0 to 0.8 0.017 0.2 −0.3 to 0.7 0.281 0.1 −0.3 to 0.5 0.519

Vitamin A (µg) 0.1 0.0 to 0.2 0.008 0.1 −0.0 to 0.2 0.020 0.0 −0.1 to 0.1 0.795 0.0 −0.1 to 0.1 0.675

Vitamin E (mg) 0.0 −0.1 to 0.1 0.516 −0.1 −0.1 to 0.0 0.145 0.0 −0.1 to 0.1 0.377 −0.0 −0.1 to 0.1 0.391

Calcium (mg) 0.0 −0.1 to 0.2 0.564 −0.0 −0.2 to 0.2 0.791 −0.2 −0.5 to 0.1 0.042 −0.1 −0.3 to 0.1 0.423

Iron (mg) 0.1 −0.0 to 0.2 0.085 0.1 −0.0 to 0.2 0.044 0.1 −0.1 to 0.2 0.244 0.0 −0.1 to 0.1 0.705

Zinc (mg) 0.2 −0.0 to 0.3 0.012 0.3 −0.0 to 0.6 0.007 −0.0 −0.4 to 0.3 0.725 0.2 −0.1 to 0.5 0.081

*Difference in age at natural menopause, unadjusted model (n=910).
†Difference in age at natural menopause, model adjusted for the following factors: physical activity level, alcohol consumption, smoking, social class, total energy intake (n=838).
‡Difference in age at natural menopause for those aged 50 years or below in the fully adjusted model (n=477).
§Difference in age at natural menopause for those aged above 50 years in the fully adjusted model (n=361).

approximately 4 years, 914 women went through a natural 
menopause. The mean age at natural menopause was 50.5 years 
with a median age of 51 years. We found that intakes of oily fish 
and fresh legumes were associated with later age at menopause 
and intake of refined pasta/rice was associated with an earlier 
menopause. Only a few previous studies have reported diet in 
relation to age at natural menopause with a limited number of 
food items/groups included.10 12 Previous research has mainly 
been focused on the relationship between socio-demographic as 
well as lifestyle factors (education status, marital status, parity, 
etc) and age at natural menopause.18–21

Our results demonstrate that each additional increment in 
fresh legumes portion/day was associated with a later age at 
natural menopause by 0.9 years. Fresh legumes are a good 
source of antioxidants, which can partly explain this associa-
tion. This has been supported by the biochemical and molecular 
analyses undertaken by Matamoros et al.22 Similarly, in a Japa-
nese prospective study the antioxidant properties of green and 
yellow vegetables were postulated for the association between a 
higher intake of the green and yellow vegetables and a later age 
at natural menopause.12 Oocyte maturation, ovulation, luteol-
ysis and follicle atresia are affected by reactive oxygen species 
(ROS). Phenolic compounds, vitamins and carotenoids in vege-
tables counteract the ROS and may thus decrease the proportion 
of follicles undergoing follicular atresia.23 24 Further support of 
this theory from our findings was a later age at natural meno-
pause with a high intake of vitamin B6 and zinc as both of these 
have antioxidant properties.23 25 Likewise, Stepaniack et al26 
demonstrated an association between use of vitamin and mineral 
supplements and a later menopause.

Our findings demonstrate a later age at natural menopause 
by approximately 3 years for each additional portion/day of oily 
fish. However, in contrast to our findings, a recent review article 
as well as a 10-year follow-up study reported an earlier onset of 

menopause with high intake of polyunsaturated fats.27 28 Nagel 
et al10 reported no association between fish intake and age at 
natural menopause but it was not clear if oily fish was considered 
separately. Oily fish is a rich source of the omega-3 fatty acid 
which can potentially improve antioxidant capacity.29 Therefore, 
in a similar way to the fresh legumes and vitamins described 
above, the antioxidant properties exerted by the oily fish intake 
could possibly offset ROS, therefore decreasing the proportion 
of follicles undergoing follicular atresia and delaying onset of 
natural menopause.

In the present study, increasing refined pasta and rice consump-
tion was associated with an earlier age at natural menopause. 
The EPIC-Heidelberg study also reported a similar association.10 
High consumption of refined carbohydrates (classified as high 
glycaemic index foods) increases the risk of insulin resistance. 
Insulin resistance can lead to decreased sex hormone binding 
globulin levels (SHBG) as a result of the inhibitory effect of 
insulin on the SHBG production in the liver30 as well as increased 
oestrogen levels.31 High oestrogen levels cause release of the 
luteinising hormones which triggers ovulation, which might 
imply more cycles and rapid depletion of oocytes, consequently 
leading to an earlier menopause.32 This can be supported by a 
recent review study which reported that women with type II 
diabetes mellitus tend to have an earlier menopause although 
additional evidence is required to clarify this association.33

Although we found that fresh legumes are associated with a 
later menopause, our study further demonstrated that women 
who were vegetarian had an earlier age at natural menopause 
compared with non-vegetarians. This finding is in line with other 
studies which also reported an earlier age at natural menopause 
among vegetarians.34 35 The vegetarian diet, which normally 
consist of high fibre and no animal fat-containing foods, may 
affect the levels of the luteinising hormone, follicle stimulating 
hormone and the length of the menstrual cycle.36 Previous studies 



739Dunneram Y, et al. J Epidemiol Community Health 2018;72:733–740. doi:10.1136/jech-2017-209887

Research report

What is already known on this subject

►► Several factors including socio-demographic and reproductive 
factors are associated with age at natural menopause. 
Limited existing studies present conflicting evidence between 
diet and age at natural menopause.

What this study adds

►► This is the first study to our knowledge which demonstrated 
that dietary intake affected age at natural menopause in a 
prospective cohort of British women. This study shows that 
high intakes of oily fish, fresh legumes as well as vitamin 
B6 and zinc are associated with a later onset of natural 
menopause while a high consumption of refined pasta and 
rice is associated with an earlier age at natural menopause.

have demonstrated that high fibre and decreased fat intakes were 
both associated with a lower oestrogen level, which may account 
for the earlier age at natural menopause among vegetarians.37 38 
However, caution should be taken in interpreting this finding as 
vegetarian status was self-reported in this study.

It is possible that results for younger women may differ from 
those for older women. This could result from different diets 
between younger and older women,39 and that younger women 
have less opportunity to report a later menopause. To explore 
this, stratifying on age at baseline showed reduced associations 
within each subgroup.

This is the first study looking prospectively at the relationship 
between diet and age at natural menopause in the UK. Strengths 
of this study include the investigation of the association between 
individual nutrients and a wide variety of food groups and age at 
natural menopause compared with similar few previous studies. 
Careful adjustment for likely confounders was also carried out 
in the regression modelling using the DAG. A limitation of 
this prospective cohort study is that diet  was reported by the 
participants using an FFQ and may thus be subjected to recall 
bias. However, FFQ enables recording of a long-term diet, thus 
showing its cumulative influence on the outcome while food 
diaries/24-hour recall give only a snapshot of the diet. Our 
sample was also more health conscious given the high number of 
vegetarians in our sample population and more well-off partic-
ipants than the general population as shown in the descriptive 
table (table 1). However, our study still includes women from a 
range of different background which implies that findings of this 
study may be extrapolated to other countries.

Women with an earlier menopause spend more years deprived 
from the benefits of oestrogen compared with women who 
become menopausal around the normal menopausal age range, 
which puts them at a greater risk of some future poor health 
outcomes such as osteoporosis and heart disease. On the other 
hand, women with a later onset of menopause are at greater risk 
of breast, endometrial and ovarian cancers. Our findings confirm 
that diet may be associated with the age at natural menopause. 
This may be relevant at a public health level since age at natural 
menopause may have implications on future health outcomes. 
Health practitioners might thus also need to take into account 
the diet of women when dealing with menopause-related issues.

In summary, our study is the first to demonstrate that diet is 
associated with age at natural menopause in a large cohort of 

British women. Intakes of oily fish and fresh legumes were found 
to be associated with a later onset of natural menopause while 
higher intake of refined pasta and rice was associated with 
younger age at natural menopause. The nutrients vitamin B6 and 
zinc were also found to be associated with a later age at natural 
menopause. Women who were vegetarian had an earlier age at 
natural menopause compared to non-vegetarians.

Contributors  YD did the data analysis and wrote the manuscript. All authors were 
involved in the study design, interpretation of findings, and editing and approving 
the final draft.

Funding  YD is in receipt of a scholarship from the Commonwealth Scholarships 
Commission, UK. Janet Cade was funded by the UK Medical Research Council grant 
no: MR/L02019X/1.

Disclaimer  The funders had no role in design and conduct of the study; collection, 
management, analysis and interpretation of the data; preparation, review and 
approval of the manuscript; or the decision to submit the manuscript for publication.

Competing interests  JEC is a director of the University of Leeds spin out company 
Dietary Assessment. 

Patient consent  Obtained.

Ethics approval  The National Research Ethics Committee for Yorkshire and the 
Humber, Leeds East.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits 
others to distribute, remix, adapt and build upon this work, for commercial use, 
provided the original work is properly cited. See: http://​creativecommons.​org/​
licenses/​by/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1	 Sarri G, Davies M, Lumsden MA, et al. Diagnosis and management of menopause: 

summary of NICE guidance. BMJ 2015;351:h5746–6.
	 2	 Schoenaker DA, Jackson CA, Rowlands JV, et al. Socioeconomic position, lifestyle 

factors and age at natural menopause: a systematic review and meta-analyses of 
studies across six continents. Int J Epidemiol 2014;43:1542–62.

	 3	 Pokoradi AJ, Iversen L, Hannaford PC. Factors associated with age of onset and type 
of menopause in a cohort of UK women. Am J Obstet Gynecol 2011;205:34.e1–13.

	 4	 Jung SJ, Shin A, Kang D. Menarche age, menopause age and other reproductive 
factors in association with post-menopausal onset depression: Results from Health 
Examinees Study (HEXA). J Affect Disord 2015;187:127–35.

	 5	 Svejme O, Ahlborg HG, Nilsson JÅ, et al. Early menopause and risk of osteoporosis, 
fracture and mortality: a 34-year prospective observational study in 390 women. 
BJOG 2012;119:810–6.

	 6	 Wellons M, Ouyang P, Schreiner PJ, et al. Early menopause predicts future coronary 
heart disease and stroke: the Multi-Ethnic Study of Atherosclerosis. Menopause 
2012;19:1081–7.

	 7	 Appiah D, Schreiner PJ, Demerath EW, et al. Association of age at menopause with 
incident heart failure: a prospective cohort study and meta-analysis. J Am Heart Assoc 
2016;5:e003769.

	 8	 Gold EB. The timing of the age at which natural menopause occurs. Obstet Gynecol 
Clin North Am 2011;38:425–40.

	 9	 Gold EB, Bromberger J, Crawford S, et al. Factors associated with age at 
natural menopause in a multiethnic sample of midlife women. Am J Epidemiol 
2001;153:865–74.

	10	 Nagel G, Altenburg HP, Nieters A, et al. Reproductive and dietary determinants of the 
age at menopause in EPIC-Heidelberg. Maturitas 2005;52:337–47.

	11	 Dorjgochoo T, Kallianpur A, Gao YT, et al. Dietary and lifestyle predictors of age at 
natural menopause and reproductive span in the Shanghai Women’s Health Study. 
Menopause 2008;15:924–33.

	12	 Nagata C, Takatsuka N, Kawakami N, et al. Association of diet with the onset of 
menopause in Japanese women. Am J Epidemiol 2000;152:863–7.

	13	 Cade JE, Burley VJ, Alwan NA, et al. Cohort profile: the UK Women’s cohort study 
(UKWCS). Int J Epidemiol 2015;0:1–11.

	14	 Feeley KM, Wells M. Hormone replacement therapy and the endometrium. J Clin 
Pathol 2001;54:435–40.

	15	 Cade JE, Burley VJ, Greenwood DC. UK Women’s Cohort Study Steering Group. The 
UK Women’s Cohort Study: comparison of vegetarians, fish-eaters and meat-eaters. 
Public Health Nutr 2004;7:871–8.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1136/bmj.h5746
http://dx.doi.org/10.1093/ije/dyu094
http://dx.doi.org/10.1016/j.ajog.2011.02.059
http://dx.doi.org/10.1016/j.jad.2015.08.047
http://dx.doi.org/10.1111/j.1471-0528.2012.03324.x
http://dx.doi.org/10.1097/gme.0b013e3182517bd0
http://dx.doi.org/10.1161/JAHA.116.003769
http://dx.doi.org/10.1016/j.ogc.2011.05.002
http://dx.doi.org/10.1016/j.ogc.2011.05.002
http://dx.doi.org/10.1093/aje/153.9.865
http://dx.doi.org/10.1016/j.maturitas.2005.05.013
http://dx.doi.org/10.1097/gme.0b013e3181786adc
http://dx.doi.org/10.1093/aje/152.9.863
http://dx.doi.org/10.1136/jcp.54.6.435
http://dx.doi.org/10.1136/jcp.54.6.435
http://dx.doi.org/10.1079/PHN2004620


740 Dunneram Y, et al. J Epidemiol Community Health 2018;72:733–740. doi:10.1136/jech-2017-209887

Research report

	16	 Cade JE, Burley VJ, Greenwood DC. UK Women’s Cohort Study Steering Group. Dietary 
fibre and risk of breast cancer in the UK Women’s Cohort Study. Int J Epidemiol 
2007;36:431–8.

	17	 Agency FS. Food Portion Sizes. London: The Stationary Office, 2002.
	18	 Kato I, Toniolo P, Akhmedkhanov A, et al. Prospective study of factors influencing the 

onset of natural menopause. J Clin Epidemiol 1998;51:1271–6.
	19	 Brambilla DJ, McKinlay SM. A prospective study of factors affecting age at 

menopause. J Clin Epidemiol 1989;42:1031–9.
	20	 van Noord PA, Dubas JS, Dorland M, et al. Age at natural menopause in a population-

based screening cohort: the role of menarche, fecundity, and lifestyle factors. Fertil 
Steril 1997;68:95–102.

	21	 Li S, Rosenberg L, Wise LA, et al. Age at natural menopause in relation to all-cause 
and cause-specific mortality in a follow-up study of US black women. Maturitas 
2013;75:246–52.

	22	 Matamoros MA, Loscos J, Dietz KJ, et al. Function of antioxidant enzymes and 
metabolites during maturation of pea fruits. J Exp Bot 2010;61:87–97.

	23	 Ebisch IM, Thomas CM, Peters WH, et al. The importance of folate, zinc and 
antioxidants in the pathogenesis and prevention of subfertility. Hum Reprod Update 
2007;13:163–74.

	24	 Ruder EH, Hartman TJ, Blumberg J, et al. Oxidative stress and antioxidants: exposure 
and impact on female fertility. Hum Reprod Update 2008;14:345–57.

	25	 Cheng SB, Lin PT, Liu HT, et al. Vitamin B-6 supplementation could mediate 
antioxidant capacity by reducing plasma homocysteine concentration in patients with 
hepatocellular carcinoma after tumor resection. Biomed Res Int 2016;2016:1–7.

	26	 Stepaniak U, Szafraniec K, Kubinova R, et al. Age at natural menopause in three 
central and eastern European urban populations: the HAPIEE study. Maturitas 
2013;75:87–93.

	27	 Nagata C, Wada K, Nakamura K, et al. Associations of physical activity and diet with 
the onset of menopause in Japanese women. Menopause 2012;19:75–81.

	28	 Sapre S, Thakur R. Lifestyle and dietary factors determine age at natural menopause. J 
Midlife Health 2014;5:3–5.

	29	 Kesavulu MM, Kameswararao B, Apparao C, et al. Effect of omega-3 fatty acids on 
lipid peroxidation and antioxidant enzyme status in type 2 diabetic patients. Diabetes 
Metab 2002;28:20–6.

	30	 Daka B, Rosen T, Jansson PA, et al. Inverse association between serum insulin and 
sex hormone-binding globulin in a population survey in Sweden. Endocr Connect 
2013;2:18–22.

	31	 Yeung EH, Zhang C, Mumford SL, et al. Longitudinal study of insulin resistance and 
sex hormones over the menstrual cycle: the BioCycle Study. J Clin Endocrinol Metab 
2010;95:5435–42.

	32	 Woodard TL, Bolcun-Filas E. Prolonging reproductive life after cancer: the need for 
fertoprotective therapies. Trends Cancer 2016;2:222–33.

	33	 Wellons MF, Matthews JJ, Kim C. Ovarian aging in women with diabetes: An overview. 
Maturitas 2017;96:109–13.

	34	 Biela U. [Determinants of the age at natural menopause]. Przegl Lek 2002;59:165–9.
	35	 Morris DH, Jones ME, Schoemaker MJ, et al. Body mass index, exercise, and 

other lifestyle factors in relation to age at natural menopause: analyses from the 
breakthrough generations study. Am J Epidemiol 2012;175:998–1005.

	36	 Hill PB, Garbaczewski L, Daynes G, et al. Gonadotrophin release and meat 
consumption in vegetarian women. Am J Clin Nutr 1986;43:37–41.

	37	 Bagga D, Ashley JM, Geffrey SP, et al. Effects of a very low fat, high fiber diet on 
serum hormones and menstrual function. Implications for breast cancer prevention. 
Cancer 1995;76:2491–6.

	38	 Wu AH, Pike MC, Stram DO. Meta-analysis: dietary fat intake, serum estrogen levels, 
and the risk of breast cancer. J Natl Cancer Inst 1999;91:529–34.

	39	 Mishra GD, McNaughton SA, Ball K, et al. Major dietary patterns of young and middle 
aged women: results from a prospective Australian cohort study. Eur J Clin Nutr 
2010;64:1125–33.

http://dx.doi.org/10.1093/ije/dyl295
http://dx.doi.org/10.1016/S0895-4356(98)00119-X
http://dx.doi.org/10.1016/0895-4356(89)90044-9
http://dx.doi.org/10.1016/S0015-0282(97)81482-3
http://dx.doi.org/10.1016/S0015-0282(97)81482-3
http://dx.doi.org/10.1016/j.maturitas.2013.04.003
http://dx.doi.org/10.1093/jxb/erp285
http://dx.doi.org/10.1093/humupd/dml054
http://dx.doi.org/10.1093/humupd/dmn011
http://dx.doi.org/10.1155/2016/7658981
http://dx.doi.org/10.1016/j.maturitas.2013.02.008
http://dx.doi.org/10.1097/gme.0b013e3182243737
http://dx.doi.org/10.4103/0976-7800.127779
http://dx.doi.org/10.4103/0976-7800.127779
http://www.ncbi.nlm.nih.gov/pubmed/11938024
http://www.ncbi.nlm.nih.gov/pubmed/11938024
http://dx.doi.org/10.1530/EC-12-0057
http://dx.doi.org/10.1210/jc.2010-0702
http://dx.doi.org/10.1016/j.trecan.2016.03.006
http://dx.doi.org/10.1016/j.maturitas.2016.11.019
http://www.ncbi.nlm.nih.gov/pubmed/12184031
http://dx.doi.org/10.1093/aje/kwr447
http://dx.doi.org/10.1093/ajcn/43.1.37
http://dx.doi.org/10.1002/1097-0142(19951215)76:12<2491::AID-CNCR2820761213>3.0.CO;2-R
http://www.ncbi.nlm.nih.gov/pubmed/10088623
http://dx.doi.org/10.1038/ejcn.2010.121

	Dietary intake and age at natural menopause: results from the UK Women’s Cohort Study
	Abstract
	Introduction
	Methods
	Study population
	Study design and data collection
	Dietary assessment
	Covariate assessment
	Statistical analysis

	Results
	Socio-demographic characteristics
	Association between food groups and age at natural menopause
	Sensitivity analysis

	Discussion
	References


