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of early natural menopause: a
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China, ?School of Public Health, Chongging Medical University, Chongging, China

Purpose: Early age of menopause may increase the risk of fracture, cardiovascular
diseases, and all-cause mortality. This study aimed to investigate the relation
between early-life undernutrition in the Great Chinese Famine and the risk of
early natural menopause.

Methods: A famine exposure retrospective cohort was established during
2017-2018. Postmenopausal women who were born on 01 October 1956-30
September 1964 and came to the hospital for routine health examinations
were candidates for the study. Famine time was defined from 1 January 1959
to 31 December 1961. Three types of early-life famine exposure status were
determined by the participant's date of birth. Natural menopause age below
45 was defined as early menopause. The association between early-life famine
exposure status and the risk of early natural menopause was confirmed by
multiple logistic regression.

Result: A total of 3,337 participants born around famine were included in this
study. The prevalence of early menopause was 13.1, 10.0, and 8.3% for those
born before, during, and after the famine, respectively. The multiple logistic
regression showed that women born before famine significantly increased the
risk of early menopause compared to non-exposure (born after famine) (the fully
adjusted OR =1.463, 95%Cl =1.049-2.042). The fetal famine exposure did not
significantly increase the risk of early menopause (the fully adjusted OR = 1.244,
95%Cl =0.878-1.764).

Conclusion: Long-term early childhood famine exposure, which caused
chronic undernutrition at young ages, increased the risk of early menopause.
Early lifetime undernutrition can be recognized as an adverse factor in female
reproductive development and aging. This cohort study further confirmed the
hypothesis of developmental origins of health and disease from the aspect of
women's reproductive health. Further mechanism study is warranted.
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1 Introduction

As human life expectancy increases, more and more time in a
woman’s life is spent after menopause, and it is estimated that 1.2
billion women will be menopausal by the year 2030 in the world (1,
2). Menopause is the result of the process of ovarian decline to
failure. During this process, the female body has various changes,
including changes in the menstrual cycle and hormone levels, and
can even cause mood disorders such as anxiety and depression (3,
4). Early age of menopause or early ovarian failure may increase the
risk of fracture (5), hypertension (6), CVD (7), stroke,
atherosclerosis, and all-cause mortality (8). Studies showed that
many factors could affect the age of menopause, such as regional,
environmental, and nutrition (9).

Famine is a severe food shortage disaster and can cause severe
chronic or acute undernutrition in a population, especially
(10).
Developmental Origins of Health and Disease (DoHaD) theory,

pregnant women and children According to the
various diseases and conditions in adults are at least partly due to
early-life (fertilization, embryonic, fetal, and neonatal and young
childhood stages) harmful exposures while tissues and organs are
developing (11). Many studies have confirmed the effects of
famine exposure in early life on adult hypertension, hyperglycemia,
dyslipidemia, hyperuricemia, cognition, and physical function
(12-15). However, studies have been insufficient and inconsistent
on the relationship between famine and menopause. A systematic
review in 2017 only identified three studies about famine and
menopause (16). For example, Elias et al. (17) found caloric
restriction (exposure to the 1944-1945 Dutch famine) in early
childhood (2-6 years of age) can significantly decrease the age of
natural menopause. Wang et al. found that fetal, not childhood,
exposure to famine was associated with an increased risk of early
menopause (18). On the contrary, Lewington et al. found no
relationship between famine exposure and menopause (19).
Therefore, there is a need to provide more robust evidence about
the effects of famine exposure in early life on women’s menopause
age which may help us understand the mechanism of
reproductive aging.

2 Methods
2.1 Study population

In this retrospective cohort study, postmenopausal women
who underwent physical examinations from 1 October 2017 to 31
December 2018, at the Health Management Center of the Second
Affiliated Hospital of Chongqing Medical University, China, were
enrolled for this cohort. Those born around the year of the Great
Chinese Famine (1959-1961), that is, from 01 October 1956 to 30
September 1964 in this study, were included. Women with any
medical history before menopause, such as sex hormone or surgical
treatment, which may change the time of menopause,
were excluded.

Approval of this study from the Ethics Committee of the Second
Affiliated Hospital of Chongqing Medical University was obtained
(No. 2021-96-1). Because the de-identified medical record was used,
no informed consent was required from the participants.
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2.2 Definitions of famine exposures

The exact dates of the Chinese famine’s start and end needed to
be clarified and varied across regions. Based on a study that confirmed
the famine time with a large-scale census population in Chongqing
city (20), we arbitrarily set the start point of famine as 1 January 1959
and the endpoint as 31 December 1961. Participants were then
categorized into three groups according to their birthdays as follows:

Born before famine (childhood exposure): born between 1
October 1956 and 31 December 1958 and experienced famine in their
early childhood stage;

Born during famine (fetal exposure): who was born between 1
January 1959 and 31 December 1961 and experienced famine in their
fetal stage and infant stage;

Born after famine (non-exposure): born between 1 January 1962
and 30 September 1964 and free of famine exposure.

2.3 Definition of early natural menopause

Menopause was defined as a lack of menstrual bleeding for at least
12 months. Early menopause was defined as the natural menopause
age below 45 without any identified medical reasons.

2.4 Menstrual history and childbearing
history

A gynecologist routinely collected menstrual history and
childbearing history in detail when interviewing participants during
voluntary gynecological health consulting. The number of gravidities
referred to the number of pregnancies regardless of their outcome, and
the number of living children referred to the total number of children
the participants had. Number of abortions refers to the number
including all miscarriages, medical abortions, or surgical abortions
during pregnancy.

2.5 Physical examination

Height and weight were measured after participants took off their
shoes and coats. BMI was calculated as weight (kg)/height (m)2.

2.6 Data analysis

De-identified data from the physical examination records were
inquired, extracted, and checked. Continuous variables were expressed
as mean + standard deviation, and category variables were expressed
as numbers and percentages. The comparisons among different groups
were conducted by t-test, analysis of variance (ANOVA), or
chi-squared test. The risk of early menopausal age caused by famine
exposure was analyzed by multivariable logistic regression, and
potential confounders such as weight, height, BMI, menarche age,
number of gravidities, number of living children, and number of
abortions were included in multivariable logistical regression to
eliminate their influence on early menopause. All data processing and
analysis used the statistical software SPSS 24.0.
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3 Results
3.1 Famine exposure cohort

During the enrolling period of October 2017-December 2018,
7,278 menopausal women born between 1956 and 1964 and who
visited the hospital for health examination entered this famine
exposure cohort. 3,337 (45.8%) of them received gynecological
health consulting and provided information on menopause age.
Based on the first four numbers of their identification numbers,
3,176 (95.18%) participants were identified as being born in the
Chongqing area and were included in the analysis. Included
participants were grouped according to their birth date into three
categories, that is, childhood exposure, fetal exposure, and
non-exposure. As shown in Table 1, the participants included were
younger than those who were excluded because a higher portion of
non-exposure was included.

3.2 Characteristics of included famine
exposure cohort

Those who were born before (childhood exposure) and
during famine (fetal exposure) were shorter and lighter, earlier at
menopause, and had less gravidity and abortion times than those
who were born after famine (non-exposure) (p <0.05), and at the
same time, a trend also exists among the three groups
(Pyena <0.05). These women were not significantly different in
BMI, menarche age, or living children numbers (p >0.05) (see
Table 2).

10.3389/fnut.2024.1432707

3.3 The prevalence of early natural
menopause age by famine exposure

The prevalence of early menopause was 12.8, 10.0, and 8.3% in
groups born before (childhood exposure), during (fetal exposure), and
after the famine (non-exposure), respectively. Moreover, the
prevalence in the group born before famine is significantly higher than
that in those born after famine (p <0.05) (see Table 3). No significant
difference in early menopause prevalence was found between the
other two groups (p>0.05). Nevertheless, there is a significant
decreasing trend for early menopause prevalence in those born before,
during, and after the famine (Pyenq <0.05).

3.4 The multiple logistic regression of
famine exposure and early natural
menopause

The logistic regression analysis showed that women born before
famine (childhood exposure) have a higher risk of early menopause
(the fully adjusted OR=1.463, 95%ClI, 1.049-2.042) than those born
after the famine (non-exposure). Those born during famine (fetal
exposure) also had a higher risk but not significant when referring to
those born after famine group (Table 4).

4 Discussion

This retrospective famine exposure cohort study was established to
explore the relationships between early-life famine exposure and

TABLE 1 Comparison of included and excluded participants in the famine exposure cohort.

Birth years

Famine exposure

Excluded
participants
(n=3,941)

Included
participants
(n=3,337)

Before famine (01 October 1956 ~ 31 December 1958) | Childhood exposure 663 (37.8%) 1,093 (62.2%)
During famine (01 January 1959 ~ 31 December 1961) | Fetal exposure 667 (42.2%) 914 (57.8%) >0.001 ‘
After famine (01 January 1962 ~ 30 September 1964) Non-exposure 2007 (50.9%) 1934 (49.1%) ‘

*Chi-square test.

TABLE 2 Characteristics of included participants by famine exposure cohorts (mean + S.D).

Childhood exposure

Variables (n = 663) Fetal exposure (n=667) Non-exposure (n=2007)

Birthday range 10/01/1956 ~12/31/1958 01/01/1959~12/31/1961 01/01/1962 ~09/30/1964 -
Weight (kg) 56.7 £ 8.1* 56.6 + 8.0% 57.8+7.8 0.001
Height (cm) 155.2 + 5.7* 155.4 + 5.7* 156.5 + 5.4 <0.001
BMI 235+3.1 235+3.0 23.6+3.1 0.517
Menarche age 140+ 1.4 139+14 139+1.3 0.282
Menopause age 49.6 + 3.9% 50.0+3.5 50.1+3.3 0.006
Number of Gravidity 2.5+ 1.5% 26+15 27+16 0.005
Number of Living children 1.3+0.7 1.2+0.6 1.3+0.7 0.737
Number of Abortion 1.3 £1.3% 14+14 1.5+1.4 0.001

#p<0.05 when compared with non-exposure; ‘compared with feta-exposure. Analysis of variance (ANOVA) for trend analysis. Least significant difference (LSD) for paired group comparison.
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TABLE 3 Prevalence of early menopause by famine exposure cohorts.

Prevalence of early
menopause

Famine exposure

95%Cl of prevalence

10.3389/fnut.2024.1432707

p-chi-square for 3
groups

Childhood exposure 12.8% (85/578)* 10.4-15.8% 0.001
Fetal exposure 10.0% (67/600) 7.7-12.4% 0.002 ‘ ‘
Non-exposure 8.3% (166/1841) 8.5-10.5% ‘ ‘

#p<0.05 when compared with non-exposure; chi-square test for overall and paired group comparing and trend analysis.

TABLE 4 Multiple logistic regression of famine exposure on nearly natural menopause.

Models OR (95% ClI) of early menopause

Childhood exposure (n = 663) Fetal exposure (n = 667) Non-exposure (n=2007)
Modell 1.521 (1.094, 2.114) 1.262 (0.862, 1.785) ref ‘
Model2 1.486 (1.067, 2.071) 1.244 (0.878, 1.763) ref ‘
Model3 1.463 (1.049, 2.042) 1.244 (0.878, 1.764) ref ‘

Model 1, unadjusted; model 2, adjusted by weight, height, and BMI; model 3, model 2 plus menarche age, number of gravidities, number of living children, and number of abortions.

menopause age. The main results showed that early childhood famine
exposure (born before famine) had significantly lower menopause age
(49.6 vs. 50.1) and higher risk of early menopause age (OR=1.463) than
non-famine exposure (born after famine). However, those born during the
famine (mainly fetal exposure) showed the same trend of changes in
menopause age without significance compared to the non-exposure group
(born after famine). This may indicate that early childhood stages are more
sensitive to famine than the fetus and infant stages because the maternal
body may buffer the effects of adverse events on the fetus and infants (21).
However, this buffer function of the maternal body was rarely noticed in
famine studies in current studies. Notwithstanding, our study in some
aspects further confirmed the Developmental Origins of Health and
Disease (DoHaD) theory (11), that is, early-life exposure to famine could
change the reproductive aging process and lead to early menopause.

In detail, our results were not the same as the study conducted by
Wang et al. (18). Although both studies were performed in China and
had the same aged population, Wang’s study showed that fetal exposure
(born during famine) had more potent effects than childhood exposure
(born before famine), which was contrary to our results. In Wangs study,
the overall prevalence of early menopause was 6.4% (non-exposure),
7.3% (fetal exposure), and 4.8% (childhood exposure), which were
smaller than our results. This may be because Wangs study was
community-based while this study was hospital-based, and medical
records are more reliable. Furthermore, a study (22) by Yarde on Dutch
famine showed that women with famine exposure in fetuses were more
likely to reach menopause at any age at the time of investigation than
age-paralleled non-exposure control, which may mean that women with
fetus exposure to famine may experience menopause at a younger age.
However, the diagnosis of early menopause was not introduced and
analyzed by Yarde. Furthermore, the famine of the Dutch lasted only for
6months, which may be the source of inconsistency. However, our results
were consistent with another Dutch famine study by Elias et al. (17),
which showed severe early childhood (2-6years of age) exposure to
famine had significant effects on menopause with 1.83 years earlier than
unexposed women. Still, early menopause was not diagnosed in this
study. Those inconsistent parts among studies in this field may be due to
the differences in study methods used, such as studying setting, the
sample size, the data source, and exposure definition and risk estimates,
as proposed in a systematic review on this topic (16).
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Many factors can lead to early menopause, such as premature
ovarian insufficiency, smoking, early menarche, shorter menstrual
cycles, and stress (23). Regarding the mechanisms of early-life famine
exposure on menopause, chronic or acute malnutrition due to calorie
restriction or nutrient deficiency in early life can cause pre-or post-
natal development restriction, for example, manifested as low
birthweight, which then leads to perimenopausal disorders (24),
premature aging, and shortened lifespan (25-27). Aging of the
reproductive system precedes the body (28). Famine exposure in early
life could reduce the number of ovarian germ cells and cause ovarian
reserve to decrease, resulting in earlier menopause. Animal
experiments by Aiken et al. (29) found that in uterine nutrition-
deficient rats, oxidative stress levels increased, the length of the
fallopian tube and ovaries telomere decreased faster, cells aged faster,
and telomerase activity decreased, leading to ovarian insufficiency
(30). Thus, malnutrition in the early-life stage may advance the
menopause age, which shortens the reproductive period in women.

It is worth noting that menarche ages were not influenced by earlier life
famine exposure in this study and also the study conducted by Wang (18).
Nevertheless, menarche age delayed by famine was observed in other
studies, especially in the late childhood exposure group (31). As menarche
age is negatively related to menopause age (32), this may implicate that late
childhood food shortage and malnutrition might have a more profound
influence on menopause age, as supported by the Kalichman study, which
assessed the effects of famine exposure during puberty and found that
menopause occurred 1.7years earlier (33). In addition to the buffer
function of the maternal body (21), some after-birth adverse events may
attenuate or distort the influence of fetal exposure and this may partly
explain why fetal exposure (born during famine) had insignificant effects
on menarche age and menopause age in our study.

Our study has some strengths worthy of mention. First, it was a
large sample size cohort study with good generalization to the whole
West China population. Second, the participants were enrolled
through health examinations and were relatively healthy, which may
exclude other medical conditions at menopause. Third, data and
information come from medical records, which are more reliable than
other ways. However, some limitations were inevitable. For example,
we cannot include the person who died when conducting this study.
This may underestimate the effects of premature exposure to famine.
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In addition, this study did not offer factors such as smoking, drinking,
physical activity, oral contraceptives, fertility rate, mortality rate, and
birth characteristics. Therefore, we cannot exclude the influences of
those confounders. Finally, all participants came from one hospital
and chose free gynecological consultation for their health examination
report. They may have some standard features that can cause selection
biases. The multi-center study is warranted in the future.

5 Conclusion

Long-term early childhood famine exposure, which caused
chronic undernutrition at young ages, increased the risk of early
menopause. Early lifetime undernutrition can be recognized as an
adverse factor in female reproductive development and aging. This
cohort study further confirmed the hypothesis of developmental
origins of health and disease from the aspect of women’s reproductive
health. Further mechanism study is warranted.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Approval of this study from the Ethics Committee of The Second
Affiliated Hospital of Chongqing Medical University was obtained (No.
2021-96-1). The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed consent for
participation was not required from the participants or the participants’
legal guardians/next of kin because the de-identified medical record was
used, no informed consent was required from the participants.

References

1. Wu Y, Wang W, Liu C, Chen R, Kan H. The association between long-term fine
particulate air pollution and life expectancy in China, 2013 to 2017. Sci Total Environ.
(2020) 712:136507. doi: 10.1016/j.scitotenv.2020.136507

2. Hill K. The demography of menopause. Maturitas. (1996) 23:113-27. doi:
10.1016/0378-5122(95)00968-X

3. Schmidt PJ, Rubinow DR. Sex hormones and mood in the perimenopause. Ann N
Y Acad Sci. (2009) 1179:70-85. doi: 10.1111/j.1749-6632.2009.04982.x

4. Timur S, Sahin NH. The prevalence of depression symptoms and influencing factors
among perimenopausal and postmenopausal women. Menopause. (2010) 17:545-51.
doi: 10.1097/gme.0b013e3181cf8997

5. Sullivan SD, Lehman A, Nathan NK, Thomson CA, Howard BV. Age of menopause
and fracture risk in post-menopausal women randomized to calcium+ vitamin D,
hormone therapy, or the combination: results from the Women’s health initiative clinical
trials. Menopause. (2017) 24:371. doi: 10.1097/GME.0000000000000775

6. Song L, Shen L, Li H, Liu B, Zheng X, Zhang L, et al. Age at natural menopause and
hypertension among middle-aged and older Chinese women. J Hypertens. (2018)
36:594-600. doi: 10.1097/HJH.0000000000001585

7. Ley SH, Li Y, Tobias DK, Manson JE, Rosner B, Hu FB, et al. Duration of
reproductive life span, age at menarche, and age at menopause are associated with risk
of cardiovascular disease in women. ] Am Heart Assoc. (2017) 6:e006713. doi: 10.1161/
JAHA.117.006713

8. Malek AM, Vladutiu CJ, Meyer ML, Cushman M, Newman R, Lisabeth LD, et al.
The association of age at menopause and all-cause and cause-specific mortality by race,
postmenopausal hormone use, and smoking status. Prev Med Rep. (2019) 15:100955.
doi: 10.1016/j.pmedr.2019.100955

Frontiers in Nutrition

10.3389/fnut.2024.1432707

Author contributions

XX: Writing - original draft, Writing - review & editing. YZ:
Conceptualization, Formal analysis, Writing - original draft, Writing
- review & editing. XQ: Conceptualization, Supervision, Writing —
original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We thank all women of the examination project for their
participation and Yanbo Zhang for the collection of data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

9. Dunneram Y, Greenwood DC, Cade JE. Diet, menopause and the risk of ovarian,
endometrial and breast cancer. Proc Nutr Soc. (2019) 78:438-48. doi: 10.1017/
50029665118002884

10. Illa M, Eixarch E, Mufoz-Moreno E, Batalle D, Leal-Campanario R, Gruart A,
et al. Neurodevelopmental effects of undernutrition and placental underperfusion in
fetal growth restriction rabbit models. Fetal Diagn Ther. (2017) 42:189-97. doi:
10.1159/000454859

11. Silveira PP, Portella AK, Goldani MZ, Barbieri MA. Developmental origins of
health and disease (DOHaD). ] Pediatr. (2007) 83:494-504. doi: 10.2223/JPED.1728

12.Tao T, Dai L, Ma ], Li Y, Guo Z. Association between early-life exposure to the great
Chinese famine and poor physical function later in life: a cross-sectional study. BMJ
Open. (2019) 9:€027450. doi: 10.1136/bmjopen-2018-027450

13.Rong H, Lai X, Mahmoudi E, Fang H. Early-life exposure to the Chinese
famine and risk of cognitive decline. J Clin Med. (2019) 8:484. doi: 10.3390/
jem8040484

14. Zhang W, Luan R. Early-life exposure to the Chinese famine of 1959-61 and risk
of hyperuricemia: results from the China health and retirement longitudinal study. BMC
Public Health. (2020) 20:1-6. doi: 10.1186/s12889-019-8017-1

15. Zhang Y, Ying Y, Zhou L, Fu J, Shen Y, Ke C. Exposure to Chinese famine in early
life modifies the association between hyperglycaemia and cardiovascular disease. Nutr
Metab Cardiovasc Dis. (2019) 29:1230-6. doi: 10.1016/j.numecd.2019.07.004

16. Sadrzadeh S, Verschuuren M, Schoonmade L, Lambalk C, Painter R. The effect of
adverse intrauterine conditions, early childhood growth and famine exposure on age at
menopause: a systematic review. ] Dev Orig Health Dis. (2018) 9:127-36. doi: 10.1017/
$2040174417000952

frontiersin.org


https://doi.org/10.3389/fnut.2024.1432707
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.scitotenv.2020.136507
https://doi.org/10.1016/0378-5122(95)00968-X
https://doi.org/10.1111/j.1749-6632.2009.04982.x
https://doi.org/10.1097/gme.0b013e3181cf8997
https://doi.org/10.1097/GME.0000000000000775
https://doi.org/10.1097/HJH.0000000000001585
https://doi.org/10.1161/JAHA.117.006713
https://doi.org/10.1161/JAHA.117.006713
https://doi.org/10.1016/j.pmedr.2019.100955
https://doi.org/10.1017/S0029665118002884
https://doi.org/10.1017/S0029665118002884
https://doi.org/10.1159/000454859
https://doi.org/10.2223/JPED.1728
https://doi.org/10.1136/bmjopen-2018-027450
https://doi.org/10.3390/jcm8040484
https://doi.org/10.3390/jcm8040484
https://doi.org/10.1186/s12889-019-8017-1
https://doi.org/10.1016/j.numecd.2019.07.004
https://doi.org/10.1017/S2040174417000952
https://doi.org/10.1017/S2040174417000952

Xu et al.

17. Elias SG, van Noord PA, Peeters PH, den Tonkelaar I, Grobbee DE. Caloric
restriction reduces age at menopause: the effect of the 1944-1945 Dutch famine.
Menopause. (2003) 10:399-405. doi: 10.1097/01.GME.0000059862.93639.C1

18. Wang N, Huang Y, Wen ], Su Q, Huang Y, Cai L, et al. Early life exposure to famine
and reproductive aging among Chinese women. Menopause. (2019) 26:463-8. doi:
10.1097/GME.0000000000001259

19. Lewington S, Li L, Murugasen S, Hong L-s, Yang L, Guo Y, et al. Temporal trends
of main reproductive characteristics in ten urban and rural regions of China: the China
Kadoorie biobank study of 300 000 women. Int ] Epidemiol. (2014) 43:1252-62. doi:
10.1093/ije/dyu035

20. Zhang Y, Xu X, Rahmani J, Ryan PM. Does famine exposure in early life modify
risks of metabolic diseases in Chinese adults? Evidence based on Yidu cloud clinic data.
Int ] Diabetes Dev Ctries. (2023) 43:72-82. doi: 10.1007/s13410-021-01041-4

21. Crawford M, Doyle W, Drury P. Relationship between maternal and infant
nutrition. The special role of fat in energy transfer. Trop Geogr Med. (1985) 37:S5-S16.

22. Yarde F, Broekmans FJ, van der Pal-de Bruin KM, Schénbeck Y, te Velde ER, Stein
AD, et al. Prenatal famine, birthweight, reproductive performance and age at menopause:
the Dutch hunger winter families study. Hum Reprod. (2013) 28:3328-36. doi: 10.1093/
humrep/det331

23. Bae ], Park S, Kwon JW. Factors associated with menstrual cycle irregularity and
menopause. BMC Womens Health. (2018) 18:36. doi: 10.1186/512905-018-0528-x

24. Gao M, Goodman A, Mishra G, Koupil I. Associations of birth characteristics with
perimenopausal disorders: a prospective cohort study. ] Dev Orig Health Dis. (2019)
10:246-52. doi: 10.1017/S204017441800065X

25. Tarry-Adkins JL, Ozanne SE. The impact of early nutrition on the ageing trajectory.
Proc Nutr Soc. (2014) 73:289-301. doi: 10.1017/5002966511300387X

Frontiers in Nutrition

06

10.3389/fnut.2024.1432707

26. Barnes S, Ozanne S. Pathways linking the early environment to long-term health
and lifespan. Prog Biophys Mol Biol. (2011) 106:323-36. doi: 10.1016/j.pbiomolbio.
2010.12.005

27. Martin-Gronert MS, Tarry-Adkins JL, Cripps RL, Chen J-H, Ozanne SE. Maternal
protein restriction leads to early life alterations in the expression of key molecules
involved in the aging process in rat offspring. Am J Phys Regul Integr Comp Phys. (2008)
294:R494-500. doi: 10.1152/ajpregu.00530.2007

28.May-Panloup P, Boucret L, Chao de la Barca J-M, Desquiret-Dumas V, Ferre-
L'Hotellier V, Moriniere C, et al. Ovarian ageing: the role of mitochondria in
oocytes and follicles. Hum Reprod Update. (2016) 22:725-43. doi: 10.1093/
humupd/dmw028

29. Aiken CE, Tarry-Adkins JL, Ozanne SE. Suboptimal nutrition in utero causes DNA
damage and accelerated aging of the female reproductive tract. FASEB J. (2013)
27:3959-65. doi: 10.1096/f].13-234484

30. Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD, et al. Accelerated
telomere shortening in response to life stress. Proc Natl Acad Sci. (2004) 101:17312-5.
doi: 10.1073/pnas.0407162101

31. Wu X, Bao L, Du Z, Liu X, Liao W, Kang N, et al. Secular trends of age at menarche
and the effect of famine exposure on age at menarche in rural Chinese women. Ann Hum
Biol. (2022) 49:35-40. doi: 10.1080/03014460.2022.2041092

32. Kalichman L, Malkin I, Kobyliansky E. Time-related trends of age at menopause
and reproductive period of women in a Chuvashian rural population. Menopause.
(2007) 14:135-40. doi: 10.1097/01.gme.0000227862.35226.21

33. Kalichman L, Malkin I, Kobyliansky E. Changes in reproductive indices in
Chuvashian women whose maturation was during world war II. Maturitas. (2007)
56:205-11. doi: 10.1016/j.maturitas.2006.08.005

frontiersin.org


https://doi.org/10.3389/fnut.2024.1432707
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1097/01.GME.0000059862.93639.C1
https://doi.org/10.1097/GME.0000000000001259
https://doi.org/10.1093/ije/dyu035
https://doi.org/10.1007/s13410-021-01041-4
https://doi.org/10.1093/humrep/det331
https://doi.org/10.1093/humrep/det331
https://doi.org/10.1186/s12905-018-0528-x
https://doi.org/10.1017/S204017441800065X
https://doi.org/10.1017/S002966511300387X
https://doi.org/10.1016/j.pbiomolbio.2010.12.005
https://doi.org/10.1016/j.pbiomolbio.2010.12.005
https://doi.org/10.1152/ajpregu.00530.2007
https://doi.org/10.1093/humupd/dmw028
https://doi.org/10.1093/humupd/dmw028
https://doi.org/10.1096/fj.13-234484
https://doi.org/10.1073/pnas.0407162101
https://doi.org/10.1080/03014460.2022.2041092
https://doi.org/10.1097/01.gme.0000227862.35226.21
https://doi.org/10.1016/j.maturitas.2006.08.005

	Early-life undernutrition in the great Chinese famine and the risk of early natural menopause: a retrospective cohort study in Western China
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Definitions of famine exposures
	2.3 Definition of early natural menopause
	2.4 Menstrual history and childbearing history
	2.5 Physical examination
	2.6 Data analysis

	3 Results
	3.1 Famine exposure cohort
	3.2 Characteristics of included famine exposure cohort
	3.3 The prevalence of early natural menopause age by famine exposure
	3.4 The multiple logistic regression of famine exposure and early natural menopause

	4 Discussion
	5 Conclusion

	References

