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Simple Summary: The PELICan hypothesis speaks to the role of perinatal and early life stressors
(including malnutrition) in the causation of young-onset cancers. To date, there is no evidence
correlating perinatal malnutrition and the risk of young-onset cancer. The Great Famine of China
was a significant event in human history. The present study compared the incidence of young-
onset cancers in individuals born during and just after the famine to those born prior to the famine.
Perinatal exposure to famine, especially in females, was associated with a higher risk of young-onset
cancer. This was particularly evident for young-onset genitourinary cancers.

Abstract: Background/Objectives: Perinatal exposure to malnutrition has been hypothesised to
influence the development of young-onset cancer (≤50 years of age). This study aimed to deter-
mine if perinatal malnutrition in individuals exposed to the Great Famine of China increased their
risk of developing young-onset cancer compared to other individuals born prior to the famine.
Subjects/Methods: This cross-sectional study involved 7272 participants from the China Health
and Nutrition Survey who were classified into four groups based on birth year: participants born
between 1953 and 1955 (before the famine) were designated as the pre-famine group (unexposed);
the remainder formed perinatal exposure groups comprised of those exposed during the famine
(1959–1961), those exposed in the early post-famine period (1962–1964), and those exposed in the
late post-famine period (1965–1967). Multivariable adjusted log-binomial regression models were
used to calculate the RR and 95% CI of young-onset cancer (including genitourinary cancer) across
four groups. Results: Perinatal exposure to early post-famine (RR 2.08; 95%CI 1.04, 4.34; p = 0.043)
and the female sex (RR 15.6, 95%CI 4.54, 60.3; p < 0.001) were noted to have a significantly increased
risk of young-onset cancer. In addition, the early (RR 13.8; 95%CI 2.68, 253; p = 0.012) and late
post-famine (RR 12.3; 95%CI 2.16, 231; p = 0.020) cohorts demonstrated a significantly increased risk
of young-onset genitourinary cancer. The latter was accompanied by an increased risk of hyperten-
sion (RR 3.30; 95%CI 1.28, 7.87; p = 0.009). Conclusions: Perinatal exposure to famine, especially
in females, was associated with a higher risk of young-onset cancer. This was particularly evident
for young-onset genitourinary cancers. These findings highlight the potential long-term impact of
perinatal malnutrition on young-onset carcinogenesis.
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1. Introduction

Young-onset cancer, a distinct and real entity affecting individuals 50 years old or
younger [1–5], is on the rise globally [1–3,6–9]. The most commonly reported organ subsites
affected include the colon and rectum [1,9], stomach [1,9], pancreas [4,6], ovaries [5],
breasts [10], and oesophagus [11]. The causative factors for young-onset carcinogenesis
remain uncertain. Environmental factors have been implicated to play a role [12] based
on an increased association noted with these cancers compared to people unaffected by
the disease.

In 2020, Barreto proposed that perinatal and early stressors may be responsible for
young-onset carcinogenesis [13]. Together with Professor Pandol, they presented what
they referred to as the PELICan (Perinatal and Early Life Influences on Cancer) hypothesis,
substantiated with available evidence from literature suggesting that the risk of developing
young-onset cancer begins in the perinatal period due to exposure to stressors (includ-
ing maternal malnutrition, smoking, or alcohol consumption) during foetal life. They
hypothesised that the stressors induce epigenomic events intended to assist the foetus in
coping with and/or adapting to these stressors [13]. When an individual is exposed to the
same stressors early in life, it may reactivate these ‘responses designed to be protective’.
However, this reactivation can ultimately lead to a loss of regulation at a metabolic and/or
genetic level, culminating in neoplastic evolution [13]. The PELICan hypothesis, drawing
on the sentinel work of Barker [14], Knudson [15], and Lahouel [16], remains to be proven.

The Great Famine of China of 1959 to 1961 was a natural disaster affecting almost
the entire Chinese population. It has been widely used for exploring the impact of famine
on health outcomes [17–21]. In the present context, it presented a unique opportunity to
determine if perinatal exposure to famine was associated with the risk of development of
young-onset cancer. To date, no such study has explored this. Hence, the present study
aimed to determine if perinatal malnutrition in individuals exposed to the Great Famine of
China increased their risk of developing young-onset cancer, compared to those individuals
born prior to the famine.

2. Methods
2.1. Study Population

We performed a cross-sectional analysis of data from the China Health and Nutri-
tion Survey (CHNS), which is an ongoing prospective household-based cohort study in
China [22–24]. This CHNS study was initiated in 1989, with ten rounds of surveys (1989,
1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011 and 2015), and included a diverse sample
of more than 30,000 participants in 7200 households in nine provinces: Shandong, Hei-
longjiang, Jiangsu, Liaoning, Hunan, Henan, Hubei, Guizhou, and Guangxi [22–24]; these
provinces vary substantially in geography, public resources, economic development, and
health indicators. A multi-stage, random cluster sampling strategy was used to select the
sample in both urban and rural areas in each province, with all data being collected via
in-person interviews [22–24]. Counties in selected provinces were stratified by income
level, and four counties with different income levels were randomly selected from each
province using a weighted sampling scheme [22–24]. Thus, a wide-ranging set of health,
nutritional, and demographic indicators are available across the time frame, contributing
to the strength of the data source. Cancer information was collected in 2011 and 2015. The
methodological details about this study design are available elsewhere [22–24]. Ethical
approval of CHNS was obtained from all participants [24]. The survey was approved by
the institutional review committees [24].

A total of 7272 eligible participants from round 2011 and 2015 in CHNS were included.
Participants born between 1953 and 1955 and between 1959 and 1967 (n = 7281) were
included. The period from 1956 to 1958 (n = 1926) was excluded from the analysis to
minimise misclassification, since we were unable to conclusively determine if regions
within China had already begun to experience famine in varying proportions in the lead-up
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to the Great Famine. Nine participants with missing cancer information were excluded.
The flowchart of eligible participants is shown in Figure 1.

Cancers 2024, 16, 2537 3 of 13 
 

 

within China had already begun to experience famine in varying proportions in the lead-

up to the Great Famine. Nine participants with missing cancer information were excluded. 

The flowchart of eligible participants is shown in Figure 1. 

 

Figure 1. Flowchart of this study population and assessment of exposure (abbreviations: CHNS—

China Health and Nutrition Survey). 

The effect size reported in previous studies investigating the relationship between 

perinatal exposure to famine and cancer was examined. In a previous study by Zhang et 

al. [25] using the CHNS dataset, overall cancer event rates of 0.013 and 0.029 were noted 

amongst those individuals unexposed and exposed to perinatal famine (hazard ra-

tio/HR:2.11, 95% CI: 1.77,2.52). Based on these event rates and the HRs from that study, 

we determined that an overall sample size of 3635 participants (1817 in the unexposed 

group and 1818 in the exposed group) would achieve 90% power at a 0.05 level of signifi-

cance, with an equivalence bound of 2.11 and an HR of 1.00. The number of events re-

quired to achieve this power was 77.7. It was anticipated that the proportion of partici-

pants in which the event was observed during this study was 0.013 for the unexposed 

group and 0.029 for the exposed group. These results assumed that the HR was constant 

throughout this study. The sample size in the present study was limited by the availability 

of data within the CHNS. While the overall number falls short of the anticipated sample 

size, we believed it served its purpose in addressing the research question being posited. 

Power Analysis and Sample Size (PASS) software program version 11.0 was used to esti-

mate the sample size [26,27]. 

2.2. Assessment of Perinatal Famine Exposure 

The Great Famine of China affected almost the entire country. Thus, the year of birth 

was used as the most common method to define famine exposure in previous studies 

[19,25]. In the present study, participants were classified into famine-exposed and unex-

posed groups based on their perinatal exposure to the famine, i.e., if they were born in 

Figure 1. Flowchart of this study population and assessment of exposure (abbreviations:
CHNS—China Health and Nutrition Survey).

The effect size reported in previous studies investigating the relationship between
perinatal exposure to famine and cancer was examined. In a previous study by Zhang
et al. [25] using the CHNS dataset, overall cancer event rates of 0.013 and 0.029 were
noted amongst those individuals unexposed and exposed to perinatal famine (hazard
ratio/HR:2.11, 95% CI: 1.77, 2.52). Based on these event rates and the HRs from that study,
we determined that an overall sample size of 3635 participants (1817 in the unexposed group
and 1818 in the exposed group) would achieve 90% power at a 0.05 level of significance,
with an equivalence bound of 2.11 and an HR of 1.00. The number of events required to
achieve this power was 77.7. It was anticipated that the proportion of participants in which
the event was observed during this study was 0.013 for the unexposed group and 0.029 for
the exposed group. These results assumed that the HR was constant throughout this study.
The sample size in the present study was limited by the availability of data within the
CHNS. While the overall number falls short of the anticipated sample size, we believed
it served its purpose in addressing the research question being posited. Power Analysis
and Sample Size (PASS) software program version 11.0 was used to estimate the sample
size [26,27].

2.2. Assessment of Perinatal Famine Exposure

The Great Famine of China affected almost the entire country. Thus, the year of birth
was used as the most common method to define famine exposure in previous studies [19,25].
In the present study, participants were classified into famine-exposed and unexposed
groups based on their perinatal exposure to the famine, i.e., if they were born in those years.
Participants (n = 2107) born before the famine (1953–1955) were classified as the unexposed
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group (or reference group), named the pre-famine group. The cohorts were classified in
3-year intervals owing to the famine lasting for 3 years.

2.3. Assessment of Outcome

The primary outcome of this study was the young-onset cancer rate, determined as
the number of young-onset cancer cases divided by survey participants. The secondary
outcome was the rate of prevalence of the various affected organ subsites of young-onset
cancer. Cancer information, including cancer diagnosis, site of cancer, and age at cancer
diagnosis, were self-reported and recorded in the CHNS questionnaire section from 2011
to 2015, though the survey was initiated in 1989. Young-onset cancer was ascertained
if a participant answered “Yes” and “50 years old or prior” to the questions: “Has a
doctor ever given you a diagnose of cancer?” and “How old were you when you first
diagnosed with cancer?”, respectively. Thereafter, based on the participant’s answer to
the question “What type of cancer you suffer from?”, the cancer was further sub-classified
into gastrointestinal cancer (hepatic\stomach\oesophageal\colon), genitourinary cancer
(testes\prostate\cervical\uterine), skin cancer (skin\melanoma), breast cancer, young-
onset lung cancer, and brain cancer.

2.4. Assessment of Covariates

Potential risk factors for young-onset cancer were adjusted for in the analysis phase
to reduce the confounding bias [3,13,14,28]. Sex, birth area, physical examination results,
health-related behaviour data, and health history were collected via a structured question-
naire. The Great Famine of China affected all provinces in mainland China. However, rural
areas suffered more than urban areas due to the preferential supply of food to cities [29].
Hence, we also adjusted for area. The individual’s weight and height were recorded in the
physical examination survey [24]. Based on the World Health Organization’s (WHO) crite-
ria for body mass index (BMI), BMI ≤ 18.5 was categorised as underweight, BMI between
18.5–24.9 as normal, BMI of 25–29.9 as overweight, BMI ≥ 30 as obesity. Health history
covariates included hypertension and diabetes [30]. Health-related behaviour covariates
included smoking status and alcohol consumption [24].

2.5. Statistical Analysis

The baseline characteristics of the included participants and perinatal famine exposure
groups were compared using the Kruskal–Wallis H test for continuous indicators and
chi-square tests for categorical variables. Unadjusted and multivariable adjusted log-
binomial regression models were applied to explore the association between perinatal
famine exposure and risk of young-onset cancer and young-onset genitourinary cancer.
Baseline characteristics (age, sex, BMI, and area), health-related behaviours (smoke and
alcohol consumption) and presence of diabetes and hypertension were used to build the
multivariable adjusted model. The log-binomial regression model result was expressed
as relative risk (RR). Area under the curve (AUC) was used to evaluate model diagnostics
and goodness of fit. A two-sided p-value of <0.05 level was considered to be statistically
significant. All statistical analyses were performed using R statistical software, version
4.2.3 (Vienna, Austria) [31]. The glm function with a binomial family log link was used to
perform the log-binomial regression model.

3. Results
3.1. Baseline Characteristics (Table 1)

Among the 7272 participants, 2017 (29.0%) were unexposed to famine in the perinatal
period, whilst 1352 (18.6%), 2135 (29.4%) and 1678 (23.1%) were classified as exposed under
the pre-specified groups, as follows: famine exposure, early, and late post-famine exposure,
respectively. A total of 3838 (52.8%) and 4429 (60.9%) participants were reported to be
female and located in a rural area, respectively. The median age of participants was 52 years
(interquartile range/IQR 48–56 years). While all participants in the pre-famine group were
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over 50 years, all participants in late post-famine group < 50 years of age. Compared with
the pre-famine group, the famine group was more likely to be from urban area and more
likely to have reported the use of alcohol later in life (p < 0.01). Furthermore, the early
post-famine group participants were more likely to be classified as overweight or obese in
later life (p < 0.01). The famine, early, and late post-famine exposure groups were less likely
to have hypertension and diabetes (p < 0.01).

Table 1. Characteristics of participants across the perinatal famine exposure groups.

Characteristics Overall
(n 7272)

Perinatal Exposure Group
p-Value *Pre-Famine

(n 2107)
Famine
(n 1352)

Early Post-Famine
(n 2135)

Late Post-Famine
(n 1678)

Age y, median (IQR) † 52.0 (48.0–56.0) 58.0 (57.0,61.0) 53.0 (51.0,55.0) 50.0 (48.0–52.0) 47.0 (45.0–49.0) <0.001
Age <0.001

≤50 years 3018 (41.5%) 0 (0.0%) 236 (17.5%) 1104 (51.7%) 1678 (100.0%)
>50 years 4254 (58.5%) 2107 (100.0%) 1116 (82.5%) 1031 (48.3%) 0 (0.0%)

Sex 0.267
Male 3434 (47.2%) 967 (45.9%) 645 (47.7%) 1041 (48.8%) 781 (46.5%)

Female 3838 (52.8%) 1140 (54.1%) 707 (52.3%) 1094 (51.2%) 897 (53.5%)
Area <0.001

Urban 2843 (39.1%) 865 (41.1%) 574 (42.5%) 802 (37.6%) 602 (35.9%)
Rural 4429 (60.9%) 1242 (58.9%) 778 (57.5%) 1333 (62.4%) 1076 (64.1%)

Alcohol <0.001
Yes 2422 (33.3%) 620 (29.4%) 471 (34.8%) 775 (36.3%) 556 (33.1%)

Do not know 135 (1.9%) 29 (1.4%) 23 (1.7%) 47 (2.2%) 36 (2.1%)
Smoke 0.217

Yes 2190 (30.1%) 643 (30.5%) 428 (31.7%) 647 (30.3%) 472 (28.1%)
Do not know 136 (1.9%) 30 (1.4%) 23 (1.7%) 46 (2.2%) 37 (2.2%)

BMI ‡ <0.001
Underweight 168 (2.3%) 66 (3.1%) 27 (2.0%) 36 (1.7%) 39 (2.3%)

Normal 3923 (53.9%) 1149 (54.5%) 740 (54.7%) 1148 (53.8%) 886 (52.8%)
Overweight or obese 2840 (39.1%) 823 (39.1%) 525 (38.8%) 848 (39.7%) 644 (38.4%)

Missing 341 (4.7%) 69 (3.3%) 60 (4.4%) 103 (4.8%) 109 (6.5%)
Hypertension <0.001

Yes 1111 (15.3%) 458 (21.7%) 220 (16.3%) 286 (13.4%) 147 (8.8%)
Do not know 17 (0.2%) 6 (0.3%) 1 (0.1%) 9 (0.4%) 1 (0.1%)

Diabetes <0.001
Yes 295 (4.1%) 119 (5.6%) 65 (4.8%) 73 (3.4%) 38 (2.3%)

Do not know 19 (0.3%) 5 (0.2%) 3 (0.2%) 8 (0.4%) 3 (0.2%)

Data were presented as n (%) unless stated otherwise, * medians and percentages are compared using
Kruskal–Wallis H-test and Pearson’s Chi-squared test, respectively. † IQR 25th–75th percentile, ‡ BMI, body
mass index.

3.2. Outcomes (Table 2)

The overall young-onset cancer rate in our study population was 0.73% (53 cases),
with rates of 0.57%, 0.59%, 1.08%, and 0.60% in the pre-famine, famine, early-post famine,
and late post-famine groups, respectively. Young-onset genitourinary cancer was the
most prevalent young-onset cancer sub-type (rate of 0.32%; n = 23 cases). According to
exposure, the prevalence rates of young-onset genitourinary cancer were 0.05%, 0.30%,
0.52%, and 0.42% in the pre-famine, famine, early post-famine and late post-famine
groups, respectively.

3.2.1. Young-Onset Cancer (Figure 2 and Supplementary Table S1)

After adjustment for sex, area, alcohol consumption, smoking, BMI, hypertension, and
diabetes, the early post-famine group had a significantly higher risk of developing young-
onset cancer (RR 2.08; 95% CI 1.04, 4.34; p = 0.043). However, no relation was observed in
the early post-famine and late post-famine groups. Moreover, a highly significant increased
risk of young-onset cancer was observed in the female participants (RR 15.6, 95% CI 4.54,
60.3; p < 0.001) who experienced perinatal exposure to famine. Additionally, no significant
association was observed between area, alcohol consumption, smoking, BMI category,
hypertension, and diabetes on young-onset cancer.
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3.2.2. Young-Onset Genitourinary Cancer (Figure 3 and Supplementary Table S2)

After adjustment for alcohol consumption, smoking, hypertension, and diabetes, the
early post-famine (RR 13.8; 95% CI 2.68, 253; p = 0.012) and late post-famine exposure
groups (RR 12.3; 95% CI 2.16, 231; p = 0.020) were noted to be at a significantly increased risk
of developing young-onset genitourinary cancer compared to the pre-famine group. More-
over, participants with perinatal exposure to famine who developed hypertension were
noted to have significantly increased risks of young-onset genitourinary cancer compared
to those without hypertension (RR 3.30; 95% CI 1.28, 7.87; p = 0.009). No significant associa-
tion was observed between alcohol consumption, smoking, and diabetes on young-onset
genitourinary cancer amongst all participants.
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onset genitourinary cancer by perinatal famine exposure and confounders. The model was adjusted
for alcohol consumption, smoking status, hypertension, and diabetes.

Table 2. Total young-onset cancer cases and specific site young-onset cancer cases across the perinatal
famine exposure groups.

Specific Site-Specific
Young-Onset Cancer

Overall
(n 7272)

Perinatal Exposure

Pre-Famine
(n 2107)

Famine
(n 1352)

Early Post-Famine
(n 2135)

Late Post-Famine
(n 1678)

Young-onset cancer 53 (0.73%) 12 (0.57%) 8 (0.59%) 23 (1.08%) 10 (0.60%)

Genitourinary cancer
Uterine cancer 22 (0.30%) 1 (0.05%) 4 (0.30%) 11 (0.52%) 6 (0.36%)
Cervical cancer 2 (0.02%) 0 (0.00%) 0 (0.00%) 1 (0.05%) 1 (0.06%)

Breast cancer 8 (0.11%) 1 (0.05%) 2 (0.15%) 3 (0.14%) 2 (0.12%)
Gastrointestinal cancer
Colon cancer 9 (0.12%) 6 (0.28%) 2 (0.15%) 1 (0.05%) 0 (0.00%)

Hepatic cancer 1 (0.01%) 1 (0.05%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Brain cancer 4 (0.06%) 1 (0.05%) 0 (0.00%) 2 (0.09%) 1 (0.06%)
Lung cancer 2 (0.03%) 1 (0.05%) 0 (0.00%) 1 (0.05%) 0 (0.00%)
Other cancer 9 (0.12%) 4 (0.19%) 0 (0.00%) 5 (0.23%) 0 (0.00%)

4. Discussion

The findings from this study confirm that perinatal exposure in the early post-famine
period resulted in a significantly increased risk of young-onset cancers. This risk was
significantly higher amongst females. The early post-famine group was also noted to a
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have a significantly higher rate of alcohol consumption and overweight or obesity in later
life compared to the pre-famine cohort (p < 0.001). Of all the reported cancers in this study,
perinatal exposure in the early post-famine and late post-famine periods resulted in a high
risk of young-onset genitourinary cancer that was accompanied by a higher co-existence
with hypertension.

While the relationship between perinatal exposure to the Great Famine of China and
an increased risk of cancer, in general, has been previously reported by Zhang et al. [25]
and Xie et al. [32], the effect on young-onset carcinogenesis per se has not been determined
before. In the study by Zhang et al. [25], perinatal exposure to the Great Famine of China
increased the risk (HR: 2.11, 95% CI: 1.77, 2.52) of cancer in adulthood compared to those
unexposed to famine. The cancers demonstrating this trend included colorectal, breast
(female), lung, stomach, and liver. In the study by Xie et al. [32], the slightly increased
overall crude incidence of in situ and invasive breast cancer was reported in women
conceived, or born, during the Great Famine of China compared with those women born
before (1955–1958) and after (1963–1966).

We found a highly significant interaction between sex and perinatal famine exposure
in relation to young-onset cancer risk. When we ran the models separately for male and
female participants, the risk of young-onset cancer in the female group, especially, turned
out to be identical to the overall model risk. Thus, we can infer that the elevated risk of
cancer related to malnutrition has a predilection towards the female sex. The difference
in the incidence of a variety of cancers between the male and female participants may be
attributed to genetic and molecular disparities and varying levels of sex hormones [33]. In
the study by Zhang et al. [25], females in early childhood (0.1–5.9 years), who were exposed
to the famine, were noted to have a higher risk of lung, colorectal, liver, and breast cancer
compared to men.

We observed a significant likelihood of developing young-onset genitourinary cancer
in individuals who were perinatally exposed to the famine in the early post-famine period.
Moreover, this trend was accompanied by a higher prevalence of hypertension. A study
based on the analysis of the Dutch Famine (1944–1945) reported a higher risk of overall can-
cer in females severely exposed to the famine compared to those who were unexposed [34],
whilst another study, based on the same cohort, found that perinatal exposure to the famine
amongst females resulted in a higher likelihood of developing breast cancer compared to
those who were unexposed [35]. Additionally, the females displayed a natural inclination
towards increased vulnerability to the effects of perinatal famine exposure. This heightened
susceptibility to the damaging effects of perinatal stressors amongst females is not limited
to cancer alone but has also been reported to result in elevated risks of being overweight or
obese [36,37], as well as being afflicted with type 2 diabetes [21], metabolic syndrome [38],
visceral adipose dysfunction [39], dyslipidaemia [40], and hypertension [17] in later life.
Many animal models have provided compelling evidence, indicating that nutrition in
early life can have long-lasting effects that span across several generations [41–44]. Thus,
the well-being of offspring is significantly influenced by the nutrition conditions of both
parents [41–44].

The potential mechanisms that link perinatal exposures and young-onset cancer are
likely complicated. The PELICan hypothesis [13,45] highlights the significance of perinatal
malnutrition, both over- and under-nutrition, as stressors. Malnutrition, whether encoun-
tered in individuals living with obesity, or more commonly perceived as undernutrition
(a direct effect of famine), is known to negatively impact fertility [46–48]. Mineral and
micronutrient deficiency and inadequate gestational nutrition impact the early physical
and neurological growth and development of the child [49]. The long-term effects of
these factors and the accompanying biochemical mechanisms that could play a role in
carcinogenesis in later life have not been studied. Through the PELICan hypothesis, we
have hypothesised the importance of similar stressors in later life to complement these
early insults/stressors. We hope that the underlying mechanisms will be investigated and
clarified soon. The physiological imbalance that accompanies a sudden change in nutri-
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tional status, though, is striking. There is evidence to suggest that children born to mothers
who were pregnant at the time of the Chinese Great Leap Forward famine were prone to
overnutrition [50] and metabolic syndrome [51], likely owing to adaptive lipogenesis [52].
The Predictive Adaptive Response (PAR) hypothesis by Gluckman and Hanson [53] speaks
to a form of developmental plasticity, in which cues received in early life influence the de-
velopment of a phenotype that is normally adapted to the environmental conditions of later
life. This concept is extremely relevant when explaining the findings in the present study.
Metabolic dysregulation [54] and obesity [55] have also been reported to be associated with
risks of young-onset colorectal cancer. Although not clearly documented as an adolescent
exposure, the early post-famine cohort had a significantly increased documentation of
another stressor listed in the PELICan hypothesis [13,45], namely, alcohol consumption.
Another important consideration is that the potency of dietary carcinogens is increased
under conditions of malnutrition, specifically due to a deficiency in protective factors, such
as those available from fruits, vegetables, and fibre [56].

We wish to acknowledge the limitations of this study. Firstly, the overall number
of young-onset cancer cases was low (53, compared to 77 determined by the sample size
estimation). While this precluded a more meaningful analysis based on organ subsites
beyond the genitourinary tract, the significant findings noted in this study support the
hypothesis and rationale for the investigation. Secondly, all health information in this study
was self-reported. As a result, the accuracy and reliability of the data may be influenced
by self-reporting biases and recall errors. The lack of reliable imaging modalities at the
time may have potentially reduced the number of gastrointestinal and brain cancers, since
the symptoms of these cancers could be mistakenly attributed to other gastrointestinal
and neurological diseases. Thirdly, caution should be exercised due to the possibility of
survivorship bias, which may introduce skewed or misleading results. In the CHNS, all
cancer-related information was collected from participants who remained in the study
between waves 2011 and 2015. It is important to acknowledge that participants may have
dropped out during this period due to factors related to famine or young-onset cancer,
which could potentially impact the representativeness of the sample and introduce bias. The
lack of available data precluded us from controlling for nutrition and physical activity in the
intervening years between exposure and outcome. Despite the aforementioned limitations,
it is also important to note that the CHNS utilised a multi-stage, random cluster sampling
strategy, which ensured that the participants represented a diverse range of socioeconomic
statuses and other relevant health, nutritional, and demographic indicators in China.
Moreover, the availability of longitudinal data across this study period contributed to the
strength and reliability of the data source. Finally, similar to all major famines, there is a
lack of accuracy on the actual extent of the famine, with limited analyses of the nutritional
and economic effects on the population post-famine [57,58].

The results of this study can also be translated to the clinical setting. Acute changes in
nutritional status over a prolonged period of time may occur in medicine in the setting of
rapid weight loss that accompanies bariatric surgery. One of the benefits following bariatric
surgery or even the use of glucagon-like peptide-1 (GLP-1) receptor agonist-induced loss of
weight is an improvement in fertility [59,60]. Acknowledging the deleterious effects of these
acute nutritional changes (including micronutrient insufficiencies) on pregnancy-related
outcomes has led the American Society for Metabolic and Bariatric Surgery (ASMBS), the
American Association of Clinical Endocrinology (AACE), and the Obesity Society (TOS) to
publish their clinical guidelines advising females to delay becoming pregnant immediately
after weight loss surgery to obviate these risks [61]. The findings from this study raise
a novel concern that warrants further investigation into the impact of acute nutritional
changes at the time of conception and during the perinatal period on the long-term risk of
developing cancer in the foetus.
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5. Conclusions

Perinatal exposure in the early post-famine period, especially in females, resulted in
an increased risk of young-onset cancer. This was particularly evident for young-onset
genitourinary cancers. These findings highlight the potential long-term impact of perinatal
malnutrition on young-onset carcinogenesis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers16142537/s1, Table S1: RR and 95% Confidence interval
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Table S2: RR and 95% CI (log-binomial regression model) young-onset genitourinary cancer by
perinatal famine exposure and confounders.
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