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Unveiling the long-term impact: exploring
the link between exposure to the great
Chinese famine and health-related quality

of life in middle-aged and elderly populations
through propensity score matching
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Abstract

Objective This study aimed to explore the relationship between exposure to the Great Chinese Famine (1959-1961)
and health-related quality of life (HRQoL) in middle-aged and elderly people after adjusting for selection bias using
propensity score matching (PSM).

Methods This cross-sectional study was conducted in Ningxia, China, in 2022. A multi-stage stratified cluster-
randomized design was used to obtain a representative sample in each county. We included participants aged 45
years and older, who had lived there for more than 1 year. This study included 5,793 middle-aged and elderly people
in Ningxia, China as the research subjects. This study used propensity score matching (PSM) to empirically examine
the association between exposure to the Great Famine and HRQol in middle-aged and older adults. In the first step,
we estimated a binary logistic regression model with Great Chinese Famine exposure as the dependent variable and 7
factors as confounding variables. In the second step, we performed propensity score analysis using the confounding
variables identified in the first step to control for potential selection bias. To avoid bias due to age differences, we
introduced the age variable into the regression model to explore the effect of the Great Famine impact. Different
definitional criteria were used to define the exposed and control groups in order to robustly test the findings.

Results The results showed that middle-aged and elderly people who reported exposure to the Great Famine had
lower HRQoL than middle-aged and elderly people who were not exposed to the Great Famine, after adjusting for
gender, educational background, economic level, BMI, Chronic conditions, smoking and drinking. In order to avoid
the influence of age differences on the results, this study used matched samples and included the age variable in
the regression analysis to minimise the bias due to age. Also, exposure was defined in different ways to test the
robustness of the results.
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Conclusions The health-related quality of life of middle-aged and older adults who experienced China’s Great
Famine (1959-1961) declined substantially in later life, but the inclusion of the age variable made the statistical results

non-significant.

Keywords Survival, EQ-5D-3L, Causal inference, Propensity score matching, Health-related quality of life, Great

Chinese famine

Introduction

With the steady development of China’s economy and
the improvement of health service levels, human life
expectancy has also been greatly extended [1, 2]. China
is facing an aging tsunami. At the same time, this popula-
tion model also makes China’s medical and health indus-
try face huge challenges [3]. An aging population also
increases the complexity and burden of care in terms of
chronic disease, functional impairment, and health care
utilization, and their excessive demands for care and
social support are challenges that urgently need to be
addressed. It is therefore crucial to improve the health-
related quality of life (HRQoL) of these populations.
Currently, “Healthy China” and “Actively Responding to
Population Aging” are China’s two important national
strategies. Promoting demand-driven high-quality devel-
opment of health services for middle-aged and elderly
people is an important way to achieve these strategies [4].

The Great Famine in China that occurred from 1959
to 1961 had a serious impact on the health of the elderly
in China. Research over the past few decades has shown
that early exposure to famine is associated with an
increased risk of chronic disease later in life [5]. In fam-
ine areas, exposed cohort had a.

significant increased risk of hypertension, dyslipidemia,
non-alcoholic fatty liver and diabetes compared with
non-exposed cohort [6-9]. Although the relationship
between famine and specific diseases has been studied
[5, 6], there is a lack of research on the impact of famine
on the health-related quality of life of middle-aged and
elderly people.

EQ-5D is a simple and globally used health assessment
tool developed by EuroQol Group to measure, compare,
preference-based and evaluate the health status of peo-
ple aged 12 years or above [10]. Currently, 2 versions of
the EQ-5D exist: the 3-level option (3 L) and the 5-level
option (5 L). EQ-5D can be used as a measure of HRQoL,
which describes health into multiple dimensions and
provides a single utility value for summary [11].

This study only selected survivors who were exposed
to the famine years as the subjects of observational
research, because exposure to famine may lead to irre-
coverable bias. Observational studies of survey data are
unable to control for randomization and therefore face
serious challenges of selection bias, making it difficult to
obtain convincing evidence for causal inference. In order
to overcome this problem, this study used propensity

score matching (PSM) to empirically verify the impact
of exposing the Great Famine on the HRQoL of middle-
aged and elderly people. The propensity score matching
method is based on the Neyman-Rubin counterfactual
framework to automatically control confounding vari-
ables, which can effectively reduce the selection bias
caused by confounding variables between two different
groups [12]. such as the impact of different economic lev-
els on the physical condition of middle-aged and elderly
survivors who experienced famine and survivors who did
not experience famine. Therefore, the selection of suit-
able confounding variables is the key to applying PSM.
Previous research surveys have shown that HRQoL is
not only related to age-related diseases, but also closely
related to factors such as gender, education, economic
level, chronic diseases, smoking, drinking, and a series of
health-related behavioral habits and living environment.
Better health-related quality of life was significantly
associated with factors such as higher BMI, no drink-
ing habits, and fewer chronic diseases [1, 13—15]. These
confounding variables have led to selection bias in the
observation data, and we cannot directly draw convinc-
ing conclusions about whether experiencing the Great
Famine years will affect the HRQoL of middle-aged and
elderly people. However, PSM methods may provide
more favorable methodological improvements for mak-
ing stronger causal inferences in observational data.

This study examined exposure to the Great Famine
years as a treatment and middle-aged and older adults
as the treatment group for representative cross-sec-
tional data. The PSM method could match middle-aged
and elderly people who did experience the Great Fam-
ine years in the same data as the treatment group, and
select a control group that is balanced with the treatment
group. This approach will prevent selection bias between
treatment and control groups. Then, calculating the aver-
age treatment effect (ATT) between the treatment group
and the control group can provide stronger evidence to
verify the impact of early experience of the Great Fam-
ine years on the healthy quality of life of middle-aged and
elderly people in later life.

Healthy aging is an important aspect of the health
and well-being of the elderly. Understanding the causal
relationship between early life exposure to the Great
Famine in China and the healthy quality of life of mid-
dle-aged and elderly people is also an important step in
promoting the development of healthy aging. Examining
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health-related quality of life and related factors is criti-
cal for health policymakers, and this information may
have a positive role in actively responding to population
aging and promoting the healthy development of mid-
dle-aged and older adults. Therefore, this study uses the
PSM method to eliminate the selection bias caused by
survivors exposed to the Great Famine Era and explore
the causal effect between exposure to the Famine Era and
healthy quality of life.

Materials and methods

Sampling

The dataset originates from the 2022 Ningxia Rural
Residents’ Health Status and Medical Service Utili-
zation Survey. This study used a multi-stage strati-
fied sampling method, first randomly selecting four
representative counties (Haiyuan, Yanchi, Xiji, and
Pengyang counties) in the southern mountainous area
of Ningxia. Subsequently, all administrative villages
within these counties were classified based on socio-
economic indicators (high, medium, and low). Then
randomly select 40% of natural villages from each
stratum as sample villages. Using systematic sampling
method, 20-33 households were selected from the
roster of each sample village. This study selected rural
middle-aged and elderly people aged 45 and above
as the research subjects. The survey was conducted
through standardized face-to-face interviews. This
study followed the principles of the Helsinki Decla-
ration and was approved by the Institutional Review
Board of Ningxia Medical University(2023-G157). All
participants gave informed written consent.

From an initial pool of 5,609 completed question-
naires demonstrating 97.25% validity rate, rigorous
data quality control measures were implemented. This
included logical consistency checks and exclusion of
records with critical missing variables or ambiguous
responses. The final analytical sample comprised 20,347
individuals from 5,455 households, of whom 9,294 were
rural dwellers aged>45 years, accounting for 45.68%
of the study subjects. Based on the sample size for-

(Za +Zﬁ>2x252
mula: n = ~—2— /4 =0.05 =08 0 =02

, d = 0.1, calculations measured that a sample size of
63 persons was required for each group, for a total of at
least 163 persons. Consistent with the research perspec-
tive, we eliminated variables with inconsistent age and
missing key HRQoL variables and related health indica-
tors, and the final sample size was 5793, accounting for
62.33% of the rural middle-aged and elderly residents
aged 45 years or older. Meeting minimum sample size
requirements. Participants were categorized into the
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following two predefined groups according to their date
of birth(DOB): (1) Unexposed group, with DOB between
January 1, 1962, and December 30, 1977, (2) Exposed
group, with DOB before December 31, 1961. Among the
5793 individuals in the sample, 2512 (43.36%) middle-
aged and elderly people were exposed to famine.

Measurement

Health-related quality of life using the EQ-5D-3 L instrument
The European five-dimensional quality of life scale (EQ-
5D-3 L) was used to measure the health-related quality
of life of middle-aged and elderly people. The EQ-5D-3 L
instrument is widely used to evaluate an individual’s
overall health status using a description system and a
visual analogue scale (VAS). The description system con-
sists of five questions on five dimensions (5D): mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. The performance level of each dimension of
EQ-5D is answered by 3 questions (3 L): no problems,
some or moderate problems, extreme problems [16]. The
established health utility value was calculated using the
EQ-5d-3 L Chinese effect value for China’s rural popula-
tion [17]. The formula for calculating health utility value
is as follows [17]: U=1- 0.067-0.101 x MO2 -0.275 x
MO3 -0.103 x SC2- 0.239 x SC3-0.086 x UA2- 0.217 x
UA3 -0.110 x PD2- 0.232 x PD3- 0.074 x AD2- 0.172 x
AD3- 0.016. MO, SC, UA, PD, and AD stand respectively
for mobility, self-care, daily activities, pain/discomfort,
and anxiety/depression. 2 and 3 correspond to some
or moderate problems and extreme problems respec-
tively. We calculated the health utility value based on the
respondents’ EQ-5D answers, with 1 representing com-
plete health and O representing death. For instance, the
value of “33311” was 1-0.067-0.275-0.239-0.214 -
0-0-0.016=0.186. The EQVAS is a quantitative mea-
sure that records an individual’s self-rated health status
on a 20-cm vertical visual analog scale, ranging from 0
to 100 (0 represents: the worst health you can imagine;
100 represents: the best health you can imagine) which
reports a grade that best describes their self-rated health.
The health utility value U is the evaluation utility value
based on the perspective of the overall population, and
the VAS score is based on the self-evaluation from the
respondent’s personal perspective. This study evaluates
residents’ HRQoL based on health utility value U and
VAS score.

Confounding covariates

A perfect group of confounding covariates is the basis
of exact matching. This study identified 7 confounding
covariates from a literature review [1, 13-15], includ-
ing demographic factors (gender, and education back-
ground), behavioral factors (smoking and drinking),
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physical health factors (BMI and chronic conditions) and
socioeconomic factors (economic level).

Statistical analysis

In this study, we selected PSM, which is superior to tra-
ditional regression methods in controlling confounding
factors, as the key method to eliminate selection bias.
“The propensity score is the conditional probability of
assignment to a particular treatment given a vector of
observed covariates. Both large and small sample theory
show that adjustment for the scalar propensity score is
sufficient to remove bias due to all observed covariates”
For non-randomized studies, observational studies with
cross-sectional data take survivors of exposed factors as
research subjects and need to reduce the impact of selec-
tion bias on causal inference conclusions. The PS is the
probability for a subject to receive a treatment condi-
tional on a set of baseline characteristics (confounders).
PSM incorporates confounding variables into logistic
regression to estimate propensity values, which can con-
vert multidimensional covariates into unidimensional
covariate propensity scores (one dimension), and then
match patients with similar confounder distributions to
balance the covariate distributions of the two groups, and
are comparable. Therefore, the differences after matching
can be determined as unbiased differences in treatment
effects [18, 19].

PSM usually consists of four analysis steps. The first
step is the selection of confounders, the second step is
the calculation of propensity values, the third step is
matching based on propensity values, and the last step
is estimating the average treatment effect on the Treated
(ATT), which is the effect for those in the treatment
group [19]. In order to ensure the reliability and robust-
ness of matching and estimating ATT results, this study
adopts three common matching methods, kernel match-
ing, radius matching, and nearest neighbor matching.
For the treatment group, this study uses the bootstrap
method to estimate ATT and empirical standard errors
to avoid the erroneous standard errors present in tradi-
tional ATT estimates [12, 20].

We performed Psmatch2 in Stata 16.0 (Stata Corp.,
College Station, Texas, USA) to conduct the statistical
analysis. We provide a preliminary description of baseline
characteristics of study subjects’ HRQoL. The continu-
ous variables were delineated as means along with stan-
dard deviations, whereas the categorical variables were
presented as case counts and percentages (%). Student’s
t-test was used for continuous variables; the chi-square
test or analysis of variance was used for categorical vari-
ables. For paired data, linear regression analysis was used
to explore the impact of experiencing the Great Famine
years on HRQoL. All results are based on P< 0.05 as the
criterion for statistical significance.
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Results

Descriptive statistics

Descriptive analyses were carried out for two different
types of samples in this study, as well as for the compari-
son of differences between the two groups of samples.
There were 2,512 middle-aged and elderly people exposed
to the famine and 3,281 not exposed. U value and VAS
score are expressed as meanz SE. The results showed
that the U value and VAS score of the middle-aged and
elderly people in the unexposed group were 0.87 +0.002
and 74.32 + 0.248 respectively. The U value and VAS score
of the exposed group were 0.79+0.004 and 66.35+0.316
respectively. The difference between the two groups was
statistically significant (T test value=20.11, P<0.001; T
test value = 18.83, P<0.001). However, Table 1 shows that
there are also statistically significant differences between
the two groups of sample populations in the comparison
of the other seven covariates. This finding suggests that
the causal relationship between middle-aged and older
adults’ exposure to the Great Famine and their HRQoL
cannot be simply inferred.

Propensity score

First, the Logistic regression model is performed by the
Great Famine’s exposure as the dependent variable, and
the 7 association variables are used as independent vari-
ables. The regression results show that the overall expla-
nation of the model is good, and other covariates except
drinking are statistically significant. These findings indi-
cate that this model has a strong impact on the exposure
of middle-aged and elderly people, as shown in Table 2.
Second, the regression results were used to establish a
prediction model to calculate the tendency of all samples
to expose to Great Famine. The higher the tendency, the
greater the possibility of the sample people exposed to
the famine.

Matching and balanced test

We used the calculated propensity to match the 2512
middle-aged and elderly people who were exposed to
famine with the 3281 who do not exposed to famine. To
ensure the robustness of the results, we adopt three com-
mon matching methods: kernel matching, radius match-
ing, and nearest-neighbor matching. Using the U-value
as the outcome variable, 16 people were off support by
any of the three matching methods. Using the VAS score
as the outcome variable, 16 people were off support by
any of the three matching methods. In this study, the
independent sample t-test of the 7 covariates between the
control group and treatment group was not significant
after matching in all three matching samples, as shown
in Tables 3 and 4, which met the relevant PSM indicators.
Results showed that the 7 covariates did not provide any
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Table 1 Descriptive characteristics of the sample before
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Table 2 Logistic regression analysis of famine exposure

matching Variables REF B SE Z P
Variables  Total Exposed  Unex- X/t P Gender
group posed Male Female 0.92 007 1253 <0.01
group Education

Gender background
Male(=1) 3122(53.89) 1424(24.58) 1698(29.31) 13.947 <0.001 Primary school llliterate 2066 007 -946 <001
Fema\e(:o) 267“464] 1) 1088(]8.78) 1583(2733) Middle school -1.33 0.10 -13.56 <001
Education High school back- -1.01 0.16 -637 <001
back- ground or above
ground Smoking
llliterate(=0) 2391(41.27) 1335(23.05) 1056(18.23) 333342 <0.001 Yes NoO 027 009 314 0002
Primar{ 2151(37.13) 864(1491) 1287(22.22) Drinking
school(=1)

) Yes No -0.16 012 -1.29 0.195
Middle 972(16.78)  234(4.04) 738(12.74) )

Economic level

school(=2) ) )
High school 279(482)  79(1.36) 200(3.45) M\ddle and low Low income -0.09 0.09 -093 0.352
back- income
ground or Middle income -0.23 0.10 -241 0016
above(=3) Upper middle -0.28 0.10 -291 0.004
Smoking income
No(=0) 4419(76.28) 1989(34.33) 2430(41.95) 20591 <0001 High income -040 010 -416 <001
Yes(=1) 1374(2372) 523(9.03)  851(14.69) BMI
Drinking Underweight Normal 0.75 0.12 638 <0.01
No(=0) 5329(91.99) 2355(4065) 2974(5134) 18639 <0001 _ weight
Yes(=1) 464(801)  157(2.71)  307(5.30) Overweight -0.25 007 -3.59 <0.01
E . Obesity -0.31 011 -2.78 0.005

conomic
level Chropi.c
Low 1159(2001) 611(1055) 548(946) 105044 <0.001 conditions
income Yes No 0.99 006 1611 <001
Middle and  1159(20.01) 558(9.63) 601(10.37)
low income
Middle 1158(19.99) 493(851)  665(1148) valid predictive information about famine exposure after
income matching. Therefore, it passes the overall balance test.
Upper 1159(20.01) 464(8.01) 695(12.00)
middle Sensitivity analysis
necome Sensitivity analyzes were performed to explore the extent
High 1158(19.99) 386(6.66)  772(13.33) to which hidden selection bias could alter the results of
Income . . .
BMI the treatment effectiveness obtained. Generally speaking,
Normal  32315577) 14170446) 18143131) 88673 <ooo1 L the sensitivity score is greater than or equal to 2, the
weight(=0) study is less sensitive and the results are reliable [21, 22].
Under- 451(779)  282(487)  169(2.92) Therefore, this study conducted sensitivity analysis for U
weight(=1) value and VAS score as outcome variables respectively,
Over- 1615(27.88) 614(10.60) 1001(17.28) and the sensitivity scores were 1.3 and 1.8 respectively.
weight(= 2) Although it did not reach the standard score of >2, we
Obesity(=3) 496(856) ~ 199344)  297(5.13) think it was within the acceptable range.
Chronic
conditions Final results
so(: 0 5232(43‘2;) 8:;(11 ;32” 2210(24‘20) 390355 <0001 After matching based on propensity scores, the boot-
est=1) (5009) 1631(2815) 1271(21.94 strap method was used in this study to estimate the ATT
Age(M£SD) 60.35+9.72 69.56+640 53.30+4.57 - <0.001

1.1e+02

and empirical standard errors of the three matching out-
comes. The estimation results show that the HRQoL of
middle-aged and elderly people exposed to the Great
Famine is significantly lower than that of the group not
exposed to the Great Famine. Among the three match-
ing methods, the U value was significantly reduced by
0.0651, 0.0651, and 0.0637, respectively, and the VAS
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Table 3 T-test of covariates between treatment and control group after matching (U value)

Variables Neighbor matching Kernel Matching Radius matching

(1:1)

tvalue P tvalue P tvalue P
Gender 0.26 0.798 045 0.653 0.51 0.613
Education background -0.20 0.842 -0.89 0.371 -0.92 0.357
Smoking 1.52 0.129 -0.51 0.608 -0.49 0.621
Drinking 1.96 0.500 -033 0.739 -0.25 0.803
Economic level -0.03 0.976 -0.28 0.779 -0.28 0.780
BMI -0.17 0.862 -0.46 0.642 -0.25 0.804
Chronic conditions 0.06 0.953 0.20 0.845 0.31 0.760

Table 4 Vas T-test of covariates between treatment and control group after matching (VAS score)

Variables Neighbor matching Kernel Matching Radius matching
(1:1)

tvalue P tvalue P tvalue P
Gender -0.23 0.820 0.45 0.656 0.52 0.600
Education background -0.24 0813 -0.89 0.371 -0.93 0352
Smoking 141 0.159 -0.51 0.608 -0.50 0.615
Drinking 1.90 0.006 -0.33 0.739 -0.25 0.806
Economic level 0.04 0.968 -0.28 0.779 -0.33 0.744
BMI -0.25 0.799 -0.46 0.645 -0.23 0.820
Chronic conditions 0.03 0.976 0.19 0.846 0.30 0.763
Table 5 Average treatment effect on the treated in three matching methods (U value)
Matching Method U ATT Bootstrap zvalue Pvalue

Exposed group Unexposed group SE
Kernel Matching 0.7901 0.8552 -0.0651 0.0050 -12.89 0.000
Radius Matching 0.7901 0.8552 -0.0651 0.0051 -12.87 0.000
Nearest-neighbor Matching 0.7901 0.8538 -0.0637 0.0056 -11.33 0.000
Table 6 Average treatment effect on the treated in three matching methods (VAS score)
Matching Method EQVAS ATT Bootstrap zvalue Pvalue

Exposed group Unexposed group SE
Kernel Matching 66.3517 71.2489 -4.8972 04424 -11.07 0.000
Radius Matching 66.3517 71.2640 -4.9124 04427 -11.10 0.000
Nearest-neighbor Matching 66.3517 70.8590 -4.5074 0.5124 -8.80 0.000

score was significantly reduced by 4.8972, 4.9124, and
4.5074, respectively (see Tables 5 and 6).

It has been noted that important age differences
between famine births and study controls were not
recognised in the China Famine Study, and that age-
adjusted controls were needed to estimate the impact
of the famine [23]. In this study it was age that was used
in determining whether middle-aged and older people
had experienced the Holodomor, allowing for the fact
that putting age into the PSM analysis would lead to the
presence of full covariance. Therefore, this study first
selected middle-aged and older adults by matching them
successfully in the PSM analysis. Then, the age variable
was included in the linear regression equation to inves-
tigate whether age differences lead to misleading results
on famine effects. The results of the study showed that
famine exposure positively affected both U-values and

EQVAS scores in middle-aged and older adults (B=0.135,
B=0.620), but none of the results showed statistical sig-
nificance. Age negatively affected both U-values and
EQVAS scores in middle-aged and older adults (B=-0.04,
B=-0.334), and the results were statistically significant
(See Tables 7 and 8).

In order to reduce the bias of age differences in the
results of the study, ‘age-balanced’ was used in this study
to reduce the effect of age on famine exposure [24]. Some
studies have shown that the average age of pre-famine
and post-famine babies combined is close to the aver-
age age of famine-born babies [25]. Therefore, in this
study, middle-aged and elderly people born in 1959-
1961 were defined as the famine-exposed group, and
middle-aged and elderly people born in 1956-1958 and
1962—-1964 were defined as the non-exposed group. After
regrouping, there were 416 and 1,227 elderly people
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Table 7 Linear regression analysis of U value Table 8 Linear regression analysis of EQVAS

Variables REF B SE T P Variables REF B SE T P

The Great The Great

Famine Famine

Yes No 0.135 0.007 1.83 0.067 Yes No 0.620 0661 0.94 0.348

Age -0.004 0.000 -11.52 <0.001 Age -0.334 0035 -9.62 <0.001

Gender Gender

Male Female 0.013 0.005 2.53 0.0011 Male Female 1.838 0443 415 <0.001

Education Education

background background

Primary school llliterate 0.015 0.005 3.18 0.001 Primary school llliterate 1912 0430 444 <0.001

Middle school 0.013 0.006 1.98 0.048 Middle school 2.126 0578 3.68 <0.001

High school 0.029 0010 284 0.005 High school 4.220 0919 459 <0.001

background or background or

above above

Smoking Smoking

Yes No Yes No -0.677 0526 -1.29 0.198

Drinking Drinking

Yes No 0.004 0.008 0.53 0.593 Yes No 2.370 0.740 3.20 0.001

Economic level Economic level

Middle and low  Low 0014 0006 2.20 0.028 Middle and low  Low 1469 0.580 253 0011

income income income income

Middle income 0.015 0.007 233 0.02 Middle income 1.784 0582 3.07 0.002

Upper middle 0.001 0.007 0.15 0.885 Upper middle 2.086 0583 3.58 <0.001

income income

High income 0.009 0.007 1.38 0.169 High income 1678 0590 2.84 0.004

BMI BMI

Underweight Normal -0.039 0.008 -4.92 <0.001 Underweight Normal -4.603 0.704 -6.53 <0.001
weight weight

Overweight 0.009 0.005 1.89 0.059 Overweight 0914 0428 2.14 0.033

Obesity 0.005 0.008 0.63 0.528 Obesity -0.347 0676 -0.51 0.608

Chronic Chronic

conditions conditions

Yes No -0.057 0004 -13.18 <0.001 Yes No -8.543 0388 -21.99 <0.001

in the exposed and non-exposed groups, with ages of
61.34+3.30 and 61.85 + 1.28, respectively, which balanced
the ages of the two groups. We used kernel matching to
explore the effects of Great Famine prenatal exposure
and HRQoL in middle-aged and older adults.Using the
U-value as the dependent variable, the matching results
show that 7 people off support were not matched suc-
cessfully. Before and after matching, the ATT was 0.017
and 0.012 respectively, but none of them showed statis-
tical significance. Using EQVAS scores as the dependent
variable, the matching results showed that before and
after matching, the ATT was 0.619 and 0.219, respec-
tively, but both also showed statistical significance. (see
Table 9).

Discussion

This study aimed to explore whether the exposure of
middle-aged and elderly people to the Great Famine has
an impact on HQRoL by adopting control and treat-
ment groups using the PSM approach. This study was
based on data from a sample population of middle-aged

Table 9 Average treatment effect of great famine prenatal
exposure on HRQolL

Matching Exposed Unex- ATT SE T
Method group posed

group
U-value 0.855 0.843 0.012 0.008 1.55
EQVAS 70.005 69.786 0.219 0.816 0.27

and elderly people in Ningxia, China in 2022, to better
understand the impact of exposure to the Great Famine
on their HRQoL. Specifically, the HRQoL of middle-aged
and elderly people exposed to the Great Famine was rela-
tively poor compared with the unexposed group. After
controlling for confounders through PSM methods, the
independent effect of famine exposure did not show sta-
tistical significance after correcting for covariates such
as age, although preliminary analyses showed that the
famine-exposed group had lower HRQoL scores than the
non-exposed group. Further sensitivity analyses using
different definitions of exposure (the 1959-1961 birth
cohort as the exposed group and the 1956-1958 and
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1962-1964 birth cohorts as the control group) showed
that the results remained robust.

Notably, there was a significant age stratification prob-
lem between the exposed and non-exposed groups,
which may have introduced residual confounding
through the complex age-health non-linear relationship.
Although this study attempted to control for age effects
through PSM and regression adjustments, it may be dif-
ficult for traditional methods to fully capture the con-
founding of results by cohort heterogeneity. This finding
suggests that future studies need to employ more refined
causal inference frameworks to isolate the independent
effects of famine exposure.

Other scholars have also found that experiencing the
Great Famine in early life not only reduces self-health
status in adulthood but also greatly reduces physical
function in later life [5, 26]. The Great Chinese Famine
not only affects the occurrence of cardiovascular disease,
hypertension and other diseases and the physical health
of the exposed population, but also has an intergenera-
tional effect, affecting the physical health and cognitive
function of the offspring of the exposed population [27-
31]. Laura’s research found that exposure to the Dutch
Famine affected the physical health of exposed people
and accelerated cognitive aging [32]. Although, the PSM-
corrected effect did not reach statistical significance in
this study. However, we still agree with the view reported
by Xu et al. [33]. Because foetuses, infants, children and
adults in poorer health are more likely to die in famine,
the surviving famine group may consist of the healthiest
individuals who have adapted to the unfavourable envi-
ronment, not to mention that our study population is
middle-aged and elderly. Analysing the reasons for such
differential results may be due to the presence of survivor
bias.

Exposure to famine at an early age may be associ-
ated with the growth and development of life and affect
HRQoL in adulthood. Previous research indicates that
malnutrition early in life can permanently alter gene
expression in the hypothalamus, a core element in the
development of metabolic disease [34]. Hypotheses
about early origins of disease suggest that adaptations
induced by severe malnutrition during fetal, infancy, and
early childhood may contribute to early survival but may
also increase the risk of certain common metabolic dis-
eases later in life [31]. Therefore, early malnutrition may
bring long-term health risks. However, historical fam-
ines provide us with a unique setting to study the effects
of early severe famine exposure on healthy quality of life
[35]. With the acceleration of aging, our government
has stepped up efforts to promote institutional care and
long-term care insurance to improve the popularity and
economic burden of elderly care. However, the long-
term care system is still in its infancy, and the elderly face
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many physical and mental problems [36]. Therefore, it
is crucial to pay close attention to the life and health of
middle-aged and elderly people and improve the qual-
ity of life of the elderly. The government should increase
investment in medical and elderly care services, improve
service quality, and explore a long-term care insurance
system to reduce financial barriers for the elderly to
improve their health and quality of life.

The EQ-5D has been widely used in public health sys-
tems as a tool for health policy program evaluation [37].
However, this study used the three-level EuroQol-5D
scale (EQ-5D-3 L) [17], which is weighted according to
the health status preferences of the Chinese rural popu-
lation, combined with the visual analogue scale (VAS)
to measure the health-related quality of life of the study
population. Wei Li and other researchers used Multivari-
able logistic regression to explore the impact of exposure
to famine in early life on the self-rated health status of
Chinese adults [5].

This study used PSM to construct a quasi-experi-
mental study with a control group and an experimental
group of 2512 people each. Balancing 7 covariates that
may have an impact on HRQoL, the results of no signifi-
cant differences between all three matched control and
treatment groups further indicate that the control and
treatment groups were well balanced. Compared with
other research methods, PSM selects experiments and
control groups with the same propensity scores for com-
parison, which reduces the interference of confounding
factors as much as possible, increases the comparability
of research subjects, and makes the causal relationship of
experimental conclusions more convincing.

In this study, PSM was used to construct a balanced
cohort, which controls confounders more tightly than
traditional regression models, and although the covari-
ates were balanced after matching, the difference in age
span between the exposed and non-exposed groups may
still famine influence the results of the study to produce
bias. The present study recognises the important issue
of age differences between famine births and study con-
trols, making the results misleading. It has been shown
that in future famine studies, there should be a focus on
age-balanced controls, that exposed and non-exposed
groups should be correctly defined according to sample
characteristics, and that sensitivity analyses can be con-
ducted using different methods of definition to ensure
robustness of results [23]. At the data analysis stage, age-
balanced controls, difference-in-difference analysis, or
age-period-cohort analysis, and other appropriate meth-
ods to minimise the bias of age differences on the results
(33, 38].

Famine exposure provides a natural experiment, espe-
cially studies on the comparison of famine exposure in
the Netherlands and China. Most studies have shown
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consistent associations between prenatal famine and
adult body size, diabetes and schizophrenia [39, 40].
Although the direct effect of famine exposure on HRQoL
did not reach statistical significance in the present study,
its potential health inequality warnings need to be kept
in mind, and a growing body of literature also highlights
the link between foetal malnutrition and poor health in
later life, but the findings with health status still need to
be considered with caution [39-41].

Strengths and limitations

There were limited literature reports on health-related
quality of life and its influencing factors in middle-aged
and elderly people in China. This study explores the
impact of famine exposure on health-related quality of
life, providing a new perspective for related research.
However, some limitations of our study should be men-
tioned. First, this study failed to examine the effects of
famine exposure on health-related quality of life in male
and female separately. Previous research has found that
during famines, male survivors were stronger and health-
ier [6, 7, 42]. This bias may underestimate the impact of
hunger exposure on men’s HRQoL. Second, our study
cannot explore the different impact effects across differ-
ent provinces. The severity of famine varied across Chi-
nese provinces due to differences in regional climate,
population density, and local food policies. Due to the
selection of the southern mountainous areas of Ningxia
for this study, prefecture-level cohort size shrinkage
(CSSI) [33]indices were not available, and there are some
limitations on the dose effect between famine exposure
and HRQoL. Finally, this study cannot yet confirm the
potential influencing mechanism between exposure to
the Great Famine and HRQoL. Also, based on the avail-
ability of data, this study has not yet been able to explore
the bias of some early factors (e.g., early physical health
status, early family economic factors) on the outcomes.
Despite these limitations, this study assesses the impact
of famine on HRQoL in China. These important findings
expand our understanding of the impact of HRQoL in
middle-aged and older adults in China, provide evidence
for HRQoL research, and can be used to identify poten-
tial high-risk groups. This information may provide some
inspiration for some countries and regions that still have
food security and food shortage problems to formulate
effective public health strategies to maintain high-quality
and healthy life for the elderly.

Conclusions

In conclusion, this study examined the long-term effects
of prenatal exposure to the Chinese Famine on HRQoL
among middle-aged and elderly people in Ningxia, China.
Although preliminary analyses suggested a potential
association between famine exposure and lower HRQoL,
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there was no statistically significant independent effect
after balancing for age variables. The non-overlap-
ping age spans between the exposed and non-exposed
cohorts, coupled with potential survivor bias, may have
introduced residual confounders that could not be fully
addressed by traditional methods. These findings high-
light the need for sound causal inference methods to clar-
ify the complex interactions between historical adversity
and ageing health. Although the results were not signifi-
cant, this study highlights the importance of preventive
health investments for famine survivors. Future policies
should consider combining historical exposure data with
contemporary health surveillance to address potential
health risks.
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