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Abstract
Two population-based cross-sectional surveys involving randomly selected Chinese adults aged 35–74 years were conducted in Qingdao, China
in 2006 and 2009. Nine thousand fifty-five subjects from the two surveys were grouped into four birth groups of fetal/infant exposed (born
between 1 January 1959 and 31 December 1962), childhood exposed (born between 1 January 1950 and 31 December 1958), adolescence
exposed (born between 1 January 1942 and 31 December 1949) and the unexposed (born before 1941 and after 1963). Multivariate logistic
regression models were used to calculate the OR and 95 % CI of hyperuricaemia in different exposed groups. Overall, famine exposure in
the fetal/infant period, childhood and adolescence was not associated with adulthood hyperuricaemia (all P> 0·05). In females, childhood
exposed group (OR= 1·59, 95 % CI 1·25, 2·02) and adolescence exposed group (OR= 1·74, 95 % CI 1·30, 2·33) both had higher risks to have
hyperuricaemia in adult. However, this difference was not found in fetal/infant exposed group. In males, no significant relation was observed in
any famine exposed group (all P> 0·05). Exposure to famine in childhood and adolescence is associated with an increased risk of hyperur-
icaemia for adulthood of females, but not in males. Adequate nutrition during early life appears to be beneficial to prevent hyperuricaemia
of adult females.
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Uric acid is a product of the metabolic breakdown of purine
nucleotides, and it is a normal component of urine.
However, an abnormally high level of uric acid in the blood
can cause hyperuricaemia. Hyperuricaemia affects worldwide
people, and its prevalence ranges from 2·6 % to 36 % in differ-
ent populations(1). Generally, the prevalence of hyperuricae-
mia in developed countries is higher than that in developing
countries, but it has been increasing annually in recent years
in developing countries, such as China(2). With the rapid eco-
nomic development and the improvement of residents’ living
standards, prevalence of hyperuricaemia in mainland China
has reached 13·3 % (19·4 % inmen and 7·9 % in women) though
it was once considered as a rare disease in this country(3,4).
It was reported that hyperuricaemia was related to gout, the
metabolic syndrome, hypertension, diabetes, chronic kidney
disease, CVD, preeclampsia and stroke(5–9).

To reduce complications of hyperuricaemia, it is necessary to
explore the aetiology of hyperuricaemia. Age, sex, race, genes,
smoking, drinking, obesity, physical activity and dietary habits
were considered to be associated with the development of
hyperuricaemia(10–15). Besides, studies suggested that malnutri-
tion was associated with developmental disruption in Notch sig-
nalling pathway, an important pathway in nephron formation,
which could cause a decline of renal nephron numbers. Less
renal nephron numbers indicated renal dysfunction and was
related to underexcretion of uric acid, thus leading to hyperur-
icaemia(16–18). Therefore, malnutrition may be another factor
contributing to hyperuricaemia.

Some experiments have been conducted on the link between
short-term undernutrition and later hyperuricaemia(19–21). The
‘fetal origin of adult disease’ hypothesis has proposed that mal-
nutrition at a very early age might be linked to adult chronic
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diseases(22). Thus, early-life malnutrition might have long-term
effect on adult hyperuricaemia. However, up to now, studies
in this topic are few and data on the relation between famine
exposure in adolescence and adulthood hyperuricaemia are
not available(23,24). Thus, in the present study, we used the data
from ‘Qingdao Diabetes Prevention Program’ study in China in
2006 and 2009 to further analyse the impact of early-life famine
exposure on hyperuricaemia in adulthood.

Methods

Subjects and design

Using stratified, random cluster sampling methods, two popula-
tion-based cross-sectional surveys were conducted in three
urban areas (Shinan, Shibei and Sifang) and three rural areas
(Huangdao, Jiaonan and Jimo) in Qingdao city, Shandong prov-
ince, China in 2006 and 2009. Participants who had lived in
Qingdao for at least 5 years were recruited. A total of 5335
and 5110 individuals aged 35–74 years participated in the
2006 and 2009 surveys, with response rates of 87·8 % and
67·1 %, respectively. The sampling, protocols, questionnaires,
physical examination and laboratory determination methods
in 2006 survey were exactly the same as that in 2009 survey,
whereas participants of the two surveys were not duplicate.

Because Chinese famine affected almost the entire country,
participants could not be categorised into different groups
according to exposure areas or non-exposure areas(25). Using
birth date to define famine exposure was the most common
method in studies about Chinese famine(26). Precise data on
energetic consumption and definite beginning or ending time
of Chinese famine are not available(27). Referred to other pub-
lished studies(28,29) and Bogin’s life cycle theory(30), we divided
subjects into four groups: fetal/infant exposed (born between
1 January 1959 and 31 December 1962), childhood exposed
(born between 1 January 1950 and 31 December 1958), adoles-
cence exposed (born between 1 January 1942 and 31 December
1949) and the unexposed (born before 1941 and after 1963).
Subjects exposed to famine in the fetal period were likely to
experience famine in the infancy period because Chinese famine
lasted from 1959 to 1962. Therefore, subjects born between 1
January 1959 and 31 December 1962 were grouped into fetal/
infant exposed group in the current study. To minimise misclas-
sification of the famine exposure periods, participants born
immediately before (between 1 January 1941 and 31
December 1941) and after (between 1 January 1963 and 31
December 1963), the famine were excluded (n 1390). Finally,
9055 subjects were included in the current study.

Measurements and variables

Participants’ general demographic information including birth
date, sex, marital status, education, individual month income,
alcohol consumption, smoking habits, family history of hyperur-
icaemia and residence place was collected by trained doctors or
nurses. Height and weight were measured with the participants
wearing only light clothes and without shoes. After at least a
15-min rest, three consecutive blood pressure readings from

the upper right arm of seated individuals were recorded at least
30 s apart and themean of the three readingswas used in the data
analysis. BMI was calculated as weight in kg divided by height in
metre squared (kg/m2).

Blood samples were drawn from the antecubital vein into
EDTA tubes containing sodium fluoride and centrifuged at the sur-
vey site. The blood specimens were placed in ice-cooled contain-
ers and transported immediately toQingdao Hiser Medical Center
in 2006 survey and Qingdao Endocrine & Diabetes Hospital in
2009 survey for biochemical tests. Fasting plasma glucose
(FPG), 2-h plasma glucose (2hPG), fasting serum uric acid
(UA), triglycerides (TAG), total cholesterol (TC), high density lip-
oprotein cholesterol (HDL)-cholesterol and low density lipopro-
tein cholesterol (LDL)-cholesterol were tested in laboratories.

Hyperuricaemia was defined as serum uric acid> 420 μmol/l for
men and>360 μmol/l for women according to guidelines(31). Family
history of hyperuricaemia was defined at least one of the first degree
relatives had hyperuricaemia. Overweight was defined as
BMI≥ 24·0 kg/m2, and obesity was defined as BMI≥ 28·0 kg/
m2(32). Hypertension was defined as systolic blood pressure
(SBP)≥ 140mmHg and(or) diastolic blood pressure
(DBP)≥ 90mmHg. Diabetes was defined as fasting plasma glu-
cose≥ 7·0 mmol/l and/or 2-h plasma glucose≥ 11·1 mmol/l(33).
Subjects with at least one of the following criteria were diagnosed
with dyslipidaemia: (1) total cholesterol≥ 5·72 mmol/l; (2)
TAG≥ 1·70 mmol/l; (3) HDL-cholesterol< 0·91 mmol/l and (4)
LDL-cholesterol≥ 3·64mmol/l(34). According to the statistical bulletin
issued by Qingdao, China in 2005, high individual month income
wasdefined as individualmonth income≥RMB1000 for city citizens
and≥RMB600 forurbancitizens (2021average: 1USD= 6·48RMB).

Statistical analysis

Group differences were tested using one-way ANOVA comple-
mented by the LSD test for continuous variables with normal dis-
tribution and the Mann–Whitney U test or Kruskal–Wallis test for
continuous variables with a skewed distribution. The χ2 test was
used to compare differences between groups for categorical var-
iables. We calculated OR with 95 % CI for risk of hyperuricaemia
by multivariable logistic regression model. Analyses were
adjusted for age, sex, marital status, residence place (urban/
rural), individual month income, family history of hyperuricae-
mia, regular exercise, current smoking, current drinking, BMI,
hypertension, dyslipidaemia and diabetes. Interactions between
famine exposure, sex, residence place, education, individual
monthly income, family history of hyperuricaemia and over-
weight/obesity on hyperuricaemia were tested by adding multi-
plicative factors in the multivariable logistic regression model. A
two-tailed P< 0·05 was considered as statistically significant. All
statistical analyses were performed using SPSS 20.0 (SPSS).

Results

Of the total 9055 participants, 1501 men and 2257 women were
exposed to the Chinese Famine in the current study. As shown
in Table 1, 67·30% men and 59·80% women lived in rural areas
and men were more likely to be a smoker or alcohol user than
women. The mean values for age, SBP, DBP, uric acid, TAG
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and fasting plasma glucose were greater in men than those in
women, whereas BMI, total cholesterol, HDL-cholesterol and 2-
h plasma glucose values were greater in women than that in men.

Table 2 presents the characteristics of subjects in different
Chinese famine-exposed groups. 1012, 2683 and 1602 subjects
were exposed to famine during fetal/infant period, childhood
and adolescence, respectively. The respective prevalence rates
of hyperuricaemia in the unexposed, fetal/infant exposed, child-
hood exposed and adolescence exposed groups were 14·20 %,
13·10 %, 14·40 % and 16·90 %. Compared with the unexposed
group, fetal/infant exposed, childhood exposed and adoles-
cence exposed groups had higher BMI, DBP, total cholesterol,
TAG, HDL-cholesterol, fasting plasma glucose and 2-h plasma
glucose levels and were more likely to suffer from over-
weight/obesity, hyperlipidaemia, hypertension and diabetes.

Associations of famine exposure in early life with adulthood
hyperuricaemia stratified by sex are shown in Table 3. For all
subjects, famine exposure in the fetal/infant period, childhood
and adolescence was not associated with adulthood

hyperuricaemia after adjustment for age, sex, marital status, res-
idence place, individual month income, family history of hyper-
uricaemia, regular exercise, current smoking, current drinking,
BMI, hypertension, dyslipidaemia and diabetes (all P> 0·05).
In females, after adjustment for age, marital status, residence
place, individual month income, family history of hyperuricae-
mia, regular exercise, current smoking, current drinking, BMI,
hypertension, dyslipidaemia and diabetes, childhood exposed
group (OR= 1·59, 95 % CI 1·25, 2·02) and adolescence exposed
group (OR= 1·74, 95 % CI 1·30, 2·33) had higher risks to have
hyperuricaemia in adult, but no significant relation was found
in the fetal/infant exposed group. This association was not sig-
nificant for all the three exposed groups in males. Additionally,
no significant interactions between sex, residence place, educa-
tion, individual month income, family history of hyperuricaemia,
overweight/obesity and famine exposure on hyperuricaemia
were observed for both males and females (all Pinteraction > 0·05).

Associations of famine exposure with hyperuricaemia
according to individual month income are shown in Table 4.

Table 1. General characteristics of subjects in men and women
(Numbers and percentages; mean values and standard deviations)

Males (n 3552) Females (n 5503)

n % n % P*

Age in survey (years)
Mean 51·91 51·09 <0·001
SD 11·02 10·40

Married 3345 94·20 5110 92·90 <0·001
Residence place <0·001
Urban 1161 32·70 2213 40·20
Rural 2391 67·30 3290 59·80

Education <0·001
Illiteracy 202 5·69 905 16·44
Primary 758 21·34 1271 23·09
Secondary 1388 39·08 1856 33·73
Senior 729 20·52 1090 19·81
University or higher 475 13·37 381 6·93

Individual month income, ¥ <0·001
Low 1737 48·90 3735 67·90
High 1815 51·10 1768 32·10

Regular exercise 63 1·80 65 1·20 0·029
Current smoker 1845 51·90 145 2·60 <0·001
Current drinking 1506 42·40 74 1·30 <0·001
Family history of hyperuricaemia 33 0·9 60 1·1 0·46

Mean SD Mean SD

BMI (kg/m2) 25·15 3·46 25·55 3·72 <0·001
Overweight/obesity 2144 60·40 3524 64·00 <0·001
SBP (mmHg) 134·54 20·24 133·04 22·96 0·002
DBP (mmHg) 85·36 12·13 82·95 11·91 <0·001
Hypertension 1895 53·40 2568 46·70 <0·001
UA (μmol/l) 351·97 83·69 278·0 69·68 <0·001
Hyperuricaemia 691 19·50 632 11·50 <0·001
TC (mmol/l) 5·25 1·04 5·31 1·07 0·024
TAG (mmol/l) 1·50 1·38 1·38 1·05 <0·001
HDL-cholesterol (mmol/l) 1·61 0·44 1·65 0·42 <0·001
Hyperlipidaemia 1613 45·40 2447 44·50 0·378
FPG (mmol/l) 6·01 1·77 5·96 1·83 0·238
2hPG (mmol/l) 7·42 3·72 7·67 3·49 0·002

n % n %
Diabetes 643 18·10 890 16·20 0·031

UA, uric acid; TC, total cholesterol; FPG, fasting plasma glucose; 2hPG, 2-h plasma glucose.
* P values in t tests for differences in means or χ2 tests for differences in proportions between men and women.
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The OR were significantly higher in childhood exposed group
(OR= 1·41,95 % CI 1·05, 1·89) and adolescence exposed group
(OR= 1·59, 95 % CI 1·14, 2·25) than the unexposed among
female subjects with low individual month income after adjust-
ment for age, marital status, residence place, family history of
hyperuricaemia, regular exercise, current smoking, current
drinking, BMI, hypertension, dyslipidaemia and diabetes, and
similar results were also found among subjects with high individ-
ual month income (both P< 0·05). However, we did not observe

significant association between fetal/infant exposure and later
hyperuricaemia in both low and high individual month income
groups (both P> 0·05).

Discussion

Overall, we did not find a link between exposure to famine
early in life and the increased risk of hyperuricaemia in adult-
hood. However, after stratification by sex, we found a

Table 2. Characteristics of subjects according to the Chinese famine exposure
(Numbers and percentages; mean values and standard deviations)

Unexposed
(n 3758)

Fetal/infant exposed
(n 1012)

Childhood exposed
(n 2683)

Adolescence exposed
(n 1602)

n % n % n % n %

Male** 2257 60·10 622 61·50 1703 63·50**** 921 57·50
Rural** 2562 68·20 593 58·60**** 1564 58·30**** 962 60·00****
Education**
Illiteracy 378 10·07 66 6·50 365 13·60**** 298 18·60****
Primary 750 19·95 107 10·57 590 22·00 582 36·33
Secondary 1508 40·13 378 37·36 1002 37·35 356 22·22
Senior 675 17·96 341 33·70 526 19·60 277 17·29
University or higher 447 11·89 120 11·87 200 7·45 89 5·56

Individual month income (¥)**
Low 2124 56·50 620 61·30*** 1671 62·30 1057 66·00***
High 1634 43·50 392 38·70 1012 37·70 545 34·00

Age in survey (years)**
Mean 52·07 46·54 53·04 61·95
SD 13·61 2·36 3·36**** 3·17****

Current smoker 815 21·70 235 23·20 582 21·70 358 22·30
Current drinking* 621 16·50 209 20·70*** 467 17·40 283 17·70
Family history of hyperuricaemia 38 1·00 13 1·30 27 1·00 15 0·90
BMI (kg/m2)**
Mean 25·10 25·40 25·56 25·82
SD 3·73 3·41*** 3·51**** 3·62****

Overweight/obesity** 2206 58·70 644 63·60**** 1751 65·30**** 1067 66·60****
SBP (mmHg)**
Mean 130·0 129·52 134·56 143·08
SD 21·65 19·62 21·13**** 22·37****

DBP (mmHg)**
Mean 81·86 83·81 85·53 85·99
SD 11·80 12·24**** 12·16**** 11·60****

Hypertension** 1502 40·00 439 43·40 1442 53·70**** 1080 67·40****
UA (μmol/l)**
Mean 303·92 301·80 307·54 316·71
SD 87·49 86·61 78·70 79·96****

Hyperuricaemia* 532 14·20 133 13·10 387 14·40 271 16·90
TC (mmol/l)**
Mean 5·08 5·24 5·41 5·58
SD 1·01 1·01**** 1·06**** 1·07****

TAG (mmol/l)**
Mean 1·36 1·44 1·46 1·53
SD 1·18 1·33 1·25**** 0·99****

HDL-cholesterol (mmol/l)**
Mean 1·61 1·64 1·67 1·63
SD 0·45 0·41 0·43**** 0·40

Hyperlipidaemia** 1411 37·50 420 41·50 1333 49·70**** 896 55·90****
FPG (mmol/l)**
Mean 5·77 5·92 6·05 6·38
SD 1·59 1·73*** 1·92**** 2·05****

2hPG (mmol/l)**
Mean 7·17 7·19 7·69 8·57
SD 3·35 3·10 3·65**** 4·08****

Diabetes** 497 13·20 150 14·80 462 17·20**** 424 26·50****

UA, uric acid; TC, total cholesterol.
The four different exposure groups were compared by ANOVA or the χ2-test, as appropriate. *P< 0·05; **P< 0·01.
Famine-exposed and unexposed groups were compared by ANOVA or the χ2-test, as appropriate, ***P< 0·05; ****P< 0·01.
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significant relationship between childhood and adolescence
famine exposure with hyperuricaemia in adult women but this
significant difference was not present in fetal/infant exposed
group and in men.

To our knowledge, this is the first study to reveal the impact of
adolescence famine exposure on hyperuricaemia in adulthood
though two studies had reported the relation of fetal famine
exposure and childhood famine exposure to later-life hyperuri-
caemia. One study found that fetal famine exposure was associ-
ated with an increased risk of hyperuricaemia in adulthood, but
the significant result was not obtained in the early childhood
exposed(23). Another study reported that in subjects with low
economic status, early-life famine exposure was negatively asso-
ciated with hyperuricaemia, while in subjects with high eco-
nomic status, the associations were positive(24). However, we
found that childhood and adolescence famine exposure were
positively correlated with hyperuricaemia in adult women both
in high and low economic status groups, but there was no rela-
tion between fetal/infant famine exposure and hyperuricaemia
in adulthood neither in men nor in women. The discrepancy
might be due to differences in design, like age differences
between control group and exposure groups, the way to define
different exposed groups and sampling methods of subjects.
Additionally, subjects of Wang’s study were divided into low-
or high-income brackets based on the gross domestic product
of their enrolment site, while participants were categorised
according to their personal income in our study; therefore, the
results of our study could reflect real economic status(24).

Studies that stratified samples by sex mostly found more pro-
nounced impacts of famine on women than on men. In the cur-
rent study, we also found significant associations only inwomen.
This sex difference has two possible reasons. First, the son pref-
erence might interpret better health outcomes for adult males. In
Chinese traditional cultures, sons were preferred and valued
muchmore than daughters, which could cause unequal distribu-
tion of food. Under this circumstance, males were sufficiently
nourished when exposed to famine, while females were more
likely to suffer from food shortage(35). Second, survivor bias

was another possible reason leading to sex disparity. Male mor-
tality was greater than female mortality during famine; thus, the
survived males might be healthier than females. Furthermore,
because of biological differences between males and females,
such as differences in coping with stressful life events or
differences in social protection, females are experiencing more
stress during life and their health appears to be more influenced
by early-life conditions than male health(36–39).

The significant associations were only observed in childhood
and adolescence exposed groups in females but not in the fetal/
infant exposed group. This may be because of different sensi-
tiveness on stress of famine. Individuals exposed to famine dur-
ing childhood and adolescence are more sensitive to stress
conditions than those exposed to famine in fetal/infant period;
therefore, they are more likely to suffering from hyperuricaemia
in later life(40).

Our findings of higher prevalence of overweight/obesity in
the exposed groups and in females seem to imply accelerated
growth may be a pathway between early-life malnutrition and
later hyperuricaemia. Nevertheless, the relation of famine expo-
sure during childhood and adolescence to hyperuricaemia in
adulthood in females remained unchanged after adjustment
for BMI and other confounding factors, suggesting that over-
weight/obesity might not be a mediator for the link(23).

The mechanism of hyperuricaemia in adulthood caused by
malnutrition in early life is not clear. The ‘fetal origin of adult dis-
ease’ hypothesis proposed that stress during the critical growth
stages promoted adaptations in body structure and function, such
as establishing a thrifty phenotype(41). Malnutrition, as a kind of
stressor, affects the development of less critical organs (e.g. pan-
creas, liver, kidney) to protect more critical organs such as the
brain. Individuals who experienced malnutrition might have
impaired kidney function with a decline of uric acid excretion
in later life(24). Another probable mechanism might be attributed
to early-life programming of the hypothalamic–pituitary–adrenal
axis(42). Malnutrition actives the hypothalamic–pituitary–adrenal
axis, following an increase of glucocorticoids(43,44).
Glucocorticoids could promote p38 mitogen-activated protein

Table 3. Associations of famine exposure in early life with hyperuricaemia in adulthood according to sex
(Odds ratio and 95 % confidence intervals)

Fetal/infant exposed Childhood exposed Adolescence exposed

Unexposed OR 95% CI OR 95% CI OR 95% CI

Total
Unadjusted Ref. 0·92 0·75, 1·12 1·02 0·89, 1·18 1·23 1·05, 1·45
P 0·408 0·762 0·010
Adjusted Ref. 0·86 0·70, 1·07 0·90 0·78, 1·05 0·93 0·71, 1·12
P 0·183 0·192 0·441

Males
Unadjusted Ref. 1·13 0·87, 1·47 0·65 0·53, 0·81 0·73 0·58, 0·92
P 0·357 <0·001 0·009
Adjusted Ref. 1·02 0·70, 1·48 0·77 0·57, 1·05 0·94 0·63, 1·40
P 0·909 0·098 0·759

Females
Unadjusted Ref. 0·69 0·48, 0·97 1·62 1·33, 1·98 2·05 1·64, 2·56
P 0·031 <0·001 <0·001
Adjusted Ref. 0·79 0·54, 1·17 1·59 1·25, 2·02 1·74 1·30, 2·33
P 0·246 <0·001 <0·001
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kinases phosphorylation in adipose tissue, and then phosphoryl-
ated p38mitogen-activated protein kinases activates the transcrip-
tional activity of CCAAT/enhancer binding protein beta. Activated
CCAAT/enhancer binding protein beta combines with xanthine
oxidoreductase promoter to promote xanthine oxidoreductase
expression, resulting in an increase of xanthine oxidase.
Increased xanthine oxidase could catalyse hypoxanthine to xan-
thine, which in turn generates excess uric acid(45). Furthermore,
famine exposure in early life may be related to impaired nephro-
genesis(16,46). Early-life malnutrition is associated with develop-
mental disruption in Notch signalling pathway, an important
pathway in nephron formation, which will cause a decrease of
renal nephron numbers(17). The alteration of renal structure and
function could result in underexcretion of uric acid, thus leading
to the development of later-life hyperuricaemia(18,47). Animal stud-
ies have proved less number of nephrons were linked to renal
dysfunction in later life(48,49).

Strengths and limitations

Our study has several strengths. First, we analysed the relation of
adolescence famine exposure to hyperuricaemia that previous
studies ignored. Second, we used a stratified and random cluster
sampling method to recruit a representative sample from the
general population. Third, all interviews were conducted face
to face by trained doctors or nurses, and blood samples were
sent to the laboratory immediately after being centrifuged on
site, which ensured rigorous quality control for the survey.
Additionally, we combined individuals born before and after
famine as the unexposed subjects in order to eliminate the influ-
ence of age on hyperuricaemia. However, some limitations
should be noticed. First, the cross-sectional study design could
not allow causal relation between early-life famine exposure
and adulthood hyperuricaemia risk. Second, as one of the most
disastrous catastrophes in human history, the Chinese famine
almost affected the entire country(46,50), thus, subjects in the cur-
rent study had to be divided into different groups according to
age at exposure. Last, because definite dates of beginning and
ending of Chinese famine are not available, there may be mis-
classification in our study.

Conclusion

We found that exposure to the Chinese famine in childhood and
adolescence was associated with higher risks of hyperuricaemia
in adult females. This study indicated that nutrition status of
childhood and adolescence has a long-term effect on later life.
Females who have experienced undernutrition in childhood
and adolescence need to be considered as high-risk members
of adulthood hyperuricaemia. Measures should be taken to pre-
vent undernutrition during childhood and adolescence to pre-
vent later hyperuricaemia, especially for females.
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