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0 WHAT THIS STUDY ADDS: For the high-risk population with low

\ avoid important public health problems in the future. /

WHAT’S KNOWN ON THIS SUBJECT: Low birth weight may \
increase the prevalence of and risk for low lung function in
adulthood in the Chinese population. Our study suggested that
the development of lung function may be affected by hypogenesis
in utero.

birth weight, close attention should be paid to prevention and
treatment of respiratory ilinesses in childhood and adulthood, to

OBJECTIVE: The goal was to determine whether the components of low
lung function in adulthood were associated with low birth weight in a
Chinese population.

METHODS: A retrospective cohort study was conducted from Decem-
ber 1995 to August 1996. A total of 627 men and women who were born
between 1948 and 1954 were recruited; lung function indices were
tested and respiratory diseases were examined in the Peking Union
Medical College Hospital. Information on variables was recorded,
and multivariate analysis of variance was performed to evaluate
associations.

RESULTS: Significant associations were observed between birth
weight and forced expiratory volume in 1 second (FEV,), forced vital
capacity (FVC), and peak expiratory flow (PEF) in adulthood, after ad-
justment for maternal age, gestational week, offspring’s gender, birth
height, history of dyspnea and asthma, lung diseases before 16 years of
age, lung diseases after measles and pneumonia before 16 years of
age, cough with sputum within 2 years, current asthma, taking medi-
cine for asthma, adult BMI, male alcohol consumption, and male smok-
ing (P <<.001). Linear trends between birth weight and FEV,, FVC, and
PEF were noted (P << .001, 1-way analysis of variance); FEV,, FVC, and
PEF values increased with increasing birth weight. Low birth weight
was associated with the FEV,/FVC predictive value (P < .05), but there
was no linear trend (P> .05).

CONCLUSIONS: Low birth weight may increase the prevalence of and
risk for low lung function in adulthood in the Chinese population. The
development of lung function may be affected by hypogenesis in utero.
Pediatrics 2010;125:6899—e905
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There is a considerable body of data
demonstrating associations between
restricted fetal growth and subse-
quent adult chronic diseases, such as
hypertension and type 2 diabetes mel-
litus."2 Reduced birth weight is associ-
ated with increased risks for the insu-
lin resistance syndrome and heart
disease in adult life in the Chinese pop-
ulation.3* Beginning with ecological
studies by Forsdahl® in Norway and
later studies by Barker and Osmond®in
the United Kingdom, the associations
have been confirmed in many histori-
cal and cohort studies performed by
many different groups of investigators
from several countries?’® In view of
the long delay between exposure and
outcomes in those studies, the re-
ported associations are remarkably
robust. A series of retrospective stud-
ies suggested that associations exist
between low birth weight and fetal
growth retardation in early pregnan-
cy®'%and lower respiratory tract infec-
tions'"'2 and lung function in child-
hood'®'* and adulthood." "> The
hypothesis of the developmental ori-
gins of adult health and disease states
that environmental factors, particu-
larly maternal malnutrition, act in
early life to program the risks for ad-
verse health outcomes.'

Epidemiological studies showed that
exposure to factors that restrict fetal
growth or lead to low birth weight can
alter lung development and have later
adverse effects on lung function and
respiratory health. The major factor
was reduced nutrient levels'”20-2;
these environmental insults can alter
lung structure and thus lung function
permanently, increasing the risk of re-
spiratory illness and accelerating the
rate of lung aging. Our study was un-
dertaken among people born at a time
when the Chinese population was
chronically malnourished, between
1948 and 1954. According to detailed
obstetric records, the mothers of the
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participants in our study were thin and
stunted. The study participants lived
through a period of nutritional transi-
tion.3 Is there an association between
reduced birth weight and poor lung
function in adulthood in the Chinese
population? Our study hypothesized
that there would be an association be-
tween low birth weight and poor lung
function in adulthood and that the in-
creased risk for low lung function in
adult life might originate from malnu-
trition in utero. The purpose of our
study was to determine whether the
components of low lung function in
adulthood in the Chinese population
were associated with reduced fetal
growth and maternal malnutrition.

METHODS
Study Population

Data were collected from a retrospec-
tive cohort study during December
1995 and August 1996.3 A total of 725
men and women who were born in Bei-
jing, China, between July 1948 and De-
cember 1954 were recruited for the
study. The participants for whom we
performed follow-up evaluations
were invited to attend a physical ex-
amination at the Chao Yang Men Hos-
pital (Beijing, China). Of those 725
persons, 627 (86%) agreed to take
part in the study. The study protocol
was reviewed and approved by the
institutional review board of the Pe-
king Union Medical Gollege, and ver-
bal informed consent was obtained
from all participants.

Data Collection

Information on Mothers and Infants

The Peking Union Medical College Hos-
pital kept exceptionally detailed ob-
stetric records that included maternal
information and each infant’s records
at birth. The maternal information in-
cluded gravidity, parity, duration of
gestation (calculated from the date of
the last menstrual period), pregnant

outcome (fetal death, stillbirth, or live
birth), and maternal age during preg-
nancy. The offspring’s information at
birth included gender, birth weight,
body length, head circumference, bipa-
rietal diameter, and placental weight
from the medical history of the sub-
jects. Pregnant women who visited the
hospital between 1948 and 1954 could
be divided into 2 groups. Women in the
first group could pay their medical
bills and received prenatal and intra-
partum care. Women in the second
group were poor and were admitted
close to the time of delivery. For some
women, height and weight were mea-
sured during the first half of their
pregnancies (5—20 weeks) and subse-
quently; for other women, these mea-
surements were obtained only during
late pregnancy. Therefore, we could
not calculate maternal BMI before
pregnancy.

Physical Examinations and
Questionnaire Interviews

Adult heights and weights of partici-
pants were measured by 1 of 2 observ-
ers. We inquired about current occu-
pation, average household income per
capita, educational level, smoking, al-
cohol consumption, attacks of short-
ness of breath, history of dyspnea, his-
tory of asthma, current asthma, taking
medicine for asthma, pneumonia,
bronchitis, pulmonary tuberculosis,
lung diseases after measles before 16
years of age, and cough with sputum
within 2 years. On the basis of the in-
terviews, a diagnosis of a history of
asthma was made if a child had ever
met =2 of the following 3 criteria: re-
ported dyspnea, chest tightness, or
wheezing; a diagnosis of asthma by a
doctor; and/or reported use of asthma
medication (eg, B-adrenergic receptor
agonists, cromolyn sodium, corticoste-
roids, leukotriene antagonists, or ami-
nophylline). Current asthma was de-
fined as a history of asthma plus =1 of
the following: reported dyspnea, chest
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tightness, or wheezing during the
previous 12 months and/or reported
use of asthma medication (eg,
B-adrenergic receptor agonists, cro-
molyn sodium, corticosteroids, leuko-
triene antagonists, or aminophylline)
during the previous 12 months. Smok-
ing was calculated as the total con-
sumption of cigarette packages per
week, and alcohol use was calculated
as units of consumption per week (1
unit = 75 g of alcohol) and divided into
light (<5 units per week), midrange
(5—15 units per week), and heavy (=15
units per week) categories. Female
participants also were interviewed re-
garding smoking and alcohol use, but
their smoking and alcohol use were
notincluded in analyses becausethese
exposures were very rare among fe-
male participants.

Lung Function Tests

The standard lung function test used to
measure airway obstruction is the
forced expiratory spirogram. This al-
lows assessment of the rate of change
in volume that occurs as a function of
time. The lung function tests were per-
formed by using a spirometer (Vitalo-
graph SKD26S-980 Alpha-ll; Vitalo-
graph, Beijing, China) with an attached
printer. The output provided numeri-
cal and graphical data. The graphical
data enabled detection of any error in
subject technique. The spirometer was
calibrated every day before use. All as-
sessments were conducted by 1 exam-
iner. The examiner demonstrated to
each subject the technique for per-
forming the forced vital capacity (FVC)
test. The subjects were given an oppor-
tunityto perform a few practice efforts
before the forced expiratory volume in
1 second (FEV,), FVG, peak expiratory
flow (PEF), and FEV,/FVC ratio were
tested. The lung function indices were
calculated as percentages of pre-
dicted values for FEV,, FVC, and PEF, by
using standard reference values. Be-
fore testing, respiratory diseases

PEDIATRICS Volume 125, Number 4, April 2010
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TABLE 1 Participants’ Measurements at Birth and in Adulthood

Variable Mean + SD
Men Women
(N = 309) (N=318)
Adult measurements
Age,y (N = 627) 45114 452+13
Height, cm (N = 627) 172.5 £ 6.1 160.5 = 5.3
Weight, kg (N = 627) 734 + 105 60.1+ 85
BMI, kg/m? (N = 627) 247+ 31 233+ 3.1
Measurements at birth
Birth weight, g (N = 627) 3196 + 438 3094 £ 442
Crown-heel length, cm (N = 626) 497 +20 491+19
Ponderal Index, kg/m3 (N = 626) 26.0 =20 261+ 24
Head circumference, cm (N = 623) 321 +14 31714
Placental weight, g (N = 608) 524 £102 518 =93
Fetal age, wk (N = 611) 398+ 20 401 £20
Maternal measurements
Age,y (N = 627) 283+ 50 282+ 54
Height, cm (N = 591) 155.3 = 6.0 1559 £59
Weight at 15 GW, kg (N = 232) 502 + 6.2 50.8 + 6.1
Weight at 38 GW, kg (N = 599) 60.1 £ 6.7 602 + 6.2
BMI at 15 GW, kg/m? (N = 226) 208 =26 210+ 26
BMI at 38 GW, kg/m? (N = 584) 249*25 24723
Average GW (N = 611) 399 =20

GW indicates gestational weeks.

were assessed in the Peking Union
Medical College Hospital, to exclude
contraindications for FVC testing (eg,
recent hemoptysis, diaphragmatic an-
gina, myocardial infarction, severe
heart function disorder, heart rate of
>120 beats per minute, aeropleura,
bunamiodyl treatment, hypertension,
or history of epilepsy). The subjects
were required to remove their shoes
and heavier clothes during measure-
ments of adult height and weight, to
ensure accuracy.

Statistical Analyses

Descriptive analyses were performed
for all subjects. Natural logarithmic
transformations of FEV,, FVC, and PEF
values were used to normalize distri-
butions, and results are given as mean
values with 95% confidence intervals.
Levene’s test of equality of error vari-
ance was performed before multivari-
ate analyses. Multivariate analyses of
variance were conducted to compare
mean adult lung function values (FEV,,
FVC, PEF, and FEV,/FVC predictive
value) according to birth weight, after
adjustment for confounding factors.

Tests for linear trends between birth
weight and FEV,, FVC, and PEF were
performed with 1-way analysis of vari-
ance. We classified the participants
into 4 groups accordingto birth weight
(ie, <2.5,=2.5103.0,=3.01t0 3.5, and
=3.5 kg) and 3 groups according to
BMI (<24, =24 t0 28, and =28 kg/m?).
The data were analyzed with SPSS 11.0
(SPSS Inc, Chicago, IL). All P values
were 2-sided, and a significance level
of .05 was used to define statistical
significance.

RESULTS

Participants’ Measurements at
Birth and in Adulthood

The 627 participants ranged in age
from 41 to 47 years (mean: 45 years).
Anthropometric data and other de-
scriptive data for participants as
adults and at birth and maternal mea-
surements during pregnancy are
shown in Table 1. Of the 627 subjects,
627 (100%) underwent lung function
testing at 41 to 47 years of age. The
mean maternal gestation was 39.9
weeks.

€901
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TABLE 2 Distribution of Lung Diseases Before 16 Years of Age and Adult Lung Diseases According to Lung Function

Variable N FEV,, Mean P FVC, Mean P PEF, Mean P
(95% CI), L (95% Cl), L (95% CI), mL/s

History of dyspnea

No 601 2.87 (2.83-2.92) 3.54 (3.48-3.61) 438.63 (430.63—446.68)

Yes 26 2.51(2.29-2.76) .001 3.71 (3.36—4.11) 282 379.75 (338.07—426.58) .002
History of asthma

No 603 2.87 (2.83-2.92) 3.55 (3.48-3.61) 438.73 (430.82—-446.89)

Yes 24 2.46 (2.24-2.70) .0001 3.67 (3.31-4.07) 447 371.79 (329.08—419.95) .001
Current asthma

No 614 2.87 (2.82-2.91) 3.55 (3.48-3.61) 438.03 (430.03—446.07)

Yes 13 2.29 (1.99-2.63) .0001 3.72 (3.30—4.19) 446 350.27 (292.48—419.56) .001
Medicine for asthma

No 604 2.87 (2.83-2.92) 3.55 (3.48-3.61) 438.83 (430.92—-446.99)

Yes 23 2.44 (2.22-2.69) .0001 3.65 (3.28—4.06) .529 366.52 (323.74—414.86) .0001
Lung diseases before 16 y of age

No 458 2.90 (2.85-2.95) 3.58 (3.51-3.65) 443.81 (434.61-453.32)

Yes 169 2.74 (2.65-2.83) .001 3.47 (3.36-3.59) 137 415.34 (400.59-430.53) .002
Lung diseases after measles before 16y of age

No 610 2.86 (2.82—-2.91) 3.56 (3.49-3.62) 437.62 (429.64-445.76)

Yes 17 2.55 (2.32-2.81) .020 3.32 (3.03-3.64) .208 380.19 (329.69-438.33) 014
Pneumonia before 16 y of age

No 549 2.87 (2.83-2.92) 3.56 (3.49-3.62) 438.73 (430.33—447.20)

Yes 78 2.72 (2.58-2.86) .021 3.49 (3.31-3.68) 455 417.16 (393.46—442.18) 074
Bronchitis before 16y of age

No 539 2.87 (2.82-2.92) 3.55 (3.48-3.61) 438.63 (429.93—447.40)

Yes 88 2.77 (2.64-2.90) 110 3.57 (3.39-3.75) .849 420.24 (401.51-439.85) 112
Cough with sputum within 2y

No 592 2.84 (2.80-2.89) 3.53 (3.47-3.59) 434.11 (425.99-442.28)

Yes 35 3.06 (2.88-3.24) .038 3.91 (3.65-4.19) .007 469.46 (433.01-508.98) .054
Adult BMI

<24 kg/m? 332 2.87 (2.81-2.93) 3.60 (3.51-3.68) 42550 (414.86-436.31)

=24 kg/m? 228 2.86 (2.79-2.94) 3.55 (3.45-3.65) 448.23 (434.81-462.06)

=28 kg/m? 67 2.75 (2.62—2.89) .0001 3.32 (3.16-3.50) .0001 447.61 (423.94-472.72) .0001
Male alcohol use

No 177 3.17 (3.09-3.25) 4.03 (3.93-4.13) 511.56 (498.88-524.57)

Yes 132 3.34 (3.24-3.43) .007 4.26 (4.14—4.39) .003 513.57 (497.62-530.03) 845
Male smoking

No 446 2.72 (267-2.77) 3.35 (3.29-3.42) 410.49 (401.98-419.18)

Yes 181 3.22 (3.14-3.29) .0001 4.09 (3.99—-4.20) .0001 505.83 (492.38-519.64) .0001

Values are geometric means. Cl indicates confidence interval.

Distributions of Lung Diseases
Before 16 Years of Age and in
Adulthood According to Lung
Function

FEV, and PEF were associated with
history of dyspnea and asthma, cur-
rent asthma, receiving medicine for
asthma, lung diseases before 16 years
of age, lung diseases after measles be-
fore 16 years of age, and smoking (P <
.01 or P < .05), FEV, was associated
with pneumonia before 16 years of age
(P<<.01), and FEV, and FVC were asso-
ciated with cough with sputum within 2
years, male use of alcohol, and male
smoking (P<<.01or P<<.05).FEV,, FVC,
and PEF were statistically associated
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with adult BMI. The results presented
in Table 2 are from the univariate
analyses.

Associations Between Birth Weight
and Adult Lung Function

Significant associations were ob-
served between birth weight and FEV,
FVC, and PEF, after adjustment for con-
founding factors including maternal
age, gestational week, offspring’s gen-
der, birth height, history of dyspnea
and asthma, lung diseases before 16
years of age, lung diseases after mea-
sles and pneumonia before 16 years of
age, cough with sputum within 2 years,
current asthma, taking medicine for

asthma, adult BMI, male use of alcohol,
and male smoking (P < .01). The find-
ings also indicated that there were lin-
ear trends between birth weight and
FEV,, FVGC, and PEF (test for linear
trend, P < .01); the FEV,, FVC, and PEF
values increased with increasing birth
weight. Birth weight also was associ-
ated with the FEV,/FVC predictive value
(P < .05), but there was no linear
trend (test for linear trend, P > .05)
(Table 3).

DISCUSSION

A higher prevalence rate of intrauter-
ine growth retardation was noted in
China, with an average level of 6.39%.2
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TABLE 3 Association Between Birth Weight and Adult Lung Function

Birth Weight N Adult Lung Function FEV,/FVC Predictive

FEV,, Mean FVC, Mean PEF, Mean \igg‘; chgei/:
(95% CI), L (95% CI), L (95% Cl), mL/s ’

<25kg 38 262 (2.45-2.79) 3.30 (3.08—3.53) 399.48 (371.88—4290.04) 79.60 (77.36—81.85)

=25kg 190 2.70 (2.63-2.77) 3.31(3.21-3.41) 418.31 (405.51-431.42) 82.07 (80.98—-83.17)

=30 kg 284 293 (2.87-3.00) 3.66 (3.57-3.76) 444,32 (432.31-456.67) 80.59 (79.61-81.58)

=35 kg 115 3.00 (2.89-3.11) 3.79 (3.64-3.94) 458.56 (437.93—-480.18) 79.56 (78.18—80.95)

Total 627 2.85 (2.81-2.90) 3.55 (3.49-3.61) 436.01 (428.06—444.02) 80.79 (80.17-81.42)

F 12.00 13.95 6.34 3.23

P .0001 .0001 .0001 .020

Linear trend, F 19.82 18.03 13.06 0.13

Linear trend, P .0001 .0001 .0001 >05

Cl indicates confidence interval.

To our knowledge, this is the first study
to investigate the association between
fetal growth and adult lung function
with a retrospective cohort study in
China. We proposed the hypothesis
that there would be positive associa-
tions between birth weight and adult
lung function in an urban Chinese pop-
ulation 41 to 47 years of age. The find-
ings indicated that neonates with low
birth weight had reduced levels of the
components of lung function in adult
life. They had low FEV,, FVC, and PEF
values after adjustment for confound-
ing factors influencing birth weight
and lung function (Table 3). Our cur-
rent results are in line with other ret-
rospective cohort studies in some
countries,''21516 which found that im-
paired fetal growth and lower respira-
tory tract infections in early childhood
were associated with lower lung func-
tion levels in adult life. Follow-up stud-
ies in Britain showed that low rates of
fetal growth were followed by reduced
lung function in adult life."® The au-
thors suggested that fetal adaptations
to malnutrition in utero resulted in
permanent changes in lung structure,
which inturn led to chronic airflow ob-
struction. This is additional evidence
supporting the idea that adult lung
function is “programmed” in fetal
life.2 These relationships were investi-
gated in some similar studies. Birth
weight was associated continuously
and independently with adult respira-
tory function.

PEDIATRICS Volume 125, Number 4, April 2010
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FEV,, FVC, and PEF values decreased
with decreasing birth weight, and
there were positive linear trends be-
tween birth weight and FEV,, FVC, and
PEF, after adjustment for confounding
factors in this study. An 8-study meta-
analysis of data for 2257 women in En-
gland who were 60 to 79 years of age
indicated that there were positive lin-
ear associations between birth weight
and all 3 measures of lung function.'”
Further adjustment for lifetime socio-
economic status, adult BMI, and smok-
ing did not alter these associations.
Therefore, that study also suggested
that intrauterine factors might have a
role in lung development. The strength
of these associations supports the fe-
tal origins hypothesis that impairment
of fetal growth has a significant influ-
ence on adult lung function.’®?' These
considerations are critical to an un-
derstanding of the biological features
and timing of programming, the direc-
tion of future research, and future
public health interventions.2#2¢ Pro-
gramming stimuli may be generated
endogenously; for instance, they may
be environmental.”® One important
type of environmental programming is
that induced by early nutrition. Numer-
ous studies have shown that nutrition
in infancy or fetal life can produce life-
time effects on metabolism, growth,
and neurodevelopment and on major
disease processes such as hyperten-
sion, diabetes mellitus, atheroscle-
rosis, obesity, and respiratory dis-

eases.'2426-28 These studies, when
applied to prevention and treatment
of respiratory illnesses in childhood
and adulthood, suggested a major
public health concern with great
clinical importance.

The cohort spanned 6 years, from 1948
to 1954, and the homogeneity of the co-
hort might have been affected by the
changes resulting from Chinese liber-
ation in 1949. This event inevitably had
a major influence on the health sys-
tem, but the change could not have af-
fected greatly the growth and develop-
ment of infants or children or even the
nutritional status of the Chinese popu-
lation in 1948 and 1954, because the
study participants were living through
an initial period of the nutritional tran-
sition.® Some evidence showed the
similarity of characteristics of cohorts
born in 1948 and 1954; the selected
measurements could represent chil-
dren’s growth and development in the
period of 1948—1954. The results indi-
cated that there were no significant
differences in the height and weight of
7- to 14-year-old children between
1948 and 1954.2-33 Therefore, the co-
hort was homogeneous although it
spanned 6 years from 1948 to 1954.
Study of the vitamin C metabolism of
Chinese primary school students indi-
cated that 68% of students had plasma
vitamin G deficiencies, which reflected
indirectly the general nutritional sta-
tus of the Chinese population.3* The av-
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erage monthly living expenses per pri-
mary school student were only 11.03
yuan (renminbi) in the urban center of
Shanghai in 1954,2 which included
food, clothes, lodging, school, and
amusements. The average expenses
could represent the economic status
of residents of the city in 1954. The
aforementioned evidence suggested
that there were malnutritional condi-
tions for the Chinese population in the
period of the nutritional transition.

The study sample is the same as in the
report by Mi et al3 The participants
were all born in Beijing, China, be-
tween 1948 and 1954, when a large
proportion of the population was
chronically malnourished. The partici-
pantsborninthe Peking Union Medical
College Hospital were not representa-
tive ofthe whole population borninthe
city. However, the short stature and
thinness of the mothers in this sample
(Table 1) and the small sizes of their
infants are in accord with the results
of contemporary anthropometric sur-
veys performed in China.2#34 |n addi-
tion, these characteristics are typical
for populations in chronically mal-
nourished communities.® In general,
the sizes of newborns at birth basically
reflect their nutritional status in
utero. Reduced developmental index
values, such as birth weight, height,
head circumference, and Ponderal In-
dex, can indicate indirectly the effec-
tive time of malnutrition in utero. The
outcome of fetal malnutrition may be
developmental retardation or adapta-
tiontothe malnutritional environment,
inwhich growth velocity is not reduced
but persistent transformation of the
metabolic environment occurs. The 2
outcomes may be associated with in-
creased risks for adult diseases, such
as heart diseases or respiratory dis-
eases. In this study, we could not pro-
vide direct data to support the hypoth-
esis that the increased risk of low lung
function in adult life originated from
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malnutrition in utero; however, the
malnutritional condition of the Chi-
nese population suggests fetal expo-
sure to maternal malnutrition in the
period of 1948—-1954. This suggests
that the development of lung function
may be affected by hypogenesis in
utero. Low birth weight measure-
ments, representing fetal growth re-
tardation, may contribute to the pres-
ence of hiological risk factors for low
lung function or pulmonary disease in
the adult Chinese population. It is plau-
sible that poor growth early in life re-
stricts normal lung growth and devel-
opment, which could have long-term
consequences for lung function later
in life.10

In this study, we failed to collect data
on maternal exposure to smoking in
early pregnancy; therefore, we were
not able to estimate the exposure level
for maternal smoking and its effect on
lung development in early life. Al-
though accurate data on intrauterine
exposure to smoking were not avail-
able, we collected information on the
long-term smoking exposure of adult
male offspring. The results in the uni-
variate analysis indicated that male
smoking exposure in adulthood was
associated with reduced lung function,
which was regarded as a confounding
factor to be controlled in the multivar-
iate analyses of variance. Although
adult smoking exposure was a con-
founding factor in this study, this
could provide further insight regard-
ing low birth weight and smoking ex-
posure in adulthood. Many studies
showed that maternal smoking dur-
ing early pregnancy and environ-
mental tobacco smoke exposure may
be particularly detrimental to the
lung function of populations already
disadvantaged by poor rates of fetal
growth.5538 This study suggested that
lung function might deteriorate
more rapidly for subjects with low
birth weight and long-term adult

smoking exposure. Ultimately, a ma-
jor goal should be to prevent expo-
sure to hazardous environmental
factors not only through early preg-
nancy but also throughout adult-
hood, thereby ensuring that each
fetus has the best possible environ-
ment in which to develop?' and
avoids further functional alterations
in adulthood.

Future research should focus on the
interactions of low birth weight with
multiple factors, such as maternal nu-
tritional status, maternal metabolism,
epigenetic and environmental expo-
sures in early pregnancy, respiratory
diseases in childhood, and smoking
and alcohol exposure in adulthood.
These are important to describe funda-
mental aspects of reduced lung function,
especially when malnutrition-responsive
hypogenesis in utero, fetal growth re-
tardation, and low lung function are
being considered. Special respiratory
health care throughout the life course
may be needed for infants with a his-
tory of low birth weight. For the high-
risk population with low birth weight,
close attention should be paid to pre-
vention and treatment of respiratory
illnesses in childhood and adulthood,
to avoid important public health prob-
lems in the future.

CONCLUSIONS

Low birth weight may increase the
prevalence of and risk for low lung
function in adulthood in the Chinese
population. This suggests that the de-
velopment of lung function may be af-
fected by fetal exposure to maternal
malnutrition that leads to hypogenesis
in utero.
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