
Journal of Developmental
Origins of Health and Disease

www.cambridge.org/doh

Original Article

Cite this article: Zhang B, Wu W, Shi G, Mi B,
Chen F, Zhang R, Liu D, Kang Y, Shang S, Yan H,
and Dang S. (2021) Maternal exposure to low-
to-medium altitude and birth outcomes:
evidence from a population-based study in
Chinese newborns. Journal of Developmental
Origins of Health and Disease 12: 443–451.
doi: 10.1017/S204017442000063X

Received: 9 February 2020
Revised: 25 April 2020
Accepted: 12 June 2020
First published online: 14 July 2020

Keywords:
low-to-medium altitude; birth weight;
gestational age; small for gestational age

Address for correspondence:
Shaonong Dang and Hong Yan, Department of
Epidemiology and Health Statistics, School of
Public Health, Xi’an Jiaotong University Health
Science Center, 76 Yanta West Road, Xi’an,
Shaanxi 710061, People’s Republic of China.
Email: tjdshn@mail.xjtu.edu.cn;
yanhonge@mail.xjtu.edu.cn

†These authors contributed equally to this
work.

© Cambridge University Press and the
International Society for Developmental
Origins of Health and Disease 2020.

Maternal exposure to low-to-medium altitude
and birth outcomes: evidence from a
population-based study in Chinese newborns

Binyan Zhang1 , Wentao Wu1, Guoshuai Shi1, Baibing Mi1, Fangyao Chen1,

Ruo Zhang3, Danmeng Liu1, Yijun Kang1, Suhang Shang4, Hong Yan1,2,† and

Shaonong Dang1,2,†

1Department of Epidemiology and Biostatistics, School of Public Health, Xi’an Jiaotong University Health Science
Center, Xi’an, Shaanxi 710061, People’s Republic of China; 2Key Laboratory of Environment and Genes Related to
Diseases, Xi’an Jiaotong University, Ministry of Education, Xi’an, Shaanxi 710061 People’s Republic of China;
3Department of Endocrinology, The Second Affiliated Hospital of Xi’an Jiaotong University, 157 Xiwu Road,
Xi’an, 710004, People’s Republic of China and 4The First Affiliated Hospital of Xi’an Jiaotong University, Xi’an,
Shaanxi 710061, People’s Republic of China

Abstract

Despite high altitude was implicated in adverse birth outcomes, there remained a paucity
of evidence on low-to-medium altitude effect. This study aimed to explore the association
of low-to-medium altitude with birth outcomes. A population-based cross-sectional survey
was performed using a stratifiedmultistage random samplingmethod among womenwith their
infants born during 2010–2013 in Northwestern China. Altitude was determined in meters
based on the village or community of the mother’s living areas. Birth outcomes involved birth
weight, gestational age, and small for gestational age (SGA). Generalized linear models were
fitted to investigate the association of altitude with birth outcomes. Moreover, the dose–
response relationship between altitude and birth outcomes was evaluated with a restricted cubic
spline function. A total of 27 801 women with their infants were included. After adjusting for
potential confounders, every 100-m increase in the altitude was associated with reduced birth
weight by 6.4 (95% CI −8.1, −4.6) g, the slight increase of gestational age by 0.015 (95% CI
0.010, 0.020) week, and an increased risk of SGA birth (odds ratio 1.03, 95% CI 1.02, 1.04).
Moreover, there was an inversely linear relationship between altitude and birth weight
(P for overall< 0.001 and P for nonlinear= 0.312), and a positive linear relationship between
altitude and SGA (P for overall< 0.001 and P for nonlinear= 0.194). However, a nonlinear
relationship was observed between altitude and gestational age (P for overall< 0.001 and
P for nonlinear= 0.010). The present results suggest that low-to-medium altitude is possibly
associated with adverse birth outcomes.

Introduction

Birth outcomes were critical infant health measures and predictive indicators of infant growth
and development.1 Adverse birth outcomes severely affected the physical and mental health of
maternal and child.2,3 Infants with low birth weight not only had higher neonatal mortality and
morbidity than those of normal birth weight4,5 but also could be small for gestational age
(SGA).3,6,7 In addition, medical resources and antenatal care providers were restricted for
the infants with an adverse birth outcome in developing and populous countries, particularly
in China. Therefore, it was imperative to identify risk factors for adverse birth outcomes.
Previous research reports indicated that the altitude of residence was independently associated
with an increased birth weight reduction and had a general effect on all births.8,9 However, to date,
the majority of researches focused on the effect of high altitude on infant birth outcomes.8–16 The
U.S. natality files reported that infants born at higher altitudes (>2000 m) had a twofold to three-
fold increase in low birth weight rate compared with those at sea level.9 A retrospective cohort
study also reported a significant difference in birth weight across low (0–1999 m), moderate
(2000–2900 m), and high (3000–4340 m) altitudes in Peru.13 And a study showed that children
above 3500 m had 2–6 times the risk of stunting compared with those at 3000 m in Tibet of
China.16 As described above, the high altitude was an important environmental factor influencing
adverse birth outcomes. However, most people in the world resided in areas with low-to-medium
altitudes. Fewer studies evaluated the association of low-to-medium altitude with infant birth out-
comes (birth weight, gestational age, and SGA) in China.17 Furthermore, the dose–response rela-
tionship between low-to-medium altitude and birth outcomes was less common. Given that the
majority of worldwide population lived at the low-to-medium altitude areas, especially in China,
assessing the association of altitude with birth outcomes was considered important for identifying
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any potential health risks arising from living at low-to-medium alti-
tudes and informing health policies to reduce these risks.

Therefore, the present study aimed to explore the association of
low-to-medium altitude with birth outcomes (birth weight, gesta-
tional age, and SGA) and the dose–response relationship between
low-to-medium altitude and birth outcomes using the data from a
large population-based cross-sectional survey in Northwest China.

Methods

Study design and participants

A population-based cross-sectional epidemiological survey with
the purpose to investigate the risk factors for birth outcomes
was conducted between August and December 2013 in Shaanxi
province of Northwest China. Infants born during 2010–2013
and their mothers were recruited using a stratified multistage
random sampling method that had been described elsewhere
previously.18–20 Briefly, according to the proportion of distribution
between rural and urban residents and the fertility level in the pop-
ulation of the whole province of Shaanxi, China, 20 counties and 10
districts were sampled randomly. In each sampled county, six vil-
lages each from six townships were selected randomly, and in each
sampled district, six communities each from three streets were
selected randomly. Then, 30 and 60 participants were selected
randomly in each sampled village and community, respectively.
Of 32 400 pregnant women invited, 30 027 completed the ques-
tionnaire in this survey (response rate: 92.7%). Fig. 1 showed
the flow chart with the exclusion criteria in this study. Women
were required to provide written informed consent before being
allowed to participate in this survey, and the research protocol
was approved by the Human Research Ethics Committee of
Xi’an Jiaotong University Health Science Center (No. 2012008).

Ascertainment of altitude

Shaanxi province is located inNorthwest China. It has an average alti-
tude of 1127m, and 90% of the area is between 500 and 2000m above
the sea level. Geographically, the terrain of Shaanxi area is higher in

the north and south but lower in the middle. The population distri-
bution of Shaanxi province is concentrated in themiddle but sparse in
the north and south.21 It provided an opportunity to investigate the
association of birth outcomes with low-to-medium altitude. Altitude
measuredwith an altimeter (Garmin eTrex 20, version 20.0; Garmin,
USA) was determined in meters (accurate to 0.1 m) at the village/
community clinics or village/community committee house around
which most of the mothers lived. The altitude of the mother’s living
places in this survey ranged from 187 to 1538 m above the sea level.
According to the altitude distribution map of Shaanxi province in
the White Paper on Shaanxi Geographical Situation issued by
Shaanxi Bureau of Surveying, residential altitude was categorized
into three comparison groups in our analysis (<500, 500–999,
and 1000–1538 m).

Ascertainment of birth outcomes

Focused birth outcomes in the present study were birth weight,
gestational age, and SGA. Birth weight was abstracted from a
review of Medical Certificate of Birth, and it was measured with
a baby scale with precision to the nearest 10 g within 1 h after deliv-
ery. Gestational age (in weeks) was calculated from the interval
between the first day of the last normal menstrual period and
the date of birth,22 and SGA was defined as the infant whose birth
weight <10th percentile based on the gestational age–gender-
specific Chinese reference for fetal growth.23

Assessment of covariates

The basic information regarding participants was obtained via
retrospective in-person interviews using standardized question-
naires. Lots of factors could confound the association between alti-
tude and birth outcomes. Based on a comprehensive consideration
of previous literature and significant differences across altitude lev-
els in our analysis,5,13,24–28 demographic and socioeconomic status,
healthcare characteristics, maternal health, and dietary nutrition
during pregnancy should be considered to adjust. Potential con-
founding variables included residence (urban and rural), maternal
age (<25, 25–29, 30–34, and ≥35), maternal educational status

Fig. 1. Study flow chart with exclusion criteria.
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(uneducated , primary, secondary, high school, college, and above),
household wealth index (poor, medium, and rich), nulliparity (yes
or no), Kessner index (inadequate, intermediate, and adequate),
pregnancy-induced hypertension during pregnancy (yes or no),
smoking (yes or no), folic acid supplement during pregnancy
(yes or no), iron supplement during pregnancy (yes or no),
multi-micronutrient use during pregnancy (yes or no), gender
(male or female), and gestational age (in weeks). Smoking involved

active and passive smoke during pregnancy; active smoking was
defined as at least one cigarette per week and continuous or cumu-
lative for 3 months or more, and passive smoking was defined
as being exposed to smoker tobacco for more than 15 min/d.
Gestational age was adjusted as continuous variables as it showed
a linear relationship on birth weight.23 Infant age and sex were not
included in the confounder list because they had been accounted
for when we defined SGA. The household wealth index was

Table 1. Maternal characteristics at residential altitude in Northwest China during 2010–2013

Characteristics

<500 m 500–999 m 1000–1538 m

P valuen= 9 505 n = 11 248 n= 7 048

General characteristics

Residence, n (%) <0.001

Rural 6568 (69.1) 9695 (86.2) 5773 (81.9)

Urban 2937 (30.9) 1553 (13.8) 1275 (18.1)

Maternal age (years), n (%) <0.001

<25 3011 (31.7) 4329 (38.5) 3101 (44.0)

25–29 4113 (43.3) 4281 (38.1) 2578 (36.6)

30–34 1664 (17.5) 1771 (15.8) 877 (12.4)

≥35 717 (7.5) 867 (7.7) 492 (7.0)

Maternal education, n (%) <0.001

Uneducated 51 (0.5) 187 (1.7) 266 (3.8)

Primary 454 (4.8) 1251 (11.1) 1082 (15.4)

Secondary 3858 (40.6) 6284 (55.9) 3675 (52.1)

High school 2292 (24.1) 2138 (19.0) 1150 (16.3)

College and above 2850 (30.0) 1388 (12.3) 875 (12.4)

Household wealth index, n (%) <0.001

Poor 1967 (20.7) 4605 (40.9) 2690 (38.2)

Medium 3149 (33.1) 3941 (35.0) 2174 (30.9)

Rich 4389 (46.2) 2702 (24.0) 2184 (31.0)

Nulliparity, n (%) 6372 (67.0) 6576 (58.5) 3853 (54.7) <0.001

Kessner index, n (%) <0.001

Inadequate 1165 (12.3) 1570 (14.0) 1664 (23.6)

Intermediate 4319 (45.4) 7100 (63.1) 5054 (71.7)

Adequate 4021 (42.3) 2578 (22.9) 330 (4.7)

Smoking, n (%) 1608 (16.9) 2654 (23.6) 2139 (30.4) <0.001

Pregnancy-induced hypertension, n (%) 178 (1.9) 172 (1.5) 82 (1.2) <0.001

Folic acid supplement, n (%) 7104 (74.7) 7609 (67.7) 3906 (55.4) 0.002

Iron supplement, n (%) 775 (8.2) 474 (4.2) 137 (1.9) <0.001

Multi-micronutrient use, n (%) 787 (8.3) 610 (5.4) 517 (7.3) 0.002

Infant characteristics

Male, n (%) 5030 (52.9) 6096 (54.2) 3993 (56.7) <0.001

Birth weight (g), mean ± SD 3309 ± 458 3256 ± 456 3230 ± 460 <0.001

Gestational age (weaks), mean ± SD 39.6 ± 1.3 39.7 ± 1.3 39.7 ± 1.2 <0.001

Small for gestational age, n (%) 1088 (11.4) 1657 (14.7) 1242 (17.6) <0.001

Values are mean ± SD or n (%).
P values shown for the differences among groups were derived from χ2 tests for categorical variables, and one-way ANOVA for continuous variables.
Values for some characteristics may not be equal to 100 because of rounding.
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established by principal component analysis according to the var-
iables of the family economic level (monthly income, monthly
expenditure, housing condition, and vehicle), and then the index
was divided into trisection indicating poor, medium, and rich
household.29 Kessner index was synthesized to reflect the availabil-
ity of prenatal health services, which was classified as inadequate,
intermediate, and adequate according to a fixed combination of
values on the trimester of prenatal care start, the total number
of prenatal visits, and the gestational age at delivery.24,30 In brief,
women whose prenatal care started in the third trimester or whose
number of prenatal visits was less than recommended visit of infant
gestational week at delivery were classified into the inadequate pre-
natal care category. Accordingly, women who started in the first
trimester and the number of visits she received was coinciding with
the recommended visit of infant gestational week at delivery were
classified into the adequate prenatal care category. Women with
any other combinations of values concerning relevant variables
were assigned to the intermediate category.

Statistical analysis

The statistical analysis followed logically three steps. First, we
compared sociodemographic characteristics, risk factors, and birth
outcome data across the three groups of altitude. The characteris-
tics of participants were described as the mean ± SD or median
(interquartile range, IQR) for the quantitative variable, and as
number (percentage) for the categorical variable. χ2 test for cat-
egorical variables and one-way analysis of variance (ANOVA)
for continuous variables were performed in univariate analysis.
Second, the generalized linear models with identity-link function
were set up in which birth weight or gestational age was used
as the dependent variables and altitude used as the independent
variable (continuous for every 100-m increase or three altitude cat-
egories). And the generalized linear model with the logit-link func-
tion was established to investigate the association of altitude with
SGA (continuous for every 100-m increase or three altitude catego-
ries). Two kinds of models were established. Model 1 was unad-
justed one, and model 2 was adjusted for potential confounders
as sociodemographic characteristics and risk factors including
residence, maternal age, maternal educational status, household
wealth index, nulliparity, Kessner index, smoking, pregnancy-
induced hypertension during pregnancy, folic acid supplement,
iron supplement, multi-micronutrient use, gender, and gestational
age. Concomitantly, a test for linear trend was performed by incor-
porating the altitude levels as a linear predictor using the median
value in each regression model. Third, to graphically characterize
the dose–response relationship between altitude (in m) and birth
outcomes, restricted cubic spline (RCS) function with three knots
located at the 5th, 50th, and 95th percentiles of the altitude distri-
bution was further used while setting the median as the reference
value. Adequate models selection based on the Akaike informa-
tion criterion (AIC) values were calculated according to the
−2Log(L)þ 2n formula in which L delegated the maximum like-
lihood value and n was the number of parameters of each model
(including the intercept). The better fitted model was determined
as lower AIC. In the RCSmodel adjusted for potential confounders
above, significantly statistical test for overall associationmeant that
altitude was significantly associated with birth outcome whatever
the shape of the association.Meanwhile, if the test for the nonlinear
association was also significant statistically, it indicated that the
nonlinear association between altitude and birth outcome existed.
RCS function with three knots included two splines, S0 and S1, with

their respective estimates, and testing the nonlinear association
between altitude and birth outcome was equivalent to testing
the null hypothesis that the value of the estimate of the S1 spline
equaled 031. To further test the robustness of the association
between altitude (in 100 m) and birth outcomes, we further con-
ducted the subgroup analysis by gender, residence, maternal age
(<35 or ≥35 years), maternal educational status (≤9 or >9 years),
and household wealth index after adjusting for potential confounders
above except for subgroup variable. Besides, no adjustment for multi-
ple tests had been performed for the larger sample size, and the results
were to be interpreted as exploratorily.

Database was established using Epidata 3.1 (version 3.1; CDC,
Atlanta, GA, USA) and duplication was adopted for data entry. All

Fig. 2. Differences of infant birth weight, gestational age, and prevalence of SGA at
various residential altitudes in Northwest China during 2010 to 2013. SGA, small for
gestational age. Ptrend was calculated using the median value of each altitude levels
as continuous variables.
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statistical analyses were performed using SAS software (version
9.4; SAS Institute Inc., Cary, NC, USA). A two-tailed P value of less
than 0.05 was considered statistically significant.

Results

Population characteristics

Totally 27 801 women and their infants were included in our analy-
sis, 34.2% (n= 9505), 40.5% (n= 11 248), and 25.4% (n= 7048)
resided at <500, 500–999, and 1000–1538 m altitudes, respectively
(Fig. 1). As presented in Table 1, thematernal characteristics across
three groups of residential altitude. Residence, maternal age,
maternal educational status, household wealth index, nulliparity,
Kessner index, smoking, pregnancy-induced hypertension, folic
acid supplement, iron supplement, and multi-micronutrient use
were significantly different among the three groups of residential
altitude. Table 1 and Fig. 2 display birth outcomes across the
three groups of residential altitude. The mean birth weight was
3268 ± 459 g and the mean gestational age was 39.6 ± 1.3 weeks,
while the prevalence of SGA was 14.3%. The mean birth weight
(3309 ± 458, 3256 ± 456 3230 ± 460, Ptrend< 0.001), mean gesta-
tional age (39.6 ± 1.3, 39.7 ± 1.3, 39.7 ± 1.2, Ptrend< 0.001), and
SGA (11.4%, 14.7%, and 17.6%, Ptrend< 0.001) were significantly
different across the three groups of altitude.

Residential altitude and birth outcomes

Table 2 displays the association of altitude with birth outcomes.
The median residential altitude was 640 (IQR 556) m and 416.0
(IQR 43.2) m, 691.0 (IQR 267.0) m, and 1156.0 (IQR 163.2) m in
three groups of altitude, respectively. After adjustment for potential
confounders, each 100-m increase in altitude was associated with
reduced birth weight (difference−6.4, 95% CI−8.1, −4.6 g), a slight

increase of gestational age (difference 0.015, 95% CI 0.010, 0.020
week), and an increased risk of SGA birth (odds ratio (OR) 1.03,
95% CI 1.02, 1.04). Similarly, compared with those born to mothers
living at altitude<500m, the birth weight of newborns at an altitude
of 500–999 m was reduced by 25 g (adjusted mean difference−25.0,
95% CI−37.5, −12.5 g) and 50.7 g for the newborns at an altitude
of 1000–1538 m (adjusted mean difference −50.7, 95% CI−65.4,
−36.1 g). The women living at an altitude of 1000–1538 m had a
slight longer gestational age (adjusted mean difference 0.083,
95% CI 0.041, 0.125 week) compared with those living at an alti-
tude <500 m. By comparison with those at an altitude <500 m,
the newborns at 500–999 m had 10% risk of being SGA (adjusted
OR 1.10, 95% CI 1.01, 1.20), and this figure was about 28% for
those at an altitude of 1000–1538 m (adjusted OR 1.28, 95% CI
1.17, 1.41).

As presented in Fig. 3, dose–response relationships between
residential altitude and birth weight, gestational age, and SGAwere
performed, respectively, using RCS functions. In Fig. 3a, there was
an inversely linear relationship between residential altitude and
birth weight (P for overall association < 0.001 and P for nonlin-
ear association = 0.312). However, a nonlinear relationship was
observed between residential altitude and gestational age in
Fig. 3b (P for overall association < 0.001 and P for nonlinear
association = 0.010). In Fig. 3c, there was a positive linear rela-
tionship between residential altitude and SGA (P for overall
association < 0.001 and P for nonlinear association = 0.194).
The curve of the dose–response relationship between altitude
and birth outcomes suggested that the risk of reduced birth
weight and increased SGA would be elevated significantly to
some extent when the altitude was approximately more than
700 m. Although the increased gestational age was found sta-
tistically when the altitude was more than 700 m, such very small
increment should be intercepted cautiously in clinical practice.

Table 2. The association of residential altitude with birth outcomes (differences, odds ratios and 95 % confidence intervals)

Continuous (100 m/unit) <500 m 500–999 m 1000–1538 m Ptrend

Altitude, median (IQR) 6.40 (5.56) 416.0 (43.2) 691.0 (267.0) 1156.0 (163.2)

Continuous outcomes, difference (95% CI)

Birth weight

Model 1 −9.5 (−11.2, −7.8) Ref. −52.4 (−64.9, −39.9) −78.7 (−92.8, −64.6) <0.001

Model 2 −6.4 (−8.1, −4.6) Ref. −25.0 (−37.5, −12.5) −50.7 (−65.4, −36.1) <0.001

Gestational age

Model 1 0.019 (0.014,0.024) Ref. 0.051 (0.017, 0.086) 0.125 (0.086,0.164) <0.001

Model 2 0.015 (0.010,0.020) Ref. 0.007 (−0.029, 0.044) 0.083 (0.041, 0.125) <0.001

Binary outcome, OR (95% CI)

Small for gestational age

Model 1 1.06 (1.05,1.07) Ref. 1.34 (1.23, 1.45) 1.65 (1.52, 1.81) <0.001

Model 2 1.03 (1.02,1.04) Ref. 1.10 (1.01 1.20) 1.28 (1.17, 1.41) <0.001

Ref., referent values.
Model 1 was crude difference or crude OR.
For birth weight, model 2 was adjusted for residence, maternal age, maternal education, nulliparity, Kessner index, household wealth index, smoking, pregnancy-induced hypertension, folic
acid supplement, iron supplement, multi-micronutrient use, gender, and gestational age (in weeks).
For gestational age, model 2 was adjusted for residence, maternal age, maternal education, nulliparity, Kessner index, household wealth index, smoking, pregnancy-induced hypertension, folic
acid supplement, iron supplement, multi-micronutrient use, and gender.
For small for gestational age, model 2 was adjusted for residence, maternal age, maternal education, nulliparity, Kessner index, household wealth index, smoking, pregnancy-induced
hypertension, folic acid supplement, iron supplement, and multi-micronutrient use.
Ptrend across altitudes was evaluated using the median of each altitude group as a continuous variable in each adjusted regression model.
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Subgroup analysis

Consistent with main analysis above, the subgroup analysis also
indicated the robust of the association between altitude and birth
outcomes, regardless of gender, residence, maternal age, maternal
educational status, or household wealth index (Supplementary
Fig. S1a–c).

Discussion

The present study suggested that the increasing altitude was asso-
ciated with reduced birth weight, a slight increased gestational age,

and an increased risk of SGA birth in the region with low-to-
medium altitude of China. Compared with those born to mothers
living at an altitude <500 m, the birth weight of newborns at an
altitude of 1000–1538 m was reduced by 50.7 g, and gestational
age was increased slightly by 0.083 week. Also there were
10%–28% increased risk of SGA birth from 500 to 1538 m com-
pared with an altitude <500 m. A significant dose–response rela-
tionship between altitude and birth weight and SGA was observed.

Currently published studies mainly focused on two different
altitude levels as high altitude levels (2000–4500 m) and low-
to-medium altitude (<2000 m).8,9 And the research results showed
that high altitude acted independently from other factors to reduce

Fig. 3. Dose–response relationships between
residential altitudes (in m) and birth weight, ges-
tational age, and small for gestational age. (a)
Association between birth weight and altitude
using RCS with three knots. (b) Association
between gestational age and altitude using
RCS with three knots. (c) Association between
small for gestational age and altitude using
RCS with three knots. For birth weight, restricted
cubic spline functions were used after adjusting
for residence, maternal age, maternal education,
nulliparity, Kessner index, household wealth
index, smoking, pregnancy-induced hyperten-
sion, folic acid supplement, iron supplement,
multi-micronutrient use, gender, and gestational
age (in weeks). For gestational age, restricted
cubic spline functions were used after adjusting
for residence, maternal age, maternal education,
nulliparity, Kessner index, household wealth
index, smoking, pregnancy-induced hyperten-
sion, folic acid supplement, iron supplement,
multi-micronutrient use, and gender. For small
for gestational age, restricted cubic spline func-
tions were used after adjusting for residence,
maternal age, maternal education, nulliparity,
Kessner index, household wealth index, smok-
ing, pregnancy-induced hypertension, folic acid
supplement, iron supplement, and multi-micro-
nutrient use. Restricted cubic spline function
with three knots located at the 5th, 50th, and
95th percentiles of the altitude distribution
was used while setting the median as the refer-
ence value. Dashed lines represent the 95% CIs,
and knots were represented by dots. The hori-
zontal dashed green line represents that the Y-
coordinate of the line was 0 when a linear regres-
sion was requested or 1 when a logistic model
was requested.
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birth weight. Literature reports showed that birth weight decreased
an average of 102 g per 1000-m elevation when confounding fac-
tors were considered.8 A quasi-experiment indicted that every
1000-m increase in maternal altitude exposure was associated with
a 75.9 g reduction in birth weight.11 Altitude ranges from 2000 to
4500 m, and birth weight declined at an average of 65 g for every
additional 500-m altitude.32 In summary, studies reported birth
weight decreased 50–200 g with 1000-m altitude increases above
1000 or 2000 m.8,9,11,32,33 Although our study was conducted in
the region with low-to-medium altitude, we still observed that
average birth weight decreased by 6.4 g with every 100-m increase
in altitude, which was comparable to those previous literature esti-
mates. Additionally, our results suggested that the risk of SGA
increased by 3% for every 100-m increase in altitude, and the risk
of SGA increased by 10% and 28% at altitudes above 500–900 and
1000–1538 m compared with less than 500 m. This increasing
was in correspondence with prior studies suggesting this risk.13,34

Moreover, our study also found obvious dose–response relation-
ship between low-to-medium altitude and birth weight and
SGA, which implied that the altitude of approximately more than
700 m could result in a significant adverse effect on Chinese new-
borns. It was noteworthy that a 0.015-week increment in gesta-
tional age with a 100-m increase in altitude was found in the
present study. Previous one study suggested that gestational age
was higher for newborns of mothers with Aymará genetic back-
ground in lowland due to genetic adaptation to altitude.35 Another
study reported that gestational age at delivery at moderately high-
altitude Denver (39.3 ± 0.4) was slightly higher than sea level Milan
(39.2± 0.1), but the difference was not statistically significant for only
94 sample size.36However, therewere someother studieswhich found
the inverse association between altitude and gestational age.37,38 Such
slight increment of gestational age found in present study might be
resulted from lager sample size, so it should be interpreted cautiously
in clinical practice. Therefore, further investigation will be needed to

verify the association between altitude and gestational age at low-
to-medium altitude.

Adverse birth outcome was a major problem affecting maternal
and child health. In addition to sociodemographic and pathophy-
siological factors, environmental factors should also be concerned
and the altitude might be one of them. Our study found that low-
to-medium altitudes were still a possible independent environ-
mental factor affecting inversely birth outcomes. The implication
was that even minor alteration in altitude might influence the birth
outcomes. As the majority of the population was living at lower
range altitudes, our findings might have important generalization
significance, and the negative effect of altitude on birth outcomes
should be paid more attention no matter what altitude women and
children lived at. In view of public health, we suggested that altitude
should be considered in the management of maternal and child
health care even in the region with low-to-medium altitude.

The altitude-associated decrease in birth weight had been
reported. However, the mechanism by which altitude retards fetal
growth was not comprehensively understood. There were two
plausibly biological explanations underlying the birth weight
and altitude, the hypoxia pathway and glucose pathway. The first
hypothesis was the inability of the maternal oxygen transport sys-
tem to meet the increased demands of the intrauterine fetus at
higher altitudes.39,40 Nevertheless, this hypoxia pathway was chal-
lenged by adequate oxygen delivery to the uterus obtained by
hematologic and metabolic adjustments.41,42 The second biological
mechanism was the glucose pathway. In high-altitude area, lower
glucose concentrations in the umbilical veins and arteries result in
lower fetal glucose delivery and consumption. Anaerobic consump-
tion of glucose by the placenta seemed to reduce the availability of
glucose to the fetus. Therefore, hypoglycemia might explain why
babies born at high altitudes were lower. Besides, a slight increase
of gestational age as the altitude increase in the present study might
ascribe to genetic adaptation to altitude.35,43 The mechanism of the

Fig. 3. Continued
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association between low-to-medium altitude and birth outcomes
needed to further be elucidated in future research.

The main strength of our study was that this was a large
population-based epidemiological studywhose sample size account-
ing for approximately 9% of the newborn in Shaanxi province of
China, and the results could be generalized to the overall province
to some extent. Besides, the birth weight in our study collected
from Medical Certificate of Birth, nearest to 10 g, which was
relatively objective and accurate. Moreover, we further assessed
accurately the dose–response relationship using RCSs between alti-
tude and birth outcomes. However, some limitations should be
addressed. First, as this study was observational, women’s charac-
teristics were retrospectively self-reported by the mothers after
delivery. Although events during pregnancy might be recalled well
years later from previous studies,44 the recall bias could not be
eliminated completely. Therefore, effective efforts were conducted
to help participants recall accurately as much as possible to control
the recall bias by using standard and detailed classification ques-
tionnaires with rigorously trained and professional interviewers.
Second, there were some potential factors in this observational
study confounding the association between altitude and birth out-
comes. They should be adjusted in the model analysis accordingly.
We selected some factors as potential confounders based on a
comprehensive consideration of previous literature and significant
differences across altitude levels in our sample including demo-
graphic and socioeconomic status, healthcare characteristics,
maternal health, and dietary nutrition during pregnancy.5,13,24–28

Even though we adjusted for as many confounders as possible
to reduce bias, we cannot rule out effects of all unobserved biases.
Third, the observational study cannot demonstrate causality, and
consequently, the results should be interpreted cautiously. Future
research with favorable study design, therefore, was needed to val-
idate the present study.

Conclusions

The present study suggests that the risk of adverse birth outcomes
is increased with increasing altitude even in the areas with low-
to-medium altitude. Therefore, the effect of low-to-medium alti-
tude on birth outcomesmight warrant consideration from the view
of maternal and child health care.

Supplementary materials. For supplementary material for this article, please
visit https://doi.org/10.1017/S204017442000063X.
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