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ABSTRACT

Objectives To evaluate the association between the
urinary 8-hydroxy-2’-deoxyguanosine (U8-OHdG) levels
and the incidence of small-for-gestational age (SGA)
infants and to assess the utility of U8-OHdG as a biomarker
to predict the incidence of SGA infants.

Design Prospective cohort study.

Setting The Japan Environment and Children’s Study.
Participants Data of participants enrolled in the Japan
Environment and Children’s Study, a nationwide birth
cohort study, between 2011 and 2014 were analysed;
104062 fetal records were analysed. Data of women
with singleton pregnancies >22 weeks of gestation were
analysed.

Primary and secondary outcome measures U8-OHdG
levels were assessed using liquid chromatography-tandem
mass spectrometry. Participants were categorised into
the following three groups according to the quartile of
the distribution of U8-0HdG: low U8-OHdG (<1.95ng/
mgCre), moderate U8-OHdG (the combined second and
third quartiles; 1.95-2.95ng/mgCre) and high U8-0HdG
(>2.95ng/mgCre) groups. Additionally, participants in

the 90th percentile for U8-OHdG levels were analysed.
Odds ratios (ORs) for SGA infants (<—1.5and <-2.0 SD)
were calculated using a logistic regression model while
adjusting for confounding factors; the moderate U8-
OHdG group was used as a reference. The cut-off value
of U8-OHdG to predict the incidence of SGA infants was
calculated using a receiver operating characteristic (ROC)
curve analysis.

Results Data of 80212 participants were analysed. The
adjusted ORs for SGA infants (<—1.5and<—-2.0SD) in the
high U8-0HdG group were 1.16 (95% Cl 1.07 to 1.25) and
1.22 (95% Cl 1.07 to 1.38). The cut-off value of U8-OHdG
(3.26 ng/mgCre) showed a poor ability to predict SGA
infants (sensitivity, 21.9%; specificity, 83.6%; area under
the ROC curve, 0.530).

Conclusions Elevated U8-OHdG levels were associated
with an increased incidence of SGA infants. However,
this parameter would not be a useful screening tool for

Strengths and limitations of this study

» The odds ratios for the incidence of small-for-
gestational age infants were calculated using the
data from a large Japanese birth cohort.

» The time point of assessing urinary
8-hydroxy-2’-deoxyguanosine levels varied for par-
ticipants in the second/third trimester.

» Data related to inflammatory cytokines were not
considered in the analysis.

predicting SGA infants owing to its low sensitivity and
specificity.

INTRODUCTION

Small-for-gestational age (SGA) infants are
affected by fetal growth restriction (FGR)
mainly because of placental insufficiency,'™
and SGA is closely associated with perinatal
morbidity and mortality.* ° Additionally, SGA
infants are known to have an increased risk of
coronary artery disease, diabetes mellitus and
arterial hypertension in adulthood.® However,
to date, there is no reliable biomarker to
predict the incidence of SGA infants in preg-
nant women.’

Oxidative stress (OS), which is defined as
an imbalance between prooxidants, such as
reactive oxygen species, and antioxidants,
is a concomitant factor with chronic inflam-
mation as its underlying mechanism and a
potentiation factor for producing inflamma-
tory cytokines, which cause several obstetric
complications.”  The relationship between
OS and the development of pathological
processes leading to obstetric complications,
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such as recurrent miscarriage, preterm births, chorio-
amnionitis, pre-eclampsia, gestational diabetes mellitus
(GDM), FGR and fetal death, has been reported.lo_14
However, the methods of evaluating OS in different
complications and the time points of measurements in
previous studies have been inconsistent. Moreover, there
is no standardised protocol to estimate OS in pregnant
women.

8-Hydroxy-2'-deoxyguanosine (8-OHdG) is one of the
most frequently explored products of oxidative DNA
damage because of its mutagenic properties and the
ease of measurement using an ELISA." Elevated urinary
8-hydroxy-2’-deoxyguanosine (U8-OHdG) levels in preg-
nant women have been reported to be associated with the
development of GDM.'* Similarly, several studies have
reported that elevated U8-OHdG levels are associated
with a reduced birth weight16"18; however, these studies
had small sample sizes with potential selection bias.

We hypothesised that elevated U8-OHAG levels during
pregnancy would be associated with a higher incidence of
SGA infants due to chronic placental hypoxia.'” There-
fore, in the present study, we evaluated the association
between US-OHAG levels during pregnancy and the inci-
dence of SGA infants and assessed the utility of US-OHdG
as a biomarker to predict the incidence of SGA infants
using data from a nationwide Japanese birth cohort study.

METHODS
Cohort selection
In this study, we analysed the data from the Japan Envi-
ronment and Children’s Study (JECS), which is a nation-
wide government-funded prospective birth cohort study
that was started in January 2011 to investigate the effects
of environmental factors on children’s health.'? %’ Briefly,
the JECS is funded directly by the Ministry of the Envi-
ronment, Japan, and involves collaboration among the
Programme Office (National Institute for Environmental
Studies), the Medical Support Centre (National Centre
for Child Health and Development) and 15 Regional
Centres (Hokkaido, Miyagi, Fukushima, Chiba, Kanagawa,
Koshin, Toyama, Aichi, Kyoto, Osaka, Hyogo, Tottori,
Kochi, Fukuoka and South Kyushu/ Okinawa).19 20 The
eligibility criteria for the JECS participants (expectant
mothers) were as follows: (1) residing in the study areas
at the time of recruitment and expected to continu-
ally reside in Japan for the foreseeable future, (2) an
expected delivery date between 1 August 2011 and mid-
2014 and (3) capable of participating in the study without
difficulty (ie, able to comprehend the Japanese language
and complete the self-administered questionnaires).
Either or both of the following recruitment protocols
were applied: (1) recruitment at the time of the first
prenatal examination at the cooperating healthcare
centres and (2) recruitment at local government offices
issuing a pregnancy journal, called the Maternal and
Child Health Handbook, that is given to all expectant
mothers in Japan before they receive municipal services

for pregnancy, delivery and childcare. We contacted preg-
nant women through cooperating healthcare providers
and/or local government offices issuing the Maternal and
Child Health Handbooks and registered those willing to
participate. Self-administered questionnaires, which were
completed by the women during the first trimester and
second/third trimester, were used to collect information
on demographic factors, medical and obstetric history,
physical and mental health, lifestyle, occupation, environ-
mental exposure at home and in the workplace, housing
conditions and socioeconomic status.'?*

As described in our previous study,1 the current anal-
ysis used the data set released in 2019 (data set: jecs-
ta-20190930). Specifically, we used three types of data:
(1) M-T1, obtained from a self-report questionnaire
that was collected during the first trimester (the first
questionnaire) and that included questions regarding
maternal medical background, (2) M-T2, obtained from
a self-report questionnaire that was collected during the
second or third trimester (second questionnaire) and that
included questions regarding partner lifestyle and socio-
economic status and (3) Dr-T1 and Dr-Om, which were
collected from the medical record transcripts provided
by each participant’s cooperating healthcare centre and
that included data on obstetrical outcomes during the
first, second and third trimesters, such as gestational
age and birth weight. The medical record transcriptions
were performed by physicians, midwives/nurses and/or
research coordinators.

Participants with singleton pregnancies at and after 22
weeks of gestation were included in the present study.
Women with spontaneous abortion, stillbirth and missing
data were excluded from the study. We used a complete
case analysis; there were no significant differences in
participants’ characteristics between those included
in and excluded from the study (data not shown), as
reported in our previous study.'

Exposure

UB-OHAG levels were measured from a urine sample
collected once during pregnancy using liquid chroma-
tography—-tandem mass spectrometry at a single centre,
the method of which has been reported elsewhere.”!
Although urine sampling for U8-OHdG assessment was
planned for the second or third trimester in the JECS,
there were differences in the actual measurement time
points (median, 27.0 weeks of gestation; quartiles at 25.0,
27.0 and 29.0 weeks of gestation). US-OHdG levels were
expressed as a ratio to urinary creatinine levels (ng/
mgCre).” Based on the Shapiro-Wilk test and histogram,
the levels of US-OHdG were not normally distributed;
therefore, after combining the second and third groups
as the moderate group, the participants were categorised
into the following three groups according to the quartile
of the distribution of U8-OHdG: low U8-OHdG group
(<1.95ng/mgCre), moderate U8-OHdG group (1.95-
2.95ng/mgCre) and high U8-OHdG group (>2.95ng/
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mgCre). Additionally, participants in the 90th percentile
for US-OHAG levels were analysed.

Outcomes

SGA infants were defined by a birthweight <-1.5 SD,
corrected for parity, gestational age and sex according to
the ‘New Japanese neonatal anthropometric charts for
gestational age at birth’." *® Additionally, SGA infants with
a birthweight <-2.0 SD were also analysed.** *

The following parameters were analysed as potential
confounding factors: maternal age, maternal body mass
index (BMI) before pregnancy, parity, maternal smoking
status, maternal alcohol consumption status, maternal
educational status, annual household income, gestational
weight gain (GWG), mean daily energy intake (DEI),
daily physical activity (DPA) and presence of hypertensive
disorders of pregnancy. Based on age, the participants
were categorised into three groups (<20 years, 20-34
years and >35 years).”> BMI before pregnancy was cate-
gorised into three groups (<18.5kg/m’, 18.5-24.9kg/
m® and 225.0kg/rr12).27 Parity was categorised into two
groups (nulliparous and multiparous).

As described in our previous study,’ maternal partic-
ipants were requested to provide information about
their smoking status by choosing one of the following:
‘currently smoking’, ‘never smoked’, ‘previously did, but
quit before realising current pregnancy’ and ‘previously
did, but quit after realising current pregnancy’. Partic-
ipants who chose ‘currently smoking’ comprised the
smoking category, whereas other participants comprised
the non-smoking category.

Maternal participants were requested to provide
information about their alcohol consumption status
by choosing one of the following: ‘never drank’, ‘quit
drinking before pregnancy’, ‘quit drinking during early
pregnancy’ and ‘kept drinking during pregnancy’.”®
Participants who chose ‘kept drinking during pregnancy’
comprised the drinking category, while other participants
comprised the non-drinking category.

Furthermore, as described in our previous study,'
maternal educational status was categorised into four
groups based on the number of years of education (junior
high school, <10 years; high school, 10-12 years; tech-
nical/vocational school or university, 13-16 years; and
graduate school, 217 years). Annual household income
was categorised into four levels (<2 000 000 Japanese yen,
2 000 000-5 999 999 Japanese yen, 6 000 000-9 999 999
Japanese yen and =10 000 000 Japanese yen).

GWG was defined as the body weight just before delivery
(kg) minus the body weight before pregnancy (kg). We
defined appropriate GWG as less than 12kg and exces-
sive GWG as more than 12kg according to the criteria
aimed at an appropriate birth weight, as described by the
Ministry of Health, Labour and Welfare, Japan, which
defines 9-12kg as the appropriate GWG for women
with a prepregnancy BMI below 18.8kg/m®, 7-12kg for
women with a prepregnancy BMI between 18.5kg/m”
and 24.9kg/m” and specifies individual values for women

with a prepregnancy BMI above 25.0 kg/m®. Maternal DEI
was evaluated using a semiquantitative food frequency
questionnaire that has been validated in another cohort
study®® and was calculated based on the Japan Standard
Tables of Food Composition (fifth Revised Edition).
Maternal DPA was evaluated as metabolic equivalent and
duration (minutes).” *' Hypertensive disorder of preg-
nancy was defined as persistently elevated blood pressure
(2140/90mm Hg) after 20 weeks of pregnancy in an
otherwise normotensive woman. All confounding factors
were chosen on the basis of their clinical importance.

Statistical analysis

The participants’ characteristics were summarised based
on the groups stratified by U8-OHdG levels. One-way
analysis of variance and Kruskal-Wallis test were used to
compare continuous variables based on the differences in
the distribution of data. The y? test was used to compare
the categorical variables among the groups. Crude odds
ratios (cORs), adjusted odds ratios (aORs) and 95% confi-
dence intervals (ClIs) for SGA infants were calculated
using a multiple logistic regression model, with women in
the moderate U8-OHdG group considered as the refer-
ence. The ORs were adjusted for maternal age, maternal
BMI before pregnancy, parity, maternal smoking status,
maternal alcohol consumption status, maternal educa-
tional status, annual household income, excessive GWG,
maternal DEI, DPA and hypertensive disorders of preg-
nancy. Moreover, maternal age, maternal BMI before
pregnancy and GWG were also used as confounding
factors for continuous variables.

Additionally, the cut-off value of U8-OHdG to predict
the incidence of SGA infants was calculated using a
receiver operating characteristic curve analysis. SPSS,
V.26 (IBM) was used to perform the statistical analyses.
Differences with p values <0.05 were considered statisti-
cally significant.

Patient and public involvement

The JECS started recruiting expectant mothers in 2011 to
assess environmental factors that affect children’s health,
which aimed to recruit approximately 100000 pregnant
women and their partners, to collect biological samples
and to collect data on their children until they became 13
years old." No cohort members were involved in setting
the research question. No cohort members were involved
in the interpretation or writing of the results. The results
of the research are disseminated to the general public by
presentations and press releases.

RESULTS

The total number of fetal records of women who gave
birth between 2011 and 2014 during the JECS was 104 062.
After applying our inclusion criteria, 80212 participants
were eligible for this study. The details of missing data
are shown in figure 1. Among 80212 participants, 19815
were in the low U8-OHdG group, 40466 in the moderate
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Fetal records

N = 104,062 Exclusion criteria
"' I Multiple pr ies N = 1,992 |
Singleton pregnancies
N=102,070 -
Abortions N = 1,189
Stillbirths N = 346
Unknown outcomes N = 2,411
[ N=98,124 ]
Missing data N =17,912
U8-OHdG levels N = 3,695
Maternal age N =7
Maternal BMI N = 106
Gestational weight gain N = 1,650
Parity N = 2,107
Maternal smoking status N = 1,513
Maternal alcohol consumption status N = 1,261
Maternal educational status N = 460
Annual household income N = 5,833
Neonatal birth weight N = 18
Small-for-gestational age infants N =36
Maternal daily energy intake N = 4
Enrolment Maternal daily physical activity N = 1,222
N=280,212
U8-OHdG levels (ng/mgCre)
<1.95 1.95-2.95 >2.95
N=19,815 N =40,466 N=19,931

Figure 1 Flowchart showing the enrolment of participants
in the study. BMI, body mass index; U8-OHdG, urinary
8-hydroxy-2'-deoxyguanosine.

U8-OHdG group and the remaining 19931 in the high
U8-OHAG group; 8067 participants were in the 90th
percentile for US-OHAG levels.

Table 1 summarises the maternal background and
obstetric outcomes of the participants stratified by
U8-OHdG levels. All variables except the maternal educa-
tional status and DPA differed significantly among the
groups stratified by U8-OHdG levels. The proportion of
pregnant women who currently smoked was the highest
in the high U8-OHdG group.

Table 2 shows the cORs and aORs for SGA infants
<-1.5SD among women in the low and high US-OHdG
groups, with women in the moderate U8-OHdG group as
the reference. The aORs for SGA infants <-1.5SD were
1.23 (95% CI 1.14 to 1.32), 1.20 (95% CI 1.10 to 1.29),
1.20 (95% CI'1.11 to 1.29) and 1.16 (95% CI 1.07 to 1.25)
among women in the high U8-OHdG group in model 1,
model 2, model 3 and model 4, respectively. The aORs for
SGA infants <~1.5SD in participants in the 90th percen-
tile for US-OHAG levels were also increased.

Table 3 shows the cORs and aORs for SGA infants
<-2.0SD among women in the low and high U8-OHdG
groups, with women in the moderate US-OHdG group as
the reference. The aORs for SGA infants <-2.0SD were
1.30 (95% CI 1.15 to 1.48), 1.27 (95% CI 1.12 to 1.44),
1.27 (95% CI'1.12 to 1.44) and 1.22 (95% CI 1.07 to 1.38)
among women in the high U8-OHdG group in model 1,
model 2, model 3 and model 4, respectively. The aORs for
SGA infants <-2.0SD in participants in the 90th percen-
tile for US-OHAG levels were also increased.

The cut-off value of US-OHAG to predict the incidence
of SGA infants was 3.26ng/mgCre (sensitivity 21.9% and
specificity 83.6%). In the receiver operating character-
istic curve analysis, the area under the curve for this cut-
off value was 0.530.

DISCUSSION

Principal findings

The findings of the present study suggest that high
U8-OHdG levels during pregnancy were associated with
an increased incidence of SGA infants after adjusting
for the confounding factors. Additionally, we estimated
the cut-off value of US-OHAG to predict the incidence
of SGA infants; however, it had low sensitivity and spec-
ificity, which implies that it is not suitable for universal
screening.

Strengths of the study

Among the strengths of the present study is that the ORs
for the incidence of SGA infants were calculated using
data from a large Japanese birth cohort. This strengthens
previous findings regarding the association between high
U8-OHdG levels and an increased incidence of SGA
infants. The results of the present study may facilitate the
clinical management of pregnant women and would be
informative to perinatologists. Further studies evaluating
the association between U8-OHdG levels and the inci-
dence of SGA infants while accounting for various lifestyle
factors and elucidating the mechanisms of OS underlying
SGA infants may be instrumental in suggesting modifica-
tion of lifestyle factors.

Limitations of the data

Despite the aforementioned strengths, the present study
had several limitations. First, the time point of assessing
U8-OHdG levels was not consistent for all participants in
the second/third trimester (median, 27.0 weeks of gesta-
tion). This would have influenced the results because
the levels of US-OHAG vary by gestational age.'” Never-
theless, the large number of participants might have
overcome this difference in gestational ages and led to
a robust analysis of data in the second/third trimester.
Second, the present study did not include data for
inflammatory cytokines. Although U8-OHdG levels
directly reflect OS, elucidation of the underlying mech-
anism while accounting for the cascade of inflamma-
tory cytokines would strengthen the association between
UB-OHJG levels and obstetric complications. Third, the
present data set does not include data on some poten-
tial confounders, such as ferritin level, air pollution level
and altitude. These factors may influence the association
between U8-OHAG levels and obstetric complications,
especially in urban and high-altitude settings. Addition-
ally, there was no detailed information about FGR in
the JECS, and we could not evaluate the true association
between FGR and SGA infants. Finally, a complete case
analysis performed in this study might have led to the
potentially biased findings. Although this analysis was
judged suitable based on the fact that the missingness did
not depend jointly on the exposure and the outcome and
that there were no significant differences in character-
istics between those included in and excluded from the
study, careful interpretation of the findings is needed.
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Table 1 Maternal medical background and obstetric outcomes of participants based on the urinary 8-hydroxy-2'-

deoxyguanosine levels

Low U8-OHdG Moderate U8-OHdG High U8-OHdG
<1.95ng/mgCre 1.95-2.95ng/mgCre >2.95ng/mgCre

Variable n=19815 n=40466 n=19931 P value
Maternal age, % (n) <0.001

<20 years 0.7 (129) 0.6 (240) 0.4 (83)

20-34 years 71.9 (14,250) 72.1 (29,183) 70.7 (14,092)

>35 years 27.4 (5,436) 27.3 (11,043) 28.9 (5,756)
BMI before pregnancy, % (n) <0.001

<18.5kg/m? 13.6 (2,695) 16.0 (6,461) 17.6 (3,501)

18.5-24.9kg/m? 73.7 (14,601) 73.8 (29,862) 72.5 (14,442)

>25.0kg/m? 12.7 (2,519) 10.2 (4,143) 10.0 (1,988)
Nulliparous, % (n) 39.1 (7,742) 38.6 (15,620) 41.9 (8,361) <0.001
Smoking during pregnancy, % (n) 2.9 (575) 4.3 (1,721) 7.3 (1,455) <0.001
Alcohol consumption, % (n) 2.6 (519) 2.7 (1,103) 3.4 (678) <0.001
Maternal education, % (n) 0.199

<10 years 4.3 (858) 4.4 (1,798) 4.7 (931)

10-12 years 31.1 (6,162) 30.7 (12,435) 31.2 (6,225)

13-16 years 63.1 (12,503) 63.4 (25,668) 62.5 (12,462)

>17 years 1.5 (292) 1.4 (565) 1.6 (313)
Annual household income, % (n) 0.020

<2 000 000 Japanese yen 5.8 (1,159) 5.5 (2,236) 5.6 (1,126)

2 000,000-5 999 999 Japanese 68.2 (13,508) 67.7 (27,411) 67.0 (13,360)

yen

6 000 000-9 999 999 Japanese 21.6 (4,281) 22.6 (9,129) 23.0 (4,581)

yen

>10 000 000 Japanese yen 4.4 (867) 4.2 (1,690) 4.3 (864)
Excessive GWG (>12kg), % (n) 31.9 (6,318) 30.4 (12,319) 27.4 (5,459) <0.001
Maternal daily energy intake (kcal/ 1686.0 1702.0 1694.0 0.003
day), median (quartile range) (1365.0-2096.0) (1380.0-2116.0) (1375.0-2104.0)
Maternal daily physical activity 120.0 118.9 120.0 0.604
(METs*min), median (IQR) (28.3-411.4) (28.3-424.3) (28.3-452.6)
Hypertensive disorders of 3.6 (712) 2.8 (1,152) 3.0 (596) <0.001
pregnancy, % (n)
SGA infants<-1.5SD, % (n) 4.6 (920) 4.6 (1,879) 5.9 (1,168) <0.001
SGA infants<-2.0SD, % (n) 1.6 (317) 1.5 (614) 2.1 (414) <0.001

BMI, body mass index; GWG, gestational weight gain; MET, metabolic equivalent; SGA, small-for-gestational age; U8-OHdG, urinary

8-hydroxy-2'-deoxyguanosine.

Interpretation

The findings of our study, which suggest that high
UB-OHdG levels were associated with an increased
incidence of SGA infants, are consistent with those of
previous studies.'®® Pregnancy itself is a state of OS, and
appropriate levels of reactive oxygen species are neces-
sary to maintain the physiological functions; however,
OS, especially in higher concentrations, may cause
endothelial dysfunction and insufficient uteroplacental
perfusion, which result in SGA infants.'”** Several inflam-
matory cytokines, such as tumour necrosis factor-o. and

prostaglandins, are instrumental in causing endothelial
dysfunction.” Additionally, reactive oxygen species gener-
ated from nicotinamide adenine dinucleotide phosphate
oxidase are critical for vascular endothelial growth factor
signalling and angiogenesis, which may be important
causative factors for endothelial dysfunction.” Further-
more, since maternal OS appears to be a reliable proxy
assessment of fetal OS,17 maternal biomarkers of OS can
closely correlate with the fetal and neonatal condition.
Conversely, low U8-OHdG levels were not associated
with a decreased incidence of SGA infants when compared
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Table 2 Crude ORs and adjusted ORs for the incidence of small-for-gestational age infants<—1.5 SD in women with low and

high urinary 8-hydroxy-2'-deoxyguanosine levels

Low U8-OHdG _ High U8-OHdG 90th percentile for U8-OHdG
N=19815 Moderate U8- ' *19031 N=8067
OHdG

US-OHdG groups  ORs 95%Cl N=40466 ORs 95%Cl ORs 95% Cl
cOR 1.00 (0.92 t0 1.08) Ref 1.28 (11910 1.38)  1.52 (1.38 t0 1.68)
aOR (model 1)* 1.03 (0.95 0 1.12) Ref 1.23 (114101.32)  1.43 (1.29 to 1.58)
aOR (model 2)t 1.04 (0.96 t0 1.13) Ref 1.20 111t01.29)  1.38 (1.25 t0 1.53)
aOR (model 3)t 1.03 (0.95 t0 1.12) Ref 1.20 1111t01.29)  1.37 (1.24 10 1.52)
aOR (model 4)§ 1.06 (0.97 to 1.15) Ref 1.16 (1.07t01.25)  1.31 (1.18 to 1.44)

*Maternal age, body mass index before pregnancy, parity, maternal smoking status, maternal alcohol consumption status, maternal educational
status and annual household income were used as confounding factors in model 1.
TIn addition to the confounding factors in model 1, excessive gestational weight gain, maternal daily energy intake, and daily physical activity were

used as confounding factors in model 2.

FIn addition to the confounding factors in model 2, the presence of hypertensive disorders of pregnancy was used as a confounding factor in model

3

§Maternal age, body mass index before pregnancy, and gestational weight gain were used as confounding factors for continuous variables in model

4, and other confounding factors were also used in model 3.

aOR, adjusted OR; cOR, crude OR; Ref, reference; U8-OHdG, urinary 8-hydroxy-2'-deoxyguanosine.

with moderate US-OHAG levels. Although little is known
about the association between low US-OHAG levels
and obstetric outcomes, it can be speculated that low
U8-OHAG levels would be associated with low maternal
nutrition and low BMI, and high U8-OHdG levels would
be associated with high maternal nutrition and high
BMIL,* which frequently affect fetal and neonatal growth.
Since low maternal nutrition and insufficient GWG lead
to unfavourable obstetric outcomes® and moderate OS
is essential for the maintenance of physiological func-
tions,” physicians should not suggest that low US-OHAG
levels indicate better obstetric outcomes.

The cutoff value of US-OHAG to predict the incidence
of SGA infants calculated in this study revealed that this
parameter may not be useful for universal screening. To
date, no biomarker has been established to predict the inci-
dence of SGA infants.” " Since our calculated cut-off value

of U8-OHAG had low sensitivity, low specificity and low area
under the curve, we do not suggest that US-OHdAG is useful
as a clinical biomarker for predicting the incidence of SGA
infants. Further studies to evaluate the utility of US-OHdG
to predict SGA birth with stratification of the aetiology of
SGA infants are needed because this condition is caused by
heterogeneous factors. Moreover, future studies should iden-
tify and investigate the usefulness of other biomarkers for OS
to predict SGA infants.

CONCLUSIONS

The findings of the present study suggest that high
U8-OHAG levels were associated with an increased
incidence of SGA infants. Further studies to confirm
the utility of measuring US-OHAG levels to predict the

Table 3 Crude ORs and adjusted ORs for the incidence of small-for-gestational age infants <—2.0SD in women with low and

high urinary 8-hydroxy-2'-deoxyguanosine levels

I&Z\;vgtéﬁSOHdG :\)II : g zrat e US- :|=g1h9lél§1OHdG z(fgozt;rcentlle for U8-OHdG
U8-OHdG groups ORs 95% Cl N=40466 ORs 95% ClI ORs 95% ClI
cOR 1.06 (0.92 to 1.21) Ref 1.38 (1.21 to 1.56) 1.67 (1.42 to 1.96)
aOR (model 1)* 1.09 (0.95 to 1.25) Ref 1.30 (1.15to0 1.48) 1.53 (1.30 to 1.80)
aOR (model 2)1 1.10 (0.96 to 1.26) Ref 1.27 (1.12 to 1.44) 1.47 (1.25 to 1.73)
aOR (model 3)F 1.08 (0.94 to 1.24) Ref 1.27 (1.12 to 1.44) 1.46 (1.24 t0 1.72)
aOR (model 4)§ 1.10 (0.96 to 1.26) Ref 1.22 (1.07 to 1.38) 1.37 (1.17 to 1.62)

*Maternal age, body mass index before pregnancy, parity, maternal smoking status, maternal alcohol consumption status, maternal educational
status and annual household income were used as confounding factors in model 1.
TIn addition to the confounding factors in model 1, excessive gestational weight gain, maternal daily energy intake, and daily physical activity were

used as confounding factors in model 2.

FIn addition to the confounding factors in model 2, the presence of hypertensive disorders of pregnancy was used as a confounding factor in model

3

§Maternal age, body mass index before pregnancy, and gestational weight gain were used as confounding factors as continuous variables in model

4 and other confounding factors were also used in model 3.

aOR, adjusted OR; cOR, crude OR; Ref, reference; U8-OHdG, urinary 8-hydroxy-2'-deoxyguanosine.
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incidence of SGA infants, while accounting for variable
aetiology of this condition, are needed.
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