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Background:Many factors can affect the clinical outcome of extremely premature infants
(EPIs), but the effect of sex is paradoxical. This study used propensity score matching to
adjust baseline information to reassess the clinical outcome of EPIs based on sex.

Methods: A retrospective analysis was performed on EPIs admitted in the Department of
Neonatology of the Third Affiliated Hospital of Guangzhou Medical University from 2011 to
2020. A propensity score matching (PSM) analysis was used to adjust the confounding
factors including gestational age, birth weight, 1-minute Apgar score ≤ 3, withholding or
withdrawing life-sustaining treatment(WWLST), mechanical ventilation, duration of
mechanical ventilation, the mother with advanced age (≥35 years old), complete-course
antenatal steroid therapy and hypertensive disorders of pregnancy. The survival rate at
discharge and the incidence of major complications were evaluated between the male and
female groups.

Results: A total of 439 EPIs were included, and 240 (54.7%) infants were males. After
matching the nine confounding factors, 148 pairs of infants were finally enrolled. There
was no significant difference in the survival rate at discharge, as well as the mortality of
activating treatment or WWLST between the two groups (all P>0.05). However, the
incidence of respiratory distress syndrome, bronchopulmonary dysplasia (BPD), and
moderate to severe BPD in the male group was significantly increased (all P<0.01),
especially at birth weight between 750 and 999 grams.

Conclusions: The male EPIs have a higher risk of respiratory complications than females,
particularly at 750 to 999 grams of birth weight.

Keywords: sex differences, extremely premature infants, outcomes, respiratory complications, propensity
score matching
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INTRODUCTION

Gestational age (GA), birth weight (BW), antenatal steroids
administration, active resuscitation, maternal age, and
hypertensive disorders of pregnancy are considered to impact
the outcomes of preterm infants (1–6). There is increasing
interest in perinatal medicine as to how sex impacts survival
and complications of premature infants. In 1971, Naeye et al.
firstly reported that male neonates had a higher risk of death (7).
Over the past decades, some other clinical cohort studies have
repeatedly shown that male premature infants have
disadvantages in outcomes, especially in respiratory distress
syndrome (RDS), bronchopulmonary dysplasia (BPD),
intraventricular hemorrhage (IVH), and retinopathy of
prematurity (ROP) (8–16).

However, the male disadvantage appears to be uncertain in
extremely preterm infants (EPIs, defined as GA<28 weeks) or/
and very preterm infants (VPIs, defined as GA<32 weeks). Binet
et al. found that there was no significant difference in survival
rate between male and female EPI (15). And similar research also
indicated that male infants with GA below 30 weeks had
comparable mortality when compared with females (16).
Differently, some studies showed that male VPIs had
significantly higher mortality rate (9, 11, 13, 14). BPD is
regarded as the major complication in EPIs/VPIs. Kent et al.
found that there was no sex difference in the incidence of BPD in
infants with <29 weeks’ gestation (9). But the other studies from
five national neonatal networks suggested that male EPIs/VPIs
had a higher risk of BPD (11, 13–16). Similarly, some studies
demonstrated that male EPIs/VPIs had a significantly higher risk
of severe IVH (9, 13, 14, 16), while the study from Canadian
Neonatal Network found no difference (15).

The main reason for the above conflicting results may be
relative to the inconsistent baselines of the study subjects. Some
characteristics such as GA, BW, and antenatal steroids, are quite
different between the male and female groups, which have
important impacts on mortality and morbidity in EPIs/VPIs.
So, in this study, the propensity score matching method was used
to adjust the baseline characteristics to estimate the impact of sex
on the clinical outcome of EPIs. Furthermore, given that GA and
BW were the most important factors influencing EPIs outcomes,
we performed subgroup analyses of sex differences according to
GA and BW classification.
MATERIALS AND METHODS

Subjects and Data Collection
The EPIs who were admitted to the Department of Neonatology of
the Third Affiliated Hospital of Guangzhou Medical University
from January 1, 2011, to December 31, 2020, were selected as the
research subjects. The exclusion criteria were as follows: (1)
incomplete data of the infant or mother; (2) various serious
congenital malformations, such as genetic metabolic diseases,
central nervous system malformations, and cardiovascular
malformations. The selected EPIs were divided into male and
female groups, and then stratified by GA and BW, namely
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gestational age <26 weeks, 26 weeks, and 27 weeks, birth weight
<750g, 750-999g, and ≥1000g. This study was approved by the
Medical Ethics Committee of the Third Affiliated Hospital of
Guangzhou Medical University. The following neonatal and
maternal data were collected: (1) neonatal data: sex, GA, BW,
twin/multiple pregnancy, in vitro fertilization (IVF), delivery
method, 1- and 5-minute Apgar score, mechanical ventilation,
the survival rate at discharge, and the major complications during
hospitalization; (2) maternal data: age at delivery, antenatal steroid
administration, and the major pregnancy complications.

Definitions and Classifications
Survivors were defined as EPIs who survived at discharge (17).
Neonatal respiratory distress syndrome (RDS) was diagnosed in
preterm infants with respiratory distress shortly after birth and/
or a compatible chest X-ray appearance (18). The definition and
severity classification of BPD was based on the criteria
established by the National Institute of Child Health and
Human Development (NICHD, 2001), which was defined as
oxygen dependency for at least 28 days and the severity
classifications were assessed at 36 weeks postmenstrual age
(PMA) or at discharge (19). The diagnosis and grading of
necrotizing enterocolitis (NEC) were based on Bell’s stage (20).
Retinopathy of prematurity (ROP) and its grades were defined by
the international classification of ROP (21). Both IVH and
periventricular leukomalacia (PVL) were diagnosed by cranial
ultrasonography or magnetic resonance imaging (MRI). The
Papile criterion was used to grade IVH (22), and grade III-IV
IVH is served as severe IVH. PVL was defined as degeneration of
white matter adjacent to the cerebral ventricles following cerebral
hypoxia or brain ischemia (23). The diagnostic criteria of
hospital acquired infection (HAI) referred to the diagnostic
criteria of hospital infection of the Ministry of Health of China
(24). In this study, HAI was limited to the infections that
occurred after 48 hours of hospitalization. Treated patent
ductus arteriosus (PDA) was defined as treatment with
ibuprofen and/or surgical ligation after the diagnosis of PDA
by echocardiography (25). Complete-course antenatal steroid
therapy was defined as the administration of intramuscular
injections of 6 mg dexamethasone (1 dose per 12 hours, 4
doses in total) or intramuscular injections of 12 mg
betamethasone (1 dose per 12 hours, 2 doses in total) within 7
days before delivery (26, 27).

Statistical Analysis
All data were analyzed using SPSS 26.0 software (IBM, Armonk,
NY, USA). We initiated a 1:1 matched analysis by PSM with a
nearest-neighbor matching algorithm to adjust the baseline
characteristic differences between the two groups, including GA,
BW, 1-minute Apgar score ≤ 3, WWLST, mechanical ventilation,
duration of mechanical ventilation, the mother with advanced age
(≥35 years old), complete-course antenatal steroid therapy and
hypertensive disorders of pregnancy. These covariates were
selected based on the reported studies and our data, which were
found to be relative to the mortality and morbidity of preterm
infants (1–5, 28–30). We used calipers of width equal to 0.02 of the
standard deviation of the logit of the propensity score. Continuous
May 2022 | Volume 13 | Article 823707
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variables are presented as the means ± standard deviation (SD) or
as medians (P25, P75) when their distributions were highly
skewed or not, and were analyzed using t-tests, or Mann–
Whitney tests. Categorical variables are presented as rates, which
were analyzed using Pearson chi-square tests, continuity
correction chi-square tests or Fisher’s exact tests. P<0.05 was
considered statistically significant.
RESULTS

Baseline Characteristics of Neonates
and Mothers
From 1 Jan 2011 to 31 Dec 2020, there were 445 EPI admitted to
the Department of Neonatology, the Third Affiliated Hospital of
Guangzhou Medical University. 3(0.67%), 1(0.22%), and 2
(0.45%) infants were excluded due to incomplete data, genetic
metabolic diseases, and the presence of congenital anomalies,
respectively. At last, a total of 439 EPIs were enrolled and were
divided into male or female groups. Before matching, there were
240 male infants and 199 female infants. After matching, each
group included 148 infants. The baseline characteristics of the
two groups before and after matching are shown in Table 1.
Before matching, eight covariates were significantly different
between the two groups, including BW, 1-minute Apgar score
≤ 3, WWLST, mechanical ventilation, duration of mechanical
ventilation, the mother with advanced age (≥35 years old),
complete-course antenatal steroid therapy, and hypertensive
Frontiers in Endocrinology | www.frontiersin.org 3
disorders of pregnancy. After matching, 296 infants were
included in the PSM model. All covariates were well balanced
without significant differences. The covariates of the subgroups
were also well matched (Supplemental Tables 1–3).

Clinical Outcomes
There was no significant difference in the survival rate at discharge,
as well as the mortality of activating treatment or WWLST between
the two groups after matching (all P>0.05). The incidence of RDS
and BPD in the male group was significantly higher than that in the
female group before and after matching (all P<0.05). But the
difference in the incidence of moderate to severe BPD between
the two groups was just found after matching (48.7%[38/78] vs.
25.4%[18/71], P<0.01), not before matching (P>0.05). On the
contrary, the incidence of IVH in the male group was
significantly higher than that in the female group before matching
(61.5%[115/187] vs. 48.5%[63/130], P<0.05), but not after matching
(P>0.05). There was no significant difference in the incidence of
severe IVH, PVL, NEC, ROP, HAI, or treated PDA between the two
groups before or after matching. See Table 2 for details.

In the subgroup analysis, the male infants in the subgroup with
27 weeks of gestation had an increased incidence of BPD after
matching, when compared with the female infants (94.6%[35/37]
vs. 76.2%[32/42], P<0.05); and so did the incidence of moderate to
severe BPD (40.5%[15/37] vs. 14.3%[6/42], P<0.01). On the other
hand, the male infants in the subgroup with birth weight of 750 to
999 g, had higher incidences of RDS and BDP than female infants
before or after matching (all P<0.05). More interestingly, the
TABLE 1 | The characteristics of the EPIs and their mothers.

Before matching After matching

Male (No. = 240) Female (No. = 199) P value Male (No. = 148) Female (No. = 148) P value

Neonatal characteristic
Gestational age, weeks 26.7 (26.0, 27.3) 26.9 (26.1, 27.4) 0.115 26.9 (26.0, 27.4) 26.7 (26.0, 27.4) 0.916
Birth weight, g 918 (810, 1000) 870 (760, 950) <0.01 920 (810, 980) 883 (783, 984) 0.430
WWLST, No. (%) 83 (34.6) 90 (45.2) 0.023 63 (42.6) 66 (44.6) 0.725
Apgar score, No. (%)
1-min ≤3 26 (10.8) 10 (5.0) 0.027 9 (6.1) 9 (6.1) 1.000
1-min 4~7 81 (33.8) 67 (33.7) 0.986 52 (35.1) 46 (31.1) 0.459
5-min ≤7 42 (17.5) 28 (14.1) 0.329 25 (16.9) 20 (13.5) 0.418
Mechanical ventilation, No. (%) 200 (83.3) 140 (70.4) <0.01 119 (80.4) 109 (73.6) 0.167
Duration of mechanical ventilation, days 4.8 (0.7, 13.5) 2.7 (0.0, 9.1) <0.01 4.3 (0.5, 12.1) 3.0 (0.0, 10.0) 0.088
Maternal characteristic
Age≥35 years old, No. (%) 80 (33.3) 46 (23.1) 0.018 42 (28.4) 37 (25.0) 0.511
Cesarean section, No. (%) 79 (32.9) 71 (35.7) 0.544 49 (33.1) 41 (27.7) 0.312
IVF, No. (%) 95 (39.6) 85 (42.7) 0.507 57 (38.5) 65 (43.9) 0.345
Twin/multiple pregnancy, No. (%) 63 (26.3) 66 (33.2) 0.113 47 (31.8) 56 (37.8) 0.272
Any antenatal steroids, No. (%) 155 (64.6) 136 (68.3) 0.407 105 (70.9) 94 (63.5) 0.173
Complete-course antenatal steroids, No. (%) 69 (28.7) 84 (42.2) <0.01 60 (40.5) 51 (34.5) 0.280
Placental abruption, No. (%) 24 (10.0) 18 (9.0) 0.735 13 (8.8) 13 (8.8) 1.000
Placenta previa, No. (%) 16 (6.7) 12 (6.0) 0.786 8 (5.4) 10 (6.8) 0.627
Premature rupture of membranes, No. (%) 82 (34.2) 64 (32.2) 0.657 59 (39.9) 52 (35.1) 0.401
Chorioamnionitis, No. (%) 20 (8.3) 20 (10.1) 0.534 13 (8.8) 13 (8.8) 1.000
Intrauterine distress, No. (%) 9 (3.8) 7 (3.5) 0.897 8 (5.4) 5 (3.4) 0.395
Hypertensive disorder of pregnancy, No. (%) 27 (11.3) 38 (19.1) 0.021 19 (12.8) 17 (11.5) 0.722
Gestational diabetes mellitus, No. (%) 42 (17.5) 35 (17.6) 0.981 23 (15.5) 28 (18.9) 0.442
Cervical incompetence, No. (%) 43 (17.9) 34 (17.1) 0.820 30 (20.3) 25 (16.9) 0.455
May 20
22 | Volume 13 | Article
Data are presented as median (IQR), or number (%); EPIs, extremely preterm infants; IVF, in vitro fertilization; WWLST, withholding or withdrawing life-sustaining treatment.
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higher incidence of moderate to severe BPD in male infants was
just seen after matching (50.0%[25/50] vs. 28.6%[12/42], P<0.05),
not before matching. In the other GA and BW subgroups, the
incidence of RDS, BPD, and moderate to severe BPD between
male and female infants were not significantly different before or
after matching (all P>0.05), as shown in Tables 3, 4. Additionally,
we made a sensitivity analysis between subgroups, which
demonstrated that our results of subgroups were reliable and
stable. Please see the Supplemental Tables 4, 5.
DISCUSSION

In the present study, it was clearly identified that sex played a key
role in clinical outcomes of EPIs through propensity score
matching analysis. Specifically, comparing with females,
increasing incidences of RDS, BPD, and moderate to severe
Frontiers in Endocrinology | www.frontiersin.org 4
BPD existed in the male group, especially at birth weight of
750 to 999 grams.

RDS is the most common complication of EPIs. Similar to the
results of previous studies (11, 13), the male EPIs was found to
have a higher incidence of RDS than the female in our study.
Though the exact pathogenesis remains unknown, previous
studies showed that it may partly attribute to the sex
differences in lung tissue structure, pulmonary surfactant, and
regulation of lung development by sex hormones. The sodium
transport channel in the alveolar epithelium, which is found to
have lower expression in male neonates than the females, can
mediate the clearance of alveolar fluid. When the fluid
accumulates in the lungs by reduced clearance, it can hinder
gas exchange and increase the risk of RDS (31, 32). Insufficient
pulmonary surfactant is the main cause of RDS. Sex can affect the
development of lung as females produce surfactants earlier than
males (33, 34). Besides, the various components of pulmonary
TABLE 3 | The effects of gestational age on the incidence of respiratory complications in male and female EPIs (%[diagnosed No./assessed No.]).

Gestationalage at delivery (weeks) Before matching After matching

Male (No. = 240) Female (No. = 199) P value Male (No. = 148) Female (No. = 148) P value

RDS
<26 96.6 (56/58) 100 (38/38) 0.517a 100.0 (32/32) 100.0 (32/32) –

26 97.7 (86/88) 87.7 (57/65) 0.031b 96.2 (51/53) 86.3 (44/51) 0.145b

27 95.7 (90/94) 92.7 (89/96) 0.558b 96.8 (61/63) 90.8 (59/65) 0.294b

BPD
<26 100.0 (21/21) 90.9 (10/11) 0.344a 100.0 (11/11) 90.0 (9/10) 0.476a

26 98.1 (53/54) 96.0 (24/25) 1.000b 100.0 (30/30) 94.7 (18/19) 0.388a

27 90.0 (54/60) 77.0 (47/61) 0.055 94.6 (35/37) 76.2 (32/42) <0.05b

Moderate to severe BPD
<26 38.1 (8/21) 27.3 (3/11) 0.826b 36.4 (4/11) 20.0 (2/10) 0.635a

26 44.4 (24/54) 48.0 (12/25) 0.768 63.3 (19/30) 52.6 (10/19) 0.458
27 35.0 (21/60) 21.3 (13/61) 0.094 40.5 (15/37) 14.3 (6/42) <0.01
May 2
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a Fisher’s exact tests; b Continuity correction Chi-square tests; EPIs, extremely preterm infants; RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia.
TABLE 2 | The clinical outcomes of the EPIs (%[diagnosed No./assessed No.]).

Before matching After matching

Male (No. = 240) Female (No. = 199) P value Male (No. = 148) Female (No. = 148) P value

Major morbidity
RDS 96.7 (232/240) 92.5 (184/199) 0.049 97.3 (144/148) 91.2 (135/148) 0.046a

BPD 94.8 (128/135) 83.5 (81/97) <0.01 97.4 (76/78) 83.1 (59/71) <0.01a

Moderate to severe BPD 39.3 (53/135) 28.9 (28/97) 0.101 48.7 (38/78) 25.4 (18/71) <0.01
IVH 61.5 (115/187) 48.5 (63/130) 0.021 61.4 (70/114) 49.5 (48/97) 0.082
Severe IVH 26.2 (49/187) 18.5 (24/130) 0.107 23.7 (27/114) 19.6 (19/97) 0.473
PVL 11.8 (22/187) 5.4 (7/130) 0.053 8.8 (10/114) 5.2 (5/97) 0.308
NEC 11.3 (22/194) 7.6 (11/144) 0.257 11.5 (15/130) 4.8 (6/124) 0.053
ROP 82.2 (111/135) 80.6 (79/98) 0.754 81.8 (63/77) 78.3 (54/69) 0.591
HAI 44.1 (86/195) 48.0 (71/148) 0.476 39.8 (47/118) 49.5 (53/107) 0.144
Treated PDA 30.3 (66/218) 26.4 (43/163) 0.405 26.9 (35/130) 27.4 (34/124) 0.929
Survival at discharge 55.4 (133/240) 46.7 (93/199) 0.070 52.0 (77/148) 44.6 (66/148) 0.201
Death
Active treatment 11.3 (27/240) 10.6 (21/199) 0.816 7.4 (11/148) 12.2 (18/148) 0.171
WWLST 33.3 (80/240) 42.7 (85/199) 0.043 40.5 (60/148) 43.2 (64/148) 0.637
aContinuity correction Chi-square tests;EPIs, extremely preterm infants; RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; PVL,
periventricular leukomalacia; NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; HAI, hospital acquired infection; PDA, patent ductus arteriosus; WWLST, withholding or
withdrawing life-sustaining treatment.
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surfactants are relative to GA and sex. At 25 weeks of gestation,
the proportion of dipalmitoyl phosphatidylcholine in males was
lower than in females; while at 30 to 40 weeks of gestation, the
concentration of saturated phosphatidylcholine and the
proportion of unsaturated phosphatidylcholine in males were
also lower than in females (34, 35). Sex hormones are also key to
lung development. Increased concentrations of estrogen in
female can activate the estrogen beta receptors, upregulate the
platelet-derived growth factor alpha and enhance the
granulocyte-macrophage colony stimulating factor, thereby
promoting lung development and the lung surfactants
secretion (36–38). Androgens can inhibit lung maturation and
the production of pulmonary surfactant by downregulating
epidermal growth factor and upregulating transforming growth
factor b1 (38, 39).

BPD is another serious complication of EPIs. There are various
risk factors for BPD, including prematurity, low birth weight,
mechanical ventilation, etc. (40). Recent studies have shown that
the risk factors for moderate to severe BPD in EPI include birth
weight, sex, duration ofmechanical ventilation, and PDA treatment
(41, 42). In addition, maternal conditions such as antenatal steroid
administration and hypertensive disorders of pregnancy also have
impacts on severe BPD (43, 44). After matching the confounding
covariates in baseline characteristics of the two groups, such as GA,
BW, duration of mechanical ventilation, complete-course antenatal
steroid therapy, and hypertensive disorders of pregnancy, our study
found that the male EPIs had a higher incidence of BPD and
moderate to severe BPD. It indicates that sex can also influence the
occurrence and severity of BPD in EPIs.

Moreover, after matching, subgroup analysis found that the
incidences of BPD and moderate to severe BPD in male infants
with 27 weeks of gestation were higher than in females. This was
similar to the report by Binet et al. (15). The sex difference in
BPD incidence of EPIs with 27 weeks of gestation may be related
to androgen secretion. The peak testosterone secrets at the
saccular stage (26-36 weeks of gestation) (38), which has a
negative impact on lung development and maturation, and the
development of BPD is also at this stage. In addition, our study
also demonstrated that in the subgroup of birth weight between
750 and 999 grams, the incidence of major respiratory
Frontiers in Endocrinology | www.frontiersin.org 5
complications in males was significantly higher than that in
females, especially the incidence of moderate-to-severe BPD,
while there was no significant difference in other birth weight
subgroups. This may be related to the following aspects. Male
infants always have a lower gestational age and are less mature
than female infants with similar birth weight (15, 45). In EPIs,
the benefits of each 100 g increase in birth weight are like a 1-
week increase in gestational age (46).

IVH is the most common brain injury in EPIs. Antenatal
steroid treatment and hypertensive disorders of pregnancy can
reduce the incidence of severe IVH in EPIs (3, 5, 27, 47, 48).
Our results showed that there were no significant differences in
the incidence of IVH and severe IVH between the two groups
after matching. This finding is consistent with the study of
Shim et al. (16). Shim et al. demonstrated that male infants
below 30 weeks of gestation had a higher risk for severe IVH,
but after adjusting for some perinatal risk factors such as
antenatal steroid therapy and hypertensive disorders of
pregnancy, sex difference was not found in severe IVH in
infants below 25 weeks of gestation.

To date, the sex on the survival rate of EPIs/VPIs has been
contradictory (11, 13–16). The study from Canadian Neonatal
Network found that there was no sex difference in survival rate
at discharge in EPIs (15). Shim et al. (16) also detected that the
mortality of male EPIs was near to the female, even after
adjusting for perinatal risk factors such as antenatal steroids
and hypertensive disorders of pregnancy. Our study found that
sex was not an important impact factor on the survival rate of
EPIs after matching. But it should be explained carefully,
because in our study, there was a high proportion of deaths
after WWLST, which could affect the survival rate analysis.

The highlight of our study is to use the propensity score
matching method to unify the baseline characteristics of the two
groups, and further confirm the role of sex on the major
respiratory complications such as RSD, BPD, and moderate to
severe BPD of EPI. However, there are still some limitations in our
study. This is a single-center study, and the sample size of the
subgroup is small. And it is not a randomized prospective
controlled study. Before making a definite conclusion, further or
multicenter studies are needed.
TABLE 4 | The effects of birth weight on the incidence of respiratory complications in male and female EPIs (%[diagnosed No./assessed No.]).

Birth weight at delivery (g) Before matching After matching

Male (No. = 240) Female (No. = 199) P value Male (No. = 148) Female (No. = 148) P value

RDS
<750 97.0 (32/33) 97.8 (44/45) 1.000a 96.0 (24/25) 100.0 (24/24) 1.000b

750~999 97.9 (143/146) 91.7 (110/120) 0.038a 99.0 (95/96) 90.1 (82/91) 0.018a

≥1000 93.4 (57/61) 88.2 (30/34) 0.624a 92.6 (25/27) 87.9 (29/33) 0.863a

BPD
<750 100.0 (9/9) 87.5 (14/16) 0.520b 100.0 (8/8) 83.3 (5/6) 0.429b

750~999 98.7 (77/78) 84.2 (48/57) <0.01a 98.0 (49/50) 83.3 (35/42) 0.034a

≥1000 87.5 (42/48) 79.2 (19/24) 0.354 95.0 (19/20) 82.6 (19/23) 0.431a

Moderate to severe BPD
<750 55.6 (5/9) 31.3 (5/16) 0.397b 62.5 (5/8) 16.7 (1/6) 0.138b

750~999 43.6 (34/78) 31.6 (18/57) 0.157 50.0 (25/50) 28.6 (12/42) 0.037
≥1000 29.2 (14/48) 20.8 (5/24) 0.449 40.0 (8/20) 21.7 (5/23) 0.193
May
 2022 | Volume 13 | Article
a Continuity correction Chi-square tests; b Fisher’s exact tests; EPIs, extremely preterm infants; RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia.
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In conclusion, male EPIs has a higher risk of respiratory
complications than female, particularly at birth weight ranging
from 750 to 999 grams.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

This study was approved by the Medical Ethics Committee of the
Third Affiliated Hospital of Guangzhou Medical University.
AUTHOR CONTRIBUTIONS

QC and FW: study concept and design. ZS and LL : drafing of the
manuscript. LL, XF, XH, and JW: data collection. ZS and BS:
Frontiers in Endocrinology | www.frontiersin.org 6
statistical analyses. FW, CJ, and ZS: review and editing. ZS, LL,
and FW: Funding acquisition. All authors contributed to the
article and approved the submitted version.
FUNDING

This work was supported by the Natural Science Foundation
of Guangdong Province (No.2021A1515011225, to FW),
Guangzhou Science and Technology Project (No.202102010080,
to FW), Medical Science and Technology Research Fund Project of
Guangdong Province (No.A2019069, to LL), and Guangdong
Science and Technology Plan Project (No. 2017ZC0252, to ZS).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2022.823707/
full#supplementary-material
REFERENCES
1. Bader D, Kugelman A, Boyko V, Levitzki O, Lerner-Geva L, Riskin A, et al.

Risk Factors and Estimation Tool for Death Among Extremely Premature
Infants: A National Study. Pediatrics (2010) 125(4):696–703. doi: 10.1542/
peds.2009-1607

2. Salas AA, Carlo WA, Ambalavanan N, Nolen TL, Stoll BJ, Das A, et al.
Gestational Age and Birthweight for Risk Assessment of Neurodevelopmental
Impairment or Death in Extremely Preterm Infants. Arch Dis Child Fetal
Neonatal Ed (2016) 101(6):F494–501. doi: 10.1136/archdischild-2015-309670

3. Chawla S, Natarajan G, Shankaran S, Pappas A, Stoll BJ, Carlo WA, et al.
Association of Neurodevelopmental Outcomes and Neonatal Morbidities of
Extremely Premature Infants With Differential Exposure to Antenatal Steroids.
JAMA Pediatr (2016) 170(12):1164–72. doi: 10.1001/jamapediatrics.2016.1936

4. Kanungo J, James A, McMillan D, Lodha A, Faucher D, Lee SK, et al.
Advanced Maternal Age and the Outcomes of Preterm Neonates: A Social
Paradox? Obstet Gynecol (2011) 118(4):872–7. doi: 10.1097/AOG.
0b013e31822add60

5. Gemmell L, Martin L, Murphy KE, Modi N, Hakansson S, Reichman B, et al.
Hypertensive Disorders of Pregnancy and Outcomes of Preterm Infants of 24 to
28Weeks’Gestation. J Perinatol (2016) 36(12):1067–72. doi: 10.1038/jp.2016.133

6. Kattwinkel J, Perlman JM, Aziz K, Colby C, Fairchild K, Gallagher J, et al.
Neonatal Resuscitation: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Pediatrics (2010) 126(5):e1400-13. doi: 10.1542/peds.2010-2972E

7. Naeye RL, Burt LS, Wright DL, Blanc WA, Tatter D. Neonatal Mortality, the
Male Disadvantage. Pediatrics (1971) 48(6):902–6. doi: 10.1542/peds.48.6.902

8. Stevenson DK, Verter J, Fanaroff AA, Oh W, Ehrenkranz RA, Shankaran S,
et al. Sex Differences in Outcomes of Very Low Birthweight Infants: The
Newborn Male Disadvantage. Arch Dis Child Fetal Neonatal Ed (2000) 83(3):
F182–5. doi: 10.1136/fn.83.3.f182

9. Kent AL, Wright IM, Abdel-Latif ME, New South WAustralian Capital
Territory Neonatal Intensive Care Units Audit Group. Mortality and
Adverse Neurologic Outcomes Are Greater in Preterm Male Infants.
Pediatrics (2012) 129(1):124–31. doi: 10.1542/peds.2011-1578

10. Vu HD, Dickinson C, Kandasamy Y. Sex Difference in Mortality for
Premature and Low Birth Weight Neonates: A Systematic Review. Am J
Perinatol (2018) 35(8):707–15. doi: 10.1055/s-0037-1608876

11. Ito M, Tamura M, Namba FNeonatal Research Network of Japan. Role of Sex
in Morbidity andMortality of Very Premature Neonates. Pediatr Int (2017) 59
(8):898–905. doi: 10.1111/ped.13320
12. Thomas K, Shah PS, Canning R, Harrison A, Lee SK, Dow KE. Retinopathy of
Prematurity: Risk Factors and Variability in Canadian Neonatal Intensive
Care Units. J Neonatal Perinatal Med (2015) 8(3):207–14. doi: 10.3233/NPM-
15814128

13. Boghossian NS, Geraci M, Edwards EM, Horbar JD. Sex Differences in
Mortality and Morbidity of Infants Born at Less Than 30 Weeks’ Gestation.
Pediatrics (2018) 142(6):e20182352. doi: 10.1542/peds.2018-2352

14. Garfinkle J, Yoon EW, Alvaro R, Nwaesei C, Claveau M, Lee SK, et al. Trends
in Sex-Specific Differences in Outcomes in Extreme Preterms: Progress or
Natural Barriers? Arch Dis Child Fetal Neonatal Ed (2020) 105(2):158–63.
doi: 10.1136/archdischild-2018-316399

15. Binet ME, Bujold E, Lefebvre F, Tremblay Y, Piedboeuf BCanadian Neonatal
N. Role of Gender in Morbidity and Mortality of Extremely Premature
Neonates. Am J Perinatol (2012) 29(3):159–66. doi: 10.1055/s-0031-1284225

16. Shim SY, Cho SJ, Kong KA, Park EA. Gestational Age-Specific Sex Difference
in Mortality and Morbidities of Preterm Infants: A Nationwide Study. Sci Rep
(2017) 7(1):6161. doi: 10.1038/s41598-017-06490-8

17. Wu F, Liu G, Feng Z, Tan X, Yang C, Ye X, et al. Short-Term Outcomes of
Extremely Preterm Infants at Discharge: A Multicenter Study From
Guangdong Province During 2008-2017. BMC Pediatr (2019) 19(1):405.
doi: 10.1186/s12887-019-1736-8

18. Bhakta K. Respiratory Distress Syndrome In: Manual of Neonatal Care. 7 ed.
Philadelphia: Little, Brown and Company (2012), p. 406–16 p.

19. Jobe AH, Bancalari E. Bronchopulmonary Dysplasia. Am J Respir Crit Care
Med (2001) 163(7):1723–9. doi: 10.1164/ajrccm.163.7.2011060

20. Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L, et al.
Neonatal Necrotizing Enterocolitis. Therapeutic Decisions Based Upon
Clinical Staging. Ann Surg (1978) 187(1):1–7. doi: 10.1097/00000658-
197801000-00001

21. International Committee for the Classification of Retinopathy of P. The
International Classification of Retinopathy of Prematurity Revisited. Arch
Ophthalmol (2005) 123(7):991–9. doi: 10.1001/archopht.123.7.991

22. Papile LA, Burstein J, Burstein R, Koffler H. Incidence and Evolution of
Subependymal and Intraventricular Hemorrhage: A Study of Infants With
Birth Weights Less Than 1,500 Gm. J Pediatr (1978) 92(4):529–34.
doi: 10.1016/s0022-3476(78)80282-0

23. Volpe JJ. Neurobiology of Periventricular Leukomalacia in the Premature Infant.
Pediatr Res (2001) 50(5):553–62. doi: 10.1203/00006450-200111000-00003

24. China MoHotPsRo. Notice About Diagnostic Criteria of Hospital Infection.
Available at: http://www.nhc.gov.cn/wjw/gfxwj/201304/37cad8d9
5582456d8907ad04a5f3bd4c.shtml.
May 2022 | Volume 13 | Article 823707

https://www.frontiersin.org/articles/10.3389/fendo.2022.823707/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.823707/full#supplementary-material
https://doi.org/10.1542/peds.2009-1607
https://doi.org/10.1542/peds.2009-1607
https://doi.org/10.1136/archdischild-2015-309670
https://doi.org/10.1001/jamapediatrics.2016.1936
https://doi.org/10.1097/AOG.0b013e31822add60
https://doi.org/10.1097/AOG.0b013e31822add60
https://doi.org/10.1038/jp.2016.133
https://doi.org/10.1542/peds.2010-2972E
https://doi.org/10.1542/peds.48.6.902
https://doi.org/10.1136/fn.83.3.f182
https://doi.org/10.1542/peds.2011-1578
https://doi.org/10.1055/s-0037-1608876
https://doi.org/10.1111/ped.13320
https://doi.org/10.3233/NPM-15814128
https://doi.org/10.3233/NPM-15814128
https://doi.org/10.1542/peds.2018-2352
https://doi.org/10.1136/archdischild-2018-316399
https://doi.org/10.1055/s-0031-1284225
https://doi.org/10.1038/s41598-017-06490-8
https://doi.org/10.1186/s12887-019-1736-8
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.1097/00000658-197801000-00001
https://doi.org/10.1097/00000658-197801000-00001
https://doi.org/10.1001/archopht.123.7.991
https://doi.org/10.1016/s0022-3476(78)80282-0
https://doi.org/10.1203/00006450-200111000-00003
http://www.nhc.gov.cn/wjw/gfxwj/201304/37cad8d95582456d8907ad04a5f3bd4c.shtml
http://www.nhc.gov.cn/wjw/gfxwj/201304/37cad8d95582456d8907ad04a5f3bd4c.shtml
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Su et al. Sex Differences in Preterm Outcomes
25. Farstad T, Bratlid D, Medbo S, Markestad TNorwegian Extreme Prematurity
Study G. Bronchopulmonary Dysplasia - Prevalence, Severity and Predictive
Factors in a National Cohort of Extremely Premature Infants. Acta Paediatr
(2011) 100(1):53–8. doi: 10.1111/j.1651-2227.2010.01959.x

26. Xie Xing KB, Duan T. Obstetrics and Gynecology. 9th ed. China: People’s
Medical Publishing House (2018) p. 96–7 p.

27. Kim SM, Sung JH, Kuk JY, Cha HH, Choi SJ, Oh SY, et al. Short- and Long-
Term Neonatal Outcomes According to Differential Exposure to Antenatal
Corticosteroid Therapy in Preterm Births Prior to 24Weeks of Gestation. PloS
One (2018) 13(6):e0198471. doi: 10.1371/journal.pone.0198471

28. Jensen EA, DeMauro SB, Kornhauser M, Aghai ZH, Greenspan JS, Dysart KC.
Effects of Multiple Ventilation Courses and Duration of Mechanical Ventilation
on Respiratory Outcomes in Extremely Low-Birth-Weight Infants. JAMA
Pediatr (2015) 169(11):1011–7. doi: 10.1001/jamapediatrics.2015.2401

29. Huang J, Zhang L, Kang B, Zhu T, Li Y, Zhao F, et al. Association Between
Perinatal Hypoxic-Ischemia and Periventricular Leukomalacia in Preterm
Infants: A Systematic Review and Meta-Analysis. PloS One (2017) 12(9):
e0184993. doi: 10.1371/journal.pone.0184993

30. Hellmann J, Knighton R, Lee SK, Shah PSCanadian Neonatal Network End of
Life Study G. Neonatal Deaths: Prospective Exploration of the Causes and
Process of End-Of-Life Decisions. Arch Dis Child Fetal Neonatal Ed (2016)
101(2):F102–7. doi: 10.1136/archdischild-2015-308425

31. Kaltofen T, Haase M, Thome UH, Laube M. Male Sex Is Associated With a
Reduced Alveolar Epithelial Sodium Transport. PloS One (2015) 10(8):
e0136178. doi: 10.1371/journal.pone.0136178

32. Haase M, Laube M, Thome UH. Sex-Specific Effects of Sex Steroids on
Alveolar Epithelial Na(+) Transport. Am J Physiol Lung Cell Mol Physiol
(2017) 312(3):L405–14. doi: 10.1152/ajplung.00275.2016

33. Townsel CD, Emmer SF, Campbell WA, Hussain N. Gender Differences in
Respiratory Morbidity and Mortality of Preterm Neonates. Front Pediatr
(2017) 5:6. doi: 10.3389/fped.2017.00006

34. Fleisher B, Kulovich MV, Hallman M, Gluck L. Lung Profile: Sex Differences
in Normal Pregnancy. Obstet Gynecol (1985) 66(3):327–30. doi: 10.1097/
00132582-198603000-00007

35. Sozo F, Ishak N, Bhatia R, Davis PG, Harding R. Surfactant Phospholipid
Composition of Gastric Aspirate Samples Differs Between Male and Female
Very Preterm Infants. Pediatr Res (2017) 82(5):839–49. doi: 10.1038/pr.2017.147

36. Gortner L, Shen J, Tutdibi E. Sexual Dimorphism of Neonatal Lung
Development. Klin Padiatr (2013) 225(2):64–9. doi: 10.1055/s-0033-1333758

37. Patrone C, Cassel TN, Pettersson K, Piao YS, Cheng G, Ciana P, et al.
Regulation of Postnatal Lung Development and Homeostasis by Estrogen
Receptor Beta. Mol Cell Biol (2003) 23(23):8542–52. doi: 10.1128/
MCB.23.23.8542-8552.2003

38. Seaborn T, Simard M, Provost PR, Piedboeuf B, Tremblay Y. Sex Hormone
Metabolism in Lung Development and Maturation. Trends Endocrinol Metab
(2010) 21(12):729–38. doi: 10.1016/j.tem.2010.09.001

39. Dammann CE, Ramadurai SM, McCants DD, Pham LD, Nielsen HC.
Androgen Regulation of Signaling Pathways in Late Fetal Mouse Lung
Development. Endocrinology (2000) 141(8):2923–9. doi: 10.1210/
endo.141.8.7615
Frontiers in Endocrinology | www.frontiersin.org 7
40. Thebaud B, Goss KN, Laughon M, Whitsett JA, Abman SH, Steinhorn RH,
et al. Bronchopulmonary Dysplasia. Nat Rev Dis Primers (2019) 5(1):78.
doi: 10.1038/s41572-019-0127-7

41. Geetha O, Rajadurai VS, Anand AJ, Dela Puerta R, Huey Quek B, Khoo PC,
et al. New Bpd-Prevalence and Risk Factors for Bronchopulmonary Dysplasia/
Mortality in Extremely Low Gestational Age Infants </=28 Weeks. J Perinatol
(2021) 41(8):1943–50. doi: 10.1038/s41372-021-01095-6

42. Sharma A, Xin Y, Chen X, Sood BG. Early Prediction of Moderate to Severe
Bronchopulmonary Dysplasia in Extremely Premature Infants. Pediatr
Neonatol (2020) 61(3):290–9. doi: 10.1016/j.pedneo.2019.12.001

43. Goldstein ND, Kenaley KM, Locke R, Paul DA. The Joint Effects of Antenatal
Steroids and Gestational Age on Improved Outcomes in Neonates. Matern
Child Health J (2018) 22(3):384–90. doi: 10.1007/s10995-017-2403-z

44. Tagliaferro T, Jain D, Vanbuskirk S, Bancalari E, Claure N. Maternal
Preeclampsia and Respiratory Outcomes in Extremely Premature Infants.
Pediatr Res (2019) 85(5):693–6. doi: 10.1038/s41390-019-0336-5

45. Battin M, Ling EW, Whitfield MF, Mackinnon M, Effer SB. Has the Outcome
for Extremely Low Gestational Age (Elga) Infants Improved Following Recent
Advances in Neonatal Intensive Care? Am J Perinatol (1998) 15(8):469–77.
doi: 10.1055/s-2007-994068

46. Tyson JE, Parikh NA, Langer J, Green C, Higgins RD National Institute of
Child H, et al. Intensive Care for Extreme Prematurity–Moving Beyond
Gestational Age. N Engl J Med (2008) 358(16):1672–81. doi: 10.1056/
NEJMoa073059

47. Chawla S, Bapat R, Pappas A, Bara R, Zidan M, Natarajan G.
Neurodevelopmental Outcome of Extremely Premature Infants Exposed to
Incomplete, No or Complete Antenatal Steroids. J Matern Fetal Neonatal
Med (2013) 26(15):1542–7. doi: 10.3109/14767058.2013.791273

48. Nakamura N, Ushida T, Nakatochi M, Kobayashi Y, Moriyama Y, Imai K,
et al. Mortality and Neurological Outcomes in Extremely and Very Preterm
Infants Born to Mothers With Hypertensive Disorders of Pregnancy. Sci Rep
(2021) 11(1):1729. doi: 10.1038/s41598-021-81292-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Su, Lin, Fan, Jia, Shi, Huang, Wei, Cui and Wu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
May 2022 | Volume 13 | Article 823707

https://doi.org/10.1111/j.1651-2227.2010.01959.x
https://doi.org/10.1371/journal.pone.0198471
https://doi.org/10.1001/jamapediatrics.2015.2401
https://doi.org/10.1371/journal.pone.0184993
https://doi.org/10.1136/archdischild-2015-308425
https://doi.org/10.1371/journal.pone.0136178
https://doi.org/10.1152/ajplung.00275.2016
https://doi.org/10.3389/fped.2017.00006
https://doi.org/10.1097/00132582-198603000-00007
https://doi.org/10.1097/00132582-198603000-00007
https://doi.org/10.1038/pr.2017.147
https://doi.org/10.1055/s-0033-1333758
https://doi.org/10.1128/MCB.23.23.8542-8552.2003
https://doi.org/10.1128/MCB.23.23.8542-8552.2003
https://doi.org/10.1016/j.tem.2010.09.001
https://doi.org/10.1210/endo.141.8.7615
https://doi.org/10.1210/endo.141.8.7615
https://doi.org/10.1038/s41572-019-0127-7
https://doi.org/10.1038/s41372-021-01095-6
https://doi.org/10.1016/j.pedneo.2019.12.001
https://doi.org/10.1007/s10995-017-2403-z
https://doi.org/10.1038/s41390-019-0336-5
https://doi.org/10.1055/s-2007-994068
https://doi.org/10.1056/NEJMoa073059
https://doi.org/10.1056/NEJMoa073059
https://doi.org/10.3109/14767058.2013.791273
https://doi.org/10.1038/s41598-021-81292-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Increased Risk for Respiratory Complications in Male Extremely Preterm Infants: A Propensity Score Matching Study
	Introduction
	Materials and Methods
	Subjects and Data Collection
	Definitions and Classifications
	Statistical Analysis

	Results
	Baseline Characteristics of Neonates and Mothers
	Clinical Outcomes

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


