
Risk Factors for the Development of Hyaline 
Membrane Disease in Preterm Infants 

Sudigdo Sastroasmoro 

(Department of Child Health, Medical School, Universiy of Indonesia, Jakarta) 

.ABSTRACT Hyaline membrane disease (HMO) is 1 r spunto1y liseasc c.:omm nly 
found in pr tern infants. Whil th1s disease occurs as th result ol surfa WJ1t ddi. icnc , 
which is a function of gestali nal age, certain maternal and neonatal factors play a role 
m the development of the d1sorder. Preterm mfants born al Lh D parlment f ( bst •t
rics and Gynecology, Cipto Mangunkusumo Hospital, Jakarta, between, March 1997 
and May 1998 were studied for the development of HMO. It was concluded that ante
partum hemorrhage, gestational ag , sex, mod of birth, and the lirst minute Apgar 
score were associated with the development of HMD, whit· the use of ontraccpt.lv s, 
early rupture of the membrane, maternal morbidity, and passive cigat tte smoking 
were not. [Paediatr Indones 1998; 38:243-254]. 

Introduction 

Hyaline membrane disease (HMD) is one of the most challenging problems in neonatal 
period both in develoRing and in industrial countries. 1 This disease is the leading 
cause of perinatal morbidity and mortality. It is estimated that in Indonesia alone, not 
less than 150,000 prematurely born babies suffer from neonatal respiratory distress 
syndrome each year, most of them due to HMD. 

Several maternal and neonatal factors are lmown to in1luence the development of 
HMD in preterm infants. Since the cause of HMD is surfactant deficiency, factor that 
consistently associated with the developru~nt of HMD is gestational age. The younger 
the gestational age, the higher tl).e possibility of an infant to suffer from HMD. In term 
infants, the incidence of HMD is 0.01%, while in infants less than 30 weeks of gesta
tional age, the·incidence is approximately 30%. 1

·:.1 Other risk faci. ~rs include sex {male 
to female ratio = 1,5 to 2: 1), asphyxia, history of previous HMD, antepartum bleeding, 
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twins, cesarean section, maternal diabetes,Js and race.r'-9 On the other hand, maternal 
illness causing chronic fetal distress, such as hypertension or eclampsia, may have a 
protective effect for the development of HMO. Similarly, premature rupture of the 
membrane, especially mpture before the initiation of delivery process, may decrease 
the incidence of HMO? Some of the tisk and protective factors are still controversial 
and have not been confirmed in Indonesian medical literature. This study aimed to de
tennille the risk and protective factors for the development of HMO in preterm infants 
delivered in a tertiary hospital. 

Methods 

This was the first part of larger study on clinical epidemiology and cardiovascular pa
tbo-physiology ofpreterm infants with HMO. This cross sectional study was performed 
from Marcb 1987 to May 1988. They were followed until developed HMO or not. 

Subject;:; were selected by consecutive sampling method. Since logistic regression 
model was planned in tbe fmal analysis, estimation of the number of study subjects 
was calculated by using Hsieh's formula. 10 With a = 0.05; ~ 0.20, and the chosen sig
nificant odds ratio (OR) of 2, and correlation amongst independent variables was esti
mated to be 0.30, then 312 subjects were required. 

All neonates born at the Department of Obstetrics and Gynecology, Cipto Mangun
kusumo Hospital with the gestational age of less than 37 completed weeks were in
cluded in the study. The following eligible subjects were excluded from the study: (1) 
twins, (2) clinical evidence of congenital anomaly except patent ductus arteriosus, (3) 
parents disagreed to be included in the study. 

Clinical data were collected by the author or residents in pediatrics, Department of 
Child Health, Medical School, University of Indonesia, Jakarta. Maternal variables col
lected included age, number of pregnancy and delivery, history of abortion, use of con
traceptive, use of medication during pregnancy, history of antenatal care, pregnancy 
morbidity, and history of previous premature delivery. Mode of delivery, reason for op
erative delivery, clinical presentations and relevant laboratory results were also col
lected. Data of infants included sex, birth weight, complete physical examination, 
gestational age, Apgar scores in the first and 5th minutes, resus/citation needed, and 
relevant laboratory results were collected. 

Determination of risk or protective factors for the development o HMO was per
funned in 2 steps. First, univariate analysis was performed of each of the risk factors, 
by using independent t-test or chi-squared test. Thereafter, a multivariate analysis (lo
gistic regression model) was performed, with the risk factors as the independent vari
ables, and l-IMO as the dependent variable. For all hypothesis testing, p<0.05 (2-tailed 
test) was considered significant. 
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Results 

During the period of March 1997 until May 1998, 314 neonates of less than 37 weeks 
gestational ~ge .who registerc~ at the Department ?f Ol.>stetri ~ ~n l G 1e ology met 
the study .ntena. In that penod there \\1 r 4882 II e births, gwmg U!e pno:val .n c ( r 
prematurity of 6.43'%. Six ut of U1os 3 14 pre1 rm neonates (or 3 p 8 irs) wer x
dudecl because of being twins. 

Subject characteristics 

All neonates were delivered at the Department of Obstetrics and Gynecology, Medical 
School, University of Indonesia / Cipto Mangunkusumo Hospital, Jakarta. Three hun
dred and eighl n eona tes with U1eir moU1 rs wer regisl ' l'f'd. The mate n1a l Age ranged 

tween 16-43 'ears old (m ~a n :26 .2, SD 5.97 yrars). The number of prcgnnnc , 
ra n ged bet:\.v en 1-7 (mean 3. ) whil l he number of delivery ranged from 1-6 (mean 
3.2). Most of the mothers (186) delivered spontaneously, 99 through cesarean section. 
Most mothers did not perform antenatal care, and 270 h ad no illness during their 
pregnancy. Table 1 shows characteristics. of the mothers. 

Amongst the 308 neonates, 167 were male (54.2%), and 141 female (45.8%). The 
gestational age ranged between 26-37 weeks (mean 31.7). The birth weight ranged 
from 650-2680 grams (mean 1624.6). The first minute Apgar score ranged from 1-9 
(mean 6,8), and in 5th minute Apgar score was 5-10 (mean 9 .3). Table 2 shows char
acteristics of the neonates. 

Relation between risk factors and the incidence of HMO 

A two-step analysis was performed to evaluate various risk factors on mothers or neo
nates on the occurrence of HMD. First, univariate analysis was performed to look for 
the association between each risk factor in mothers and neonates towards the occur
rence of HMD. In this level, the association between one risk factor with HMD was cal
culated by ignoring the confounding factors. Therefore, when there was an associa
tion, it might not be a cause-effect relationship. The second step is performing multi
variate analysis. In doing so, risk factors that gave significance in the univariate analy
sis were analyzed simultaneously; these were added with risk factors that theoretically 
relevant with the development of HMD although it could not be proven significantly in 
univariate analysis. This analytical approach could exclude confounding factors which 
mean t11at if ever a relationship was found between one independent variable (risk fac
tor) with the occurrence of HMD, it should have been a cause-effect relationship. Witl1 
this analysis, the role of each risk factor against the incidence of HMD could be ex
plained. The analysis that met the data (dichotomous nominal dependent variable, 
and nominal and numeric scale independent variables) was logistic regression model. 
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Table 1. Clinical characteristics of mothers (N=308) 

Characteristics Total Percentage 

Age group 15- 19 44 14.3% 
(year) 20-24 82 2p.6% 

25-29 93 30.2% 
30-34 51 16.6% 
35-39 31 10.0% 
40- 7 2.3% 

Number of pregnancy 1 44 14.3% 
2-4 196 63 .6% 
5- 68 22.1% 

Number of delivery 1 36 11.Jo~ 
2-4 207 67.2% 
5- 65 21.1% 

Use of contraceptive before None 214 69.4% 
last pregnancy Pill 34 11.2°/~ 

Injection 38 12.3% 
Implant 3 1.0% 
IUD 14 4.5% 
Others 5 1.6% 

Active smoker None 302 98.1% 
Yes 6 1.9% 

Passive smoker None 137 44.5% 
Yes 171 55.5% 

Illness during pregnancy Denied 270 87.7% 
Bleeding 16 5.2% 
Hypertension 18 5.8% 
Others, incl. diabetes 4 1.3% 

Mode of delivery Spontaneous 186 60.4% 
Cesarean section 99 32.1% 
Vacuum extraction 12 3.9% 
Forcipal extraction 5 1.6% 
Others 6 2.0% 
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Tab!d? Distribution of characteristics of preterm infants (N=308) 

Characteristics Total Percentage 

Gender Male 167 54.2% 
Female 141 45.8% 

Gestational age 25-29 51 16.6% 
(week) 30-34 226 73.4% 

35-37 31 10.0% 

Birth weight (gram) 500 - 999 31 10.0% 
1000-1499 75 24.4% 
1500- 1999 133 43.2% 
2000- 2499 64 20.8% 

2500- 5 1.6% 

1st minute- 1 - 3 25 8.1% 
Apgar score 4-6 92 29.9% 

7- 10 191 62.0% 

5th minute 4-6 8 2.6% 
Apgar score 7- 10 300 97.4% 

Univariate analysis 

Analyses for the relationships between the incidence of HMD (dependent variable) with 
risk factors (independent variables) were performed towards each variable, naniely (1) 
maternal age, (2) use of contraceptive (did not participate, hormonal, non-hormonal 
contraceptive), (3) passive cigarette smoking, (4) pregnancy morbidity (none, hypert(m
sion, other), (5) antepartum hemorrhage, (6) duration of fetal membrane rupture (<6 
hours, 6-11 hours, 12-23 hours,> 24 hours), (7) mode of delivery (spontaneous, cesar
ean section, other), (8) sex, (9) gestational age, (10) birth weight, and (11) first minute 
Apgar score. 

It is important to note that the risk factors that we have been looking for were the 
risk factors for the development of HMD in preterm infants, and not the risk factors for 
the occun·ence of preterm delivery. That was why factors that had been known to have 
effect on the incidence of prematurity but did not play a role in the development of 
HMD (e.g., primigravida, history of premature delivery, matenal nutritional status, his
tory of antenatal care, socioeconomic status, unwanted child, marriage history, etc.) 
were excluded from independent variable group. 
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For characteristics with numeric scale, an independent t-test was used to compare 
those of the HMO and non-HMD groups. For nominal scale variables, an i_2 test was 
used for hypothesis testing. The number of preg,-,ancy, number of delivery, the 5th 
minute Apgar scores were not included both in univariate and multivariate analyses 
because there were no theoretical basis. Active smoking was also excluded from analy
sis, because the number of mothers who were active smokers was small (6 out of 308 
mothers). Table 3 shows the results of univariate analysis. There was a significant as
sociation between the occurrence of HMO with maternal morbidity, antepartum hem
orrhage, mode of delivery, gender, gestational age, birth weight, and one minute Apgar 
score. On the other hand, maternal age, use of contraceptive, passive smoking, and 
fetal membrane nlpture had shown no association with the occurrence of HMO. 

Logistic regression analysis 

Logistic regression analysis was used to explain the relationship between each inde
pendent factor with HMO, after excluding the confounding factor. The dependent vari
able was the occurrence of HMO, whereas the independent variables including factors 
from maternal and the neonates. 

Table 3 shows that the independent variables that had a significant association with 
the development of HMO were maternal morbidity, antepartum bleeding, mode of de
livery, gender, gestational age, birth weight, and one minute Apgar score. On the other 
hand, maternal age, participation in family planning, passive cigarette smoking, and 
duration of fetal membrane nlpture had no association with HMO. Nevertheless, those 
independent variables were still put into logistic regression analysis, because it had 
not been explicitly proven that they had no association with HMO, and because nega
tive result in univariate analysis might be caused by one or more confounding factors. 

In order to include independent variables into logistic regression analysis, the multi
collinearity, that was a highly correlation between 2 independent variables, should be 
excluded. For that reason, a matrix correlation analysis was needed. If there is a high 
correlation between two independent variables (r=0.8, or more), only one of them had 
to be chosen, or a new independent variable developed, because both variables basi
cally represented the same concept. The correlation matrix shows that there was a 
high correlation between gestational age and birth weight (r=0.9288); in this case, ges
tational age was chosen as an independent variable, because HMO is due to surfac
tant deficiency which highly associated with gestational age. Therefore, the indepen
dent variables tl1at were included as the potential risk factors were: (1) maternal age, 
(2) use of contraceptive, (3) passive smoking, (4) pregnancy morbidity, (5) antepartum 
bleeding, (6) duration of fetal membrane rupture, (7) mode of delivery, (8) gender, (9) 
gestational age, ( 1 0) the one minute Apgar score. Logistic regression analysis was done 
by using SPSS for Windows Release 6.0, using backward stepwise method and Wald 
statistic. Initially, all independent variables were put into the model. 
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Tat:Jie 3 . Univariate analysis shows the relationship between independent 
variables with the occurrence of HMO 

HMD Non- HMD Hypothesis testing or 
Characteristics (n=87) (n=221) odds ratio' 

Mother age Mean 27.04 25.93 p -0.139 

(year) SD 6.28 5.83 

Family NoneR 57 157 p = 0.716; OR= 1.38 (0.75; 2.52) 
planning Hormone 25 50 p = 0.268 

Non-hormone 5 14 OR= 0.98 (0.29; 3.10); 
p = 0.976 

Passive NoR 51 120 OR= 1.19 (0.70;2.04) 

smoker Yes 36 101 p =0.492 

Pregnancy NoneR 64 206 p = 0.000; OR= 5.06 (1.73; 15.17); 
morbidity Hypertension 11 7 p = 0.000; OR= 4.83 (1.74; 13.62); 

Bleeding & other 12 8 p = 0.000 

Antepartum Yes 16 20 OR =2.26; (1.04; 4.91 ); p = 0.022 
bleeding NoR 71 201 

Duration of <6 hourR 57 138 p = 0.593; OR = 0.62 (0.27; 1.40); 
fetal mem- 6-12 hour 10 39 p = 0.216; OR= 1.01 (0.29; 3.28); 
brane rupture 12-24 hour 5 12 p = 0.987; OR = 1.13 (0 .54; 2.37); 

>24 hour 15 32 p = 0.718 

Mode of NormaiR 40 146 p = 0.015; OR = 2.18 ( 1.23; 3.86). 
delivery Cesarean section 37 62 p = 0.004; OR= 281 (1.05; 7 .48); 

Others 10 13 p = 0.020 

Sex Male 61 106 OR = 2.55 (1.44; 4.50); 
FemaleR 26 115 p =0.000 

Gestational Mean 30.54 32.16 p = 0.000 
age (week) SD 2.21 2.5 

Birth weight Mean 1412.8 1707.9 p = 0.000 

(gram) SD 438.13 420.72 

The 1st min. Mean 5.20 7.38 p = 0.000 
Apgar score SD 1.72 1.72 

R = reference value, e.i. OR (odds ratio)= 1. Numbers in bracket indicate 95% confidence intervals. 

Then one by one the computer excluded those variables with no significant result, un
til only the ones wiU1 significant result were left. The complete model of logistic regres
sion was depicted in Table 4; this shows a significant relationship between HMD and 
antepartum hemorrhage, mode of delivery, gender, gestational age, and the first min
ute Apgar score. On the other hand, maternal age, passive smoker, pregnancy mor
bidity, and use of contraceptive did not associate with the development of HMD. 
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Table 4. Results of logistic regression analysis with the maternal and neonatal 
factors as independent variables and occurrence of HMO as dependent variable 

VAR B SE WALO DF SIG R ExP (B) 

PREGNANCY 0,4405 0,2439 3,2623 0,0709 0,0587 1,5534 
HEMORRHAGE (1) 

GESTATIONAL -0,4217 0,0822 26,3243 0,0000 0,2576 0,6559 
AGE 

MoDE OF BIRTH 8,2875 2 0,0159 0,1081 

• BIRTH (1} 0,2711 0,2725 0,9903 0,3197 0,0000 1,3114 

• BIRTH (2} 0,4016 0,3869 1,0779 0,2992 0,0000 1,4943 

Sex (1} 0,3390 0,1752 3,7452 0,0530 0,0690 1,4035 

FIRST MINUTE -0,7618 0,1021 55,6584 0.0000 0,3825 0,4668 
APGAR SCORE 

CONSTANT 17,5896 2,8426 38,2902 0,0000 

Discussion 

Before discussing the study results, it is necessary to discuss the validity and reliabil
ity of gestational age determination. Determining the neonate's clinical gestational age 
always invite a controversy.5 Roberton stated that determining the gestational age by 
clinical exa.rrllnation was unnecessary because it should be easily obtained by know
ing the ftrst day of the last menstruation. What was needed was to make sure that the 
mother did not miss calculating her last menstrual period,s except for those vvith un
predictable menstrual cycle. This statement should be cautiously implemented in In
donesia, bearing in mind that there are still a lot of low educated mothers who often 
forget or not paying attention to her menstrual cycle. The latest accurate method to 
determine the gestational age is by ultrasound examination performed by an experi
en ed ullrosonographer.5 Whatever method is ch sen th •re is a ch, n for innrcuracy 
about 2 weeks compared to ultntsow1d ·xammation. 11 Dubowitz or B~1ll rei m. ·thods, 
which are often used in practice to detennine the neon· tal gestational ag usi.ng 
physical and neurological criteria, are diffi ult to use in prelerm infants, estxcially 
those who are sick (for exampl asphyxia). 

In this study the gestational age was determined by using Dubowitz1 1 method and 
by calculating from the first day of the last menstruation. If there was. any doubt thefl. 
a review was performed by two or more doctors. 
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Risk factors of HMO in preterm infants 

Some of ttlis study results confmned previous results, and some we re not in accor
dance to today's lmowledge. From the univa1iate analysis it was proven that matemaJ 
morbidity, antepartum bleeding, delivery m thod , gender , ge tational age, birth w ighl 
and the first minute Apgar score had a significant associa tion with th. incidence of 
HMD. On the other hand,_ maternal age, use of con trac ptive, passive cigaret te smok
ing, and the duration of fetal membrane rupture had no significant associa tion with 
the incidence ofHMD. 

Matcn1"u ag h as be n kno\vn as one of the 1isk factors in HMD inc irlence. From 
both univariAt and rnultivcuia t a na1 scs, no significant association was found be
tween m a!. "mal Ag~ ancl the incid ' nc · f HMD. Materna:! age has an a sso ia tion with 
pn·rnal u ·1 cl livery,11 but d f'S not have any association with the incidence of HMD in 
preterm infants. 

Use of contraceptives was included as one of the risk factor to detennine association 
between exposure to hormone in early pregnancy with lLmg developmen t, specially 
the production of surfactant. Based on that fa t, those who take part in family planing 
were divided into hormonal (pill, injection, implan t) and non-honnonal groups (IUD, 
condoms, calendar system). In other subjecl, exposur to honuone in :arly pregnan y 
can develop into congenita1 disorders including exhemiti s and heart anomalies a1-
though this is still contoversial.14 Using hormone for a long time whi h e iTecl was still 
f•x.ists when th m oU1.er become pregnant mjght have caused the expostu·e, Some-
1 imes the moth r , during th earl s tage of her pregnane , did not realized that she 
,vas pr gna n l and those who use pills still consume the pills for several days or weeks 
mor . In U1is sludy th exposure to hormone la tter in the pregnane did not h ave any 
r~ ssociatiou with the incidence of HMD. indirectly this mean tJ1at exposure of m a ternal 
honnone did not interfere \vi th lung development in association with the production of 
surfactant. 

Passive cigarette smoker is included into risk factor based on report that stated that 
exposure to cigarette smoke would cause intrauterine growth retardation, such has 
been proven by low birth weight neonates born from smoking mothers. 15 Passive ex
posure to cigarette smoke would also had the same results but in a milder degree. On 
the other hand it had been assumed that lengthy stress in utero would accelerate the 
dev lonment of s urfa l<ml such as heroin addi ted mothers or 010thers with high 
bloo l ·press111 .:> This s lu ly din not support tha t statem nt, in other words, passive 
~mok dirl not lTw , ss cia tion wiU1 HMD incid n e. It had to put forward the fact 
1 ha l clatrt al ut passiv smoker was not traced carefully and based only on the inter
view without asking in details about the nature and degree of exposure. 

M < 1 of cl<"livery pos cl as a stron tisk factors in U1e in id nc of .HMD in preterm 
infa nts . In s m cas s , spcciall_ those \vith the history of cesarean se tion due to dif
fiq ill delivery pm - s~ . the incidence of HMD might had been cause by asphyxia 
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(asphyxia as confounding factor). But in this series, no strong association was found 
between mode of delivery and asphyxia. The logistic regression analysis done to those 
factors (mode of delivery and 1st minute Apgar score) showed that both factors were 
independently posed as risk factors in the incidence of HMD. 

Contrary to the present knowledge, this study did not fmd a relationship between 
the incidence of HMD and the duration of the rupture of the membrane. In the litera
ture, it is said that early rupture of the membrane, especially before the delivery proc
ess begins, is associated with the decreased incidence of HMD.5 It is assumed that 
rupture of the membrane accelerates surfactant production, which would act as a pro
tective factor towards in preventing the incidence of HMD in preterm infants. 

In logistic regression analysis, it seems that the lowest odds ratio is the Apgar score, 
i.e., 0.47 (it would have become 2.13 when the reference had been changed from the 
highest to the lowest). This proved that the 1st minute Apgar score plays an important 
role in the incidence of HMD in preterm infants. Because the presence of HMD was 
scored 0 and non-HMD scored 1, and 8 minute Apgar score served as the reference 
value, the odds ratio value of 0.47 means that if the Apgar score raises 1 unit, the 
probability of HMD will decrease more than 2 times, as long as the other independent 
variables were constant. 

The second highest odds ratio was antepartum bleeding, i.e., 1.55. It means that 
the presence of antepartum hemorrhage will increase the incidence of HMD 1.5 times, 
as long as the other variables stay constant. In the univariate analysis the odds ratio 
was 2.26 which mean that there was a confounding factor in this series that would 
looked as if the antepartum hemorrhage had a strong association with the incidence 
of HMD. The same thing was seen in the cesarean section (odds ratio 2.31 in univari
ate analysis and 1.31 in logistic regression), mode of delivery (2 .81 vs 1.49) and gender 
(2.55 vs 1.40). 

Maternal morbidity, in univariate analysis showed a very significant association 
with the incidence of HMD (odds ratio 5.66 and 4.83, p=O.OOO), but it did not fit the 
multivariate model. This shows that maternal morbidity served as a confounding fac
tor for other vruiables. In multivariate analysis, the confounding factors were con
trolled, so that no significant association was found. It is important to remember that 
maternal morbidity did not include antepartum hemorrhage which stood as a sepa
rate risk factors. Diabetes mellitus is known as a risk factor for HMD, while hyperten
sion, including pre-eclampsia and eclampsia are protective factors. 7 The fact only few 
mothers suffered from those diseases might had caused this negative result. Only 18 
mothers suffered from hypertension and 2 from diabetes. 

Then a question on which variables confounded by maternal morbidity would come 
up? Through post-lwc analysis that was performed by investigator-selected variables 
technique, it seemed that maternal morbidity is a confounding factor towards the first 
minute score of Apgar. The analysis was performed, firstly, by putting maternal 
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morbidity v@.Iiables as the only independent variables in logistic regression model. As 
long as the .Apgar score of the first minute excluded from the model, mat rnal morbid
ity has it1s significance. But when the score was included, then no sjgnifi :ance was 
found. Interaction analysis between independent variables also gave the same conclu
sion. This stresses the importance of multivariate analysis as a cause-effect associa
tion if the causal variables or the risk factors were more than one. 

' ' 
Gestational age, although represented the main determinant in the occurrence of 

surlactant deficiency, only gave the odds ratio of 0.66 (or 1/0.66=1.52 if the reference 
was reversed). This was less than Apgar score of the first minute. Table 4 shows that 
an increase of gestational age of 1 unit (1 week) would decrease the probability of the 
development of HMO 1.52 times. Whereas increased score of Apgar in the first minute 
1 unit would decreased the incidence of HMO 2.13 times. But range of gestational age 
(26-37 weeks) is wider than Apgar score range (1-8). So gestational age still an impor
tant risk factor in the occurrence of HMO in preterm infants. 

This study did not confirm the present of protective factors that is factors that can 
lessen the probability of HMO in preterm infants. In the literature what was described 
as protective factors were lengthy fetal membrane rupture, narcotics, rnatemal ills
eases that gave stress to the fetus such as hypertension, eclampsia or pre-eclampsia. 13 

Finally, since HMO has a direct relationship to surfactant deficiency, so it is impor
tant to iliscuss the relationship between risk factors in this study to surlactant defi
ciency. Factor that has direct association with surfactant deficiency is gestational age, 
because the of surlactant depends on it. Gender is associated with HMO through the 
role of estrogen in accelerated surfactant maturation. 16

'
17 It mean that males are more 

susceptible than female. Neonates that were bam by cesarean section suffered less 
chest compression that will lessen the surfactant release compare to those bam natu
rally. As the consequences, they would have more change of having HMO. Asphyxia 
(hypoxia and hypercarbia) decreased the production and secretion of surlactant that 
mean that preterm infants with asphyxia would had more change of having HMO 
compare to those without asphyxia. The same goes with antepartum bleeding which 
put fetus in a hypoxic situation that gave obstacle to the production and secretion of 
surlactant. 
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