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      Background

      
				Pregnancy-induced hypertension (PIH) is still
				a major cause of maternal and infant morbidity and mortality
				worldwide. The aim of this study to investigate the impact of
				PIH on fetal growth.			


       


      Methods

      
				A longitudinal cross-sectional study was conducted
				by 2,076 obstetric patients registered in the book of delivery
				emergency room BLUD RSUD Ende/ Ende hospital from
				September 1st 2014 to August 31st 2015. Pregnancy-induced
				hypertension was classified into gestational hypertension,
				preeclampsia, and severe preeclampsia. Categorical
				comparative chi-square continued by logistic regression
				analysis were performed to examine the effect of PIH to
				infants’ growth outcome.			


       


      Results

      
				Women with preeclampsia had higher number of
				preterm delivery (26.7%). Infants born from preeclamptic
				women had lower birth weight (median 2,575 gram;
				p<0.001), birth length (median 49 cm; p<0.001), and also
				head circumference (median 32 cm; p<0.001). Severe
				preeclampsia contributed statistically significance to SGA
				(OR=1.90; 95% CI=1.20-3.01; adjusted OR=1.91; 95%
				CI=1.20-3.01) and LGA (OR=2.70; 95% CI=1.00-7.29;
				adjusted OR=2.92; 95% CI=1.07-8.00). Based on birth weight
				independent of gestational age, severe preeclampsia had an
				impact to VLBW (OR=11.45; 95% CI=2.77-47.38; adjusted
				OR=8.68; 95% CI=1.57-48.04) and LBW (OR=6.57; 95%
				CI=4.01-10.79; adjusted OR=5.71; 95% CI=3.33-9.78) where
				it showed statistical significance.			


       


      Conclusion

      
				PIH women who had SGA or VLBL or LBW
				infants were caused by the hypoperfusion model as the
				pathogenesis of preeclampsia. Meanwhile, LGA infants born
				by preeclamptic women were due to the compensation
				of the decrease from uteroplacental perfusion or other
				diseases such as obese mother or gestational.diabetes
				mellitus.			


       


      Keywords

      
				fetal growth, pregnancy-induced hypertension
			


    

    


    
		 

		

		 

    


    
    

      
				Pregnancy-induced hypertension (PIH), especially
				preeclampsia, is still a major cause of maternal
				and infant morbidity and mortality worldwide.1
				The prevalence in worldwide ranges from 3%
				to 8% of all pregnancies; meanwhile in USA, it
				affects from 2% to 5% of pregnancies.2 Based on
				Riset Kesehatan Dasar 2007 in Indonesia, PIH is
				one of three main causes of maternal morbidity
				and mortality of which its prevalence was
				around 12.7%.3 Unfortunately, several studies
				still cannot reveal the etiology and pathogenesis
				of preeclampsia.1 Many theories indicate that
				intrauterine growth restriction which impacts to
				low birth weight is the result of the decrease of
				placental perfusion.4			


			
				In most cases of preeclampsia, the pregnant
				women have no history of hypertension. Several
				risk factors predispose women to preeclampsia
				including nulliparity, age 40 years or older, obesity
				(body mass index >35 kg/m2), a pregnancy
				interval of more than 10 years, previous history
				of preeclampsia or gestational hypertension, preexisting
				renal disease, and multiple pregnancies.
				Genetic factors are at least partially responsible
				whether a maternal or a paternal family history of
				preeclampsia will increase the risk of developing
				it.5			


			
				Fetal growth consists of several variables, namely
				birth weight (BW), birth length (BL), and head
				circumference (HC). It is determined by both
				duration of gestation and complication from
				maternal condition, especially preeclampsia.
				The incidence of preterm birth increases
				significantly due to preeclampsia. We know that
				the best solution for preeclampsia is prompt
				delivery in order to save the mother. Apart
				from that, intrauterine growth restriction
				(IUGR) and hypertensive disorders have been
				considered to reflect the same uteroplacental
				insufficiency and used to quantify the severity of
				preeclamptic state.6 Therefore, our objective is to
				know the impact of PIH on fetal growth through
				components stated above by comparing with the
				normotensive mother.			



			 

      
        METHODS

      


			
			 

			
				The data collection for this study originated from
				the register book of delivery emergency room
				Badan Layanan Umum Daerah (BLUD) RSUD Ende /
				Ende hospital, Ende, East Nusa Tenggara, Indonesia.
				Confidentiality of subjects’ identities were
				guaranteed. Only obstetric data from September
				2014 to August 2015 was recorded. There were
				32 components recorded in this book relating to
				demographic information, referral status, early
				diagnosis, methode of delivery, birth outcome,
				complication of neonates, and last diagnosis.			


			
				We analyzed all completed data without considering
				any sign of life. The exclusion criteria were women
				with pre-existing (chronic) hypertension (17
				patients), multiple pregnancies (31 patients),
				history of diabetes (two patients), cardiovascular
				disease (one patient), and also premature rupture
				of membrane (291 patients). We believed that
				these conditions as cofounding variables which
				could influence the pathogenesis of preeclampsia
				and birth outcomes. The cases of abortion, mola
				hydatidosa, ectopic pregnancy, blighted ovum, and
				not delivering were 194, 10, 3, 2, and 141 cases;
				respectively. After eliminating 70 cases with missing
				information, we analyzed 1,314 deliveries.			


			
				PIH was classified as gestational hypertension,
				preeclampsia, and severe preeclampsia. An
				office (or in-hospital) systolic blood pressure
				≥140 mmHg and/or diastolic blood pressure
				≥90 mmHg based on the average of at least two
				measurements, taken at least 15 minutes apart,
				using the same arm without proteinuria after
				20th week of gestation was called by gestational
				hypertension. Meanwhile, preeclampsia was
				diagnosed by gestational hypertension with one
				or more of the following new proteinuria, or one
				or more adverse conditions, or one or more severe
				complications. Significant proteinuria was defined
				as ≥0.3 g/d in a complete 24-hour urine collection
				or ≥30 mg/mmol urinary creatinine in a random
				urine sample or urinary dipstick proteinuria ≥1+.
				Some adverse conditions consisted of maternal
				symptoms, signs, and abnormal laboratory results,
				and abnormal fetal monitoring results impacts to
				the maternal and also the fetal condition. Actually,
				severe preeclampsia was still in the scope of
				preeclampsia, whereas it had one or more
				severe complications. Severe complications that
				warrant delivery consisted of eclampsia, retinal
				detachment, Glasgow coma scale (GCS) <13,
				stroke, uncontrolled severe hypertension, oxygen
				saturation <90%, myocardial ischemia, platelet
				count <50x109/L, acute kidney injury, hepatic
				dysfunction, placental abruption, and stillbirth.7			


			
				Gestational age was defined through last
				menstrual period dates recorded in Buku
				Kesehatan Ibu dan Anak (Mother and Child Health
				Book), physical examination, and if available,
				it was supported by the result of first-trimester
				or early second-trimester ultrasonography.
				Birth weight was classified into two categories,
				namely for a specific gestational age (GA) and
				independent of GA. Birth weight based on specific
				GA was divided into small for gestational age
				(SGA), appropriate for gestational age (AGA), and
				large for gestational age (LGA). SGA was defined
				as BW <10th percentile of expected weight for GA,
				BW between 10th and 90th percentile of expected
				weight for GA was called as AGA, and LGA was
				defined as BW >90th percentile of expected
				weight for GA. Birth weight independent of GA
				was classified into extremely low birth weight
				(ELBW) where BW <1,000 gram, very low birth
				weight (VLBW) where BW <1,500 gram, low birth
				weight (LBW) where BW was from 1,500 to 2,500
				gram, normal weight was between 2,500-4,000
				gram, and high birth weight (HBW) where BW
				>4,000 gram. Meanwhile, BL and HC were not
				classified so that they were analyzed in numerical
				variables.			


			
				We described the potential confounding variables
				which had an association to exposure and
				outcome based on previous literature. Some
				those variables in this study were maternal age,
				parity, and gestational age of delivery.			


			
				The rates, odds ratios (ORs), and 95% confidence
				interval compared binary outcomes (SGA,
				LGA, ELBW, LBW, VLBW, and HBW) between
				groups of PIH and normotensive women.
				Statistical analysis was performed using chisquare
				for the categorical variables. Analysis of
				variance (ANOVA) was performed to compare
				maternal age, GA, preterm delivery, parity,
				referral status, methods of delivery, neonates
				sex, BW, BL, and HC among the groups with
				gestational hypertension, preeclampsia, severe
				preeclampsia to the patients with normal blood
				pressure. After doing that univariate analysis,
				we included maternal age, GA, and parity as
				cofounding variables in the multivariate logistic
				regression through the adjusted ORs and 95%
				CI as the indicator. All p-values were two tailed
				and the significance level selected was <0.05. All
				statistical analyses were performed with SPSS
				23.0 for Windows.			




       

      
        RESULTS

      


			
			 

			
				During this one year period, there were 2,076
				cases were registered in the book of delivery
				emergency room BLUD RSUD Ende, of which 187
				women (9%) were PIH. Of these 187 women, 58
				(31.0%) had gestational hypertension, 39 (20.9%)
				had preeclampsia, and 90 (48.1%) had severe
				preeclampsia. The mean maternal age at delivery
				was 30.3±6.4 years. Most of women in this study
				were nulliparous (40.5%). The most referral status
				of women delivering in hospital came from primary
				health care (50.3%). The characteristic of patients
				with PIH was shown in Table 1. They were divided
				into normotensive, gestational hypertension,
				preeclampsia, and severe preeclamptic women.			


				
				 

				
					
						
							Table 1.
						
						
							Demographic and reproductive characteristics of patients in BLUD RSUD Ende, 2014–2015
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				Table 2 summarizes the effects of PIH on BW for a
				specific GA after analyzing with multivariate logistic
				regression. The rate of SGA was higher in PIH
				women than normotensive women. Women with
				severe preeclampsia had 1.90 times higher (95%
				CI=1.20-3.01) to have SGA infants compared to
				normotensive women. The incidence of SGA was not
				statistically significant in gestational hypertension
				and preeclamptic women. The highest rate of LGA
				infants was in severe preeclamptic women (10.6%).
				There was statistically significant (OR=2.70; 95%
				CI=1.00-7.29; p=0.042).			


				
				 

				
					
						
							Table 2.
						
						
							Birth weight for a specific gestational age in PIH women, univariate and multivariate logistic regression in BLUD RSUD
							Ende, 2014–2015						
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				Table 3 describes the impact of PIH on BW
				independent of GA. The highest rate of ELBW
				was in severe preeclampsia (8.7%). The rate
				of LBW in normotensive women was 10.7%
				and it increased in PIH women where 22.6% in
				gestational hypertension, 14.3% in preeclampsia,
				and 44.0% in severe preeclampsia. Only
				gestational hypertension (p=0.007) and severe
				preeclampsia (p<0.001) showed statistical
				significance with OR=2.45 (95% CI=1.25-4.80)
				and 6.57 (95% CI=4.01-10.79). Preeclamptic and
				severe preeclamptic women had higher rate of
				HBW infants (3.2% and 4.5%, respectively) than
				normotensive women (1.2%). Unfortunately,
				there was no significance in statistic both in
				preeclampsia and severe preeclampsia to HBW
				(p=0.333 and p =0.065, respectively).			


				
				 

				
					
						
							Table 3.
						
						
							Birth weight independent of gestational age in PIH women, univariate and multivariate logistic regression in BLUD
							RSUD Ende, 2014-2015						
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				Table 4 shows the difference of BW, BL, and HC
				in PIH women. For the outcome of infants, infants
				born from preeclamptic women were lower BW
				(median 2,575 grams), BL (median 49 cm), and
				also HC (median 32 cm). In analysis of variance
				using non-parametric test (Kruskal-Wallis),
				it described there was statistical significance
				among PIH women group in BW (p<0.001), BL
				(p<0.001), and HC (p<0.001). Table 5 concludes
				the post hoc analysis to know the difference
				among PIH group which made significant in
				statistic. Normotensive women had statistical
				significance compared to severe preeclamptic
				women in BW (p<0.001), BL (p<0.001), and HC
				(p<0.001). Meanwhile, gestational hypertension
				vs severe preeclamptic women had significance
				in statistic for BW (p=0.011). Preeclamptic and
				severe preeclamptic women had significant
				difference in BW (p=0.028) and BL (p=0.046).												


				
				 

				
					
						
							Table 4.
						
						
							Birth weight, birth length, and head circumference in PIH women in BLUD RSUD Ende, 2014–2015
						
					

				

				
					[image: 25-2-1381_Table 4.]
				

				 

				


				
				 

				
					
						
							Table 5.
						
						
							Post-hoc analysis to determine the difference among PIH women group in BLUD RSUD Ende, 2014–2015
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        DISCUSSION

      


			
			 

			
				To know the impact of PIH as an independent
				risk factor on fetal growth, we had to minimize
				the bias factors. One of the bias factors is preexisting
				(chronic) hypertension. Based on study
				by Haelterman et al8, the risk of intrauterine
				growth restriction was increased in the condition
				of chronic hypertension. Chronic hypertensive
				disorders or chronic kidney disease can influence
				hypertension; therefore, we excluded all of those
				and classified PIH into three groups based on
				Magee et al7 in SOGC Clinical Practice Guideline
				namely gestational hypertension, preeclampsia,
				and severe preeclampsia. The incidence of PIH
				in this study was 14.2%, which is higher than a
				study by Xiong et al9 (9.0%).						


			
				Mothers with preeclampsia usually have preterm
				delivery or shortened duration of GA because early
				delivery is the only effective treatment for patients
				with PIH. As shown in Table 1, the shortest GA
				was in severe preeclamptic women whereas the
				median was 38 weeks (25-42 weeks). This result
				is similar to the study by Fatemeh et al10, which
				showed that hypertensive nulliparous women
				had shortened gestational age (37.37±2.25
				weeks) compared to normotensive nulliparous
				women (38.81±1.71 weeks). Apart from that, the
				study performed by Buchbinder et al11 concluded
				that preterm delivery is only associated with
				severe hypertension and proteinuria does not
				affect the outcomes. Macdonald-Wallis et al12 in
				their study stated that blood pressure change
				between 30 and 36 weeks may be associated with
				the timing of spontaneous labor. This result is
				similar to a multinational study of >8,000 women
				that a greater increase in blood pressure was
				correlation to the greater risk of spontaneous
				preterm birth.13 Early delivery increases the rate
				of caesarean section as one of the ways to end
				the pregnancy increased in accordance with the
				severity of PIH. The study by Gofton et al.14 showed
				that PIH women had obstetrical intervention
				rates much higher than normotensive ones. The
				obstetrical intervention here was the induction
				and caesarean delivery rates. Increased rate
				of caesarean section among PIH women was
				reported in this study and the highest rate was
				among severe preeclamptic women (50.0%).			


			
				Among 187 PIH cases in this study, we found SGA
				infants in 71 cases (37.97%), AGA infants in 95
				cases (50.80%), and LGA infants in eight cases
				(4.28%). In the classification of BW independent
				of GA in PIH women, ELBW infants were found
				in five (2.67%), VLBW infants in three (1.60%),
				LBW infants in 50 (26.74%), normal weight
				infants in 113 (60.43%), and HBW infants in three
				(1.60%). Meanwhile, 1,127 cases of women with
				normal blood pressure group as a comparison in
				this study, most of infants were AGA (64.42%)
				and normal weight (85.36%). Both SGA and LGA
				infants were lower than in PIH group (29.90%
				and 2.84%, respectively). Also, the ELBW, VLBW,
				LBW, and HBW infants were lower than in case
				group. Patients with severe preeclampsia had
				1.90 (adjusted OR=1.91) times higher to have
				SGA infants. Based on the BW independent of
				GA, severe preeclampsia increased the risk of
				VLBW and LBW infants and there were statistical
				significancies. The result is similar to study
				published by Xiong et al9 and Eskenazi et al.15 One
				of the reasons that more severe PIH had SGA or
				VLBW and LBW infants was about hypoperfusion
				model as pathogenesis of preeclampsia.
				Hypertension or preeclampsia lowered the
				uteroplacental perfusion by contracting the
				plasma volume.16 It reduced transfer of oxygen
				and nutrients to the developing fetus. The hypoxic
				placenta in turn releases antiangiogenic factors
				into maternal circulation which are hypothesized
				to invoke the maternal inflammatory response
				including endothelial dysfunction and increased
				blood pressure.17 Apart from that, the literature
				states that fetal hypoxia and growth restriction
				are caused by abnormal placentation. Meanwhile,
				proteinuria is a sign for the vascular damage which
				contributes to this condition.18 However, there still
				debates between the effect of intrauterine growth
				restriction and neonatal morbidity and mortality.
				Another study conducted by von Dadelszen et al.19
				reported that there was an association between
				hypertension in women and condition of fetus at
				birth, also the survival of neonates to discharge
				from neonatal intensive care unit.			


			
				Women with severe preeclampsia had OR=2.70
				(95% CI=1.00-7.29) to deliver LGA infants and it
				was statistically significant. Apart from that, based
				on BW independent of GA, severe preeclamptic
				women also had 3.82 times higher to deliver HBW
				infants, although in statistic, it was not significant.
				The result is similar to study by Xiong et al.20 The
				lack of nutrient on fetus increased the resistance
				of mother peripheral circulation which finally
				ended in pregnancy-induced hypertension. The
				raising of dehydroisoandrosterone sulphate
				as an indicator of placental perfusion was an
				effort of body to increase the uteroplacental
				perfusion in some PIH women.21 However, some
				patients with PIH deliver larger infants because
				the incidence of preeclampsia occurs later in
				pregnancy. The short duration from the decrease
				of uteroplacental perfusion develop the body’s
				compensation to this condition by reversing the
				effect. Apart from that, proteinuria as an indicator
				of preeclampsia can function as “protective”
				factor to keep the uteroplacental blood flow19,22
				or other diseases, such as obese mother or
				gestational diabetes mellitus of which the data
				are not available. Therefore, a long longitudinal
				study should be conducted to know the role of
				proteinuria in pregnancy-induced hypertension
				to uteroplacental blood flow.						


			
				According to study published by Xiong et al9,
				Naeye22, we found that there was no difference
				in mean birth weight between the various
				PIH and normotensive one; however, the
				mean birth weight was the lowest in severe
				preeclampsia group (2,533.45±791.74 grams
				vs 2,967.03±459.49 in normotensive group).
				Apart from that, both the mean of birth
				length and also head circumference were the
				lowest in severe preeclampsia (47.62±4.16
				cm and 31.62±2.34 cm respectively). The
				result was similar to the study by Lim et al.23
				which declared that peripheral systolic blood
				pressure would decrease birth weight, birth
				length, head circumference, and placental
				weight (all p<0.05). Each 1 SD (11.1 mmHg)
				increase of peripheral systolic blood was
				inversely associated with birth weight (-35.56
				g; 95% CI=-66.57 to -4.54), birth length (-0.16
				cm; 95% CI=-0.32-0.01), head circumference
				(-0.09 cm; 95% CI=-0.19-0.02), and placental
				weight (-8.78 g; 95% CI=-18.74-1.19).			


			
				The limitation of our study was there were no data
				about maternal body mass index (BMI), maternal
				smoking, previous conditions, and numbers of
				antenatal visit. In summary, the findings in this
				study depict the lack of a causal relationship
				between hypertensive disorders of pregnancy
				and the neonates’ growth outcome. Therefore,
				future studies should be established to know the
				causal relationship how far the contribution of
				PIH influences the growth outcome of infants so
				that prevention and therapy can be given based
				on the pathophysiology of it.			


			
				PIH women who had SGA or VLBL or LBW infants
				were caused by the hypoperfusion model as
				the pathogenesis of preeclampsia. Meanwhile,
				LGA infants born by preeclamptic women were
				due to the compensation of the decrease from
				uteroplacental perfusion.			
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*p<0.05; T Adjusted for maternal age, number of parity, and gestational age; ELBW: Extremely Low Birth Weight
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Characteristic Subjects  Normal Blood Gestational Preeclampsia (%) Severe Preeclampsia Statistical

W Pressure (%) Hypertension (%) (n=39) (%) (n=90) Significance”
¢ (n=1.127) (n=58)
Birth weight (gram) 1,269 3,000 2,900 2,950 2,575 p<0.001
(median and min-max) (1,100-4,500) (1,875-4,000) (600-4,300) (700-4,300)
Mean (SD) 2,967.03 (459.49) 2,861.79 (521.19) 2,835.68 (623.59) 2,533.45 (791.74)
Birth length (cm) 1,214 50 (30-58) 50 (31-54) 49 (43-56) 49 (30-55) p<0.001
(median and min-max)
Mean (SD) 49.57 (2.28) 48.76 (3.40) 49.28 (2.20) 47.62 (4.16)
Head circumference 1,209 33 (23-40) 33(28-39) 32 (28-36) 32 (24-36) p<0.001
(cm) (median and min-
max)
Mean (SD) 32.74 (1.89) 32.61 (1.80) 32.25 (1.86) 31.62 (2.34)

* Analysis of Variance - Kruskal-Wallis (non-parametric test)
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Post-hoc Mann-Whitney Birth weight Birth length Head circumference
Normotensive vs gestational hypertension 0.194 0.088 0.485
Normotensive vs preeclampsia 0.154 0.198 0.095
Normotensive vs severe preeclampsia <0.001 <0.001 <0.001
Gestational hypertension vs preeclampsia 0.834 0.812 0.341
Gestational hypertension vs severe preeclampsia 0.011 0.080 0.021
Preeclampsia vs severe preeclampsia 0.028 0.046 0.232
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Pregnancy-induced hy- Small for gestational age Large for gestational age
pertension classification ¢,  ORand 95% CI Adjusted ORfand 95% CI %  ORand 95% CI Adjusted OR" and 95% CI

Normal blood pressure  31.7 1.0 (referent) 4.2 1.0 (referent)
Gestational hypertension 41.2 1.51 (0.85-2.67) 0.63 (0.35-1.11) 6.3 1.51(0.35-6.60) 0.76 (0.17-3.37)
Preeclampsia 36.1 1.22 (0.61-2.43) 0.83 (0.42-1.67) 42 099 (0.13-7.54) 0.82 (0.11-6.39)

Severe preeclampsia 468 1.90(1.20-3.01)°  1.91(1.20-3.01)°  10.6 2.70(1.00-7.29)°  2.92 (1.07-8.00)'

* p<0.05; T Adjusted for maternal age and number of parity
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o Subjects Normal blood Gestati.onal Proeclampaia (%] Severe.
Characteristic no. % pressure (%) hypertension (%) (n=39) preeclampsia (%)
(n=1,127) (n=58) (n=90)

Age (years)

<20 57 4.4 4.8 3.5 2.6 1.1

20-40 1,164 90.0 89.9 87.7 87.2 93.2

>40 73 5.6 53 8.8 10.3 5.7
Gestational age (weeks) 1,241 39 (23-45) 39 (34-42) 39 (24-42) 38 (25-42)
(median and min-max)
Preterm delivery

No 1,192 90.7 92.3 89.7 87.2 73.3

Yes 1122 9.3 7.7 10.3 12.8 26.7
Parity

Nulliparity 532 40.5 39.8 34.5 48.7 48.9

Multiparity 446 339 334 50.0 28.2 333

Primiparity 336 25.6 23.0 0.7 0.7 1.2
Referral status

Primary health care 658 50.3 47.0 75.9 71.8 65.9

Public midwife 1 0.1 0 1.7 0 0

General clinic 102 7.8 7Tl 6.9 10.3 9.1

Hospital 11 0.8 0.7 5.2 0 0

Polyclinic 68 5.2 5.4 1.7 2.6 5.7

Without reference 468 35.8 39.2 8.6 15.4 19.3
Methode of delivery

Spontaneous 837 63.7 65.3 72.4 48.7 44.4

Vacuum 50 3.8 3.5 3.4 10.3 5.6

Caesarean section 427 32.5 31.2 241 41.0 50.0
Sex

Male 678 53.1 53.8 415 53.8 51.2

Female 599 46.9 46.2 58.5 46.2 48.8





