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Abstract

Background: This study aims to determine reported prevalence of hypertensive disorders in pregnancy (HDP) and
maternal and neonatal outcomes associated with these disorders among women delivering at selected hospitals
across Haiti.

Methods: A retrospective review of 8822 singleton deliveries between January 2012 and December 2014 was
conducted at four hospitals in separate Departments across Haiti. Researchers examined the proportion of women
with reported HDP (hypertension, preeclampsia, eclampsia) and the association between women with HDP and
three neonatal outcomes: low birth weight, preterm birth, and stillbirths; and two maternal outcomes: placental
abruption and maternal death in Hopital Albert Schweitzer (HAS). Odds ratios for associations between HDP and
perinatal outcomes at HAS were assessed using logistic regression, adjusting for potential confounders.

Results: Of the 8822 singleton births included in the study, 510 (5.8%) had a reported HDP (including 285 (55.9%)
preeclampsia, 119 (23.3%) eclampsia, and 106 (20.8%) hypertension). Prevalence of HDP among each hospital was:
HAS (13.5%), Hopital Immaculée Conception des Cayes (HIC) (3.2%), Fort Liberté (4.3%), and Hopital Sacré Coeur de
Milot (HSC) (3.0%). Among women at HAS with HDP, the adjusted odds of having a low birth weight baby was four
times that of women without HDP (aOR 4.17, 95% Cl 3.19-5.45), more than three times that for stillbirths (aOR 3.51,
95% (I 2.43-5.06), and five times as likely to result in maternal death (@OR 5.13, 95% Cl 1.53-17.25). Among the
three types of HDP, eclampsia was associated with the greatest odds of adverse events with five times the odds of
having a low birth weight baby (@OR 5.00, 95% Cl 2.84-8.79), six times the odds for stillbirths (aOR 6.34, 95% Cl
3.40-11.82), and more than twelve times as likely to result in maternal death (@OR 12.70, 95% Cl 2.33-69.31).

Conclusions: A high prevalence of HDP was found among a cohort of Haitian mothers. HDP was associated with
higher rates of adverse maternal and neonatal outcomes in HAS, which is comparable to studies of HDP conducted
in high-income countries.
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Background

Haiti is known to have one of the highest maternal mor-
tality ratios (MMR) in the world at an estimated 359 per
100,000 live births [1]. The stillbirth rate is also high with
an annual estimated rate of 15.5 stillbirths per 1000 live
births, resulting in 4300 stillbirths per year [2]. Hyperten-
sive disorders in pregnancy (HDP) are one of the leading
causes of maternal mortality and stillbirths [3]. HDP in-
cludes gestational hypertension, chronic hypertension,
preeclampsia, and eclampsia. Hypertension (both chronic
and during pregnancy) has been identified as a significant
cause of morbidity among Haitian women, yet the etiology
behind this association is currently unknown [4, 5, 6, 7].
Few studies have attempted to explore hypertensive disor-
ders among pregnant women in Haiti; thus, the true im-
pact of HDP on Haitian mothers and babies is largely
unknown. Low and middle-income countries (LMIC) are
known to be disproportionally affected by HDP, yet good
quality information on prevalence of HDP in these set-
tings are still missing in the literature.

In 2012, the United States Centers for Disease Control and
Prevention (CDC) partnered with the Haitian Ministry of
Public Health and Population (MSPP) to set up an Enhanced
Routine Pregnancy Outcome Surveillance System (ePOSS)
in Haiti. The goal of this surveillance system is to improve
the collection and analysis of routine epidemiologic indica-
tors used to measure pregnancy outcomes at the facility and
community levels in selected regions of Haiti [8]. ePOSS was
initially established in three departments, Artibonite, Nord,
and Nord-Est, which serve 11 communes collectively. The
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facilities that were targeted in these communes were tertiary
healthcare facilities and/or comprehensive emergency obstet-
ric care facilities (CEmOC).

As of October 2014, the ePOSS system had been intro-
duced and implemented in 19 target facilities within six
administrative Departments: Artibonite, Nord, Nord-Est,
Sud, Sud-Est, and Nippes. Four hospitals, each repre-
senting a different department, were included in this
study: Hopital Albert Schweitzer (HAS) in Artibonite,
Hopital de Fort Liberté in Nord-Est, Hopital Sacré
Coeur de Milot (HSC) in Nord, and Hépital Immaculée
Conception des Cayes (HIC) in Sud (Fig. 1). No data
were available for hospitals in Sud Est and Nippes at the
time of evaluation.

Prior studies in Haiti have found a prevalence of pre-
eclampsia and/or eclampsia among pregnant women to
be 7-18% [9, 10, 11]. One of these studies by Raghura-
man et al. examined associations between HDP and ad-
verse maternal and fetal outcomes in HAS hospital
records from January 2011-December 2012 [9]. Investi-
gators found the prevalence of preeclampsia and
eclampsia to be 16.6% and an association between pre-
eclampsia and eclampsia with maternal death and pla-
cental abruption [9]. The study was limited to data from
one hospital in Haiti and was unable to compare pre-
eclamptic and eclamptic women with normotensive
women due to a lack of data collected on women who
were normotensive [9].

This ongoing study will expand upon the research by
Raghuraman et al. by using more recent data from four
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Fig. 1 Geographic Distribution of Targeted Hospitals (ePOSS, 2012-2014)
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hospitals in Haiti, including HAS, and exploring differ-
ences in adverse maternal and neonatal outcomes be-
tween hypertensive and normotensive women delivering
at HAS. The aims of this study are to determine: (1) the
prevalence of hypertensive disorders in pregnant women
with singleton births delivering at four Departmental
hospitals in Haiti; and (2) the extent to which certain
maternal and neonatal outcomes are associated with
these disorders. Answers to these questions add to the
limited research on HDP in low resource areas by study-
ing linkages of maternal and newborn outcomes. This
study also allows researchers to identify areas for further
improvement at the hospital level and provide data that
can aid in evidence-based intervention strategies.

Methods

Data

Data were retrieved from the Haiti ePOSS system, which
combines data from medical registries and charts. For
this study, data from four hospitals (HAS, Fort Liberté,
HSC, and HIC) were selected based on the following cri-
teria: 1) being the largest referral hospitals in their dis-
tinct Departments, and 2) having the most complete
records known by the research team, who participate in
ePOSS. HAS and Fort Liberté had complete data from
2013 and 2014. For HSC, only 2012 data were available
at the time of the analysis. For HIC, data from 2014 (its
first year in ePOSS) were included.

These four hospitals are located in different Depart-
ments throughout Haiti (Fig. 1). HAS is located in Verr-
ettes commune in Artibonite. Fort Liberté is located in
the Fort Liberté commune in Nord Est; HSC is in the
Milot commune in Nord; and HIC is in the Port-de-paix
commune in Sud (Fig. 1).

All hospitals recorded data into multiple reporting system
registries, including: maternity, major and minor operating
theatre, emergency unit, and abortion (induced or late spon-
taneous). ePOSS is able to combine these multiple registries
into a single registry for all hospitals except for HIC. Due to
registry system issues, HIC still had two separate registries in
ePOSS: one maternal registry and one operating theater
(OT) registry. Women in the OT registry were those who re-
quired surgery, while the maternity registry captured vaginal
births or low-risk cesarean sections. Both registries were used
for the HDP prevalence calculation, but due to lack of data
on outcomes of interest (infant status, maternal status, and
birth weight) in the OT registry, only the maternal registry
was used in further analyses.

The primary outcomes of interest in ePOSS are out-
comes of pregnancy including maternal deaths, stillbirths,
neonatal deaths, birth complications, birth defects, and
live births [8]. Maternal and neonatal deaths were defined
by status at discharge from hospital. An offspring’s status
at birth was recorded as live birth or stillbirth (macerated,
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fresh, or undetermined stillbirth). Maternal, neonatal, and
birth complications were recorded in three columns. Up
to three complications were recorded for each birth [8].

Sample

A retrospective review was conducted of 9069 women
entered into ePOSS (Fig. 2). Women who had multiple-
birth pregnancies (n=237) or who had an induced or
late spontaneous abortion (n=10) were excluded from
this study. There were three cohorts used in the ana-
lyses. Prevalence was estimated using the full cohort of
8822 women. Due to a lack of further data collected at
HIC’s OT Registry, 864 women had to be omitted from
further analyses; thus, the second cohort size was 7958
women. The final cohort that analyses were run on in-
cluded women from HAS only (n = 2080) (Fig. 2).

Exposure variable

The exposure of interest was HDP, defined as a diagnosis
of one the following complications during pregnancy:
hypertension during pregnancy (systolic blood pressure
(SBP) level >140 mmHg or diastolic blood pressure
(DBP) 290 mmHg on at least two occasions, four or
more hours apart after 20 weeks gestation), preeclamp-
sia, and/or eclampsia. Preeclampsia was characterized as
a SBP level of 2140 mmHg or DBP > 90 mmHg (on at
least two occasions, four or more hours apart) with pro-
teinuria (> 300 mg/24h) in at least 2 urine specimens
collected 6 hours or more apart. Eclampsia was defined
as a SBP level of 2140 mmHg or DBP > 90 mmHg, pro-
teinuria, and seizures [12, 13].

Outcome variables

The variables included in this study were maternal and
neonatal outcomes that are thought to be associated
with HDP based on current research in high-income
countries [14, 15]. The main neonatal outcomes of inter-
est were low birth weight (< 2500 g), preterm birth (< 37
weeks’ gestation), and stillbirths (death at or after 28
weeks’ gestation). The two maternal outcomes of interest
were placental abruption and maternal death (prior to
hospital discharge). Other variables included in the ana-
lyses were maternal age, parity (dichotomized as nul-
liparous vs. parous), mode of delivery (vaginal vs.
Caesarean section), and gestational age in weeks.

Data analysis

Comparative analyses, including prevalence, between
women with HDP and those without were conducted
between the hospitals. Continuous data were summa-
rized using mean and standard deviation and categorical
data were presented as frequencies and percentages.
Comparisons were assessed using T-tests for continuous
variables, chi-square tests for categorical variables, and
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Fisher’s exact tests for categorical variables with small values.
All significant thresholds were set at a p-value<0.05.

Logistic regression was used to calculate adjusted odds
ratios with 95% confidence intervals using HAS data ex-
clusively (2080 pregnancies). The outcomes analyzed were
low birth weight, stillbirth, and maternal death. There were
not enough cases of placental abruption to analyze further.
Odds ratios were adjusted for the following potential con-
founders: maternal age, parity, and year of delivery (to ac-
count for time of data recording).

Statistical analyses were performed using SAS 9.4
(Cary, NC).

Results

HDP prevalence

Among the 8822 women with singleton births in-
cluded in the study, 510 (5.8%) had a HDP. Preva-
lence of HDP among the selected sample at each
hospital was as follows: HAS (13.5%), HIC (3.2%),
Fort Liberté (4.3%) and HSC (3.0%). Among the 510
women with HDP, 285 (55.9%) were preeclamptic,
119 (23.3%) were eclamptic, and 106 (20.8%) had ges-
tational hypertension (Table 1).

Study population characteristics and obstetric and
perinatal outcomes

Of the 8822 women included in the study, clinical char-
acteristics were available for 7958 (90.2%). These women
had a mean maternal age at delivery of 27.7 years (SD =
6.7) and 4194 (52.7%) women had a prior delivery. Of
the 7958 women included in the analysis, 6263 (78.7%)
had a vaginal delivery. There were 738 (9.3%) preterm
deliveries, 1240 (15.6%) low birth weight babies, and 392
(4.9%) stillbirths. The stillbirth rate for this cohort was
49.3 stillbirths per 1000 live births. There were 26 (0.3%)
maternal deaths and 38 (0.5%) women who had a pla-
cental abruption (Table 2). The MMR in this study, clas-
sified as deaths prior to discharge, was found to be 327
deaths per 100,000 live births.

Characteristics among HDP vs. no HDP associated with
outcome variables

Table 2 also shows characteristics and outcomes by hos-
pital and by HDP status. In all hospitals except Fort Lib-
erté, women with HDP were significantly more likely to
have a low birth weight baby (p < 0.05). Women at HAS
and HIC with HDP had significantly higher proportions
of preterm deliveries and stillbirths. Maternal death was
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Table 1 Prevalence of hypertensive disorders in pregnancy in 4 hospitals by 6 month intervals (ePOSS, 2012-2014)

Jan-June 2012 July-Dec 2012

Jan-June 2013

July-Dec 2013 Jan-June 2014 July-Dec 2014 Overall Hospital Total

Number of HDP Number of HDP  Number of HDP  Number of HDP  Number of HDP  Number of HDP  Total Number of HDP
Cases Cases Cases Cases Cases Cases Cases
(Hospital Specific  (Hospital Specific (Hospital Specific (Hospital Specific (Hospital Specific (Hospital Specific (Total Hospital Specific
Prevalence) Prevalence) Prevalence) Prevalence) Prevalence) Prevalence) Prevalence)
Hypertension 1(0.2) 16 (2.8) 10 (2.0) 7(1.3) 34 (1.6)
HAS Preeclampsia 0(0.0) 78 (13.8) 54 (11.1) 5209.7) 184 (8.8)
(n=2080) Eclampsia 0(0.0) 34 (6.0) 10 (2.0) 18 (3.3) 62 (3.0)
Total HDP in HAS 1(0.2) 128 (22.6) 74 (15.1) 77 (14.3) 280 (13.5)
Hypertension 0(0.0) 11 (0.5) 11(0.3)
HIC Preeclampsia 15(0.8) 65 (2.9) 80 (2.0)
(n=4072) Eclampsia 12 (0.7) 27 (1.2) 39 (1.0
Total HDP in HIC - 27 (1.5) 103 (4.6) 130 (3.2)
Hypertension 4(1.0) 14 (2.8) 33(11.6) 8(2.1) 59(3.8)
Fort Liberté Preeclampsia 0(0.0) 0(0.0) 0(0.0) 5(1.3) 5(0.3)
(n=1569) Eclampsia 2(0.5) 0(0.0) 1(0.4) 0(0.0) 3(0.2)
Total HDP in Fort
Liberté - - 6(1.5) 14 (2.8) 34 (11.9) 13 (3.4) 67 (4.3)
Hypertension 0(0.0) 2(0.3) 2(0.2)
HSC Preeclampsia 10 (1.9) 6(1.0) 16 (1.4)
(n=1101) Eclampsia 9(1.7) 6(1.0) 15 (1.4)
Total HDPin HSC 19 (3.7) 14 2.4) 33 (3.0)
Hypertension 106 (1.2)
Total Preeclampsia 285 (3.2)
(n=8822) Eclampsia 119(1.3)
Total HDP 510 (5.8)

ePOSS, Enhanced Routine Pregnancy Surveillance System; HDP, Hypertensive disorder in pregnancy; HAS, Hopital Albert Schweitzer; HIC, Hopital Immaculée Conception des Cayes; HSC, Hopital Sacré Coeur de Milot

Data shown as number of HDP cases (Prevalence by hospital and time period).

Empty cells represent time periods where data were not available.

significantly linked to HDP status at HAS only (p=
0.002), Placenta abruption was significantly more likely
among women with HDP in comparison to those with-
out HDP in all hospitals except Fort Liberté (p < 0.05).

Characteristics among stillbirths vs. live births at HAS
There were 156 (7.5%) stillbirths and 1917 (92.2%) live births
at HAS; outcome data were not available for seven (0.3%)
births (Table 3). Women with stillbirths were more likely to
be parous and more likely to have a vaginal birth. A stillbirth
was more likely to be low birth weight. A live birth was more
common among normotensive mothers, while stillbirths
were more common among mothers with preeclampsia or
eclampsia. A stillbirth was also significantly associated with
maternal death and placenta abruptions.

Among the 2080 women giving birth at HAS, 280 pre-
sented with HDP. Among these women with HDP, there
were 52 (18.6%) stillbirths and 227 (81.1%) live births; mor-
tality information was not available for one woman. There
was no significant difference in maternal age by infant out-
come. Among women with HDP at HAS, stillbirths were
more likely than live births to be parous and have a vaginal
delivery. More placental abruptions were seen among the
women having stillbirths (Table 3).

Characteristics among maternal deaths vs. survivors at
HAS

As seen in Table 4, there were 11 maternal deaths (0.5%
of women with singleton deliveries) at HAS; maternal

status was not available for nine women. Women who
died at HAS were more likely to have had a Caesarean sec-
tion and deliver a low birth weight baby. Women who died
were more likely to suffer from eclampsia and less likely to
be normotensive. Those with a maternal death were also sig-
nificantly more likely to deliver a stillborn baby.

Of the 280 women at HAS with HDP, 274 mothers
(97.9%) survived pregnancy and five mothers died; vital sta-
tus was not available for one mother. Women with HDP
who died were older (36.0years vs. 28.3 years) and more
likely to have a Caesarean section delivery. A larger propor-
tion of these women were parous, but the difference was not
statistically significant. All other adverse outcomes were not
significantly different between the two groups (Table 4).

Association between HDP and adverse outcomes

Among women at HAS who had HDD, the adjusted odds of
having a low birth weight baby was four times that for women
without HDP (aOR 4.17, 95% CI 3.19-5.45), more than three
times for stillbirths (aOR 3.51, 95% CI 2.43-5.06), and five
times for maternal death (aOR 5.13, 95% CI 1.53-17.25).
Among the 3 types of HDP, eclampsia was associated with the
greatest odds of adverse events with five times the odds of
having a low birth weight baby (aOR 5.00, 95% CI 2.84—8.79),
six times for stillbirths (aOR 6.34, 95% CI 3.40-11.82), and
more than twelve times for maternal death (aOR 12.70, 95%
CI 2.33-69.31). Hypertension alone was not associated with
adverse outcomes. Crude odds ratios were similar to the ad-
justed odds ratios (Table 5).
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of HDP vs. No HDP and obstetric characteristics of women at 4 hospitals in Haiti (€POSS, 2012-2014)

HAS HAS HIC HIC Fort Liberté  Fort Liberté HSC HSC
Full Cohort No HDP HDP No HDP HDP No HDP HDP No HDP HDP
(n=7958) (n=1800) (n=280) p* (n=3148)* (n=60)* pb (n=1502) (n=67) p° (n=1068) (n=33) pd
Maternal age (years)® 27.7+6.7 27.6+6.8 28.4+8.0 0.08 27.7+6.5 284 +8.0 0.46 26.8 +6.4 28.8+6.8 0.01 29.1+64 26.8+7.4 0.05
Parity 0.02 0.61 0.58 0.44

Nulliparous 3483 (43.8) 836 (46.4) 109 (38.9) 1332 (42.3) 23(38.3) 617 (41.1) 30 (44.8) 523 (49.0) 13(39.4)

Parous 4194 (52.7) 962 (53.4) 171 (61.1) 1556 (49.4) 31 (51.7) 874 (58.2) 37(55.2) 545 (51.0) 18 (54.5)

Missing 281 (3.5) 2(0.1) 0(0.0) 260 (8.3) 6(10.0) 11(0.7) 0(0.0) 0(0.0) 2(6.1)

Mode of Delivery 0.04 0.02 0.16 <0.0001

Vaginal 6263 (78.7) 1259 (69.9) 179 (63.9) 2496 (79.3) 38 (63.3) 1421 (94.6) 61 (91.0) 808 (75.7) 13.0)

Caesarean section 1310 (16.5) 541 (30.1) 101 (36.1) 290 (9.2) 10 (16.7) 76 (5.1) 6(9.0) 254 (23.8) 32(97.0)

Missing 385 (4.8) 0(0.0) 0(0.0) 362 (11.5) 12 (20.0) 5(0.3) 0(0.0) 6 (0.6) 0(0.0)

Low Birthweight (<2500 g) <0.0001 0.0004 0.80 0.0006

Yes 1240 (15.6) 394 (21.9) 149 (53.2) 343 (10.9) 14(23.3) 135 (9.0) 7(10.5) 186 (17.4) 12 (36.4)

No 5667 (71.2) 1327 (73.7) 121 (43.2) 2409 (76.5) 33(55.0) 900 (59.9) 42 (62.7) 823 (77.1) 12 (36.4)

Missing 1051 (13.2) 79 (4.4) 10 (3.6) 396 (12.6) 13 (21.7) 467 B1.1) 18 (26.9) 59(5.5) 9(27.3)
Gestational age (weeks)" 38.2+43 38.6+3.5 363+44 <0.0001 38.6+4.7 372+42 0.047 37.0+3.7 37223 0.65 - - -
Preterm delivery (<37 weeks) <0.0001 <0.0001 0.30 -

Yes 738 (9.3) 179 (9.9) 78 (27.9) 241 (7.7) 13 (21.7) 211 (14.0) 16 (23.9) - -

No 3880 (48.8) 991 (55.1) 135 (48.2) 2163 (68.7) 30 (50.0) 532(35.4) 29 (43.3) - -

Missing 3340 (42.0) 630 (35.00° 67 (23.9)* 744 (23.6) 17 (28.3) 759 (50.5) 22 (32.8) 1068 (100.0)* 33 (100.0)*
Stillbirth <0.0001 0.01 0.15 0.08

Yes 3924.9) 10458  52(18.6) 124 (3.9) 6 (10.0) 46 (3.1) 0(0.0) 56(5.2) 4(12.1)

No 7168 (90.1) 1690 (93.9) 227 (81.1) 2652(84.2) 40 (66.7) 1454 (96.8) 67 (100.0) 1010 (94.6) 28 (84.9)

Missing 398 (5.0) 6(0.3) 1(0.4) 372 (11.8) 14 (23.3) 2(0.1) 0(0.0) 2(0.2) 1(3.0)

Maternal death 0.002 0.98 0.55 0.68

Yes 26 (0.3) 6(0.3) 5(1.8) 1(0.03) 0(0.0) 8(0.5) 0(0.0) 6(0.5) 0(0.0)

No 6043 (75.9) 1786 (99.2) 274 (97.9) 1370 (43.5) 1(1.7) 1455 (96.9) 66 (98.5) 1061 (99.3) 30 (90.9)

Missing 1889 (23.7)  8(0.4) 1(0.4) 1777 (56.4) 59 (98.3) 39 (2.6) 1(15) 1(0.1) 309.1)

Placenta abruption 0.04 <0.0001 0.83 <0.0001

Yes 38 (0.5) 11 (0.6) 5(1.8) 7(0.2) 2(3.3) 1(0.1) 0(0.0) 8(0.7) 4(12.1)

No 7920 (99.5) 1789(99.4)  275(98.2) 3141 (99.8) 58(96.7) 1501 (99.9) 67 (100.0) 1060 (99.3) 29 (87.9)

Missing 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

ePOSS, Enhanced Routine Pregnancy Surveillance System; HDP, Hypertensive disorder in pregnancy; HAS, Hopital Albert Schweitzer; HIC, Hopital Inmaculée Conception des Cayes; HSC, Hopital Sacré Coeur de Milot

Data are shown as mean + SD or n (%).

# HIC data from Maternal Registry Only

*Compares No HDP and HDP for women at HAS
"Compares No HDP and HDP for women at HIC
“Compares No HDP and HDP for women at Fort Liberte
AlCompares No HDP and HDP for women at Milot

411 mothers missing maternal age (5.2%)

3,340 mothers missing gestational age (42.0%)

EGestational age was not collected until July 2013, thus it is missing if prior

Discussion

This study examines the prevalence of HDP among Hai-
tians, while also investigating the link between HDP and
adverse pregnancy outcomes. Women with HDP in this
sample were more likely to have pregnancies that re-
sulted in low birth weight babies, stillbirths, and mater-
nal death. Women with eclampsia were at greatest risk
for these adverse maternal and neonatal outcomes.

It is estimated that HDP occur in 5-10% of all pregnancies
worldwide [16]. Low and middle-income countries are
known to be disproportionally affected by HDP. The few
prior studies in Haiti have estimated prevalence of pre-
eclampsia and/or eclampsia among their samples to be 7—
18% [9, 10, 11]. This hospital-based study found an overall
HDP prevalence to be 5.8%, with individual hospitals’ preva-
lence ranging from 3.0 to 13.5%. Three of the facilities (HIC,
Fort Liberté, and HSC) have similar estimates, while HAS

has much higher prevalence. While all 4 facilities are referral
hospitals, HAS is known to be the largest referral hospital
with the most established electronic medical record (EMR)
system and sees the most complicated cases. It is difficult to
tell whether differences in prevalence rates are due to EMR
reporting and what is due to occurrence of disease in the
populations presenting at the various facilities.

Haiti's MMR is estimated to be between 359 and 389 deaths
per 100,000 live births [1]. Although this study classified ma-
ternal mortality based on deaths occurring prior to discharge,
a similar MMR of 327 deaths per 100,000 live births was
found. The research team expects more maternal deaths
would be captured if these mothers were followed for 42
days post-delivery. The lack of postpartum data is a known
limitation, as a significant proportion of maternal deaths
occur after women leave the hospital. Additionally, many
women with complications never reach facilities, which may



Bridwell et al. BMC Pregnancy and Childbirth (2019) 19:208

Page 7 of 11

Table 3 Clinical presentation of women with and without stillbirths at HAS, by entire cohort and by HDP mothers only (ePOSS,

2012-2014)
Entire HAS Cohort (n=2080) HDP women only (n=280)h
Live birth Stillbirth Unknown Live birth Stillbirth
(n=1917) (n=156) P (n=7) (n=227) (n=52) P
Maternal age (years)® 27.6 £6.9 289+7.38 0.08 31.6+7.0 28.1£79 29.5+83 0.27
Parity 0.001* 0.047*
Nulliparous 892 (46.5) 52(33.3) 1(14.3) 95 (41.9) 14 (26.9)
Parous 1023 (53.4) 104 (66.7) 6 (85.7) 132 (58.2) 38 (73.1)
Missing 2 (0.1) 0 (0.0) 0(0.0) 0(0.0) 0 (0.0)
Mode of Delivery 0.006* 0.0005%*
Vaginal 1309 (68.3) 123 (78.8) 6 (85.7) 134 (59.0) 44 (84.6)
Caesarean section 608 (31.7) 33 (21.2) 1(14.3) 93 (41.0) 8(15.4)
Missing 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)
Low Birthweight (<2500 g) <0.0001* <0.0001*
Yes 435 (22.7) 108 (69.2) 0(0.0) 107 (47.1) 42 (80.8)
No 1404 (73.2) 43 (27.6) 1(14.3) 114 (50.2) 7 (13.5)
Missing 78 (4.07) 5@3.2) 6 (85.7) 6 (2.6) 3(5.8)
Gestational age (weeks)" 38.7+3.1 329+64 <0.0001 35057 37.0+3.9 324+53  <0.0001
Preterm delivery (<37 weeks) <0.0001* 0.05*
Yes 192 (10.0) 64 (41.0) 1(14.3) 58 (25.6) 20 (38.5)
No 1088 (56.8) 37 (23.7) 1(14.3) 126 (55.5) 9(17.3)
Missing® 637 (33.2) 55 (35.3) 5(71.4) 43 (18.9) 23 (44.2)
Diagnosis
Normotensive 1690 (88.2) 104 (66.7) <0.0001* 6 (85.7) -- -- --
Hypertension 32 (1.7) 2(1.3) 0.74 0 (0.0) 32 (14.1) 2(3.9) 0.04
Preeclampsia 150 (7.8) 34 (21.8) <0.0001* 0(0.0) 150 (66.1) 34 (65.4) 0.92%*
Eclampsia 45(2.3) 16 (10.3)  <0.0001 1(14.3) 45 (19.8) 16 (30.77) 0.09
Maternal death 0.007 0.23
Yes 7(0.4) 4(2.6) 0(0.0) 3(1.3) 2 (3.85)
No 1902 (99.2) 151 (96.8) 7 (100.0) 224 (98.7) 49 (94.2)
Missing 8(0.4) 1 (0.6) 0(0.0) 0(0.0) 1(1.9)
Placenta abruption <0.0001* 0.01
Yes 7(0.4) 9(5.8) 0 (0.0) 1(0.4) 4(7.7)
No 1910 (99.6) 147 (94.2) 7 (100.0) 226 (99.6) 48 (92.3)
Missing 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0)

ePOSS, Enhanced Routine Pregnancy Surveillance System; HDP, Hypertensive disorder in pregnancy; HAS, Hopital Albert Schweitzer

Data are shown as mean + SD or n (%).

Statistically significant P-values are shown in bold.

*P-value calculated using chi-square, all other P-values calculated by Fisher's exact test.

“Gestational age was not collected until July 2013; thus, it is missing if prior

bMissing 1 observation for Stillbirth status

also lead to an underreporting of maternal mortality, HDP
and other adverse outcomes.

The estimated stillbirth rate for Haiti is 15.5 stillbirths
per 1000 live births [2]. The current study found a much
higher stillbirth rate of 49.3 stillbirths per 1000 live births

at HAS. It is likely that this hospital-based sample does
not represent the true prevalence of major complications
(HDP, maternal death, and stillbirth). Women without
complications may be less likely to deliver at a facility,
which could result in biased estimates as well.
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Table 4 Clinical presentation of women by maternal death status at HAS, by entire cohort and by HDP women only (ePOSS, 2012—

2014)
Entire HAS Cohort (n=2080) HDP women only (n=280)"
No maternal Maternal Unknown No maternal = Maternal
death (n=2060) death (n=11) p (n=9) death (n=274) death (n=5) p

Maternal age (years)® 27.7+7.0 309 +8.4 0.13 283 +8.6 283+179 36.0£7.0  0.03

Parity 0.07* 0.08
Nulliparous 940 (45.6) 2 (18.1) 3(33.3) 109 (39.8) 0(0.0)

Parous 1118 (54.3) 9 (81.8) 6 (66.7) 165 (60.2) 5 (100.0)

Missing 2 (0.001) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Mode of Delivery 0.001 0.01
Vaginal 1430 (69.4) 2 (18.1) 6 (66.7) 178 (65.0) 0(0.0)
Caesarean section 630 (30.6) 9 (81.8) 3(33.3) 96 (35.0) 5 (100.0)

Missing 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Low Birthweight (<2500 g) 0.01 0.26
Yes 535 (26.0) 7 (63.6) 1(11.1) 145 (52.9) 4 (80.0)

No 1437 (69.8) 4(36.4) 7 (77.8) 120 (43.8) 1 (20.0)

Missing 88 (4.3) 0(0.0) 1(11.1) 9(3.3) 0(0.0)
Gestational age (weeks)" 383+3.8 36.1 5.0 0.11  39.7+13 36443 346+5.8 0.37
Preterm delivery (<37 weeks) 0.17 0.60

Yes 254 (12.3) 3(27.3) 0(0.0) 76 (27.7) 2 (40.0)

No 1114 (54.1) 5(45.5) 7 (77.8) 132 (48.2) 3 (60.0)

Missing® 692 (33.6) 3(27.3) 2(22.2) 66 (24.1) 0(0.0)
Diagnosis

Normotensive 1786 (86.7) 6 (54.5) 0.01 8 (88.9) -- -- --

Hypertension 34 (1.7) 0(0.0) 1.00 0(0.0) 34 (12.4) 0(0.0) 1.00

Preeclampsia 181 (8.8) 3(27.3) 0.07 0(0.0) 181 (66.1) 3 (60.0) 0.78

Eclampsia 59 (2.9) 2(18.2) 0.04 1(11.1) 59 (21.5) 2 (40.0) 0.30
Stillbirth 0.01 0.23

Yes 151 (7.3) 4(36.4) 1(11.1) 49 (17.9) 2 (40.0)

No 1902 (92.3) 7 (63.6) 8 (88.9) 224 (81.8) 3 (60.0)

Missing 7(0.3) 0(0.0) 0(0.0) 1(0.4) 0(0.0)

Placenta abruption 0.08 0.09
Yes 15 (0.7) 19.1) 0(0.0) 4(1.5) 1 (20.0)

No 2045 (99.3) 10 (90.9) 9 (100.0) 270 (98.5) 4 (80.0)

Missing 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

ePOSS, Enhanced Routine Pregnancy Surveillance System; HDP, Hypertensive disorder in pregnancy; HAS, Hopital Albert Schweitzer

Data are shown as mean = SD or n (%).

Statistically significant P-values are shown in bold.

*P-value calculated using chi-square, all other P-values calculated by Fisher's exact test.

*Gestational age was not collected until July 2013; thus, it is missing if prior

hMissin,g 1 observation for Maternal death status

One of the few studies that aimed to study HDP in Haiti
was by Raghuraman et al. This study, while similar in topical
area, included different diagnoses than the current study;
thus, the prevalence in the two studies are not comparable.

This study, similar to the current study, was also conducted
at HAS. The previous study used data from 2011 to 2012,
while the current study used data from 2013 to 2014. Re-
searchers in the prior study obtained medical records from
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Table 5 Logistic regression on the association between HDP and outcomes for women at HAS (ePOSS, 2012-2014)

NT vs. All HDP

Outcomes OR 95% CI aOR* 95% Ci
Low Birthweight (<2500 g) 4.15 3.18-5.41 4.17 3.19-5.45
Stillbirth 3.72 2.60-5.34 3.51 2.43-5.06
Maternal death 5.43 1.65-17.92 5.13 1.53-17.25

NT vs. HTN

Outcomes OR 95% CI aOR* 95% Ci
Low Birthweight (<2500 g) 1.47 0.69-3.10 1.49 0.70-3.18
Stillbirth 1.02 0.24-4.30 0.87 0.20-3.75
Maternal death 3.98 0.03-34.83 4.14 0.03-35.76

NT vs. PEC

Outcomes OR 95% CI aOR* 95% Ci
Low Birthweight (<2500 g) 4.64 3.39-6.35 4.79 3.48-6.59
Stillbirth 3.68 2.42-5.62 3.34 2.17-5.14
Maternal death 4.93 1.22-19.89 5.21 1.26-21.56

NT vs. EC

Outcomes OR 95% CI aOR* 95% Ci
Low Birthweight (<2500 g) 5.29 3.03-9.25 5.00 2.84-8.79
Stillbirth 5.78 3.16-10.57 6.34 3.40-11.82
Maternal death 10.09 2.00-51.05 12.70 2.33-69.31

ePOSS, Enhanced Routine Pregnancy Outcome Surveillance System; HDP, Hypertensive disorder in pregnancy;
HAS, Hopital Albert Schweitzer; NT, normotensive women; HTN, Hypertension; PEC, Preeclampsia; EC, Eclampsia;

OR, odds ratio; aRR, adjusted odds ratio
Statistically significant CI's are shown in bold.

*Adjusted for maternal age, parity, year of delivery

1743 pregnancies, and found that 16.6% (290) of women
were diagnosed with preeclampsia and eclampsia, resulting
in 48 stillbirths and 5 maternal deaths [9]. The current study
used records from 2080 pregnancies and found the preva-
lence of HDP at HAS to be 13.5% (280) with 156 stillbirths
and 11 maternal deaths. Raghuraman et al. looked at women
who were diagnosed with antepartum preeclampsia, antepar-
tum eclampsia, postpartum preeclampsia, and postpartum
eclampsia, while the present study analyzed diagnoses of
hypertension during pregnancy, preeclampsia, and eclampsia.
Chart review and systematic data entry were used to assess
maternal complications for both studies, and the resulting
estimates of HDP prevalence are similar. Both studies found
that there was no difference in maternal age among women

with HDP and who had a stillbirth compared to women
who had a live birth. More maternal deaths and placental
abruptions were seen among the women with HDP and who
had stillbirths in both studies. Significantly more stillbirths
were identified in the current study, which authors believe is
due to improved surveillance at HAS and the roll-out of the
electronic data base.

One key difference between this study and the
Raghuraman et al. study is the ability to compare
women with HDP to women without HDP in this
study. The Raghuraman study lacked medical data on
women with no hypertensive disorders; thus, they
were unable to have a group to compare complica-
tions and other associations [9].
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The current study also examined HDP in three add-
itional hospitals in other areas of Haiti, thereby allowing
comparisons among different Departments and obtaining
a broader perspective on hospital-based prevalence esti-
mates. Prevalence of HDP varied among the four hospi-
tals, and was much higher at HAS compared to the
others. This could be due to HAS having a known elec-
tronic medical records system that has been implemented
for many years; thus, they may have more extensive re-
cords and better record keeping. All hospitals are in rural
areas; however, HAS is the largest referral hospital in Haiti
in which they receive more complicated cases from other
hospitals. The lack of consistency between the four hospi-
tals may not only be differences among samples, but also
differences in surveillance and record keeping. All hospi-
tals, except Fort Liberté, found an association between
HDP and higher proportions of low birth weight babies
and stillbirths. The relative small number of women with
HDP at HIC, Fort Liberté, and HSC may have masked
some of the associations that were seen at HAS.

The limitations to this study include the retrospective
nature of this hospital-based study. These findings are not
generalizable to the Haitian population due to the large
number of women who do not give birth inside a hospital
or medical facility. This sample represents deliveries in
these four hospitals in four Departments of Haiti.

Data were collected from existing surveillance records
that had incomplete records and missing data. Gesta-
tional age was not collected in the surveillance system
until July 2013, which affected records from HAS, Fort
Liberté, and HSC. HIC outcomes were not recorded for
women presenting at the OT, which may have caused as-
sociations to be missed since women who require surgi-
cal intervention often have more high-risk pregnancies
and complications. Maternal deaths at HIC were poorly
reported and appear to be differentially missing; women
with reported HDP appear to be missing maternal vital
status more than women without HDP. Data from Fort
Liberté may not be representative of the population in that
commune and District as this hospital does not have a
surgery ward. Women who present at Fort Liberté with a
high-risk pregnancy requiring surgery are referred out to
other health facilities. A further limitation to this study is
the inconsistency of years of data used for the various hos-
pitals. It is expected that more years of implementing the
surveillance system may be associated with more
complete and accurate data reporting.

A limitation of this study is the lack of maternal vari-
ables that were being captured in ePOSS at the time of
data analysis. History of chronic hypertension and diabetes
mellitus were not able to be assessed as maternal outcome
variables and known complications of preeclampsia and
eclampsia, such as stroke or renal failure, were not able to
be assessed as potential confounders. A further limitation
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of this study is the lack of specific blood pressure readings.
Researchers were unable to confirm the readings; thus,
there is a potential for misclassification of HDP. HDP and
placental abruption complications are captured in the sur-
veillance as three complication variables. Not having a
specific recording section for each of these separately
leads to a potential underreporting of these data. Heavier
maternal weight, which has been shown to be associated
with a 3-fold odds for HDP in a community-based sample
of prenatal patients in Haiti, was also not recorded in this
system [11]. In that study, maternal age of more than 40
years was also found to be associated with a 3-fold odds of
HDP in a multivariable model that included maternal
weight and the number of prenatal visits [11].

This study adds to the limited work studying HDP in
LMIC’s and in Haiti specifically. The lack of consistency
between the four hospitals in this study exemplifies not
only opportunities to improve surveillance in Haiti, as
the true burden of HDP in this country remains un-
known. Additional studies are needed to further examine
the etiology of hypertension in Haitian women, espe-
cially during pregnancy. Due to the majority of Haitian
mothers delivering outside of a medical facility, this large
sample of the population remains unrepresented in sta-
tistics and in the literature. Qualitative and quantitative
research at the community level can add to this research
and allow for a comprehensive analysis of HDP among all
Haitian mothers. Results from this study allows re-
searchers to identify areas for further improvement at the
hospital level and provides data that can aid in evidence-
based intervention strategies. Studies like this one empha-
sizes the importance of detailed data collection and sur-
veillance in order to better target investments, public
health interventions, and public health policies.

Conclusion

In conclusion, the results of this study highlight the im-
portance of HDP as a major cause of adverse maternal
and neonatal outcomes among this population in Haiti,
which is comparable to studies conducted in high-
income countries. Specifically, women with eclampsia,
the most severe form of HDP, had the worst health out-
comes including an increased odds of having a low birth
weight baby, delivering a stillbirth, and were more likely
to die due to complications of pregnancy. More research
is needed in Haiti to understand the true prevalence and
impact of HDP in facility and home births.
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