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Summary

Background—Hypertensive disorders of pregnancy (HDP) are a leading cause of maternal 

death in low- to middle-income countries (LMIC). The American College of Obstetricians and 

Gynecologists (ACOG) updated diagnostic guidelines to align signs and symptoms with those 

associated with maternal death. We performed an observational study to ask whether ACOG 

guidelines were employed and associated with adverse outcomes in La Paz-El Alto, Bolivia, an 

LMIC.

Methods—Medical records for all HDP discharge diagnoses (n = 734) and twice as many 

controls (n = 1647) were reviewed for one year at the three largest delivery sites. For the 690 cases 

and 1548 controls meeting inclusion criteria (singleton, 18–45 maternal age, local residence), 

health history, blood pressures, symptoms, lab tests, HDP diagnoses (i.e., gestational hypertension 

[GH]; preeclampsia [PE]; haemolysis, low platelets, high liver enzymes [HELLP] syndrome, 

eclampsia), and adverse outcomes were recorded. Bolivian diagnoses were compared to ACOG 

guidelines using accuracy analysis and associated with adverse outcomes by logistic regression.

Findings—Both systems agreed with respect to eclampsia, but only 27% of all Bolivian HDP 

diagnoses met ACOG criteria. HDP increased adverse maternal- or perinatal-outcome risks for 

both systems, but ACOG guidelines enabled more pre-delivery diagnoses, graded maternal-risk 

assessment, and targeting of HDP terminating in maternal death.

Interpretation—Bolivia diagnoses agreed with ACOG guidelines concerning end-stage disease 

(eclampsia) but not the other HDP due mainly to ACOG’s recognition of a broader range of severe 

features. ACOG guidelines can aid in identifying pregnancies at greatest risk in LMICs, where 

most maternal and perinatal deaths occur.

Funding—NIH TW010797, HD088590, HL138181, UL1 TR002535.
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Introduction

Hypertensive disorders of pregnancy (HDP) are leading causes of maternal and perinatal 

deaths, especially in low- to middle-income countries (LMIC) where 98 and 99%, 

respectively, of such deaths occur.1–3 HDP range from isolated hypertension in a 

previously normotensive woman to severe hypertension with abnormal laboratory values 

or symptoms indicative of multiorgan dysfunction. The American College of Obstetricians 

and Gynecologists (ACOG), the International Society for the Study of Hypertension in 

Pregnancy, and the World Health Organization updated their diagnostic guidelines to align 

HDP signs and symptoms with those most closely associated with maternal death.4–6 

Proteinuria was eliminated as a severe feature and focus placed on severe hypertension 

and other measures of organ-system dysfunction. While ACOG guidelines have been 

officially adopted at the national level in Latin America,7 whether the ACOG criteria have 

been incorporated into clinical practice or improved the detection of adverse outcomes is 

unknown.

Bolivia is a Latin American LMIC with one of the highest rates of maternal and perinatal 

mortality.8–10 The adjacent cities of La Paz and El Alto, located at an altitude of 3600–4100 

m, house Bolivia’s largest population concentration. High-altitude residence increases the 

frequency of HDP11–13 but unknown are the types of HDP present in Bolivia, the criteria 

used for diagnosis and whether adherence to ACOG guidelines improves prediction of 

adverse outcomes. We, therefore, examined the prenatal, hospital and delivery records for 

all women with HDP discharge diagnoses (cases) and a temporally matched sample of those 

without such a diagnosis (controls) at the three largest delivery hospitals in La Paz-El Alto. 

We hypothesized that ACOG guidelines were not followed but would improve the detection 

of pregnancies at risk of adverse outcomes. We aimed to determine (1) the agreement or lack 

thereof between Bolivian and ACOG HDP diagnoses and (2) their respective associations 

with adverse maternal- or perinatal outcomes.

Methods

Study population

Cases were all women with any HDP discharge diagnosis (cases, n = 734) who gave birth 

from April 1, 2017 to March 31, 2018, at Hospital Materno-Infantil, Hospital de la Mujer, 

or Hospital Boliviano Holandés in La Paz-El Alto, Bolivia meeting our inclusion criteria; 

namely, singleton pregnancy, maternal age at delivery > 18 and < 45 years, and La Paz-El 

Alto residence (Figure 1). Controls (n = 1647) were women without an HDP discharge 

diagnosis and temporally matched to include deliveries immediately before and after an 

HDP case, over-sampled to ensure at least a 2:1 control-to-case ratio, and subject to the same 

inclusion criteria as cases. Study procedures were approved by the University of Colorado 

Multiple Institutional Review Board (COMIRB 17–1529) and its Bolivian counterpart. 

Study conduct was in keeping with the STROBE statement.14

Hospital Materno-Infantil and Hospital de la Mujer are tertiary-level facilities in La Paz 

and Hospital Boliviano Holandés is a secondary-level hospital in El Alto. All provide 

government-subsidized no-cost services and Hospital Materno-Infantil also serves those 
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insured through the country’s largest insurance system, the Caja Nacional de Salud 
(National Health Care Fund). During the one-year study period, the three hospitals delivered 

13,531 babies which comprised 40% of all hospital births in the La Paz-El Alto metropolitan 

region.

Study data

Prenatal care in Bolivia occurs at community outpatient clinics until week 28 and then 

at outpatient clinics at the hospital delivery site. Data are entered onto the Centro 
Latinoamericano de Perinatología (CLAP) form,15 which study investigators used to collect 

maternal age, education, body mass index (BMI), health history, last menstrual period), 

systolic and diastolic blood pressures (SBPs, DBPs), HDP diagnoses, diagnostic symptoms, 

and drugs administered. Hospital records were used to obtain these same data for visits 

after week 28, laboratory test results, delivery mode (Caesarean section, vaginal), maternal 

intensive care unit (ICU) or neonatal ICU (NICU) admission, days hospitalized, stillbirths, 

maternal and perinatal deaths (i.e., deaths after 22 completed weeks and before seven 

days after birth). All maternal or perinatal deaths were verified using Bolivian Ministry of 

Health records. Data were entered into a Spanish-language RedCap database patterned after 

COLLECT.16

Definitions

Hypertension was defined as two or more SBPs ≥140 mmHg or DBPs ≥90 mmHg at least 

six hours apart in a previously normotensive woman. Hypertension was considered severe if 

two or more SBPs ≥160 mmHg or DBPs ≥110 mmHg. Due to the limited prenatal BP data, 

only data after 20 weeks were used to assign diagnoses and chronic hypertension (before 20 

weeks or when nonpregnant) was not considered. Proteinuria was defined as 2+ by dipstick 

or >300 mg in a 24 h urine collection. Women with hypertension but without proteinuria 

were considered as having gestational hypertension (GH). Preeclampsia (PE) was defined 

as hypertension during pregnancy with proteinuria. PE was considered severe by Bolivian 

criteria when HELLP (haemolysis, elevated liver enzymes, low platelets) syndrome was 

present and defined as hypertension during pregnancy with any two of the three followings: 

haemolysis (LDH>600 IU/L), low platelets (<100,000/L), or elevated serum alanine or 

aspartate aminotransferase liver enzymes (>80 IU/L). ACOG guidelines considered PE as 

severe when either serum creatinine ≥1.1 mg/dL, platelet count <100,000/L, liver enzymes 

>80 IU/L, severe hypertension, or diagnostic symptoms (i.e., severe headache, blurred 

vision, significant shortness of breath, or epigastric pain) were present, and HELLP as a 

subset of severe PE characterized by both low platelets and elevated liver enzymes. Any 

seizure or stroke was classified as eclampsia4,17 by both systems. Anti-hypertensive drugs 

administered were calcium-channel or beta-blockers, and magnesium sulphate (MgSO4) or 

Zuspan were used as anti-seizure as well as anti-hypertensive medications.

Gestational age at delivery was calculated from the last menstrual period and corrected using 

ultrasound and/or clinical estimates following ACOG guidelines.18 Approximately half 

(57%) of the women had ultrasound exams. Delivery <37 weeks was considered preterm 

and sex- and gestational age-adjusted birth weight less than the 10th percentile as small for 

gestational age (SGA).19
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Adverse maternal outcomes were Caesarean delivery for decreased foetal movement or 

abnormal heart rate tracing; prolonged (>3 days) hospitalization due to maternal and/or 

infant problems; ICU admission; or death after 22 weeks of pregnancy and within 7 days 

postpartum. Adverse perinatal outcomes were preterm delivery, SGA, 5 min Apgar score <7, 

receiving supplemental oxygen, NICU admission, or perinatal death.

Statistics

Mean values or frequencies were compared between cases and controls or among diagnostic 

groups using chi-squared tests, Students t-test for unpaired data, or one-way ANOVA 

with Tukey’s multiple comparisons, as appropriate. The strength of agreement between 

Bolivian and ACOG HDP diagnoses was tested using Cohen’s Kappa (K) and accuracy 

parameters (sensitivity, specificity, positive likelihood ratio and negative likelihood ratio) 

for diagnostic testing. Diagnostic estimates were assessed for each Bolivian category 

using ACOG guidelines as the gold standard (reference) and against all other Bolivian 

diagnostic categories since we were predominantly concerned with misclassification. Using 

GH as an example, given that there were 129 true positives, 1784 true negatives, 220 

false positives and 105 false negatives, sensitivity was calculated as 129/ (129 + 105) 

or 0.55 and specificity as 1784/ (1784 + 220) or 0.89. Logistic regression was used 

to estimate the association between HDP diagnostic categories (independent, categorical 

variable) and any adverse maternal or perinatal outcome (dichotomous, dependent variable) 

within each system. Each HDP category was contrasted against the no HDP category 

(reference). Final regression models were performed using diagnostic groups alone since 

risk factors (i.e., maternal age >40 yr., nonpregnant BMI >35 kg/m2, no or primary-only 

education, primiparity, number of prenatal visits) were not associated with adverse maternal 

or perinatal outcomes in our dataset, nor were differences apparent in the frequency of 

adverse outcomes when baseline characteristics were compared (Supplemental Table 1). 

Data were excluded on a pairwise basis except for logistic regression analyses where data 

were excluded listwise and reported in the tables as numbers or percentages with the trait, 

means ± standard deviation (SD), or means with the 95% confidence interval (CI). A 

two-sided p < 0.05 was considered evidence of association or difference in sample means 

or frequencies, and trends reported when 0.05 <p <0.10. Data analyses were conducted 

using SPSS v.26 (IBM, Chicago, IL) and graphics prepared with GraphPad Prism v. 5.01 

(Graph-Pad Software, Inc., La Jolla, CA).

Role of the funding source

The funders had no role in study design, data collection, data analysis, interpretation, or 

writing of this report.

Results

Maternal and infant characteristics

Of the 2381 records examined, 143 did not meet inclusion criteria, leaving 2238 maternal-

infant dyads (690 cases, 1548 controls) as our study population (Figure 1). Compared to 

controls, HDP cases were more often >40 years old, primiparous and to have had fewer 

years of schooling, greater BMI, a history of HDP, Caesarean delivery, and to have died 
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within the first postnatal week (Table 1). Infants born to HDP cases vs. controls weighed 

less, were born at an earlier gestational age, tended to be more often male or stillborn, and 

had more deaths during the first postnatal week or perinatal period.

Comparison of Bolivian and ACOG diagnoses

Of the 690 women with an HDP by Bolivian criteria (Figure 2A), 50% had GH, 43% PE, 

4% severe PE (HELLP), and 4% eclampsia. Application of ACOG criteria classified 746 

women with an HDP, 31% of whom had GH, 3% PE, 63% severe PE, and 2% eclampsia. 

In short, GH was the most common HDP according to Bolivian criteria but severe PE 

according to ACOG guidelines. Exemplifying the source of such diagnostic differences, a 

woman with severe hypertension or severe headache and epigastric pain would be classified 

as PE by Bolivian criteria but as severe PE by ACOG.

The crosstabulation and accuracy analysis in Figure 2B assesses diagnostic agreement, or 

lack thereof, between the two classificatory systems. Both systems generally agreed with 

respect to identifying women with no HDP and agreed entirely with respect to eclampsia, 

but there was a poor or very poor agreement concerning the other three HDP diagnoses (GH, 

PE, severe PE). Specifically, among the 349 Bolivian GH diagnoses, only 129 or 37% met 

ACOG criteria; the others were, in order, severe PE, no HDP, or PE. Of the 294 Bolivian 

PE diagnoses, only 10 or 3% met ACOG criteria for PE; most would have been classified 

as severe PE by ACOG. All 28 Bolivian severe PE (HELLP) diagnoses met ACOG criteria 

for severe PE, but ACOG guidelines identified an additional 445 women with severe PE, 

including six with HELLP syndrome who were diagnosed as GH or PE by Bolivian criteria 

(data not shown). Using ACOG as the gold standard, the positive and negative likelihood 

ratios in Figure 2B show that Bolivian criteria were moderately or very good for ruling in 

or out no-HDP status. Bolivian diagnoses had modest positive predictive values for ruling 

in GH or PE but were comparatively poor in ruling them out. All women with a Bolivian 

diagnosis of severe PE met ACOG severe-PE guidelines, preventing the calculation of a 

positive-predictive value, but since many more cases also met ACOG criteria for severe PE, 

Bolivian diagnoses were ineffective for ruling out such a diagnosis. Overall, as shown by 

the diagonal numbers in Figure 2B, only 27% of the 690 Bolivian HDP diagnoses agreed to 

ACOG guidelines.

The source of discrepancies between Bolivian and ACOG diagnoses are detailed in Table 2. 

Specifically, 25% of the Bolivian GH women had proteinuria and hence met ACOG criteria 

for PE. Severe PE diagnostic symptoms were present prenatally, at delivery or immediately 

postpartum in 8%, 76% or 22%, respectively, of the Bolivian PE women. Twenty per cent of 

the Bolivian PE cases had abnormal laboratory values, which qualified them for an ACOG 

diagnosis of severe PE. Of the 28 Bolivian HELLP diagnoses, 23 met Bolivian criteria for 

HELLP, with the other 5 having diagnostic symptoms alone (data not shown). All Bolivian 

HELLP cases met ACOG criteria for severe PE, but only 8 were considered by ACOG 

as severe PE with HELLP; the other 20 were classified by ACOG as severe PE without 

HELLP based on low platelets, high serum creatinine, or high liver enzymes (n = 14); severe 

hypertension (n = 4); or symptoms alone (n = 2) (data not shown). The time of diagnosis 

also varied: 29 Bolivian HDP diagnoses were made before delivery whereas 2.5-times as 
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many (n = 74) could have been made had ACOG criteria been employed. While half the 

maternal deaths occurred in eclamptic women, all the other deaths were in women who met 

ACOG guidelines for severe PE but were distributed among Bolivian HELLP (n = 2), no 

HDP (n = 2), or PE (n = 1) cases.

In terms of treatments, administration of anti-hypertensives or MgSO4 was common in 

HDP patients regardless of the classificatory system. Unknown, however, was whether the 

anti-hypertensive medication continued to be taken after the outpatient visit or period of 

hospitalization.

Comparison of adverse maternal or perinatal outcomes

Whether based on Bolivian or ACOG criteria, HDP increased the risks of adverse maternal 

and perinatal outcomes and did so to a greater extent in mothers than offspring (Table 

3). The pattern of increase differed somewhat, with adverse maternal-outcome risks being 

greater for each Bolivian HDP diagnosis but only for the ACOG severe PE or eclampsia 

groups. The risk of any adverse maternal outcome was greatest for women with eclampsia, 

five (26%) of whom died, and greater in those with a Bolivian diagnosis of severe PE 

(HELLP) than an ACOG severe-PE diagnosis. The greater risk seen for Bolivian compared 

to ACOG severe PE diagnoses was due to most (23 of 28) of the Bolivian diagnoses being 

based on abnormal laboratory values whereas only 14 of the 473 ACOG severe-PE women 

met ACOG criteria for HELLP, the remainder having severe hypertension (n = 58); at least 

one abnormal serum creatinine, platelet count or liver enzyme value (n = 103); or diagnostic 

symptoms alone (n = 298). As shown in Supplemental Table 2, the risk of any adverse 

maternal or perinatal outcome is markedly greater for Bolivian HELLP diagnoses than for 

Bolivian diagnoses of PE with abnormal labs or severe hypertension, and least (but still 

significantly elevated) in those with diagnostic symptoms alone or undetermined criteria. 

Similarly, the risk of any adverse maternal or perinatal outcome was greater for ACOG 

severe PE with vs. without HELLP and, among those without HELLP, showed a gradient 

whereby risk was greater when any abnormal lab value or severe hypertension was present 

than for those whose diagnosis was based on diagnostic symptoms alone. Supplemental 

Table 3 details the individual adverse outcomes for subsets of women whose diagnoses 

differed between the two classificatory systems. Women without HDP by Bolivian criteria 

but having severe PE according to ACOG guidelines were more often admitted to the ICU, 

had more adverse maternal outcomes, more often delivered SGA babies, and tended for their 

babies to be treated more often with supplemental oxygen. Babies born to women diagnosed 

as GH by Bolivian criteria who met ACOG guidelines for severe PE were also more often 

admitted to the NICU.

Discussion

We found that Bolivia and ACOG diagnostic criteria agreed well with respect to identifying 

women without HDP or the end-stage disease, eclampsia. But there was considerable 

disagreement for GH, PE, and severe PE diagnoses such that, overall, only 27% of Bolivian 

HDP diagnoses agreed with ACOG guidelines and greatly underestimated the number of 

women with severe PE. ACOG guidelines permitted more HDP diagnoses to be made 
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before admission for delivery and, while both classificatory systems showed that HDP raised 

adverse-outcome risks and did so to a greater extent for mother than baby, application of 

ACOG criteria provided a more graded assessment of risk and better targeted HDP cases 

terminating in maternal death.

Differences between Bolivian diagnoses and those recommended by ACOG arose chiefly as 

the result of ACOG’s recognition of a broader range of severe features. Specifically, the only 

severe feature for Bolivian PE diagnoses was HELLP whereas ACOG guidelines included 

severe hypertension; any abnormal serum creatinine, liver enzyme or platelets value; or 

any diagnostic symptom. Other differences were due to the inclusion of some women with 

proteinuria in the Bolivian GH category, and the use of slightly different criteria for HELLP; 

that is, both high liver enzymes and low platelets were required by ACOG but only two of 

three abnormal liver enzyme, platelet, or LDH values for a Bolivian diagnosis.

Like previous studies, we found women with HDP to be older, more often obese, 

primiparous, with fewer years of schooling, and history of PE or eclampsia.20 The ~5% 

crude HDP incidence rate using either Bolivian or ACOG criteria was slightly higher 

than the 4% global LMIC rate and much higher than the 0.5% all-country rate.8,20 One 

contributor may have been the high altitude at which our study was conducted. In Colorado, 

the only high-altitude region where complete birth records are available, high-altitude 

residence increases the incidence of the full spectrum of HDP by 33%.13 Several studies 

in Bolivia or elsewhere in Latin America also report an altitude-related rise.11,12,21 The 

chronic hypoxia of residence at high altitude interferes with the normal maternal vascular 

adjustments to pregnancy22 and lower arterial O2 saturation is a component of the fullPIERS 

model for predicting adverse maternal outcomes.23 Thus, high-altitude residents may be 

especially susceptible to HDP and could benefit from therapies such as low-dose aspirin or 

other treatments aimed at preventing or delaying HDP onset.

Currently, nearly all maternal deaths worldwide occur in LMIC, with the proportion due to 

HDP being higher in Latin America than in African or South Asian LMICs.2,3,5,8,24–26 Since 

ACOG and other international agencies updated their diagnostic criteria ~10 years ago to 

identify those most closely associated with maternal death4,6,17 and the ACOG guidelines 

have been officially adopted in Bolivia,7 our study was designed to address whether ACOG 

guidelines have been incorporated into practice and, if not, whether their adoption would 

improve detection of adverse maternal or perinatal outcomes. We chose Bolivia since, while 

HDP is known to be common8–10,27 and maternal and perinatal mortality rates are among 

the highest in Latin America, little is known regarding the diagnostic criteria being used in 

Bolivia or their ability to predict adverse outcomes.

The strengths of our study stemmed from its detailed analyses of prenatal, delivery and 

immediate postpartum records for all HDP discharge diagnoses at the three largest hospitals 

in the La Paz-El Alto metropolitan region, which together deliver 40% of all hospital births. 

We also reasoned that the increased incidence of HDP at high altitude would enable us to 

collect sufficient HDP cases over one year and hence avoid artefacts introduced by changes 

in other factors during the study period. Another advantage was that Bolivia’s Seguro 
Integral de Salud (Comprehensive Health Care System) began in 2013 increased access to 
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prenatal care and, in turn, enabled us to acquire more prenatal data than in some reports. 

To overcome the difficulties for detecting maternal or perinatal deaths when patients are 

transferred to other hospital units,28 we used Ministry of Health records to identify such 

deaths and then reviewed the hospital emergency, intensive care, or paediatric department 

records to obtain the adverse outcome data required. Unlike other LMIC studies,20,25,26,29 

we considered the full spectrum of HDP and separated adverse maternal and perinatal 

outcomes which enabled us to determine that maternal and perinatal risks rose progressively 

with the severity of HDP and were greater for given diagnoses for mother than baby. Finally, 

while low platelets or severe hypertension have been shown to raise maternal mortality 

risk in Latin America,30 our observation that diagnostic symptoms alone raised risks was 

novel.31

Our study also suffered from certain limitations. As in other retrospective case-control 

studies, ours was subject to selection bias and the possibility that cases and controls were 

not representative of the same population. Additionally, identifying cases and controls by 

discharge diagnoses can be misleading, subject to recall bias by whoever has filled out the 

CLAP form or hospital record, and the controls may have had pregnancy complications 

other than HDP. Difficulties in record-keeping also limited the availability or accuracy of the 

information available. In particular, the CLAP form from which we acquired much of our 

prenatal data lists HELLP as the only kind of severe PE and thus likely resulted in women 

with severe hypertension or diagnostic symptoms being classified as PE or GH. Logistic 

regression can only demonstrate association, not causation, and hence other factors could 

have been responsible for the adverse outcomes observed. Missing data were also common: 

less than a third of women had first trimester visits, most lacked data for pre-pregnancy 

blood pressure or other comorbidity data (e.g., heart or renal disease), 18% of prenatal visits 

lacked any diagnostic-symptom data, and laboratory values were infrequently obtained since 

outpatient prenatal clinics cannot perform even dipstick proteinuria determinations. Thus, 

only 13% of all women were tested for proteinuria at any time during pregnancy, and serum 

creatinine, platelets or liver enzyme tests were performed in only 15% of HDP cases before 

admission for delivery.

In summary, we concluded that the criteria used for diagnosing HDP in La Paz-El Alto, 

Bolivia appropriately identified women at the two extremes of risk for adverse outcomes; 

namely, those who remained normotensive during pregnancy or developed eclampsia. 

However, Bolivian diagnoses for GH, PE, or severe PE did not conform to ACOG guidelines 

and resulted in an underestimation of severe PE cases. These findings strongly recommend 

the usage of ACOG guidelines to better identify those mothers at greatest risk of adverse 

outcomes in La Paz-El Alto and perhaps elsewhere in Bolivia. While diagnosis itself is 

not a treatment, accurate diagnoses are essential for closer monitoring of pregnancies likely 

to develop life-threatening conditions and for the allocation of scarce healthcare resources. 

Implementing ACOG guidelines could (1) increase the number of diagnoses made before 

admission for delivery, thus affording time for closer monitoring; (2) provide a more graded 

assessment of risk; and (3) better target those pregnancies likely to terminate in maternal 

death. Adoption of ACOG guidelines at the La Paz-El Alto hospitals studied here requires 

wider laboratory testing, particularly during the third trimester when visits are carried 

out at the outpatient clinics at the hospital delivery site where laboratory facilities are 
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available, and closer monitoring as well use of symptoms as a referral criterion for the 

conduct of laboratory tests of organ-system dysfunction. Future, prospective studies are 

also required with comprehensive documentation of blood pressure, proteinuria, diagnostic 

symptoms, laboratory tests of organ dysfunction, foetal deaths, and maternal as well as 

perinatal outcomes to define the incidence of PE and other HDP in Bolivia, identify the 

diagnostic criteria most predictive of adverse outcomes, inform clinical decisions as to 

when to deliver, and reduce Bolivia’s alarmingly high maternal and infant mortality rates. 

Given the increased incidence of HDP at high altitudes13 and the consequent reduction in 

the number needed to treat,32 such locales are also ideal for determining the efficacy of 

low-dose aspirin or novel HDP therapies. Follow-up studies in mothers with HDP and their 

offspring are also important given the known association between HDP and susceptibility 

to cardiovascular or other diseases later in life, especially given Bolivia’s very high rate 

of maternal cardiovascular disease.10 Finally, better coordination among prenatal care 

providers, obstetric, emergency, and perinatal services is also essential for earlier diagnosis, 

identification of pregnancies at greatest risk and tracking of adverse outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context panel

Evidence before this study

Hypertensive disorders of pregnancy (HDP) are leading causes of maternal and perinatal 

deaths especially in low- to middle-income countries (LMIC) where nearly all deaths 

occur. The American College of Obstetricians and Gynecologists (ACOG) and other 

international agencies updated diagnostic guidelines a decade ago to align HDP signs and 

symptoms with those most closely associated with maternal death. While HDP accounts 

for more maternal deaths in Latin America than elsewhere in the world, whether ACOG 

criteria have been incorporated into clinical practice or improved the detection of adverse 

outcomes in the region remains unknown.

Added value of this study

We chose Bolivia, a Latin American LMIC with one of the highest maternal and perinatal 

mortality rates, and its adjacent cities of La Paz-El Alto as our study site. Prenatal and 

delivery hospital records were examined for all HDP discharge diagnoses at the three 

largest delivery hospitals (cases) and twice as many without such diagnoses (controls) 

during a one-year period. We found that local criteria agreed with ACOG guidelines 

for identifying women with the end-stage disease, eclampsia, but for only 27% of all 

HDP (i.e., gestational hypertension, preeclampsia, severe preeclampsia with HELLP 

[haemolysis, low platelets, high liver enzymes] or without HELLP syndrome, eclampsia). 

HDP increased risks of any adverse maternal- or perinatal-outcome according to both 

classificatory systems, but ACOG guidelines improved the ability to diagnose HDP prior 

to admission for delivery, grade maternal risk, and target those HDP terminating in 

maternal death.

Implications of all the available evidence

Educational and other efforts are required to better acquaint health-care providers in 

community outpatient clinics and delivery hospitals with ACOG diagnostic guidelines 

and to ensure their implementation. Also needed is revision of the CLAP prenatal form to 

include severe preeclampsia without HELLP, better documentation of diagnostic criteria, 

more frequent laboratory testing, and more complete recording of laboratory-test results 

and diagnostic symptoms. Such information is needed to define the incidence of HDP in 

Bolivia, help identify the diagnostic criteria most predictive of adverse outcomes, inform 

clinical decisions as to when to deliver, and reduce Bolivia’s alarmingly high maternal 

and infant mortality rates.
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Figure 1. 
Flow chart showing selection of study sample. Discharge diagnoses were examined at the 

three largest delivery hospitals in the adjacent cities of La Paz and El Alto, Bolivia for the 

period April 1, 2017 through March 31, 2018. All women with a discharge diagnosis of 

any HDP was selected as a case. Approximately twice as many without such diagnoses and 

who delivered immediately before or after the HDP case were selected as controls. Inclusion 

criteria were maternal age at delivery greater than 18 and less than 45 years, singleton 

pregnancy, and residence in either La Paz or El Alto. A total of 143 records were excluded 

due to duplicate records (n = 110), non-qualifying maternal age at delivery (n = 13) or 

non-local residence (n = 20).
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Figure 2. 
Distribution of the diagnoses for 2238 study subjects (Panel A), crosstabulation and 

accuracy analysis of Bolivian diagnoses vs. those arrived at by application of ACOG 

diagnostic guidelines (Panel B). Panel A shows that similiar numbers or women with 

no HDP and the same number of women with eclampsia are identified but considerable 

differences exist with respect to the numbers with GH, PE or severe PE. The bolded, 

boxed values in the crosstabulation in Panel B indicate the numbers of women whose 

Bolivian and ACOG diagnoses agreed: overall 93% (n = 1436) of women with no HDP 

agreed with ACOG guidelines but only 27% (n = 186) of the 690 Bolivian HDP diagnoses. 

With respect to GH or PE, the agreement between Bolivian and ACOG diagnoses was 

poor to very poor, with the ability for Bolivian diagnoses to rule in these diagnoses 

being modest and to rule them out being poor. All women with a Bolivian diagnosis 

of severe PE or eclampsia met the respective ACOG guidelines, preventing calculation 

of the positive likelihood ratio, but many additional women met ACOG guidelines for 

severe PE which indicated that the Bolivian diagnoses were ineffective in ruling out 
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severe PE. All women with a Bolivian diagnosis of eclampsia also met ACOG eclampsia 

criteria, yielding perfect agreement and a very good negative likelihood ratio. Abbreviations: 

GH=gestational hypertension; HELLP=haemolysis, elevated liver enzymes, low platelets; 

K=kappa; −=negative; +=positive; PE=preeclampsia.
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Table 3:

Binary logistic regression analyses for the association between any adverse maternal or perinatal outcomes 

(dependent variable) and Bolivian or ACOG HDP diagnostic categories (independent variable).

A. ANY ADVERSE MATERNAL OUTCOME

BOLIVIAN CATEGORIES ACOG CATEGORIES

Group B S.E. Wald df P Adjusted 
OR Group B S.E. Wald df P Adjusted 

OR

No HDP, n 
= 1548 
(reference)

172·68 4 0·000 ..
No HDP, n= 
1492 
(reference)

143·0 4 0·000 ..

GH, n = 
349 116 0·27 18·21 1 0·000 3·2 (1·9,5·4) GH, n = 234 0·54 0·38 2·00 1 0·157 1·7 (0·8, 

3·6)

PE, all, n = 
294 203 0·24 73·58 1 0·000 7·6 

(4·8,12·1) PE, n = 20 0·81 1·04 0·61 1 0·434 2·2 
(0·3,17·3)

Severe PE, 
n = 28 4·05 0·42 93·89 1 0·000 57·6 

(25·4,130·9)
Severe PE, 
all, n = 473 2·09 0·21 95·03 1 0·000 8·1 

(5·3,12·3)

Eclampsia, 
n = 19 5·44 0·65 69·63 1 0·000 230·6 (64·2, 

827·4)
Eclampsia, n 
=19 5·43 0·65 69·29 1 0·000 228·7(63·6, 

821·9)

Constant −1·23 0·16 58·84 1 0·000 0·3 Constant −1·98 0·2 61·08 1 0·000 0·14

B. ANY ADVERSE PERINATAL OUTCOME

BOLIVIAN CATEGORIES ACOG CATEGORIES

Group B S.E. Wald df P Adjusted 
OR Group B S.E. Wald df P Adjusted 

OR

No HDP, n 
= 1548 
(reference)

132·93 4 0·000
No HDP, n = 

1492 
(reference)

144·82 4 0·000 –

GH, n = 
349 0·59 0·12 0·000 1 0·000 1·8 (1·4,2·3) GH, n = 234 0·23 0·15 2·21 1 0·137 1·2 

(0·9,1·7)

PE, all, n = 
294 1·40 0·13 0·000 1 0·000 4·1 (3·1,5·3) PE, n = 20 1·40 0·46 9·30 1 0·002 4·1 

(1·6,10·0)

Severe PE, 
n = 28 .. .. .. .. .. .. Severe PE, 

all, n = 473 1·23 0·11 126·54 1 0·000 3·4 
(2·8,4·2)

Eclampsia, 
n = 19 2·34 0·57 17·10 1 0·000 10·4 

(3·4,31·4)
Eclampsia, n 
=19 2·32 0·57 16·80 1 0·000 10·2 

(3·4,30·8)

Constant 4·29 1519 0·000 1 0·998 73·2 Constant 0·04 0·15 0·07 1 0·797 1·0

Parentheses indicate the 95% confidence limits for odds ratios. ORs that could not be calculated are indicated by midline dots and were due either 
to the women with no HDP being the reference category or because all Bolivian Severe PE cases (all had HELLP) had at least one adverse perinatal 
outcome. Abbreviations: B=beta coefficient; df=degrees of freedom; GH=gestational hypertension; HDP=hypertensive disorders of pregnancy; 
HELLP=haemolysis, high liver enzymes, low platelets syndrome; OR=odds ratios; PE = preeclampsia; S.E.=standard error.
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