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Appropriate prenatal caresystem:
thebestwayto prevent preeclampsiain Andean countries

PaTricio LoPeEz-JARAMILLO, MD, PHD?, RonALD GARcia, MD, PHD (c)?,
Laura ReYEs, MD3, SiLvia Ruiz, RN?

SUMMARY

The main cause of maternal mortality in Colombia is preeclampsia; even though itisamajor public health problem its etiology
and physiopathology remain unknown. However it is believed that endothelial dysfunction plays a central role in the
development of this disease. Many clinical trials have been carried out to demonstrate the effect of certain interventions to
prevent preeclampsia and improve pregnancy outcomes. Our hypothesis is that the reduction of preeclampsia risk could be
achievedthroughan appropriate health system that would provide an opportune and effective prenatal care to pregnant women
allowing early diagnosis and treatment of frequent nutritional and health related problems.
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Control prenatal apropiado: la mejor manera de prevenir la pre-eclampsia en los paises andinos

RESUMEN

Laprimera causa de mortalidad materna en Colombia es la pre-eclampsia; pero aunque es un problema de salud publica su
etiologiay fisiopatologiano se han esclarecido completamente. Sinembargo, se cree que ladisfuncion endotelial juega un papel
importante en el desarrollo de laenfermedad. Se han llevado a cabo multiples ensayos clinicos para demostrar el efecto de ciertas
intervenciones a fin de prevenir la pre-eclampsia y mejorar los resultados de estos embarazos. Nuestra hipétesis consiste en
que lareduccion del riesgo de desarrollar pre-eclampsia se puede obtener mediante un sistema de salud apropiado que brinde
alamadre uncontrol prenatal efectivoy oportunoy permitael diagnostico temprano y el tratamiento de sus problemas de salud
y nutricionales.
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The main cause of maternal mortality in Colombiais
preeclampsia (PE). It causes 42% of the maternal
demises and increases the perinatal mortality by five
fold. It is even a bigger problem if it is considered that
maternal mortality in Colombia is ten times higher than
in United States of Americal. In spite of its impact on
public health PE’s aetiology and physiopathology remain
unknown. In this paper it is postulated that PE is a
disorder due to multiple causes, and that nutritional,
socioeconomic, geneticand environmental factors might
lead to an endothelial function alteration characterized
by a modification in the production of vasoactive

substances, especially nitric oxide (NO), prostacyclin,
and pro oxidizing free radicals?. Furthermore, thisarticle
proposes that the weight of these risks factors varies
depending on the level of socioeconomic development
reached by a given society?®.

Relevant epidemiological observations to prevent
PE. PE complicates about 6% to 8% of pregnancies;
however, noticeable regional differences exist in its
incidence due to the greater presence of certain risk
factors in developing societies*. Nutritional factors like
the low intake of calcium?, antioxidizing vitamins® and
essential fatty acids® are considered elements
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contributing to an increasing risk of developing PE. In
addition, the findings of a large scale population study
carried out in Colombia led the present authors to
propose that chronic subclinical infections are the main
risk factor for PE in this country’, proposal which it has
been recently supported by demonstrating that
inflammation associated to oral, vaginal, and urinary
infections precedes the PE development®®. These
observations are important since they have served as a
support for the realization of studies directed to prevent
the disease.

PE preventing strategies. The lack of an adequate
knowledge of PE’s physiopathology has determined
that many of the strategies used to prevent it are based
on observational or anecdotic facts or in studies
performed with women at high risk of developing the
disease. Many non pharmacological strategies have
been used to prevent PE, especially those related with
nutritional restrictions or nutritional supplements, and
restinbed!®!, Inthe nextsectionthose in which greater
evidences of a beneficial effect exists will be reviewed.

Calcium supplements. Three pioneer clinical trials
carried out by Lépez-Jaramillo et al.>* with 408
Andean Ecuadorian primigravid women showed that
calcium supplement of 2 g daily in this population with
history of a low intake of this mineral was useful to
prevent the development of pregnancy induced
hypertension and PE. The Cochrane library most recent
metaanalysis'® which included 11 randomized, double-
blind placebo-controlled clinical trials reported that
calcium supplementation is associated with a reduction
oftherisk ofincreased arterial pressure during pregnancy
(11 clinicaltrials, 14,946 women: relative risk (RR) 0.70,
95% CI 0.57-0.86). There also was a reduction in the
risk of PE associated to calcium supplementation (12
clinical trials, 15,206 women RR 0.48, 95% CI: 0.33-
0.69), specially in those who had a low basal intake of
calcium (7 clinical trials, 10,154 women: RR 0.36, 95%
Cl: 0.18-0.70) and in those considered at high risk (5
clinicaltrials, 587 women: RR 0.22,95% ClI:0.12-0.42).
The authors of this important metaanalysis concluded
that calcium supplementation appears to almost halve
the risk of PE, and to reduce the occurrence of a
composite outcome of death or «serious morbidity».

Villar and the clinical trial group of calcium
supplementation for the prevention of PE of the World
Health Organization (WHO)*, included 8,325 women
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with a low intake of calcium (less than 600 mg per day)
and less than 20 weeks pregnant; of them, 4,157 received
1.5 g of calcium per day and 4,168 received placebo.
This calcium supplementation was associated with a
small nonstatistically significant reduction of PE (4.1%
vs. 4.5%). However, severe pregnancy-induced hyper-
tension (RR 0.71, 95% CI: 0.61-0.62) and eclampsia
(RR 0.68, 95% ClI: 0.48-0.97) were significantly lower
in the supplemented group. Besides, a reduction in the
rate of complications of severe PE was observed (RR
0.76, with a 95% CI: 0.66-0.89). Severe maternal
morbidity and the mortality rate (RR 0.80,95% CI: 0.70-
0.91), and neonatal mortality rate (RR 0.70, 95% CI:
0.56-0.88) were also significantly lower in the calcium
supplemented group. Thisimportantclinical trial realized
in a low calcium intake population demonstrated that
although 1.5 g of calcium supplementation per day did
not statistically diminish the total incidence of PE, it
significantly diminished the risk of the most serious PE
complications, including maternal death, preterm birth
and maternal and neonatal morbidity. Based on these
results, the authors analyzed the practical implications
of calcium supplementation in population with a low
intake of this mineral and concluded that 125 women
should be treated to prevent a severe complication of
PE,and 167 should be treated to preventavery premature
preterm birth. These numbers are reduced to 45 and 71,
respectively if the pregnant women are less than 20
yearsold. Finally, they assure that itwould be necessary
to supplement 100 women to prevent severe maternal
morbidity and one death event, and that it would be
necessary that 250 pregnant women receive calcium
supplementation to prevent one neonatal death. The
WHO group affirms that «acute and long term
consequences of these poor outcomes; combined with
the socioeconomic limitations justified the calcium
supplementation».

Recently, Hofmeyr et al.!” proposed that the
investigation about this subject should be redirected
from clinical trials to communitarian interventions with
calcium supplementation. This proposal, consistent with
Lopez-Jaramillo & de Félix’s'®, considers calcium
supplementation as a preventive nutritional measure
directed atovercomingasocioeconomic problem, which
frequently impedes the access to dairy products to poor
women in Colombian society during their pregnancy,
and that it should not be prescribed to women with an
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adequate consumption of the mineral. Pregnancy is a
period during which women need an extra calcium
consumption to guarantee a positive balance of the
mineral to compensate the great demand of calcium
necessary for fetal bone mineralization®®.

Other dietary supplementations: Antioxidants.
There are multiple clinical trials, in which a dietary
supplementation including either magnesium, fish oil or
C and E vitamins was administered, but results have
been contradictory. Indeed, the most recent metaanalysis
of the Cochrane library? determined that there was no
significant difference between antioxidant and control
groups in the RR of PE (RR 0.73, 95% CI 0.51 to 1.06;
ninetrials, 5,446 women) or any other primary outcome:
severe PE (RR 1.25, 95% CI 0.89 to 1.76; two trials,
2,495 women), preterm birth (before 37 weeks) (RR
1.10, 95% CI 0.99 to 1.22; five trials, 5,198 women),
small-for-gestational-age infants (RR 0.83, 95% CI
0.62t0 1.11; five trials, 5,271 babies) or any baby death
(RR1.12,95%C10.81t01.53; fourtrials, 5,144 babies).
The authors concluded that the evidence from this
review does notsupportroutine antioxidant supplemen-
tation during pregnancy to reduce the risk of PE and/or
other serious complications in pregnancy.

On the other hand, the results of a clinical trial
including 2,951 pregnant women were recently
published?! demonstrating that multivitamins and folic
acid supplementation were associated with an increase
in serum folate, a decrease of plasmatic homocysteine
andarisk reductionof PE (RR 0.37,95% Cl:0.18-0.75).

More studies are necessary to confirm this persuasive
interaction in view of the proposal that a change in the
oxidant/antioxidant balance is one of the mechanisms
leading to an endothelial function alteration which
characterizes PE?2. Since many serious and well
designed clinical trials are being carried out, we should
wait for their results before recommending the routine
use of antioxidant vitamin supplements during pregnancy
to prevent PE.

PHARMACOLOGICAL INTERVENTIONS

Low aspirin doses. A recent review of the Cochrane
library?3 examined the results of 59 clinical trials which
included 37,560 pregnantwomen and that were directed
to evaluate the effectiveness and safety of low aspirin
dosestodiminish the risk of developing PE. Areduction
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of 17% in the risk of PE associated with the use of
antiplatelets doses was observed [(46 clinical trials,
32,891 women, RR 0.83, 95% CI: 0.77-0.89), number
needed to treat (NNT) 72 (52,119)]. Despite the fact
that there were no statistical differences in the RR
based on maternal risk, a significant increase in the
reduction of the absolute risk of developing PE was
observed in women at high risk compared with those at
moderate risk. The authors concluded that the
administration of low aspirin doses has moderate benefits
in the prevention of PE and proposed that more
information is necessary to determine which women
can benefit from this intervention, when the treatment
should be initiated, and which dose must be used. From
a practical point of view, the authors leave the decision
of its use to both the pregnant woman and her doctor.
Sinceitisasmall reduction inthe risk of developing PE,
a large number of women need to be treated to prevent
only one adverse outcome, which seems little practical,
although even this small reduction could be useful from
a public health perspective.

Treatment of vaginal, periodontal and urinary
infections. Some studies have shown that urinary and
vaginal infections can cause PE"-?4-%6, Furthermore, it is
well known that the incidence of asymptomatic
bacteriuria is three times higher in women with PE, and
that urinary infection is a strong risk factor for PE?>%6,
Recently Herrera et al.® demonstrated an association
between PE, C-reactive protein concentration and
periodontitis.

Many studies have shown that the identification and
treatment of bacterial vaginosis and urinary infection
reduces the presentation of preterm delivery, and
premature rupture of fetal membranes?”-?8, and Herrera
et al.” demonstrated in Colombian women that early
detection (14-20 weeks of gestational age) and opportune
treatment of vaginal and urinary infections reduced the
incidence of PE by 64.7%.

Since the realization of double blind, placebo-
controlled clinical trials to evaluate the effect of the
treatment of subclinical infection are not ethically
acceptable, community work evaluating the impact of
early diagnoses of subclinical infections and their
adequate treatment is an urgent need in countries where
vaginal, oral, and urinary infections can affect up to 50%
of the expectant mothers. Besides, it has been
demonstrated that low grade inflammation associated to
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Figure 1. Interventions to reduce the incidence of
PE. Integral model which pretends to include and
relate the different factors that could participate in
the reduction of PE incidence in our countries.

endothelial dysfunction, precedes the clinical mani-
festation of PE, and that the treatment of infections
recovers the endothelial function82°.

OTHER PHARMACOLOGICAL
INTERVENTIONS

It has been reported that the use of diuretics does not
have any effect on PE prevention or its complications®,
and that their use is not recommended considering the
high levels of adverse events found arecent metaanalysis
(1,836 women). Regarding the use of exogenous donors
of NO or of the substratum for its synthesis (L-arginine)
to prevent PE, the metaanalysis®! of six clinical trials that
included 310 women showed that the data available are
insufficient to reach appropriate conclusions about
whether exogenous donors of NO or its substratum are
useful to prevent PE.

HYPOTHESIS

The hypothesis can be summarized as follows:
preeclampsiaisthe resultof acombination of economical,
psychological, social, nutritional, environmental and
genetic factors that culminate in an alteration in the
production of the free radicals NO, O, and ONOO:-.
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The specific weight of each factor differs between
developed and developing countries?. Poor women from
developing countries like Colombiaand Ecuador are the
most exposed to these risk factors, which explains the
highincidence ofthe disease, converting it into the main
cause of maternal mortality.

We have proposed an integral model which pretends
to include and relate the different factors that could
participate in the reduction of PE incidence in our
countries (Figure 1). The right interpretation of this
model allows us to understand that the most economical,
effective and universal way to prevent PE is a social
system that guarantees an adequate nutrition of the
pregnant women and the access to an adequate system
of prenatal care which would include the administration
of prenatal tablets containing among other components
vitamins C and E and minerals such as calcium, which
would compensate for the extra demand of nutrients
that are taken from the mother by the foetus for its
organic development. Moreover, an adequate prenatal
control notonly allows the diagnosis and early treatment
of subclinical urinary, oral and vaginal infections, but
also the identification and correction of bad nutritional
practices that are expressed in an excessive weight gain
and biochemical alterations of the lipid profile and
carbohydrates. In populations with marked deficiencies
of some nutrients, as it is the case of calcium in Latin-
Americanwomen, or antioxidant vitamins in Caucasian
women, the administration of these supplements is
necessary.

ACKNOWLEDGMENT

Theauthorsacknowledge Colciencias (Instituto Co-
lombiano para el Desarrollo de la Cienciay la Tecnolo-
gia«Francisco José de Caldas») for the financial support
to the VILANO Group (Grant N° 6566-04-18061).
Laura Marcela Reyes and Silvia Liliana Ruiz received
ayoung investigator grant from Colciencias. The authors
also thank Jean Noél Guillemot for the correction of the
Englishstyle.

REFERENCES

1. Lopez-Jaramillo P. Calcium, nitric oxide, and preeclampsia.
Semin Perinatol. 2000; 24: 33-6.

2. Lopez-Jaramillo P, Garcia RG, Lopez M. Preventing
pregnancy-induced hypertension: are there regional differences

229



Colombia Médica

10.

11.

12.

13.

14.

15.

16.

230

pregnancy-induced hypertension: are there regional differences
for this global problem? J Hypertens. 2005; 23: 1121-9.
Lopez-Jaramillo P, Pradilla LP, Castillo VR, Lahera V.
Socioeconomic pathology as a cause of regional differences in
the prevalence of metabolic syndrome and pregnancy-induced
hypertension. Rev Esp Cardiol. 2007; 60: 168-78.
Lopez-JaramilloP, GarciaR. Preeclamsia: Differentunderlying
causes in developing and developed countries. In: Hérnandez-
Hérnandez R, Armas-Hérnandez M. (eds.) Current advances
in hypertension. Bologna: Editorial Monduzzi; 2005. p. 107-
12.

Chappell LC, Seed PT, Briley AL, Kelly FJ, Lee R, Hunt BJ,
et al. Effect of antioxidants on the occurrence of preeclampsia
in women at increased risk: a randomised trial. Lancet. 1999;
354: 810-16.

Herrera JA, Arévalo-Herrera M, Herrera S. Prevention of
preeclampsia by linoleic acid and calcium supplementation: a
randomized controlled trial. Obstet Gynecol. 1998; 91: 585-90.
Herrera JA, Chaudhuri G, Lépez-Jaramillo P. Is infection a
major risk factor for preeclampsia? Med Hypotheses. 2001; 57:
393-7.

GarciaRG, CeledonJ, Sierra-Laguado J, Alarcon MA, Luengas
C, SilvaF, etal. Raised C-reactive protein and impaired flow-
mediated vasodilation precede the development of
preeclampsia. Am J Hypertens. 2007; 20: 98-103.
HerreraJA, ParraB, Herrera E, Botero JE, Arce RM, Contreras
A, etal. Periodontal disease severity is related to high levels of
C-reactive protein in pre-eclampsia. J Hypertens. 2007; 25:
1459-64.

Herrera JA. Nutritional factors and rest reduce pregnancy-
induced hypertension and preeclampsia in positive roll-over
test primigravidas. Int J Gynaecol Obstet. 1993; 41: 31-5.
Spinapolice RX, Feld S, Harrigan JT. Effective prevention of
gestational hypertension in nulliparous women at high risk as
identified by the rollover test. Am J Obstet Gynecol. 1983; 146:
166-8.

Lopez-Jaramillo P, Narvaez M, Weigel RM, Yépez R. Calcium
supplementation reduces the risk of pregnancy-induced
hypertension in an Andes population. Br J Obstet Gynaecol.
1989; 96: 648-55.

Lopez-Jaramillo P, Narvaez M, Félix C, Lopez A. Dietary
calcium supplementation and prevention of pregnancy
hypertension. Lancet. 1990; 335: 293.

Lopez-Jaramillo P, Delgado F, Jacome P, Teran E, Ruano C,
RiveraJ. Calciumsupplementation and the risk of preeclampsia
in Ecuadorian pregnant teenagers. Obstet Gynecol. 1997; 90:
162-7.

Hofmeyr GJ, Atallah AN, Duley L. Calcium supplementation
during pregnancy for preventing hypertensive disorders and
related problems. Cochrane Database Syst Rev. 2006; 3:
CD001059.

Villar J, Abdel-Aleem H, Merialdi M, Mathai M, Ali MM,
Zavaleta N, etal. World Health Organization randomized trial

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Vol. 40 N° 2, 2009 (Abril-Junio)

of calcium supplementation among low calcium intake pregnant
women. Am J Obstet Gynecol. 2006; 194: 639-49.

Hofmeyr GJ, Duley L, Atallah A. Dietary calcium supple-
mentation for prevention of preeclampsia and related pro-
blems: a systematic review and commentary. BJOG. 2007;
114: 933-43.

Lopez-Jaramillo P, de Félix M. Prevention of toxemia of
pregnancy in Ecuadorian Andean women: experience with
dietary calcium supplementation. Bull Pan Am Health Organ.
1991; 25: 109-17.

Koo WW, Walters JC, Esterlitz J, Levine RJ, Bush AJ, Sibai
B. Maternal calcium supplementation and fetal bone
mineralization. Obstet Gynecol. 1999; 94: 577-82.

Rumbold A, Duley L, Crowther CA, Haslam RR. Antioxidants
for preventing preeclampsia. Cochrane Database Syst Rev.
2008; 1: CD004227.

Wen SW, Chen XK, Rodger M, White RR, Yang Q, SmithGN,
etal. Folic acid supplementation in early second trimester and
the risk of preeclampsia. Am J Obstet Gynecol. 2008; 198: 45-
7.

Biondi C, Pavan B, Lunghi L, Fiorini S, Vesce F. The role and
modulation of the oxidative balance in pregnancy. Curr Pharm
Des. 2005; 11: 2075-89.

Duley L, Henderson-Smart DJ, Meher S, King JF. Antiplatelet
agents for preventing preeclampsia and its complications.
Cochrane Database Syst Rev. 2007; 2: CD004659.
Banhidy F, Acs N, Puho EH, Czeizel AE. Pregnancy
complications and birth outcomes of pregnant women with
urinary tract infections and related drug treatments. Scand J
Infect Dis. 2007; 39: 390-7.

Hsu CD, Witter FR. Urogenital infection in preeclampsia. Int
J Gynaecol Obstet. 1995; 49: 271-5.

Schieve LA, Handler A, Hershow R, Persky V, Davis F.
Urinary tract infection during pregnancy: its association with
maternal morbidity and perinatal outcome. AmJ Public Health.
1994; 84: 405-10.

Guaschino S, De Seta F, Piccoli M, Maso G, Alberico S.
Aetiology of preterm labour: bacterial vaginosis. BJOG. 2006;
113 (Suppl 3): 46-51.

LeitichH, Brunbauer M, Bodner-Adler B, Kaider A, Egarter C,
Husslein P. Antibiotic treatment of bacterial vaginosis in
pregnancy: a meta-analysis. Am J Obstet Gynecol. 2003; 188:
752-8.

HerreraJA, Arévalo-Herrera M, Shahabuddin AK, Ersheng G,
HerreraS, GarciaRG, etal. Calciumand conjugated linoleic acid
reduces pregnancy-induced hypertension and decreases
intracellular calcium in lymphocytes. Am J Hypertens. 2006;
19: 381-7.

Churchill D, Beevers GD, Meher S, Rhodes C. Diuretics for
preventing preeclampsia. Cochrane Database Syst Rev. 2007;
1: CD004451.

Meher S, Duley L. Nitric oxide for preventing preeclampsiaand
its complications. Cochrane Database Syst Rev. 2007; 2:
CD006490.



