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Abstract
BACKGROUND—Preeclampsia (PE) is more common at high than low altitude and contributes
to the altitude-related decline in birth weight. Since inflammatory markers are implicated in PE,
we asked if such markers differed in PE vs. normotensive pregnant (NORM) women residing at
high altitude (3600-4100 m), and were related to uterine artery blood flow (UA BF) or fetal
growth.

METHODS—Subjects were 33 Andean pregnant residents of Bolivia, comprising six with early-
onset PE (≤ 34 wk), 12 with late-onset PE (> 34 wk), and 15 gestational-age matched NORM.
Maternal pro- and anti-inflammatory cytokines were measured using a multiplex bead-based assay
and UA BF by Doppler ultrasound.

RESULTS—PE compared to NORM women had higher levels of the pro-inflammatory cytokines
IL-6 and IL-8 as well as higher levels of the anti-inflammatory cytokine IL-1ra, but only IL-6
levels were higher when gestational age was controlled. Women with early- vs. late-onset PE had
higher TNFα levels, and higher IL-6 was negatively correlated with birth weight in all women at ≤
34 wk. We suggest that pro-inflammatory factors influence both the timing and severity of PE at
high altitude.
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INTRODUCTION
Bolivia has one of the highest maternal and infant mortality rates in Latin America [1],
which is likely due in part to the increased incidence of preeclampsia (PE) and small-for-
gestational age (SGA) infants seen at high altitude [2-4] where nearly two-thirds of its
population resides. PE is characterized by impaired trophoblast invasion and spiral artery
remodeling [5-7] that, in turn, raises uteroplacental vascular resistance, reduces uterine
artery blood flow (UA BF) [8, 9], and leads to symptoms that collectively define the
condition. At low altitude, an excessive inflammatory response is thought to contribute to
the vascular dysfunction and endothelial damage characteristic of the disease [10-16]. While
ambient hypoxia likely contributes to the increased frequency of PE at high altitude, the
roles of pro- and anti-inflammatory cytokines in such an increase is unknown.

Given that cytokines are integral to the immunological imbalance characteristic of PE, we
asked if systemic inflammatory markers differed in high-altitude residents with PE
compared to normotensive controls (NORM) and, if so, whether these factors related to UA
BF and fetal growth. Since early-onset PE is particularly severe at high altitude [17],
comparisons were also conducted between women with early- (≤34 wk) vs. late- (> 34 wk)
onset disease in an effort to develop criteria for identifying women at greatest risk,
allocating scarce health-care resources, and alleviating the heavy toll exerted by PE in high-
altitude regions.

Material and methods
Subjects

A total of 33 women were studied, comprised of six with early-onset PE (≤ 34 wk), 12 with
late-onset (> 34 wk) disease, and 15 gestational-age matched NORM living in La Paz or El
Alto, Bolivia (3600-4000 m). NORM women were recruited during their prenatal visits and
PE women contacted through high-risk clinics at the several hospitals serving this region.
Studies were conducted at wk 28.3±1.6 of pregnancy in early-onset PE women and at wk
29.2 ± 1.5 in their NORM controls (p=NS). Women with late-onset PE were studied at wk
37.4±0.6 of pregnancy and at wk 36.0 ± 0.8 for their NORM controls (p=NS).

Subjects were excluded if they had lived at low altitude for more than three months, smoked,
consumed more than two alcoholic beverages weekly, or had any known risk factor for
developing PE (i.e., a current multiple-gestation pregnancy, chronic hypertension,
gestational diabetes or any cardiovascular or renal disease). Each woman gave written
informed consent approved by the Colorado Multiple Institutional Review Board
(COMIRB) at the University of Colorado Denver and its Bolivian counterpart, Colegio
Médico.

Protocol, Variables and Instrumentation
We employed a cross-sectional study design in which women were studied once between
28.8 ± 1.0 and 36.3 ± 1.5 wks of pregnancy. Information was obtained from each woman by
self-report concerning her altitude of birth, age, duration of residence at high altitude, years
of education, monthly household income, and reproductive and health history. All women
were of predominantly Andean descent as is reported for the larger group of subjects of
which these women were a part [17]. Gestational age was calculated from the date of the last
menstrual period. A physical exam was conducted for measuring height by stadiometer,
weight by balance scale, and blood pressure by arm cuff sphygmomanometer with values
expressed as an average of left and right arm measurements. Diagnosis of PE required
elevated systolic (>140 mmHg) and diastolic (>90 mmHg) blood pressures after the 20th

week of pregnancy in a woman who was normotensive prior to pregnancy, and the presence
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of ≥1+ proteinuria at presentation and confirmed by protein levels ≥300 mg in a 24-h
collection. Women were classified as having early-onset PE if symptoms developed ≤ 34 wk
of gestation or late-onset PE if they began > 34 wk of pregnancy [18]. NORM women were
studied at similar time points during pregnancy to serve as controls.

Peripheral blood samples were obtained from the antecubital vein at the time of study. Blood
was withdrawn into collection tubes containing citrate, centrifuged and plasma stored in 1
mL aliquots at -80°C. The cytokines IL-1β, IL6, IL-8, IL-10, TNFα, and IL-1ra were
assayed simultaneously and in duplicate using a human cytokine 6-plex antibody bead kit
(Bio Rad Laboratories, Richmond, CA) and a Luminex-100 array assay reader (Luminex
Corp, Austin, TX). Analyte levels were reported if values exceeded the minimum standard
concentrations as calculated from standard curves using 5-PL logistic regression as specified
by the manufacturer.

UA characteristics were measured percutaneously using a Micro Maxx (Sonosite, Inc.
Bothell, WA) equipped with C60e and L38e transducers as previously described [17].
Briefly, the UA was imaged where the vessel appears to cross the external iliac artery [19].
UA blood flow was calculated as the sum of left- and right-sided flows using the equation Q
= πr2 × TAM × 60 where r is the mean vessel radius (cm), TAM the time-averaged mean
flow velocity (cm/s), and 60 to convert values to mL/min. To eliminate inter-operator error,
a single individual performed all measurements. The UA resistance index (UA RI) and fetal
biometry data were also obtained using the Micro Maxx, and birth weight, length,
gestational age and infant sex recorded by hospital personnel at delivery.

Statistics—Data are reported as the mean ± standard error of the mean (SEM) or 95%
confidence interval (CI) for proportions. Group means for continuous variables were
compared using one-way analysis of variance (ANOVA) with multiple comparisons and χ2-
tests for nominal or ordinal variables. Birth weights were corrected for gestational age at the
time of delivery among early- or late-onset between PE women and their respective controls.
Relationships between cytokine levels and UA RI, UA BF, or birth weight were assessed
using linear regression with the actual gestational age at time of study included as a
covariate. All analyses were conducted using SPSS v.12 (Chicago, IL). Significance was
reported when p-values were < 0.05 and trends considered when 0.05 < p < 0.10.

RESULTS
Maternal characteristics

Women who developed PE vs. NORM women were similar in height and parity but older,
heavier, had higher monthly income and, of course, had higher blood pressures (Table 1A).
Preeclamptic women more frequently delivered by Caesarean section (c-section) compared
to controls (65% vs. 15% csection, respectively; p<0.01). Women with early vs. late-onset
PE did not differ in any characteristic (Table 1B), including the frequency of c-section
compared to vaginal delivery (33% vs. 75% c-section, respectively; p=0.08).

Pro-and anti-inflammatory cytokines
Comparing all subjects, PE compared to NORM women had higher levels of the pro-
inflammatory IL-6 and IL-8 as well as higher anti-inflammatory IL-1ra cytokines but only
IL-6 was higher after controlling for gestational age (Table 2). Women with early- vs. late-
onset PE had higher levels of TNFα only.
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Uterine artery characteristics
Women with early-onset PE had higher UA resistance indices (UA RI) and markedly lower
UA BF when compared to early NORM despite similar vessel diameters, indicating that
differences in flow velocity accounted for the lower blood flows (Table 3). Women who
developed late-onset PE had greater UA RI than their NORM controls but UA BF and
diameter were similar.

Fetal growth characteristics
Fetal biometry values at the time of study were similar in the early- or late-onset PE groups
compared to their respective controls but infants born to women with early-onset PE
weighed less, and were delivered on average nine weeks earlier (Table 3). Earlier delivery
was not due to differences in mode of delivery, given that the frequency of c-sections was
equivalent between groups. Infants born to women with late-onset PE also weighed less than
those born to NORM women but their gestational ages were similar.

Relationship between pro-and anti-inflammatory cytokines and UA and fetal
characteristics

Although sample sizes were very small due to the inability to measure cytokine levels below
the assay’s limit of detection, higher pro-inflammatory cytokine IL-1β levels were closely
correlated with higher UA BF among women with early-onset PE (Figure 1). This resulted
from a strong inverse relationship with UA RI (R2=0.56, p<0.05), indicating that variation in
velocity rather than UA diameter was responsible.

Higher pro-inflammatory IL-6 cytokine levels were negatively associated with infant birth
weight in all women studied ≤ 34 wk of pregnancy (Figure 2). The relationships between
IL-6 levels and birth weight were present within both subgroups as well (early-onset PE:
R2=0.93, p<0.05; NORM: R2=0.81, p<0.05).

DISCUSSION
To our knowledge this is the first study to compare pro- and anti-inflammatory cytokines
between women with early- and late-onset PE at high altitude, and to explore the
relationship between these variables and compromised UA BF and fetal growth. Our
principal findings were that levels of the pro-inflammatory cytokine IL-6 were greater in PE
than gestational age-matched NORM women and related closely to a diminution in the birth
weight of babies born to all women who were studied ≤ 34 wk or just those with early-onset
PE. Together with the higher levels of the pro-inflammatory cytokine TNFα in women with
early- vs. late-onset PE, we concluded that pro-inflammatory cytokines adversely influence
disease severity and contribute to the heavy toll exerted by PE in high-altitude regions.

Previous studies of PE at low altitude have described increases in pro- as well as anti-
inflammatory cytokine levels. These findings have been interpreted as suggesting that an
excessive inflammatory response causes vascular endothelial damage that leads, in turn, to
the maternal symptoms that define the disease [20-22]. Our high-altitude observations agree
with this literature insofar as PE compared to NORM women had higher levels of the pro-
inflammatory IL-6 [11, 23] and IL-8 [24] cytokines. In line with reports that IL-6 is high in
PE compared to gestational-age matched controls [23], only IL-6 levels were higher in the
PE than NORM women after controlling for gestational age. Together with the negative
association between IL-6 and birth weight, this pro-inflammatory cytokine appears to play a
role in the fetal growth restriction present at high altitude and especially when high altitude
and PE are combined.
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Early-onset PE is associated with higher rates of intrauterine growth restriction [25] and thus
considered more severe than late-onset disease [26]. This is particularly true at high altitude
where there is a more frequent occurrence of stillbirths in early- vs. late-onset PE [2]. Our
findings are consistent with these observations insofar as women with early-onset PE more
frequently delivered prematurely and had lower birth-weight babies compared with NORM
controls or those with late-onset PE. This was true whether absolute or gestational-age
adjusted birth weights were considered (data not shown), indicating that fetal growth
restriction rather than shortened gestation was chiefly responsible for the lower birth weights
observed. Given previous reports that elevated TNFα levels can cause vascular dysfunction
[22, 27] and raise blood pressure in pregnant rats [28], our finding of higher TNFα levels in
early- than late-onset PE suggests that higher levels of this pro-inflammatory cytokine may
be one factor influencing the earlier timing and greater severity of early-onset PE.

A prominent model for the etiology of PE involves impaired trophoblast invasion and
spiralartery remodeling that collectively raise UA RI and lower UA BF [6] [29]. Our data
are consistent with this insofar as women with early-onset PE had higher UA RI and lower
UA BF than NORM women or women with late-onset PE. Supporting the involvement of
cytokines were the higher levels of the pro-inflammatory IL-6 seen in all PE vs. NORM
women or just the gestational-age matched NORM women, as well as the negative
relationship between IL-6 and the birth weight of babies born to women with early-onset
disease. However, higher cytokines could not account for the reduction in UA BF seen in the
PE women. Rather IL-1β levels were positively correlated with UA BF in healthy Andean
high-altitude residents studied at week 20 [30] and in the small numbers of women with
early-onset PE reported here. While our present observations are limited by small sample
size, IL-1β has been described as a positive regulator of trophoblast differentiation [31] and
to have angiogenic as well as vasodilatory effects [32, 33]. Thus, perhaps in additions to its
pro-inflammatory actions, IL-1β may also contribute to raising UA blood flow at mid-
pregnancy and helping to defend UA blood flow in severe pregnancy complications.

We concluded that pro- and anti-inflammatory cytokines are likely involved in the timing of
the onset of PE at high altitude, its severity, and consequently reduced fetal growth.
Additional studies are needed to confirm the present observations and to better define the
contribution of cytokines to pregnancy- and altitude-associated alterations in UA BF and
fetal growth. Since numerous other factors such as angiogenic substances, antioxidants, and
glucose as well as other nutrient availability are also important for fetal growth [34-36], the
influence of cytokines for preeclampsia and fetal growth we report here are likely not acting
alone.
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Figure 1.
Pro-inflammatory cytokine IL-1β levels were positively associated with uterine artery (UA)
blood flow among women with early-onset PE.
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Figure 2.
IL-6 cytokine levels were negatively associated with infant birth weight in all women
studied ≤ 34 wk of pregnancy. The relationships between IL-6 levels and birth weight were
present within both subgroups as well [early-onset preeclampsia (open square symbols:
R2=0.93, p<0.05); early normal pregnancy (solid black diamond symbols: R2=0.81,
p<0.05)].
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Table 1

Maternal characteristics

A. Comparison of normotensive (NORM) and preeclamptic (PE) pregnant women

Variables NORM PE p-value

Age, yr 26.7 ± 1.5 (15) 31.0 ± 1.4 (18) p<0.05

Height, cm 150.3 ± 0.9 (15) 152.3 ± 1.3 (18) NS

Weight, kg 65.0 ± 1.9 (15) 75.5 ± 2.9 (18) p<0.01

Parity, no. of live births 2.0 ± 0.0 (15) 2.0 ± 0.0 (18) NS

Monthly Income, US dollars 94.3 ± 13.1 (15) 164.7 ± 22.1 (18) p<0.05

Systolic blood pressure, mmHg 94.7 ± 2.0 (15) 131.1 ± 4.0 (18) p<0.001

Diastolic blood pressure, mmHg 64.7 ± 2.3 (15) 89.4 ± 3.3 (18) p<0.001

Mean arterial pressure, mmHg 85.7 ± 2.0 (15) 117.4 ± 3.7 (18) p<0.001

B. Comparison between women with early- and late-onset PE

Variables Early-onset PE Late-onset PE p-value

Age, yr 30.3 ± 3.0 (6) 31.4 ± 1.7 (12) NS

Height, cm 154.2 ± 2.0 (6) 151.3 ± 1.7 (12) NS

Weight, kg 70.0± 6.3 (6) 78.3 ± 2.9 (12) NS

Parity, no. of live births 2.0 ± 0.0 (6) 2.0 ± 0.0 (12) NS

Monthly Income, US dollars 188.1 ± 50.76 (6) 153.0 ± 22.5 (12) NS

Systolic blood pressure, mmHg 131.7 ± 7.0 (6) 130.8 ± 5.0 (12) NS

Diastolic blood pressure, mmHg 90.0 ± 5.8 (6) 89.2 ± 4.2 (12) NS

Mean arterial pressure, mmHg 117.5 ± 6.5 (6) 117.3 ± 4.7 (12) NS

Values are shown as mean ± SEM, with sample sizes in parentheses.
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