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ABSTRACT

Multiple small studies have suggested that women with pre-eclampsia present elevated levels of C-
reactive protein (CRP) and interleukin-6 (IL-6). However, little is known regarding the source of this
CRP and IL-6 increase. Therefore, the aim of this study was to evaluate the relationship between CRP
and IL-6 levels with pre-eclampsia considering different confounding factors. Using data from a large
Colombian case-control study (3,590 cases of pre-eclampsia and 4,564 normotensive controls), CRP
and IL-6 levels were measured in 914 cases and 1297 controls. The association between maternal
serum levels of CRP and IL-6 with pre-eclampsia risk was evaluated using adjusted logistic regression
models. Pre-eclampsia was defined as presence of blood pressure >140/90 mmHg and proteinuria
>300mg/24 h (or >1 + dipstick). There was no evidence of association between high levels of CRP and
IL-6 with pre-eclampsia after adjusting for the following factors: maternal and gestational age, ethni-
city, place and year of recruitment, multiple-pregnancy, socio-economic position, smoking, and pres-
ence of infections during pregnancy. The adjusted OR for 1SD increase in log-CRP and log-IL-6 was
0.96 (95%CI 0.85, 1.08) and 1.09 (95%Cl 0.97, 1.22), respectively. Although previous reports have sug-
gested an association between high CRP and IL-6 levels with pre-eclampsia, sample size may lack the
sufficient power to draw robust conclusions, and this association is likely to be explained by
unaccounted biases. Our results, the largest case-control study reported up to date, demonstrate that
there is not a causal association between elevated levels of CRP and IL-6 and the presence of
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pre-eclampsia.

Introduction

Pre-eclampsia is a potentially fatal disease that may appear
during pregnancy. In high income countries, around 3% to
5% of the primiparous women develop pre-eclampsia [1];
however, its incidence may be increased up to three times
in some low- and middle -income countries [2], becoming
the second leading cause of preterm birth and a major risk
factor for perinatal and maternal morbidity and mortality
[3-4]. In fact, 99% of maternal deaths produced by preg-
nancy and childbirth complications are originated in low
and middle-income nations [5], and it accounts for a third
of a million maternal deaths in these countries [6]. Pre-
eclampsia has become a health burden for pregnant women
in developing countries.

The exact aetiological mechanism of pre-eclampsia
remains elusive, and there is no currently effective strategies
to prevent the disease or accurately predict women at high
risk [7,8]. Recent evidence has led to consider pre-eclampsia

as a cardiovascular disorder (CVD) [9-12] since not only
women that suffered it have shown a two-fold increase risk
in getting coronary heart disease and stroke in adult life
[9,13], but also pre-eclampsia shares several risk factors with
CVD, including chronic high blood pressure, dyslipidaemia,
obesity and type-2 diabetes [10-14]. In particular, some
studies have suggested that CVD risk factors, such as inter-
leukin-6 (IL-6) and C-reactive protein (CRP), might be used
as risk factors for pre-eclampsia, as well [15,16].

During pregnancy, both local placental inflammation and
a mild systemic inflammatory response are necessary for an
adequate placentation [7], which are indicated by high levels
of pro-inflammatory cytokines in maternal serum [8,17-20].
Nevertheless, in normal pregnancy, anti-inflammatory mole-
cules are simultaneously produced in order to maintain a
balance of this process [21,22]. In pre-eclampsia, an incor-
rect invasion of trophoblasts leads to placental ischemia
[23], increasing the release of inflammatory cytokines, such
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as IL-6, that contributes to systemic inflammation and
endothelial dysfunction [1,24,25]. Altered production of IL-6
has been associated with the expression of intercellular
adhesion molecule (ICAM-1) and vascular cell adhesion
molecule (VCAM1), providing an adhesive phenotype to the
endothelium that leads to its damage [26]. In addition, IL-6
stimulates the production of CRP by the liver, a possible
marker of tissue damage and inflammation [27]. Several
reports have suggested a negative role of these factors with
adverse pregnancy outcomes [28,29].

After decades of research, the IL-6 and CRP role on the
etiology of pre-eclampsia is still controversial, and literature
presents inconsistent data although the majority of the
research reveals a causal relationship between them and pre-
eclampsia. Particularly, a systematic review suggests that the
pooled weighted mean difference (WMD) in women with
higher levels of CRP may have an increased risk of develop-
ing pre-eclampsia [30]. Also, a recent systematic review rec-
ommends to conduct additional studies to clarify the
relevance of IL-6, IL-8 and CRP as consistent predictors of
pre-eclampsia [20]. Nevertheless, several authors have found
no association of IL-6 and CRP with this disorder. These
conflicting data may be explained by several factors. First,
current evidence is mostly derived from small-sample-size
studies, raising the possibility of small-study bias, particu-
larly publication bias. Secondly, inadequate control for con-
founding factors might be a major limitation given that
‘unadjusted’ biomarker differences between cases and
controls is the preferred type of analysis. The latter is of sig-
nificant relevance since women with high blood pressure,
LDL-cholesterol, body mass index, type-2 diabetes, and
physical inactivity tend to have elevated levels of CRP and
IL-6 as well as higher risk of pre-eclampsia [31].

Despite these limitations, a number of inflammatory
cytokines, including IL-6, TNF o and CRP, have been
reported elevated in women with severe pre-eclampsia,
implying both a causal role and a mediator of some clinical
manifestations of the disorder [7]. In this context, anti-
inflammatory agents may be crucial in not only the manage-
ment of women with pre-eclampsia but also its prevention
[22]. As a result, CRP and IL-6 molecules may be potential
therapeutic targets of pre-eclampsia prevention and inter-
ventions that modify their maternal serum concentration,
only if their causal role is proved [32]. In the present study,
we evaluated the possible associations of CRP and IL-6 lev-
els and pre-eclampsia, using the largest sample reported up
to date, including almost ten times more cases than any pre-
vious studies, and adjusting for confounding factors.

Methods
Study design and participants

GenPE (Genetics and Pre-eclampsia) is a multi-centre case-
control study conceived to investigate genetic and non-gen-
etic risk factors for pre-eclampsia [33]. In eight Colombian
cities between December 2000 and February 2012, more
than 8,000 primigravid women younger than 26 were
recruited with and without pre-clampsia at the time of

delivery. We exclude women with history of chronic dis-
eases prior to pregnancy, such as hypertension, kidney dis-
ease, diabetes mellitus type II or autoimmune diseases.

Pre-eclampsia was defined as the development of hyper-
tension and presence of proteinuria at or after the 20™ week
of pregnancy. Hypertension was defined as a systolic blood
pressure >140mmHg and/or diastolic blood pressure
>90 mmHg, recorded on two consecutive measurements
within a 24-hour period. Blood pressure was measured after
a five-minute period of rest in a sitting position using mer-
cury sphygmomanometers or electronic devices calibrated
against a mercury standard. Proteinuria was defined as
measurements above 300mg in a 24h collection of urine. If
a 24h collection was not available, proteinuria was defined
as >1+ on dipstick testing in a random clean-catch mid-
stream urine specimen [34]. At least one control was
recruited from the same center that provided the case within
1 week (aiming for 24 h) of the case identification. A control
was defined as a woman with an uneventful pregnancy in
labour at term delivery (37-42weeks). To improve the
homogeneity of the phenotype under evaluation, women
with a prior history of autoimmune, metabolic (including
diabetes or gestational diabetes), renal, or cardiac (including
chronic hypertension) diseases were excluded from the
study. In addition, all cases and controls were validated by
an outcome committee composed by epidemiologists and
consultant obstetricians to further minimize outcome
misclassification.

Data collection

A verbal interview with a structured questionnaire in
Spanish was conducted by trained personnel at the time of
recruitment to ascertain maternal and pregnancy related
characteristics. Socio-economic position was recorded in
seven categories that are established by Colombian
Governmental Classification according to the availability of
utilities and features of the household: categories zero to
two represent low socio-economic position; categories three
and four represent middle socio-economic position; catego-
ries five and six represent high socio-economic position.
Infections, including vaginosis, urine track infections, sexual
transmitted diseases, and others, were recorded as positive if
the woman reported at least one event at any moment dur-
ing pregnancy. Smoking during pregnancy was recorded as
positive if a woman had smoked any quantity of any
tobacco product at any time during the index pregnancy,
disregarding of duration. All participants signed a written
informed consent form at recruitment including the use of
their information for derived projects from GenPE study.

From the 8,154 women recruited by February 2012
(3,590 cases and 4,564 controls), a total of 2,265 participants
had biomarker information for CRP or IL-6 levels. After
exclusion of 43 women who were older than 25 years or had
missing data for maternal age, gestational age, or ethnicity,
the current report includes information from 2,211 unre-
lated young pregnant women (914 cases and 1,297 healthy
pregnant controls).
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Several questions were added to the baseline question-
naire during 2004 and 2005 in order to collect data that was
not previously recorded regarding maternal weight at the
beginning and the end of pregnancy. As a result, preg-
nancy-weight information was only available for 370 cases
and 430 controls that had measurements for at least one of
the inflammation biomarkers.

Measurement of inflammatory biomarkers

Blood samples were obtained from the antecubital vein dur-
ing labour or postpartum, and serum was separated by cen-
trifugation and stored at —80°C wuntil analyses were
performed. Measurements of CRP and IL-6 were conducted
by a laboratory technician who was blinded to the case-con-
trol status. In addition, serum samples of cases and controls
were randomly distributed across plates, and the codes
assigned to the samples were consecutive; therefore, it was
not possible to discriminate between cases and controls
based on the codes.

Serum concentrations of IL-6 and CRP were determined
using a commercial chemiluminescent immunometric assay
(IMMULITE® 2000, DPC, Los Angeles USA) with analytical
sensitivity of 2.0 pg/mL for IL-6 and 0.1 mg/L for CRP. The
reportable range for CRP was 0.3 to 100 mg/L standardized
to WHO 1st IS 85/506. Samples were processed in two
batches for CRP and IL-6, without evidence of a difference
between them.

Serum concentrations of CRP were available for 899 cases
and 1290 controls, while IL-6 concentrations were measured
for 844 cases and 1204 controls. Thus, a total of 829 cases
and 1197 controls had both biomarkers measured. As an
internal quality control, 65 randomly selected samples (35
cases and 30 controls) were run in duplicate. The intra-class
correlation for CRP and IL-6 was 0.92 and 0.88 in controls,
and 0.73 and 0.78 in cases, respectively.

Ethics approval

Informed consent was obtained from each participant, and
ethics approval was granted by the Ethics Review Board of
Universidad Autonoma de Bucaramanga in Colombia, for
the study protocol before conducting interviews and bio-
chemical analyses (Acta No 0037/2007).

Statistical analysis

Non-normally distributed variables were reported as median
and inter-quartile range. Depending of its validity, unpaired
Student’s t, %%, or Mann-Whitney tests were used to assess
the maternal characteristic differences between groups.

CRP and IL-6 were log-transformed to approximate a
normal distribution before their introduction in multivari-
able regression models. Odds ratios (OR) with 95% confi-
dence intervals (CI) were obtained with the use of logistic
regression models to estimate the association between
maternal concentrations of CRP and IL-6 and pre-eclamp-
sia. The shape of the dose response association between the

log-transformed biomarkers and pre-eclampsia was deter-
mined using restricted cubic spline functions after adjusting
for maternal and gestational age, recruitment center, and
ethnicity. A spline function is a statistical method for mod-
eling nonlinear relationships in which the observed data is
left to determine the form of the association between expos-
ure and outcome. For CRP and IL-6, the spline functions
were fitted with three internal knots as this provided the
best fit according to the Akaike and Bayesian information
criteria [35,36]. Departures from linearity were assessed by
likelihood-ratio tests (LRT) comparing models with and
without the nonlinear components of the splines [37].

A final type of analysis included the biomarkers as con-
tinuous variables after log-transformation with one unit cor-
responding to 1SD of the distribution. The models
progressed from unadjusted to adjusted for a priori consid-
eration of the following variables as potential confounders:
maternal age (years), gestational age (weeks), multiple preg-
nancies (Yes vs. No), ethnicity (White, Afro-Caribbean,
Amerindian, or Mixed), year of recruitment (year), place of
recruitment (Bucaramanga/Cucuta, Cartagena, Cucuta,
Bogota/Tunja, Medellin, or Cali), socioeconomic position
(Low vs. Middle and High), infections during pregnancy
(Yes vs. No), and smoking status during pregnancy (Ever
vs. Never).

The associations were also tested after adjusting for pre-
pregnancy weight (in Kg) in the subsample with available
information. All statistical analyses were conducted using
STATA version 14 (Stata Corporation, College Station,
Texas, United States).

Results

Clinical and demographic characteristics of the participants
are reported in Table 1. Gestational age at delivery was on
average three weeks earlier in cases than controls, which
correlated with both the average lower neonatal weight and
higher proportion of newborns with low Apgar score for the
cases. Cases also had a higher proportion of history of pre-
eclampsia in either mother or sister, and a lower proportion
of smokers compared to controls (Table 1). No difference
was found between mode of delivery CPR and IL-6 levels
and delivery mode so this variable was not included in the
final association model (Supplementary material).

The correlation coefficient for log-CRP and log-IL-6 in
the control group was r=0.291 (p <.001). Table 2 presents
the association of maternal risk factors and CRP and IL-6
concentrations in the control group. Women with low
socio-economic position and those that self-reported infec-
tions during pregnancy had higher levels of CRP and IL-6.
In contrast, women that self-report smoking during preg-
nancy had lower levels of CRP and IL-6. No other associ-
ation was clearly observed.

The spline models that introduced CRP and IL-6 as con-
tinuous variables (in the log-scale) showed a flat association
with pre-eclampsia across the range of CRP levels in the
GenPE study. The association of maternal serum concentra-
tions of IL-6 with pre-eclampsia appeared to be
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circumscribed to high levels of IL-6, although the uncer-
tainty around the estimate was considerable, due to its loca-
tion at the tail of any distribution, which is compatible with
a null association (Figure 1). In the spline models, the LRT
showed no departures from linearity (p >.500 for both bio-
markers); therefore, the associations were summarized with
ORs and 95%CI for 1 standard deviation (SD) change in
log-transformed values.

After adjusting for maternal and gestational age, place
and year of recruitment, multiple pregnancy, socio-eco-
nomic position, smoking, and infections during pregnancy,
the OR for 1SD increase of log-CRP was 0.96 (95%CI 0.85,
1.08). The fully-adjusted OR for 1SD increase of log-IL-6
was 1.09 (95%CI 0.97, 1.22).

Additional adjustment for pre-pregnancy weight in the
sub-sample of women with available information did not

Table 1. Maternal and neonatal characteristics of the study sample.

Cases Controls

Characteristics of women (n=914) (n=1,297) p Value
Age (years), mean [SD] 19.2 [3.0] 18.8 [2.7] <.001
Ethnic background, n (%)

White-Hispanic 90 (9.1) 188 (14.5)

Afro-Caribbean 125 (13.5) 169 (13.0) .010

Amerindians 11 (1.2) 11 (0.8)

Mixed 688 (75.4) 929 (71.3)
Low socio-economic position, n (%) 787 (86.9) 1108 (86.6)  <.001
PE history in mother, n (%) 137 (15.2) 88 (6.8) <.001
PE history in any sister®, n (%) 84 (8.6) 62 (4.5) <.001
C-reactive protein (mg/L), mean [SD] ~ 43.0 [39.9] 41.6 [38.8] .5760
Interleukin-6 (pg/ml), mean [SD] 46.2 [129.6] 39.9 [106.3] 3679
From pregnancy
Gestational age (weeks), mean [SD] 37.0 [3.4] 393 [1.2] <.001
Systolic BP (mm Hg), mean [SD] 150.8 [14.1] 112.2 [9.2] <.001
Diastolic BP (mm Hg), mean [SD] 100.6 [10.5] 69.0 [8.2] <.001
Multiple pregnancy, n (%) 29 (3.1) 4 (0.3) <.001
Smoking in pregnancy, n (%) 13 (1.4) 44 (3.4) .01
Infections in pregnancy§, n (%) 628 (69.2) 864 (66.8) .06
From newborn
Male newborn®, n (%) 492 (53.9) 636 (50.2) .100
Neonatal weight (g)¥, mean [SD] 2681.2 [735.4] 3118.2 [422.2] <.001
Apgar score <7 1st minute¥, n (%) 235 (25.3) 225 (17.4) <.001
Apgar score <7 5th minute®, n (%) 79 (8.5) 24 (1.9) <.001

*Calculated among 681 cases and 943 controls that reported having at least
one sister who had been pregnant in at least one occasion.

930 cases and 27 controls were excluded for ‘don’t know’ responses.
*Excludes multiple pregnancies.

BP: Blood pressure; PE: pre-eclampsia.

alter the results on the evaluated inflammatory biomarkers
(data not shown).

Discussion
Main findings

Results from the largest case-control study conducted up to
date, including almost 1000 cases, provided no evidence for
a substantial increase in the risk of developing pre-eclampsia
in young primigravid women in association with higher
serum levels of CRP and IL-6.

Strengths and limitations

There are some limitations of the present report that merit
careful consideration. Due to the retrospective nature of our
study, it is possible that some women with co-existing high
blood-pressure and renal disease rather than de-novo pre-
eclampsia might be misclassified as cases. However, we con-
sider this proportion to be extremely small. First, our defin-
ition of pre-eclampsia is standard and uniformly applied in
all the participating health centers, and all cases in our study
are validated by an outcome committee. Second, the preva-
lence of high-blood pressure and renal disease in
Colombian women with similar age to the cases recruited in
GenPE (~20years old) is extremely low (~0.4%), which fur-
ther reduces this problem [38].

In this study, quantification of proteinuria was made by
24h urine or dipstick testing if collection method was not
available; in some cases, urine recollection could not be
completed due to clinical decision of pregnancy termination
for maternal or fetal critical conditions. Although a dipstick
reading can be unspecific, this method was also assessed in
context with clinical signs and symptoms at recruitment site
and then at coordination Centre by a team of physicians
and methodologist for double verification of case/control
status, so the probability of a case misclassification was low
(<5%) [39].

Measurement of both biomarkers used high-sensitivity
assays, and was conducted in a blinded fashion to minimize

possible  differential misclassification. Nevertheless, a

Table 2. Association between maternal risk factors and biomarker concentrations*.
CRP (mg/L) IL-6 (pg/mL)

Risk factor N controls Effect (95%Cl) p-value N controls Effect (95%Cl) p-value
Maternal age (years)* 1290 —0.01 (—0.08, 0.05) .682 1204 —0.001 (—0.06, 0.06) 971
Low socio-economic position 1272 0.34 (0.18, 0.50) <.001 1190 0.13 (—0.03, 0.30) a1
PE history in mother* 1054 —0.09 (—0.31, 0.12) 400 983 0.09 (—0.13, 0.31) 403
PE history in sister® 868 —0.09 (—0.33, 0.16) 479 819 0.03 (—0.22, 0.28) .826
Multiple pregnancy 1290 —1.16 (—2.13, —0.18) .020 1204 0.20 (—0.75, 1.15) .680
Gestational age (weeks) 1290 0.05 (—0.07, 0.17) 427 1204 0.07 (—0.06, 0.19) 320
Smoking in pregnancy 1285 —0.41 (-0.71, —0.11) .007 1199 —0.43 (—0.72, —0.13) .004
Infection in pregnancy 1266 0.43 (0.31, 0.54) <.001 1201 0.30 (0.18, 0.41) <.001
Weight at beginning pregnancy (kg) 425 0.10 (—0.01, 0.21) 073 412 —0.06 (—0.16, 0.04) 231
Weight at time of delivery (kg) 421 0.06 (—0.04, 0.16) 232 408 —0.01 (—0.10, 0.08) 768

*Values represent regression coefficients (95% confidence interval) on 15D of log-transformed biomarkers. For continuous variables, the estimates represent the
change in biomarker per increase 1SD of the risk factor. For categorical variables, the estimates represent the difference in biomarker concentration with the ref-

erence group.
*Excludes ‘don’t know’ answers.
SExcludes ‘don’t know’ answers and women with nulliparous sisters.
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Figure 1. Estimated associations between maternal levels of CRP and IL-6 on pre-eclampsia risk using different degrees of adjustment. This figure presents smooth
curves for odds ratios for pre-eclampsia according to maternal levels of CRP and IL-6 after progressive adjustment. The curves were derived from spline models
including the biomarker levels after logarithmic transformation. Both axes are presented in a log-scale. Continuous lines indicate OR. Dashed lines indicate 95%
Confidence Intervals. Minimal adjustment: maternal age, gestational age, recruitment centre and ethnicity. Full adjustment: minimal adjustment plus recruitment
year, multiple pregnancy, smoking, socioeconomic status and infections during pregnancy.

limitation of our study includes the measurement of CRP
and IL-6 levels in late pregnancy, which may lead to reverse
causation bias. In this way, an additional concern related to
CRP levels is the mode of delivery because c-section could
have a stronger inflammatory response; nonetheless, it has
been reported that only duration of labor was associated
with higher levels [Geometric Means Ratio 1.15 (IC95%
1.04; 1.27)], although association strength was small [40].

Although it is theoretically possible that the effect of
CRP and/or IL-6 is more specific to certain type of popula-
tion different to the one we evaluated, we consider this
scenario as unlikely. Several of the published studies report-
ing an association of high levels of CRP and IL-6 with pre-
eclampsia were only conducted in primigravid women from
Latin America, similar to our study [41-43]. In addition,
previous evidence have indicated that patterns of risk factors
among Latin American and Caribbean women (comparable
to the women included in the GenPE study) are similar to
those reported in North America and European
women [44].

There are several lines of evidence that support the lack
of association of CRP and pre-eclampsia observed in the
current study. Similar null results were also found in a
nested case-control study based on the calcium for pre-
eclampsia prevention trial in North America, the second
largest study (after this report) [45]. In contrast, most of the
evidence supporting the association of CRP with preeclamp-
sia derives from very small studies, which is demonstrated
by the latest systematic review published in 2013 in which
21 out of the 23 studies evaluated included less than 100
cases [30].

Discrepancies between large and small studies are not
new in observational reports and may be due to multiple
causes such as genuine heterogeneity, chance findings,
undue emphasis on sub-group analyses, ‘significance chas-
ing,’ or publication bias [46]. Another important reason that
may explain the discrepancy between our case-control study
and positive published studies is the lack of adequate con-
trol for confounding when evaluating the CRP-pre-eclamp-
sia association. An example of this is demonstrated by
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another recent systematic review in which only a minority
of the published studies identified reported adjusted meas-
ures of associations derived from multiple regression mod-
els [47].

Inadequate control of confounding could distort the
observed association of CRP with pre-eclampsia. The socio-
economic pattern in CRP distribution observed in our
study, and previously reported by others [48,49], as well as
the established associations of CRP with other risk factors
for preeclampsia [31] makes confounding an important pos-
sibility to account for when estimating a difference in
maternal levels between women with pre-eclampsia and
healthy pregnant controls.

The results from observational studies should be also
interpreted in the context of other lines of evidence.
Findings from earlier mechanistic studies on the biological
effects attributed to CRP of relevance to pre-eclampsia
(endothelial dysfunction, impairment in vascular reactivity
and increase in blood pressure) [31] have not been repli-
cated by rigorous and controlled studies [38]. It has been
suggested that the effects of CRP observed in the earlier
experimental studies could have been affected by the pres-
ence of pro-inflammatory substances contaminating com-
mercially-sourced recombinant CRP from bacterial sources,
or to the preservative sodium aside used in all commercial
preparations as a bacteriostatic [31]. Altogether, these differ-
ent lines of evidence strongly discourage CRP as a causal
factor as well as therapeutic target in pre-eclampsia.

Although our findings on IL-6 failed to confirm a sub-
stantial increase in the risk of pre-eclampsia (confidence
intervals are still wide and compatible with a null associ-
ation), it is important to note that the spline model sug-
gested a potential dose-response association. Therefore, we
cannot conclusively reject the presence of a small to moder-
ate association of circulating levels of IL-6 with pre-eclamp-
sia. Just like with CRP, results from published studies on
IL-6 and pre-eclampsia are also affected by small-study bias
and inadequate control for confounding; thus, it is not sur-
prising that evidence for this association is largely
inconsistent.

It is important to note, that our findings, however, do
not exclude a role for the systemic or local inflammatory
response in pre-eclampsia. The effects of other markers of
the inflammatory response might still be important in
pre-eclampsia.

Conclusion

Evidence from our study argues against an important role
of CRP and IL-6 in pre-eclampsia. The most likely explana-
tions for the apparent association of these biomarkers with
pre-eclampsia from published studies are small-study bias
and inadequate control for confounding. The current find-
ings, however, do not exclude a role of inflammation in
pre-eclampsia development, but highlight the imperative
need to identify the specific biomarkers responsible for this
association in order to generate specific interventions that
can modify the risk of pre-eclampsia. Due to the higher

incidence and burden of pre-eclampsia in low- and middle-
income countries, it will be more cost effective to generate
such resources in those settings, while maintaining quality
standards. This study is an example of high-quality inter-
national observational studies conducted in low- and mid-
dle-income settings that showed that this alternative is
now viable.

Acknowledgements

We thank to Dr. Eleonara Staines-Urias for analysis and interpretation
of data and the staff at the hospitals that conducted the recruitment of
the participants in the GenPE study. Also, we thank to the medical stu-
dents Cesar Barragan from Universidad CES, and Sara E. from UNAB
for their invaluable contributions to the project.

Contribution to authorship

All authors significantly contributed to the intellectual content of this
manuscript during the conception and design of the study, acquisition
of data, analysis and interpretation of data, drafting or revising the
content, and final approval of the paper. NCS and JPC designed the
study, and MB, CCM, PKBN, SES, RO, SMB, AM, JM, CMM, MLL,
and WS, enrolled patients, collected data, and systematically reviewed
the relevant literature. CCM, MCP, and EG were involved in data
transfer and cleaning. DCQL analyzed the data, with support from
CCM, JPC, and NCS. NCS and JPC were involved in data interpret-
ation and wrote the first draft of the manuscript, which was then
reviewed and revised by all co-authors.

Disclosure statement

The authors declare that there is no conflict of interests regarding the
publication of this paper.

Funding

This project has been funded by project grants from Colciencias -
Colombia [code: 14134319235] and from the Universidad Auténoma
de Bucaramanga UNAB [code: EGEN22].

References

[1]  Harmon AC, Cornelius DC, LaMarca B. The role of inflamma-
tion in the pathology of preeclampsia. Clin Sci (Lond). 2016;
130:409-419.

[2]  Geographic variation in the incidence of hypertension in preg-
nancy. World Health Organization International Collaborative
Study of Hypertensive Disorders of Pregnancy. Am ] Obstet
Gynecol. 1988;158:80-83.

[3] Kassebaum NJ, Bertozzi-Villa A, Lozano R. Global, regional,
and national levels and causes of maternal mortality during
1990-2013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet. 2014;384:980-1004.

[4] Basso O, Rasmussen S, Skjaerven R. Trends in fetal and infant
survival following preeclampsia. JAMA. 2006;296:1357-1362.

[5] Salam RA, Das JK, Lassi ZS. Diagnosis and management of
preeclampsia in community settings in low and middle-income
countries. ] Family Med Prim Care. 2015;4:501-506.

[6] Bilano VL, Ota E, Souza JP. Risk factors of pre-eclampsia/
eclampsia and its adverse outcomes in low- and middle-income
countries: a WHO secondary analysis. PLoS One. 2014;9:
e91198.



(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION 7

Borzychowski AM, Sargent IL, Redman CW. Inflammation and
pre-eclampsia. Semin Fetal Neonat M. 2006;11:309-316.

Taylor BD, Tang G, Haggerty CL. Mid-pregnancy circulating
immune biomarkers in women with preeclampsia and normo-
tensive controls. Pregnancy Hypertens. 2016;6:72-78.

Bellamy L, Casas JP, Williams D]J. Pre-eclampsia and risk of
cardiovascular disease and cancer in later life: systematic review
and meta-analysis. BMJ. 2007;335:974.

Duckitt K, Harrington D. Risk factors for pre-eclampsia at
antenatal booking: systematic review of controlled studies. BMJ.
2005;330:565.

Ray JG, Vermeulen M]J, Redelmeier DA. Cardiovascular health
after maternal placental syndromes (CHAMPS): population-
based retrospective cohort study. Lancet. 2005;366:1797-1803.
Anderson CM. Preeclampsia: exposing future cardiovascular
risk in mothers and their children. J Obstet Gynecol Neonatal
Nurs. 2007;36:3-8.

Brown MC, Best KE, Bell R. Cardiovascular disease risk in
women with pre-eclampsia: systematic review and meta-ana-
lysis. Eur J Epidemiol. 2013;28:1-19.

Magnussen EB, Vatten L], Romundstad PR. Prepregnancy car-
diovascular risk factors as predictors of pre-eclampsia: popula-
tion based cohort study. BM]J. 2007;335:978.

Sesso HD, Buring JE, Ridker PM. C-reactive protein and the
risk of developing hypertension. JAMA. 2003;290:2945-2951.
Bautista LE, Lopez-Jaramillo P, Guaracao Al Is C-reactive pro-
tein an independent risk factor for essential hypertension? J
Hypertens. 2001;19:857-861.

Wu ZM, Yang H, Huang SJ. Pro-inflammatory cytokine-stimu-
lated first trimester decidual cells enhance macrophage-induced
apoptosis of extravillous trophoblasts. Placenta. 2012;33:
188-194.

Szarka A, Rigo J, Molvarec A. Circulating cytokines, chemo-
kines and adhesion molecules in normal pregnancy and pree-
clampsia determined by multiplex suspension array. BMC
Immunol. 2010;11:59.

Jonsson Y, Ruber M, Ekerfelta C. Cytokine mapping of sera
from women with preeclampsia and normal pregnancies. J
Reprod Immunol. 2006;70:83-91.

Black KD, Horowitz JA. Inflammatory markers and preeclamp-
sia: a systematic review. Nurs Res. 2018;67:242-251.

LaMarca B, Cornelius D, Wallace K. Elucidating immune
mechanisms  causing  hypertension  during  pregnancy.
Physiology (Bethesda). 2013;28:225-233.

Udenze I, Amadi C, Makwe CC. The role of cytokines as
inflammatory mediators in preeclampsia. Pan Afr Med J. 2015;
20:219.

Lai Z, Kalkunte S, Sharma S. A critical role of interleukin-10 in
modulating hypoxia-induced preeclampsia-like disease in mice.
Hypertension. 2011;57:505-514.

Reslan OM, Khalil RA. Molecular and vascular targets in the
pathogenesis and management of the hypertension associated
with preeclampsia. Cardiovasc Hematol Agents Med Chem.
2010;8(4):204-226.

Martinez-Varea A, Pellicer B, Pellicer A. The maternal cytokine
and chemokine profile of naturally conceived gestations is
mainly preserved during In vitro fertilization and egg donation
pregnancies. ] Immunol Res. 2015;2015:128616.

Pober JS, Sessa WC. Evolving functions of endothelial cells in
inflammation. Nat Rev Immunol. 2007;7:803-815.

Ma Y, Ye Y, Gao PJ. Immune imbalance is associated with the
development of preeclampsia. Medicine (Baltimore). 2019;98:
€15080.

Aggarwal R, Jain AK, Rath G. Association of pro- and anti-
inflammatory cytokines in preeclampsia. J Clin Lab Anal. 2019;
33:22834.

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

(42]

[43]

(44]

[45]

[46]

(47]

(48]

[49]

Valencia-Ortega J, Zarate A, Puello E. Placental proinflamma-
tory state and maternal endothelial dysfunction in preeclamp-
sia. Gynecol Obstet Invest. 2019;84:12-19.

Rebelo F, Schlussel MM, Kac G. C-reactive protein and later
preeclampsia: systematic review and meta-analysis taking into
account the weight status. ] Hypertens. 2013;31:16-26.

Casas JP, Shah T, Pepys MB. C-reactive protein and coronary
heart disease: a critical review. ] Intern Med. 2008;264:295-314.
Pepys MB, Hirschfield GM, Wood SP. Targeting C-reactive
protein for the treatment of cardiovascular disease. Nature.
2006;440:1217-1221.

Estudio de Genes Candidatos en Preeclampsia. 2005. Available
from: http://www.genpe.org/.

Report of the National High Blood Pressure Education
Program working group on high blood pressure in pregnancy.
Am ] Obstet Gynecol. 2000;183:51-S22.

Akaike, H. Information theory and an extension of the max-
imum likelihood principle. In: Parzen E., Tanabe K., Kitagawa
G., editors. Selected papers of hirotugu akaike. Springer; 1998.
Sakamoto Y, Ishiguro M, Kitagawa G. Akaike information cri-
terion statistics. 1st ed. Springer Netherlands; 1986.

Neyman J, Pearson ES. On the use and interpretation of certain
test criteria for purposes of statistical inference: part L.
Biometrika. 1928;20A(1/2):175-240.

Bautista LE, Orostegui M, Herran OF. Prevalence and impact
of cardiovascular risk factors in Bucaramanga, Colombia:
results from the Countrywide Integrated Noncommunicable
Disease Intervention Programme (CINDI/CARMEN) baseline
survey. Eur J Cardiovasc Prev Rehabil. 2006;13:769-775.
Henderson J, Thompson JH, Whitlock EP. Screening for pree-
clampsia: a systematic evidence review for the U.S. Preventive
Services Task Force (Vol. 148). Kaiser Permanente Research
Affiliates Evidence-Based Practice Center; 2016; p. 1-133.
Logan CA, Thiel L, Genuneit J. Delivery mode, duration of
labor, and cord blood adiponectin, leptin, and c-reactive pro-
tein: results of the population-based ulm birth cohort studies.
Plos One. 2016;11(2):e0149918.

Teran E, Escudero C, Calle A. C-reactive protein during normal
pregnancy and preeclampsia. Int J Gynaecol Obstet. 2005;89:
299-300.

Teran E, Escudero C, Lopez-Jaramillo P. Elevated C-reactive
protein and pro-inflammatory cytokines in Andean women
with pre-eclampsia. Int ] Gynaecol Obstet. 2001;75:243-249.
Garcia RG, Celedon ], Lopez-Jaramillo P. Raised C-reactive
protein and impaired flow-mediated vasodilation precede the
development of preeclampsia. Am J Hypertens. 2007;20:98-103.
Conde-Agudelo A, Belizan JM. Risk factors for pre-eclampsia
in a large cohort of Latin American and Caribbean women.
BJOG. 2000;107:75-83.

Levine RJ, Qian C, Bianchi DW. Two-stage elevation of cell-
free fetal DNA in maternal sera before onset of preeclampsia.
Am ] Obstet Gynecol. 2004;190(3):707-713.

Egger M, Schneider M, Davey Smith G. Spurious precision?
Meta-analysis of observational studies. BM]J. 1998;316:140-144.
Xie C, Yao MZ, Xiong LK. A meta—analysis of tumor necrosis
factor-alpha, interleukin-6, and interleukin-10 in preeclampsia.
Cytokine. 2011;56:550-559.

Lawlor DA, Smith GD, Ebrahim S. Associations of fibrinogen
and C-reactive protein with prevalent and incident coronary
heart disease are attenuated by adjustment for confounding fac-
tors. British Women’s Heart and Health Study. Thromb
Haemost. 2005;93:955-963.

Nazmi A, Victora CG. Socioeconomic and racial/ethnic differ-
entials of C-reactive protein levels: a systematic review of popu-
lation-based studies. BMC Public Health. 2007;7:212.


http://www.genpe.org/

	Abstract
	Introduction
	Methods
	Study design and participants
	Data collection
	Measurement of inflammatory biomarkers
	Ethics approval
	Statistical analysis

	Results
	Discussion
	Main findings
	Strengths and limitations

	Conclusion
	Acknowledgements
	Contribution to authorship
	Disclosure statement
	References


