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Abstract

Objectives: Estimation of serum levels of Tumor necro-
sis factor-α (TNF-α), interleukin-1β and -6 at booking time 
and at time of diagnosis of preeclampsia (PE) in women 
infected and un-infected by H pylori (HP).
Patients & Methods: 232 primigravida gave blood sam-
ples for ELISA determination of HP IgG positivity and 
were categorized as HP+ and HP- groups. At booking 
time, systolic (SBP) and diastolic (DBP) blood pressure 
measures were recorded and serum levels of TNF-α, IL-1β 
and IL-6 were ELISA estimated (S1 sample). During the 
4-weekly visit, BP was recorded to diagnose PE according
to the American Society of Hypertension. At time of PE
diagnosis, S2 blood sample was obtained for re-estimation
of studied cytokines.
Results: There were 108 HP+ women and 54 women devel-
oped PE; 33 HP+ and 21 HP- women. The incidence of ear-
ly-onset PE was significantly higher, while the incidence of 
severe PE was non-significantly higher among HP+ women. 
Positivity for HP IgG showed positive significant correla-
tion with development of early and severe PE. At booking 
serum levels of studied cytokines were significantly high-
er in PE than Non-PE women and in HP+ women than in 
HP- women and showed positive significant correlation with 
BP measures at time of diagnosis of PE.  Automatic Linear 
Modeling analysis defined high at booking serum TNF-α as 
the most important predictor for PE. 
Conclusion: PE has a higher incidence among women 
had HP infection, which might be considered as precipi-
tating factor for PE development. The positive correlation 
between severity of PE, HP-IgG positivity and increased 
serum levels of inflammatory cytokines represent a danger-
ous circle entrapping the pregnant women.
Keywords: H pylori infection, Preeclampsia, Primigravi-
da, Inflammatory cytokines. 
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Introduction

Helicobacter pylori (HP) infection is still one 
of the most prevalent infections worldwide 
(1). The prevalence of HP infection varies 
in different parts of the world and most of 
the infected adults are asymptomatic (2), but 
bacterial eradication is necessary to prevent 
precancerous conditions especially with its 
increased resistance to antibiotics, which has 
made management more challenging (1).
Pregnant women are a category of popula-
tion most vulnerable to H. pylori infection (3), 
which affect pregnant women with a global 
incidence of 46% (4). Maternal HP infection 
was found to be associated with undesirable 
effects during pregnancy (5); iron deficiency 
anemia during pregnancy (6), hyperemesis of 
pregnancy (7), gestational diabetes mellitus (8) 
and metabolic syndrome (9).
HP infection results in a variety of gastrointes-
tinal and extra-gastrointestinal complications 
(10). Arteriosclerosis, dyslipidemia, diabetes, 
obesity, hypertension, and cardiovascular dis-
ease are the common extra-gastrointestinal 
complications of HP infection (11).
Vascular lesions associated with HP infec-
tion occurs via activation of endothelium, 
stimulation of formation of macrophage de-
rived foam cell and vascular lesion instabil-
ity mostly through Toll-like receptors (TLR) 
as a continuous cascade (12). This cascade 
starts with activation of TLR2 by lipopoly-
saccharide of H. pylori, which enhanced the 
expression of TLR4 through MAP/ERK 1/2 
kinase pathway (13). Activated TRL4/MyD88 
signaling by H. pylori induces IL-10 and IL-
12 secretion, TLR9 stimulated by H. pylo-
ri could induce pre-inflammatory cytokines 
such as IL-6 and IL-12 (14). Additionally, H. 
pylori-flagellin A is recognized by TLR5 
which induces IL-8 secretion through p38-
map kinase signal (15).

Hypothesis 

The study supposed a possible relation be-
tween preconception HP infection and devel-
opment of PE during pregnancy.

Objectives

Estimation of serum levels of tumor necro-
sis factor-α (TNF-α), interleukin-1β and -6 at 
booking time and at time of diagnosis of PE 
in women infected and un-infected by HP.

Design

Prospective comparative single center clini-
cal trial.

Settings

Departments of Obstetrics & Gynecology, 
and Medical Biochemistry, Faculty of Medi-
cine, Benha University

Patients & Methods

After approval of the study protocol by the 
Local Ethical Committee (RC: 15-4-19), all 
primigravida who attended the Antenatal Care 
Unit (ACU) of Benha University Hospital for 
assurance of being pregnant, were evaluated 
for eligibility for inclusion in the study.

Exclusion criteria

History of gastric diseases, peptic ulcer, 
congenital heart diseases, valvular diseases, 
cardiomyopathy, myopathies, coagulopa-
thy, infectious diseases, inflammatory states, 
manifest diabetes, endocrinopathy, essential 
hypertension (HTN), renal, hepatic or cardi-
ac diseases, family history of essential HTN, 
metabolic syndrome, or body mass index 
(BMI) >35 kg/ m2. Also, women present-
ing after the 20th gestational week (GW) or 
refused to sign the written consent were ex-
cluded from the study. 
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Inclusion criteria
Primigravida had a singleton fetal sac as as-
sured by ultrasonography, free of exclusion 
criteria and signed the written consent to 
participate in the study and attend the ACU 
4-weekly till delivery for follow-up.

Clinical evaluation
After assurance of pregnancy, gestational age 
was determined and women were clinically 
evaluated to determine baseline measure-
ments of systolic and diastolic blood pres-
sures (SBP, DBP), baseline body mass index 
(BMI), and underwent routine investigations 
including complete blood count, kidney and 
liver function tests and urine analysis with 
special regard to presence of protein. 

Diagnosis and categorization of 
preeclampsia (PE)
According to the American Society of Hyper-
tension (16) PE was defined as development of 
gestational HTN in a previously normoten-
sive (NT) woman and is associated with pro-
teinuria quantified as 1+ on dipstick. PE was 
categorized as mild PE (MPE) if SBP and 
DBP were <160 and <110 mmHg, respec-
tively with proteinuria of <2+ and absence 
of systemic manifestations and as severe PE 
(SPE) if elevated BP measures were associ-
ated with systemic manifestations or if SBP 
was ≥160 mmHg and DBP was ≥110 mmHg 
with proteinuria >2+ on a voided random 
urine (17). Furthermore, PE was re-classified 
according to timing of development in rela-
tion to gestational age as early-onset (EPE) 
if diagnosed prior to 34 GW and late-onset 
(LPE) if diagnosed after the 34th GW (18, 19).

Diagnosis of HP infection
Infection by HP was diagnosed depending 
on the presence of positive serum test for H 
pylori IgG
Grouping
The enrolled women were grouped into HP+ 
and HP- according to the positivity for HP 
IgG in serum. Patients who developed PE 

within each group were sub-grouped as PE 
and those who did not as Non-PE groups.

Sampling and Investigations

Sampling
Blood samples (S1 & S2) were obtained at the 
start of the 12th GW and at time of diagnosis 
of PE. Blood sample (5 ml) was withdrawn 
under complete aseptic conditions, allowed 
to clot and then centrifuged at 3000 rpm for 
10 minutes to separate serum that was col-
lected in sterile Eppindorff tube and stored 
at -80oC till be assayed. Blood samples were 
collected and numbered by an assistant who 
was blinded about groups. Also, midstream 
urine sample was obtained for evaluation of 
the presence of proteinuria using dipstick. 

Investigations
Estimated blood variables were measured 
using enzyme linked immunosorbent assay 
(ELISA) kits according to the manufacturer's 
instructions and were read using a 96 well 
microplate ELISA reader (Dynatech. MR 
7000)
1. Human TNF-α was measured with the

enzyme linked immunoassay (ELISA)
kit (catalogue no. ab179886, abcam Inc.,
Cambridge, USA) by quantitative sand-
wich enzyme immunoassay technique (20).

2. Human IL-1β was measured with the en-
zyme linked immunoassay (ELISA) kit
(catalogue no. ab46052, abcam Inc., San
Francisco, USA) by quantitative sand-
wich enzyme immunoassay technique (21).

3. Human IL-6 was measured with the en-
zyme linked immunoassay (ELISA) kit
(catalogue no. ab46027, abcam Inc., San
Francisco, USA) by quantitative sand-
wich enzyme immunoassay technique (22).

4. Human anti-Helicobacter pylori IgG us-
ing ELISA kit (catalogue no. ab108736,
abcam Inc., San Francisco, USA) by
quantitative sandwich enzyme immuno-
assay technique (23).
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Statistical analysis

Data are presented as mean, standard devia-
tion (SD), numbers, percentages, median and 
interquartile range (IQR). Parametric results 
were analyzed using paired t-test for compar-
isons of estimated BP and serum cytokines 
at booking and diagnosis of PE times and 
non-parametric results were analyzed us-
ing Chi-square test and Mann-Whitney test. 
Receiver operating characteristic curve was 
used for analysis of predictors for PE devel-
opment. Automatic Linear Modeling analy-
sis for serum levels of estimated cytokines 
as predictors for high SBP during pregnan-
cy. Statistical analysis was conducted using 
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IBM® SPSS® Statistics (Version 22, 2015; 
Armonk, USA) for Windows statistical pack-
age. P value <0.05 was considered statistical-
ly significant.

Results

Evaluation for eligibility included 251 primi-
gravida; 19 were excluded for not fulfilling 
the inclusion criteria and 232 women gave 
blood samples for evaluation for positivity 
for HP IgG. One hundred and eight women 
were HP+, while 124 women were HP-. Col-
lected clinical data showed non-significant 
(p>0.05) difference between HP+ and HP- 
women (Table 1).

Table (1): Booking data of studied women categorized according to serum positivity 
for HP IgG

Parameter HP+ women (n=108) HP- women 
(n=124) P value

Age (years) 26.3±4.4 26.8±3.8 0.407
Body mass index (kg/m2) 27.6±2.3 27±2.9 0.069
SBP (mmHg) 119.4±4 118.4±4.3 0.059
DBP (mmHg) 81.2±4.9 81.7±5.2 0.474

Data are presented as mean, standard deviation, HP+: H pylori IgG positive; HP-: H pylori IgG negative; 
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; p value indicates the significance of difference 
between both groups; P<0.05: indicates significant difference; P>0.05: indicates non-significant difference

During course of pregnancy, all women 
showed follow-up blood pressure higher 
than the measure recorded at booking visit. 
However, 54 women developed PE; 33 HP+ 
women and 21 HP- women with non-sig-
nificantly (p=0.197) higher frequency of 
PE among HP+ women. Nineteen women 
developed EPE; 17 HP+ and only two HP- 
women, while 35 women developed LPE; 16 
HP+ and 19 HP- women with significantly 
(p=0.0016) higher frequency of EPE among 
HP+ women. Fifteen women developed SPE; 
11 HP+ and 4 HP- women, while 39 women 
developed MPE; 22 HP+ women and 17 HP- 
women with non-significantly (p=0.282) 
higher frequency of SPE among HP+ women 
(Fig. 2).

At time of PE diagnosis, mean BP measures 
were significantly (p<0.0001) higher in com-
parison to measures recorded at booking time 
with significantly higher measures in patients 
of HP+ group in comparison to HP- group. 
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DBP measures at time of diagnosis of PE were significantly higher in women of PE+ group in 
comparison to women of PE- group, both who developed PE (p=0.0317) or not (p=0.0021). 
Interestingly, BP measures of non-PE women of HP+ group were significantly (p<0.0001) 
higher than that of non-PE women of HP- group, while BP measures of PE women of HP+ 
group were non-significantly (p=0.310) higher than that of PE women of HP- group (Table 2, 
Fig. 3).
Table (2): BP measures of studied women categorized according to serum positivity for 
HP IgG at time of diagnosis of PE

Variables  Time Group HP+ women HP- women P value

SBP (mmHg)
Total

Booking 119.4±4 118.4±4.3 0.059
Diagnosis of PE 137±14.8 128.6±12.8 <0.0001

P1 <0.0001 <0.0001

Diagnosis of PE
PE 156.9±10.5 154±10.3 0.310
No PE 128.2±3.6 123.4±4.2 <0.0001

DBP (mmHg)
Total

Booking 81.2±4.9 81.7±5.2 0.474
Diagnosis of PE 94.2±11.4 88.5±9.2 0.00003
P1 <0.0001 <0.0001

Diagnosis of PE
PE 108.8±8.2 103.7±8.7 0.0317
No PE 87.8±4.9 85.4±5.4 0.0021

Data are presented as mean, standard deviation, HP+: H pylori IgG positive; HP-: H pylori IgG negative; 
SBP: Systolic blood pressure; DBP: Diastolic blood pressure; p value indicates the significance of difference 
between both groups; P<0.05: indicates significant difference; P>0.05: indicates non-significant difference 

There was positive significant correlation be-
tween positivity for HP IgG and earlier de-
velopment of PE (Rho: 0.183, p=0.005) and 
severity of PE (Rho: 0.168, p=0.010). ROC 
curve analysis defined positive HP IgG at 
booking time for development of SBP>132 
mmHg during pregnancy (Fig. 4), irrespec-
tive of progression to PE or not with AUC= 
0.776 (SE: 0.054; p=0.013; 95% CI: 0.67-
0.881)

Fig. (4): ROC curve analysis for the cutoff point of 
SBP predicted to be achieved during pregnancy of 

primigravida with HP+
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Serum levels of TNF-α, IL-1β and IL-6 estimated at booking time were significantly higher 
in PE women in comparison to Non-PE women and in HP+ women than in HP- women, irre-
spective of development of PE (Table 3).
Table (3): Mean levels of estimated serum cytokines at booking time in women catego-
rized according to serum positivity for HP IgG and development of PE

Parameters Groups HP+ HP- PE No PE

TNF-α (ng/ml)
Level 2.835±1.09 2.305±0.79 3.76±0.96 2.1±0.62

P1 <0.0001 <0.0001

IL-1β 
(ng/ml)

Level 39.2±20 21.1±11.7 54.3±20.8 17.3±4.6

P1 <0.0001 <0.0001

IL-6 
(ng/ml)

Level 26.5±11 16.6±12.3 38.7±13.2 12.2±4.9

P1 <0.0001 <0.0001
Data are presented as mean, standard deviation; HP: H pylori; PE: Preeclampsia; TNF-α: Tumor necrosis 
factor-α; IL: Interleukin; p value indicates the significance of statistical analysis; P<0.05: indicates significant 
difference; P>0.05: indicates non-significant difference

Moreover, serum levels of studied cytokines showed positive significant correlation with SBP 
and DBP measures estimated at time of diagnosis of PE.  Moreover, serum levels of cytokines 
estimated at booking time were positively correlated with both SBP and DBP estimated at 
time of development of PE. ROC curve analysis showed that all of the three cytokines are 
predictors for development of PE (Table 4, Fig. 5). However, evaluation of importance of 
predictors for high SBP at time of PE diagnosis using the Automatic Linear Modeling defined 
high at booking serum TNF-α as the most important, followed by serum IL-6 levels and lastly 
serum IL-1β levels  (Fig. 6).
Table (4): Statistical analyses of laboratory findings as predictors for development of PE

Methods 
Variables

Pearson's correlation
ROC curve analysis

HP IgG positivity Development of PE

"r" P "r" P AUC SE P 95% CI

HP IgG positivity 0.161 0.014 0.595 0.044 0.509-0.681

TNF-α 0.271 <0.001 0.684 <0.001 0.978 0.015 <0.001 0.914-0.972

IL-6 0.414 <0.001 0.769 <0.001 0.943 0.010 <0.001 0.959-0.998

IL-1β 0.492 <0.001 0.740 <0.001 0.942 0.017 <0.001 0.909-0.975

"r": Pearson's correlation coefficient; AUC: Area under curve; SE: Standard error; CI: Confidence interval; 
HP: H pylori; PE: Preeclampsia; TNF-α: Tumor necrosis factor-α; IL: Interleukin; p value indicates the 
significance of statistical analysis; P<0.05: indicates significant difference; P>0.05: indicates non-significant 
difference  
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Fig. (5): ROC curve analysis for the studied 
cytokines as predictors for development of PE

Fig. (6): Automatic Linear Modeling analysis for 
serum levels of estimated cytokines as predictors 

for high SBP during pregnancy 

Discussion
At booking time, women of HP+ group had 
non-significantly higher blood pressure mea-
sures than HP- women; a finding points to 
a certain relation between HP infection and 
elevation of BP measures. In support of 
this assumption, during pregnancy course, 
NT women of HP+ group had significantly 
higher BP measures in comparison to their 
booking time BP and to NT women of HP- 
group. These findings spot light on the effect 
of pregnancy on maternal BP and this effect 
was magnified by HP infection. Regarding 
development of PE, 54 women developed 
PE; 33 of HP+ and 21 of HP- groups with 
significantly higher frequency of PE women 
among those had HP infection. Moreover, 

frequency of EPE was significantly higher, 
while the frequency of SPE was non-signifi-
cantly higher among HP+ women in compar-
ison to HP- women.
The obtained data go in hand with Bellos et 
al. (24) who after literature review detected 
more significant prevalence of HP IgG sero-
positivity and anti-CagA antibodies among 
pre-eclamptic than healthy pregnant wom-
en and concluded that HP infection doubles 
the risk of developing PE. Recently, Li et al. 
(12), Su et al., (25) and Ahmed et al. (26) found 
HP infection significantly increased the in-
cidence of pregnancy-induced hypertension 
and PE.
These data indicated a possible role of HP 
infection that may underlie development of 
early-onset severe PE. In support of this as-
sumption, there was a positive significant 
correlation between development and se-
verity of PE and HP infection and statistical 
analyses defined preconception HP infection 
as an early significant predictor for the pos-
sibility of development of PE and of SPE. 
Similarly, previous literature reviews doc-
umented a positive association between HP 
infection and PE and Cag-seropositivity was 
a substantial risk factor for PE and concluded 
HP infected women especially those infected 
with Cag A positive strains are more likely to 
have PE than uninfected women (26, 27, 28).
The results of the current study showed sig-
nificantly higher serum levels of inflammato-
ry cytokines in PE women than in NT wom-
en, in HP infected than uninfected and in PE 
women in HP+ than in HP- group. These 
findings indicated a possible pathogenic role 
for inflammatory cytokines in development 
of PE. In line with these findings, Shiadeh 
et al. (29) suggested that inflammatory re-
sponses against infections shift immunolog-
ical cytokine profile of Th2 toward Th1 with 
high levels of pro-inflammatory cytokines, 
increased oxidative stress, anti-angiogenic 
proteins, vascular endothelial growth factor 
receptor 1 and complement C5a leading to 
enhancement of PE development. Recently, 
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Spence et al. (30) in literature review reported 
that pro-inflammatory cytokines are signifi-
cantly elevated in PE, but TNF-α levels in-
creases as pregnancy progresses, and lower 
levels of IL-10 concentrations during the 2nd 
trimester may be an early predictor for PE 
development.
Moreover, the obtained results suggested that 
HP infection led to increased inflammatory 
cytokines and these in turn lead to placen-
tal affection with subsequent development 
of PE; thus suggesting a vicious circle be-
tween HP infections, increased inflammatory 
cytokines and PE. In support of this vicious 
circle, an experimental study documented 
that HP membrane protein-1 is a member 
of TNF-α-inducing protein gene family (31). 
Also, animal studies detected significantly 
higher levels of pro-inflammatory mediators, 
NF-κB expression and apoptotic cells in HP 
infected rats than control animals (32) and so-
dium butyrate intake by HP infected mice 
had reduced the production of virulence fac-
tors, inhibited the IκBα/NF-κB pathway by 
reducing the expression of Toll-like recep-
tors and reduced the production of TNF-α 
and IL-6 (33). 
On the other hand, Michalczyk et al. (34) doc-
umented that oxidative stress; altered angio-
genic/antiangiogenic balance and impaired 
inflammatory response triggered by inflam-
masomes are significant factors responsible 
for PE development. Using animal model 
of PE, Travis et al. (35) found TNF-α block-
ade reduced mean arterial pressure and uter-
ine artery resistance index, improved fetal 
growth, and increased NO bioavailability, 
so suggested that TNF-α regulation of NO 
bioavailability is a potential mechanism that 
contributes to PE pathophysiology and Ji et 
al. (36) detected that the use of a novel peptide 
attenuated the upregulation of antiangiogen-
ic factors and the reduction in TNFα-induced 
mitochondrial potential and decreased num-
bers of THP-1 monocytes. Also, Oda et al. 
(37) found the use of recombinant thrombo-
modulin reduced levels of IL-6 and TNF-α;

the well-known key inflammatory mediators 
in PE pathogenesis. Moreover, Yin et al. (38) 
found miR-138 improves LPS-induced in-
flammation on trophoblasts and decreased 
levels of IL-6 and TNF-α through targeting 
RELA and affecting NF-κB signaling, and 
concluded that down-regulation of miR-138/
RELA axis might be involved in PE patho-
genesis. Review of clinical 

Conclusion
Preeclampsia has a higher incidence among 
women had HP infection. HP infection might 
be considered as precipitating factor for de-
velopment of early-onset and/or severe PE. 
The positive correlation between severity of 
PE, HP-IgG positivity and increased serum 
levels of inflammatory cytokines represent 
a dangerous circle entrapping the pregnant 
women

Limitations
The study is a single-center study evaluating 
population of certain locality.

Recommendation
Multicenter studies evaluating the same topic 
and the trial of preconception eradication of 
HP infection as a method to break this dan-
gerous circle
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