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Effect of HELLP syndrome on acute kidney
injury in pregnancy and pregnancy
outcomes: a systematic review and meta-
analysis
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Abstract

Background: HELLP syndrome may increase adverse pregnancy outcomes, though the incidence of it is not high.
At present, the impact of HELLP syndrome on P-AKI (acute kidney injury during pregnancy) and maternal and infant
outcomes is controversial. Thus, we conducted a meta-analysis to find out more about the relationship between
HELLP syndrome and P-AKI and pregnancy outcomes.

Methods: We systematically searched PubMed, Embassy and Cochrane Databases for cohort studies and RCT to
assess the effect of HELLP syndrome on P-AKI and maternal and infant outcomes. Study-specific risk estimates were
combined by using fixed-effect or random-effect models.

Results: This meta-analysis included 11 cohort studies with a total of 6333 Participants, including 355 cases of
pregnant women with HELLP syndrome and 5979 cases that without. HELLP syndrome was associated with relatively
higher risk of P-AKI (OR4.87 95% CI 3.31 ~ 7.17, P<0.001), fetal mortality (OR1.56 95% CI 1.45 ~ 2.11, P<0.001) and
Maternal death (OR3.70 95% CI 1.72 ~ 7.99, P<0.001).

Conclusions: HELLP syndrome is associated with relatively higher risk of P-AKI, fetal mortality and maternal death.

Keywords: HELLP syndrome, Acute kidney injury, Pregnancy outcomes, AKI

Background
At present, high blood pressure caused by pregnancy is
still an important public health problem in the world.
Up to 500,000 pregnant women die every year due to
complications related to preeclampsia [1]. HELLP syn-
drome was defined by Weistein in 1982 as a clinical
manifestation of elevated liver enzymes, hemolysis, and
thrombocytopenia [2]. For pregnant women, HELLP
syndrome is a serious pregnancy complication that can
threaten the safety of the mother and fetus. According
to reports in the literature, the incidence of HELLP

syndrome in patients with pregnancy-induced hyperten-
sion range from 2 to 19.3%, while the prenatal mortality
rate can reach from 7 to 60% [3]. Studies have reported
that among patients with preeclampsia, patients with
HELLP syndrome have shorter gestational age, lower
fetal weight, and higher fetal mortality than those with-
out HELLP syndrome [4, 5].
In patients with HELLP syndrome, acute kidney injury

is a common cause of maternal and fetal death. For
pregnant women,acute kidney injury can lead to anuria,
heart failure, and severe pulmonary edema [6]. These
complications can bring about rapid death of pregnant
women and fetuses. At present, the relationship between
HELLP syndrome and acute kidney injury in pregnancy
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is controversial. Many studies believe that acute kidney in-
jury during pregnancy and pregnancy outcomes are re-
lated to HLEPP syndrome [7]. However, there are
also studies that have different opinions, and they
believe that acute kidney injury in pregnancy is re-
lated to preeclampsia rather than HELLP syndrome
[8]. Therefore, a systemic analysis of the relationship
between HELLP syndrome and P-AKI and pregnancy
outcomes is necessary.
We collected studies on patients with hypertension

during pregnancy, and performed a meta-analysis on
those with or without HELLP syndrome. We used meta-
analysis to assess the association between HELLP syn-
drome and acute kidney injury to help clinicians make
better decisions. To our knowledge, this is the first meta-
analysis of HELLP syndrome and Acute kidney injury

during pregnancy (P-AKI). Our research has been regis-
tered with PROSPERO, the code is CRD42018112333.

Methods
Based on PRISMA standards and procedures, we used
the following method for meta-analysis [9]. We searched
PubMed, Embassy, The Cochrane database for related
cohort studies and RCT. The retrieval time was from the
establishment of the database till May 2019. Our search
used a combination of controlled vocabulary and natural
language terms, and the references included in the re-
lated literatures were also been reviewed. Search terms
included: HELLP syndrome/pregnant women/AKI or P-
AKI/Neonatal outcomes/Fetal outcomes/stillbirth/peri-
natal outcomes/Eclampsia/Preeclampsia. Cross-sectional,
descriptive or case series/reports were excluded. Studies

Fig. 1 Process for identifying studies eligible for the meta-analysis
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on pregnant women with chronic kidney disease or
lithangiuria were also excluded.

Data extraction and quality assessment
The content mainly includes: 1. Basic information included
in the research: the author’s name, year of publication,
country.2. The basic characteristics of the study subjects:
Definition of acute kidney injury, Definition of HELLP syn-
drome, sample size, Pregnancy outcomes and quantity
score.3. The main data of clinical outcomes, and confound-
ing factors which need to be adjusted. Two researchers (LQ

and LGJ) screened the literature independently, extracted
the data and cross-checked. In case of a disagreement, we
would resolved by discussion or submitted it to the third
researcher (ZSQ) to make a final decision. We assessed the
authenticity and quality of the included studies using
Newcastle-Ottawa scales (NOS) [10], and 6 points or more
was defined as high quality research.

Statistical analysis
Meta-analysis was performed with State software version
12.0. The effect index of dichotomous data was the risk

Table 2 Characteristics of the included studies

Author,Year Study
Design

Country HELLP was defined Sample size of
patients with
stillbirth in
patients with
HELLPa

sample size of
patients with
stillbirth in patients
without HELLPa

Major clinical
outcomes

Quality
score

Gul 2005 [4] PC Turkey The criteria of Sibai 106 (11/95) 261 (12/249) Fetal outcome 6

Abramovici 1999 [20] RC Pakistan The criteria of Sibai 133 (10/123) 141 (5/136) Fetal outcome 6

Osmanağaoğlu 2004 [21] RC Turkey Hemolysis, elevated liver
enzymes, low platelet count

51
27/24

52
19/23

Fetal outcome 5

a Expressed as total number of patients (number in PR-AKI group/number in control group)

Fig. 2 Comparison of the incidence of AKI in pregnant women with HELLP syndrome and no HELLP syndrome
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ratio (OR), and the effect index of the continuous data
was the mean difference (MD), and there was also a 95%
confidence interval (95% CI) [11]. We used an χ 2 test
(test level α = 0.1) to assess the heterogeneity of the in-
cluded studies, and the quantitative analysis was done
combined with I2 [11–13]. If there is no statistical het-
erogeneity across the studies, a fixed effect model was
used for meta-analysis, but if there is statistical hetero-
geneity, the source of heterogeneity would be further an-
alyzed. When the obvious clinical heterogeneity was
excluded, a random effects model was used for the
meta-analysis. If there was significant clinical heterogen-
eity, a subgroup analysis or sensitivity analysis, or only a
descriptive analysis was used. The level of the meta-
analysis was set to α = 0.05.

Results
The literature search yielded 546 articles, with 11 studies
identified according to the inclusion criteria (Fig. 1)
[4, 7, 8, 14–21]. The characteristics of these included
studies were summarized in Tables 1 and 2. These
studies were performed from 1993 to 2011 with sam-
ple sizes ranging from 60 to 1099. The primary dis-
ease in all the studies was gestational hypertension.

The patients were divided into HELLP syndrome
group and no HELLP syndrome group and the study
was conducted between the two groups. The study-
design types were as follows: retrospective studies 9
items [7, 8, 14, 15, 17–21], and prospective studies 2
items [4, 16].

Kidney outcomes
Eight studies reported 79 cases of AKI in 556 Pregnant
women with HELLP syndrome and 58 cases of AKI in
1158 pregnant women without HELLP syndrome, pro-
ducing a 4.87 fold (95% CI 3.31 to 7.17, P = 0.000) higher
likelihood in pregnant women with HELLP syndrome
[7, 8, 14–19], with Very low evidence of heterogeneity
(I2 = 0%, P = 0.429 Fig. 2).

Pregnancy outcomes
Four studies reported 11 cases of maternal death in 280
pregnant women with HELLP syndrome and 32 cases of
maternal death in 1149 pregnant women without HELLP
syndrome, producing a 3.70 fold (95% CI 1.72 to 7.99,
P = 0.001) higher likelihood in pregnant women with
HELLP syndrome [7, 15–17], with Very low evidence of
heterogeneity (I2 = 0%, P = 0.616 Fig. 3). Eight studies

Fig. 3 Comparison of the Maternal death in pregnant women with HELLP syndrome and no HELLP syndrome
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reported 87 cases of stillbirth in 612 pregnant women
with HELLP syndrome and 163 cases of stillbirth in
1997 pregnant women without HELLP syndrome [4,
14–17, 19–21], producing a 1.56 fold (95% CI 1.45 to
2.11, P = 0.005) higher likelihood in pregnant women
with HELLP syndrome, with Very low evidence of het-
erogeneity (I2 = 12.4%, P = 0.333 Fig. 4). There was not
enough evidence that pregnant women with HELLP syn-
drome are associated with an increased incidence of
neonatal death (OR, 1.41; 95% CI 0.94 to 2.13; P =
0.098(Fig. 5). When a single study was removed in se-
quence, the heterogeneity did not decrease significantly
and the conclusion did not change.

Publication bias
The Newcastle-Ottawa scales (NOS) evaluation indi-
cated that the incidence rate of AKI had low-quality evi-
dence (Table 1). There may be biases in the studies
included,but the symmetry of the funnel plot was further
evaluated using Begg’s test,and no publication bias was
found (Begg’s test, P = 0.38) (Fig. 6).

Discussion
HELLP syndrome is considered to be an important risk
factor that increases the mortality of pregnant women
and fetuses [16]. The occurrence of acute kidney injury
during pregnancy makes the original condition aggra-
vated and complicated [22]. We searched for publica-
tions on the association of HELLP syndrome with AKI
and pregnancy outcomes. These studies have different
opinions on the relationship between HELLP syndrome
and AKI. We hope to unify this understanding through
meta-analysis. We used heterogeneity to assess the size
of the difference between each study, and thus decided
whether to use a random effects model or a fixed effects
model. In our meta-analysis, the heterogeneity between
studies was not significant (I2 < 50%), so we did not per-
form subgroup analysis and meta-regression analysis.
We used Begg’s test and funnel plot to assess the bias of
the study, but no publication bias was found. All the
above show that our research results are stable and reli-
able, which can help clinicians make decisions.
To the best of our knowledge, this is the first meta-

analysis to explore the effect of HELLP syndrome on P-

Fig. 4 Comparison of the stillbirth in pregnant women with HELLP syndrome and no HELLP syndrome
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Fig. 5 Comparison of Neonatal death in pregnant women with HELLP syndrome and no HELLP syndrome

Fig. 6 Begg’s test about Fig. 2
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AKI and pregnancy outcomes. It suggests that pregnant
women with HELLP syndrome was associated with
higher risk of AKI (4.87 fold), stillbirth (3.70 fold), and
maternal death (1.56 fold). The effect of HELLP syn-
drome on neonatal mortality was not statistically signifi-
cant in this study, but our data on this subject was less,
an in-depth study with more data is necessary. In our
study, the stillbirth rate of pregnant women with HELLP
syndrome was 49.5%, which was higher than that re-
ported in Serdar study (7.4–34%) [23]. Premature birth
and placental abruption are the main causes of stillbirth.
Moreover, the maternal mortality rate in our study was
2.5% higher than that in Sibai (1%) literature [24].
Traditionally, HELLP syndrome is considered to be a

variant of preeclampsia, but it is, in fact, a specific dis-
ease, since 20% of pregnant women with HELLP syn-
drome do not have a history of hypertension or
proteinuria [25, 26]. The etiology of HELLP syndrome is
not fully understood. Immunological changes, platelet
aggregation, endothelial dysfunction, arterial hyperten-
sion, and an inborn error of fatty acid oxidative metabol-
ism have all been suggested as potential etiological
factors [27]. Studies have shown that levels of anti-
angiogenic factors (sFlt-1 and sEng) elevated and con-
centrations of pro-angiogenic mediators (PIGF) de-
creased in pregnant women with HELLP syndrome [28].
HELLP syndrome seems to be a TMA-like disorder, they
have similar clinical manifestations such as mechanical
hemolysis, thrombocytopenia, and AKI [29]. A recent
study suggests that there may be a link between HELLP
syndrome and complement dysregulation [30]. The cause
of acute kidney injury caused by HELLP syndrome is not
clear. There are studies reported that in patients with
HELLP syndrome with acute kidney injury, most of the
kidney pathological biopsy is acute tubular necrosis
(ATN), and a small part is acute renal cortical necrosis
(ARCN). The pathological results of acute tubular necrosis
(ATN) and acute renal cortical necrosis (ARCN) both
show microvascular injury and microthrombosis [31–33].
HELLP syndrome causes intravascular platelet activation
and microvascular endothelial damage, which are con-
cerned by scholars, because these are the basis of intravas-
cular microthrombosis [32]. Some scholars also believe
that the subsequent development of endothelial injury and
thrombotic microangiopathies in patients with HELLP
syndrome leading to renal tubular necrosis is a pathogenic
process that may cause acute renal failure [33]. The kidney
injury rate of patients with HELLP syndrome is about
10%, and about 10–40% of acute kidney injury patients re-
quire hospitalization for dialysis [34, 35].

Clinical implications and limitations
The strength of this systematic review and meta-analysis
lies in the instruction significance for clinical questions,

as a large volume of data was included and a rigorous
methodology used. However, there are some limitations
to our study. The first is that the sample size of some in-
cluded studies is small, which would lead to bias; Sec-
ond, since individual studies have different definitions of
AKI and HELLP syndrome, some patients with AKI and
HELLP syndrome may be missed. It is currently believed
that the diagnosis criteria of HELLP syndrome proposed
by Sibai et al. is stricter and more popular [36]. In the
assessment of acute kidney injury, AKIN and RIFLE are
widely used [37].

Conclusion
HELLP syndrome is associated with relatively higher risk
of P-AKI, fetal mortality and maternal death. Although
some conclusions require more research to support, this
study resolves the dispute.
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