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H

showed more significant association with pre-eclampsia than that with

non-gravid hypertension (pooled OR 32.84, 95% CI 17.19–62.74; and

pooled OR 4.18, 95% CI 2.20–7.98, respectively). Heterogeneity
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Abstract: Angiotensin II type 1 receptor autoantibody (AT1-AA) is

found in patients with non-gravid hypertension or pre-eclampsia, but the

relationship is uncertain.

The aim of the present study was to assess the association between

AT1-AA and high blood pressure using meta-analysis, and to evaluate

the prognosis value of AT1-AA for hypertensive diseases.

Literature search from PubMed, Embase, and Cochrane databases

were conducted using keywords ‘‘hypertension’’ or ‘‘pre-eclampsia,’’

‘‘angiotensin II receptor type 1 autoantibody,’’ and its aliases from

April 1999 to December 2015.

Studies evaluating the association between AT1-AA and non-gravid

hypertension or pre-eclampsia were included in this analysis. The

quality of the eligible studies was assessed based on the Newcastle–

Ottawa Scale with some modifications.

Two researchers then independently reviewed all included studies

and extracted all relevant data. Association between AT1-AA and

hypertension was tested with pooled odds ratios (ORs) and 95%

confidence intervals (CIs). Finally, we evaluated whether AT1-AA

predicted the prognosis of hypertension by using a summary recei-

ver-operating characteristic (ROC) curve and sensitivity analysis.

Ten studies were finally included in this meta-analysis. AT1-AA
Suli Zhang, PhD, Y
uirong Liu, MD, PhD

among studies was also detected probably due to different hypertensive

subtypes and AT1-AA measuring methods. Area under summary ROC

curve (AUC) of pre-eclampsia was 0.92 (sensitivity 0.76; specificity

0.86). Area under the ROC curve of overall hypertensive diseases or

non-gravid hypertension was lower than that of pre-eclampsia (0.86 and

0.72, respectively) with lower sensitivities (0.46 and 0.26, respectively).

The major limitation of this analysis was the publication bias due to

lack of unpublished data and the language limitation during literature

search. Prospective study with large simple size and specific measuring

data collection are needed to enhance our findings in the future.

Our analysis confirms that elevated AT1-AA in serum is signifi-

cantly associated with hypertensive disorder, especially pre-eclampsia.

AT1-AA may be a valuable indicator for poorer prognosis of patients

with pre-eclampsia, and could be used in patients with hypertensive

disease for risk evaluation and making individual treatment decision.

(Medicine 95(17):e3494)

Abbreviations: Ang II = angiotensin II, AT1-AA = Angiotensin II

type 1 receptor autoantibody, AT1R = Angiotensin II type 1 receptor,

AUC = Area under summary ROC curve, CIs = confidence intervals,

ELISA = enzyme-linked immunosorbent assay, HELLP = hemolysis;

elevated liver enzymes and low platelet(count), NFAT = Nuclear

factor of activated T-cells, NOS = the Newcastle-Ottawa Scale,

ORs = odds ratios, PE = pre-eclampsia, RAS = renin–angiotensin

system, sROC curve = summary receiver-operating characteristic

curve, VSMC = vascular smooth muscle cell.

INTRODUCTION

H ypertensive disorder is a global concern1 and major risk
factor for cardiovascular diseases. Long-term hypertension

can cause renal arteriosclerosis, subsequent renal insufficiency,
and uremia. Distinguished from non-gravid hypertension, pre-
eclampsia is defined as high blood pressure and proteinuria
during pregnancy, affecting 2% to 8% of pregnancies. It is a
leading cause of maternal and fetal high mortality.2 So far, the
pathogenesis of non-gravid hypertension or pre-eclampsia is not
completely clear.

Angiotensin II type 1 receptor (AT1R), predominantly
expressed in vascular smooth muscle cells, is the central part
of renin–angiotensin system (RAS) which plays an important
role in blood pressure regulation. The physiological ligand of
AT1R is angiotensin II (Ang II). Ang II activates a number of
cytoplasmic signaling pathways through AT1R, including vaso-
constriction,3 aldosterone synthesis,4 and intracellular Ca2þ
tibody (AT1-AA) was firstly discovered
erum of pre-eclampsia patients.6 This
d to the second extracellular loop of
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TABLE 2. Quality Assessment of Included Studies

First Author, Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Yang, 2015 Y Y Y Y Y Y Y Y
Zhang, 2013 Y N Y Y Y Y Y Y
Siddiqui, 2010 Y Y Y Y Y Y Y Y
Yang, 2008 Y Y Y Y Y Y Y Y
Herse, 2009 Y N Y Y Y Y Y Y
Xia, 2003 N N Y Y Y Y Y Y
Yang, 2014 Y N Y Y Y Y Y Y
Zhu, 2008 Y N Y Y Y Y Y Y
Zhang, 2002 Y N Y Y Y Y Y Y
Liao, 2002 Y N Y Y Y Y Y Y

N¼ criteria not achieved, Y¼ criteria achieved.
Q1: Were the sex and age information have reported?
Q2: Were the sampling time and place have reported?
Q3: Was there clear diagnostic criteria included?
Q4: Was there clear exclusion criteria included?
Q5: Were the control and patient groups comparable at entry?

Lei et al
AT1R and plays an agonist-like effect. As compared with Ang
II, AT1-AA has more sustained effect on vasoconstriction7 and
can cause endothelial cell damage.8 These evidences indicate
that AT1-AA might contribute to some pathological changes in
high blood pressure.

To date, some researchers reported elevated level of AT1-
AA in hypertensive patients.6,9 However, the exact role of AT1-
AA in prognosis prediction of hypertensive disorders is incon-

Q6: Were outcomes detected by using a reliable method?
Q7: Were there clear positive and negative standard included?
Q8: Were outcomes measured in the same way for all groups?
sistent. Some of the studies did not show a clear correlation
between AT1-AA and high blood pressure. In addition, small
sample sizes gave us limitation on any reliable evaluation. Here,

FIGURE 1. Forest plot of association between AT1-AA and hypert
heterogeneity within each study. AT1-AA¼ angiotensin II type 1 rece

4 | www.md-journal.com
by doing meta-analysis, we conducted an assessment for the
association between AT1-AA and high blood pressure. Using
summary receiver-operating characteristic (sROC) curves, we
tested the possibility of AT1-AA as a valuable indicator for
poorer prognosis of patients with hypertension.

METHODS

Search Strategy
Literature search from PubMed, Embase, and Cochrane

databases were conducted using these search terms: ‘‘hyperten-
sion’’ or ‘‘preeclampsia,’’ or ‘‘pre-eclampsia’’ or ‘‘high blood
pressure,’’ combined with ‘‘angiotensin II receptor type 1
autoantibody’’ or its aliases, such as ‘‘angiotensin II type 1
receptor autoantibody’’ or ‘‘autoantibody to the angiotensin II
type I receptor’’ or ‘‘AT1-AA’’ or ‘‘AT1 receptor autoanti-
bodies.’’ Studies between April 1999 and May 2015 were
collected, and only language in English and Chinese
was chosen.

Inclusion and Exclusion Criteria
Studies were reviewed by 2 independent researchers. All

studies regarding the association between AT1-AA and hyper-
tension or pre-eclampsia were initially included. Inclusion
criteria included: standard criteria for non-gravid hypertension
(SBP/DBP greater than 140/90 mm Hg) or pre-eclampsia (SBP/
DBP �140/90 mm Hg and proteinuria after week 20 of preg-
nancy); reliable AT1-AA measurement with standard criteria
for its positive sign. Nonoriginal research (reviews or com-
ments) or animal model studies were excluded. Because AT1-
AA was also found in some other diseases such as Graves
disease10 or Huntington disease,11 we also removed studies
without matched controls or with hypertensive patients who

Medicine � Volume 95, Number 17, April 2016
have complications to avoid misdirection. All studies were
subjected to quality assessment, based on the Newcastle–
Ottawa Scale (NOS) with some modifications.

ension in all studies. Random-effects model was used due to
ptor autoantibody, CI¼ confidence interval, OR¼odds ratio.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Data Extraction
Data from selected studies were extracted (first author,

year of publication, study location and period, subject age,
gestational week at sampling for pre-eclampsia study, sex [male
%, for hypertension study], sample size, criteria for case/con-
trol, AT1-AA measurement and standard criteria for its positive
sign, the frequency of AT1-AA positive patients per group).

Statistical Analysis
An association between AT1-AA and high blood pressure

was analyzed with STATA software, version 12.0 (Stata Corp
LP, College Station, TX). The pooled odds ratios (ORs) and
95% confidence intervals (CIs) were calculated using the
Mantel–Haenszel method. Heterogeneity among studies was
estimated with an I2 test and a chi-square test. Based on I2 values
less than or more than 50% and P values from the chi-square test
that were greater than or less than 0.1, a fixed-effects model or a
random-effects model was selected. To eliminate heterogeneity,
a subgroup meta-analysis was performed according to disease
categories or measurement of AT1-AA. Differences in pooled
ORs was estimated using a Z test (P< 0.05 was considered as
statistically significant). A Begg rank correlation test and a
funnel plot were used to evaluate potential publication bias.10

Sensitivity analysis was used to assess the reliability of the
combined results. A sROC curve was also performed using
Meta-Disc software.12 The area under the curve (AUC) was
used to evaluate possibility of AT1-AA for predicting prognosis.

RESULTS

FIGURE 2. Subgroup meta-analysis for AT1-AA and hypertensi
hypertension subgroups. Heterogeneity was reduced in each su
type 1 receptor autoantibody, CI¼ confidence interval, OR¼odd
Characteristics of Included Studies
Initially, 207 publications were found when we searched

from PubMed, Embase, and Cochrane databases using

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
aforementioned strategy. After removal of the duplicate cita-
tions, 146 publications remained. Among them, only 39
remained after reviews and comments, and studies not in
English or Chinese were excluded by title and abstract screen-
ing. Furthermore, 29 of the publications were excluded due to
lack of controls, patients with complications, no standard for
AT1-AA-positive sign, studies only on mechanism, nonoriginal
research, or no specific data. Finally, 10 studies were chosen for
the meta-analysis with 757 cases (456 with hypertension only
and 301 with pre-eclampsia) and 344 controls. The chart flow of
the literature selection was shown in the Guidelines Flow
Diagram (see Supplementary Digital Content, http://links.lww.
com/MD/A974). Table 1 summarizes the study characteristics.
All including studies were assessed in high quality (Table 2).

Pooled Analysis for Association Between AT1-AA
and High Blood Pressure

A total of 346 (45.7%) in 757 hypertensive patients
(including non-gravid hypertension and pre-eclampsia) and
40 (11.6%) in 344 healthy people were AT1-AA-positive.
We found the level of AT1-AA was significantly associated
with high blood pressure (pooled OR 14.413, 95% CI 6.339–
32.771, Z¼ 6.37, P¼ 0.000). Chi-square and I2 tests detected
slightly heterogeneous among studies (P¼ 0.002, I2¼ 65.6%);
therefore, a random-effect model was chosen (Figure 1).

Subgroup Meta-analysis for Association of AT1-
AA Within Pre-eclampsia or Non-Gravid
Hypertension Subgroups

Hypertension was divided into pre-eclampsia and non-gravid
oup, so a fixed-effects model was used. AT1-AA¼ angiotensin II
tio, PE¼pre-eclampsia.
As seen in Figure 2, 6 studies were included in the pre-
eclampsia subgroup,13–18 with 4 in the non-gravid hypertension
subgroup.9,19–21 A strong association of AT1-AA was found
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TABLE 3. AT1-AA Frequencies in Each Group in Eligible Studies

First Author,
Publish Year; Location Detection Method Criterion

AT1-AA Frequen-
cies (Positive/Total)

Yang, 2015; China ELISA Cut-off¼ (OD) (mean of the mean
values up to the ‘‘step’’þ 3 SD)� 1.1

PE 77/102

Control 2/50
Zhang, 2013; China ELISA P/N¼ (sample OD� blank OD)/

(negative OD� blank OD) �2.1
PE 28/58

Control 2/51
Siddiqui, 2010; USA 4�NFAT-driven

luciferase reporter
assay

Luciferase activity increased over basal and
can be blocked by a 7-aa peptide epitope
present on the second extracellular loop
of the AT1 receptor

PE 59/60

Control 15/30
Herse, 2009;

United Kingdom
Neonatal cardiomyocyte

contraction assay
Increased beating rate �7.2 bpm PE 21/30

Control 6/30
Yang, 2008; China ELISA P/N¼ (sample OD� blank OD)/

(negative OD� blank OD) �2.1
PE 25/31

Control 1/18
Xia, 2003; USA Neonatal cardiomyocyte

contraction assay
Increased beating rate �7.2 bpm PE 18/20

Control 2/18
Yang, 2014; China ELISA P/N¼ (sample OD� blank OD)/

(negative OD� blank OD) �2.1
NGH 27/126

Control 1/30
Zhu, 2008; China ELISA P/N¼ (sample OD� blank OD)/

(negative OD� blank OD) �2.1
NGH 13/46

Control 3/37
Zhang, 2002; China ELISA P/N¼ (sample OD� blank OD)/

(negative OD� blank OD) �2.1
NGH 26/90

Control 5/40
Liao, 2002; China ELISA P/N¼ (sample OD� blank OD)/

(negative OD� blank OD) �2.1
NGH 52/194

rten
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with pre-eclampsia (pooled OR 32.84, 95% CI 17.19–62.74,
Z¼ 10.57, P¼ 0.000), but weaker with non-gravid hypertension
(pooled OR 4.18, 95% CI 2.20–7.98, Z¼ 4.35, P¼ 0.000). No
heterogeneity was found in subgroups (P¼ 0.221, I2¼ 28.5%
pre-eclampsia subgroup; P¼ 0.819, I2¼ 0.0% non-gravid hy-
pertension subgroup) (Figure 2).

Meta-analysis for Association Within Different
AT1-AA Measurement Subgroup

Measurement of AT1-AA varied by study: 7 studies used
enzyme-linked immunosorbent assay (ELISA),9,16–21 2 used a
neonatal cardiomyocyte contraction assay,13,15 and only 1 used
a 4�Nuclear factor of activated T-cells (NFAT)-driven Luci-
ferase reporter assay.14 As shown in Table 3, the association of
AT1-AA with hypertension is independent of AT1-AA
measurement. Both ELISA and neonatal cardiomyocyte con-
traction assay methods detected the association (pooled OR
11.27, 95% CI 4.10–30.92 in ELISA subgroup; pooled OR
21.57, 95% CI 3.01–154.79 in the neonatal cardiomyocyte
contraction assay subgroup). However, heterogeneity was
observed in each subgroup (P¼ 0.003, I2¼ 69.7% in ELISA
subgroup; P¼ 0.093, I2¼ 64.5% in neonatal cardiomyocyte

NFAT¼ nuclear factor of activated T-cells, NGH¼ non-gravid hype
contraction assay subgroup) (Figure 3).
To reduce heterogeneity in ELISA group, a further sub-

group meta-analysis according to disease was performed.
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Significance was found in either pre-eclampsia or non-gravid
hypertension group, with pooled ORs as 45.49 (17.53–118.06)
and 4.18 (2.20–7.98), respectively. In this subgroup meta-
analysis, no more heterogeneity was detected (P¼ 0.505,
I2¼ 0.0% in pre-eclampsia subgroup; P¼ 0.819, I2¼ 0.0% in
non-gravid hypertension subgroup) (Figure 4).

Publication bias among all studies was assessed with a
Begg rank correlation test, the result of which was P¼ 0.05. A
funnel plot was also used to assess publication bias (Figure 5).
Sensitivity analysis showed that the pooled ORs and 95% CIs
did not change significantly after any single study was removed
(Table 4), suggesting the results were consistent and reliable.

Summary ROC Analysis
Summary ROC analysis combined pooled sensitivity and

specificity and was used to assess the possibility of AT1-AA for
prognosis prediction. Overall, pooled sensitivity and specificity
for AT1-AA were 0.46 (95% CI 0.42–0.49) and 0.88 (95% CI
0.85–0.92), respectively (Figure 6). The AUC was 0.86 (SE
0.04) (Figure 7A).

When the diagnostic performance of AT1-AA for pre-
eclampsia or non-gravid hypertension subgroups was calculated

Control 3/40

sion, OD¼ optical density, PE¼ pre-eclampsia.
independently, pooled sensitivity increased to 0.76 (95% CI
0.70–0.80) for pre-eclampsia subgroup and decreased to 0.26
(0.22–0.30) for non-gravid hypertension subgroup. Pooled

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. Subgroup meta-analysis by AT1-AA measurement. Ten studies were divided into 3 subgroups, depending on AT1-AA
measurements. Heterogeneity was observed in ELISA and neonatal cardiomyocyte contraction assay subgroups. Luc: 4�NFAT-driven
Luciferase reporter assay, AT1-AA¼ angiotensin II type 1 receptor autoantibody, CI¼ confidence interval, OR¼odds ratio.

FIGURE 4. Meta-analysis by pre-eclampsia and non-gravid hypertension subgroup in the ELISA group. Studies included in the ELISA
group were divided into 2 subgroups: pre-eclampsia and non-gravid hypertension subgroups. Heterogeneity was not found in both
subgroups. CI¼ confidence interval, ELISA¼ enzyme-linked immunosorbent assay, OR¼odds ratio, PE¼pre-eclampsia.
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specificity slightly changed: 0.86 (95% CI 0.80–0.90) for pre-
eclampsia subgroup and 0.92 (95% CI 0.86–0.96) for non-
gravid hypertension subgroup (Figure 6). The AUC was 0.92
(SE 0.02) in pre-eclampsia subgroup and 0.72 (SE 0.04) in non-
gravid hypertension subgroup (Figure 7B and C).

DISCUSSION
The present data indicated that AT1-AA is significantly

associated with hypertension, especially with pre-eclampsia. A
bivariate random-effects analysis strongly suggested that AT1-
AA is an indicator for poorer prognosis of patients with pre-
eclampsia (summary AUC of 0.92 and a pooled estimate of 0.76
for sensitivity and 0.86 for specificity). Uncontrolled high blood
pressure presents a health burden worldwide. Subjects with a
history of hypertensive disorders are at increased risk of car-
diovascular disease in later life.22 Usually, hypertensive patients
have to rely on medicaments in their lifetime for blood pressure
management. Pre-eclampsia, a pregnancy-specific hypertension
that often occurs after 20 weeks of gestation,23 seems to be even
more intractable due to limited drug options. Therefore, the
initial cause of hypertension is an urgent need to be found.

FIGURE 5. Funnel plot for all studies.
Numerous factors were reported to have association with blood
pressure regulation, including wide-type of calcium/calmodu-
lin-dependent kinase IV (CaMK4),24 platelet antigen 2 (PIA2)

TABLE 4. Sensitivity Analysis of Included Studies

Study Omitted Estimate 95% CI

Yang, 2015 11.40 5.22 24.93
Zhang, 2013 13.84 5.62 34.08
Siddiqui AH, 2010 12.74 5.48 29.63
Yang, 2008 12.61 5.47 29.09
Herse, 2009 15.69 6.09 40.43
Xia, 2003 12.45 5.41 28.66
Yang, 2014 15.41 6.32 37.59
Zhu, 2008 16.88 6.87 41.47
Zhang, 2002 17.86 7.94 40.13
Liao YH, 2002 17.02 6.89 42.06
Combined 14.41 6.34 32.77

CI¼ confidence interval.
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polymorphism,25,26 and G-protein-coupled receptor kinase
2 (GRK2) overexpression.27 These factors were considered
to cause vascular impairment through regulating endothelial
and vascular smooth muscle function. AT1-AA was detected in
the serum of patients with hypertension or pre-eclampsia, and
contributed to blood vessel injury. The definite mechanisms of
AT1-AA-induced hypertension were hitherto not clear; only
several possible pathways have been reported, including vaso-
constrictor effect in a sustained manner,18 stimulation of VSMC
proliferation and up-regulation of c-fos and c-jun expression,28

causing endothelial dysfunction,8 increasing intracellular
calcium,29 stimulating reactive oxygen species (ROS),30 and
tissue factor expression.31 The effect of AT1-AA on aldosterone
production also has been reported, but the conclusions are
inconsistent. AT1-AA was present in subjects with primary
aldosteronism and stimulated aldosterone production,32 but in
patients with pre-eclampsia, it revealed to decrease aldosterone
production.33 We have observed both increased and decreased
effects of AT1-AA on aldosterone production in our previous
study, and reported this effect in a time and dose-dependent
manner.16 Recently, b-arrestin-1 was reported as a regulator of
aldosterone synthesis via G-protein-independent signaling after
AT1R or b-adrenergic receptor activation.34,35 Whether b-
arrestin-1 contributes to AT1-AA-mediated aldosterone pro-
duction through AT1R activation needs to be further studied. As
AT1-AA can regulate vasoconstriction and aldosterone pro-
duction, it is tempting to speculate that high level of AT1-AA
could play a pathological role in hypertension. To our knowl-
edge, no association study has been done between AT1-AA and
hypertension by meta-analysis. The present analysis was
designed to assess the clinical significance of AT1-AA in
hypertensive disorder. Our data revealed that AT1-AA is sig-
nificantly associated with hypertension, especially with pre-
eclampsia. AT1-AA removal may be a novel therapeutic
method for the high blood pressure disorders. In addition to
potential risk of AT1-AA in offspring,36 we suggested that
screening of AT1-AA in pre-eclampsia patients is valuable for
their disease prevention and future healthcare.

To address other factors that may affect our results on the
relationship between AT1-AA and hypertension pathological
features, subgroup analysis was performed. Based on being
pregnancy or not, the hypertensive disorders were divided into
non-gravid hypertension and pre-eclampsia. Our data revealed
that the heterogeneity was observed when meta-analysis was
conducted in all studies (I2¼ 65.6%), but it was eliminated in
meta-analyses of each subgroup: pre-eclampsia (I2¼ 28.5%)
and non-gravid hypertension (I2¼ 0.0%), and an association
between AT1-AA and pre-eclampsia (OR 32.84) was much
stronger than that between AT1-AA and non-gravid hyperten-
sion (OR 4.18). A summary AUC combined with a bivariate
random-effects analysis also suggested AT1-AA has prognostic
significance for pre-eclampsia, but not non-gravid hyperten-
sion. The reason for this state may be because of the differences
of subjects between the 2 subgroups: the immune microenvir-
onment in pregnant women is more complex than that in normal
people, pre-eclamptic patients were all females aged 20 to 30
years, whereas non-gravid hypertension patients were aged
approximately 50 years, and half of them were male. In
addition, controls for pre-eclamptic patients were all normal
pregnant women, but controls for non-gravid hypertension
included both healthy male and female volunteers. A recent

Medicine � Volume 95, Number 17, April 2016
research demonstrated the prevalence of maternal transmission
in the hypertensive subjects, and highlighted the role of X-
chromosome single-nucleotide polymorphisms in this

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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phenomenon.37 Interestingly, AT1-AA could be transmitted to
offspring from mother via placenta and milk, as was previously
reported.38 We infer that AT1-AA plays a pathological role in
maternal high blood pressure, and also in hypertensive disorders
of future generations.

Subgroup analysis was also performed by different AT1-
AA measurements: ELISA, neonatal cardiomyocyte contrac-
tion assay, and 4�NFAT-driven luciferase reporter assay. The
ELISA method is based on antigen and antibody specificity,39

whereas the latter 2 are based on the biological function.13–15

FIGURE 6. Pooled sensitivity and specificity of AT1-AA in overall h
sion subgroup. AT1-AA¼ angiotensin II type 1 receptor autoan
TP¼ true positive.
Our results suggest that ELISA was efficient for AT1-AA
measurement. Because of the simple procedure and repeatable
result, we recommended ELISA is suitable for large sample

FIGURE 7. Summary ROC curve for AT1-AA in overall hypertension
AA¼ angiotensin II type 1 receptor autoantibody, ROC¼ receiver-ope

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
sizes in clinic. The 4�NFAT-driven luciferase reporter assay
and the neonatal cardiomyocyte contraction assay depended on
cellular status and experimental environments, so they may be
less suitable for large clinical practice, but may be more suitable
for mechanism research.

This study has some limitations. First, although the Begg
rank correlation test and the sensitivity analysis showed no
evidence for publication bias, it is inevitable since we could not
include unpublished data. Therefore, the pooled OR may be
potentially overestimated. Second, the publication language

rtension group, or pre-eclampsia subgroup, non-gravid hyperten-
dy, FN¼ false negative, FP¼ false positive, TN¼ true negative,
was limited to English and Chinese; the statistical power of
our analysis may be reduced for this reason. Third, studies
included in this meta-analysis are retrospective studies, and no

(A) or pre-eclampsia (B) or non-gravid hypertension (C). AT1-
rating characteristic.
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prospective study has been published until now; this may reduce
the qualities of evidence in clarifying the causal relationship
between AT1-AA and high blood pressure. Fourth, the level of
AT1-AA was described as ‘‘increased’’ or ‘‘positive,’’ but there
was a lack of specific measuring data in these included studies.
In this condition, a cut-off value of AT1-AA cannot be estab-
lished. In addition, the interpretation of different observers or
measurement by different methods may influence the results
and this is a drawback to clinical applications.

In summary, this meta-analysis including studies revealed
that AT1-AA is clearly associated with hypertension, especi-
ally pre-eclampsia. With high AUC, high sensitivity, and
specificity, we strongly suggest that AT1-AA could be a
valuable indicator for poorer prognosis of patients with pre-

Lei et al
eclampsia, and could be useful in patients with hypertensive

agonistic autoantibody-mediated soluble fms-like tyrosine kinase-1
disorders for risk evaluation and making of individual
treatment decision.
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