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Abstract
Background: Although the prognostic significance of base excess (BE) in patients with paraquat (PQ) poisoning has been
investigated for several years, the results remain controversial. Thus, we performed for the first time a comprehensive meta-analysis
to explore the value of BE in predicting the prognosis of patients with PQ poisoning.

Methods: We searched PubMed, EMBase, Web of Science, ScienceDirect, Cochrane Library, and the Chinese National
Knowledge Infrastructure to identify all relevant papers that were published up to August 2018. The data were extracted for pooled
analysis, heterogeneity testing, sensitivity analysis, publication bias analysis, and subgroup analysis.

Results: Pooled analysis revealed that a decreased BE is correlated with poor mortality (pooled OR=21.358, 95% CI: 12.716–
35.873, P< .001). Pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio were 78%
(95% CI: 0.66–0.86), 88% (95% CI: 0.66–0.97), 6.6 (95% CI: 2.2–19.9), 0.25 (95% CI: 0.18–0.36), and 26 (10–69), respectively. No
publication bias was detected by Egger test (P= .263) and Begg test (P= .462). Sensitivity analyses indicated no important
differences among the estimates of effects.

Conclusion: Our findings show that BE is useful for predicting the prognosis of PQ poisoning.

Abbreviations: AUC = area under the curve, CI = confidence interval, OR = odds ratio, PQ = paraquat, QUADAS-2 = Quality
Assessment of Diagnostic Accuracy Studies 2 tool.
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1. Introduction

Paraquat (N,N-dimethyl-4,4-lipoprotein dichloride; PQ) is a
non-selective contact herbicide that has been extensively used
worldwide for many years, particularly in developing agricultural
countries. PQ is sold in around 130 countries for use on large and
small farms, plantations, estates, and nonagricultural weed
control. Although previous studies have investigated various
treatment modalities for acute PQ poisoning, the fatality rate
remains high, with affected individuals presenting a mortality
rate of 50% to 90%.[1–3] Thus, biomarkers for the prognosis and
clinical monitoring of acute PQ poisoning must be urgently
Editor: Eleonore Fröhlich.

Feng Wei Zhang and Jie Gao were contributed equally to this work.

The authors declare no conflict of interest.

Emergency Department, Cangzhou Central Hospital, Yunhe Qu, Cangzhou,
China.
∗
Correspondence: Shun Yi Feng, Emergency Department, Cangzhou Central

Hospital, No. 16 Xinhua Road, Yunhe Qu, Cangzhou 061000, China (e-mail:
shunyi1058@hotmail.com).

Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2019) 98:23(e15973)

Received: 19 January 2019 / Received in final form: 14 May 2019 / Accepted:
16 May 2019

http://dx.doi.org/10.1097/MD.0000000000015973

1

developed for the formulation of appropriate treatment plans and
develop future PQ antidotes.
The base excess (BE) level has been recently applied as a

prognostic marker in patients with acute PQ poisoning.[4–8]

Multiple logistic regression has associated decreased BE levels
with high risk of mortality. However, the sample sizes of the
previous studies were small, and many studies lacked sufficient
information to evaluate the relationship between BE level and
mortality. Therefore, we conducted the present meta-analysis to
overcome these limitations.
2. Materials and methods

Our meta-analysis was performed in accordance with the meta-
analysis of observational studies in the epidemiology checklist.[9]

Our study did not involve ethical issues as the data were based on
published studies. The review protocol was previously registered
in the International Prospective Register of Systematic Reviews
(Protocol number: PROSPERO 2018:CRD42018110526).
2.1. Search strategy

We conducted a systematic search of scientific databases,
including PubMed, EMBase, Web of Science, ScienceDirect,
Cochrane Library, and the Chinese National Knowledge
Infrastructure, to find all relevant papers published from
inception to August 2018. The following terms were used:
“paraquat” and “base excess”. The reference lists of the included
studies were searched for identification of additional studies.
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Figure 1. Flowchart of the literature search and study selection for this meta-analysis.
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2.2. Inclusion and exclusion criteria

Studies that satisfied the following criteria were eligible for the
meta-analysis: retrospective or prospective cohort studies that
reported on the effects of BE on patients with PQ poisoning. The
following studies or data were excluded: abstracts, comments,
case reports, reviews, meta-analyses, conference papers, letters,
and editorials. In cases of overlap between authors or centers
among different studies, the higher-quality and/or more recent
study was selected. Studies from the same authors or centers but
with different patient cohorts were included.

2.3. Data collection

Two authors (FWZ and SLZ) independently assessed the quality
of the selected studies and extracted the data by using data
extraction forms. The following information was extracted from
each study: first author’s name, year of publication, sample size,
mortality percentage, BE level and study period.

2.4. Quality assessment of the selected articles

Two reviewers (CPW and JG) independently assessed the
methodological quality of all included studies by using the
2

Newcastle–Ottawa scale (NOS).[10,11] scale with a maximum of
nine stars was adopted for the evaluation of the selection,
comparability, exposure, and outcome of each study. Studies
with a NOS scores of>7 were considered high-quality works.[12]

Any discrepancy in data extraction and quality assessment was
resolved through discussion.
2.5. Statistical analysis

The pooled HR with its 95% CI was utilized for the quantitative
assessment of the effects of hypothermia on patients of cardiac
arrest. Cochrane Q and I2 tests were used to evaluate the
heterogeneity among the studies. The heterogeneity was consid-
ered statistical significant for if P< .05 or I2>50%. The fixed-
effects model was applied when P> .05 and I2<50%; otherwise,
the random-effects model was selected.[13] Additionally, we
conducted sensitivity analyses by removing one study each time
and recalculating the pooled effects. Potential publications bias
(considered present if P � .1) was assessed by conducting
statistical tests for funnel plot asymmetry and conducting Egger
and Begg tests. All these analyses were conducted on STATA 14.0
software (Stata Corporation, College Station, TX).



Table 1

Study characteristics.

Base excess (mmol/L)
∗

First author Year Design N Mortality (%) Survival non-survival Study period NOS score

Huang[4] 2011 Retrospective 138 55.8 �0.9±1.8 �5.4±5.1 2009–2010 8
Zhou[5] 2013 Retrospective 67 68.7 �0.75±5.26 �9.40±5.80 2007–2012 7
Lu[6] 2013 Retrospective 75 41.3 0.61±2.23 NA 2009–2012 8
Ning[7] 2015 Retrospective 162 46.3 2.05±0.57 4.49±0.28 2010–2014 8
Kang[8] 2017 Retrospective 84 48.8 �1.1 �5.9 2009–2015 7
∗
Base excess was presented as mean or mean± standard deviations.

NA=not available.
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3. Results

3.1. Search strategy

Approximately 153 publications, of which 65 were duplicated
studies, were extracted from the database search by using the
described searching strategy (Fig. 1). After the titles and the
abstracts were screened, 48 studies were assessed for eligibility by
full-text screening. Then, 25 studies that satisfied the exclusion
criteria were removed after the full-text review. Finally, 5 studies
encompassing 528 patients with PQ poisoning were included in
this meta-analysis.

3.2. Study characteristics and quality of included studies

The characteristics of the included articles are presented in
Table 1. The 5 included studies were published between 2007 and
2015, and all studies were conducted in China. Five studies were
published in English, and 2 studies were published in Chinese.
The scores of these studies ranged from 7 to 8. Therefore, all
eligible articles were considered.
3.3. Association of BE on mortality

Pooled analysis showed that decreased BE was correlated with
poor mortality (pooled OR =21.358, 95% CI: 12.716–
Figure 2. Forest plot of the associ
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35.873, P< .001; Fig. 2), with moderate heterogeneity (I2=
42.3%, P= .134). The pooled sensitivity, specificity, positive
likelihood ratio, negative likelihood ratio, and diagnostic
odds ratio were 78% (95% CI: 0.66–0.86), 88% (95% CI:
0.66–0.97), 6.6 (95% CI: 2.2–19.9), 0.25 (95% CI: 0.18–
0.36), and 26 (10–69), respectively. The area under the curve
(AUC) of the BE tests was 0.87 (95% CI: 0.83–0.89), thereby
implying that the diagnostic accuracy was relatively high
(Fig. 3).

3.4. Heterogeneity and publication bias assessment

Meta-regression analyses were performed on the basis of
mortality percentage (≥50% vs <50%), sample size (≥100 vs
<100), and publication year (before 2013 vs after 2013).
However, these factors did not account for the source of
heterogeneity (Table 2). No publication bias was detected by
Egger test (P= .263) and Begg test (P= .462) (Fig. 4).

3.5. Sensitivity analysis

We evaluated the effect of each study on the summary results by
sequentially excluding a single study. Sensitivity analyses
indicated no important differences in the estimates of the effects
(Fig. 5).
ation between BE and mortality.

http://www.md-journal.com


Table 2

Meta-regression analysis of potential sources of heterogeneity.

Heterogeneity factors Coefficient SE Z P value 95% CI (lower limit, upper limit)

Sample size �0.827 0.626 �1.32 .412 �8.778, 7.124
Mortality �1.365 1.117 �1.22 .437 �15.556, 12.827
Publication year �0.358 0.780 �0.46 .726 �10.268, 9.552

CI= confidence intervals, NA=not available, SE= standard error.

Figure 4. Funnel plot of the potential publication bias in the prognosis prediction value of BE for mortality. (A) Begg test; and (B) Egger test.

Figure 3. Summary ROC (SROC) curve for the 5 included studies. Numbers in brackets are 95% CIs. AUC=area under ROC curve, ROC= receiver operating
characteristic, SENS=sensitivity, SPEC=specificity.
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Figure 5. Sensitivity analysis of the correlation between BE and mortality.
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4. Discussion

This meta-analysis summarized the existing evidence regarding
the association between BE level and clinical outcomes in
patients with PQ poisoning. The main findings of our meta-
analysis indicated that patients with PQ poisoning who had
elevated BE levels presented significantly increased risks of
mortality.
The correlation between the BE level and predictive power of

mortality in patients with PQ poisoning was due to several
reasons. First, PQ directly or indirectly induced the production of
free oxygen radicals and the superoxidation of lipids. Conse-
quently, the energy metabolism in the human body was blocked,
aerobic metabolism was reduced, whereas anaerobic metabolism
was increased. Thus, numerous acidic metabolites were accumu-
lated, ultimately inducing metabolic acidosis and increasing the
negative BE value.[4] Second, the BE level was negatively
correlated with the PQ concentration in the plasma, as indicated
by the Pearson correlative analysis results (g=�0.400, P
< .01).[8] Third, early alkalization treatment can reduce organ
injury and mortality.[14]

The current systematic review and network meta-analysis has
some limitations. First, most of the original studies used in our
meta-analysis had a case-control study design, which is
particularly vulnerable to potential biases (including selection
bias and information bias). Second, the sample size of several
studies was small, which may lead to limited generalizability.
Third, all included studies were conducted in China, which may
cause publication bias.
Based on the findings from related scientific studies, our

meta-analysis integrated the results of individual studies, which
revealed that a decreased BE was significantly associated with
poor prognosis in patients with PQ poisoning. We proposed
that BE should be regarded as a prognostic biomarker.
Nevertheless, the clinical utility of BE must be confirmed by
well-designed investigations with large sample sizes in the
future.
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