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Abstract N
Background: An increasing number of studies in recent years have identified mean platelet volume (MPV) as a predictive marker \
for neonatal sepsis. However, most of these studies focused on single regions, and therefore, the findings remain inconclusive. We, in
this study, aimed to evaluate the potential of MPV as a biological indicator of neonatal sepsis through a systematic review and meta-
analysis.

Methods: We searched PubMed, the Cochrane Library, Embase, and WanFang database for articles on MPV and neonatal
sepsis, published from January 1, 1990 to December 31, 2018. We included 11 studies on 932 neonates with sepsis in this meta-
analysis.

Results: The overall meta-analysis showed that MPV was significantly higher in patients with neonatal sepsis compared with healthy
controls. Subgroup analysis revealed that the type of diagnostic criteria, analyzer, analyte, and controls used in the studies affected
the difference in MPV between patients and healthy controls.

Conclusion: MPV was significantly higher in the neonatal sepsis group compared to the control group. Therefore, in clinical
practice, MPV could be used as an indicator for the early diagnosis of neonatal sepsis.

Abbreviations: Cl| = confidence interval, EDTA = ethylene diamine tetraacetic acid, F = female, 12 = I-squared, M = male, MPV =

mean platelet volume, NOS = Newcastle-Ottawa scale, SMD = standardized mean difference.
Keywords: diagnose, mean platelet volume, meta-analysis, neonatal sepsis

1. Introduction

Sepsis is defined as a host reaction disorder that leads to life-
threatening organ dysfunction with infectious factors.’! It is a
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common complication associated with severe trauma, burns,
shock, infections, and major surgery. Approximately 19 million
adults are diagnosed worldwide, with sepsis each year, and about
1.5 million cases in the United States alone."! The incidence of
sepsis is growing by 1.5% every year. With the definition,
diagnostic criteria, and management methods for sepsis being
continuously updated, although the associated mortality has
declined in recent years, the risk of mortality and morbidity
remains very high.l’! Neonatal sepsis, also known as septicemia
newborn, is a serious infection in newborns wherein pathogens
(including bacterial, viral, or fungal (yeast)) enter the blood and
produce toxins that result in a systemic inflammatory response.
Clinical signs and symptoms, conventional diagnostics (patho-
gens isolated from sterile body fluids), culture-independent
diagnostics, and non-culture-based diagnostic tests (including
CPR and WBC count) are the main ways to diagnose neonatal
sepsis.*!

Sepsis is an important cause of neonatal morbidity and
mortality.®! The younger the gestational age, the lower is the
birth weight, resulting in higher morbidity and mortality from
sepsis. Statistical data show that the incidence of neonatal sepsis
accounts for 0.1% to 0.5% of live births, with a mortality rate of
5% to 10%.1*°! In the United States, 7% of all deaths in
newborns are due to sepsis, costing approximately 1.97 billion
dollars annually.

Platelets are one of the tangible components of blood. Upon
activation, platelets release a large number of cytokines and
inflammatory mediators, which play an important role in
inflammation and immune response.!””®! Release of cytokines,
especially tissue factors, over-activate the coagulation system
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2.4. Assessment of quality

The Newcastle-Ottawa scale (NOS) was used to evaluate the
quality of the included studies. The NOS evaluation covers 3
major areas (a total of 8 items): study population selection
(4 points), comparability between groups (2 points), and result
measurement (3 points), adding up to a total score of 9. Based on
the total scores, study quality was categorized as follows 13
Scores of 7-9 indicated high-quality studies with low risk of bias,
while scores of 4-6 indicated medium-quality studies suggestive
of risk of bias. Scores of 0-3 represented low-quality studies with

a high risk of bias.

2.5. Statistical analysis

The main objective of this study was to investigate the
significance of MPV in the diagnosis of sepsis. The impact of
MPV on the diagnosis and prognosis of sepsis was estimated by
assessing the standardized mean difference (SMD) and its 95%
confidence interval (CI). Statistical heterogeneity was quantified
using the Cochrane’s Q test and Higgins [-squared statistic (level
of a testis a=0.1 and I*=50%). Tests with a < 0.1 or I >50%
indicated significant heterogeneity.!'*"*! If there was obvious
heterogeneity among the studies, a fixed-effect model was applied
for analysis. If not, a random-effect model was used.!'®'” To

www.md-journal.com

determine changes in heterogeneity and synthesis results, we
implemented a sensitivity analysis by calculating both the fixed-
effect and random-effect models for SMD values and 95% CL
Publication bias was evaluated by the Egger test and funnel
plot.['81 All statistical analyses were performed using software
statal12.0SE (Stata Corporation, College Station, TX).

3. Results

3.1. Study characteristics

The flowchart used for screening articles is shown in Figure 1. A
total of 496 articles were retrieved from 4 databases (136 from
PubMed, 320 from Embase, 8 from the Cochrane library, and 32
from the WanFang database). All articles were last retrieved on
December 31, 2018. Duplicates articles (n=344) were removed.
Of the remaining 152 articles, 125 were excluded based on their
titles and abstracts since they were not relevant to our study. The
full text of 27 articles was reviewed, of which 15 were excluded
due to insufficient data or no controls. One article was excluded
since we could not contact the corresponding author.!*”! Finally,
11 articles from 4 nations were included in our meta-analysis.[**~
301 The included studies were all on neonatal sepsis and MPV.
Four studies did not report the type of analyte. In 8 studies, the
diagnosis of sepsis was confirmed by culture, while in 3 of them, it

PubMed (n=136)
Embase (n=320)
The Cochrane library (n=8)
WangFang data (n=32)

496 studies were found through the above search strategy

344 duplicates articles removed

v

125 articles were excluded according to title
and abstract
Not meet research requirements
Case-report
Animal studies; reviews
conference paper

27 articles were reviewed through full text

15 full text articles excluded due to have no
detailed data, no control and studied child
1 article failed to contact with author

11 articles included in Meta-analysis

Figure 1. Flowchart for screening articles.



http://www.md-journal.com

Wang et al. Medicine (2020) 99:32

Medicine

Study %
D SMD (95% C1) Weight
'
Cekmez (2017) - : 046 (081, -0.12) 9.25
Yao (2015) - 0.37 (0.15, 0.59) 9.40
Zhao (2015) —— 0.49 (0.14, 0.83) 9.25
Aydemir (2018) - 0.49 (0.30, 0.68) 9.42
Hanaganahalli (2018) —_ 0.95 (0.60, 1.31) 9.23
Aydin (2014) -t 1.09 (0.80, 1.38) 932
Shalaby (2017) _.;— 1.36 (0.75, 1.97) 8.76
Oncel (2012) — 1,63 (1.25, 2.02) 9.19
Omran (2018) S 239 (1.78, 3.01) 8.75
Shaaban (2018) . —a—  384(3.13,454) 8.54
Catal (2014) . —a— 466 (4.11,5.21) 8.89
Overall (-squared = 97.4%, p = 0.000) 0 1.49 (0.84, 2.19) 100.00
NOTE: Weights are from random effects analysis E
o2 0 521

Figure 2. Standard mean difference (SMD) for the association between MPV and neonatal sepsis. MPV=mean platelet volume.

Study %
D SMD (95% Cl) Weight
clinical
Cekmez (2017) . . -0.46 (-0.81, -0.12) 9.25
Aydemir (2018) - 0.49 (0.30, 0.68) 942
Oncel (2012) — 1.63(1.25,2.02) 9.19
Subtotal (I-squared = 96.8%, p = 0.000) <O-: 0.55 (-0.43, 1.53) 27.86
culture-proven ;
Yao (2015) - 0.37 (0.15, 0.59) 9.40
Zhao (2015) - 0.49 (0.4, 0.83) 925
Hanaganahalli (2018) —_ 0.95 {0.60, 1.31) 9.23
Aydin (2014) - 1.09 (0.80, 1.38) 932
Shalaby (2017) — 1.36 (0.75, 1.97) 8.76
Omran (2018) . —_— 2.39(1.78, 3.01) 8.75
Shaaban (2018) , —s— 384(313.454) 854
Catal (2014) ) —— 466(4.11,521) 889
Subtotal (I-squared = 97.6%. p = 0.000) 1.87 (0.98, 2.75) 72.14
. :
Overall (I-squared = 97.4%, p = 0.000) <> 1.49(0.84, 2.14) 100.00
NOTE: Weights are from random effects analysis :
I I
521 0 521

Figure 3. Association between MPV and neonatal sepsis confirmed by culture versus clinical methods.
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was based on clinical features. Table 1 summarizes the baseline
characteristics of each study. The NOS was used to evaluate the
quality of the included studies, and the details are shown in Table 1.

3.2. Overall meta-analysis of MPV

A total of 2020 participants from 11 studies, including 932
neonate sepsis patients and 1088 control patients, were analyzed
for MPV. All the included studies showed a higher MPV in
neonatal sepsis patients compared to the controls. The fixed-
effect model analysis for MPV demonstrated significant hetero-
geneity (heterogeneity chi-squared=389.70; df=10; P=.000;
I?=97.4%). We, therefore, used the random-effects model. The
Forest plot in Figure 2 shows that the MPV was significantly
higher in patients with neonate sepsis compared to controls
(SMD=1.49, 95% CI=0.84-2.14, P <.0001).

3.3. Subgroup meta-analysis of MPV

The subgroup analyses were performed based on the type of
diagnostic criteria (culture-proven vs. clinical), analyzer, study
design (prospective or retrospective), analyte, and control. MPV

www.md-journal.com

was significantly higher in 566 cases from 8 studies where sepsis
was confirmed based on culture findings compared to 747 control
cases (SMD=1.87; 95% CI: 0.98-2.75, P<.0001) (Fig. 3). On
the other hand, in 366 cases from 3 studies, where sepsis was
confirmed based on clinical findings, MPV showed no significant
difference compared to 341 controls (SMD=0.55; 95% CI:
~0.43-1.53, P=.271) (Fig. 3).

MPV measured using a Coulter blood analyzer showed no
difference between 412 patients and 504 controls (SMD=0.521;
95% CI: —0.071 to 1.112, P=.085) (Fig. 4). On the other hand,
in 3 studies that used the Abbott analyzer, MPV was significantly
higher in 342 patients compared to 217 controls (SMD=1.44;
95% CI: 0.258-2.622, P<.05) (Fig. 4). Similarly in another 4
studies that used the Sysmex analyzer, 178 patients had
significantly higher MPV compared to 367 controls (SMD=
2.579; 95% CI: 0.455-4.702, P<.05) (Fig. 4).

The studies included in this meta-analysis were categorized as
prospective or retrospective based on the study design. In both
types of studies, compared to controls, MPV was significantly
higher in patients (SMD=1.677; 95% CI: 0.877-2.476,
P<.0001 and SMD=0.718; 95% CI: 0.259-1.176, P=.002,
respectively) (Fig. 5).

Study %

ID SMD (95% Cl) Weight

Coulter .

Cekmez (2017) - . 046(-081,-012) 925

Aydemir (2018) - 0.49 (0.30, 0.68) 942

Hanaganahalli (2018) - 0.95 (0.60, 1.31) 9.23

Aydin (2014) — 1.09 (0.80, 1.38) 932

Subtotal (I-squared = 94.1%, p = 0.000) -<> : 0.52 (-0.07, 1.11) 37.22

Abbott

Yao (2015) - : 0.37 (0.15, 0.59) 9.40

Oncel (2012) —— 1.63(1.25, 2.02) 9.19

Omran (2018) | —— 2.39(1.78, 3.01) 8.75

Subtotal (I-squared = 96.6%, p = 0.000) 1.44 (0.26, 2.62) 27.33

Sysmex :

Zhao (2015) —_ 0.49 (0.14, 0.83) 9.25

Shalaby (2017) — 1.36 (0.75, 1.97) 8.76

Shaaban (2018) : —_— 3.84(3.13, 4 54) 8.54

Catal (2014) : —a— 466 (4.11,521) 889

Subtotal (l-squared = 98.4%, p = 0.000) -{:}- 258 (0.46,4.70) 3544
)

Overall (I-squared = 97.4%, p = 0.000) <> 149 (0.84, 2.14) 100.00

NOTE: Weights are from random effects analysis :

T T

5.21 0

5.21

Figure 4. Association between MPV and neonatal sepsis based on subgroup analysis by the analyzer.
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Study
ID

Prospective
Cekmez (2017)

Yao (2015) -
Aydemir (2018) -~

Aydin (2014)

Shalaby (2017)

Oncel (2012)

Omran (2018)

Shaaban (2018)

Catal (2014)

Subtotal (l-squared = 97.9%, p = 0.000)

Retrospective

Zhao (2015)

Hanaganahalli (2018)

Subtotal (I-squared = 70.6%, p = 0.065)

Overall (l-squared = 97.4%, p = 0.000)

NOTE: Weights are from random effects analysis

%

SMD (95% Cl) Weight

' 046(-081,-012) 925
0.37 (0.15, 0.59) 9.40

0.49 (0.30, 0.68) 942
- 1.09 (0.80, 1.38) 9.32
—_— 1.36 (0.75, 1.97) 8.76
—— 1.63(1.25, 2.02) 9.19
— 2.39(1.78, 3.01) 875

3.84 (3.13, 4.54) 8.54
—%— 466 (4.11,5.21) 8.89
1.68 (0.88, 2.48) 81.52

0.49(0.14, 0.83) 9.25
0.95 (0.60, 1.31) 9.23
0.72 (0.26, 1.18) 18.48

1.49(0.84, 2.14) 100.00

T
521 0

T
521

Figure 5. Association between MPV and neonatal sepsis based on subgroup analysis by study design.

In 8 studies, MPV was significantly higher in 480 patients
compared to 573 healthy controls (SMD=1.915;95% CI: 0.893-
2.937, P<.0001). It was also significantly higher in 452 patients
with sepsis compared to those with noninfectious diseases (SMD =
0.445; 95% CI: 0.311-0.579, P< .0001) (Fig. 6).

Seven studies reported the type of analytes used, while 4 did
not. Ethylene diamine tetraacetic acid (EDTA) samples from
484 patients showed higher MPV compared to 605 controls
(SMD=1.98; 95% CI: 0.89-3.08, P<.0001).

3.4. Publication bias

In this meta-analysis, funnel plots and Egger regression
asymmetry tests were used to evaluate publication bias. Figure 7
shows that the funnel plot was not completely symmetric, and
some studies appear outside the 95% CI, suggesting that there
was some bias. Publication bias could be due to several factors,
including a small number of studies and nonsignificant results,
both of which can result in an article not getting published.!>!!
Therefore, using the trim-and-fill method, we found 4 negative
and unpublished studies missing from the initial analysis (Fig. 7).
Adding these 4 studies did not change the effect size significantly,
indicating that the publication bias had little effect on the
relatively stable results.

4. Discussion

Various biomarkers are being used for the diagnosis of neonatal
sepsis, which includes white blood cell count, c-reactive protein,
procalcitonin, serum amyloid A, and lipopolysaccharide-binding
protein.!®! In recent years, studies are starting to take notice of an
association between MPV and neonatal sepsis. Studies by
Shalaby®®! and Shaaban*®! showed a significant increase in
MPV in neonates with sepsis. These findings suggested that a
simple routine blood test for MPV can help with both the
diagnosis and prognosis of sepsis in neonates. Ours is the first
meta-analysis and systematic review to evaluate the diagnostic
value of MPV for neonatal sepsis.

In physiopathology, platelet activation has a pivotal role in
thrombosis as well as inflammation. It is also involved in
maintaining the integrity of blood vessel walls. The role of
platelets in inflammation, anti-infection, and immune responses
is being increasingly recognized.*? MPV is the platelet index that
indicates the average size of platelets in the peripheral blood and
is associated with the maturity of platelets.”! MPV is
significantly lower in patients with high-grade inflammatory
diseases such as systemic lupus erythematosus or inflammatory
bowel disease compared to healthy controls.** On the other
hand, patients with low-grade inflammatory diseases such as
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Study %

D SMD (95% CI) Weight

Healthy

Cekmez (2017) —— : 046(-081,-0.12) 9.25

Hanaganahalli (2018) ~— 0.95 (0.60, 1.31) 9.23

Aydin (2014) . 1.09 (0.80, 1.38) 9.32

Shalaby (2017) — 1.36 (0.75, 1.97) 8.76

Oncel (2012) —— 163 (1.25, 2.02) 9.19

Omran (2018) e 2.39(1.78, 3.01) 8.75

Shaaban (2018) : —s—  384(3.13,454) 8.54

Catal (2014) I —— 466(4.11,521) 8.89

Subtotal (l-squared = 97.8%, p = 0.000) < 1.92 (0.89, 2.94) 7193
I

non-infectious diseases .

Yao (2015) -~ 0.37 (0.15, 0.59) 9.40
I

Zhao (2015) —_ 0.49 (0.14, 0.83) 9.25

Aydemir (2018) - 0.49 (0.30, 0.68) 9.42

Subtotal (l-squared = 0.0%, p = 0.697) o 0.45 (0.31, 0.58) 28.07

Overall (I-squared = 97.4%, p = 0.000) <> 149(084,214)  100.00

NOTE: Weights are from random effects analysis |

I I
5.21 0 521

Figure 6. Association between MPV and neonatal sepsis based on subgroup analysis by types of control.

psoriasis or ankylosing spondylitis have higher MPV compared
to healthy controls.

Eleven studies on MPV and neonatal sepsis published from
2012 to 2018 were included in our systematic review. The overall
meta-analysis showed that MPV was significantly higher in

Filled funnel plot with pseudo 95% confidence limits

theta, filled
o
1

0 2 4
s.e. of: theta, filled
Figure 7. Evaluation of publication bias in studies on the association between
MPV and neonatal sepsis.

patients with neonatal sepsis compared to healthy controls
(SMD=1.49, 95% CI=0.84-2.14, P<.0001). One study
concluded that an increase in MPV within 72 hours of admission
could be an independent risk factor for adverse clinical outcomes
in patients with severe sepsis or septic shock.**! Thrombocyto-
penia is a good predictor of sepsis, and the platelet count is
inversely related to MPV. Additionally, MPV can be influenced
by various factors, such as smoking, diabetes mellitus, hyperten-
sion, and obesity. However, since our study focused on neonates,
we eliminated the interference of the above factors and explored
the potential of MPV as an accurate biological indicator of sepsis.

Our study has some limitations that need to be acknowledged.
First, the results of our analysis showed heterogeneity, and
therefore, should be interpreted with caution. Clinical, method-
ological, and statistical heterogeneity are the 3 main sources of
variations between different studies. We believe the heterogeneity
in our results could be from the different types of diagnostic
criteria, analyzers, study designs, and anticoagulants used in the
studies. While these factors and characteristics can influence the
research findings, we could not pinpoint the exact source of
heterogeneity. Furthermore, we used a sensitivity analysis to
assess the pooled SMDs, which showed no change after replacing
individual studies, indicating the stability of the results. Second,
the sample size in most studies was small. Large-scale studies with
multiple research centers were missing. Third, the age of the


http://www.md-journal.com

Wang et al. Medicine (2020) 99:32

newborns was not clearly defined in the original studies, which
could have been one of the factors contributing to heterogeneity.
Finally, there are no details on mortality (in both the patient and
control groups) in each included study. Despite these short-
comings, our findings help objectively evaluate the association
between neonatal sepsis and MPV. Further studies are required to
determine the sensitivity and specificity of pooled MPV as a
diagnostic marker for neonatal sepsis.

In conclusion, the available evidence confirms significantly
higher MPV in newborns with sepsis compared to healthy
controls. Therefore, in clinical practice, MPV could be used as
an indicator for the early diagnosis of neonatal sepsis. Studies on
the dynamic changes in MPV will help further validate our
findings.
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