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Assessment of platelets morphological
changes and serum butyrylcholinesterase
activity in children with diabetic
ketoacidosis: a case control study
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Abstract

Background: Many studies indicated that mean platelet volume (MPV) and platelet distribution width (PDW) may
be valuable in the diagnosis and management of clinical disorders; also, serum butyrylcholinesterase activity (BChE)
was suggested to be linked to systemic inflammation and oxidative stress. Limited studies measured these readily
available markers in children with diabetic ketoacidosis (DKA). Our objectives were to measure MPV, PDW and BChE
in children with DKA; and to assess if any of these markers reflects the severity of DKA.

Methods: Our study included: 30 children with DKA (DKA group), 30 diabetic children (Non-DKA group) and 30
apparently healthy children (control group). MPV, PDW and BChE were measured in all children. Additional blood
samples were withdrawn from the DKA group to assess these markers at discharge from hospital.

Results: MPV, PDW and BChE were significantly altered in the DKA group than the other two groups; and their levels
improved significantly at discharge of the DKA group (p < 0.05). The three markers were found to equally to
predict the presence of DKA, but MPV was the most suitable risk marker for DKA diagnosis (OR = 4.251,
CI 95% =1.463–12.351, p = 0.003). Regarding their relation with DKA severity, they did not correlate
significantly with arterial PH or serum HCO3- (p > 0.05).

Conclusion: DKA in children is associated with changes in MPV, PDW and BChE activity, which improve after resolution
of the condition. Elevated MPV can be a suitable risk marker for DKA. None of the studied markers correlated with the
severity of DKA.
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Background
Diabetic ketoacidosis (DKA) represents a profound
insulin deficient state leading to hyperglycemia
(>200 mg/dl) and acidosis (serum pH < 7.3, HCO3 <
15 mEq/L), along with accumulation of keto-acids in
the blood, dehydration, electrolyte loss, and hyperos-
molality [1]. This severe insulin deficiency can occur in
previously undiagnosed type 1 diabetes mellitus and
when patients on treatment do not take insulin [2].

DKA is associated with the non-infectious form of the
systemic inflammatory response and an increase in
oxidative stress [3]. DKA-induced inflammation has
been a recent focus of investigation [4]. Immediate diag-
nosis and early treatment of DKA are required in order
to reverse this inflammatory state.
Understanding the role of platelets in a variety of

thrombotic and inflammatory disorders has substantially
improved owing to the recent advances in the quantifi-
cation of laboratory markers of platelet function [5].
Platelet activation leads to changes in platelet shape with
increase in platelet swelling leading to an increase in
mean platelet volume (MPV) and platelet distribution
width (PDW) [6]. The automated cell counter provides
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MPV and PDW on each whole blood sample that is
processed, which makes possible the study of platelet
size in a great variety of clinical conditions [7]. This is
something clinicians should make good use of.
Butyrylcholinesterase (BChE), also known as pseudo-

cholinesterase, is produced in the liver and found primar-
ily in blood plasma [8]. Assessing serum BChE activity is
the most commonly used diagnostic biomarker of acute
organophosphorus poisoning [9].
Recently, serum BChE activity was suggested to serve

as a marker for low-grade systemic inflammation [10]
and oxidative stress [11] in some clinical conditions.
Decreased pseudocholinesterase levels were found in:
acute infection, chronic malnutrition, heart attack, liver
damage, metastasis, obstructive jaundice, poisoning
from organophosphates, inflammation that accompan-
ies some diseases, pregnancy, and use of birth control
pills [12]. The activity of BChE was found to be signifi-
cantly altered in both type 1 and type 2 diabetics [13].
The aim of our study was to answer the following

questions: Does DKA in children affect MPV, PDW and
serum BChE activity? If yes, is there any correlation
between these markers and DKA severity? Lastly, can
any of these markers be used for DKA diagnosis?

Methods
Subjects
This case-control study was carried out at Minia University
Children hospital over the period from June 2015 to
January 2016. The study included: (1) DKA group: 30 chil-
dren admitted to PICU with DKA according to NICE
guidelines, 2015 [14]. (2) Non-DKA group: 30 children
already diagnosed as having type 1 diabetes mellitus ac-
cording to ADA, 2010 criteria [15], they were chosen dur-
ing routine follow up visits to pediatric endocrinology
outpatient clinic. (3) Control group: 30 apparently healthy
children age and sex matched with the previous two
groups.
Children suffering from the following were excluded

from our study: heart failure, hematologic diseases, acute
or chronic infections or liver disease. Also, children
taking anticoagulants or steroids were excluded. All
children underwent diabetes-focused physical examin-
ation including assessment of anthropometric measure-
ments, vital signs (temperature, heart rate, respiratory
rate, blood pressure), limited vascular and neurologic
examinations. Other systems were assessed when indi-
cated by the patient’s clinical situation.

Methods
In the control and non-DKA groups, blood samples were
collected after an overnight fast. In the DKA group, the
blood and urine samples were taken at admission to the
pediatric intensive care (PICU) and another blood sample

at discharge from the hospital. Routine chemistry tests in-
cluding plasma glucose, BUN, creatinine were performed
using fully automated clinical chemistry analyzer Konelab
20i (Thermo Scientific, Finland). Blood samples for ABG
were collected in heparin tubes and were determined by
ABL90 FLEX blood gas analyzer (Radiometer Medical
Apps, Denmark). Blood samples for HbA1c, platelet
counts and the determination of MPV and PDW were col-
lected in tubes with EDTA. The HbA1c was determined
by kits supplied by (Stanbio Laboratory, Boerne, Texas).
The platelet parameters were determined with the
automated hematology cell counter Mindray BC-3600
(Mindray, Shenzhen, China). The activity of BChE was
measured by an enzymatic method using a commercial kit
supplied by (Biodiagnostics, Egypt).

Statistical methods
The collected data were statistically analyzed using statis-
tical package for social sciences (SPSS) program for win-
dows version 20. Quantitative results were presented as
mean ± standard deviation (SD) while qualitative data were
presented by frequency distribution as percentage (%).
Graphics were done by Excel Microsoft Office 2010. Stu-
dent Newman–Keuls ANOVA was utilized for comparative
analysis among the three groups, Chi square test, was used
to compare between proportions, and Paired t-tests were
utilized to determine the significance of changes in the
DKA patients between the admission and the discharge.
Receiver operating characteristic (ROC) curve analysis was
performed using MedCalc_version 12.1.4.0. to determine:
the optimal cut-off values and the diagnostic performance
of the variable, the diagnostic sensitivity and specificity,
and comparison of sensitivity and specificity for B.Ch.E. ac-
tivity, MPV, PDW (z-statistics). Multiple logistic analyses
were used to assess the risk markers for the diagnosis of
DKA. The probability of error less than 0.05 was used as a
cutoff point for all statistically significant tests. Correlation
was performed by using Pearson correlation coefficient (r).

Results
The studied children
Detailed demographic and laboratory data of the three
groups are presented in Table 1. Plasma glucose and gly-
cated HbA1c were significantly higher in the DKA group
than in the other two groups (p < 0.001 in both); and
they were significantly higher in the non-DKA group
than in the control (p = 0.02 and 0.001 respectively)
(Table 1). The platelet counts of the DKA and non-DKA
groups were significantly higher than the control group
(p < 0.001in both) (Table 1). At time of admission, the
DKA group’s hydroxybutyrate in urine was elevated
(9.6 ± 1.22 mmol/l) and their arterial pH and serum
HCO3- were low (7.07 ± 0.2 and 8.16 ± 4.3 mmol/l
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respectively), which are from DKA diagnostic criteria
according to NICE guidelines 2015 [14].

Platelet parameters and serum BChE activity
We compared MPV, PDW and serum BChE activity
levels in the DKA group to the other two groups
(Table 1). We found that MPV and PDW were signifi-
cantly higher (p < 0.001 in all); and serum BChE activity
was significantly lower in the DKA group than the non-
DKA and control groups (p = 0.04 and 0.003). But, there
were no significant differences between the control and
the non-DKA groups regarding MPV, PDW or serum
BChE activity (p > 0.05).
Furthermore, by the time the DKA children were dis-

charged from the hospital after resolution of DKA,
MPV and PDW decreased significantly (Fig. 1a and b);
and serum BChE activity increased significantly (Fig. 1c)
(p < 0.001 in all) than their levels when the children
were first admitted.

ROC curve analysis and validity tests of platelet
parameters and serum BChE activity
Figure 2 shows ROC curve of platelet parameters and
serum BChE activity, while their validity tests are shown
in Table 2. We compared the sensitivity and specificity
of the platelet parameters and serum BChE activity in
predicting DKA, and there were no significant differ-
ences observed between BChE and MPV (z = 0.0557,
p > 0.05), or MPV and PDW (z = 1.118, p > 0.05) or
PDW and BChE (z =1.030, p > 0.05).
Multiple logistic regression analyses of platelet parame-

ters and serum BChE as risk markers for DKA showed that
odd Ratio and 95% confidence intervals (CIs) were

Table 1 Demographic and laboratory characteristics of the studied children

Variable DKA
(n = 30)

Non-DKA
(n = 30)

Controls
(n = 30)

p-value

†p ‡p §p

Age (years): mean ± SD 10.14 ± 3.29 11.84 ± 4.75 9.4 ± 2.8 0.09 0.05 0.07

Sex: Males: n (%) 10 (33.33%) 12 (40%) 12 (40%) 0.6 0.63 0.79

Females: n (%) 20 (66.67%) 18 (60%) 18 (60%)

Plasma glucose (mmol/l): mean ± SD 28.4 ± 3.1 8.5 ± 2.1 6.1 ± 0.6 <0.001* <0.001* 0.02*

Glycated HbA1c (%): mean ± SD 12.66 ± 1.9 6.63 ± 0.69 5.9 ± 0.5 <0.001* <0.001* <0.001*

Serum creatinine (mg/dl): mean ± SD 0.57 ± 0.21 0.59 ± 0.22 0.45 ± 0.22 0.86 0.13 0.12

BUN (mg/dl): mean ± SD 15.44 ± 3.1 13.9 ± 2.2 13.4 ± 2.1 0. 14 0.24 0.64

Platelet count (×109/l): mean ± SD 260.2 ± 47.2 174.6 ± 17.9 142.9 ± 58.2 <0.001* <0.001* 0.08

MPV(fl): mean ± SD 11.23 ± 0.8 10.6 ± 0.7 10.3 ± 0.7 <0.001* <0.001* 0.061

PDW(fl): mean ± SD 14.7 ± 2.5 11.8 ± 1.7 11.2 ± 2.6 <0.001* <0.001* 0.937

Serum BChE activity (U/l): mean ± SD 5078 ± 2008 7197 ± 2389 6296 ± 1989 0.003* 0.049 0.06

BUN blood urea nitrogen; MPV mean platelet volume; PDW platelet distribution width; BChE butyrylcholinesterase; fl femtoliter
†p = DKA vs non-DKA; ‡p = DKA vs control; §p = non-DKA vs. control
*statistical significance at p < 0.05
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Fig. 1 Platelet parameters and serum BChE activity in DKA group at
admission and at discharge. (n = 30); 1a Mean platelet volume, 1b
Platelet distribution width, 1c serum BChE activity, p <0.001 in all
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significantly higher in MPV than PDW or BChE (OR =
4.251, CI 95% =1.463–12.351, p = 0.003; Table 3).
Regarding correlations in our study, we found only

HbA1c to have significant correlations with MPV (r = 0.36,
p = 0.002), PDW (r = 0.37, p = 0.001) and serum BChE
(r =−0.91, p = 0.008), whereas, they did not correlate
significantly with plasma glucose, arterial PH or serum
HCO3- (p > 0.05).

Discussion
In our study, the platelet count, MPV, and PDW levels were
significantly higher in the DKA group than the other two
groups (p < 0.001). This can be attributed to the cytokines
released during inflammatory conditions, like DKA. These
cytokines influence the increase in megakaryocyte ploidy
and volume; that allows megakaryocyte to produce several
thousand platelets per cell [16]. Platelets produced are
activated and are larger and more reactive [17], with wide
variations in their size [18]. Platelet activation is likely to
contribute to the known increased risk of diabetic compli-
cations. It is reported that soluble CD40 ligand and platelet
surface bio-factors are correlated with diabetic nephropathy
[19]. Recently, platelet indices, including MPV and PDW,
were reported to be beneficial prognostic markers of dia-
betic retinopathy [20]. On the other hand, we noted that
there were no significant differences between the non-DKA
and the control groups regarding platelet count, MPV and
PDW levels (p > 0.05). This contradicts with many studies
that found them significantly higher in diabetic subjects
[21–23]. They explained that inadequate glycemic control
lead to protein glycation and oxidative stress; this causes
platelet activation with altered platelet morphology and

function [24]. However, platelet activity was found to
recover with improved glycemic control [25], and our non
DKA group may be considered as having good glycemic
control (HbA1c = 6.63 ± 0.69%, 49 ± 7.5 mmol/mol).
Serum BChE activity was significantly lower in the

DKA group than the other two groups (p < 0.05). Serum
BChE activity is inhibited by oxidative stress and
systemic inflammatory process generated in DKA; and
this effect is reversed when inflammation subside [26].
Others suggested that serum BChE activity inhibition
may be involved in reducing inflammation and oxidative
stress in patients with ketoacidosis [21, 27]. In our study,
no significant difference was found between the non-
DKA and the control groups regarding serum BChE
activity (p > 0.05), while a previous study reported a sig-
nificant difference between them [21]. The insignificant
difference in our results may be due to the regular insu-
lin therapy and good glycemic control of the non DKA
group which inhibited inflammation and reduced
oxidative stress [28, 29].
After correction of DKA, we noticed a significant

decrease in MPV and PDW, while serum BChE activity
significantly increased (p < 0.001 in all). During DKA
management, receiving insulin and fluid therapy abol-
ishes the cascade of releasing inflammatory mediators
and cytokines, which in turn inhibits platelet activation
and increase serum BChE activity. Insulin therapy in-
hibits hyperglycemia, thus attenuates glucose-mediated
inflammation, which suppresses pro-inflammatory cyto-
kines and induces anti-inflammatory mediators [28].
Correction of dehydration and hypoperfusion by fluid
therapy, reduces lactic acidosis which in turn decreases
inflammatory mediators release [2].
We found that MPV at a cutoff value of > 9.8 fl was

the most sensitive (100%) with highest NPV (100%),
PDW at a cutoff value of >12.2 fl had the highest PPV

Fig. 2 ROC curve for platelet parameters & serum BChE

Table 2 Validity tests for platelet parameters and serum BChE activity regarding DKA prediction

Variable AUC Cut-off PPV NPV Sensitivity Specificity

MPV 0.713 >9.8 (fl) 56.7% 100% 100% 35%

PDW 0.798 >12.2 (fl) 63.2% 90.2% 93% 58%

Serum BChE activity 0.72 <5859 (U/l) 47.7% 32.9% 63.3% 71.7%

MPV mean platelet volume; PDW platelet distribution width; BChE butyrylcholinesterase; fl femtoliter; AUC area under curve; PPV positive predictive value; NPV
negative predictive value

Table 3 Multiple logistic regression analyses of risk markers
for DKA

Variable OR CI 95% p-value

MPV(fl) 4.251 1.463–12.351 0.003*

PDW(fl) 2.265 1.358–3.778 0.002*

Serum BChE activity (U/l) 0.999 0.999–1.000 0.01*

OR Odd Ratio; CI 95% 95% confidence intervals; MPV mean platelet volume;
PDW platelet distribution width; BChE butyrylcholinesterase; fl femtoliter
*statistical significance at p < 0.05
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(63.2%), and serum BChE activity at a cutoff value of
< 5859 U/l was the most specific (71.7%). But these
differences in the sensitivity and specificity among the
three variables did not reach statistical significance
(p > 0.05) when the optimum diagnostic cut-off values
for the estimation of DKA was evaluated, so the three
variables can equally predict the presence of DKA.
This was in agreement with what Ma et al. (2013)
found in their adult diabetic patients [21].
When we applied multiple logistic regression analysis, it

revealed elevated MPV to be the most suitable risk marker
for DKA. While Ma et al. (2013) found the most suitable
risk marker to be the elevated PDW [21]. Many studies
confirm the important role of MPV as a marker in several
inflammatory disorders as diabetes mellitus, which con-
firms our result [30]. MPV is a relative reliable marker of
thrombopoiesis and platelet function understanding in dif-
ferent thrombotic and inflammatory conditions [5], while
the prognostic value PDW is still questionable as the
variability of platelet size is not well explored [31].
Finally, MPV, PDW and serum BChE activity correlated

significantly only with HbA1c (p < 0.05). This can be at-
tributed to the fact that chronic hyperglycemia influences
inflammatory mediator which inhibit the activity of serum
BChE [28]. Moreover, chronic hyperglycemia increases
platelet activity by inducing non-enzymatic glycation of
proteins on the surface of the platelet; by the osmotic
effect of glucose and activation of protein kinase C [32].
However, platelet parameters and serum BChE activ-

ity had no significant correlations with DKA severity
(arterial PH and serum HCO3 [14]) (p > 0.05 in all).
Many experimental studies suggest that strong acidifi-
cation is a necessity to show the link of acidosis with
inflammation, and these levels of acidosis are rarely
observed in clinical situations [33].

Conclusion
From our results we can conclude that platelet parame-
ters and serum BChE activity change significantly when
children develop DKA, while they have no role on
predicting the severity of it. We found MPV to be the
most suitable marker for clinical monitoring of DKA.
We advise clinicians to pay more attention to the plate-
let parameters and serum BChE activity when diabetic
children develop DKA. As far as we know this is the first
study to assess platelet parameters and serum BChE
activity in diabetic children. Our study has several limi-
tations, for example, larger population based studies
may find statistically significant differences among the
mild, moderate, and severe DKA groups and further
studies are needed to know if MPV, PDW and serum
BChE are related to complications of diabetes other than
DKA.
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