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ABSTRACT

Background: Diarrhea is the major cause of death in children below five years of age. Hypoglycemia has been a
potential fatal complication of infectious diarrhea in both well-nourished and poorly nourished children. But
prevalence of hypoglycemia in diarrheal dehydration is not exactly known. This study was done to evaluate the
glycemic status in children having acute diarrhea with dehydration and specifically associated with severe acute
malnutrition (SAM).

Methods: This descriptive cross-sectional study was conducted during July 2017 to December 2017 at Bal
Chikitsalaya Udaipur, Rajasthan, India. Blood glucose levels were assessed in 150 children of acute diarrhea with
dehydration, comprising of 100 SAM and 50 Non SAM children.

Results: Average blood glucose of SAM children was 89 mg/dl and of non-SAM, it was 120 mg/dl. Average blood
glucose was low in SAM as compared to non-SAM in both some dehydration (116.08+21.26) and severe dehydration
(66.69+19.80) as well as with or without ORS intake. Overall 18 (12%) of children had hypoglycemia and all were in
severe dehydration and not taking ORS. Blood glucose levels were statistically low in severe dehydration and those
who were not taking ORS at the time of hospitalization (p = 0.001). In severe dehydration 25% of children had
hypoglycemia means every fourth child had low blood glucose <54 mg/dl.

Conclusions: Overall prevalence of hypoglycemia is 12% in diarrheal dehydration and 20% in SAM with
dehydration. Twenty five percent of severe dehydration children had hypoglycemia, and all have not started ORS.
None of the child started ORS developed hypoglycaemia.
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INTRODUCTION

In many developing countries diarrhea is the major cause
of death in children below five years of age.! This has
remained true even in areas where oral rehydration
therapy has been widely used.?® The lethal complications
of diarrhea, other than dehydration are poorly understood.
Hypoglycemia has been found to be a potential fatal
complication of infectious diarrhea in both well-

nourished and poorly nourished children.*¢ Malnutrition
accounts for 46% of all causes of deaths below five years
of age and 7% of all deaths.” Complications of
malnutrition with acute diarrhea are many which may
leads to death. They are dehydration, shock,
hypoglycemia,  hyperglycemia, hypothermia, dys-
electrolytemia, septicemia, congestive cardiac failure,
severe anemia and nutritional deficiencies.® Malnutrition
with acute diarrhea is wusually associated with
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hypoglycemia. However, there are some reports of
hyperglycemia  in  patients  with  dehydrating
gastroenteritis.®13

To better understand the hypoglycemia that occurs during
diarrhea, this study was carried out to determine the
prevalence of hypoglycemia in severely ill children with
diarrheal dehydration who were admitted to the hospital.

METHODS

This descriptive cross-sectional study was conducted
during July 2017 to December 2017 at Bal Chikitsalaya,
Udaipur, Rajasthan India. At the point of care children
between the age of 6-59 months, who presented with
acute diarrhea (<7 days) were enrolled for the study after
explaining the relevant details to their parents/caregivers
and obtaining their consent subsequently.

Total 150 children enrolled in study of which 100 were of
severe acute malnutrition (SAM) and 50 were well
nourished. A structured questionnaire was administered
to the caregivers of each patient. Information obtained
included socio-demographic characteristics such as age,
gender, parent’s educational status and occupation. Data
were also obtained on history for duration of diarrhea,
presence of vomiting or fever, intake of ORS. The
severity of dehydration was assessed for each patient by
physical examination using WHO criteria.!* Complete
anthropometric assessment was done and categorized as
SAM and Non-SAM child. SAM was labelled in a child
who fulfil WHO criteria of SAM, in children of age 6
months to 5 years as

e  Weight for height/length < - 3 SD and/or

e Mid upper arm circumference (MUAC) <11.5 cm
and/or

e Bipedal nutritional edema.®

Following recruitment, sample for blood glucose was
taken by heel prick under strict sterile measures. The heel
of the foot was first sterilized with 70% alcohol swabs
and then pricked using new lancets for each prick. Five
micro litre of blood was collected into microcuvette
which was then fed into the Accusure® glucose analyzer
for a reading to be taken. This analyzer uses
electrochemical method. Glucose oxidase-peroxidase
strips were used to measure random capillary blood
glucose.’® A dry cotton swab was then placed on the
affected area of the foot and gentle pressure applied to the
area until blood stopped oozing. Children who had type 1
diabetes mellitus, inborn error of metabolism and other
frequent cause of hypoglycemia were excluded from the
study.

In the present study, hypoglycemia was defined as blood
glucose value below 3mmol/L (<54 mg/dl) while
hyperglycemia was defined as blood glucose value
greater than 8.3 mmol/L (>150 mg/dl).*® Children found
to have hypoglycemia were treated with 10% dextrose in

water at 5 ml/kg bolus. No treatment was given to the
children with hyperglycemia. Attention was equally paid
to their fluid and electrolyte status with treatment as
determined by the child’s clinical condition.

Statistical analysis

The sample size was calculated at a confidence interval
(CI) of 90% and allowable error of 15%. The permission
was taken from the institutional ethical committee. The
results were then formulated and analyzed using standard
software of biostatics (SPSS version 21) using the
suitable statistical tests for statistical significance. The Z-
test was used in ascertaining the significance of
differences between two proportions with the p-value set
at <0.05.

RESULTS

Out of 150 cases, 100 were of SAM while 50 were of
non-SAM. In SAM children 67 (67%) were males and
rest were females. In non-SAM children 42 (84%) were
males and rest were females. In children with SAM 70
(70%) had weight for length/ height <-3 SD, 52 (52%)
MUAC <11.5cm and 10(10%) children had bipedal
edema.

Table 1: Basic distribution of study population

(n=150).

Male 67 (67%) 42 (84%)
Female 33 (33%) 8 (16%)
Mean weight (kg) 5.34+1.27 8.62+1.84
Mean age (months) 14.11+6.99 14.42+8.97
Mean height (cm) 69.29+5.58 76.5+7.36
MUAC (cm) 10.2241.19 12.65+2.48
Some dehydration 45 (45%) 32 (64%)
Severe dehydration 55 (55%) 18 (36%)
ORS taking 32 (32%) 27 (54%)
ORS not taking 68 (68%) 23 (46%)
Mean glucose (mg/dl) 88.92+32.02 120+46.74

In SAM children, 45(45%) had some dehydration and 55
(55%) had severe dehydration and only one third (32%)
were taking ORS while two third (68%) were not taking
ORS before hospitalization. In non-SAM children, 32
(64%) had some dehydration and 18 (36%) had severe
dehydration and 27 (54%) were taking ORS while 23
(469%) were not. Average blood glucose of SAM children
was 89 mg/dl and of non-SAM, it was 120 mg/dl (Table
1).

When blood glucose levels were assessed with degree of
dehydration and status of ORS intake before
hospitalization it was like as shown in Table 2. Average
blood glucose was low in SAM as compared to Non-
SAM in both some and severe dehydration as well as
with or without ORS intake. Blood glucose was
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significantly low in SAM who were not taking ORS and
having severe dehydration (p = 0.001).

Table 2: The average blood glucose in dehydrated and
with intake of ORS.

Blood glucose

SAM (100) Non-SAM (50) P value
Some 1960842126 135.03+48.67 0.009
dehydration
Severe 656941980  95.67:3043  <0.001
dehydration
ORStaking 125.75+16.24 144.96+47.97 0.007
(NJ%tStak'”g 715842096 925742441  <0.001

More number of children were found to have subnormal
and low glucose in SAM category while hyperglycemia
was observed in non-SAM children which was
statistically significant. Overall 18(12%) of children with
diarrhea had low glucose though it was 15% in SAM
while only 6% in Non-SAM children which was not
statistically significant (p=0.11). Among the children who
had hypoglycemia two third (12/18) had vomiting also, as
shown in Table 3.

Table 3: Distribution of blood glucose level according
to nutritional status.

Blood glucose SAM Non-SAM

No. of children) (100) (50 Pvalte ‘
<54 (18) 15 (15%) 3(6%) 0.1 (NS)
55-80 (37) 34.(30%) 3(6%)  <0.001 (HS|
80-110 (37) 22 (22%) 15(30%) 0.28 (NS)
110-150 (51) 29 (29%) 22 (44%) 0.07 (NS)
>150 (07) 0 7(14%)  <0.001 (HS]

Almost equal number of children were admitted with
some and severe dehydration. None of child was admitted
who had no dehydration.

Table 4: Distribution of blood glucose level according
to hydration status.

Blood
Glucose  Some Severe P value
(No. of Dehydration Dehydration
children)

0 <0.001
<54(18) O 18 (25%) (HS)

i o o <0.001
55-80 (37) 4 (5%) 33 (45%) (HS)
?3(,’7')110 22(29%)  15(20%)  0.26 (NS)
110-150 0 0 <0.001
(51) 44 (57%) 07 (10%) (HS)
>150 (7) 7 (9%) 0 <0.01 (S)
Total 77 (51%) 73 (49%)

Over all 18 (12%) of children had hypoglycemia and all
were in severe dehydration. None of the child with some
dehydration had hypoglycemia while in reverse none of
the child with severe dehydration had hyperglycemia. In
Severe dehydration 70% children had either subnormal
and low blood glucose and 9% of some dehydrated had
hyperglycemia which was statistically significant, as
shown in Table 4.

Table 5: Distribution of blood glucose level according
to ORS intake.

Blood glucose

ORS ORS not

((:rr]]liJIr;rt;enr & taking taking FVES

<54 (18) 0 18 (20%) <0.001 (HS)
55-80 (37) 0 37 (40%) <0.001 (HS)
80- 110 (37) 7 (12%) 30 (33%) <0.01 (S)
110-150 (51) 45 (76%) 67 (%) <0.001 (HS)
>150 (07) 7(12%) O <0.001 (HS)
Total 59 (40%) 91 (60%)

Again 18 (12%) of overall children had hypoglycemia
and all were in not taking ORS. Almost 40% children
were taking ORS at time of hospitalization and 60%were
not taking ORS. When blood glucose was assessed based
on ORS intake, it was observed that hypoglycemia and
subnormal glucose was found in 18 (20%) and 37 (41%)
of children who were not taking ORS. Hyperglycemia
was observed in 7 (12%) of those who were taking ORS.
No child had hypoglycemia and subnormal glucose, who
started taking ORS after diarrhea, as shown Table 5.

This study was to assess blood glucose at the time of
admission. We did not follow clinically but at end we
came to know that 5 patients of total (5/150) died during
hospitalization and of which 4 children had
hypoglycemia and severe dehydration.

DISCUSSION

In this present study, the prevalence of hypoglycemia at
the point of care in under-five children with acute
diarrhea was analyzed. We observed that hypoglycemia
was more prevalent at point of care in severely
dehydrated SAM children, presented with acute diarrhea
and not taking ORS. We found hypoglycemia in 18
(12%) of overall and 25% among severe dehydration
children.

The mechanism by which diarrhea predisposes to
hypoglycemia is poorly understood. However, Bennish et
al, linked it to defective gluconeogenesis. They observed
that the glucose counter regulatory hormones were
appropriately elevated in the children with hypoglycemia
whereas the substrates for gluconeogenesis were
inappropriately low in them, leading to the conclusion
that hypoglycemia in such children was most likely due
to impaired hepatic gluconeogenesis.’” The report of
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another study also linked hypoglycemia associated with
diarrheal illnesses in children to glycogen depletion and
impaired hepatic gluconeogenesis.'®

Surabhi et al, studied blood glucose levels in diarrhea
dehydration. Blood glucose levels were normal in
children of acute diarrhea with some or severe
dehydration. They conclude that blood glucose is a poor
predictor of the severity of diarrheal dehydration.®

The higher risk of hypoglycemia observed in the present
study of SAM with severe dehydration who were not
taking oral rehydration therapy. None of the child in
whom ORS was started developed hypoglycemia. This
means starting ORS is not only to prevent from
dehydration, but it prevents from hypoglycemia also.
WHO programme clearly states that starting early ORS
after diarrhea prevents from dehydration which is
lifesaving. With this we can say that ORS not only
prevent and treat dehydration it prevents development of
hypoglycemia in diarrhea if started early at onset.

Hyperglycemia was present in 4.6% of overall patients in
the present study. There was no remark about occurrence
of hyperglycemia in the study of Calabar et al, making it
impossible to judge whether or not any of their subjects
had hyperglycemia.?® The severe dehydration may impair
the function of various enzymes involved in
gluconeogenesis as well as interfere with the transport of
substrates.t’

Limitation of this study is that we have not assessed
duration of ORS intake, timing of meal before
hospitalization. Further studies are needed taking care of
these along with ultimate outcome of the patient.

What is the clinical implication of these findings, in
childhood diarrheal illnesses management, clinician
needs in addition to consider the role of non-dehydrating
complication like hypoglycemia causing death in children
presenting with diarrhea. Thus, it might be beneficial for
clinicians to consider the possibility of hypoglycemia
when developing appropriate protocol for management of
children hospitalized for acute diarrhea, thereby reducing
the already high mortality associated with childhood
diarrheal illnesses in developing countries. After
treatment of shock, the use of dextrose-containing
intravenous solution in hospitalized children requiring
parental fluid therapy is advocated, particularly where
facilities for determination of blood glucose level is not
available.

CONCLUSION

To conclude, hypoglycemia is an important co-morbidity
of acute diarrhea among children below the age of 5
years, more commonly with severe dehydration, SAM
and not taking oral rehydration therapy. Routine
assessment of blood glucose at the point of care is
advocated and where facility for determination of blood

glucose level is not available should be treated
empirically for hypoglycemia. We recommend that ORS
should be started immediately at onset of diarrhea which
not only prevent from dehydration it prevent from
hypoglycemia also.
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