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ORIGINAL

Hypoglycaemia at point of hospital
admission of under-five children
with acute diarrhoea: prevalence

and risk factors

Abstract Background:Hypogly-
caemia is one of life-threatening
immediate complications of acute
diarrhoea among under-five chil-
dren but its diagnosis may be
overlooked because all the symp-
toms may be mimicked by severe
dehydration.

Objective: To determine the
prevalence of hypoglycaemia at
the point of hospital admission of
under-five children with acute
diarrhoea and identify some of the
risk factors.

Methods:At the point of hospital
admission, venous blood sample
was collected into an appropriate
sample bottle (fluoride-oxalate
bottle) from 201 under-five chil-
dren with acute diarrhoea for
blood glucose determination. The
blood samples were analysed
using the glucose-oxidase method.
One of the authors administered a
guestionnaire to each of the care-
giver to obtain information on the
socio-demographic characteristics
and the clinical profile (e.g., pres-
ence or absence of vomiting, du-
ration of acute diarrhoea, time of
last meal of the patients, and ad-
ministration of ORS at home.
Hypoglycaemia was defined as
blood glucose value below 2.6
mmol/L.

Results: At the point of hospital

admission, 7.7% (14 of 183; Cl =
3.7-11.7) under-five children with
acute diarrhoea had hypoglycae-
mia (blood glucose < 2.6 mmol/L)
but dropped to 4.9% (Cl=2.9-6.9)
when a cutoff point of < 2.2 mmol/
L was applied. The risk factors for
hypoglycaemia were the presence
of severe dehydration (p<0.001),
hypernatraemia and acidosis
(p<0.001). The prevalence of
hypoglycaemia was 7 times higher
in children whose time of last meal
was> 8 hours compared with their
counterparts whose time of last
meal was < 8 hours. Mortality rate
was significantly higher in chil-
dren with acute diarrhoea and hy-
poglycaemia compared with their
counterparts with normoglycaemia
(p<0.01).

Conclusion: In acute diarrhea,
hypoglycaemia is an important co-
morbidity among children aged
below 36 months and the signifi-
cant associated risk factors for
hypoglycaemia are severe dehy-
dration, hypernatraemia  and
acidosis. Under-five children pre-
senting with acute diarrhoea and
hypoglycaemia at point of hospi-
talization are at a significantly
greater risk of death.

Key words: Acute diarrhoea, hy-
poglycaemia, hypernatraemia,

Introduction

(generally, over hours rather than days), lastorldss

been clearly established as

the immediate life-

threatening complications of acute diarrhoea, a
Acute diarrhoea refers to diarrhoea of sudden onsehon-dehydrating complication like hypoglycaemia is

equally importanf.” Even in areas where oral rehydra-

than 14 days. In developing countries, diarrhoeal dis- tion therapy is being practised, mortality from tacu
eases is a leading cause of morbidity and mortalitydiarrhoea still remains highsuggesting that other
among under-five children with an average of 3.8 ep factors may be playing a role in the observed nityta

sodes of diarrhoea being experienced per childgar’
Acute diarrhoea is associated with a high mortatkite

among under-five childreh.

rates. In Africa, there is limited data on hypoglgmia
as one of the clinical problems encountered inntlag-

agement of children with acute diarrifedhis scenario
Although dehydration and electrolyte derangemertha might be related to the fact that the symptomseokse
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dehydration and hypoglycaemia resemble each othetjents. It has a fairly well equipped laboratory mad
resulting in difficulty in differentiating betweethese by qualified medical laboratory scientists and ffa 24
two clinical conditions*® The co-existence of severe -hour laboratory service.
dehydration and hypoglycaemia in patients withtac
diarrhorea has been shown to worsen progndsié , At the point of admission, all children between tige
implying that early detection and adequate treatro&  of one and 59 months who presented with acute diar-
the hypoglycaemia in such patients might improve ou rhoea were recruited into the study after explajrtime
come. Hypoglycaemia is a common clinical problem relevant details of the study to their parents/giaers
and it is associated with serious neurological sleu  and obtaining their consent subsequently. Theystud
when detection is delayed or treatment inadeqiaten design was approved by the hospital authority.llokre
though low blood glucose may often be transienpoly ing recruitment, pretreatment venous blood sample
glycaemia itself is never physiological and shautd be  obtained from each of the patients for blood ghec
disregarded when detect®dSome risk factors that have estimation. The blood sample was collected into the
been identified include female gender, seizuresredt  appropriate sample containers (dry fluoride-oxalaie
level of consciousness, vomiting, acidosis, duratd tles) and forwarded immediately to the hospitablal
diarrhoea less than 72 hours, and bactera&hiia. tory for processing. The blood glucose conceiatnat

was determined using glucose-oxidase reaction
A review of the literature revealed that the premak of method™® The urea and electrolyte profile of the pa-
hypoglycaemia in children with acute diarrhoea edri tients was also determined. Based on the serunursodi
from 4.5-11.09%:° This variability in prevalence rates level, the type of dehydration was categorized ygmh
have been observed at different times, even withén  natraemic (serum sodium < 130 mmol/L); normonatrae
same country*® In a study in Calabar, Nigeria, 4.0% of mia (serum sodium 130-150 mmol/L); and hypernatrae-
under-five children presenting with acute diarrhoemse mia (serum sodium > 150 mmol). Two medical labora-
found to have hypoglycaemia. A study in a rural dis- tory scientists (with over 20 years experiencepssed
trict hospital in Kenya, reported a prevalence gbdy the samples urgently at the request of the admittin
glycaemia as high as 23.3% among children witheacut physician and the average of the two plasma glucose
diarrhoea at the point of hospital admissiorAll previ- values obtained was accepted. A blood film for mala
ous Nigerian studies on this subject were condutted parasitaemia was performed. Inclusion criteria waage
tertiary-healthcare hospitals and none in secondarybelow 60 months, Nigerian, negative malaria paaasit
healthcare hospital, yet a significant number dfdcan mia, absence of overt protein-energy malnutrition
are cared for in secondary-healthcare faciliti@€nsid-  (kwashiorkor/marasmus), negative history of treatime
ering that in developing countries, childhood diaga  with quinine and/or herbal concoctions. Subjectth i
itself is grossly under-reported and its incidenoeler-  coexisting morbidity (e.g., malaria, pneumonia)t thee
estimated? the magnitude of the paucity of information known to cause hypoglycaemia were excluded. A struc
on hypoglycaemia coexisting with diarrhoea becomestured questionnaire was administered to the caeegif/
more obvious. At present, in Nigeria, the extemt t each of the patients by one of the authors (ANGfprt
which hypoglycaemia occur in children with diarrade ~ mation obtained included socio-demographic characte
uncertain. We are not aware of any study in Berity C istics such as age, gender, parents’ educatiotaihat
that has determined the prevalence of hypoglyca@emia ment and occupation. Data were also obtained darkis
examined its risk factors among under-five childwéth of duration of diarrhoea, presence of vomiting evefr,
acute diarrhoea. The factors highlighted above pteth  time of last meal.
us to conduct the present study.

The severity of dehydration was determined for each
The purpose of the present study was to deternhi@e t patient by physical examination. In the presenttu
prevalence of hypoglycaemia at the point of hospita hypoglycaemia was defined as blood glucose value be
admission of under-five children with acute diaehan low 2.6 mmol/L while hyperglycaemia was defined a
Benin City and identify some of the risk factoddope- blood glucose value greater than 8.3 mmd¥/LAll the
fully, such information would be useful to clinias in children found to have hypoglycaemia were treatéd w
developing appropriate protocol for managementhdf ¢ 10% dextrose in water at 4ml/kg/hour. No treatment
dren hospitalized for acute diarrhoea, thereby avimg was given to the two children with hyperglycaenfis.
outcome. tention was equally paid to their fluid and elebtr®
status with treatment as determined by the chittiis-
cal condition. The data was analyzed using the Com-
puter Package for Epidemiologist (PEPI). Descriptiv
statistics such as frequencies, means, ratiosdatdn

Patients and methods deviations, confidence intervals, percentages weesl
to describe all the variables. The Z-test was useals-

This descriptive cross-sectional study was condlcte certaining the significance of differences betwden

between January and December, 2010 at St Philomenaroportions with the p-value set at <0.05.

Catholic Hospital (SPCH), Benin City, Nigeria. SP@&H

a centrally located, easily accessible large rsé@xy-

healthcare institution that cares for all categoé pa-



386

Results Table 2: Prevalence of hypoglycaemia stratified by age and
gender

During the twelve-month study period, a total 0f023 Age (months) Subjects Hypogly Normogly -statistic

under-five children were admitted for acute diag&o caemia caemia*

Of this number, 37 (16.1%) had a positive malatieap No(%) No(%) Nox  (p-value)

sitaemia and were excluded because malaria, itselff <12 81(44.3) 7(8.6) 74(91.4) vseb=3.212 (p<0.01)
established cause of hypoglycaemia. Ten (4.3%jhmot 12-38 63(34.4) 5(7.9) 57(91.9) bcve.847 (p>0.05)
ers declined to participate in the study, leavi8g pa- 3659 39(21.3)  2(5.1)  36(92.3) s0w0.614 (p>0.05)
tients whose data analysis is presented. The a88nbs -CI-I\Oetr?(Ij or 183(100.0)  14(7.7) 165(90.2)

consisted of 99(54.1%) males and 84(45.9%) femalesyale 99(54.1) 8(8.1) 90(90.9)0dd Ratio 1.1
giving a male-to-female ratio of 1.2:1. At the mmoof Female  84(45.9) 6(7.1) 77(91.7)
hospital admission, 7.7% (14 of 183; 95%CI 3.7-]11.7 Total  183(100.0) 14(7.7) 167(91.3)
had hypogycaemia (blood glucose < 2.6 mmol/L)

When a cutoff point of < 2.2 mmol/L was appliede th
prevalence dropped to 4.9% (9 of 183); 95% CI = 2.9 As depicted in Table2, 12(85.7%) of 14 childrenwit
6.9). Two (1.1%) of 183 under-fives with acute diar hypoglycaemia were below 36 months of age. Only two
rhoea had hyperglycaemia. Comparing the age preva¢14.3%) were aged 36 to 59 months. Nine (64.3%) of
lence of hypoglycaemia among children aged beléw 3 14 children with hypoglycaemia had acidosis. Theadu
months and their counterparts aged between 36-59on of diarrhoeal iliness before presentation mid sig-
months, it was 8.3% versus 5.1% respectively; Z-pjficantly influence the prevalence of hypoglycemia
statistic = 0.761 p>0.05. The mean age of the stje Taple 3 shows that the risk of hypoglycaemia wagise
was 14.6+10.5 months (95% Cl= 13.1-16.1). Vomiting times higher when the time of last meal wa8 hours
accompanied diarrhoea in over half of the casebl€Ta compared to when it is < 8 hours. Children withere

1) The mean eleCtrOIyte values are shown in Tdble dehydration were at a Significanﬂy greater rismypo-
The distribution of type of dehydration (based erusn  glycaemia than their counterparts with a lower degyf
sodium concentration) among the study populatios wa dehydration (Table 4).

as follows: hyponatraemic dehydration 58.5% (107 o
183), isonatraemic dehydration 36.6% (67 of 183) an
hypernatraemic dehydration 4.9% (9 of 183). Sevenrable 3: Prevalence of hypoglycaemia according to time stf ftaeal
(77.8%) of 9 cases of hypernatraemia had acidoxis a

" *Two subjects had hyperglycaemia

Time of Subjects Hypoglycaemia Normogkmia* Odd Ratio

hypoglycaemia. last meal  No (%) No(%) No(%)
<8hours  118(64.5) 8(6.8) 109(92.4) 7.2

Table 1: Characteristics of the 183 children with acute Tzéit:Iours 153:5((1305653) lig'% 1653((33'5))

diarrhoea. . : :

Parameter Number % *Two subjects had hyperglycaemia
Duration of diarrhoea < 3 days* 101 55.2 - - - i
Duration of diarrhoea>3 days 82 44.8 Table 4: Prevalence of hypoglycaemia according to hydration
Vomiting present 96 52.5 status
Vomiting absence 87 47.5 Hydration status Total HypoglyNormogly Z-statistic
Fever present 85 46.4 caemia caemia*  (p-value)
Fever absent 98 53.6 No (%) No (%) No (%)
g;sdego(t)SSSea(t)g%ma? home ;go 45122 Mild dehydration 46(25.1) 0(0.0) 45 (97.8)

+ o Moderate dehydration 118(64°5)5(4.2) 112(94.9) avs b =3.723
_ Mean<SD (95% Cl) Severe dehydration  19(104) 9(47.4) 10(52.6)  (0.001)

Mean serum sodium (mmol/L) 130.247.4912131.3) Total 183(100.0) 14(7.7169(92.3)
Mean serum potassium (mmol/L) 3.1+0.8 (3®-3 * i i
Mean serum chloride (mmol/L) 98.448.5.(899.6) Two subjects had hyperglycaemia
Mean serum bicarbonate (mmol/L)  13.5+4.4 (1241) .
Mean serum urea (mg/d) 276.81(24.7-29.5) As shown in Table 5, the commonest type of dehydra-

tion was hyponatraemic dehydration while hyperreatra
*Before presentation mic dehydration was the form of dehydration mosheo
monly associated with hypoglycaemia. A total ofheig
of 183 children died, representing a case fatatite
4.4%. Five (62.5%) of the eight had hypoglyaemia.
None of the two subjects with hyperglycaemia died.
When mortality rate between the hypoglycaemic group
was compared with the normoglycaemic group, it was
35.7% (5/14) versus 1.8% (3/169); Z-statistic =27.6
p<0.01. Three of the five children with hypoglyoda
who died, also had hypernatraemia and acidosis. The
remaining two hypoglycaemic children who died had a
combination of hyponatraemia and acidosis. Of the
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normoglycaemic children who died, two had severe hy glycaemia whereas the substrates for gluconeogenesi
ponatraemia with acidosis and one had hypernateaemiwere inappropriately low in them, leading to thexdo-
with acidosis. In this series, it is of note thaidasis  sion that hypoglycaemia in such children was most
was a common factor among all the deaths. likely due to impaired hepatic gluconeogenesis. e Th
report of another study also linked hypoglycaeragso-
ciated diarrhoeal illnesses in children to glycogke-
Table 5: Prevalence of hypoglycaemia according to type of  pletion and impaired hepatic gluconeogenégsis]'he

dehydration higher risk of hypoglycaemia observed in the presen

Type of Subjects Hypogly Normogly ~Z-statistic study among under-five children with diarrhoea in

dehydration caemia eroa * whom the time of last meal was 8 hours and abowe is
No (%) No (%)No (%) (p-value)

tandem with glycogen depletion as one of the pathog

Hyponatraemic 107(5855(4.7) 101(94.4) avs b=0.582(p>0.05) Netic mechanisms of hypoglycaemia in diarrhoeal
Isonatraemic 67(36%p (3.0) 64(95.5) b vsc=1.996 (p<0.05) illnesses.

Hypernatraemic  9(4.9) 7 (77.8) 2(22.2) avsc =5.220 (p<0.001)

Total . 183(100.0) 14(7'?) 169923 Hyperglycaemia was present in one out of every hun-
*Two subjects had hyperglycaemia dred patient in the present study. There was natioren

of the occurrence of hyperglycaemia in the study in
Calabar, making it impossible to judge whether or not
any of their subjects had hyperglycaemia. A stirdy
Kenya has reported a similar observafibrin that
study, 12.9% of 96 children with hyperglycaemia had
gastroenteritis as their diagnosis, representimgyeaa-
lence of 3.7%. The prevalence of hyperglycaemia was

Discussion

In the present study, the prevalence of hypoglycaein

the point of hospital admission of under-five chelid higher in the Kenyan study than in the present one

presenting with acute diarrhoea was 7.7%. This wa . : ) S
higher than the 4.0% and 4.5% reported from Calabarsggsrﬂ:sotl?f fa}lszrt];h?;atggz :‘Josre?hiz rg%%?;ﬁgé ?E?wlk:;c

Nigeria’ and Dhakar, BangladeShrespectively. Onthe | " oo i the Kenyan study, none of the twtiepts
other hand, the prevalence being reported herewstrl with hyperglycaemia died. ’

than 11.0% reported from another study in Banglades
among under-five diarrhoeal childrénThe higher
prevalence rate observed in the present study caupa
to the previous study in Calabar may be explainethb
differences in definition of hypoglycaemia usedte
two studiesln the present study, a higher cut-off (<2.6
mmol/L, based on the concept of operational thriesho
blood glucose valuéd was used in defining hypogly-
caemia whereas < 2.2 mmol/L was used as cut-dffén
Calabar study, partly accounting for the highervpre
lence observed in the present study. The definitbn
hypoglycaemia used in a study is known to influettee
prevalence! This was amply demonstrated in the
present study because when a cut-off of less than 2
mmol/L was applied it resulted in a lower prevakenc
rate (4.9%). The explanation for the higher prevede
rate in the present study compared to the prevaleste
(4.5%) observed in the study in Bangladesh mayuge d
to differences in the age group of the study pamia
The present study involved only under-five children
whereas the Bangladesh studyncluded children up to
the age of 15 years. Studies have shown that $keofi
hypoglycaemia is higher in under-five children com-
pared to older childreff.

Data from the present study revealed that amaonigu
-five children with acute diarrhoea, severe dehtydna
hypernatraemia and acidosis were significant fagk
tors for hypoglycaemia. This is not surprising asilar
observation has been reported previodsfyThe severe
dehydration and acidosis may impair the function of
various enzymes involved in gluconeogenesis as agll
interfere with the transport of substraté¢dowever, in
contrast, Ntia et aldid not find any relationship be-
tween the frequency of hypoglycaemia and serum- elec
trolyte profile. Given the fact that they did natadiment

in their results, the serum electrolyte profiletiogir pa-
tients, it is possible they did not focus on elelgtes in
relation to hypoglycaemia. However, in that reptrey

did state that five of the six children with hypypcpe-
mia in their series had metabolic acidosis, suppgrt
albeit indirectly, the significant association betm
acidosis and frequency of hypoglycaemia observed in
the present study.

What is the clinical implication of these findingg2ase
management efforts in childhood diarrhoeal illnesse
usually focus on correction of fluid and electrelyt

derangement. Clinicians need, in addition, to atesi

On the other hand, the lower prevalence rate (7.7%}he role of non-dehvdrating complication like h
observed in the present study compared with 11'O%:aemia in causing d)éath ingchildrgn presenting v}/‘xg

. 4 .
found in the study by Huq et’ahay be explained by 1,05 Thys, it might be beneficial for clinicicos

se!ection bias. In that study, they investiggtety tiose consider the possibility of hypoglycaemia when deve
ch|ldren suspectgd to have hy_poglycaem|a. The meCh_aoping appropriate protocol for management of chkitdr
nism by which diarrhoea predisposes to hyr;oglycaeml hospitalized for acute diarrhoea, thereby redudime
is poorly understood. However, Bennish et’dinked already high mortality associated with childhoodréi

'téo defedctnr/]e gllrj_]conleogenems. In that SﬁUthhﬁ rhoeal illnesses in developing countries. Afteatneent
observed that the glucose counterregulatory horsione shock, the use of dextrose-containing intravenou
were appropriately elevated in the children witlpdvy



solution in hospitalized children requiring pareate
fluid therapy is advocated, particularly where lities
for determination of blood glucose level is notitalzle.
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and the significant associated risk factors arersev
dehydration, hypernatraemia and acidosis. iReut
assessment of blood glucose at the point of hdsguita

All children presenting with diarrhoea and acidotic mission is advocated and where facility for deteami

breathing should, in addition to correcting thedasis,

treated empirically for hypoglycaemia.

tion of blood glucose level is not available, treatpiri-

cally for hypoglycaemia to improve outcome.

Conclusion
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Hypoglycaemia is an important co-morbidity of acute
diarrhoea among children below the age of 36 months
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