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Background. Hypoglycaemia occurs in many disease states common in the tropics, and may also complicate treatment of malaria. It may
contribute significantly to morbidity and mortality.

Objectives. To determine the prevalence of and clinical conditions associated with hypoglycaemia.

Methods. A total of 430 patients aged 1 month to 10 years were recruited consecutively from the Children’s Emergency Centre of Lagos
University Teaching Hospital. Clinical and demographic data were entered into a predesigned study proforma. Blood glucose was
determined in the laboratory using the glucose oxidase method. Hypoglycaemia was defined as plasma glucose <2.5 mmol/L.

Results. The median age of the study subjects was 24 months, with a range of 1.5 - 120 months. A total of 248 patients (57.6%) were
<24 months old. The mean (standard deviation) blood glucose of all the study subjects was 5.19 (2.05) mmol/L (median 4.9 mmol/L).
Twenty-four patients (5.6%) were hypoglycaemic. The predominant disease conditions in which hypoglycaemia occurred were severe
malaria, multisystemic infections, marasmus, malignancies and gastroenteritis. Mortality was higher in hypoglycaemic patients than in
those without hypoglycaemia (33.3% v. 5.4%, p<0.01).

Conclusion. Hypoglycaemia complicates many common childhood illnesses seen in the emergency room and is associated with significant
mortality. Hypoglycaemia should be suspected in severely ill children with severe malaria, multisystemic infections, marasmus, malignancies
and gastroenteritis.
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E Hypoglycaemia in children is defined as a whole
=1, blood glucose concentration of <2.2 mmol/L or
plasma glucose <2.5 mmol/L." It is found in many
disease states common in the tropics, such as
severe malaria, severe malnutrition, diarrhoea and
septicaemia.” Hypoglycaemia may also complicate treatment
with some drugs, such as quinine, used in the treatment of
severe malaria," and is associated with significant morbidity and
mortality.”*” Survivors of prolonged hypoglycaemia are prone to
neurological complications such as mental retardation, recurrent
seizure activity, transient cognitive impairment and neurological
deficits."

The absence of clinical symptoms does not always indicate that the
glucose concentration is normal or that it has not fallen below optimal
level for maintaining brain metabolism.” Therefore, in sick children
presenting to the emergency room, reliance on clinical manifestations
to detect hypoglycaemia may result in missed diagnosis with attendant
increase in the risk of complications of hypoglycaemia.

There is a paucity of published data on hypoglycaemia in Nigerian
emergency rooms, indicating that not enough attention has been given
to the subject in our environment. Hence, this study was designed to
determine the prevalence and clinical conditions associated with
hypoglycaemia in children admitted to the emergency room in
Nigeria.

Methods

This cross-sectional study was conducted at the Children’s Emergency
Centre of the Lagos University Teaching Hospital (LUTH), Nigeria. All
consecutively admitted children, aged 1 month to 10 years, between
September 2009 and May 2010 were recruited. Patients were excluded
if they were confirmed to have diabetes mellitus or have had glucose-
containing intravenous fluids <6 hours before admission. Approval was
obtained from the Human Research and Ethics Committee of LUTH
before commencement of the study. Written informed consent was also
obtained from the parents or caregivers.

Data collection

For each subject recruited, the demographic data, presenting
complaints, duration and other relevant information were recorded.
On admission to the emergency room, before commencement of
fluid therapy, blood glucose was determined using 1.5 mL of blood
withdrawn from a convenient peripheral vein, which was put in a
fluoride oxalate-containing bottle for standard laboratory analysis
using the glucose oxidase method. Hypoglycaemia was defined as
laboratory plasma glucose <2.5 mmol/L. Treatment of hypoglycaemia

Table 1. Age and sex distribution

consisted of an immediate intravenous bolus of 0.4 g/kg body weight
(BW) of glucose over a minute followed by a continuous dextrose
infusion at 8 mg/kg BW/min."”!

Data management and analysis

The data were analysed using SPSS version 17. Statistical significance was
taken at p<0.05. Nutritional status was classified using the WHO Global
Database on Child Growth and Malnutrition.”

Results

A total of 461 children aged 1.5 - 120 months were recruited, but 31
laboratory blood samples were excluded due to improper handling,
leaving 430 patients. There were 252 (58.6%) males and 178 (41.4%)
females (Table 1). More than half of the entire population (57.6%)
comprised children aged <24 months. The overall mean (standard
deviation (SD)) age was 38.76 (38.20) months (range 1.5 - 120 months).

Ofthe 92 (21.4%) patients who were undernourished, 35 (38.0%) had
severe undernutrition while 57 (62.0%) had moderate undernutrition.
A greater percentage of males than females had a weight-for-age
z-score (WAZ) <-2 (23.0% v. 19.1%, p=0.33).

The various diagnoses of the study subjects are shown in Table 2.
The most common four conditions (multisystemic infections, malaria,
sickle cell anaemia and respiratory infections) accounted for more
than half of the diagnoses. Severe anaemia was the most common
presentation of severe malaria.

Hypoglycaemic patients

Of the 430 study subjects, 24 (5.6%) were hypoglycaemic (Table 3). A
greater percentage of females (7.3%) were hypoglycaemic compared
with males (4.4%). The hypoglycaemic patients were fairly distributed
between the infancy age group and the under-fives. The prevalence of
hypoglycaemia in patients with a WAZ <—2 was almost twice that of
children with higher z-scores (p=0.14). An interval between the last
meal and sampling of >12 hours was associated with a significantly
greater frequency of hypoglycaemia (p<0.01). The mean (SD) duration
of time interval after the last meal in hypoglycaemic patients was
significantly higher than it was for non-hypoglycaemic patients (9.6
(7.8) hours v. 3.8 (5.3) hours; t=3.59, p<0.05).

The leading diagnoses associated with hypoglycaemia were cerebral
malaria and multisystemic infections (Table 4). Other conditions
included marasmus, malignancies, gastroenteritis and renal disorders.

Thirty patients died, resulting in a mortality rate of 7%. A
significantly greater percentage (33.3%) of hypoglycaemic patients
died in comparison with only 5.4% of the non-hypoglycaemic
patients (p=0.000). Hypoglycaemia was associated with mortality in

Age (months) Males, n (%) (n=252) Females, n (%) (n=178) Total (N=430)
1-11 87 (34.5) 74 (41.6) 161 (37.4)
>11-23 52 (20.6) 35(19.7) 87 (20.2)
>23-35 14 (5.6) 10 (5.6) 24 (5.6)
>35 - 47 22 (8.7) 10 (5.6) 32(7.4)
>47 - 59 18 (7.1) 8 (4.5) 26 (6.1)
>59-71 10 (4.0) 7 (3.9) 17 (4.0)
>71 - 83 10 (4.0) 8 (4.5) 18 (4.2)
>83 - 95 6(2.4) 3(1.7) 9 (2.1)
>95 - 107 13 (5.2) 5(2.8) 18 (4.2)
>107 - 120 20 (7.9) 18 (10.1) 38 (8.8)
Total 252 (100) 178 (100) 430 (100)
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Table 2. Primary diagnoses of patients

Diagnosis

Number of patients

Percentage (%)

Multisystemic infections

Malaria
Acute uncomplicated
Cerebral malaria
Severe anaemia
Other forms of severe malaria

Sickle cell anaemia

Respiratory infections
Bronchopneumonia
Lobar pneumonia
Bronchiolitis
Diptheria
Tonsillitis
Tuberculosis
Pharyngeal abscess

Acute asthma

Meningitis

Acute abdomen

Gastroenteritis

Seizure disorder

Drug reactions

Poisoning

Soft-tissue infections

Burns

Tetanus

Malignancies

Failure to thrive

Marasmus

Bleeding diathesis

Renal disorders

Miscellaneous

Total

multisystemic infections, cerebral malaria,
bronchopneumonia and malignancies
(Table 5). There was significant mortality
when hypoglycaemia occurred in patients
with multisystemic infections (p<0.01).
Overall, the mortality rate associated
with the various disease conditions in the
presence of hypoglycaemia was significantly
higher than the mortality rate in the
patients who did not have hypoglycaemia
(p<0.05). The highest three case fatality
rates were associated with malignancies
(57.1%), tetanus (28.6%) and cerebral
malaria (22.2%).
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80 18.6
69 16.0
16

9

30

14

53 12.3
58 13.5
35
4
4

1

3

8

3

7 1.6
35 8.1
24 5.6
23 53
9 2.1
6 1.4
7 0.7
6 1.4
9 2.1
7 1.6
7 1.6
4 0.9
3 0.7
3 0.7
3 0.7
17 4.0
430 100

Discussion

The prevalence of hypoglycaemia in the
current study was 5.6%. This is comparable
with the rates of 6.4 - 7.3% documented
by earlier studies both in Nigeria® and
outside the country.” It is, however, much
higher than the rate of 0.007% (6.54/100 000
visits) reported in Alabama.”’ Differences in
prevalence rate may be explainable on the
basis of patient characteristics. In contrast,
the observed prevalence rate of 5.6% in
the current study is lower than the rate of
18.6% reported in California."” This could
be due to the higher cut-off definition of

hypoglycaemia used in the Californian
study, namely plasma glucose <65 mg/dL
(3.6 mmol/L)" and the group of patients
studied, who were in the paediatric intensive
care unit.

There was an inverse, though not
significant, relationship between age and the
prevalence of hypoglycaemia, comparable
with a previous Nigerian study by Elusiyan
et al.,” in which the highest prevalence of
hypoglycaemia occurred in children aged
1 - 3 years, and a Kenyan study by Osier
et al.” in which the highest prevalence of
hypoglycaemia occurred in children aged 2 -
4 years. Predominance of hypoglycaemia in
the under-fives age group is understandable,
considering the peculiar glucose metabolism
in this age group. Glucose homeostasis
is limited in younger children compared
with older children and adults because of
their smaller reserves of liver glycogen and
muscle protein, coupled with their relatively
higher rates of glucose utilisation due to
their larger brain-to-body mass ratio.” The
reduced yield of glucose from glycogenolysis
and gluconeogenesis during periods of
increased metabolic demand and poor
intake associated with illness predispose
these patients to hypoglycaemia.

There was a greater proportion of
hypoglycaemic patients who had fed >12 hours
before presentation, compared with the non-
hypoglycaemic patients as has been documented
by other African authors.”*""? Intervals
between the last feed and blood sampling >12
hours were significantly associated with a higher
prevalence of hypoglycaemia. This finding
is not surprising because inadequate fasting
adaptation is a major cause of hypoglycaemia
in children, as glycogen reserves are used up
after 12 hours without food.” This is further
worsened by the defective gluconeogenesis in
most childhood illnesses.

The different diagnoses in patients with
hypoglycaemia observed in the current
study consisted of common childhood
diseases, similar to the range of diseases
reported by earlier studies in Nigeria®
and other African countries.” The leading
diagnosis associated with hypoglycaemia
in the current study was severe malaria.
This is comparable with observations in
other African studies,”” and the prevalence
rate of hypoglycaemia in cases of severe
malaria is comparable with that in a Kenyan
study."”’ However, this rate was considerably
higher than what was reported in an earlier
Nigerian study” and much lower than that
reported from The Gambia.” These wide
variations in rates reported may be related
to the type of severe malaria and the overall
severity of illnesses in the various studies.
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Table 3. Comparison of characteristics of hypoglycaemic and non-hypoglycaemic patients

Hypoglycaemic, n (%) Non-hypoglycaemic, n (%) X p-value
(n=24§ (n=406)
Age (months)
1-11 (n=161) 10 (6.2%) 151 (93.8%) 0.19 0.66
>11 - 59 (n=169) 10 (5.9%) 159 (94.0%) 0.06 0.81
>59 - 120 (n=100) 4 (4.0%) 96 (96%) 0.62 0.43
Gender 1.71 0.19
Male (n=252) 11 (4.4%) 241 (95.6%)
Female (n=178) 13 (7.3%) 165 (92.7%)
Weight-for-age z-scores
<=2 (n=92) 8(8.7%) 84 (91.3%) 2.15 0.14
>-2 (n=338) 16 (4.7%) 322 (95.2%) 1.58 0.21
Duration since last meal (hours) 27.2 <0.01
<12 (n=400) 16 (4.0%) 384 (96.0%)
>12 (n=30) 8(26.7%) 22 (73.3%)

In the current study, nearly half of the patients with cerebral
malaria had hypoglycaemia. This prevalence is almost twice the rates
of 17% and 20% recorded by other African authors, respectively.""'”
The difference in prevalence rates may be attributable to a difference
in severity of the illnesses seen in the various studies. Considering
the potentially serious sequelae of cerebral malaria complicated by
hypoglycaemia, a high index of suspicion is essential in order to
facilitate adequate treatment.

The prevalence rate of gastroenteritis in the current study is
higher than that reported in a study in Bangladesh.”! A possible
explanation for the difference in prevalence rates could be because
all consecutive patients in the current study were tested for
hypoglycaemia, while in the Bangladesh study, only patients with
altered consciousness were tested for hypoglycaemia in the 2nd
4 months of the study period. However, the observed prevalence
rate in the present study is lower than the rate reported in another
diarrhoea-based study in India."” The smaller sample size of 10 in
the Indian study could have contributed to the apparently higher
prevalence rate. Fasting, malnutrition, ketosis and impairment
of gluconeogenesis have been suggested as the mechanisms of
hypoglycaemia in diarrhoeal diseases."

Hypoglycaemia was also prevalent in patients with bacterial
infections involving multiple systems in the present study. The
prevalence rate is comparable with that reported in another Nigerian
study.” Hypoglycaemia in infective processes has been attributed to
increased peripheral glucose utilisation, which may be caused by fever,
hypotension or decreased tissue perfusion,"” while some authors'"”!
implicated inhibition of gluconeogenesis. In addition, endotoxins
produced by micro-organisms in infectious processes have been
observed to stimulate increased insulin secretion, contributing
directly to depletion of hepatic glycogen stores."*"”

In the current study, the prevalence of hypoglycaemia in patients
with moderate to severe undernutrition was almost twice that of
children without undernutrition. Specifically, one out of three
patients (33%) with marasmus had hypoglycaemia. This is close
to the prevalence rate observed by Elusiyan et al,”! but it must be
pointed out that the number of subjects involved was very small and
interpretation probably anecdotal. This observation is important
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considering that other studies in Kenya® and Mozambique,"”

with considerably more severely undernourished subjects, reported
lower prevalence rates of hypoglycaemia. The fatty infiltration
of the liver as occurs in severe undernutrition causes glycogen
and gluconeogenic substrate depletion. Furthermore, the defect in
glycogenolytic pathways and limited lipolysis also contribute to the
occurrence of hypoglycaemia in undernutrition.!"”

There was a significant association between hypoglycaemia and
increased mortality in the current study. A similar association had been
reported in several other studies.”'*'>'* It is obvious that hypoglycaemia
is in some way linked to mortality. The major diagnoses associated with
high mortality in patients with hypoglycaemia in the present study
included multisystemic infections, cerebral malaria, bronchopneumonia
and malignancies. This is in agreement with other studies,"” which
identified cerebral malaria and infections as major diagnoses associated
with mortality in hypoglycaemic patients. However, these diseases are
severe conditions that, on their own, can be fatal.

Conclusion

Hypoglycaemia caused complications in common childhood diseases
in the Children’s Emergency Centre of LUTH. Ill children aged <5
years and those with low WAZs were particularly susceptible to
hypoglycaemia. Severe malaria, multisystemic infections, marasmus,
malignancies and gastroenteritis were the predominant diagnoses
associated with hypoglycaemia. Prolonged interval (=12 hours)
between the last meal and time of presentation was significantly
associated with the occurrence of hypoglycaemia. It is therefore
recommended that blood glucose should be measured in all children
ill enough to be admitted to the emergency room. A follow-up study
of the surviving hypoglycaemic patients will be useful to screen for
any associated long-term sequelae.
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Table 4. Relationship between primary diagnosis and presence of hypoglycaemia

Diagnosis n Hypoglycaemic (%)
Multisystemic infections 80 9 (11.3)
Malaria 69
Acute uncomplicated 16 0(0.0)
Cerebral malaria 9 4(44.4)
Severe anaemia 30 1(3.3)
Other forms of severe malaria 14 0(0.0)
Sickle cell anaemia 53 1(1.9)
Respiratory infections 58
Bronchopneumonia 35 1(3.1)
Lobar pneumonia 4 0 (0.0)
Bronchiolitis 4 0(0.0)
Diptheria 1 0(0.0)
Tonsillitis 3 0(0.0)
Tuberculosis 8 0(0.0)
Pharyngeal abscess 3 0(0.0)
Acute asthma 7 0(0.0)
Meningitis 35 1(2.9)
Acute abdomen 24 1(4.2)
Gastroenteritis 23 2(8.7)
Seizure disorder 9 1(11.1)
Drug reactions 6 0(0.0)
Poisoning 7 0 (0.0)
Soft-tissue infections 6 0(0.0)
Burns 9 0(0.0)
Tetanus 7 0(0.0)
Malignancies 7 1(14.3)
Failure to thrive 4 0(0.0)
Marasmus 3 1(33.3)
Bleeding diathesis 3 0(0.0)
Renal disorders 3 1(33.3)
Miscellaneous 17 0(0.0)
Total 430 24

Table 5. Influence of hypoglycaemia on mortality associated with various diagnoses
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Diagnosis

Hypoglycaemic, n dead/N (%)

Non-hypoglycaemic, n dead/N (%)

Fisher’s p-value Case fatality (%)

Multisystemic infections

Cerebral malaria
Bronchopneumonia
Malignancies
Meningitis

Tetanus

*Others

Total

6/71 (8.5)
1/5 (20.0)
2/34 (11.8)
3/6 (50.0)
3/25 (8.6)
2/7 (28.6)
5/48 (10.4)
22/194 (11.3)

*Others included one case each of severe malaria with anaemia, burns, intussusception, marasmus and nephrotic syndrome.
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<0.01 13.8
0.72 22.2
0.09 8.6

0.57 57.1
- 8.7

- 28.6
- 10.4





