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Abstract

Background: Social determinants of health (SDH) are an emerging concept with significant
influence on health and may have an impact on children presenting with acute illnesses
including those with hypoglycemia. Herein, we explored the relationship between SDH and
the prevalence of hypoglycemia and outcomes among children presenting with acute
emergencies in northwestern Nigeria.

Methods: This was a descriptive cross-sectional study of children admitted into the emergency
ward of a tertiary hospital in Nigeria. At the presentation, we obtained socio-demographics,
clinical features, diagnosis, random blood sugar, and outcomes (duration of hospitalization,
death or discharged) and analyzed them with SPSS.

Results: We included 597 children with a median (interquartile range) age of 3.5 (1.3 to 8)
years. Most children were under 5 (337; 56.64%), and males (328; 54.9%). Most mothers of
the children included had no formal education, 76.7% (458). The prevalence of hypoglycemia
(< 2.8 mmol/L) was 8.2% (49/597), with a 99% confidence interval (Cl) of 6.3 to 10.7%. Based
on the age, children aged 13 to 59 months had the highest prevalence of hypoglycemia (11.0%)
with 99% CI of 7.4 to 16.1%. At presentation, gender, parents' occupations, parents' education
levels, and socio-economic classes were not associated with hypoglycemia. The case fatality
rate for hypoglycemia was 16.3% (8/49), which was higher than children without
hypoglycemia (4.1%; 20/482), p<0.05.

Conclusion: This study shows that among the SDH evaluated, only children aged 13-59
months were associated with hypoglycemia. In addition, the presence of hypoglycemia
increased the odds of death by 4.5.
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Introduction

ypoglycemia remains the most cognitive impairment, if not promptly
frequent metabolic emergency in identified and treated (1,2). This is because
sick children, with possible maintaining a proper blood glucose level is
neurological damage, including long-term crucial for optimal brain development and
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function, where it serves as a necessary
metabolic substrate for cerebral energy
metabolism (3).  Hypoglycemia is a
common occurrence in children due to
multiple factors; including less effective
glucose homeostasis, dysregulated
physiologic events that are associated with
many childhood illnesses, and a reduction
in oral intake seen in most sick children
(4,5). Thus, it is a frequent presentation in
common childhood conditions, including
malnutrition, respiratory illnesses, malaria,
acute diarrhea disease, and sepsis (5-7).

Whereas the literature has investigated the
association of hypoglycemia with many
diseases, an area that remains unclear is the
role of non-medical conditions that may
influence the blood sugar levels of a sick
child, including social determinants of
health (8). Social determinants of health
(SDH) are an emerging concept that
describpe  the  non-medical  factors
influencing health outcomes (9). The SDH
influences the health of individuals,
including children, birth origin, age,
growth, education, occupation, living
conditions, and the broader array of
influences and systems shaping everyday
life conditions (9). Despite the fact that
SDH influences access to health care,
quality of life, living conditions, and a
child's overall well-being, very few studies
on the impacts of social determinants on
health in children focused on chronic
diseases like diabetes and other non-acute
medical conditions (10-14). Thus, we
sought to investigate the prevalence of
hypoglycemia and its relationship with
social determinants (age, sex, parents’
educational levels, parents’ occupation, and
socio-economic class) and outcomes
among children admitted to a pediatric
emergency ward in a tertiary health facility
in  Northwestern Nigeria. This study
comprehensively analyzed the various
factors in the social context that contribute
to the occurrence of hypoglycemia in this
population. Additionally, we also shed light
on the hypoglycemia and hospitalization
outcomes (death or discharged).
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Methods
Study design and settings

This was a cross-sectional descriptive study
of pediatric cases managed at a tertiary
health facility in northwestern Nigeria from
July 1st, 2019, to November 30th, 2019.
The hospital is a referral center for other
hospitals within the state and surrounding
neighboring states of Kano, Kaduna,
Zamfara, and parts of the Niger Republic.
The hospital has an emergency pediatric
complex with a 24-bed capacity that also
includes a two-bed high-dependent unit for
critically ill children who need close
monitoring. The children's emergency is
headed by a consultant pediatrician and
supported by residents and nurses.

Sample size estimations

The minimum sample size was estimated
using a prevalence of hypoglycemia of
22.1% obtained in a study in northwestern
Nigeria (15). We estimated a minimum
sample size of 447 at a 5% level of
precision and a 99% confidence. The online
sample size calculator
(http://www.raosoft.com/samplesize.html)
was used for the sample size estimation.

Inclusion and exclusion criteria

This study included children between the
ages of 1 month and 14 years who were
admitted into the emergency pediatric ward
of the hospital. We excluded children with
a diagnosis of malignancies, those that
discharged against medical advice by their
parents, and those with known diabetes
mellitus, who received intravenous fluids
within 24 hours before presentation.

Participants recruitment and blood

glucose determinations

The children who fulfilled the study
inclusion criteria were consecutively
recruited until the minimum sample size
was achieved. We measured the blood
glucose (mmol/L) at the point of
presentation at the children's emergency
unit using an AccuChek® Active blood
glucose meter. In brief, at the presentation,
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each child had a finger prick using the index
finger, and a drop of blood was applied to
the blood glucose meter with a strip already
inserted, and results were read immediately.
In this case of an error, the process was
repeated, and the obtained values were
recorded in the study proforma.

Patients' management.

All patients with hypoglycemia received an
immediate infusion of an intravenous bolus
of 2 ml/kg body weight (BW) of 10%
glucose water, followed by a continuous
dextrose infusion at 6-8 mg/kg/min based
on the department protocol for managing
hypoglycemia. After that, the blood glucose
was monitored closely until at least two
consecutive normal values were obtained.
In addition, all the children received other
standards of care based on their diagnosis
using the institution's protocols and
guidelines.

Definition of terms

Hypoglycemia was defined as random
blood glucose less than 2.8 mmol/l (50
mg/dl), euglycemia as random glucose
between 2.8 to 8.3 mmol/L, and
hyperglycemia as values greater than 8.3
mmmol/L (5,16).

Socio-economic status

The socio-economic status of the parents of
the study children was determined using the
‘Oyedeji  social classification index',
derived from the average of the sum of the
highest education levels attained by the
parents and their occupations (17). In brief,
those with a university degree or its
equivalent received a score of 1, those with
post-secondary education but not up to a
university degree received a score of 2,
those with a senior secondary certificate
received a score of 3, those with a primary
level of education received a score of 4, and
those without any formal education
received a score of 5. For the occupation
classification, we scored 1 for senior public
civil servants, professionals, managers,
large-scale traders, businessmen, and
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contractors, 2 for intermediate-grade public
servants and senior school teachers, 3 for
junior school teachers, professional drivers,
and artisans, 4 for petty traders, laborers,
and messengers, and 5 for those who are
unemployed, full-time housewives,
students, and subsistence farmers. We
rounded the mean scores from the
education levels and occupational classes to
the nearest whole number and further
classified them as follows: Scores of 1 and
2 as upper socio-economic class, scores of
3 as middle socio-economic class, and
scores of 4 and 5 as low socio-economic
class (17).

Study outcomes

The primary objective of this study was to
assess the prevalence of hypoglycemia and
its relationship with SDH (age, gender,
parents' educations, parents’ occupations,
and socio-economic status).The other
secondary objective was to explore the
relationship between the prevalence of
hypoglycemia and hospitalization
outcomes (discharge or death) among the
children.

Data collections

The data were collected using a semi-
structured questionnaire after obtaining
informed consent from the parents and
caregivers. Data collected included the age,
sex, date of admission, duration of illness
before admission, parents’ educations and
occupations, clinical features including the
diagnosis, outcomes (discharged or death),
date of outcomes, and values of random
blood glucose obtained at the point of
admission.

Ethical consideration and approval

This study was conducted per the
Declaration of Helsinki. Informed consent
was obtained from the parents and
caregivers after a detailed explanation of
the study. The Health Research Ethics
Committee of the Federal Teaching
Hospital Katsina approved this study. The
data were kept on a secured password
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computer, and the information obtained
was maintained with absolute
confidentiality.

Statistical analysis

The data was extracted and analyzed using
IBM SPSS Statistics for Windows, version
25.0. (IBM Corp., Armonk, N.Y., USA).
The age and blood glucose at presentation
were not normally distributed and
summarized with a median and an
interquartile range (IQR). The socio-
demograhic variables and categories of
diagnosis were summarized with frequency
tables. The prevalence of hypoglycemia
among the study children was expressed as
percentage along with 99%. The
associations between SDH, hypoglycemia,
and outcomes were evaluated using a Chi-
square and G-test as appropriate and odds
ratio along with 95% confidence intervals

Social determinants of health & hypoglycemia

(Cl).  The main outcome (dependent
variable was the prevalence of
hypoglycemia among the study children)
while the independent variables were age,
sex, parents’ educational levels, occupation
of the parents, their socio-economic class
and duration of hospitalization. The
associations were expressed as odds ratio
along with 95% CI. For all levels of
statistical significance, the p-value was set
at 0.05.

Results

A total of 853 children aged 1 to 14 months
were seen at the EPU during the study, and
256 were excluded for not fulfilling the
study’s inclusion criteria. A total of 597
children had their random blood sugar done
at admission were included in the final
study (Figure 1).

Total no of children aged 1 month to 14 years seen at the children
emergency from 1% July to 31% November 2019
n=853

Total excluded: 256

Decline consent: 14
Discharge against medical
advice:24
Malignancies: 22
Type 1 diabetes mellitus: 6
Pre-referral intravenous
fluids: 104
Not admitted: 86

Included in final analysis n=597

Euglycemia n= 482

Hypoglycemia n=49

Hyperglycemia n=66

Figure 1: Flow diagram of the recruited study children.
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Table 1: General characteristics of the study population

Variable Categories Frequency n= 597 Percent
Age median (IQR) years 3.5 (1.3-8.0)
Age group 1 t012 months 137 22.9
13 to 59 months 200 335
< 60 months 260 43.6
Sex Male 328 54.9
Female 269 45.1
Mothers’ education No formal education 458 76.7
Primary 50 8.4
Secondary 53 8.9
Tertiary 36 6.0
Fathers’ education No formal education 234 39.2
Primary 152 25.4
Secondary 108 18.1
Tertiary 103 17.3
Mothers’ occupation Group 1 19 3.2
Group 2 149 25.0
Group 3 429 71.8
Fathers’ occupation Group 1 138 23.1
Group 2 440 73.7
Group 3 19 3.2
Socio-economic class Upper 47 7.9
Middle 74 12.4
Lower 476 79.7

Occupation groups: Group 1 (Gainfully employed), Group 2 (Partially employed), Group 3 (Unemployed)

The median (interquartile range) age was
3.5 (1.3 to 8) years, a minimum age of 1
month, and a maximum age of 14 years.
Most of the children were under 5 (337;
56.4%) and males (328; 54.9%), with a
male-to-female ratio of 1.2:1. Most of the
mothers had no education 76.7% (458) and
were unemployed 71.8% (429). Most of the
fathers had at least a primary level of
education, 60.8% (363), and were
employed, as shown in Table 1.

Blood glucose levels among the study
children

The median with interquartile range (IQR)
of the random blood glucose at presentation
in the studied children was 5.1 (4.0-6.7).
The prevalence of hypoglycemia was 8.2%
(49/597), with a 99% confidence interval of
6.3 t0 10.7%.

This work is licensed under a Creative Commons
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Relationship between blood glucose levels
and diseases among children

Table 2 shows that hypoglycemia was
associated with various diagnoses among
the studied children. In addition, based on
the various diseases group, highest
prevalence of hypoglycemia occurred in
those with gastro-intestinal related diseases
(33.3%), severe acute malnutrition
(39.0%), endocrine diseases (33.3%) and
sepsis (13.8%). In contrast, those with
cardiovascular system related diseases, and
acute poisoning had no hypoglycemia at
presentation.

Relationship between Socio-demographic
determinants and hypoglycemia
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Table 2: Relationship between glucose levels and diseases among the population

Diagnosis Total Hypoglycemia n Euglycemia Hyperglyce G test P
(n=597) =49 (%)* n=482 mia n=66 value

Malaria 154 11 (7.1) 118 25 124.271 <0.001

Respiratory diseases 106 2(1.9) 102 2

Sepsis 80 11 (13.8) 58 11

SCD with complications 62 1(1.6) 57 4

Renal diseases 45 1(2.2) 41 3

SAM and FTT 41 16 (39.0) 25 0

CNS diseases 35 1(2.9) 20 14

Surgical diseases 21 1(4.8) 20 0

Vaccine-preventable 11 1(9.1) 10

diseases

Tuberculosis 7 1(14.3) 6 0

CVS disease 7 0(0.0) 6 1

GIT diseases 6 2 (33.3) 3 1

Endocrine diseases 3 1(33.3) 2 0

Poisoning 5 0(0.0) 5 0

Others 14 0 (0.0 9 5

G test- Likelihood Ratio Chi-Square; SCA-sickle cell anemia), , SAM-severe acute malnutrition, FTT-failure to
thrive, CNS-Central nervous system; CVS-Cardiovascular disease, GIT-Gastrointestinal tract.*Prevalence of

hypoglycemia (percent) in the disease categories

Based on the age groups, children aged 13
to 59 months had the highest prevalence of
hypoglycemia (11.0%), with an odds ratio
of 2.4 (95% confidence interval of 1.149 to
4.813).

Also, a higher prevalence of hypoglycemia
(9.1%) was obtained among males
compared with females (7.1%), though not
statistically significant. Based on the
duration of illnesses before admission, the
highest prevalence of hypoglycemia (9.8%)
occurred among the studied children who
presented after 48 hours. Also, Table 3
shows that gender, parents’ occupations,
parents’ education levels, and socio-
economic classes were comparable among
children with and without hypoglycemia at
presentation.

Outcomes of the study children

Out of 597 recruited children, 30 deaths
occurred (5.0%). Among those with
hypoglycemia (n = 49), 8 deaths occurred,
with a mortality rate of 16.3%. There were
significant differences in mortality between
those with hypoglycemia and those with

This work is licensed under a Creative Commons
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euglycemia, p<0.001. The presence of
hypoglycemia increased the odds of deaths
by 4.5 (95% CI 1.870 to 10.866), as shown
in Table 4.

Discussion

Social determinants of health play a
significant role in shaping children's health
and outcomes by influencing access to
healthcare, health knowledge and practices,
socio-economic status, and healthcare
utilization patterns (8,9). Our study shows a
prevalence of hypoglycemia (8.2%) with a
degree of uncertainty that ranges from 6.3
to 10.7% among the study children
admitted to the pediatric emergency ward.
The relatively large degree of uncertainty
obtained in this study indicates the true
values could be as low as 6.3% and as high
as 10.7%. The prevalence of hypoglycemia
value obtained in this study is within the
observed prevalence of 6.3% to 22.1% in
Nigerian studies (15,18). However, the
prevalence of hypoglycemia obtained in
this study is higher than 4.2% in
Madagascar(19), 3.2% in
Mozambique(20), and 7.3% in Kenya(21).
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Table 3: Relationship between Socio-determinants of health and hypoglycemia.

Variable Total Hypo. Prev. OR**  950% CI P value
n =597 n=49 (%)

Age categories

12 and below 137 14 10.2 2.0 0.919, 4.447 0.080

13-59 months 200 22 11.0 2.4 1.149, 4.813 0.019

60 and more 260 13 5.0 1

Gender

Male 328 30 9.1 1.4 0.757, 2.524 0.292

Female 269 19 7.1

Mothers’ Education

No formal 458 38 8.3 1.8 0.409, 7.657 0.445

Primary 50 4 8.0 1.7 0.300, 10.120 0.536

Secondary 43 94 1.9 0.353, 10.573 0.448

Tertiary 36 2 5.6 1

Father’s Education

No formal 234 17 7.3 1.0 0.405, 2.538 0.976

Primary 152 14 9.2 13 0.486, 3.244 0.938

Secondary 108 11 10.2 1.6 0.602, 4.424 0.336

Tertiary 103 7 6.8 1

Mothers’ occupation

Group 1 19 1 5.3 1

Group 2 149 12 8.1 2.1 0.257,17.135 0.490

Group 3 429 36 8.4 1.8 0.233,13.841 0.575

Father’s Occupation

Group 1 126 12 8.7 1

Group 2 440 36 8.2 0.9 0.448, 1.772 0.742

Group 3 19 1 53 15 0.168, 13.654 0.712

SEC#

Upper 47 2 4.3 1

Middle 74 6 8.1 2.3 0.436,11.931 0.329

Lower 476 41 8.6 2.0 0.460, 8.495 0.359

Duration before admission

24 hours 134 8 6.0 1

25 to 48 hours 84 4 4.8 0.7 0.215, 2.547 0.633

>48 hours 379 37 9.8 1.7 0.749, 3.676 0.212

Hypo-Hypoglycemia; Prev-prevalence of hypoglycemia. Occupation groups: Group 1 (Gainfully employed),
Group 2 (Partially employed), Group 3 (Unemployed); SEC-Socio-economic class; #Oyedeji socio-economic

classification.**Vs Euglycemia

The variation in prevalence obtained in this
study compared with the other studies may
be partly attributed to a lack of consensus in
defining hypoglycemia in children. For
instance, whereas we used a cut-off of 2.8
mmol/L to define hypoglycemia, the
Nigerian study(18) that reported 6.3% used
2.5 mmol/L, the studies in Madagascar(19)
and Kenya(21) used 2.2 mmol/l while a cut-
off of 3.0 mmol/l in the study in
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Mozambique. While our study, like others,
confirmed a significant number of acutely
sick children had hypoglycemia and
supported the need to sustain routine blood
sugar checks among them. The variation in
the cut-off brings some limitations to data
comparison and calls for the adoption of a
uniform cut-off for easy identification and
treatment of hypoglycemia among children.
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Table 4: Outcomes of study children with hypoglycemia

Variables Total Discharge Death Odds 95% confidence p
n=531 ratio interval
Euglycemia 482 462 (95.6) 20 (4.1%)
Hypoglycemia 49 41 (83.7) 8 (16.3) 4.507 1.870, 10.866 <0.001

This study also shows that young children
aged 13 to 59 months were associated with
the occurrence of hypoglycemia with an
odds ratio of 2.4 compared with those aged
60 months and above. Similar studies in
southeastern Nigeria and Madagascar also
observed an association between age and
hypoglycemia (19,22). In contrast, some
Nigerian studies(1,15,18,23) did not find
any relationship between age and the
occurrence  of  hypoglycemia.  The
observation of hypoglycemia in the
younger age group may be partly related to
the limited capacity for gluconeogenesis in
the age group to mobilize glucose,
especially during acute illnesses, besides
the associated reduced intake. This finding
of hypoglycemia in the younger age group
affirms the need to prioritize this age group
in resource-limited settings.

Children of low socio-economic status have
a heightened vulnerability to adverse health
outcomes and barriers to accessing
adequate healthcare services, which may
contribute to disparities in health outcomes
(14). However, our study did not
demonstrate a significant relationship
between parents' education, employment
status,  socio-economic  status, and
hypoglycemia in the study children, which
is similar to some Nigerian studies (18,22).
In contrast to our findings, a study in
Madagascar(19) found that hypoglycemia
occurred more among the children from the
poorest with lower maternal education.

Based on the disease spectrum and
occurrence  of  hypoglycemia, the
gastrointestinal diseases, severe acute

This work is licensed under a Creative Commons
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malnutrition and failure to thrive had
highest prevalence of hypoglycemia. This
finding agrees with other researchers who
have documented gastrointestinal diseases
as the commonest causes of hypoglycemia
in hospitalized children (7,23). Other
causes of hypoglycemia in our study were
malnutrition, sepsis, and severe malaria,
which are in keeping with other reports
from previous studies (6,21). The
observation of hypoglycemia in many
childhood acute illnesses has been
attributed to increased utilization due to
ongoing pathology, impaired
gluconeogenesis, endotoxins-mediated
insulin release, and reduced intake (24,25).
Thus, there is a need for close monitoring
of the blood sugar of a sick child to avert
potential hypoglycemia.

The case fatality rate for hypoglycemia in
this study was 16.3%, which is higher
compared with children with
normoglycemia (4.1%). However, this
value is lower than 28.5-41.2% reported in
some Nigerian studies,(6,15) 20.0% in
Madagascar(19), and 31.8% malnourished
children in Kenya (21). The low rate of
mortality observed in this study may be
because this is a prospective study with
protocols that involved prompt treatment of
all cases of hypoglycemia. In addition, our
hospital policy included attending to all
sick children without requesting payment
immediately at presentation. Thus, all
identified cases were promptly treated
without recourse to payment, as bills were
settled later. Despite being low compared
with other studies, the odds ratio of 4.5 for
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deaths among hypoglycemia children
illustrated the high case fatality associated
with hypoglycemia among the children and
calls for the need for close monitoring even
after the hypoglycemia has been corrected.

Limitations

While our study is a descriptive cross-
sectional study with a minimum sample
estimated at a 99% confidence level to
obtain a larger sample size, we have some
limitations.  Firstly,  children  with
hypoglycemia were not followed up after
discharge. Secondly, most of the recruited
children (476; 79.7%) were from low socio-
economic classes, which may have
impacted our findings. Finally, this is a
tertiary health center that manages mostly
referred cases and, thus, may not be
representative of what happens at the
community level.

Conclusion

In conclusion, this study shows that among
the social determinants of health evaluated
in this study, the younger age group (13 to
59 months) was associated  with
hypoglycemia, and the presence of
hypoglycemia increased the odds of death
by 4.5. We recommend that in resource-
limited settings, younger children,
especially under-fives, be prioritized for
blood checks when they are acutely ill, and
those with confirmed hypoglycemia should
also be closely monitored.
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