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Abstract: Background: Hypoglycaemia is the most common acute complication of Diabetes Mellitus and often treatment-
limiting, serious adverse effect of intensive diabetes therapy. Although it is preventable, hypoglycaemic episodes, especially if
severe or recurrent may result in significant psychosocial dysfunction and lower quality of life. Aim: To determine the
prevalence, frequency and timing of diabetes-related hypoglycaemia amongst persons with diabetes mellitus. Methods: This
was a cross-sectional observational study involving patients attending the diabetes clinic and selected using systematic random
sampling. An interviewer- administered questionnaire was used to obtain socio-demographic characteristics as well as
experience of hypoglycaemia in the past 12months and severity graded. Data analysis was performed using SPSS 21.0, IBM
SPSS Statistics, New York, USA Result: A total of 216 patients were recruited for the study. Eighty nine patients (41.2%)
reported experiencing hypoglycaemia, out of which 46 (51.7%) occurred in the morning before breakfast and 16 (18.0%)
experienced severe Hypoglycaemia. Skipped meal (58.4%) and overdose of GLA (31.5%) were the most common recognized
causes of hypoglycaemia. Level 1 hypoglycaemia was the commonest grade of hypoglycaemia, while males and those on
insulin alone had higher odds of having hypoglycaemia (P=0.059). Conclusion: The reported prevalence of hypoglycaemia
amongst persons with diabetes mellitus within the last one year prior to the study was rather high which shows that
hypoglycaemia is a common experience amongst type 2 diabetic undergoing management. Continuous patient education on the
risks, causes, symptoms, and treatment of hypoglycaemia as well as self-monitoring of blood glucose is recommended for
every person with diabetes at every health visits.
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1. Introduction

Diabetes mellitus (DM) is a major health problem
worldwide [1]. Studies have revealed a significant worldwide
increase in the incidence and prevalence of diabetes [2-6],
with the International Diabetes Federation (IDF) projecting
that there will be an increase in persons with DM from 463
million in 2019 to 700 million by 2045 [1].

Strict control of diabetes is increasingly emphasized after
the benefits demonstrated in the UK Prospective Diabetes
Study (UKPDS) and The Diabetes Control and Complications
Trial (DCCT) studies in preventing complications [7, 8].

Intensive therapy has been noted to effectively delay the onset
and slow the progression of complications like diabetic
retinopathy, nephropathy and neuropathy in patients with Type
1 diabetes [7, 8]. Hypoglycaemia is a very common
complication and often “treatment-limiting” serious adverse
effect of intensive diabetes therapy. Although preventable,
hypoglycaemic episodes, especially if severe or recurrent may
result in increased cardiovascular morbidity and mortality,
significant psychosocial dysfunction as well as reduced quality
of life [9].
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In Nigeria, the late diagnosis of diabetes and lack of
regular monitoring of patients coupled with inequalities in
accessing care, leads to early presentations of diabetic
complications [10]. These issues may also lead to patients
commencing medications without prescription from qualified
health personal or without regular monitoring of blood
glucose or Self-Monitoring of Blood Glucose (SMBG),
especially for those on insulin secretagogues and insulin and
this can be complicated by hypoglycaemia.

Hypoglycaemia is most convincingly documented by
Whipple’s triad: symptoms consistent with hypoglycemia, a
low plasma glucose concentration at the time of the
symptoms, and reversal of those symptoms when the plasma
glucose concentration is corrected to normal [9]. The
American Diabetes Association defines hypoglycaemia as
blood glucose of less than or equal to 70mg/dl. [9]. The
American Diabetes Association Workgroup on
Hypoglycaemia describes the classification of hypoglycaemia
as [9]: 1) Severe hypoglycemia- An event requiring
assistance of another person to actively administer
carbohydrate, glucagons, or other resuscitative actions. 2)
Documented symptomatic hypoglycemia- An event during
which typical symptoms of hypoglycemia are accompanied
by a measured plasma glucose concentration <70 mg/dl (3.9
mmol/l). 3) Asymptomatic hypoglycemia- An event not
accompanied by typical symptoms of hypoglycemia but with
a measured plasma glucose concentration <70 mg/dl (3.9
mmol/l). 4) Probable symptomatic hypoglycemia- An event
during which symptoms of hypoglycemia are not
accompanied by a plasma glucose determination (but that
was presumably caused by a plasma glucose concentration
<70 mg/dl [3.9 mmol/l]). 5. Relative hypoglycemia- An event
during which the person with diabetes reports any of the
typical symptoms of hypoglycemia, and interprets those as
indicative of hypoglycemia, but with a measured plasma
glucose concentration > 70 mg/dl (3.9 mmol/l) [9].

The recent American diabetes association (ADA)/
European association for the study of diabetes (EASD) 2018
classification of hypoglycaemia classifies hypoglycaemia as
follows [11];

Level Glycaemic criteria/description

Level 1 Glucose < 70 mg/dL (3.9 mmol/L) and glucose >
54mg/dL (3.0mmol/L)

Level 2 Glucose < 54 mg/dL (3.0 mmol/L)

Level 3 A severe event characterized by altered mental and
/ or physical status requiring assistance

Another classification and grading for hypoglycaemia is
the Ademolu’s classification of hypoglycaemia (ACH) which
is classified as;

Hypoglycemia Grade 1 (mild): 55-70mg/dl

Hypoglycemia Grade 2 (moderate): 40-54.9mg/dl

Hypoglycemia Grade 3 (severe): 10-39.9mg/d]

Hypoglycemia Grade 4 (very severe): <10mg/dl

Symptomatic hypoglycaemia above 70mg/dl is a subset of
grade 1 in the Ademolu’s classification, while asymptomatic
grade 4 is referred to as “Ademolus Phenomenon” [12]

OBJECTIVES

This study was conducted with the aim of determining the
prevalence of diabetes-related hypoglycaemia amongst
persons with diabetes mellitus, with specific objectives to
determine the frequency and timing of diabetes-related
hypoglycaemia amongst persons with diabetes mellitus.

2. Methods

The study was a hospital-based cross—sectional study at
the diabetes clinic of University teaching hospital in Benin
City, Nigeria where an average of 100 persons with diabetes
mellitus are seen at the in-patients and out-patients clinics
weekly. After selecting a random number between 1 and 5,
every fifth patient entering the clinic was included using
systematic random sampling technique. Type 1 and type 2
Diabetic patients who are known to have diabetes for more
than 6 months were included in the study.

2.1. Data Collection Procedure

An Interviewer-administered questionnaire was used to
obtain information on the socio- demographic characteristics
of the patients, duration of diabetes and their current
treatment, the possible symptoms of hypoglycaemia, its
frequency, duration, severity, possible precipitating factors,
the remedial measures that patients undertook as well self-
monitoring of blood glucose practices.

2.2. Statistical Analysis

Data entry and analysis of the variables was done using
Statistical Package for Social Sciences (SPSS) version 21
(IBM Corporation, Somers, New York, USA) software.
Descriptive statistics of proportion, mean, and standard
deviation was calculated for the socio-demographics
characteristics, symptoms, frequency and causes of
hypoglycaemia. The odds ratios and the 95% confidence
intervals (CI) were calculated. A p value < 0.05 was
considered as significant for all analysis.

3. Results

A total of 216 diabetic patients consisting of 86.1%
outpatient and 97.2% T2DM patients participated in this
study. Participants age ranged from 34 — 91 years with
majority (68.1%) of the participant between 55 and 74 years,
27.8% were <55 years of age, and the remaining 4.1%
were >78 years. The mean age was calculated to be 60.9 +
10.6. Female patients constituted majority (63.4%) of the
study participants. One hundred and fifty four (71.3%) of the
study participants practiced Self-Monitoring of Blood
Glucose (SMBG) out of which majority (50.7%) of them
monitored their blood glucose more than 3 times a week as
shown in Table 1.

Out of the 216 study participants, 89 had experienced
hypoglycaemia giving a prevalence rate of 41.2%. Over half
of the respondents, (51.7%) who reported to have
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experienced  hypoglycaemia,

reported  hypoglycaemia  which shows most participants experienced hypoglycaemia at

occurring early hours of the day before breakfast while 13  least 1- 3 times in a month. The most common symptom of
study participants each (14.6%) reported post breakfast and  hypoglycaemia in this study was weakness (27.8%), followed
before bed time respectively and this represented in Figure 1. by sweating (25%), then hunger (21.3%) as shown in Figure
The frequency of Hypoglycaemia is displayed in Figure 2 3.

Table 1. Socio-demographics and clinical profile of patients.

Variable Frequency (216) Percent (%)
Age group (years)
34-44 13 6.0
45-54 47 21.8
55-64 82 38.0
65174 65 30.1
75 -84 8 3.6
85 and above 1 0.5
Mean (SD)=60.9+10.6
Gender
Male 79 36.6
Female 137 63.4
Serial Monitoring of RBG
Yes 154 71.3
No 62 28.7
Periodicity of Serial Monitoring of RBG n=154
Twice a week 51 33.1
Thrice a week 25 16.2
>Thrice a week 78 50.7
50
46(51.7)
45
40
35
g 30
s
g 25
]
g
w 20
15 13(14.6) 13(14.6)
10
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Before After Breakfast Before Lunch  After Lunch Before Bedtime Before Dawn
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Figure 1. Timing of Hypoglycaemia.
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m 1-3 times per week
m 1-3 times per month
i 1-3 times in 3 months

M At least once in 6 months

Figure 2. Frequency of Symptoms of Hypoglycaemia.
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Figure 3. Prevalence of Symptoms of Hypoglycaemia.

With regards to the severity of Hypoglycaemia amongst
study participants, using Ademolu’s classification of
Hypoglycaemia, 48 persons (53.9%) had mild
hypoglycaemia while, 37 persons (41.6%) and 4 (4.5%) had
moderate and severe hypoglycaemia respectively. Similarly
the ADA/EASD classification criteria showed most of those

that had hypoglycaemia had level 1 hypoglycaemia (52.8%)
while level 3 and level 2 were reported by 18% and 29.2% of
respondents respectively However, using the clinical
classification of hypoglycaemia, documented hypoglycaemia
was reported by 71 (79.8%) while severe and asymptomatic
hypoglycaemia was reported by 16 (18%) and 2 (2.2%) of
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study participants respectively as shown in Table 2.

The causes, treatment options and complication following
hypoglycaemic event are displayed in Table 3. Skipping
meals was the most reported cause of hypoglycaemia
(58.4%), while the most commonly used treatment option is
taking of glucose drink (47.1%). Out of the eighty nine
persons that had hypoglycaemia, 54 (60.7%) where on only
oral glucose lowering agents while 29 (32.6%) where on
Insulin and oral glucose lowering agents (P=0.182). Also 58
persons (65.2%) of those that had hypoglycaemia were in the
age group 54-73years, however this was not statistically
significant (P=0.388) (Table 4). Males (P=0.059) and those
on insulin alone had higher odds of having hypoglycaemia
however this was not statistically significant (P=0.059, and
P=0.380 respectively) as shown in Table 5.

Table 2. Classification of hypoglycaemia.

Experienced Hypoglycaemia )

Variables No n=127 (%) _Yes n=89 (%) X P-value
Glucose Lowering Agent

Oral Alone 91 (71.7) 54 (60.7) 3.409 0.182
Insulin Alone 4(3.1) 6 (6.7)

Insulin + Oral 32 (25.2) 29 (32.6)

Table 5. Logistic regression for predictors of hypoglycaemia among the
respondents.

Variable Frequency (89) Percent
Severity of Hypoglycaemia (ACH)

Grade 1 (Mild) 48 53.9
Grade 2 (Moderate) 37 41.6
Grade 3 (Severe) 4 4.5
ADA Clinical Classification

Severe hypoglycaemia 16 18.0
Documented hypoglycaemia 71 79.8
Asymptomatic hypoglycaemia 2 22
*ADA/EASD Classification

Level 1 47 52.8
Level 2 26 29.2
Level 3 16 18.0

. P Odds 95% CI) for OR

Predictors q
value ratio Reference

Gender
Male 0.059 1.761 0.98-3.17
Female* 1
Age (years)
34-53 0.237 1.998 0.64-6.29
44-73 0.621 1.286 0.47-3.49
>74% 1
Duration of DM
<5 0.251 0.666 0.33-1.33
6-10 0.318 1.430 0.71-2.89
>10* 1
Glucose Lowering Agent
Oral Alone 0.480 0.793 0.42-1.51
Insulin Alone 0.380 1.875 0.46-7.63
Insulin + Oral* 1

“*ADA=American Diabetes Association, ACH=Ademolus classification of
Hypoglycaemia.

Table 3. Causes of hypoglycaemia and treatment options of hypoglycaemic
events.

Variable Frequency n=89 Percent
Causes of Hypoglycaemia

Skipped meals 52 58.4
Overdose of GLA 28 31.5
Unaccustomed exercise 10 11.2
Treatment options

Glucose drink 42 47.1
Carbohydrate meal 11 12.4
Glucose drink and meal 20 22.5

IV Glucose infusion in Hospital 16 18.0

GLA=Glucose lowering Agent.

Table 4. Association between socio-demographic /glucose lowering agents
and hypoglycaemia.

. Experienced Hypoglycaemia 2
Variables No n=127 (%) _Yes n=89 (%) X P-value
Gender
Male 40 (31.5) 39 (43.8) 3.426 0.064
Female 87 (68.5) 50 (56.2)
Age (years)
34-53 25 (19.7) 24 (27.0) 1.891  0.388
54-73 88 (69.3) 58 (65.2)
74-93 14 (11.0) 7(7.9)
Duration of DM
<5 52 (40.9) 28 (31.5) 3564 0.168
6-10 29 (22.8) 30(33.7)
>10 46 (36.2) 31 (34.8)

*Reference category.

4. Discussion

This was a cross-sectional study carried out with the aim
of determining the prevalence, frequency and timing of
diabetes-related hypoglycaemia amongst persons with
diabetes mellitus. The prevalence of hypoglycaemia in this
study was 41.2% which is rather high. In a similar study in
South-Eastern Nigeria [13], a slightly lower prevalence of
35.2% was reported, while in South-Western Nigeria,
researchers reported that approximately 50% of Type 2
diabetics in their study had experienced symptoms of
hypoglycaemia in the preceding 6months to the study [14]. In
a prospective German study to assess the incidence and
predictors of hypoglycaemia, an incidence rate of 14.1% was
reported for any severity hypoglycaemia over a follow-up of
12 months. [15] This reported figure aside being an incidence
rate was for only severe hypoglycaemia which was defined
as hypoglycaemia resulting in patients seeking medical
attention or requiring hospital admission. Vanishree et al in
India, reported that 96% of persons with type 2 DM in their
study had reported at least one symptom of hypoglycaemia
[16]. With regards to the presentation of hypoglycaemia,
weakness, sweating and hunger were the most common
symptoms in this study. These findings are similar to those
reported by Olamoyegun et al where shivering, sweatiness
and hunger were the commonest symptoms of
hypoglycaemia in their study [14]. In the study conducted in
India, weakness was the commonest symptom, then dizziness
and drowsiness [16].  Adrenergic symptoms of
hypoglycaemia (like anxiety, irritability, dizziness,
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diaphoresis, pallor, tachycardia, headache, shakiness, and
hunger) when present, precede neuroglycopenic features of
hypoglycaemia (like impaired concentration, confusion,
disorientation, irritability, lethargy, slurred speech, and
irrational or uncontrolled behaviour), thus functioning as an
early warning system [17]. However, when sympathetic
dysfunction (e.g., diabetic autonomic neuropathy) exists or
when adrenergic blockers are being used, these signs and
symptoms may be unnoticeable [17]. For most of the patients,
the precipitating factor was missing meals followed by
overdose of glucose lowering agents. Hypoglycaemia was
severe requiring in-hospital treatment with intravenous
infusion in nearly a fifth of the patients in this study while
nearly half of the study participants treated with glucose
drinks and this is largely due to the fact that most of the
participants had mild to moderate hypoglycaemia. The ADA
stresses that individuals at risk for hypoglycaemia should be
asked about symptomatic and asymptomatic hypoglycaemia
at each encounter. Glucose (15-20 g) is the preferred
treatment for the conscious individual with hypoglycaemia,
although any form of carbohydrate that contains glucose may
be used. The individual should consume a meal or snack to
prevent recurrence of hypoglycaemia [9].

In observing the use of different classification for analysis,
that is the Ademolu’s criteria and ADA/EASD 2018, it was
noticed that according to Ademolu’s criteria, Grade 1 was the
commonest, followed by Grade 2, then grade 3. Similarly in
the ADA/EASD classification, Level 1 was the commonest,
followed by level 2, then level 3. Grade 1 hypoglycaemia is
documented to be the commonest grade in diabetics generally
as well as in Type 2 diabetics specifically [18]. Grade 4 in
the Ademolu’s criteria was not recorded in this study and
likewise, was also not recorded from a similar African study
amongst diabetics [18]. The probable explanation for the
seeming rareness of grade 4 hypoglycaemia is that death may
have occurred at such very low blood glucose level of less
than 10mg/dl and thus the diagnosis missed. A larger
multicentre study will help to expatiate further on this
hypothesis. Grade 3 and level 3 were the least common form
of hypoglycaemia. According to the ADA clinical
classification of hypoglycaemia in this study, over two-thirds
of the participants in this study had documented
hypoglycaemia and this is largely attributed to the finding
that nearly two- thirds of persons in this study practiced self-
monitoring of blood glucose with over half of them
monitoring more than three times a week. Self-monitoring of
blood glucose (SMBG) is well established and a highly
valuable approach for the daily management of type 2
diabetes mellitus [19]. It also supports preventive strategies
of acute and chronic complications of diabetes. In particular,
SMBG increases a patient’s awareness of hypoglycaemia [20]
and therefore provides a potential strategy to trigger self-
regulatory prevention of significant hypoglycaemic episodes
[21].

Hypoglycaemia occurred more frequently in those on
only oral glucose lowering agent when compared to those
on insulin alone or insulin and oral glucose lowering agents,

but this difference was not significant. In UKPDS
prospective multi-center randomized controlled trial among
type 2 diabetics on OHAs and/or insulin, the incidence of
any severity hypoglycaemia was 17% among those on
glyburide, 11% among those on chlorpropamide, and 36.5%
among those taking insulin [7]. In another retrospective,
cross-sectional analytical study in United States of America
conducted among 1055 type 2 diabetics, the prevalence of
all hypoglycaemia was 16% among those taking OHAs and
30% among those taking insulin [22]. Insulin use alone or
in combination with Sulphonylureas has been reported as
predictors of hypoglycaemia by some studies [14, 23].
Other reported predictors are older age, duration of diabetes
[14]. In the German study to determine the incidence and
predictors of hypoglycaemia amongst persons with type 2
diabetes, it was reported that patients with incident
hypoglycaemia had longer diabetes duration, higher HbAlc
and a more frequent smoking history; more had co-morbid
disease conditions such as coronary artery disease,
peripheral arterial disease, amputation, heart failure,
peripheral neuropathy, diabetic retinopathy and clinically
relevant depression at baseline. Multivariable adjusted
positive predictors of incident hypoglycaemia over the
follow-up were prior anamnestic hypoglycaemia,
retinopathy, depression, insulin use and blood glucose self-
measurement in the same study [15].

5. Conclusion

This study shows that the prevalence of hypoglycaemia is
high among persons with DM including severe
hypoglycaemia requiring assistance for recovery. The major
cause was missed meals thus persons with Diabetes Mellitus
should therefore be continuously educated on the causes of
diabetes related- hypoglycaemia with emphasis on not
skipping meals, drug dosing and regimen as well as the
importance of self- monitoring of blood glucose.

Limitation

One the strengths of this study is that the determination of
Hypoglycaemia also involved blood glucose estimation at the
time of the occurrence of symptoms and the comparisons of
various classification of hypoglycaemia. Limitations of this
study include its sample size which is small and the cross-
sectional study design. A larger multi-center longitudinal
study is suggested to increase the power of the study. Also,
the glucose lowering agents were not individually tested for
association with hypoglycaemia as most of the study
participants were on various combinations of glucose
lowering agents and also varying doses.
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