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Hyperglycemic emergencies in a tertiary health
facility: clinical presentation and predictors of

mortality

Beatrice Ohunene Bello-Ovosi', Joseph Ogirima Ovosi’, Isa Kweumpo Bansi',

Abstract
Aim: To assess the clinical presentations and predictors of mortality of hyperglycemic emergencies (HE)
in persons with diabetes mellitus (IDM) presenting in a tertiary health facility in Nigeria.

Methods: This was a two-year retrospective review of hospital records of persons with DM in a tertiary
hospital in Nigeria. We retrieved data on person’s demographics, clinical and laboratory characteristics
into Microsoft Excel and analyzed with STATA version 14.

Results: A total of 195 (42.4%) out of 460 persons admitted with DM fulfilled the eligibility criteria.
Diabetic ketoacidosis (DKA) was present in 42.6%, mixed hyperglycemic emergency (MHE) in 34.9%
and hyperglycemic hyperosmolar state (HHS) in 22.5%. Mortality in HE was 8.7%. The common clinical
presentation were: osmotic symptoms (71.3%), tachypnoea (46.7%), tachycardia (42.6%). Elevated anion
gap (89.2%) and anemia (80.5%) were the common laboratory findings. Infections (86.7%), non-
compliance (79.5%) and newly diagnosed DM were the common precipitants of HE. Significant
predictors of mortality were: duration of DM between 5-9 years, Glasgow Coma Scale (GCS) < 8,
hypotension, and hypokalemia.

Conclusion: HE is still a common cause of hospitalization and mortality in persons with DM; and
features such osmotic symptoms, tachypnea and high anion gap metabolic acidosis should alert the

clinician.

Keywords: Hyperglycemic emergencies, diabetes ketoacidosis, hyperglycemic hyperosmolar state,

mortality

f Department of Internal Medicine, Kaduna State University/ Barau Dikko Teaching Hospital, Kaduna, Nigeria
*Air Force Institute of Technology, Kaduna, Nigeria, 461 Nigerian Air Force Hospital, Kaduna, Nigeria

"National Industrial Conrt Clinic, Abuja, Nigeria

Corresponding author: Joseph Ogirima Ovosi, Air Force Institute of Technology, Kaduna

1. Introduction

In 2019, the global estimate of persons with
diabetes mellitus (DM) was 463 million, out of
which 19 million were living in Africa; and DM
was responsible for 366,200 deaths (6.8% of all-
cause mortality) in the sub-region. Diabetic
ketoacidosis (DKA) and hyperosmolar
hyperglycemic state (HHS) are two of the
extreme life-threatening and overlapping
spectrum of acute metabolic complications,

termed hyperglycemic emergencies (HE), which
are largely seen in people with uncontrolled DM;
and contribute significantly to the morbidity and
mortality attributed to the disease.”’

In DKA, absolute or relative insulin deficiency is
accompanied by increase in counter-regulatory
hormones resulting in hyperglycemia, ketonemia
and acidosis.' HHS, however, results from relative
insulin deficiency and/or insulin resistance which
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leads to marked hyperglycemia, severe
extracellular volume contraction,
hyperosmolality usually > 320 mOsmol/kg and
While in DKA, the

insulin deficiency is marked enough to stimulate

- . 256
minimal ketonemia.

lipolysis and ketogenesis which are its hallmark;
in HHS, the insulin deficiency is not marked
enough, hence, the minimal ketonemia seen.’

The majority of the people with DM are
undiagnosed and could present for the first time
with HE,"" and this may be worse in Africa,
where about 59.4% of people living with DM are
undiagnosed.’ In the UK, about one-quarter of
the diagnosis of type 1 DM are made for the first
time in the presence of DKA, resulting in an
expenditure of 1,387GBP per hospitalization;
and up to 20% of HHS do not have previous
diagnosis of DM."” 1In the US, hyperglycemic
emergencies accounted for 207,000
hospitalizations in 2014, and 168,000 of these
were due to DKA, accounting for 7,470-20,864
USD per hospitalization.™"  In Nigeria, the
exact burden of HE is not known. However,
hospital-based studies have reported incidences
in the range 11 — 40%, """ and mortality in the
range 18-22% for DK A and 25-35% for HHS.™"”
Despite the high morbidity and mortality
attributed to HE in Nigeria, few studies have
assessed the clinical presentations and the
factors that predict mortality among them. This
study, therefore, assessed the clinical
presentations and predictors of mortality in
persons with HE in Ahmadu Bello University
Teaching Hospital (ABUTH), Zaria — a tertiary
health facility in Nigeria.

2. Methods

2.1  StudyArea

ABUTH is a 500-bed public tertiary health
facility located in Zaria, northwestern Nigeria. It
serves clients from most northern Nigerian

states and neighboring countries of Niger and
Chad Republics.

2.2 Studydesign

We conducted a retrospective review of hospital
records of all adult patients admitted for HE at
ABUTH, Zaria over two years, from 1 January
2015-31December 2016.

2.3  Studypopulation

Subjects were considered eligible if they were
adults aged 18 years and above, and were
confirmed to be persons with DM by the
admitting physician and presenting with
hyperglycemic emergency during the period.
Pregnant women and patients with incomplete
information were excluded from the study.

2.4  Datacollection

Data was extracted using a structured-
questionnaire that included sections on socio-
demographics, clinical and laboratory
information. Clinical and laboratory data
retrieved were: type of DM, duration of DM,
number and types of anti-diabetic medications,
compliance, past history of HEs, co-morbidities,
presenting symptoms, physical examination
findings, serum urea and electrolyte and complete
blood count. The primary outcome measure was
in-hospital mortality due to HE.

2.5 Measurement of variables

DKA was defined as blood glucose between 16.6
—33.3 mmol/L, serum bicarbonate (HCO,) < 18
mmol/L and urine dipsticks ketones of at least
+2." HHS was blood glucose > 33.3 mmol/L,
serum HCO, > 18 mmol/L, serum osmolality >
320 mmOsm/kg and absence of urine dipsticks
ketones or urine dipsticks ketones of not more
than +1.” Mixed hyperglycemic emergency
(MHE) was admitting blood glucose > 16.6
mmol/L, serum HCO, < 18 mmol/L, serum
osmolality < 320 mmOsmol/kg and absent or
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8 Hyperglycemic Emergencies in a Tertiary Health Facility: Clinical Presentation and Predictors of Mortality

urine dipsticks of +1."" Type 1 DM referred to
patients with DM who had been on insulin since
diagnosis and required insulin for survival and
type 2 DM were patients with DM who were
previously managed on lifestyle modification, or
on oral hypoglycemic agents; or insulin-
requiring patients who initially were not insulin-
dependent.”” Osmotic symptom was
documented history of polyuria, polydipsia
and/or weight loss. Fever was admitting oral
temperature > 37.2°C and hypothermia, oral
temperature < 36.4'C.”*" Tachycardia was
admitting pulse rate > 100 beats/ minute,”” and
tachypnea admitting respiratory rate > 20
cycles/ minute.” Alteration in sensotrium was
mild, if Glasgow Coma Scale (GCS) was 13-15;
moderate if  9-12 and severe if [ 8.
Hypertension was defined as systolic blood
pressure of 2140 mmHg or diastolic blood
pressure =90 mmHg or a documentation of
treatment with anti-hypertensive medications™;
hypotension was blood pressure recording of <
90/60 mmHg,”

Electrolyte parameters were defined as follows:
Hypernatremia, serum sodium (Na') > 142
mmol/L; hyponatremia, serum sodium < 135
mmol/L."  Hyperkalemia, serum potassium
(K" > 5.0 mmol/1; and hypokalemia, serum
potassium < 3.5 mmol/L.." Acidosis was serum
HCO, < 18 mmol/L and further classified as
mild when bicarbonate was 15 — 18 mmol/L,
moderate when 10 — 14 mmol/L and severe
when < 10 mmol/L." Serum anion gap was
calculated from the formula: (Na* + K') — (Cl +
HCO,) and classified as high, if > 18 mEq/L.”
Serum osmolality was calculated from the
formula: 2 (Na") + glucose (mmol/L) + Urea
(mmol/L), and classified as high if > 320
mmOsm/kg.” Leucocytosis was white blood cell
count (WBC) > 12.0 x 10’ /1. and leucopenia as
counts < 4.0 X 10’ /L. Anemia was defined as
hemoglobin (Hb) < 12g/dL and elevated urea,

serum urea > 8.6 mmol/L.” Compliance —
referred to admittance to taking anti-diabetic
medications for more than 75% of the drug
schedule time as at the time of admission or
adhering to the dietary regimen prescribed for
most of the days of the month in the preceding

three months.

2.6 Statistical analysis

Data were coded and entered into STATA version
14 (Stata Corp, College Station, Texas) for
analysis. Continuous variables were expressed as
means t standard; and categorical variables, as
frequencies and percents. Student's t test and one-
way analysis of variance (ANOVA) were used to
test association with continuous outcome
variables; and Chi squate test and Fisher's exact
test were for categorical outcome variables.
Multivariate logistic regression was used to
identify independent predictors of mortality by
entering variables with p < 0.25 on bivariate
analysis into the model, and variables with p <
0.05 were considered statistically significant.

2.7 Ethical Approval

We sought and obtained ethics approval for the
conduct of the research and the use of data from
ABUTH Research Ethics Committee (ABUTH-
REC), and permission for use of the data from
the medical records. We did not obtain a written
informed consent from the subjects due to the
retrospective nature of the study, but we
maintained privacy and confidentiality by
ensuring that each case file was assigned a unique
numerical identifier for tracking purposes only;
and data was retrieved anonymously.

3. Results

3.1  Summary of study enrolment
A total of the 460 persons with DM were
admitted during the study period, out of which
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Hyperglycemic Emergencies in a Tertiary Health Facility: Clinical Presentation and Predictors of Mortality 9

195 (42.4%) fulfilled the eligibility criteria and and 44 (22.5%) had HHS. The overall mortality
had complete data for analysis. Eighty-three of HE was 17 (8.7%); 7 (8.4%) in DKA; 6
(42.6%) of this had DKA, 68 (34.9%) had MHE (13.6%) in HHS and 4 (5.9%) in MHE (Figure 1).

Subjects living with DM
admitted = 460
Excluded = 265 (57.6%)
o Pregnant women = 24
(9.1%)
o Incomplete data = 38 >
(14.3%)
o  Admitted for reasons other
than HE = 203(76.6%)
\ 4
( Admitted for W
HE =195
t (42.4%) ‘
\ 4
\4 \4
[ DKA = 83 (42.6%) ] MHE = 68 (34.9%) [ HHS =44 (22.5%) ]

( Primary outcome W
N J

Alive =178 (91.3%) Dead = 17 (8.7%)
HHS = 38 (21.3%) HHS = 6 (35.3%)
DKA = 76 (42.7%) DKA =7 (41.2%)
Mixed = 64 (36.0) Mixed = 4 (23.5%)

Figure 1: Summary of flow chat of participants
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3.2 Background characteristics of patients
with hyperglycemic emergencies

The mean age of the subjects was 53.6 £ 14.5
years. Majority (56.9%) of subjects were aged 41
— 04 years while only 46 (23.6%) were aged * 65
years. One hundred and forty-six (74.9%) were
males and 145 (74.4%) belong to the
Hausa/Fulani ethnic group. A significant
proportion (94.4%) had type 2 DM, and 108
(55.4%) were on some treatment for DM with
only 41 (21.0%) having good compliance. Eighty
(41.0%) had previous episodes of HE and 107
(54.9%) patients had at least one co-morbidity

(Table 1).

3.3 Clinical and laboratory characteristics
of hyperglycemic emergencies

One hundred and thirty-nine (71.3%) of persons
with HE had osmotic symptom; 47 (24.1%) had
lassitude, 23 (11.8%) had dysuria, 17 (8.7%) had
nausea/vomiting, 15 (7.7%) had muscle aches
and 7 (3.6%) had headache.

Tachypnoea was the commonest sign and was

presentin 91 (46.7%) of persons with HE and this
was followed by tachycardia, 83 (42.6%); fever, 82
(42.0%); foot ulcer/sepsis, 78 (40.0%); and
hypertension, 61 (31.3%). All persons with HE
had some degree of alteration in sensorium, but
overall, 22 (11.3%) had moderate-severe
impairment (14.4% in DKA vs. 18.2% in HHS vs.
2.9% in MHE, p = 0.012). Twenty (10.3%) had
hypothermia and 14 (7.2%) had hypotension
(Tables 2and 3).

High anion gap was the commonest laboratory
finding, occurring in 174 (89.2%) of persons with
HE (98.8% in DIKA vs. 81.8% in HHS and 82.3%
in MHE, p = 0.001). Others were: anaemia, 157
(80.5%); hyponatremia, 67 (34.4%); elevated urea,
62 (31.8%); leukocytosis, 57 (29.2%); acidosis, 54
(27.7%); hyperkalemia, 32 (16.4%);
hyperosmolarity, 31 (15.9%); leucopenia, 27
(13.9%); hypernatremia, 20 (10.2%) and
hypokalemia, 18 (9.2%).

Table 1: Background characteristics of subjects with hyperglycemic emergencies studied

Characteristics

Age group, (years)
=40
41 - 064
> 65

Sex
Female
Male

Ethnicity
Hausa/Fulani
Others

Frequency (N =195)  Percentage
38 19.5
111 56.9
46 23.6
49 25.1
146 74.9
145 74.4
50 25.6
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Employment status

Unemployed 66 33.9

Employed 129 606.1
Marital status

Single 47 24.1

Married/Divorced/Separated/Widowed 148 75.9
Type of DM

Type 1 11 5.6

Type 2 184 94.4
Duration of diagnosis, (years)

<5 97 49.7

5-9 40 20.5

=10 58 29.7
On treatment for DM

No 87 44.6

Yes 108 55.4

Compliance with diet/medications

No 154 79.0

Yes 41 21.0
Past history of HE

No 115 59.0

Yes 80 41.0
Co-morbidities

Absent 88 45.1

Present 107 54.9

No of co-morbidities, n = 107

71 66.4
> 1 36 33.6
Type of co-morbidity’

Hypertensive heart disease 93 47.7

Cerebrovascular accident 19 9.7
Chronic renal failure 21 10.8

Chronic liver disease 7 3.6

Malignancy 5 2.6

DM = Diabetes Mellitus, HE = Hyperglycemic Emergencies, Note: categories are not
mutually exclusive
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Table 2: Clinical and biochemical characteristics of subjects with hyperglycemic emergencies studied

Characteristics Frequency (N =195)  Percentage
Symptoms

Osmotic symptoms 139 71.3
Weakness/lassitude 47 241
Dysuria 23 11.8
Vomiting 17 8.7
Muscle aches 15 7.7
Headache 7 3.6
Stgns

Tachypnoea 91 46.7
Tachycardia 83 42.6
Fever 82 42.1
Foot sepsis 78 40.0
Hypertension 61 31.3
Moderate-severe altered sensorium 22 11.3
Hypothermia 20 10.3
Hypotension 14 7.2

Laboratory — para meters

Elevated anion gap 174 89.2
Anemia 157 80.5
Hyponatremia 67 34.4
Elevated urea 62 31.8
Leukocytosis 57 29.3

African Journal of Tropical Medicine and Biomedical Research 1ol. 5 No. 2 December 2022
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Acidosis 54 27.7
Hyperkalemia 32 16.4
Hyperosmolarity 31 15.9

Leucopenia 27 13.9
Hypernatremia 20 10.3

Hypokalemia 18 9.2

DM = Diabetes Mellitus, HE = Hyperglycemic Emergencies; Note: categories are not
mutually exclusive
Table 3: Presentation according to type of hyperglycemic emergencies

Characteristics DKA (n=83) HHS (n=44) Mixed (n = 68) P value
Osmotic symptom, n (%o) 56 (67.5) 35 (79.5) 48 (70.0) 0.355
Headache, n (%) 1(1.2) 4 (9.1) 2(2.9) 0.086
Vomiting, n (%) 9 (10.8) 4 (9.1) 4 (5.9) 0.613
Weakness/lassitude, n (%) 24 (28.9) 11 (25.0) 12 (17.7) 0.270
Muscle aches, n (%) 3 (3.6) 4(9.1) 8 (11.8) 0.142
Dysuria, n (%) 10 (12.0) 9 (20.5) 4 (5.9) 0.065
Diabetic foot sepsis, n (%0) 26 (31.3) 11 (25.0) 33 (48.5) 0.021
GCS, n (%) 0.012

Mild 71 (85.6) 36 (81.8) 66 (97.1)

Moderate 6 (7.2) 7 (15.9) 229

Severe 6 (7.2) 1(2.3) 0 (0)
Body temperature, n (%o) 0.338

Hypothermia 8 (9.0) 3 (6.8) 9(13.2)

Normothermia 44 (53.0) 17 (38.6) 32 (47.1)

Fever 31 (37.4) 24 (54.6) 27 (39.7)
Anemia, n (%) 065 (78.3) 38 (86.4) 54 (79.4) 0.530
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14 Hyperglycemic Emergencies in a Tertiary Health Facility: Clinical Presentation and Predictors of Mortality

WBC counts, n (%) 0.073
Leucopenia 17 (20.5) 7 (15.9) 344
Normal 42 (50.6) 25 (56.8) 44 (64.7)
Leucocytosis 24 (28.9) 12 (27.3) 21 (30.9)
Tachypnoea, n (%) 47 (56.6) 21 (47.7) 23 (33.8) 0.027
Tachycardia, n (%) 40 (48.2) 22 (50.0) 21 (30.9) 0.053
Blood pressure, n (%) 0.979
Hypotension 7 (8.4) 3 (6.8) 4 (5.9)
Normotension 49 (59.1) 28 (63.6) 43 (63.2)
Hypertension 27 (32.5) 13 (29.6) 21 (30.9)
Elevated Urea, n (%) 34 (41.0) 12 (27.3) 16 (23.5) 0.056
Random blood sugar, mmol/L 0.000
<16.6 15 (18.0) 122 23 (33.8)
16.7 - 33.2 36 (43.4) 20 (45.5) 45 (66.2)
>32.2 32 (38.6) 23 (52.3) 0 (0)
Serum Sodium, n (%) 0.001
Hyponatremia 31 (37.4) 6 (13.6) 30 (44.1)
Normonatremia 48 (57.8) 28 (63.6) 32 (47.1)
Hypernatremia 4 (4.8) 10 (22.8) 6 (8.8)
Acidosis, n (%) 39 (47.0) 10 (22.7) 5(7.4) 0.00
Elevated Anion gap, n (%) 82 (98.8) 36 (81.8) 56 (82.3) 0.001
High Osmolality, n (%0) 4 (4.8) 17 (38.6) 10 (14.7) 0.000

(HE = Hypertensive emergencies; DKA = Diabetic Keto Acidosis; MHE = Mixed
Hyperglycemic Emergencies)

3.4 Precipitant of hyperglycemic Diabetes foot/hand sepsis 83 (49.1%), urinary
emergencies tract infection 50 (29.6%), sepsis 12 (7.1%),
The commonest precipitant of HE was pneumonia 10 (5.9%), malaria 7 (4.1%), cellulitis 5
infection 169 (86.7%). Others were: non- (3.0%) and acute diarrhoeal disease 2 (1.2%) were
compliance to dietary advice/medication, 155 the infections precipitating HE.

(79.5%); newly diagnosed, 47 (24.1%); trauma, 6
(3.1%), and 2 (1.0%) had unknown precipitants.
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3.5 Predictors of mortality in
hyperglycemic emergencies

In a univariate analysis, two factors were
associated with mortality: Glasgow Coma Scale
(p = 0.006) and duration of hospital stay (p =
0.032). The two statistically significant factors, as
well as variables with a p-value < 0.25 (Table 4)
were selected for the multivariate logistic model.
Factors that remained significant were: duration

of diabetes between 5—9 years (OR = 6.8;95% CI
=1.1-421, p = 0.040), GCS <8 (OR =10.2,
95% CI=1.03-101.6, p = 0.047), normotension
(OR = 0.045, 95% CI = 0.005 — 0.4, p = 0.005),
hypertension (OR = 0.067, 95% CI = 0.007 —
0.644, p = 0.019), normokalemia (OR = 0.1, 95%
CI=0.015-0.66,p = 0.017), hyperkalemia (OR =
0.04,95% CI=0.002-0.83,p = 0.038).

Table 4: Outcome of hyperglycemic emergencies by subjects' characteristics

Characteristics

Age group, n (%)
=40
41 - 64
=065

Sex (male), n (%)

Tribe, n (%)
Hausa/Fulani
Others

Employment status, n (%o)
Unemployed
Employed

Marital status
Single
Married/Divorced/Separated/ Widowed

Type of DM
Type 1
Type 2

Duration of Diabetes, years, n (%)
<5
5-9
=10

Treatment for DM, n (%)

Compliance to treatment, n (%o)

Outcome ‘
Alive (n =178) Dead (n=17) P —value
0.119
37 (20.8) 1(5.9)
102 (57.3) 9 (52.9)
39 (21.9) 7 (41.2)
132 (74.2) 14 (82.3) 0.457
0.340
134 (75.3) 11 (64.7)
44 (24.7) 6 (35.3)
0.059
64 (36.0) 2(11.8)
114 (64.0) 15 (88.2)
0.259
41 (23.0) 6 (35.3)
137 (77.0) 11 (64.7)
0.603
11 (6.2) 0 (0)
167 (93.8) 17 (100)
0.173
92 (51.7) 5294
36 (20.2) 4 (23.5)
50 (28.1) 8 (47.1)
98 (55.1) 10 (58.8) 0.765
38 (21.3) 3 (17.6) 1.00
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Past history of hyperglycemic emergencies, n (%0) 72 (40.4) 8 (47.1) 0.595
Co-morbidities, n (%) 96 (53.9) 11 (64.7) 0.394
Type of co-morbidity, n (%)
Hypertensive heart disease 84 (47.2) 9 (52.9) 0.650
Cerebrovascular accident 16 (9.0) 3(17.7) 0.221
Chronic renal failure 20 (11.2) 1(5.9) 0.700
Chronic liver disease 5(2.8) 2 (11.8) 0.116
Malignancy 3(1.7) 2 (11.8) 0.061
No of co-morbidities, n = 107 (%) 1.00
=1 64 (66.7) 7 (63.6)
>1 32 (33.3) 4 (36.4)
Type of HE 0.362
DKA 76 (42.7) 7 (41.2)
HHS 38 (21.3) 6 (35.3)
Mixed 64 (36.0) 4 (23.5)
Random blood sugar, mmol/L 0.402
<16.6 37 (20.8) 2(11.8)
16.7-33.2 93 (52.2) 8 (47.1)
> 32.2 48 (27.0) 7 (41.1)

Temperature, n (%) 0.274
Hypothermia (< 36.1°C) 18 (10.1) 2 (11.8)
Normothermia (36.2°C — 37.2°C) 88 (49.4) 5(29.4)

Fever (> 37.20C) 72 (40.5) 10 (58.8)

GCS, n (%) 0.006

Mild 162 (91.0) 11 (64.7)
Moderate 11 (6.2) 4 (23.5)
Severe 5(2.8) 2 (11.8)

Blood pressure, n (%) 0.096
Hypotension 11 (6.2) 3 (17.6)
Normotension 113 (63.5) 7 (41.2)

Hypertension 54 (30.3) 7 (41.2)

Tachycardia, n (%) 77 (43.3) 6 (35.3) 0.526

Tachypnoea, n (%) 82 (46.1) 9 (52.9) 0.587

Anemia, n (%) 143 (80.3) 14 (82.3) 1.00

Elevated urea, n (%) 54 (30.3) 8 (47.1) 0.157
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WBC counts, n (%) 0.688
Leucopenia 24 (13.5) 3(17.7)

Normal 103 (57.9) 8 (47.1)
Leucocytosis 51 (28.6) 6 (35.2)

Serum sodium, n (%) 0.144
Hyponatremia 61 (34.3) 6 (35.3)
Normonatremia 101 (56.7) 7 (41.2)
Hypernatremia 16 (9.0 4 (23.5)

Serum potassium, n (%0) 0.081
Hypokalemia 14 (7.9) 4 (23.5)
Normokalemia 133 (74.7) 12 (70.6)
Hyperkalemia 31 (17.4) 1(5.9)

Acidosis, n (%) 48 (27.0) 6 (35.3) 0.463

Elevated anion gap, n (%) 161 (90.4) 13 (76.5) 0.093

Hyperosmolarity, n (%) 26 (14.6) 5(29.4) 0.111

Duration of hospital stay, n (%) 0.032

< 7 days 20 (11.2) 5(29.4)
> 7 days 158 (88.8) 12 (70.6)

(HE = Hypertensive emergencies; DKA = Diabetic Keto Acidosis; MHE = Mixed
Hyperglycemic Emergencies)

Table 5: Multivariate logistic regression of predictors of mortality in hyperglycemic emergencies

Characteristics Odds ratio 95% CI of Odds Ratio P —value

Age group, n (%)

<40 Reference

41 — 64 9.1 0.56 — 146.9 0.120

= 65 18.9 0.93 - 383.4 0.056
Employment status, n (%)

Unemployed Reference

Employed 6.1 0.77 — 48.2 0.087
Duration of Diabetes, years, n (%0)

<5 Reference

5-9 6.8 1. —421 0.040

=10 3.8 0.79-17.8 0.097
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Co-morbidity, n (%0)

No Reference
Yes 0.82 0.18 - 3.6 0.790
GCS, n (%)
Mild Reference
Moderate 4.6 0.73 -29.2 0.103
Severe 10.2 1.03 - 101.6 0.047
Blood pressure, n (%)
Hypotension Reference
Normotension 0.045 0.005 — 0.400 0.005
Hypertension 0.067 0.0070 — 0.644 0.019
Elevated urea, n (%)
No Reference
Yes 0.80 0.20-3.4 0.768
Serum sodium, n (%)
Hyponatremia Reference 02-35 0.698
Normonatremia 0.73 0.07 -27.7 0.803
Hypernatremia 1.4
Serum potassium, n (%)
Hypokalemia Reference 0.015-0.66
Normokalemia 0.1 0.002 —0.83 0.017
Hyperkalemia 0.04 0.038
Hyperosmolarity, n (%)
No Reference
Yes 1.05 0.07 - 16.1 0.970
Duration of hospital stay, n (%)
< 7 days Reference
> 7 days 0.23 0.04-1.4 0.113

CI = Confidence Interval

4. Discussion

Hyperglycemic emergencies are increasingly
common indications for hospital admissions in
those living with DM. ** In this study, 42.4% of
the hospitalization in people living with DM was
a result of HE. This is similar to the 40%
reported by Ogbera ¢z ;" and 46% reported by
Oguejiofor et al” in tertiary health facilities in
Nigeria; and 43.5% by Ekpebegh ez a/’ in South

Africa but higher than the 29.8% reported by
Chijioke ¢ al" and 11.8% by Ajayi ez al,” in other
tertiary health facilities in Nigeria. Other studies
in Nigeria reported higher prevalence in the range
76.9 — 83.0%."" These differences may have
arisen due to the variations in operational
definitions of HE in these studies. Diabetic
Ketoacidosis was the commonest HE occurring
in 42.6% of the admissions while MHE and HHS
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accounted for 34.9% and 22.5% of HE
respectively. This is in contrast with reports from
other studies in Nigeria where HHS tend to
predominate,”" but similar to the reports of
Desse etal,” and Ogbera et al.”

The overall mortality due to HE in this study was
8.7%. This is similar to the mortality range of
6.8% - 20.2% reported in similar studies across
Africa ”. This underscores the need for more
efforts towards diabetic education and
management in this region.

The mean age of our study subjects was 53.6 £
14.5 years, with majority between 41 — 64 years
and 94.4% of all subjects having type 2 DM. This
is in agreement with similar studies in Nigeria
and the global trend where most type 2 DM
occur in the fifth and sixth decades of life.""
Furthermore, 54.9% of the subjects had at least
one co-morbidity and hypertensive heart disease
was the commonest. This is unsurprising given
the fact that previous studies had documented
higher cardiovascular risk among subjects living
with DM compared to the general population.”
In addition, diabetes is associated with cluster of
metabolic risk factors including hypertension,
dyslipidemia and central obesity.” This
observation underscores the need for
continuous surveillance and management of
cardiovascular risk in this population.

Accurate and prompt diagnosis of HE is
premised on the understanding of the signs and
symptoms that constitute the syndrome. In our
study, HE presented with diverse clinical and
laboratory features. However, osmotic symptom
was the commonest seen in 71.3%, and this was
slightly higher in HHS compared to DKA and
MHE. This could be the result of osmotic
diuresis and the greater degree of dehydration
that characterize HHS. Tachypnea was the
commonest sign, present in 46.7%, and more in

DKA (56.6%) compared to HHS (47.7%) and
MHE (33.85%). This is expected in view of the
profound ketosis that is usually associated with
DKA which triggers hyperventilatory response to
metabolic acidosis. There were varying degree of
mental alteration in the subjects with HE, but the
highest proportion of moderate-severe
impairment was seen in the those with HHS.
Reports from other studies have demonstrated
similar alteration in mental status as characteristic
of HHS, and this is believed to be the result of
hyperosmolality.”” Nonetheless, alteration in
mental status in HHS usually resolves once
osmolality returns to normal.

High anion metabolic acidosis was the
commonest biochemical abnormality and this
was profoundly more in DKA (98.8% vs. 81.8%
vs. 82.3%, p = 0.001). This underscores the effect
of insulin deficiency and the increase
counterregulatory hormones in DKA with
resultant lipolysis and unrestrained hepatic fatty
acid oxidation to ketone bodies.”

Other clinical and biochemical presentations seen

in this study were as described in previous
. 2,4,17,19

studies.

Infection, non-compliance to medication and
dietary regimen; newly diagnosed DM, trauma,
and CVA were the precipitating factors of HE in
this study and this is similar to what has been
previously documented.”" The observation that
diabetic hand and foot sepsis; UTI, other sepsis,
pneumonia, malaria and cellulitis rank high
among the people living with DM is of clinical
importance, and efforts should be made by the
managing physicians to routinely look out for
these conditions as soon as individuals with HE
present to the hospital.

In this study, duration of diabetes between 5-9
years, severe coma, hypotension and hypokalemia
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were identified as the significant predictors of
mortality among people living with DM and
presenting with HE.

The authors recognize that the study has
limitations. The classification of DM into type 1
or type 2 was purely based on epidemiology and
clinical response to insulin or oral antidiabetic
medications, as assessment of C-peptides or
auto-antibodies were not routinely done in the
study center, and so largely missing in almost all
patients records. Nevertheless, the study proves
that hyperglycemic emergencies are still
common causes of hospital admission and
mortality among people living with DM and it
manifests with myriads of clinical and
biochemical presentations. The study also
identified some features that should alert
managing physicians to suspect the possibility of
HE. These features are osmotic symptom,
tachypnoea and high anion metabolic acidosis.
The study also identified the commonest
precipitating factors. Further studies should
include lower level health facilities where most
patients access care and where expertise could be
limited. This could give a better estimate of
overall mortality from HE among persons living
with DM.

References

1. International Diabetes Federation. Diabetes
Atlas. 9th ed. Brussels, Belgium:
International Diabetes Federation, 2019.

2. Kitabchi AE, Umpierrez GZ, Miles JM,
Fisher JN. Hyperglycemic crises in adult
patients with diabetes: a consensus
statement from the American Diabetes
Association. Diabetes Care 2009; 32 (7):1335-
43, https://doi: 10.2337/dc09-9032

3. Goguen |, Gilbert J. Hyperglycemic
emergencies in adults: diabetes Canada

10.

clinical practice guideline expert committee
Can | Diabetes 2018; (42), S109 — S114.
https://doi.org/10.1016/j.jcjd.2017.10.013
Kitbachi AE, Umpierrez GE, Murphy MB,
Kreisberg RA. Hyperglycemic crises in adult
patients with diabetes. Diabetes Care 2006; 29
(12):2739-48. https://doi.org/10.2337/
dc06-9916

Savage MW, Dhatariya KK, Kilvert A,
Rayman G, Rees JA, Courtney CH, Hilton L,
at al, for the Joint British Diabetes Societies.
Joint British Diabetes Societies guideline for
the management of diabetic ketoacidosis.
Diabetic Med. 2011; 28 (5):508-15.
https://doi:10.1111/§.1464-5491.2011.
03246.x

Chiasson JL, Aris-Jilwan N, Belanger R et al.
Diagnosis and treatment of diabetic

ketoacidosis and the hyperglycemic
hyperosmolar state. CAM.AJ 2003; 168 (7):859
-66

Kitbachi AE, Fisher JN, Murphy MB,
Rumbak M]. Diabetic ketoacidosis and the
hyperglycemic hyperosmolar nonketotic
state. In Joslin's Diabetes mellitus. 13" ed.
Kahn CR, Weir GC, Eds. Philadelphia, Lea &
Febiger, 1994, p.738—770

Chung ST, Perue GG, Johnson A, Younger
N, Hoo CS§, Pascoe RW, Bayne MS.
Predictors of hyperglycemic crises and their
associated mortality in Jamaica. Diabetes Res
Clin Pract 2006; 73 (2): 184-190. DOI:
10.1016/j.diabres.2006.01.004

Pasquel FJ, Umpierrez GE. Hyperosmolar
hyperglycemic state: A historic review of the

clinical presentation, diagnosis, and
treatment. Diabetes Care 2014; 37 (11):3124-
31. DOI:10.2337/dc14-0984.

Fourtner SH, Weinzimer SA, Levitt Katz LE.
Hyperglycemia, hyperosmolar non-ketotic
syndrome in children with Type 2 diabetes.
Paediatr Diabetes 2005; 6 (3):129-35. DOI:
10.1111/4.1399-543X.2005.00113.x

African Journal of Tropical Medicine and Biomedical Research 1ol. 5 No. 2 December 2022



Hyperglycemic Emergencies in a Tertiary Health Facility: Clinical Presentation and Predictors of Mortality 21

11.

12.

13.

14.

15.

16.

17.

18.

Huang CC, Kuo SC, Chien TW, Lin HJ, Guo
HR, Chen WL, Chang SH et al. Predicting
the hyperglycemic crises death (PHD) score:

a new decision rule for emergency and
critical care. Am | Emerg Med 2013; 31 (5):

830 - 834. DOI: 10.1016/j.ajem.
2013.02.010
Dhatariya KK, Parsekar K, Skedgel C, Datta

V, Hill P, Fordham R. The cost of treating
diabetic ketoacidosis in an adolescent
population in the UK: a national survey of
hospital resource use. Diabet Med. 2019
Aug;36(8):982-987; DOI:10.1111/
dme.13893.
Centers for Disease Control and
Prevention. National Diabetes Statistics
Report, 2017. Atlanta, GA: Centers for
Disease Control and Prevention, U.S. Dept
of Health and Human Services; 2017.
Benoit SR, Zhang Y, Geiss LS, Gregg EW,
Albright A. Trends in Diabetic Ketoacidosis
Hospitalizations and In-Hospital Mortality -
United States, 2000-2014. MMWR Morb
Mortal Wkiy Rep 2018; 67 (12):362-365. DOI:
10.15585/mmwtr.mm6712a3
Ajayi EA, Ajayi AO. Pattern and outcome of
diabetic admissions at a federal medical
center: A S-year review. Annals of African
Medicine 2009; 8 (4): 271-275 DOI:
10.4103/1596-3519.59584
Adeloye D, Ige JO, Aderemi AV, Adeleye N,
Amoo EO, Auta A, Oni G. Estimating the
prevalence, hospitalization and mortality
from type 2 diabetes mellitus in Nigeria: a
systematic review and meta-analysis. BM]
Open 2017; 7: e015424. Doi:10.1136/
bmjopen-2016-015424
Anumah F, Ohwovoriole A. Serum
biochemistry in Nigerians with
hyperglycemic

emergencies. Ezhn Dis. 2008;18(1):26-30.
Okoro EO, Yusuf M, Salawu HO and
Oyejola BA. Outcome of diabetic

19.

20.

21.

22.

23.

24,

25.

26.

hyperglycaemic emergencies in a Nigerian
cohort.  Chinese  Journal of Medicine 2007
2(2):77-82

Ogbera OA, Awobusuyi ], Unachukwu C,
Fasanmade O. Clinical features, predictive
factors and outcome of hyperglycemic
emergencies in a developing country. BMC
Endocrine Disorders 2009, 9:9. Doi:10.1186/
1472-6823-9-9.

Kitbachi AE, Umpierrez GE, Murphy MB,
Barrett EJ, Kreisberg RA, Malone JI, Wall
BM. Management of hyperglycemic crises in
patients with diabetes. Diabetes Care 2001; 24
(1): 131-153. https://doi.org/10.2337/
diacare.24.1.131

Wachtel TJ, Tetu-Mouradjian LM, Goldman
DL, Ellis SE, O'Sullivan PS. Hyperosmolarity
and acidosis in diabetes mellitus: a three-year
experience in Rhode Island. | Gen Intern Med
1991; 6 (6): 495-502. DOI: 10.1007/
BF02598216.

Mackowiak PA, Wasserman SS, Levine MM.
A critical appraisal of 98.6-degree

Fahrenheit, the upper limit of normal body
temperature, and other legacies of Catl
Reinhold August Wunderlich. [AMA 1992;
268 (12):1578—80.

World Health Organization. Thermal
protection of the newborn: A practical guide.
World Health Organization; Geneva: 1997,
Report No.: WHO/RHT/MSM/97.2.
Gopinathannair R, Sullivan RM, Olshansky
B. Slower heart rates for healthy hearts: time
to redefine tachycardia? Cire Arrythm
Electrophysiol. 2008; 1:321-3. doi:
10.1161/CIRCEP.108.835264.

Palatini P. Need for a revision of the normal
limits of resting heart rate. Hypertension 1999,
33:622-5.doi: 10.1161/01.HYP.33.2.622.
Cretikos MA, Bellomo R, Hillman K, Chen J,
Finfer S, Flabouris A. Respiratory rate: the
neglected vital sign. Med | Aust 2018; 188:
657- 659. doi: 10.5694/j.1326-

Afican Journal of Tropical Medicine and Biomedical Research 170l. 5 No. 2 December 2022



22

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hyperglycemic Emergencies in a Tertiary Health Facility: Clinical Presentation and Predictors of Mortality

5377.2008.tb01825.x

Petridou ET, Antonopoulos CN. (2017).
Injury Epidemiology. International Encyclopedia
of Pwublic Health, 258-274.
doi:10.1016/b978-0-12-803678-5.00233-2
Unger T, Borghi C, Charchar F, Khan NA,
Poulter NR, Prabhakaran D, Ramirez A et al.
2020 International Society of hypertension
Global Hypertension Practice Guidelines.
Hypertension 20205 75 (6):00-00. Doi:10.1161
/HYPERTENSIONAHA.120.15026
Worthley LI. Shock: A Review of
Pathophysiology and management. Part 1.
Crit Care Resuse 2000; 2 (1): 55— 065.

Sterns RH. Disorders of plasma sodium —
causes, consequences, and correction. N
Engl ] Med 2015; 372: 55-65.
DOI:10.1056/NEJMra1404489

Gumz ML, Rabinowitz L, Wingo CS. An
Integrated view of potassium homeostasis.
N Engl ] Med 2015; 373: 60 — 72. DOI:
10.1056/NEJMra1313341.

Kraut JA, Madias NE. Serum Anion Gap:
Its uses and limitations in clinical medicine.
Clin ] Am Soc Nephro/ 20075 2: 162174, 2007.
doi: 10.2215/CJN.03020906

Arieff Al, Carroll HJ. Hyperosmolar
nonketotic coma with hyperglycemia:
abnormalities of lipids and carbohydrate
metabolism. Metabolism 1971; 20 (6):529-
538. https://doi.org/10.1016/0026-
0495(71)90001-1

Hoffman R, Benz EJ Jr, Silberstein LE,
Heslop H, Weitz ], Anastasi J. Hematology:
Basic  Principles and Practice. 6th ed.
Philadelphia, Pa.: Elsevier/Saunders; 2013:
Table 164-20.

World Health Organization. The global
prevalence of anaemia in 2011. Geneva:
World Health Organization; 2015.

Stoner GD. Hyperosmolar hyperglycemic
state. Am Fam Physician. 2005;71(9):1723-
1730.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Ogbera OA, Chinenye S, Onyckwere A,
Fasanmade O. Prognostic indices of diabetes
mortality. Ethn Dis2007;17 (4): 721-5.
Ogucjiofor O, Odenigbo C, Onwukwe C.
Diabetes in Nigeria: Impact, Challenges,
Future Directions. Ewndocrinol Metab  Synd
2014; 3(2). DOI: 10.4172/2161-
1017.1000130

Ekpebegh CO, Long-Mbenza B,
Akinrinmade A, Blanco-Blanco E, Badri M,
Levitt NS. Hyperglycemic crises in the
Eastern Cape province of South Africa: High
mortality and association of hyperosmolar
ketoacidosis with a new diagnosis of
diabetes. S Afr Med ] 2010; 822-826.
doi:10.7196/sam;j.4319

Chijioke A, Adamu AN, Makusidi AM.
Mortality patterns among type 2 diabetes
mellitus patients in Ilorin, Nigeria. [EMDS.A
2010;15(2):79-82

Ojobi JE, Dunga ], Ogiator MO, Mbaave P,
Bello RN. Indications and outcome of
admission of diabetic patients into the
medical wards in a Nigerian tertiary hospital-
A 2-year review. Jos Journal of Med2017;11(2):
53-8

Nkpozi MO, Ezeani IU, Korubo IF
Chinenye S, Chapp-Jumbo A. Outcome of
hyperglycemic emergencies in a tertiary
hospital, South East, Nigeria. Sahe/ Med |
2019; 22:47-54. DOI: 10.4103/smj.
smj_71_17

Uloko AE, Adeniyi AF, Abubakar LY, Yusuf
SM, Abdu A, Gezewa 1D, Uloko AT. Pattern
of diabetes admissions in a Northern
Nigerian tertiary center. Nig End Prac 2013;
7(1):15-20

Umoh VA, Out AA, Enang OE, Okercke
QO, Essien O, Ukpe I. The pattern of
diabetic admissions in UCTH Calabat, South
FEastern Nigeria: a five-year review. Nig Health
J2012;12(1):7-11.

Edo AE. Clinical profile and outcomes of

African Journal of Tropical Medicine and Biomedical Research 1ol. 5 No. 2 December 2022



Hyperglycemic Emergencies in a Tertiary Health Facility: Clinical Presentation and Predictors of Mortality 23

46.

47.

48.

adult patients with hyperglycemic
emergencies managed at a tertiary care
hospital in Nigeria. Nig Med | 2012; 53(39.
121-125.DOI: 10.4103/0300-1652.104378
Ezeani Ul, Eregie A, Edo AE. Pattern of
presentation, socio-demographic and
clinical characteristics of patients presenting
with hyperglycemic emergencies in a
Nigerian Hospital. Pioneer Med | 2013; 3
(5):1-15

Olugbemide O, Bankole I, Akhuemokhan
K, Adunbiola P. Clinical profile and
outcome of hyperglycemic emergencies at a
rural hospital in southern Nigeria. Afr | of
DiaMed2017;25 (2):16-18

Desse TA, Eshetie TC, Gudina EK.
Predictors and treatment outcome of
hyperglycemic emergencies at Jimma
University Specialized Hospital, southwest
Ethiopia. BMC Res Notes 2015; 8:553

49.

50.

Fox CS. Cardiovascular Disease Risk Factors,
Type 2 Diabetes Mellitus, and the
Framingham Heart Study. Trends Cardiovase
Med.2010; 20 (3): 90-95.

Ginsberg HN, MacCallum PR. The obesity,
metabolic syndrome, and Type 2 diabetes
mellitus pandemic: Part 1. Increased
the

importance of atherogenic dyslipidemia in

cardiovascular disease risk and

persons with the metabolic syndrome and
type 2 diabetes mellitus. | Cardiometab Syndr.
2009;4:113-119.

Citation: This article should be cited as: Bello-
Ovosi, BO, Ovosi, JO, Bansi, OK. Hyperglycemic
Emergencies in a Tertiary Health Facility: Clinical
Presentation and Predictors of Mortality. Aft. J.
Trop. Med. & Biomed. Res. 2022; 5(2): 6-23

Afican Journal of Tropical Medicine and Biomedical Research 10l. 5 No. 2 December 2022



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42

