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Objective: To compare hyperglycemic crisis characteristics and outcomes of care in adult
patients without and with a history of diabetes in Tigrai, Ethiopia.

Methods: A retrospective record review of diabetes patients, 196 without and 393 with
a history of diabetes who had been treated in the medical wards from September 1/2017 to
August 31/2018, aged 18 years and above was included. An independent-samples #-test/
Mann-Whitney tests, x*-test, and logistic regression analysis were used to analyze the data
using SPSS version 25.0.

Results: Patients without history of diabetes were younger [43.9£12.6 vs 48.4+14.9], more
rural residents [53.1% vs 30.3%], lower proportion of type 2 diabetes [38.3% vs 53.7%],
hyperosmolar hyperglycemic state [15.8% vs 31.8%], with lower mortality rate [8.7% vs
15.5%)] compared to with a history of diabetes. A higher mortality reported in rural residents
[13.5% vs 3.3%; without vs 21.8% vs 12.8%; with history], and lower urine ketones [1.9+
1.3 vs 2.8+ 1.1; without vs 1.6+ 1.2 vs 2.2+ 1.0; with a history] compared to their counter-
parts in both patients, respectively. Rural residents [AOR (95% CI); 3.1 (1.8, 5.4)]; medical
history of stroke [AOR (95% CI); 2.7 (1.3, 5.6)]; type 2 diabetes [AOR (95% CI); 2.3 (1.1,
4.7)], hyperglycemic hyperosmolar state [AOR (95% CI); 2.4 (1.1, 5.4)]; and with a history
of diabetes [AOR (95% CI); 2.0 (1.04, 3.8)] were significantly associated with mortality, but
polydipsia [AOR (95% CI); 0.47 (0.27, 0.81)] was preventive.

Conclusion: This finding suggests that rural residents, medical history of stroke, type 2
diabetes, hyperglycemic hyperosmolar state, and with a history of diabetes were independent
predictors of mortality while polydipsia was preventive. Therefore, the need for more public
health awareness campaigns, screening for people having known risk factors, and expansion
of diabetes care services to the primary health care units is a fundamental measure.
Keywords: hyperglycemic crisis, mortality, new-onset, with history, outcome

Plain Language Summary

This study aims to compare hyperglycemic crisis characteristics and outcomes of care in
adult patients without and with a history of diabetes in Tigrai, Ethiopia. A retrospective
medical chart review of all adult patients aged 18 years and above with a hyperglycemic
crisis of 196 without and 393 with a history of diabetes admitted in a medical ward from
September 1/2017 to August 31/2018; are included in the study. Patients without a history of
diabetes are younger with a mean age of (44 vs 49 years), more rural residents (53.1% vs
30.3%), lower the proportion of type 2 diabetes (38.3% vs 53.7%) and hyperosmolar

submit your manuscript

poveres [ W i O

http:

Diabetes Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 547-556 547
© 2021 Gebremedhin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at hltpx /www.dovepress.com/
BY Nc terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati g/li by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-0374-043X
mailto:guchosole786@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Gebremedhin et al

Dove

hyperglycemic state (15.8% vs 31.2%) compared to with
a history of diabetes. Mortality is higher in patients with
a history of diabetes [15.5% vs 8.7%], rural residents [13.5%
vs 3.3%; without, and 21.8% vs 12.8%; with], and with lower
urine ketones [1.9+ 1.3 vs 2.8+ 1.1; without and 1.6+ 1.2 vs 2.2+
1.0; with] compared to their counterparts. A 30 days cases of
mortality is 3.0, 2.7, 2.3, 2.4, and 2.0 times higher in rural
residents, who had a stroke, type 2 diabetes, hyperglycemic
hyperosmolar state, and with a history of diabetes, respectively;
but reduced by 47% in patients with excessive thirst. In general,
rural residents, a history of stroke, type 2 diabetes, hyperglyce-
mic hyperosmolar state, and with a history of diabetes are risk
factors for mortality while excessive thirst is preventive.
Therefore, the need for more public health awareness campaigns,
screening for people having known risk factors, and expansion of

services to health centers is a fundamental measure.

Introduction
The hyperglycemic crisis is the most common life-
threatening acute metabolic-complication, which results
in significant morbidity and mortality.' Diabetic ketoaci-
dosis (DKA), and hyperosmolar hyperglycemic state
(HHS), are the two most common hyperglycemic crises,
where patients requiring intensive treatment and
hospitalization.> > Both DKA and HHS are extreme meta-
bolic derangements associated with uncontrolled types 1
and 2 diabetes mellitus. DKA is more common in young
people with type 1 diabetes (T1D) and HHS is more
frequently reported in adult and elderly patients with
type 2 diabetes (T2D); however, each type of diabetes
may be associated with DKA or HHS. Hyperglycemic
crises are a continuum of metabolic derangements that
differ in the rapidity of onset, clinical features, the severity
of dehydration, and the degree of ketosis.”>*™

The hyperglycemic crisis is becoming a major chal-
lenge in the healthcare system; which is usually associated
with disability, reduced life expectancy, and has a high
cost of treatment.”’ The annual incidence of the hypergly-
cemic crisis is estimated to be 9.5 per 1000 persons with
diabetes, and there were 207,000 hospitalizations for the
hyperglycemic crisis reported in the United States of
America (USA) in 2014.° In the USA, about 43% of the
total medical cost for diabetes is spent on hospital inpati-
ent care.'’

8A study in Taiwan reported that about one-fourth of
hyperglycemic crisis admission was patients without
a history of diabetes. Patients without a history of diabetes
were younger and less elderly, had better consciousness and
renal function, more significant diabetic signs and symptoms,

higher blood sugar, a higher proportion of DKA and less
proportion of HHS, less opportunity of infection, medical
history, and a 30 days cases of mortality.""

In Africa, the hyperglycemic crisis was the main rea-
son for hospital admission of patients with diabetes ran-
ging from about 26% in South Africa to 40% in Nigeria
with mortality rates ranging, from 7.5% in South Africa to
34% in Nigeria.'> '* Admissions for HHS, in contrast to
DKA, were more common in patients with a new diagno-
sis of diabetes in South Africa and Ethiopia.>'® Studies in
Ethiopia, 23.6-43% of patients with the hyperglycemic
crisis were with new onset of diabetes at admission with
a 30 days cases of mortality 4.1%; but 14.6% with
a history of diabetes.>'*!”

Although the hyperglycemic crisis is a major challenge
in the healthcare system in developing nations, including
Ethiopia; but robust data on the hyperglycemic crisis char-
acteristics and outcome of care in patients without and
with a history of diabetes is lacking, which will have
a crucial input in shifting healthcare priorities and manage-
ment protocol.

Methods
Study Design, Population and Data

Collection

The study conducted in randomly selected six general and
one referral hospitals of Tigrai in northern Ethiopia among
adult patients aged 18 years and above, who admitted and
treated for a hyperglycemic crisis in the medical wards
from September 1, 2017, to August 31, 2018. Data
extracted from January to March 2019. This study was
a hospital-based retrospective record review and all one-
year medical records of adult patients aged 18 years and
above who had been admitted and treated were included in
the review if they met the inclusion criteria. But, adult
patients who left against medical advice, referred to other
health institutions, and pregnant mothers were excluded
from the study.

The sample size calculated using a double population
proportion formula with the assumption of 4.1% and
14.6% mortality rates in patients without and with
a history of diabetes, respectively,” a power of 90% and
confidence interval of 95% and a ratio of patients with
history diabetes to without a history of diabetes is 2. Then,
the required sample size was 137 patients without a history
of diabetes and 274 patients with a history of diabetes.
But, finally, all medical records of patients (196 without
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and 393 with a history of diabetes) with hyperglycemic
crisis  who admitted and treated between
September 1, 2017, to August 31, 2018, in the six general
hospitals and Ayder Comprehensive specialized hospital

were

were included.

Data were abstracted using a uniform data abstraction
format prepared to gather relevant data from the medical
records both from paper copy file and e file/smart care/.
The data were abstracted from 196 patients without
a history of diabetes and 393 patients with a history of
diabetes with DKA and HHS. By Nurse and public health
experts recruited for data abstraction. Data collectors and
supervisors trained for one day on how to retrieve, and
abstract relevant data from the medical records. The data
abstraction format was pretested in 60 adult medical
records two weeks before the actual data abstraction
period.

Operational Definitions

Type 1 diabetes: When the patient presented with FBS >
126 mg/dl or RBS > 200 mg/dl plus classic symptoms
excessive urination, excessive thirst, and unexplained
weight loss.

Type 2 diabetes: When the patient presented with FBS
> 126 mg/dl or RBS > 200 mg/dl plus other symptoms
such as excess body weight, physical inactivity, unhealthy
diet, and family history of diabetes.'®"”

Diabetic Ketoacidosis (DKA): DKA was defined as
admission blood glucose >250 mg/l and urine dipstick
ketone level > +2.2

Hyperosmolar Hyperglycemic State (HHS): HHS was
defined as blood glucose >600 mg/dL, alteration in mental
status, and mild or absent ketonuria.’

Level of consciousness: Based on the Glasgow Coma
Scale (GSC); the level of consciousness is classified as
better consciousness (mild) when GSC > 13; Moderate
level of consciousness when GSC is 9 to 12; Severe
altered level of consciousness when the GSC < 8.

Without a history of diabetes: Patients who denied and
had no medical record of diabetes and diagnosed for the
first time with fasting blood sugar (FBS) > 126 mg/dl, or
repeated random blood sugar (RBS) > 200 mg/dl plus
fatigue, polyuria, polydipsia, and other symptoms."!

Definition of End-Point: We used 30-day mortality as
the primary end-point. People who survived at least 30
days whether or not they were still hospitalized were
considered ‘survivors’ for this analysis. We used 30-day
mortality as the primary end-point because the hospital

stay of 98.8% of patients was within 30 days in the present
study. Also, 30 days is a universally acceptable endpoint
for outcome studies.'!

Data Analysis

Data entered and analyzed using SPSS version 25.0 for
Windows. Continuous data presented as the median and
interquartile range (IQR) [25th; 75th percentiles] and
means + Standard Deviation (SD). Comparisons between
two groups made using either an independent-samples
t-test (assuming a normal distribution) or Mann—
Whitney/Wilcoxon tests (assuming non-normality) of the
continuous variables.

The nominal variables presented as absolute frequencies
and proportions, and the y*-test or a Fisher’s exact test was
used for categorical variables. The association between the
exposure and outcome variables was determined using
a logistic regression model with 95% confidence intervals
(CD). Significance was set at p < 0.05 (two-tailed) to extract

variables effective in a model.

Ethical Statement

The ethical statement protocol was approved by the
Institution Review Board (IRB) of Addis Ababa
University-College of Health Sciences (AAU-CHS), fol-
lowing the Helsinki Declaration, and a waiver letter was
obtained. Besides, written permission was obtained from
the health bureau of the Tigrai Regional State after sub-
mitting the protocol and explaining the purpose of the
study. For the sake of privacy and confidentiality, all charts
used in this research were kept private and confidential;
where data were password protected and filled checklists
were kept locked in a cabinet. No information other than
for this study purpose was collected from the patient
charts, including personal identifiers.

Results

Of the 1082 hyperglycemic crisis-related admissions, only
589 (54.4%) of them met the inclusion criteria for DKA or
HHS. Out of those patients with a hyperglycemic crisis,
196 (33.3%) patients without a history of diabetes, and
393 (66.7%) patients with a history of diabetes were
included in the study (Figure 1).

The distribution of socio-demographic and clinical
characteristics differs between those patients without
and with a history of diabetes. Those patients without
a history of diabetes were comparatively younger than
those with a history of diabetes with a mean (+SD) age of
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hospitals
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Exclude due to insufficient data

|

|
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Without history of diabetes €

Comparing clinical
characteristics

N=1393
With a history of diabetes

Figure | Flow diagram of analyzed events and comparing clinical characteristics of patients without and with a history of diabetes.

[43.9+12.6 vs 48.4+14.8 years; p<0.001], and also they
were less elderly [3.6% vs 15.8%; p< 0.001]. Similarly,
patients without a history of diabetes were more rural
residents [53.1% vs 30.3%; p<0.001] compared to
patients with a history of diabetes. Regarding to the
clinical characteristics of hyperglycemic crisis, patients
without a history of diabetes had relatively higher pro-
portion of classic signs and symptoms of diabetes [vomit-
ing (69.4% vs 36.4%; p<0.001), polyuria (75.5% vs
59.0%; p<0.001), polydipsia (83.7% vs 74.8%;
p=0.015), fruit breath odor (84.2% vs 72.3%; p=0.001),
and weight loss (79.6% vs 64.1%; p<0.001)]. Whilst,
patients with a history of diabetes had a comparatively
higher proportion of medical history of Chronic Kidney
Disease (10.7% vs 1.5%; p<0.001), Cardiovascular dis-
eases (31.3% vs 13.8%; p<0.001), and stroke (12.5% vs
5.6%; p=0.014); compared to their counterparts. Besides,
patients with a history of diabetes had comparatively
a higher proportion of Type 2 diabetes, hyperosmolar
hyperglycemic state, and a 30 days cases of mortality
rate (53.7% vs 38.3%; p<0.001), (31.8% vs 15.8%;
p<0.001), and (15.5% vs 8.7%; p=0.02) compared to
patients without a history of diabetes, respectively.
Likewise, comparatively, patients with a history of dia-
betes had a higher median of baseline blood pressure
readings in mmHg than patients without a history of
diabetes. However; patients with a history of diabetes

had relatively lower mean baseline body urine ketones
(2.1£ 1.1 vs 2.7+ 1.1; p<0.001) in mg/dl compared to
their counterparts, respectively, (Table 1).

As Table 2 showed, comparatively a higher proportion
of mortality was observed in rural residents than urban
residents in both patients without and with a history of
diabetes (13.5% vs 3.3%; p= 0.023), and (21.8% vs
12.8%; p= 0.03); respectively. In patients with a history
of diabetes, a higher proportion of mortality was observed
in patients who did not presented with polyuria (21.1% vs
11.6%; p=0.016), polydipsia (23.2% vs 12.9%; p=0.022),
fruit breath odor (26.6% vs 11.3%; p<0.001), and weight
loss (22.0% vs 11.9%; p=0.012) compared to patients who
had on admission. Whereas, in patients without a history
of diabetes, a higher proportion of mortality was observed
in patients who had not fruit breath odor on admission
(25.8% vs 5.5%; p=0.001) compared to those who had the
presentation on admission. In both patients without and
with a history of diabetes, a higher proportion of mortality
was observed in patients who had a medical history of
Chronic Kidney Diseases, Cardiovascular diseases, and
stroke than without a medical history. Similarly, 30 days
of cases mortality was higher in Type 2 diabetes patients
than type 1 diabetes (16.0% vs 4.1%; p= 0.009) and
(22.3% vs 7.7%; p<0.001) in both patients without and
with a history of diabetes, respectively. Besides, patients
with HHS had comparatively a higher proportion of

submit your manuscript

550

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Gebremedhin et al

Table | Comparison of Clinical Characteristics of Adult Patients
with a Hyperglycemic Crisis without and with a History of
Diabetes in a Resource-Poor Community

Clinical Characteristics History of Diabetes p-value
Without With
(n=196) (n=393)
Age in years (Mean + SD) 43.9+12.6 48.4 p<0.001*
+14.9
Elderly, aged 265 years (%) 7 (3.6) 62 (15.8) | p<0.001*
Gender, Men (%) 118 (60.2) 238 1.00
(60.6)
Residence (%)
Urban 92 (46.9) 274 p<0.001*
(69.7)
Rural 104 (53.1) 119
(30.3)
Clinical feature; yes (%)
Vomiting 136 (69.4) 143 p<0.00*
(36.4)
Abdominal pain 47 (24.0) 54 (13.7) | 0.002*
Polyuria 148 (75.5) 232 p<0.00*
(59.0)
Polydipsia 159 (81.1) 294 0.015%
(74.8)
Fruit breath odor 165 (84.2) 284 0.001*
(72.3)
Fatigue 181 (92.3) 372 0.3
(94.7)
Weight loss 156 (79.6) 252 P<0.001*
(64.1)
Medical history, yes (%)
CKD 3 (1.5) 42 (10.7) | p<0.001*
DFS | (0.5) 24 (6.1) 0.003*
CVvD 27 (13.8) 123 p<0.00*
(31.3)
Stroke Il (5.6) 49 (12.5) | 0.014*
Pancreatitis 12 (6.1) 10 (2.5) 0.054
Type of DM (%)
Type | DM 121 (61.7) 182 0.001*
(46.3)
Type 2 DM 75 (38.3) 211
(53.7)
Type of hyperglycemic crisis (%)
DKA 165 (84.2) 268 P<0.001*
(68.2)
HHS 31 (15.8) 125
(31.8)
(Continued)

Table | (Continued).

Clinical Characteristics History of Diabetes p-value
Without With
(n=196) (n=393)

The 30 day mortality (%) 17 (8.7) 61 (15.5) | 0.03*

SBP in mmHg in Median 90 (70; 100) | 90 (80; 0.02*
(IQR) 150)

DBP in mmHg in Median 60 (50; 70) | 60 (50; 0.01*
(IQR) 100)

Body Temperature (°C) 36.8+ 0.8 37.3% P<0.001*
(Mean £ SD) 1.04

Respiratory rate (Mean + | 234 + 2.0 22.07 p<0.001*
SD) 24

Pulse rate (Mean * SD) 1002 + 7.3 | 98.1+ 7.0 | 0.001*

GCS in Median (IQR) 14 (11, 14) 12 0.002*

(11514)

RBS in mg/dl (Median 538.5 (499, | 517 (472; | 0.032*
(IQR)) 591) 600)

Urine ketones (Mean + 2.7+ 1.1 2.1+ 1.1 P<0.001*
SD)

Length of hospital stay 9 (7; 13) 9(6;13) | 04
(days) Median (IQR)

Note: *Statistically significant.

Abbreviations: CVD, cardiovascular diseases; CKD, chronic kidney disease; DFS,
diabetes foot syndrome; DBP, diastolic blood pressure; GCS, Glasgow Coma Scale;
IQR, inter quartile range; RBS, random blood sugar; SBP, systolic blood pressure;
SD, standard deviation.

mortality than patients with DKA (29.0% vs 4.8%; p<
0.001) and (27.2% vs 10.1%; p<0.001) in both patients
without and with a history of diabetes, respectively.
Similarly, in both patients without and with a history of
diabetes; lower mean baseline urine ketones (1.9 1.3 vs
2.8+ 1.1; p=0.008); and (1.64+ 1.2 vs 2.2+ 1.04; p=0.002)
was statistically significantly associated with a 30 days
cases of mortality, respectively. Also, in patients with
a history of diabetes a higher median blood pressure in
mmHg (p<0.01), and RBS in mg/dl (p= 0.003) readings at
baseline was statistically significantly associated with a 30
days cases of mortality.

On the multivariate logistic regression model (Table 3),
independent predictors of a 30 days case of mortality were
a rural residents [AOR=3.1, 95% CI 1.8, 5.4], patients with
amedical history of stroke [AOR=2.7,95% CI 1.3, 5.6], type
2 diabetes [AOR=2.3, 95% CI (1.1, 4.7)], hyperosmolar
hyperglycemic state [AOR=2.4, 95% CI (1.1, 5.4)], and
patients with history of diabetes [AOR=2.0, 95% (CI 1.04,
3.8)]; while presentation with polydipsia on admission was
preventive [AOR= 0.47, 95% CI 0.27, 0.81]; (Table 3).
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Table 2 Comparision of Hospital Management and Clinical Outcomes Adult Patients with a Hyperglycemic Crisis without and with

a History of Diabetes in a Resource-Poor Community

Clinical Characteristics Without History (%) P-value | With a History (%) p-value
Died (n= Alive (n= Died (n= 61) | Alive (n=
17) 179) 332)
Gender, Men (%) 10 (8.5) 108 (91.5) 0.9 38 (16.0) 200 (84.0) 0.9
Residence
Urban 3(33) 89 (96.7) 0.023* 35 (12.8) 239 (87.2) 0.03*
Rural 14 (13.5) 90 (86.5) 26 (21.8) 93 (78.2)
Clinical presentations
Vomiting I (8.1) 125 (91.9) 0.9 16 (11.2) 127 (88.8) 0.07
Abdominal pain 2 (43) 45 (95.8) 0.4 4 (7.4) 50 (92.6) 0.1
Polyuria Il (7.4) 137 (92.6) 0.4 27 (11.6) 205 (88.4) 0.016*
Polydipsia 8 (5.0) I51 (95.5) 0.001* 38 (12.9) 256 (87.1) 0.02*
Fruit breath odor 9 (5.5) 156 (94.5) 0.001* 32 (11.3) 252 (88.7) p<0.00*
Fatigue 16 (8.8) 165 (91.2) 1.00 58 (15.6) 314 (84.4) 1.00
Weight loss 14 (9.0) 142 (91.0) 1.00 30 (11.9) 222 (88.1) 0.012 *
Medical history
CKD 2 (66.7) I (33.3) 0.02% 13 (31.0) 29 (69.0) 0.007%*
DFS 0 (0.0 I (100.0) 1.00 6 (25.0) 18 (75.0) 0.2
CvD 6 (22.2) 21 (77.8) 0.017% 31 (25.2) 92 (74.8) 0.001*
Stroke 4 (36.4) 7 (63.6) 0.009%* 17 (37.4) 32 (65.3) p<0.00*
Pancreatitis 2 (l6.7) 10 (83.3) 0.3 3 (30.0) 7 (70.0) 0.4
Type of diabetes (%)
Type | DM 5(4.1) 116 (95.9) 0.009%* 14 (7.7) 168 (92.3) <0.001*
Type 2 DM 12 (16.0) 63 (84.0) 47 (22.3) 164 (77.7)
Hyperglycemic crisis (%)
DKA 8 (4.8) 157 (95.2) p<0.001* | 27 (l0.1) 241 (89.9) p<0.00*
HHS 9 (29.0) 22 (71.0) 34 (27.2) 91 (72.8)
Age in years (Mean * SD) 46.9+14.8 43.6+12.3 0.4 51.8+14.6 47.7+14.7 0.047%*
SBP (Median (IQR)) 90 (70; 90) 90 (70; 100) 0.4 110 (82.5;160) | 90 (74;120) 0.001*
DBP (Median (IQR)) 60 (50; 60) 60 (50, 70) 0.6 80 (60;100) 60 (50;80) 0.006*
BT (°C) (Mean * SD) 36.9+ 0.9 36.8+ 0.9 0.8 373+ 1.0 373t 1.0 0.6
RR (Mean * SD) 234+ 25 23.4+2.0 0.9 212+ 27 223+ 23 0.004*
PR (Mean * SD) 101.7+ 8.9 100.1£7.2 0.5 96.7+ 6.7 98.4+7.0 0.09
GCS in Median (IQR) 12 (9; 15) 14 (11;15) 0.2 12 (10;14) 13 (11;14) 0.2
RBS (Median (IQR)) 578 (498;600) | 538 (498;585) 0.3 600 512 (470;600) 0.003*
(471.5;600)
Urine ketones (Mean * SD) 1.9+ 1.3 2.8+ |.1 0.008* 1.6+ 1.2 22+ 1.0 0.002%*
Length of hospital stay (days) in Median (IQR) | 13 (8; 16) 9(7; 12) 0.07 8.5 (6;12) 9 (6;13) 0.5

Note: *Statistically significant.

Abbreviations: CVD, cardiovascular diseases; CKD, chronic kidney disease; DFS, diabetes foot syndrome; DBP, diastolic blood pressure; GCS, Glasgow Coma Scale; IQR,
inter quartile range; RBS, random blood sugar; SBP, systolic blood pressure; SD, standard deviation.

Discussion diabetes. Whilst, the proportion of Type 2 diabetes, hyper-

In this study, patients without a history of diabetes had osmolar hyperglycemic state, and medical history of

a higher proportion of classic signs and symptoms of chronic diseases were higher among those patients with
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Table 3 Potential Risks of Hyperglycemic Crisis-Related Mortality Among Patients without and with a History of Diabetes in

a Resource-Poor Community

Clinical Characteristics Outcomes of Care (%) COR (95% CI) AOR (95% CI)
Died (n=17) Alive (n=179)
Residence
Urban 38 (10.4) 328 (89.6) | |
Rural 40 (17.9) 183 (82.1) 1.9 [1.2, 3.1] 3.1 [1.8, 5.4]*
Stroke
Yes 21 (35.0) 39 (65.0) 4.6 [2.5, 8.1] 2.7 [1.3, 5.6]*
No 57 (10.8) 472 (89.2) | |
Vomiting
Yes 27 (9.7) 252 (90.3) 0.5 (0.33, 0.90) 1.5 (0.74, 3.13)
No 51 (16.5) 259 (83.5) | |
Excessive thirst
Yes 46 (10.2) 407 (89.8) 0.37 (0.22, 0.61) 0.47 (0.27, 0.81)*
No 32 (23.5) 104 (76.5) | |
Type of DM
TID 19 (6.3) 284 (93.7) | |
T2D 59 (20.6) 227 (79.4) 3.9 (225, 6.7) 23 (1.1, 47)*
Type of hyperglycemic crisis
DKA 35 (8.1) 398 (91.9) | |
HHS 43 (27.6) 113 (72.4) 43 (26,7.1) 24 (1.1, 5.4)*
Type of patient
With a history of DM 61 (15.5) 332 (91.9) 1.94 (1.1, 3.4) 2.0 (1.04, 3.8)*
Without a history of DM 17 (8.7) 179 (91.3) | |

Note: *Statistically significant.
Abbreviations: TID, type | diabetes; T2D, type 2 diabetes.

a history of diabetes. Also, the mortality rate was com-
paratively higher in those patients with a history of dia-
betes. A higher proportion of mortality was observed in
patients from rural. Similarly, higher a 30 days case of
mortality was reported among those patients with T2D,
HHS, a lower mean of urine ketones, had a medical history
of chronic kidney disease, cardiovascular disease, and
stroke. Rural residence patients, type 2 diabetes, hypergly-
cemic hyperosmolar state, had a medical history of stroke,
and history of diabetes were independent predictors of
mortality while had polydipsia on admission was
preventive.

In the current findings, although patients without
a history of diabetes had better consciousness compared
to with a history of diabetes, but had more pronounced

signs and symptoms for hyperglycemic crisis (vomiting,
abdominal pain, polyuria, polydipsia, fruity breath odor,
and body weight loss) compared to patients with a history
of diabetes; which is in line with findings in Taiwan.'' We
believe that it could be due to two-third of the patients
without a history of diabetes had type 1 diabetes that
presents with these classic signs and symptoms of diabetes
mellitus.'®"”

In the current study, comparatively a higher proportion
of the hyperglycemic crisis among rural residents in
patients without a history of diabetes than those with
a history of diabetes. This is due to people living in rural
areas have increased treatment gaps, less access to health
care services, and long-distance travel to health services.

On the other hand, somewhat a greater proportion of
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hyperglycemic crisis among urban residents in patients
with a history of diabetes compared to those patients with-
out a history of diabetes. This might be due to poor
compliance, unaffordability of insulin medicine, and inac-
cessibility of anti-diabetes medicines. We suggest expan-
sion diabetes care services to the primary health care units,
integrate diabetes screening in the health extension packa-
ging programs, and providing diabetes self-care manage-
ment education.

Furthermore, DKA was more common in patients with-
out a history of diabetes (84.7%), while HHS is more
pronounced in patients with a history of diabetes. As
a result, a higher mortality rate is reported in patients
with a history of diabetes. This finding contradicts
a study conducted in other parts of Ethiopia® but consistent
with findings from Taiwan and South Africa.'"'> The
higher incidence of DKA in patients without a history of
diabetes may be related to a relatively younger age and
more than half of the patients are from rural residents
which could be associated with poverty.**?!

The overall 30 days case of hyperglycaemic crisis-
related mortality is 13.2%; which is higher than studies
in Colombia, China, Taiwan, and other parts of Ethiopia
that reported mortality rates ranging from 2.27 to
10.6%;"*'"*2 but lower than 20% mortality in Nigeria.”*
The disparity might be due to differences in inpatient
management protocol of hyperglycemic crisis, inadequate
laboratory investigations at presentation, insufficient
laboratory monitoring during treatment to monitor patient
response, and also the absence of routine annual checkup
policy for NCDs- in Ethiopia. Besides a delayed diagnosis
of T2D, and then present for medical attention after devel-
oping diabetes complications.

In this study, a lower mortality rate in patients without
a history of diabetes than patients with a history of dia-
betes is reported. Many diabetes patients might die undiag-
nosed and before access to diabetes treatment particularly
in rural areas. This finding is still higher than studies in
other parts of Ethiopia, China, and Taiwan.>''-** This
disparity might be due to a delayed diagnosis of T2D
and then present for medical attention after developing
diabetes complications. And also; the absence of inpatient
management protocol, and insufficient laboratory monitor-
ing during treatment to monitor patient response in the
studied hospitals. The researchers suggest the expansion
of reliable diabetes care services to the primary health care
units and integrating diabetes in the health extension

packaging. Furthermore, the inpatient management proto-
col of the hyperglycemic crisis has to be equipped with
adequate laboratory investigations and sufficient labora-
tory monitoring during treatment to monitor patient
response. Also, routine annual checkup policies for
NCDs, including diabetes have to be implemented.

In this finding, more than three times higher a 30 days
cases of mortality among rural patients than urban; which
is consistent with a study in China.?* This higher mortality
in rural patients might be people living in rural areas have
less access to diabetes screening and preventive services.
Besides, long-distance travel to health care services, and
have increased treatment gaps. Likewise, these individuals
are unaware of their glycemic state and then present for
medical attention after developing diabetes complications
and worsening of the conditions. Therefore, the need for
more public health awareness campaigns about diabetes,
and the expansion of diabetes care services to the primary
health care units particularly in the rural areas is
a fundamental measure.

The findings of this study revealed that lower mortality
is reported in patients who had classic signs and symptoms
of diabetes (vomiting, polydipsia, polyuria, fruity breath
odor, and body weight loss) than those who had not on
admission. Mortality is reduced by 47% in patients who
had polydipsia on admission. Nevertheless, delayed recog-
nition of hyperglycemic symptoms in T2D and ignorance
of diabetes complications might lead to mortality.''*
Public health awareness campaigns have to be made to
increase health-seeking behavior to make annual checkups
and the classic symptoms of diabetes.

In both patients, a higher proportion of mortality is
reported in patients who had a medical history of chronic
kidney disease, cardiovascular disease, and stroke com-
pared to patients who had not. Patients who had
a medical history of stroke are 2.7 times as great as the
likelihood of mortality those who had not a medical his-
tory of the stroke on admission. This study is consistent
with the study in Taiwan.''?* Medical attention after
developing diabetes complications, absence of integrated
inpatient management protocol of hyperglycemic crisis
and co-morbidity, and inadequate laboratory monitoring
during treatment to monitor patient response might be
the reasons for higher mortality.

In this study, patients with type 2 diabetes, and hyper-
osmolar hyperglycemic state had more than two folds
higher mortality than patients with type 1 diabetes, and
DKA respectively. A higher 30 days cases of mortality are
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observed in patients with a lower mean of urine ketones
which is common T2D and HHS in both patients without
and with a history of diabetes. This higher mortality might
be due to delayed diagnosis of T2D and ignorance of
diabetes complications which results in severe dehydration
and neurologic deficit that can lead to death. We recom-
mend more public health awareness campaigns and dia-
betes screening for people with known risk factors.
Furthermore, two folds higher a 30 days of cases
mortality in patients with a previous history of diabetes
than without a history of diabetes; which is parallel with
a study in Taiwan."' Long-standing hyperglycemia due to
poorly controlled diabetes and ignorance of diabetes com-
plications might be the reason for the higher mortality.
Nevertheless, the present study had several limitations.
The first limitation, the data were obtained retrospectively
from patient charts, where clinical presentations or records
might not have been completely documented. Some
patients may have been excluded due to a lack of data
for analysis. The second limitation, data were not vali-
dated, which could have led to misclassification of type
hyperglycemic crisis, though the overlaps do not affect the
present study results. Third, the study is limited to include
important diagnostic criteria for the classification of hyper-
glycemic crises due to the study is conducted in general
hospitals with a lack of advanced laboratory setups.
Fourth, the study is limited to medical wards, and do not
include patients against medical advice, pregnant mothers,
and patients referred to other hospitals. Fifth, this was
a single- Regional State study, where findings from our
database might not be generalizable to the entire national
hospitals, but it can generalize for hospitals in Tigrai.

Conclusions

Comparatively a higher 30 days cases of mortality in
patients with a history of diabetes compared to patients
without a history of diabetes. Moreover, a higher propor-
tion of mortality is rural residents in both patients. Also,
mortality was higher among patients with type 2 diabetes
and hyperosmolar hyperglycemic state in both patients.
Rural residents, Type 2 diabetes, hyperosmolar hypergly-
cemic state, had a medical history of stroke, and with
a history of diabetes were independent predictors of 30
days cases of mortality; while polydipsia was preventive.
We suggest regular check-ups and screening for NCDs and
more public health awareness campaigns. We also recom-
mend expanding diabetes care services to the primary
health care units and integrate diabetes screening in the

health extension packaging programs. Furthermore,

improving the inpatient management protocol of hypergly-

cemic crisis and equipped advanced laboratory
investigations.
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