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Abstract

Background: Type 2 Diabetes (T2D) represents one of the leading causes for hospital admissions and outpatient
visits. Hence, T2D continuously imposes a significant burden to healthcare systems. The aim of this study was to
assess predictors of hospital admission, readmission rates, and length of hospital stay among T2D patients in
government hospitals of Eastern Ethiopia from 2013 to 2017.

Methods: This study utilized retrospective data from a cohort of T2D patients following their treatment in
government hospitals in Harari regional state of Ethiopia. Predictor of hospital admission was determined using
parametric survival analysis methods. The readmission rate and length of hospital stay were determined by Poisson
regression and mixed effect Poisson regression, respectively. All association were performed at 95% confidence
level. Significance of association with determinants was reported using the hazard rate for hospital admission, and
the incidence rate for readmission and length of hospital stay. Optimal model for each outcome was selected by
using information criteria after fitness was checked.

Results: The hospital admission rate for T2D patients was 9.85 (95%CI: 8.32, 11.66) per 1000-person-year
observation. Alcohol drinking, inactive lifestyle, being a rural resident, history of comorbidities, and experiencing
chronic diabetes complications were predictors of hospital admission. Seventy-one (52.2%) of the admitted patients
had a history of readmission. Readmission rate was increased by being female, duration of disease, inactive lifestyle,
having BMI greater than 29.9 kg/m2, and higher blood glucose. The median time of hospital stay for admitted
patients was 18 (IQR:7). The length of hospital stay was longer among females, patients with the history of insulin
administration, and higher blood glucose.
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Conclusion: Multiple and complex factors were contributing for high diabetes admission and readmission rates as
well as for longer in-hospital duration among T2D patients in Harari regional state. Socio-demographic
characteristics (sex, place of residence), behavioral factors (alcohol intake, lifestyle), and medical conditions (longer
duration of disease, comorbidities, chronic diabetes complications, higher blood glucose level, and treatment
modality) were significant determinants of hospital admission, readmission and longer hospital stay among T2D
patients.
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Background
Type 2 diabetes (T2D) is the most common type of dia-
betes, which is characterized by insulin resistance or
scarce insulin activity due to a progressive loss of b-cell in-
sulin secretion [1–4]. Patients with diabetes usually ex-
perience comorbidities and complications more frequently
than other patients [5]. Therefore, T2D patients have con-
siderably higher rates of admission and longer in-hospital
stay than the general population, which imposes a signifi-
cant burden on healthcare systems [3, 6–10].
Over a million diabetes were admitted to a hospital

in England and Wales in 2017, during which one in
six hospital beds were occupied by patients with dia-
betes and by 2030 it is predicted this will rise to one
in four [8, 11].
The hospitalization of people with diabetes is com-

monly precipitated by various health-related condi-
tions. The principal reasons for admission among
diabetes are related to acute and chronic complica-
tions of diabetes [7, 10–16]. Circulatory disorders
such as congestive heart failure, coronary atheroscler-
osis, and acute myocardial infarction, were the main
reasons for hospital admission [5]. Predictors of hos-
pital admission among DM are older age, being less
educated, low socioeconomic status, high alcohol use,
longer diabetes mellitus (DM) duration, and disease
severity [9, 14, 17].
Studies showed that high and middle income coun-

tries reported diabetes patients stayed in the hospital
for an additional 1–6 days than other patients [6, 8,
11, 13, 18] and longer in low income countries [7,
12, 19]. In Ethiopia, the median duration of hospital
stay among DM patients was 9 days (interquartile
range of 14 days) ranged from 1 to 88 days [15]. Poor
health care service processes, occurrence of co–mor-
bidity, and high rate of complications in diabetes are
responsible for these excess lengths of stay in DM
patients [5, 12, 13, 15, 20]. Beside these figures there
is little information about the burden of
hospitalization of diabetic patients in Eastern
Ethiopia. In addition, it is valuable to identify the
main causes of hospital admission and duration of
hospitalization among DM. Therefore, this study

aimed to assess the magnitude and predictors of
hospital admission, readmission rates, and length of
hospital stay among type 2 diabetes in public hospi-
tals of Harar, Eastern Ethiopia.

Methods
Study area, design and period
A hospital based retrospective follow-up study was
conducted among T2D patients at public Hospitals of
Harar, Eastern Ethiopia. Harari Region is one of the
10 regional states of Ethiopia found at 525 km east of
Addis Ababa and 55 km southeast of Dire Dawa. The
majority of the population are urban dwellers. In the
region, there are three government hospitals with
established treatment of diabetes under the chronic
follow-up clinic. These hospitals are Hiwot Fana Spe-
cialized University Hospital (HFSUH), Jugal General
Hospital (JGH), and Harar Federal Police Hospital
(HFPH). This study used the follow-up data of T2D
at those three government hospitals from January 1,
2013, to December 31, 2017.

Subjects and eligibility criteria
T2D patients who started follow up from January 1,
2013, to December 31, 2017, was considered as the study
population. Patients diagnosed as T2D on admission, pa-
tients with unknown admission status, or with incom-
plete records (baseline data, date of diagnosis, date of
follow-up, date of the event, or admitted with unrelated
diagnoses (injury, or accidents)) were excluded. Add-
itionally, patients with end-stage kidney disease, on
transplantation in other hospitals, patients with known
advanced cancer were excluded to avoid estimation bias
(Fig. 1).

Sample size determination and sampling method
The sample size was calculated using hospital admis-
sion as main outcome of this study. PASS 2020 soft-
ware was used to calculate sample size. We employed
the assumption of the log-rank test [21], and cox re-
gression [22] to calculate the sample. Accordingly, the
minimum number to get the adequate event, the
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probability of event and sample size are calculated by
the following formula: [22, 23]

N ¼ E α1B;ψð Þ
pE st ; Lt ;R;Tð Þ

Where: E() is the number of events required to be ob-
served in a study, and pE() is the probability of observing
an event in a study. Hence, by assuming the 5% thresh-
old probability for rejecting the null hypothesis (Type I
error rate), a 20% probability of failing to reject the null
hypothesis under the alternative hypothesis (Type II
error rate), a 10% censoring probability, and 18.8 per
100 people per year proportion of subjects that are T2D
[3]. The calculated sample size required to detect 228
minimum number of event was 314. Considering the
15% incomplete chart in those hospitals, the final mini-
mum sample size was 361. However, we included all
available data of 487 eligible records of the T2D patients.
The records of the patients were included from each

hospital (HFSUH, JGH, and HFPH) using Medical Rec-
ord identifiers.

Data collection methods
We used secondary data, including patient intake forms,
follow up records and DM registration books, as well as
electronic information databases, recorded routinely by
the hospitals for the following monitoring and evaluation
purposes. Data were collected using checklists by health
officers and nurses from those three hospitals.

Data quality control
The overall activity was controlled by the principal in-
vestigators of the study. The data collection team was
trained on the data collection process for a couple of
days. Supervisors checked the ID of the patient with the
registry code whether clinically matched (diabetic pa-
tient) or not. In addition to these, the supervisor con-
ducted continuous supervision, completeness check,
accuracy, and consistency of data collection on each day
of the data collection period. Data were cleaned and

Fig. 1 Schematic presentation of sampling and patient selection from the patients on follow-up among Government Hospitals in Harari region,
Eastern Ethiopia, from January 1, 2013, to December 31, 2017. Source (HMIS department of each Hospital). Legends: N; number of patients, T2D;
Type 2 Diabetes
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filled using Epidata version 3.1 statistical software. All
completed data were examined for completeness and
consistency during data storage and analysis.

Measurements and variables
Events: The first hospital admission was accounted as an
event. Admissions were defined as any unscheduled in-
patient admission, emergency department (ED) visit or
observation unit stay [24]. Readmission is defined as the
admission of T2D patients for more than one time.
Time: Was considered as the interval between the time
patient started follow up and end of the study period.
Initial time was started from the date of follow-up initi-
ation. Duration of disease: refers to the time since the
patient was diagnosed as a T2D patient. The duration of
the disease was computed from the difference of the
event date and date of diagnosis. Duration of follow-up:
refers to the time since the T2D patient linked to the
diabetes clinic and started follow-up visits. Duration of
follow up was computed from the difference last follow-
up and date of the first follow-up.
Censoring: an individual was termed as censored if he/

she was died or transferred to another follow-up center,
or discontinued follow-up, or not admitted to the hos-
pital until the end of this study period.
Combined treatment: The combination of glyburide and

metformin is used to treat type 2 diabetes in people whose
diabetes cannot be controlled by diet and exercise alone.
Baseline serum creatinine (Sc) were classified as Normal if
0.6–1.1mg/dL in females and 0.8–1.3mg/dL in males
otherwise elevated [25]. BMI: based on WHO classifica-
tion, BMI was classified as underweight (< 18.5 kg/m2),
normal (18.5 to < 25 kg/m2), overweight (25.0 to < 30 kg/
m2) and obesity (≥30 kg/m2) [26, 27]. Comorbidities: was
considered if T2D patients had a previous medical history
of at least one or more chronic conditions like hyperten-
sion, obesity, dyslipidemia, cardiovascular disease, and/or
chronic kidney disease [28]. We classified the number of
comorbidities as none, one, two, or more than two by
counting the medical history of comorbidities. Chronic
complications of diabetes: in this study, chronic diabetes
complications were considered if T2D patients had a med-
ical history of at least one chronic microvascular or
macrovascular complication related to Diabetic Mellitus
during or before hospital admission [29]. Microvascular
complications of diabetes are those long-term complica-
tions that affect small blood vessels. These typically in-
clude retinopathy, nephropathy, and neuropathy [30, 31].
Microvascular complications of diabetes are ischemic
heart disease, peripheral vascular disease, and cerebrovas-
cular disease [32, 33].
Lifestyle: in this document the lifestyle was classified

using the occupational history and/or daily physical ac-
tivities [34, 35]. Thus, the patient was termed as active if

the patient had a history of reported exercise for at least
30 min per day or working in the field. Otherwise, the
patient was termed as inactive.
Baseline variables: sex, residence, occupation, medical

history of comorbidities, insulin administration, serum
creatinine, and lifestyle were baseline covariates recorded
at the first follow up time. Follow up variables: Variables
like age, body mass index, fasting blood glucose, treat-
ment type, diabetic complications, smoking status, and
disease duration are taken from the most recent (for the
event) follow-up record. Blood glucose level: The most
recent (to the event) recorded blood glucose level was
considered as considered for the analysis.

Methods of statistical analysis
The collected data were entered into Epi Info v7.0 and
analyzed by STATA software version 16.0. Sociodemo-
graphic, disease characteristics, and treatment were sum-
marized by proportions. The hospital admission,
readmission, and length of hospital stay were summa-
rized by mean, median, and rate. Survival data were de-
scribed by median time, follow-up time, and Kaplan
Meier graphs.
The baseline proportional hazard was assumed con-

stant and Cox proportional hazard assumption was
tested for all included variables. As the proportional haz-
ard assumption failed, the appropriate model was se-
lected by inspecting the graphical distribution pattern
information criteria (AIC and BIC). Accordingly, the
Gompertz parametric model was selected as the best fit-
ted model from Cox regression, time variant Cox regres-
sion, exponential regression, Weibull regression, and
log-logistic regression models. Hence, the predictors of
time to first hospital admission are determined by Gom-
pertz parametric model. Determinants of readmission
and length of hospital stay were determined by Poisson
mixed effect model (Poisson GLMM) using patient ID as
a random effect. The hazard rate was used to report the
strength of association for time to hospital admission
and its predictors. On the other hand, the relative risk
with 95%CI was used to report the association of re-
admission rate and length of hospital stay’s predictors.
All associations were tested at 95% confidence level and
p-value less than 0.05 were declared as a significant asso-
ciation between variables.

Results
Patients characteristics
From the 487 follow up records, 458 (94.05%) records of
T2D patients were employed for analysis, and 29 (5.95%)
were excluded due to incomplete information regarding
the admission records. Of the total, 227 (49.56%) from
Hiwot Fana Specialized University Hospital, 124 (27.07%)
from Jugal General Hospital, and 107 (23.36%) from Harar

Regassa and Tola BMC Endocrine Disorders           (2021) 21:74 Page 4 of 13



Police Hospital. The median age of the patients was 50
years with a range of 30 to 69 years. Most (85.15%) of the
patients were younger than 65 years. Three hundred
eighty-nine (84.93% were urban residents. Most of the
participants were married (85.59%). Hundred seventy-
eight (40.36%) were government employees (Table 1).
Of the total, 167 (36.46%) lived inactive life and 113

(24.89%) had a family history of diabetes. Only 2.84% were
active smokers, and 6.11% had a history of alcoholism. Dur-
ing their lifetime, 72 (15.86%) of the patients had a history of

acute complications (diabetic ketoacidosis or Hyperosmolar
hyperglycemic state) and 74 (16.16%) had chronic complica-
tions (15.28% microvascular complications). Of the total,
174 (37.99%) had hypertension, 61 (13.32%) had a history of
obesity, 23 (4.58%) had history of a cardiovascular disease,
and 27 (5.38%) had a history of renal disease (Table 1).

Hospital admission rate and predictors
Study subjects were followed for a median time of 54.87
months (IQR: 38.7) after initiation of treatment for a

Table 1 Socio-demographic and medical Characteristics of T2D patients in governmental hospitals of Harari regional state of
Ethiopia (2013–2017)

Variable Categories Frequency (%) Admitted (AR per 1000) Median LOS (dy.)

Sex Female 200 (43.7) 60 (9.5) 14

Male 258 (56.3) 75 (10.1) 7

Age (yrs.) Less than 45 184 (40.2) 52 (10.2) 7

45–65 206 (45.0) 58 (9.2) 14

above 65 68 (14.8) 25 (11.0) 7

Residence Urban 389 (84.9) 110 (9.0) 7

Rural 69 (15.1) 25 (17.2) 9

Occupation Government employee 178 (40.3) 40 (7.1) 7

Private job 163 (37.0) 54 (11.8) 7

Unemployed 100 (22.7) 29 (9.9) 17.5

Smoking Non smoker 444 (96.9) 127 (9.6) 7

Current smoker 14 (3.1) 8 (16.1) 21

Alcohol Not drink alcohol 430 (93.9) 122 (9.5) 7

Drink alcohol 20 (6.1) 13 (15.5) 7.5

Blood glucose level 80–130mg/dl 327 (71.4) 95 (9.8) 7

> 130mg/dl 131 (28.6) 40 (9.9) 14

Baseline Creatinine Normal 142 (31.0) 42 (9.9) 7

Elevated 316 (69.0) 93 (9.9) 7.5

Time between diagnoses and first follow up < 1month 154 (86.03) 114 (8.7) 10

1–3 months 11 (6.15) 9 (10.2) 7

> 3months 14 (7.82) 12 (12.6) 7

Microvascular Complications Yes 388 (84.7) 104 (9.2) 7

No 70 (15.3) 31 (12.8) 11

Comorbidity No 284 (62.0) 72 (9.0) 7

Yes 174 (38.0) 63 (11.0) 10.5

No. of comorbidities (n = 174) One 123 (70.7) 37 (6.9) 7

Two 42 (24.1) 20 (11.5) 14

Three or more 9 (5.2) 6 (17.6) 14

Recorded Insulin Administration No 404 (88.2) 110 (9.2) 7

Yes 54 (11.8) 25 (14.8) 10.5

Medication Metformin 231 (50.4) 73 (10.9) 7

Combined 227 (49.6) 62 (8.9) 7

Total 458 135 (9.85) 7

Note: AR Admission rate, mg/dl milligram per deciliter
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total of 13,703.9 person-years. From the total, 135
(29.48%) had a history of admission with an admission
rate of 9.85 (8.32, 11.66) per 1000-person year observa-
tion. The cumulative probability of first hospital admis-
sion among type 2 DM patients was 0.09 at 15 months,
0.35 at 48 months, and 0.89 at 60 months of follow up
period (Fig. 2). Most patients were admitted with hyper-
tension emergency (47%) and acute metabolic complica-
tions (either ketoacidosis/ hyperosmolarity) (24.6%). The
other reasons for admission were kidney injury (10.5%),
infections (pneumonia or severe urinary infection)
(9.7%), microvascular complications (6%), and stroke
(2.2%). Most (95.6%) of the admitted patients were sur-
vived and discharged from the hospital while the left six
(4.4%) patients died.
The best-fitted model was a parametric Gompertzian

model with proportional hazard assumptions (Table 2).
Multivariable Gompertzian proportional hazard model
showed alcohol drinking, inactive lifestyle, being a rural
resident, presence of a history of comorbidities, and ex-
periencing chronic diabetes complications were predic-
tors of hospital admission (Table 3).
The patients consuming alcohol would have 2.29 times

(AHR: 2.29; 95%CI: 1.19, 4.38) higher probability of ad-
mitted to hospital than those who did not consume alco-
hol. Compared with patients who live an active lifestyle,
the probability of hospital admission was higher by 88%
(AHR: 1.88; 95%CI: 1.26, 2.81) for patients who live in-
active lives. The hazard of hospital admission among
rural residents was more than three (AHR: 3.57; 95%CI:
2.23, 5.72) times higher than the urban residents. Having
a medical history of more than two comorbidities in-
creased the hazard of hospital admission by more than

four (AHR: 4.46; 95%CI: 1.86, 10.71) times compared to
patients who did not experience comorbidities. More-
over, the hazard of hospital admission was increased by
19% (AHR: 1.19; 95%CI: 1.06, 1.59) among individuals
with a history of chronic complications compared to
those without chronic complications. The hazard of ad-
mission was increased by 3% (AHR:1.03; 95%CI: 1.01,
1.04) per 10 mg/dL increment in fasting blood glucose
level (Table 3).

Reasons and predictors of readmission
Among 135 T2D patients with a history of admission, 71
(52.2%) had readmission within the five years follow up
period. After the first admission, the readmission rate
was 5.18 (4.11, 6.54) per 1000-person year observation.
The readmission rate for female was 12.23 (8.44, 17.71)
per 1000-person year observation and 17.41 (12.87,
23.56) among males. The readmission rate was higher
among patients from rural areas (4.4 per 1000 for urban
Vs 11.7 per 1000 for rural). It is also higher among

Fig. 2 Kaplan Meier Hospital admission rate for type 2 diabetes patients following their treatment at government hospitals of Harari regional
state of Ethiopia (2013–2017). Legend: CI; confidence interval

Table 2 Results of survival analysis model comparison for
predictors of hospital admission rate among T2D patients

Model df AIC BIC

Cox-proportional hazard 12 11,498.93 11,569.71

Time variant cox 19 11,465.18 11,577.25

Exponential 14 3552.52 3635.09

Weibull regression 15 2154.17 2242.64

Log logistic 15 2391.64 2480.11

Gompertzian 15 1781.62 1870.09

df degree of freedom, AIC Akaike information criteria, BIC Bayesian
information criteria
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patients whose duration of the disease is 30 months or
more (2.5 per 1000 for less than 30months Vs 12.5 per
100 30 months and beyond) (Fig. 3). Log rank test also
indicated the readmission was higher among patients
from rural area (log-rank 15.5, p < 0.001), and patients
having duration of disease longer than 30 months (log-
rank = 145.25, p < 0.0001). Log rank analysis showed the
difference between male and female was not significant
(log-rank = 3.62, p = 0.057).
On the other hand, every seven in ten hospital read-

missions among T2D patients was attributed to an acute
metabolic complication (either ketoacidosis/hyperosmo-
larity (96.4%) or hypoglycemic coma (3.6%). The other
reasons for readmission among T2D patients were

cardiovascular complications (18%) and diabetic micro-
vascular complications (12%).
Readmission was determined by the duration of dis-

ease, life style, being female, having BMI greater than
24.9 kg/m2, and having less than 130 mg/dl average glu-
cose level (Table 4). As the duration of the disease in-
creased by one year, the likelihood of readmission was
increased by 14% ((RR: 1.14; 95%CI: 1.05, 1.85). Simi-
larly, being female increases the likelihood of readmis-
sion by 26% (RR: 1.26; 95%CI: 1.13, 1.78) compared to
male patients. The likelihood of readmission for a cur-
rently obese (≥30 kg/m2) patient was 2.30 (RR: 2.30;
95%CI: 1.07, 4.96) times higher for those with less than
25 kg/m2. The readmission rate was increased by 71%

Table 3 Predictors of hospital admission among T2D patients on follow up in governmental hospitals of Harari regional state of
Ethiopia (2013–2017)

Variables Categories Crude HR (95%CI) Adjusted HR (95%CI)

Age < 45 1 1

45–65 0.77 (0.53, 1.12) 0.78 (0.50, 1.20)

above 65 0.94 (0.58, 1.51) 0.63 (0.37, 1.09)

Sex Male 1 1

Female 1.63 (1.42, 1.87) * 0.71 (0.46, 0.96) *

Resident Urban 1 1

Rural 2.71 (1.75, 4.21) ** 3.57 (2.23, 5.72) **

BMI < 25 kg/m2 1 1

25–29.9 kg/m2 1.86 (0.38, 1.97) 1.09 (0.46, 2.55)

≥30 kg/m2 0.82 (0.34, 1.13) 0.92 (0.49, 1.72)

Smoking No 1 1

Yes 1.55 (0.76, 3.17) 0.96 (0.43, 2.19)

Alcohol No 1 1

Yes 1.87 (1.05, 3.32) * 2.29 (1.19, 4.38) *

Life style active 1 1

Inactive 1.35 (0.96, 1.89) 1.88 (1.26, 2.81) **

Comorbidities No 1 1

One 0.84 (0.57, 1.25) 0.91 (0.61, 1.37)

Two 1.50 (0.93, 2.41) 1.40 (0.84, 2.35)

More than two 3.17 (1.52, 6.65) 4.46 (1.86, 10.71) **

Diabetes complication No 1 1

Yes 1.35 (0.90, 2.01) 1.19 (1.06, 1.59) *

Treatment Metformin only 1 1

Combination a 0.86 (0.61, 1.21) 1.04 (0.71, 1.54)

Insulin administered No 1 1

Yes 0.87 (0.60, 1.26) 1.33 (0.81, 2.19)

Blood glucose level 1.03 (1.01, 1.04) 1.03 (1.01, 1.04) *

Baseline creatinine 1.01 (0.69, 1.44) 0.87 (0.58, 1.30)

1/gamma 0.07 (0.05, 0.08)

BMI body mass index, kg/m2 kilograms per meter square, mg/dl milligram per deciliter, HR Hazard rate, CI confidence interval, *; p-value< 0.05 **; p-value< 0.001
a: taking both metformin and glibenclamide
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(RR: 1.71; 95%CI: 1.50, 2.02) among patients living in-
active lifestyle compared to those living an active life
style. In addition to these, the likelihood of readmission
was increased by 2% (RR: 0.46; 95%CI: 1.01, 1.04) as fast-
ing blood glucose level increased by 10 mg/dL.

Length of hospital stay and its predictors
The median time of hospital stay (LOS) for admitted pa-
tients was 7 days, ranging from 1 day to 42 days. The
median time of LOS among females was higher than
males (log rank = 4.4, p = 0.035). Median LOS was in-
creasing with the number of readmissions (Fig. 4).

The subject-specific random effects appear signifi-
cant and patients tend to stay longer in the hospital
when they have been hospitalized several times: (vari-
ance = 2.03 with standard error 0.22). The length of
hospital admission was longer among females, patients
with a history of insulin administration, and patients
with elevated blood glucose. Being female increases
the length of hospital stay by 12% (RR: 1.12; 95%CI:
1.04, 2.52) compared to male patients. Likewise, LOS
was increased by 3.41 (RR: 3.41; 95%CI: 1.30, 8.98)
times among patients who had a history of insulin ad-
ministration compared to those who did not take

Fig. 3 Kaplan Meier of readmission rate of different categories of T2D patients in Government hospitals of Harari regional state of Ethiopia (2013–
2017). Legends: panels show failure rate (a: readmission rate by sex, b: readmission rate by disease duration and c: readmission rate by residence),
CI; Confidence Interval

Fig. 4 Median length of hospital stay by readmission status of T2D patients among government hospitals of Harari regional state of Ethiopia
(2013–2017). Legend: LOS; Length of Hospital Stay
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insulin. The risk of LOS was increased by 4% (RR:
1.04; 95%CI: 1.02, 1.07) per 10 mg/dL increase in the
fasting blood glucose level. The risk of LOS was de-
creased by 65% (RR:0.35; 95%CI: 0.14, 0.85) among
patients treated with the combination of metformin
and glibenclamide compared to patients taking met-
formin only (Table 5).

Discussion
This study was designed to assess predictors of hospital
admission, readmission, and length of hospital stay
among T2D patients on follow up at hospitals of Harari
regional state. The five-year incidence of hospital admis-
sion was 9.85 per 1000 people per observation time. This
result was lower than studies conducted in the United

Table 4 Predictor readmission to hospital among T2D patients in governmental hospitals of Harari regional state of Ethiopia (2013–
2017) (n = 135)

Readmission rate Categories Crude RR (95%CI) Adjusted RR (95%CI)

Duration of T2D (year) 1.09 (1.04, 1.15) ** 1.14 (1.05, 1.85) **

Smoking status Non smoke 1 1

smoker 1.16 (0.82, 1.63) 1.12 (0.51, 2.50)

Alcohol consumption No 1 1

Yes 1.06 (0.81, 1.40) 0.83 (0.43, 1.62)

Life style Active 1 1

Inactive 1.18 (1.02, 1.35) * 1.71 (1.50, 2.02) *

Sex Male 1 1

Female 1.29 (0.93, 1.79) 1.26 (1.13, 1.78) **

BMI < 25 kg/m2 1 1

25–29.9 kg/m2 1.40 (0.52, 3.766) 1.45 (0.53, 3.965)

≥30 kg/m2 1.92 (0.90, 4.13) 2.30 (1.07, 4.96) *

Blood glucose level 70–130mg/dl 0.45 (0.37, 0.55) ** 1.02 (1.01, 1.04) **

Treatment Metformin 1 1

Combination a 0.45 (0.31, 0.64) 0.54 (0.37, 0.79) *

BMI body mass index, kg/m2 kilograms per meter square, mg/dl milligram per deciliter, RR relative risk, CI confidence interval, *; p-value< 0.05 **; p-value< 0.001
a: taking both metformin and glibenclamide

Table 5 predictors of length of hospital stay among T2D patients at government hospitals of Harari regional state of Ethiopia
(2013–2017) (n = 135)

Length of hospital stay Categories Median (IQR) LOS (wk.) Adjusted RR (95%CI)

Sex Male 0.75 (1.17) 1

Female 1.09 (1.79) 1.12 (1.04, 2.52) *

Duration of disease (year) 0.92 (1.51) 0.63 (0.49, 1.81)

Smoking No 0.95 (1.54) 1

Yes 0.55 (1.02) 0.73 (0.46, 1.16)

Blood glucose level Per 10 dl/ml 0.92 (1.51) 1.04 (1.02, 1.07) **

Recent BMI < 25 kg/m2 0.87 (1.42) 1

25–29.9 kg/m2 1.08 (1.77) 1.46 (0.057, 3.67)

> 30 kg/m2 1.23 (1.75) 2.15 (0.54, 8.55)

Insulin administered No 0.72 (1.34) 1

Yes 1.88 (1.89) 3.41 (1.30, 8.98) *

Treatment Metformin only 1.2 (1.4) 1

Combinationa 0.9 (1.32) 0.35 (0.14, 0.85) *

Subject: Variance 2.03 (1.64, 2.52) *

IQR Inter quartile range, LOS length of hospital, wk weeks, mg/dl milligram per deciliter, RR relative risk, CI confidence interval, kg/m2 kilograms per meter square,
*; p-value< 0.05 **; p-value< 0.001
a: taking both metformin and glibenclamide
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Kingdom (UK) [3], USA [36, 37], and New Zealand [18].
However, our finding was higher than the report from
the study conducted in other Sub Saharan Africa like
Uganda (4.2% )[38], and Nigeria (10%) [39]. The differ-
ence might be due to the difference in health service
coverage, health seeking behavior of patients, and admis-
sion guidelines/protocols between the countries.
Being a rural resident may increase the probability of

hospital admission by more than three times compared
to the urban residence. The possible explanation for this
finding might be due to the poor diabetic control among
T2D from rura l[40, 41]. Similarly, T2D patients from
rural areas have low socioeconomic status and oppor-
tunity to medical care which make them more prone to
hospital admission [42]. The findings of this study,
therefore, raise potentially important quality-of-care
concerns. Contrary to this finding, the pooled analysis
from a study conducted in Poland reported the urban
patients have higher probability of hospital admissio
n[43]. The difference might be raised from the difference
in the study population and the statistical model used.
The former study was conducted among patients older
than 45 years and compared with patients with
malignancy.
Compared to physically active patients, the probability

of hospital admission and readmission among patients
who live inactive lifestyle were increased by 88 and 71%,
respectively. This finding was in line with the report
from Australia [44]. The recommended physical activity
for T2D is at least 150 min/week of moderate to vigor-
ous aerobic exercise spread out to at least 3 days per
week, with no more than two consecutive days between
bouts of aerobic activity [45–47]. Otherwise, inactive pa-
tients are more prone to insulin resistance, obesity, and
comorbidities than diabetes patients living an active life
style. As a result, the frequent hospitalization due to
those comorbidities and diabetic complications could be
higher among patients with inactive life.
Drinking alcohol increases the hazard of hospital ad-

mission by 2.3 times higher than patients who did not
drink alcohol. Behavioral risk factors in general and alco-
hol drinking in specific have a significant role in poor
diabetic control [6, 48]. Previous studies also indicated
that drinkers had the greatest compliance with each self-
care behavior, and dehydration induced hypoglycemia
[48–50]. Alcohol can cause the accumulation of certain
acids in the blood that may result in disturbances in fat
metabolism, nerve damage, and eye disease [49].
Having at least one diagnosed chronic diabetic compli-

cation increases the probability of hospital admission by
about 20% than those who did not have a history of di-
agnosed diabetic complications. Similarly, having at least
three medical histories of comorbidities increased the
likelihood of hospital admission by more than four times

compared to those who had no diagnosed comorbidities.
The finding was comparable with studies conducted in
USA [51, 52], UK [3], Australia [9], and Korea [53]. Evi-
dence also indicate that hospital morbidity results from
chronic microvascular or microvascular complications
[54]. If early screening and preventive activities are im-
plemented, asymptomatic identification of comorbidities
and commence treatment are not commenced patients
could experience frequent hospitalization [53–56].
As the duration of diabetes increases by one year, the

probability of hospital readmission was increased by
14%. The result is similar to the previous reports in
Australia [6, 9], and the USA [24]. Diabetes complica-
tions and comorbidities are increasing with age and dia-
betes duration [57–59]. Hence, the frequent hospital
admission might correlate with diabetes duration due to
the comorbidities and diabetes complications over a long
period.
The association between sex and admission, and log

rank result for readmission was not significant in univar-
iate but significant in multivariate analyses. The reason
of sex be significant when more predictor variables are
entered into the model is explained the increment of
power and loose of significance. The residual variability
decreases in multiple regression since we are comparing
the slope to a null distribution that is estimated using
the residual variability. Meanwhile the residual degrees
of freedom also decrease, so it’s possible that power
could be increased in robust model [60].
The hazard of first admission among female T2D was

decreased by 29%. However, being female increases the
risk of readmission by 26% and LOS by 12% compared
to males. This report was contrary to the previous study
conducted in Australia [9], USA [36]. A study conducted
in India suggested that women had less self-efficiency re-
lated to their diabetic self-care and higher chances of
bad dietary practices than men [61]. Another study also
revealed that females had significantly higher annual
rates of symptomatic, glucose-confirmed symptomatic,
and severe hypoglycemia than males [62]. All these fac-
tors might be increasing the probability of frequent ad-
mission and LOS among female patients.
The likelihood of readmission was 2.3 times higher

among patients with BMI 30 kg/m2 or more compared
to patients having BMI less than 25 kg/m2. It is consist-
ent with the report of studies from New Zealand [18]
and the USA [63]. Previous study also reported that un-
favorable diabetes outcome is higher among obese indi-
viduals [64].
As the blood glucose level was increased by 10 dl/ml,

the risk of admission, readmission, and LOS was slightly
increased. This finding was in line with previous studies
[65–69]. Uncontrolled blood glucose is the foundation
of most diabetic complications and comorbidities among
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T2D patients [70]. Despite the marker of poor clinical
outcome is shown as hyperglycemia [71], it is not proven
whether admission hyperglycemia is a risk factor itself, a
marker of severity of illness, a marker of poor patient
compliance with treatment, or a sign of less rigorous
medical care.
The LOS among patients having a history of insulin

administration on the admission time was increased by
more than three times compared to those who had no
history of insulin administration. This finding is in
agreement with the report of previous studies [53, 72,
73]. This finding might be related to the side effects of
insulin (i.e., hypoglycemia). Hence, cautious monitoring
of signs of side effects of insulin administration is im-
portant. Insulin might be administered to T2D patients
if they have uncontrolled blood glucose levels and DM
complications during admission. However, a study con-
ducted among hospitalized elderly patients showed there
was no difference in LOS by their insulin administration
status [74]. The difference might be due to the difference
in the study population as the former study used elderly
hospitalized patients.
The combination of metformin and glibenclamide

treatment showed a decrement in the number of read-
missions and LOS by 46 and 65% respectively. Reports
from randomized control trials showed that a combin-
ation of treatment is more effective than a single drug in
improving glycemic control in type 2 diabetes and re-
duction of the dosage of each drug [75, 76].
Findings from this study should be interpreted in light

of the following limitations. This study neither establish
the causality nor representativeness to the whole country
as it encountered the problem of small sample size for
readmission and LOS, and the limitations of data com-
pleteness/accuracy common to most retrospective stud-
ies. Furthermore, important determinants like diabetes
self-care (diet modification, life style, exercise, etc.) and
treatment during hospitalization, organ function tests,
and HgA1 were lacked from the chart of the patients.
Moreover, we were unable to control for some risk fac-
tors, such as laboratory values and hospital acquired
complications as these factors were not recorded. In
addition to these, we could not get information on medi-
cations like anti-hypertensives, fibrates, and statins.

Conclusions and recommendations
Three out of ten T2D patients had a history of admis-
sion and half of those patients with a history of admis-
sion were readmitted again within five years. Multiple
and complex factors were contributing for high diabetes
admission and readmission rates as well as for longer
duration in hospital among T2D patients in Harari re-
gional state. Hospital admission was determined by in-
active life style, place of residence, presence of a history

of comorbidities, and chronic complications while re-
admission was significantly increased with duration of
disease, inactive lifestyle, being female, having a larger
BMI, and decreased by having a normal average glucose
level. The length of hospital stay was longer for those fe-
males, patients with the history of insulin administration,
and patients with elevated blood glucose levels. There-
fore, health care providers should give due emphasis to
diabetes patients with risk factors for admission, re-
admission, and longer duration in hospital. Effective pri-
mary preventive strategies should be implemented at
diabetes follow up clinic to reduce the hospitalizations
and longer hospital stays among diabetic patients. Health
professionals should provide continuous health educa-
tion for all T2D patients at follow up clinic about the
risk factors of hospitalization. All hospitals who provide
diabetes care should implement standardized diabetes
management guidelines and treatment protocols to avoid
unnecessary hospitalization and hospital stay.
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