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متييتلاةيحصلاتامولعملاماظنتاريغتمنيبةقلاعلافاشكتسا:ثحبلافادهأ
ىلإيناثلاعونلانميركسلاىضرملاخدإةداعإوينيتورلكشباهعمج
.اموي٣٠نوضغيفىفشتسملا

،يعماجلادهفكلملاىفشتسميفيعجررثأبةساردلاهذهتيرجأ:ثحبلاقرط
عونلانميركسلاىضرمعيمجةنيعلاتلمشو.ةيدوعسلاةيبرعلاةكلمملا،ربخلا
متو.٢٠١٦ربمفونىلإ٢٠١٦ريانينمىفشتسملاىلإمهلاخدإمتنيذلايناثلا
دهفكلملاىفشتسمبيحصلاتامولعملاماظننمةساردلاتانايبىلعلوصحلا
يناثلاعونلانميركسىضرملاخدإةداعإطابتراليلحتمت.يعماجلا
لثمينيتورلكشباهعمجمتييتلاةيحصلاتامولعملاماظنتاريغتمو
عونو،ىفشتسملابضيرملاةماقإةدمو،يركسلاءادعونو،ةيناكسلاصئاصخلا
.ىفشتسملانمضيرملاجورخ

.٤٩٧ةساردلايفجاردلإاريياعمبيفتيتلاتلااحلليلامجلإاددعلاغلب:جئاتنلا
تلصوت.اموي٣٠نوضغيف٤٩٧لصأنم)٪٦.٢(ةلاح٣١لوبقةداعإمت
هنأدجويذلاديحولاريغتملاوهيناثلاعونلانميركسلاءادنأىلإةساردلا
نيبنماموي٣٠نوضغيفىفشتسملاىلإىضرملالاخدإةداعإبطبترم
نيريغتملاناكو،يتسجوللارادحنلااجذومنيفاهعضومتيتلاتاريغتملا
.ىفشتسملانمجورخلاعونويركسلاءادعونامهنيديحولا

ةيصيخشتلاوةيفارغوميدلاتاريغتملانأدجوُ،ماعلكشب:تاجاتنتسلاا
لوخدلاةداعلإةفيعضتارشؤميهينيتورلكشباهعمجمتيتلاةيرادلإاو
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تمتيذلازكرملايف٢عونلانميركسلاىضرملاموي٣٠للاخىفشتسملل
ةدمللوخدلاةداعإبؤبنتلايفةديحولاةمهملاتاريغتملانإف،كلذعمو.هتسارد

ديدحتىلعلمعلل.ىفشتسملانمجورخلاعونويركسلاءادعونتناكاموي٣٠
تاريغتمىلإلوطلاونزولاةفاضإبىصوي،ىفشتسملللوخدلاةداعإتارشؤم
تاساردلااضيأيصونوينيتورلكشباهعمجمتييتلاةيحصلاتامولعملاماظن
.تايفشتسمةدعنمتانايبلاعمجتوأتاونسةدعلتانايبنمضتتنأبةيلبقتسملا

نميركسلاءاد؛ةيحصلاتامولعملاماظن؛لوخدةداعإ:ةيحاتفملاتاملكلا
ضيرملاةماقإةدم؛ةيحصلاتامدخلاةدوج؛يناثلاعونلا

Abstract

Objectives: This research explores the association be-

tween variables routinely collected in a health informa-

tion system and the readmission of patients with type 2

diabetes within 30 days of discharge.

Methods: This retrospective cohort study was conducted

at King Fahd Hospital of the University (KFHU) in Al-

Khobar, KSA. The study population comprised patients

with type 2 diabetes who were admitted to the hospital

from January 2016 to November 2016. Data were ob-

tained from the hospital’s information system at KFHU.

The association between the readmission of patients with

type 2 diabetes and routinely collected health information

system variables such as demographics, type of diabetes,

length of stay, and discharge type were analyzed.

Results: A total of 497 cases met the inclusion criteria. Of

these, 31 (6.2%) cases were readmitted within 30 days.

Type 2 diabetes was the only variable found to be

significantly associated with readmission within 30 days

(c2 (1, N ¼ 497) ¼ 6.116, p ¼ 0.0134). Diabetes type

(p ¼ 0.0133) and discharge type (p ¼ 0.0403) were the
y. This is an open access article under the CC BY-NC-ND license
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only variables that displayed significance utilizing a lo-

gistic regression model.

Conclusion: Overall, the routinely collected demographic,

diagnostic, and administrative variables were found to be

poor predictors of 30-day readmission for type 2 diabetes

at the institution studied. Nonetheless, the only signifi-

cant variables in the prediction of 30-day readmission

were diabetes type and discharge type. To determine the

predictors of readmission, it is recommended that future

studies include height and weight to the routinely

collected health information system variables. We also

suggest that future studies be based on data collected over

several years or on pooled data collected from several

hospitals.

Keywords: Diabetes type 2; Health information system;

Healthcare quality; Length of stay; Readmission

� 2021 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

The ability to study hospital readmission within 30 days is
advantageous for several reasons. First, it can serve as a
measure of the quality of health care received. The assump-
tion is that if health care is inadequate, or if a surgery is not

properly done, then chances of the patient returning to the
hospital within a month are high. However, readmission is
not always a sign of inadequate care. Instead, readmission

could serve as an indicator of quality in some instances.1,2

Second, readmission can serve as a measure of the risk for
hospital-acquired infections. If a hospital is not fully

compliant with infection control standards, the chances of
obtaining a hospital-acquired infection increases with the
length of stay.3e5 Readmission has been shown to be directly

related to cumulative length of stay within a given period.
Third, it has implications for reimbursement.3 When
reimbursement rates are related to the number of visits,
payers are keen to reduce readmission rates.1,6 Fourth,

readmission is related to resource consumption.6 For these
reasons and others, readmission within 30 days is a serious
metric that is worthy of investigation.

Diabetes is one of the many risk factors that contribute to
increased readmission rates. Complications from diabetes
were found to be among the 10 highest causes of public

health readmission in the world.7 In 2010, diabetes was
ranked as the 17th most frequently treated condition and
29th among the conditions that most frequently led to
hospital readmission in the United States (US).8

In the Arabian Gulf countries, and in KSA in particular,
diabetes rates are very high and have been increasing rapidly
over the past decade.9 Hospital resource consumption

related to diabetes has also been high.1,6,10 However, only
a few studies have focused on either readmission in general
or readmission among patients with diabetes in KSA. One
study published in 2012 found that the readmission rate of
patients with diabetes in the Eastern region of KSA was

5.2%.11

There are several reported risk factors of readmission
amongpatientswithdiabetes.A systematic reviewandameta-

analysis study both found significant associations between the
30-day unplanned hospital readmission of patients with dia-
betes and their gender, race, age, affordability of medical in-

surance, comorbidities, and length of stay.7 Some of these
factors were also reported in a retrospective cohort study
based on 1,080,580 admissions in the US. The study found
that patients with diabetes mellitus were more likely to be

readmitted than other patients, and they had longer lengths
of hospital stay. The study results also indicated a significant
association between the readmission of diabetes mellitus

patients and other factors such as demographics, source of
admission, comorbidities, and infectious complications.4

The risk factors for the readmissionofpatientswithdiabetes

reported in the literature are inconsistent. However, the most
commonly reported risk factors include gender, race, comor-
bidity, diabetes complications, source of admission, and length
of stay.7 Identifying the common risk factors for the

readmission of patients with diabetes is important in
predicting readmission and designing evidence-based in-
terventions for reducing readmission rate. Routine health in-

formation systems (RHIS) help in identifying factors
associatedwithhigher risks for hospital readmission.RHISare
defined as “the ongoing data collection of health status, health

interventions, and health resources for decision making”.12

The quality of RHIS is essential in improving health
outcomes and the efficiency of healthcare services.13 An

adequate RHIS can help decision makers reduce unnecessary
hospitalization of diabetic patients through adequate and
consistent documentation of data that enables the accurate
identification of the risk factors for readmission.13

The aim of this study was to explore the effects of
routinely collected variables in a health information system
on the readmission of patients with type 2 diabetes mellitus.

The findings of this study could help in developing a clinical
model for the quick prediction of readmission based on a
minimum number of parameters.

Material and Methods

This retrospective cohort study was conducted at King

Fahd Hospital of the University (KFHU). In 1982, this 600-
bed hospital was established in Al-Khobar city in Eastern
KSA.14 Permission to obtain the data was requested from the

hospital record management. The study population
consisted of patients with type 2 diabetes mellitus who
were admitted to the hospital from January to November

2016. The time period of the study was short because
conducting research was a component required for students
to graduate, and extending the study window was not
possible. Pediatric patients 13 years old or younger were

excluded from the study as they are rarely diagnosed with
type 2 diabetes mellitus.15 In addition, gestational diabetes
cases, deceasead patients, and those who were admitted in

December 2016 were excluded.
The study investigated the association between rates of

readmission within 30 days (dependent variable) and health

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 2: Rates for readmission within 30 days for patients with
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information routinely collected from the KFUH health in-
formation system (HIS). These variables included de-

mographic variables, such as age, gender, region of
residence, and nationality. They also included diagnostic
variables, type of diabetes, and the administrative variables

of length of stay (LOS) and discharge type. Data were ob-
tained from the HIS of the KFHU for all patients with type 2
diabetes mellitus without (ICD 9: 250.00, 250.02) and with

(ICD 9: 250.60, 250.50, 250.40, 250.42, 250.20, 250.12,
250.80, 250.10, 250.70) complications.

The data were organized, coded, and rearranged using
Excel and analyzed with MedCalc. Frequency tables were

compiled using descriptive statistics. A chi square test was
used to examine the associations between variables, and a
multiple logistic regression was fitted to the data using

readmission status (0 for not readmitted; 1 for readmitted) as
the dependent variable.

Results

A total of 497 cases met the inclusion criteria. The dis-
tribution of the study population is shown in Table 1. The
Table 1: Distribution of variables in the study population of

patients with diabetes, 2016.

Variable n (%)

Gender

Male 249 (50.1%)

Female 248 (49.9%)

Total 497

Age (years)

14e29 15 (3.0%)

30e39 32 (6.4%)

40e49 88 (17.7%)

50þ 362 (72.8%)

Total 497

Region

Khobar/Dammam/Dhahran 391 (78.7%)

Other areas 106 (21.3%)

Total 497

Nationality

Saudi 385 (77.5%)

Non-Saudi 112 (22.5%)

Total 497

Type II diabetes

Without complication (controlled) 398 (80.1%)

With complication 99 (19.9%)

Total 497

Length of Stay (days)

1e4 293 (59.0%)

5e9 120 (24.1%)

10þ 84 (16.9%)

Total 497

Discharge type

Planned 459 (92.4%)

Unplanned 38 (7.6%)

Total 497

Readmission

Hospitalised within 30 days 31 (6.2%)

Not hospitalised within 30 days 466 (93.8%)

Total 497
population was almost divided equally between males and
females. Over 90% of the cases included individuals over

40 years. Over three quarters were Saudis, and
approximately 80% lived within the contiguous cities of
Al-Khobar, Dammam, and Dhahran. In approximately

80% of the study sample, type 2 diabetes mellitus was
controlled. In more than 80% of the sample, the length of
stay was less than 10 days, and in more than 90% of the

sample, discharge was planned. Of the 497 cases, 31 (6.2%)
were readmitted within 30 days.

The readmission rates based on the variables are shown in
Table 2. The readmission rate was higher in males (6.4%)

than in females (6.0%). The highest readmission rate was
in unplanned discharge (13.2%), followed by type 2
diabetes mellitus with complications (12.1%). All other

readmission rates were less than 10%.
The associations between the variables and readmission

within 30 days are shown in Table 3. Among the

associations, the only significant association was between
diabetes, 2016.

Variable Not readmitted

within 30 days

Readmitted

within 30

days

Readmission

rate

Gender

Male 233 16 6.4%

Female 233 15 6.0%

Total 466 31

Age

14e29 14 1 6.7%

30e39 29 3 9.4%

40e49 82 6 6.8%

50þ 341 21 5.8%

Total 466 31

Region

Khobar/

Dammam/

Dhahran

368 23 5.9%

Other areas 98 8 7.5%

Total 466 31

Nationality

Saudi 360 25 6.5%

Non-Saudi 106 6 5.4%

Total 466 31

Type II diabetes

Without

complication

(controlled)

379 19 4.8%

With

complication

87 12 12.1%

Total 466 31

LOS

1e4 276 17 5.8%

5e9 113 7 5.8%

10þ 77 7 8.3%

Total 466 31

Discharge type

Planned 433 26 5.7%

Unplanned 33 5 13.2%

Total 466 31



Table 3: Association between hospital system variables and readmission within 30 days, 2016.

Variable Not readmitted

within 30 days

Readmitted

within 30 days

Total Chi square

value (DF)

p-value

Gender

Male 233 16 249 (50.1%)

Female 233 15 248 (49.9%) 0 (1) 0.9908

Total 466 31 497

Age (years)

14e29 14 1 15 (3.0%)

30e39 29 3 32 (6.4%) 0.713 (3) 0.8704

40e49 82 6 88 (17.7%)

50þ 341 21 362 (72.8%)

Total 466 31 497

Region

Khobar/Dammam/Dhahran 368 23 391 (78.7%)

Other areas 98 8 106 (21.3%) 0.162 (1) 0.6875

Total 466 31 497

Nationality

Saudi 360 25 385 (77.5%)

Non-Saudi 106 6 112 (22.5%) 0.047 (1) 0.8292

Total 466 31 497

Type II diabetes

Without complication (controlled) 379 19 398 (80.1%)

With complication 87 12 99 (19.9%) 6.116 (1) 0.0134

Total 466 31 497

LOS (days)

1e4 276 17 293 (59.0%)

5e9 113 7 120 (24.1%) 0.759 (2) 0.6841

10þ 77 7 84 (16.9%)

Total 466 31 497

Discharge type

Planned 433 26 459 (92.4%)

Unplanned 33 5 38 (7.6%) 2.21 (1) 0.1371

Total 466 31 497

Table 4: Logistic regression model results of predicting readmission within 30 days using routine hospital system variables, 2016.

Overall Model Fit

Null model �2 Log Likelihood 232.05

Full model �2 Log Likelihood 221.406

Chi-squared 10.644

DF 10

Significance level P ¼ 0.3859

Coefficients and Standard Errors

Variable Coefficient Std. Error P

Sex (females) �0.055585 0.38386 0.8849

Age (30e39) 0.57453 1.22753 0.6398

Age (40e49) 0.46707 1.14991 0.6846

Age (50þ) 0.27035 1.09814 0.8055

Residence (others) 0.28339 0.44349 0.5228

Nationality (non-Saudi) �0.14916 0.48078 0.7564

Diabetes type (with complication) 1.03377 0.41742 0.0133

LOS (5e9) �0.11913 0.47928 0.8037

LOS (10þ) 0.056387 0.49243 0.9088

Discharge type (unplanned) 1.12098 0.54657 0.0403

Constant �3.4364

Odds Ratios and 95% Confidence Intervals

Variable Odds ratio 95% CI

Sex (females) 0.9459 0.4458 to 2.0073

Age (30e39) 1.7763 0.1602 to 19.6974

(continued on next page)
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Table 4 (continued )

Odds Ratios and 95% Confidence Intervals

Variable Odds ratio 95% CI

Age (40e49) 1.5953 0.1675 to 15.1939

Age (50þ) 1.3104 0.1523 to 11.2764

Residence (others) 1.3276 0.5566 to 3.1665

Nationality (non-Saudi) 0.8614 0.3357 to 2.2104

Diabetes type (with complication) 2.8116 1.2406 to 6.3720

LOS (5e9) 0.8877 0.3470 to 2.2711

LOS (10þ) 1.058 0.4030 to 2.7775

Discharge type (unplanned) 3.0678 1.0509 to 8.9554

Readmission of type 2 diabetes patients898
type 2 diabetes mellitus and readmission within 30 days (c2
(1, N ¼ 497) ¼ 6.116, p ¼ 0.0134). The associations
between readmission within 30 days and all other variables

were not significant at the 0.05 level.
The results of the logistic regression model are shown in

Table 4. Overall, the results were not significant (c2 (10,
N ¼ 497) ¼ 10.644, p ¼ 0.3859). Among the variables

fitted in the model, the only significant ones were diabetes
type (p ¼ 0.0133) and discharge type (p ¼ 0.0403).

Discussion

Our study focused on patients with type 2 diabetes mel-

litus who attended the KFHU during 2016. Our study pop-
ulation was predominantly Saudi and consisted of equal
numbers of males and females who were over 40 years old
and who lived in the three contiguous cities of Al-Khobar,

Dammam, and Dhahran. The results of the study showed
that the readmission rate of patients with type 2 diabetes
mellitus during 2016 was 6.2%. The readmission rates were

the highest in unplanned discharges (13.2%) and those who
experienced complications related to type 2 diabetes mellitus
(12.1%). Among the routinely collected variables in the HIS

used in this study, only type 2 diabetes mellitus had a sig-
nificant association with readmission within 30 days. The
results of the multiple logistic regression model were not
significant.

Higher rates of 30-day readmission among patients with
diabetes mellitus (26.4%) compared to those without dia-
betes mellitus (22.6%) were also reported in one study con-

ducted in the US that included a total of 7763 admissions.6

Modifiable and non-modifiable risk factors for readmission
were found among patients with diabetes. The identification

and evaluation of these risk factors could help healthcare
organizations develop appropriate interventions to reduce
30-day hospital readmission rates. Although diabetes is a

non-modifiable risk factor for 30-day readmission, an effec-
tive strategy to mitigate risk of readmission is to provide
diabetes education to inpatients. A number of studies found
that this strategy significantly reduced the risk of 30-day

readmission.16e18

The results of this study have several implications. The
first is that because unplanned admission is associated with

readmission, patients should be educated about this possi-
bility during the admission process. The second implication
is that patients with type 2 diabetes mellitus complications

have high readmission rates, which should be considered
when planning resources for such patients at their first
admission. The third implication is that the scope of vari-
ables routinely collected in the HIS variables should be

increased to include height and weight so that the BMI of
each patient could be calculated and recorded at each visit.
BMI is a potential risk factor for the readmission of patients
with type 2 diabetes mellitus.19 In developing countries,

incomplete, inaccurate, and inconsistent data are key
quality issues in routine HIS.13,20 Poor data quality in
routine HISs hinders the identification of important risk

factors and thus limits the health organization’s ability to
predict readmission among patients with type 2 diabetes
mellitus. Additionally, one hospital could not find

significant predictors related to the routine health
information system variables considered. Therefore, further
studies should either consider readmission data collected

over several years in the same hospital or utilize pooled
data collected from several hospitals.

One limitation of this study is that the patients in the
study sample could have been readmitted to other hospitals;

thus, the readmission rates in this study do not necessarily
reflect the actual number of patients who were readmitted
during the study period. Another limitation is other factors

that may have affected the readmission rates but were not
captured in the HIS, such as height and weight, which are
required to calculate the BMI.

Conclusion

The main aim of this study was to explore the relationship
between routine HIS variables and the readmission rates of
patients with type 2 diabetes mellitus. The study found that

the only variable affecting readmission rates was type 2
mellitus diabetes. The other variables had no significant
relationship with readmission rates. The study also found

that readmission rate was the highest among patients with
type 2 diabetes mellitus with unplanned discharge.

Recommendations

The findings of this study should be included in the health
education programs at the hospital. For further work on
determining the predictors of readmission, we recommend
that weight and height be added to the variables routinely

collected in the HIS. We also recommend that future studies
be based on data collected over several years or utilize pooled
data collected from several hospitals.
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