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ABSTRACT

Introduction: Understanding comorbid condi-
tions with type 2 diabetes mellitus (T2DM) is
critical for clinical decision-making regarding
the choice of pharmacotherapy. This study
aimed at describing the prevalence and co-
prevalence of comorbidities, including chronic
kidney disease (CKD) and cardiovascular dis-
ease (CVD) (coronary artery disease (CAD),
cerebrovascular disease, peripheral arterial dis-
ease (PAD) and congestive heart failure (CHF))
among patients with T2DM.

Methods: A cross-sectional multi-center obser-
vational study on 300 patients with T2DM. Data
were collected from patients’ records during the
enrollment visit.
Results: Overall, 38%, 10% and 2% of the
patients had one, two and three comorbidities,
respectively, with the number of comorbidities
significantly increasing with age. The most
prevalent comorbidities were CVD (17.3%),
CAD (15%) and CKD (44.3%), mostly stages 2
and 3. However, the prevalence of CHF (0.7%),
PAD (2.3%) and cerebrovascular diseases (1.3%)
was low. The highest percentage of anti-hyper-
glycemic agents used was metformin (81%),
dipeptidyl peptidase-4 inhibitors (46%),
sodium-glucose co-transporter 2 inhibitors
(37%), insulin (36%) and sulfonylurea (34%).
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The choice of the anti-hyperglycemic class did
not change across age groups and gender.
Conclusion: Half of the patients had
T2DM only. The most prevalent comorbidity
found was CKD, mainly stage 2. The comor-
bidity burden tended to increase significantly in
older age groups.

Keywords: Cardiovascular disease; Chronic
kidney disease; Comorbidities; Type 2 diabetes
mellitus

Key Summary Points

Understanding comorbid conditions with
type 2 diabetes mellitus (T2DM) is critical
for clinical decision-making regarding the
choice of pharmacotherapy.

This study aimed at describing the
prevalence and co-prevalence of
comorbidities, including chronic kidney
disease (CKD) and cardiovascular disease
(coronary artery disease (CAD),
cerebrovascular disease, peripheral arterial
disease (PAD) and congestive heart failure
(CHF)), among patients with T2DM.

The most prevalent comorbidities were
CKD (44.3%), mostly stages 2 and 3, and
CAD (15%). The prevalence of CHF
(0.7%), PAD (2.3%) and cerebrovascular
diseases (1.3%) was low.

Clinicians need to proactively screen for
the presence of comorbid conditions with
T2DM, especially CKD and CAD. The CHF
co-prevalence may be underestimated and
underdiagnosed, being a relatively newly
focused emerging comorbidity.

HIGHLIGHTS

Chronic kidney disease is a main concern in the
management of type 2 diabetes mellitus.
Comorbidity burden is of additional signifi-
cance in elderly patients.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.14054798.

INTRODUCTION

Diabetes mellitus is a progressive disease
affecting an estimated 415 million people
worldwide [1]. Type 2 diabetes mellitus (T2DM)
accounts for 85–95% of all cases of diabetes.

The association between T2DM and cardio-
vascular disease (CVD) has been studied exten-
sively over the past 30 years, with reference to
the Framingham study, wherein patients with
T2DM had a higher incidence of CVD than
those without T2DM [2]. Specifically, the risk of
heart disease or stroke is 2–4 times higher in
patients with diabetes than in those without
diabetes. Furthermore, at least 68% of diabetes
patients who are 65 years of age or older are
expected to die as a result of heart disease, while
16% are expected to die of a stroke [3].

Recent trials on cardiovascular outcomes
have demonstrated that certain antihyper-
glycemic agents could have benefits beyond
glucose lowering, especially for patients with
established CVD. For example, a trial on car-
diovascular outcomes of empagliflozin, a
sodium-glucose co-transporter 2 inhibitor
(SGLT2i), demonstrated a significant reduction
in the composite outcome of major adverse
cardiovascular events [4]. Some trials for the
glucagon-like peptide 1 (GLP-1) analog class
have shown lower rates of the same composite
end point [5, 6].

Although many classes of antihyperglycemic
agents are currently available to treat T2DM, it
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is imperative to match the patient’s clinical
profile to the appropriate antihyperglycemic
agent. Given the heterogeneity within the
T2DM population, the American Diabetes
Association guidelines underscore the impor-
tance of individualizing a patient’s T2DM
management based on their profile, which
includes comorbid conditions [7]. While CVD is
an important factor in patient management,
the clinical profile of patients with T2DM
remains complex. Moreover, various factors,
such as chronic kidney disease (CKD), risk of
hypoglycemia and many others should be
considered.

Given that T2DM is among the leading cau-
ses of CKD, patients with T2DM often develop
decreased renal function. Accordingly, selecting
appropriate therapy requires physicians to con-
sider the presence of CKD. For example, met-
formin is not suitable for patients with
estimated glomerular filtration rate (eGFR)\30
and requires precautions for use in patients with
an eGFR\ 45 [8]. Sulfonylureas can cause
hypoglycemia and have been linked to
increased risk of both mortality and CVD in
some studies [8, 9], while most dipeptidyl pep-
tidase-4 inhibitors (DPP-4i) require a renal dose
adjustment. SGLT2i, the newest class of oral
antihyperglycemic agents for patients with
T2DM [10], is contraindicated in patients with
severe renal impairment and warrants cautious
use among those with less severe renal
insufficiency.

Understanding comorbid conditions is criti-
cal for clinical decision-making regarding the
choice of pharmacotherapy. Although previous
studies have examined the prevalence of select
comorbidities in patients with T2DM, no recent
study in the Gulf countries has examined the
prevalence of CVD and CKD in patients with
T2DM. Therefore, this descriptive study sought
to quantify the prevalence of comorbidities,
including CKD and CVD [coronary artery dis-
ease (CAD), cerebrovascular disease, peripheral
arterial disease (PAD) and congestive heart fail-
ure (CHF)] among patients with T2DM. Addi-
tionally, we aimed to determine the
prescription patterns of antihyperglycemic
agents in terms of class in patients with T2DM
and CVD, CKD and CHF.

METHODS

Ethical Conduct of the Study

This study complied with the recommendations
of the 18th World Health Congress (Helsinki,
1964) and all applicable amendments, as well as
the laws and regulations and any applicable
guidelines of Kuwait and the UAE, where the
study was conducted. The authors state that
they have received approval from the following
institutional review boards on the conduct of
the study: Dubai Health Authority DSREC
(Dubai Scientific Research Ethics Committee),
UAE Ministry of Health & Prevention Research
Ethics Committee, Dasman Diabetes Institute
Kuwait Ethics Review Committee and Kuwait
Ministry of Health Ethics Review Committee.
All subjects provided informed consent to par-
ticipate in the study.

Study Design

This cross-sectional multi-center observational
study included patients who visited six study
sites across the UAE and Kuwait between 7
February 2019 and 31 May 2019. The first 300
patients with T2DM who satisfied the inclusion
criteria and signed the consent forms were
included. The sites in each country included
one secondary care public hospital, one primary
care public clinic and one private clinic or
hospital. Patients were distributed over the six
sites while trying to ensure even distribution
among the three different sectors. If any of the
sites were unable to recruit the target number of
patients, other sites were used to compensate
for the lack of patients. Data from patients’
records were collected at the enrollment visit.

Population

A total of 300 residents of UAE or Kuwait with
T2DM who visited the study sites within the
indicated period were enrolled. All inclusion
and exclusion criteria were reviewed by the
investigator or a qualified designee to ensure
that each patient was qualified for the study.
Patients were identified as having the disease of
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interest based on either their recorded diagnosis
or medications used. In sites using EMR, codes
were used to determine the diagnosis.

Inclusion Criteria
• Patients diagnosed with T2DM by a physi-

cian prior to enrollment.
• Eighteen years or older at the enrollment

visit.
• Patients visiting the study site at least once

during the period of 1 September 2018 to 31
May 2019.

• Patients who have had a clinical record in
the healthcare center for at least 1 year prior
to enrollment.

• Patients with records of current anti-hyper-
glycemic agents available at enrollment.

Exclusion Criteria
• Patients diagnosed with type 1 diabetes

mellitus.
• Patients with gestational diabetes mellitus.
• Patients with other form of secondary

diabetes.
• Inability to provide consent.

Medication

This is an observational study; patients received
treatments based on the physician’s preference
without any interference. As part of the sec-
ondary objectives of this study, anti-hyper-
glycemic agents were recorded per patient and
analyzed in terms of class.

Outcomes

Primary Outcomes
The primary outcomes included the co-preva-
lence data, which encompassed the prevalence
of CKD and CVD, in addition to the individual
components of CVD [cerebrovascular disease,
peripheral arterial disease (PAD), congestive
heart failure (CHF) and coronary artery disease,
which included patients diagnosed with one or
more of the following conditions: coronary
artery disease, prior MI, prior coronary artery
bypass grafting (CABG), prior percutaneous

coronary intervention (PCI) and ischemic heart
disease] as well as the proportion of patients
with one, two or three conditions.

Secondary Outcomes
The secondary outcomes included the preva-
lence of CVD, CHF and CKD stratified by age,
gender, country and clinic type as well as the
counts and percentage of patients with different
stages of CKD defined as per their eGFR levels,
the prevalence of each CKD stage with other
comorbidities included in this study, the count
and percentage of patients having T2DM and
CVD and CKD according to anti-hyperglycemic
agent class.

Statistical Analysis

Sample Size
We estimated that around 300 patients would
be recruited during the index period within the
study sites. The study aimed to recruit a diverse
selection of patients with T2DM from the
included sites in the UAE and Kuwait.

Statistical Methods
Descriptive statistics were used to describe the
baseline demographic data and clinical charac-
teristics. This included variables such as age,
gender, race, smoking status, residential loca-
tion, duration of T2DM, most recent HbA1c,
blood pressure, lipid levels, kidney function,
most recent weight/body mass index (BMI),
distribution of T2DM treatment by class and the
proportion of patients by treatment type (none,
mono, dual and triple). Categorical variables
were presented by percentages, whereas con-
tinuous variables were initially assessed for
normality using the Kolmogorov-Smirnov test
or Shapiro-Wilk test. Data found to be normal
were presented by means and standard devia-
tions, or medians and interquartile ranges when
the distribution was non-normal or skewed,
thus following a non-parametric distribution.
The strength of the association between two
comorbidities was studied using phi correlation
coefficients.

The significance level was two sided, with a
type 1 error of 5%. All analyses were conducted
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using the Statistical Package for Social Sciences
version 24 (SPSS-24).

RESULTS

Patients Characteristics

The study enrolled 300 patients with T2DM. All
300 patients fulfilled the exclusion and inclu-
sion criteria. About 130 patients were recruited
from UAE centers, while 170 patients were
recruited from Kuwait centers.

Demographics and Baseline
Characteristics

Demographics
Patients had a median age of 57 years with an
interquartile range (IQR) between 49 and 64,
with 58% being males (n = 174), 42.3%
(n = 127) being Kuwaiti and 15.3% (n = 46)
being Emirati. Most patients (69.3%) were never
smokers and lived in urban areas (89.7%).
Gender distribution, smoking status and resi-
dence location did not differ significantly across
age groups. Smoking was significantly more
common among males than females (19% vs.
1.6%; p\ 0.001). The majority of Emirati
patients (n = 31, 67.4%) and Asians (n = 36,
70.7%) were recruited from primary care public
clinics, and the majority of Kuwaiti patients
(n = 67, 52.7%) were recruited from secondary
care public hospitals, whereas Arabs other than
Emirati and Kuwaiti nationals were recruited
mainly (n = 64, 78.5%) from private hospitals,
with the difference being significant (p = 0.001).
About 93% of suburban patients were recruited
from private hospitals compared to 26% of
urban patients (p = 0.001). Patients attending
secondary care public hospitals [62 (56–-
67) years old] were significantly older than
those attending primary care public clinics [54
(47–62) years old] and private hospitals [55
(47–62) years old] (p\ 0.001). Supplementary
Table 1 summarizes the description of socio-
demographic characteristics of the study popu-
lation, overall, by age group and by gender.

Clinical Characteristics
The median HbA1c level was 7.4% in the overall
population and was similar across all age and
gender groups (p = 0.27 and p = 0.30, respec-
tively). The median (IQR) total cholesterol, low-
density lipoprotein (LDL) and triglyceride levels
were 151 (128–193) mg/dl, 85 (59–120) mg/dl
and 131 (89–177) mg/dl, respectively. These
values all decreased with increasing age when
comparing patients aged \ 65 years and those
aged between 65 and 74 years (p = 0.01). No
statistical difference in any of the aforemen-
tioned clinical parameters was observed among
those aged 75 and above and other age groups,
perhaps due to the small number of patients
aged 75 and above (n = 15). The median (IQR)
high-density lipoprotein (HDL) level was 43
(35–50) mg/dl, with no significant difference
across age groups. Moreover, we found no sig-
nificant differences in triglycerides and LDL
levels between males and females (p = 0.08).
However, females had significantly higher total
cholesterol and HDL levels compared to males
(p = 0.004 and p\ 0.001, respectively)
(Table 1). A total of 99 patients (33%) had an
LDL level\ 70 mg/dl.

The overall population had a median BMI of
30.4 (27.0–34.5) kg/m2, with no significant dif-
ference across age groups (p = 0.45). However,
females had a higher median BMI of 31.9
(28.2–36.3) kg/m2 than males [29.1
(26.0–33.1) kg/m2] (p = 0.007) (Table 1). Table 2
summarizes the distribution of clinical param-
eters according to clinic type, showing that
patients attending private hospitals had a
higher BMI compared to those attending pri-
mary care public clinics (p = 0.02). Regarding
total cholesterol and LDL levels, those attend-
ing private hospitals had the highest levels,
followed by those attending primary care public
clinics and secondary care public hospitals
(p\ 0.001), whereas, no differences were
observed in HDL and HbA1C levels across dif-
ferent clinic types.

Regarding triglyceride levels, those attending
primary and secondary care public clinics/hos-
pitals had lower levels compared to those
attending private hospitals (p = 0.014 and
0.005, respectively). Patients from secondary
care public hospitals had significantly higher
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Table 2 Description of clinical characteristics of the study population by clinic type

NA/NT Overall Primary care
public clinic

Secondary care
public hospital

Private clinic/
hospital

N Median
(IQR) or %

N Median
(IQR) or %

N Median
(IQR) or %

N Median
(IQR) or %

Height (cm) 12 NA 288 165

(156–172)

99 164

(154–170)

91 166

(159–173)

98 167

(156–172)

Weight (kg) 8 NA 292 82 (72–94) 99 77 (69–89) 93 84 (75–94) 100 86 (75–97)

Body mass index (kg/

m2)

13 NA 287 30.4

(27.0–34.5)

98 29.5

(26.0–33.9)

91 30.0

(27.0–34.0)

98 31.3

(27.5–35.4)

Systolic blood pressure

(mmHg)

3 NA 297 130

(120–140)

99 130

(125–139)

98 124

(116–136)

100 128

(120–140)

Diastolic blood

pressure (mmHg)

3 NA 297 75 (70–80) 99 80 (70–80) 98 71 (66–80) 100 80 (70–80)

HbA1C (%) 8 NA/1

NT

291 7.4 (6.6–8.6) 92 7.2 (6.7–8.3) 100 7.8 (7.0–8.6) 99 7.1 (6.4–8.7)

Total cholesterol (mg/

dl)

11 NA/

4 NT

285 151

(128–193)

96 154

(131–189)

98 133

(116–163)

91 178

(148–228)

LDL (mg/dl) 18 NA/

3 NT

279 85 (59–120) 94 87 (61–115) 98 66 (54–93) 87 101 (81–147)

HDL (mg/dl) 21 NA/

4 NT

275 43 (35–50) 91 43 (36–50) 98 43 (35–50) 86 41 (35–49)

Triglycerides (mg/dl) 19 NA/

4 NT

277 131 (89–177) 95 131 (97–168) 98 115 (80–162) 84 142

(103–221)

Serum creatinine (mg/

dl)

11 NA/

3 NT

286 0.83

(0.70–1.03)

96 0.8 (0.6–0.9) 98 0.9 (0.7–1.3) 92 0.8 (0.7–1.0)

Urinary albumin/

creatinine ratio (mg/

g)

54 NA/

64

NT

182 17.1

(5.6–85.7)

46 27 (5.1–84.2) 60 43.1

(11–204)

76 8.0

(4.5–46.5)

Duration of diabetes

(years)

300 7 (3–15) 100 3 (2–8) 100 19 (10–28) 100 4 (2–10)

Age at diagnosis of

diabetes (years)

300 46 (40–54) 100 48 (43–54) 100 54

(46.5–61.5)

100 49 (40–56)

Comorbidities

T2DM only 151 50 66 66 23 23 62 62

1 Comorbidity 113 38 30 30 50 50 33 33

2 Comorbidities 29 10 4 4 21 21 4 4

3 Comorbidities 7 2 0 0 6 6 1 1
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serum creatinine levels, had longer T2DM
duration and were older when diagnosed with
T2DM (p\ 0.001). Additionally, secondary care
public hospitals had a higher proportion of
patients with one and two comorbidities com-
pared to primary care clinics and private hos-
pitals (Table 2).

Description of Comorbidities
Half of the patients had T2DM only with no
associated CVD or CKD, 38% had one comor-
bidity, 10% had two comorbidities, and 2% had
three comorbidities in addition to T2DM. The
number of comorbidities significantly increased
with age (p\0.001) (Table 1).

Study Outcomes

Primary Outcome: Prevalence of All
Comorbidities
The prevalence of CVD, CAD and all stages of
CKD was 17.3%, 15% and 44.3%, respectively.
The prevalence of CHF, PAD and cerebrovascu-
lar diseases was 0.7%, 2.3% and 1.3%, respec-
tively. Most patients with CKD had stage 2
(21%) or stage 3 (14%). CKD prevalence was
higher in Kuwait (60%) compared to the UAE
(24%) (p\ 0.001); however, no statistically sig-
nificant difference was shown between coun-
tries regarding CVD and CAD, as shown in
Table 3, which demonstrates the distribution
and co-distributions of major comorbidities,
overall and across countries.

Secondary Outcomes
Stratification of Demographic and Clinical
Variables According to Specified Age Groups
and Gender Our results show that CVD, CAD
and CKD increased significantly with increasing
age (p\0.001). Furthermore, the proportions of
males with CAD and CVD were significantly
higher compared to females (p = 0.04 and
p = 0.015, respectively). CKD distribution did
not differ between males and females (p = 0.8);
however, it was the only comorbidity that was
significantly more frequently found among
patients enrolled in Kuwait compared to those
enrolled in the UAE (60% vs. 24%; p\0.001).
Patients attending secondary care public

hospitals had the highest rates of CVD (35%)
and CKD (69%) compared to those attending
other types of clinics (Table 4).

Among the study population, the combina-
tion of CVD and CKD (11.7%) demonstrated
the highest co-prevalence, followed by CAD and
CKD (9.7%). Moreover, CKD was associated
with both CVD and CAD (p\ 0.001), with a phi
correlation coefficient of 0.23 and 0.19,
respectively.

Supplementary Table 2 describes the co-
prevalence (%) of comorbidities in patients with
T2DM by gender.

Description of Antihyperglycemic Agent
Classes Metformin was the most frequently
prescribed antihyperglycemic agent (81%), fol-
lowed by DPP4 inhibitors (46%), SGLT2 inhi-
bitors (37%), insulin (36%) and sulfonylureas
(34%). The choice of the anti-hyperglycemic
class did not change across age groups and
gender. Approximately 32% of patients were
being treated with a combination of two anti-
hyperglycemic agents and 30% with a combi-
nation of three antihyperglycemic agents. There
was no significant difference across age groups
and gender (p = 0.1).

Patients with T2DM and CVD were most
frequently prescribed metformin (69%), fol-
lowed by insulin (58%), DPP4 inhibitors
(53.8%) and SGLT2 inhibitors (38%). Patients
with T2DM and CKD were most frequently
prescribed metformin (74.4%), followed by
insulin (58%), DPP4 inhibitors (41.4%), SGLT2
inhibitors (37%) and sulfonylureas (35%). Sim-
ilarly, patients with T2DM who had no comor-
bidities were most frequently prescribed
metformin (87.4%), followed by DPP4 inhibi-
tors (47.7%), SGLT2i (35.1%) and SUs (34.4%)
(Table 5). Metformin was significantly more
frequently prescribed when no comorbidities
were present (p = 0.007), whereas insulin and
GLP-1RA were significantly more frequently
prescribed among those with CKD than among
those with CVD and no comorbidities
(p\ 0.001 and p = 0.011, respectively). There
was no association observed between the pres-
ence or absence of comorbidities and the pre-
scription of DPP4 inhibitors, SGLT2 inhibitors
or SUs.
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The presence of CVD, CAD and PAD was
significantly associated with a longer T2DM
duration (13 vs. 5 years, p\0.001; 12 vs.
5 years; p = 0.001; and 25 vs. 7 years, respec-
tively; p = 0.001) (Supplementary Table 3).

After comparing T2DM disease durations
according to CKD stages, we found that patients
with stage 1 CKD had significantly lower disease
duration compared to stages 2, 3 and 5
(p = 0.004, p\ 0.001 and p = 0.01, respec-
tively). Patients with stage 2 CKD had signifi-
cantly lower disease durations compared to
those with stage 3 (p = 0.012). The co-preva-
lence of CVD and CKD was significantly asso-
ciated with longer T2DM disease duration
(Supplementary Table 3).

Among the included patients, 11 (3.7%) did
not have CVD, were aged C 50 years, were obese
or were classified as current or former smokers.

The HbA1c levels were significantly higher
among patients with CAD (7.9% vs. 7.4%;
p = 0.027) and CKD (7.7 vs. 7.1; p = 0.03) com-
pared to those without. The co-prevalence of
comorbidities was not significantly associated
with HbA1C levels.

The HbA1C levels were also significantly
associated with the number of anti-hyper-
glycemic agents. Patients receiving one agent
had a significantly lower HbA1C level
(7.0% ± 1.4%) compared to those receiving
three (8.1% ± 1.5%) or four agents
(8.5% ± 1.7%) (p\ 0.001 in both cases).
Patients receiving two agents had a significantly
lower HbA1C level (7.3% ± 1.4%) compared to
those receiving three (8.1% ± 1.5%) or four
agents (8.5% ± 1.7%) (p = 0.002 and p\ 0.001,
respectively). The mean HbA1C level reached
8.5% ± 1.6% among insulin users. The highest
percentage of insulin users was among study
participants attending secondary care hospitals,
where insulin users represented 66% of patients
enrolled from secondary care hospitals com-
pared to 29% in private clinics and 13% in pri-
mary care clinics.

Among the 52 patients with CVD, 6 (11.5%)
received GLP1 RA only, 14 (27%) received
SGLT2 inhibitors only, and 6 (11.5%) received
both GLP1 RA and SGLT2 inhibitors. Overall,
50% of CVD patients received GLP1 RA and/or
SGLT2 inhibitors. Among the patients without

Table 3 Co-prevalence (%) of comorbidities in patients with T2DM, overall and by countries

CVD CAD CHF PAD Cerebrovascular
disease

CKD Kuwait
(N = 170)

UAE
(N = 130)

Overall (N = 300)

CVD 52 (17.3) 45 (15) 2 (0.7) 7 (2.3) 4 (1.3) 25 (14.7) 27 (20.8)

CAD 45 (15) 1 (0.3) 3 (1.0) 2 (0.7) 20 (11.8) 25 (19.2)

CHF 2 (0.7) 0 0 2(1.2) 0

PAD 7 (2.3) 0 6 (3.5) 1 (0.8)

Cerebrovascular

disease

4 (1.3) 1 (0.6) 3 (2.3)

CKD (all stages) 35 (11.7) 29 (9.7) 1 (0.3) 7 (2.3) 3 (1.0) 133 (44.3) 102 (60) 31 (24)

Stage 1 2 (0.7) 1 (0.3) 1 (0.3) 21 (7) 20 (11.8) 1 (0.8)

Stage 2 14 (4.7) 11 (3.7) 2 (0.7) 1 (0.3) 62 (21) 45 (26.5) 17 (13)

Stage 3 14 (4.7) 13 (4.3) 3 (1.0) 2 (0.7) 43 (14) 32 (18.8) 11 (8.5)

Stage 4 3 (1.0) 3 (1.0) 1 (0.3) 4 (1.3) 3 (1.8) 1 (0.8)

Stage 5 2 (0.7) 1 (0.3) 1 (0.3) 3 (1.0) 2 (1.2) 1 (0.8)
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CVD, 14 (5.6%) received GLP1 RA only, 64
(25.8%) were on SGLT2 inhibitors only, and 27
(10.9%) received both GLP1 RA and SGLT2
inhibitors. The association between the use of
these two anti-hyperglycemic agents and their
combination and CVD status did not reach
statistical significance.

A total of 12 patients had CVD and an eGFR
below 45, among whom one individual (8%)
received SGLT2 inhibitors. Furthermore, 40
patients had CVD and an eGFR C 45, among
whom 19 (48%) received SGLT2 inhibitors.

DISCUSSION

In this cross-sectional, observational study, the
prevalence of comorbidities among 300 patients
with T2DM was determined, including CKD
and CVD (CAD, cerebrovascular disease, PAD
and CHF).

The median age of patients enrolled in the
present study was 57 years, the median HbA1c
level was 7.4%, the median BMI was 30.4
(27.0–34.5) kg/m2, and the median LDL was 85
(59–120) mg/dl. Additionally, 69.3% of the total
population had never smoked. These clinical
characteristics were generally similar to those in
another study conducted in the UAE by Jelinek
et al. on 490 patients with T2DM, where the
mean age of patients was 61, the mean BMI was
32, the mean HbA1c was 7.75%, the mean LDL
was 2.01 mmol/l (78 mg/dl), and 72% of
patients had never smoked [11]. However,
patients included in that study were all recrui-
ted from tertiary hospitals while patients in our
study were recruited, based on an even distri-
bution, from secondary care public hospitals,
primary care public clinics and private clinics/
hospitals.

Our study found that the most common
comorbidity among patients with T2DM was

CKD—mainly stage 2, followed by CVD and
CAD, representing 44.3%, 17.3% and 15%,
respectively, whereas CHF was the least com-
mon, representing only 0.7%. Additionally,
CKD, CVD and CAD were found to increase
significantly with age. Similarly, the study by
Jelinek et al. showed that 54% of the patients
had eGFR\90 and 10% had CAD. This study
also showed that the number of complications
varied with age, where multiple complications
were typically seen in patients over the age of 65
years [11]. Moreover, a systematic review from
across the world conducted by Einarson et al.
reported that 32.2% of 4,549,481 patients with
T2DM had CVD, 29.1% had atherosclerosis,
21.2% had coronary heart disease, 14.9% had
heart failure, 14.6% had angina, 10.0% had MI,
and 7.6% had a stroke [12]. The study by Jelinek
et al. reported one or more diagnosed compli-
cations in 83.47% of patients with T2DM. The
most prevalent diabetic complications were
found to be retinopathy (13.26%) and CAD
(10.20%). Additionally, nephropathy and neu-
ropathy were the most prevalent combined
complication (8.57%). Nephropathy was only
found in 5.92% of patients despite the high
frequency of suboptimal renal profiles [11].

Furthermore, a study by Iglay et al. regarding
the prevalence and co-prevalence of comor-
bidities among patients with T2DM in the US
found that CKD, CVD and CHF had a preva-
lence of 24.1%, 21.6% and 7.4%, respectively.
This same study also showed that the comor-
bidity burden tended to increase in older age
groups [13]. Another study conducted in Kuwait
also showed that the coexistence of comor-
bidities and T2DM increased with advancing
age, where it increased to 47.3% in the age
group[55 years [14].

Moreover, in our study, the proportion of
males with CAD and CVD were significantly

Table 4 Prevalence of CVD, CHF and CKD across clinic type

Primary care public clinic Secondary care public hospital Private clinic/hospital

CVD 6 (6%) 35 (35%) 11 (11%)

CHF 0 0 2 (2%)

CKD 32 (32%) 69 (69%) 32 (32%)
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higher compared to females; however, the CKD
distribution did not differ between the two
genders, which is consistent with the study by
Iglay et al. also showing that comorbidities
among patients with T2DM are more prevalent
in males [13]. However, another study con-
ducted by Nowakowska et al. on 102,394
patients showed different findings, where
comorbidities were more commonly found in
female patients; this study included a wider
selection of 18 different comorbidities, includ-
ing CHD, CKD, atrial fibrillation, stroke,
rheumatoid arthritis, osteoporosis, depression
and hypothyroidism, compared to the present
study [15].

Additionally, our study showed that CKD
prevalence was higher in Kuwait (60%) com-
pared to the UAE (24%) (p\0.001), which
could be due to the fact that 70 patients in
Kuwait were recruited from a secondary care

public hospital compared to only 30 patients in
the UAE.

Approximately 50% of the patients in our
study had T2DM with no associated CVD or
CKD while 38% had one comorbidity, 10% had
two comorbidities, and 2% had three comor-
bidities in addition to T2DM. The highest co-
prevalence was seen as a combination of CVD
and CKD (11.7%), followed by CAD and CKD
(9.7%). Furthermore, the presence of CVD, CAD
and PAD was significantly associated with
longer T2DM duration. This is in agreement
with other studies showing that CKD and CVD
are among the most common comorbid condi-
tions associated with T2DM [11, 13]. Moreover,
the following co-prevalence was also noted in
the study by Iglay et al.: CVD ? CKD 8.6%,
CVD ? CHF 4.2% and CKD ? CHF 4.1% [13].

Our study showed that metformin (81%) was
the most commonly administered

Table 5 Distribution of anti-hyperglycemic agent classes by comorbidities

No
comorbidity
(N = 151)

CVD
(N = 52)

CHF
(N = 2)

CKD
stage 1

CKD
stage 2

CKD
stage 3

CKD
stage 4

CKD
stage 5

CKD
(N = 133)

Metformin 132 (87.4%) 36 (69%) 15 (71%) 55 (89%) 27

(63%)

1 (25%) 1 (33%) 99

(74.4%)

SUs 52 (34.4%) 13 (25%) 13 (62%) 24 (39%) 7 (16%) 2 (50%) 0 46 (35%)

Meglitinides 1 (0.7%) 1 (2%) 1 (2%) 1 2%) 2 (1.5%)

TZD 8 (5.3%) 1 (2%) 1 (5%) 1 (0.8%)

GLP-1RA 17 (11.3%) 12 (23%) 8 (38%) 11 (18%) 13

(30%)

1 (25%) 1 (33%) 34

(25.6%)

DPP-4i 72 (47.7%) 28

(53.8%)

1 (50%) 10 (48%) 27 (44%) 16

(37%)

0 2 (67%) 55

(41.4%)

SGLT2i 3 (35.1%) 20

(38.5%)

1 (50%) 13 (62%) 21 (34%) 15

(35%)

49 (37%)

Insulin 25 (16.6%) 30 (58%) 2 (100%) 14 (67%) 27 (44%) 30

(70%)

3 (75%) 3 (100%) 77 (58%)

Alpha

glucosidase

inhibitors

2 (1.3%) 0 2 (100%) 0

SU sulfonylurea, TZD thiazolidinediones, GLP-1RA GLP-1 receptor agonists, DPP4i dipeptidyl peptidase 4 inhibitor,
SGLT2i sodium-glucose co-transporter-2 inhibitors
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antihyperglycemic agent, followed by DPP4
inhibitors (46%). This is similar to the findings
of a study conducted in Qatar, stating that the
most commonly prescribed diabetes medication
was metformin (89.9%), followed by DPP4
inhibitors (61.1%) and sulfonylureas (49.3%)
[16]. In the present study, the choice and
number of the anti-hyperglycemic agents/class
did not differ across age and gender. Patients
with T2DM and CVD or CKD were also most
frequently prescribed metformin. This is con-
sistent with the consensus recommendations by
Basheir et al. [17] and a diabetes study in the
Arabian Gulf [18].

Our study was focused on CVD and CKD.
Data related to other key comorbidities such as
hypertension, dyslipidemia or retinopathy were
not collected. Therefore, this study has a limi-
tation correlated to the co-existence of these
key comorbidities in this study population.
Additional limitations of our study include
restricted generalizability because of the small
sample size, which may not provide a general-
ized representation of the population of
patients with T2DM in the Gulf countries.
Additionally, possible selection bias may have
existed, considering that the study was con-
ducted in some but not all clinics in the region.
However, the sample did include patients from
two different Gulf countries, with evenly dis-
tributed patients across three different sectors:
secondary care public hospitals, primary care
public clinics and private clinics/hospitals. Fur-
thermore, some information on diagnoses, lab-
oratory measurements and prescriptions may
have been missing from the patients’ charts.

CONCLUSION

Around half of the recruited T2DM patients did
not have associated comorbidities. The most
prevalent comorbidity observed among patients
with T2DM was CKD, mainly in stage 2,
whereas the prevalence of CHF, PAD and cere-
brovascular diseases were low. Patients attend-
ing secondary care public hospitals had the
highest proportion of CVD and CKD compared
to those attending other types of clinics. Among
the study population, the co-prevalence of CVD

and CKD was determined to be the most com-
mon, followed by CAD and CKD. Furthermore,
with increasing age, the number of comorbidi-
ties was found to increase significantly. The
presence of CVD, CAD and PAD was signifi-
cantly associated with a longer duration of
T2DM.

Overall, metformin was the most frequently
used anti-hyperglycemic agent, followed by
DPP4 inhibitors.
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