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Background: We evaluated the prevalence of vascular complications and
associated risk factors in individuals with type 2 diabetes mellitus (T2DM)
initiating second-line glucose-lowering therapy from the Middle East and
Africa (MEA) cohort of the 3-year prospective DISCOVER study involving
15,992 patients in 38 countries.

Methods: Baseline cross-sectional data collected from healthcare settings
were used to assess micro and macrovascular complications prevalence as
crude and age- and sex-standardised. The multi-variable analysis assessed
factors associated with these complications.

Results: Of 3,525 enrolled patients (mean age: 54.3 + 10.8 years), >40% had
hypertension and hyperlipidaemia. Metformin monotherapy was the first-line
therapy in 56.5%, followed by metformin+sulphonylurea (20.3%). Crude and
standardised prevalence of microvascular complications were 17.7% and 16.9%
(95% confidence interval [Cl], 16.77-16.98) and macrovascular complications
were 10.7% and 8.7% (95% Cl, 8.59-8.76). Factors significantly (p<0.05)
associated with micro and macrovascular complications (odds ratios [95%
Cll) were age (1.24 [1.12-1.39] and 1.58 [1.35-1.84]), male sex (1.33 [1.04-
1.70] and 1.71 [1.22-2.40]), hyperlipidaemia (1.33 [1.07-1.65] and 1.96 [1.46-
2.63]) and hypertension (1.75 [1.40-2.19] and 2.84 [2.07-3.92]).
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Conclusion: A substantial burden of vascular complications with prominent risk
factors in the MEA cohort calls for early preventive interventions.
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risk factors, type 2 diabetes, vascular complication

Introduction

Diabetes has seen exponential growth over the last two
decades transcending all the socioeconomic and national
boundaries to become a truly global epidemic (1). There has
been a steady increase in the prevalence of diabetes with
International Diabetes Federation (IDF) Middle East and
North Africa (MENA) region having the highest age-adjusted
comparative prevalence of diabetes (12.2%) in people aged 20 to
79 years with country-specific prevalence varying from 5.4% in
Yemen to 22.1% in Sudan (2). MENA region has also reported
the second-highest rate of rise, the highest-adjusted mortality
from non-communicable disease and the highest diabetes-
related disability-adjusted life years (3).

In Africa, despite the lowest Age-adjusted diabetes
prevalence and the highest proportion of undiagnosed diabetes
among all IDF regions, South Africa registered a prevalence of
12.7% (2).

The most common form, type 2 diabetes mellitus (T2DM) is
associated with various micro and macrovascular complications
that negatively impact the quality of life and increase morbidity
and mortality and account for the majority of the social and
economic disease burden (4-8). T2DM remains underdiagnosed
and is often detected incidentally. Therefore, the discovery of
vascular complications is common at the time of diagnosis (9).
Thus, the American Diabetes Association as well as the
European Society of Cardiology and the European Association
for the Study of Diabetes now advocate screening for co-
morbidities at diagnosis of T2DM and assessment of
cardiovascular risk in individuals with diabetes and pre-
diabetes (10, 11).

A comprehensive understanding of the impact of patients’
characteristics, risk factors and management patterns in terms of
clinical outcomes and T2DM progression is needed to improve
the quality of interventions and reduce the burden of T2DM. In
Middle East and Africa (MEA) countries as in many regions,
such data remain scarce (12, 13). Thus, the DISCOVER
(DISCOVERIng Treatment Reality of Type 2 Diabetes in Real
World Settings) study was conducted with an aim to address
these knowledge gaps by providing real-world observational data
on patient characteristics, disease management patterns and
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clinical outcomes over 3 years in individuals with T2DM who
are initiating a second-line glucose-lowering therapy (GLT).

Considering the paucity of data in MEA countries on the
prevalence of T2DM-related vascular complications at an early
stage of the disease, we report the data from the MEA cohort of
the DISCOVER study on the prevalence of microvascular and
macrovascular complications and associated factors in
individuals with T2DM, using a standardised methodology.
Data from the DISCOVER overall population has been
published earlier (14).

Methods
Study design

DISCOVER is a 3-year observational, prospective,
longitudinal study carried out across 38 countries
(ClinicalTrials.gov identifiers: DISCOVER in 37 countries
[NCT02322762] and J-DISCOVER in Japan [NCT02226822]).
The methods and statistical analysis have been described in
detail elsewhere (14-16). The study was approved by the relevant
ethical committee of each country and the Institutional Review
Board of each site and was conducted in accordance with the
Declaration of Helsinki, the International Conference on
Harmonisation of Good Clinical Practice and other applicable
clinical guidelines.

We present the baseline cross-sectional analysis of 12
countries (Algeria, Bahrain, Egypt, Jordan, Kuwait, Lebanon,
Oman, Saudi Arabia, South Africa, Tunisia, Turkey and United
Arab Emirates [UAE]) representing the DISCOVER-
MEA cohort.

Patients with T2DM, recruited from primary and specialist
healthcare settings, initiating a second-line GLT after a first-line
oral monotherapy or combination (dual or triple) therapy were
enrolled in routine clinical practice. Patients were excluded if
they had type 1 diabetes, were pregnant or using an injectable
agent as first-line treatment. Informed consent was obtained
from all the patients participating in the study at each site. The
eligibility criteria are detailed in Supplementary Table SI.
Patients meeting the inclusion/exclusion criteria were
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consecutively recruited in the study (site selection in terms of
types and investigators’ specialties was made to achieve
representativeness of the way T2DM is managed in each
participating country). The patients underwent clinical
assessments and receive standard medical care as determined
by their treating physicians. No investigational treatment or
experimental intervention was provided as a part of the study.

The reporting of results in the manuscript is as per the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist (17).

Data collection

Baseline data were collected using a standardized electronic
case report form at the initiation of second-line GLT and later
transferred to a central database through a web-based data
capture system. In addition to investigators’ characteristics,
patients’ data regarding demographics, socioeconomic
characteristics, physiological variables (blood pressure, pulse
rate, body mass index [BMI]), laboratory parameters (glycated
haemoglobin [HbA;.], total cholesterol, high-density
lipoproteins, low-density lipoproteins), duration of T2DM,
first-line GLTs (received by patients before study baseline),
second-line GLTs (prescribed at study baseline) and reason(s)
for change in anti-diabetic therapy were collected at initiation of
second-line therapy, co-medications, medical history and
presence of comorbidities (including existing diabetes-related
vascular complications) (14, 15).

Given the observational nature of the study, information
with regard to clinical variables was collected as measured in
routine clinical practice at each site, according to the local
standard of care. Diagnosis and classification of complications
relied on the judgement of investigators and there was no
external independent adjudication of events.

The data on vascular complications included:

* Microvascular complications — nephropathy (presence
of chronic kidney disease and/or albuminuria),
retinopathy (history of retinopathy or retinal laser
photocoagulation) and neuropathy (autonomic
neuropathy, peripheral neuropathy and erectile
dysfunction)

* Macrovascular complications — coronary artery disease
(CAD) (history of CAD, angina, myocardial infarction
[MI], percutaneous coronary intervention and coronary
artery bypass grafting), cerebrovascular disease (stroke,
transient ischaemic attack, carotid artery stenting and
carotid endarterectomy), peripheral artery disease
(history of peripheral artery disease including
revascularisation procedures, diabetic foot and
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amputation), heart failure and implantable
cardioverter-defibrillator use.

Patients who had experienced either micro or macrovascular
disease prior to their T2DM diagnosis were not excluded. The
overall and country-specific prevalence of micro and
macrovascular complications and associated risk factors
were evaluated.

Statistical methods

The statistical analysis conducted was similar to that of the
DISCOVER global cohort-Vascular complications manuscript
(14). Multi-variate Imputation by Chained Equations (MICE) R
package was used to perform the missing value imputation. All
statistical analyses were carried out using the RStudio (Boston,
MA, USA). The descriptive data (sex, tobacco smoking, co-
morbidities, co-medications and first-line GLTs) were presented
as numbers and percentages for categorical variables; mean
(standard deviation [SD]) values were reported for continuous
variables. Crude prevalence rates of micro and macrovascular
diseases and those standardised for age and sex using a
regression model are reported.

A multi-variate analysis using a modified Poisson model
determined the odds ratios (ORs) for the factors that were
associated with micro and macrovascular complications.
Variables included in the analysis were: age (per 10-year
increment), sex, smoking status, HbA;., duration of T2DM
(per 1-year increment), hyperlipidaemia, and hypertension;
P<0.05 was considered to be statistically significant.

Results
Baseline characteristics

The sociodemographic characteristics and clinical data of
3,525 patients included in the MEA cohort are presented in
Table 1. About half (52.5%) were males; the mean age of patients
was 54.3 + 10.8 years for the overall MEA cohort with
comparatively higher age in patients recruited from Lebanon
(59.2 £ 10.3 years); it was lower in Oman (41.8 + 8.5 years). The
mean duration of T2DM since diagnosis was 6.2 + 5.4 years with
the highest duration reported in Kuwait (10.9 + 7.3 years) and
the lowest in Egypt (4.1 * 3.7 years). The baseline mean HbA,.
for the overall MEA cohort was 8.7% + 1.7 (median 8.3%
[interquartile range: 7.6% to 9.4%]). Baseline HbA,. did not
vary significantly across the countries (mean HbA, range 8.3%
to 9.0%). Among co-morbidities, hypertension was reported in
43.2% (n=1,523) and hyperlipidaemia in 40.1% (n=1,413) of the
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TABLE 1 Patient Demographics, Baseline Characteristics and Treatment Patterns, Overall and Country-wise.

Parameters Overall
(N=3,525)
Sex, male, n (%) 1,850
(52.5)
Age, years, mean (SD) 54.3 (10.8)
T2DM duration, 6.2 (5.4)
years, mean (SD)
HbA . (%), mean 8.7
(SD) (1.7)
HbA,. (%), median 8.3% (7.6,
(IQR) 9.4)
BMI, kg/m?, mean 311
(SD) (5.9)
Tobacco smoking, n (%)
Non-smoker 2,506 (73.1)
Ex-smoker 392 (11.4)
Current smoker 528 (15.4)
SBP, mm/Hg, mean 1334
(SD) (16.6)
DBP, mm/Hg, mean 80.1 (10.0)
(SD)
TC, (mg/dL), mean 191.3 (47.1)
(SD)
Hypertension, n (%) 1,523 (43.2)
Hyperlipidaemia, n 1,413 (40.1)
(%)
Concomitant medication, n (%)
ACEi 1,185 (33.6)
-Blocker 428 (12.1)
Diuretic 478 (13.6)

Algeria  Bahrain
(N=291) (N=70)
141 (48.5) 45
(64.3)
55.3 54.2
(10.8) (11.7)
59 (4.8) 7.4 (5.0)
83 9.0
(16) (2.0)

7.9(7.3,9.0) 84 (7.7,10.4)

29.1 (4.6) 332 (5.9)
226 (78.5) 35
(50.0)
43 (14.9) 23
(32.9)
19 12
(6.6) (17.1)
129.1 1455
(14.9) (16.9)
75.8 78.8 (9.4)
(8.9)
1745 (382)  177.8 (40.0)
112 (38.5) 48
(68.6)
58 (19.9) 49
(70.0)
114 (39.2) 42
(60.0)
25 18
(8.6) (25.7)
36 (12.4) 16
(22.9)

Egypt Jordan
(N=583) (N=271)
330 164 (60.5)
(56.6)
52.9 53.8(11.3)
(98)

4.1 (3.7) 6.0 (5.8)
8.6 8.4
(1.4) (16)

8.4 (7.9,

9.1)

318 30.8
(5.1) (5.0)
458 (79.9) 193 (73.7)
24 17
(4.2) (6.5)
91 (159)  52(19.8)

133.0 (14.9) 132.6
(16.4)
82.8 80.0 (10.0)
(8.6)
201.6 (45.1)  188.7 (48.6)
210 111 (41.0)
(36.0)
151 114 (42.1)
(25.9)

170 (292) 93 (34.3)
72 37 (13.7)

(12.3%)

42 37 (13.7)
(72)

Kuwait
(N=51)

40 (78.4)

57.1 (9.5)

10.9
(7.3)

8.5 (1.4)

8.1(74,92) 83(7.7,9.0)

31.3 (54)

37 (77.1)

2
(42)

9
(18.8)

135.7 (12.2)

72.8 (11.0)

162.7
(31.5)

24
(47.1)

42
(82.4)

20
(39.2)

(11.8)

(15.7)

Lebanon
(N=348)

198 (56.9)

59.2
(10.3)

6.5 (5.2)

85
(1.6)

8.1(7.5,9.2)

29.9 (4.6)

210 (61.0)

43
(12.5)

91
(26.5)

133.1 (14.5)

774
(8.0)

189.7
(49.8)

159 (45.7)

172 (49.4)

111 (31.9)

63
(18.1)
36
(10.3)

Oman
(N=31)

22 (71.0)

41.8 (8.5)

6.1 (4.9)
8.8

(2.0)

8.8 (7.0,
9.6)

34.3 (7.5)

27 (87.1)

4(12.9)
1374
(17.9)

85.6 (13.1)
195.4
(46.7)

12 (38.7)

24 (77.4)

16 (51.6)

9.7)

(3.2)

Saudi Arabia
(N=519)

284 (54.7)
524
(11.0)
6.4 (5.2)
8.8
(1.7)

8.6 (7.6,9.8)

31.9 (6.6)

413 (80.0)
41
(7.9)

62 (12.0)
1337
(17.5)
79.2 (10.9)
190.0 (52.7)

196 (37.8)

226 (43.5)

156 (30.1)

South Africa  Turkey Tunisia
(N=519) (N=534) (N=213)
163 269 (50.4) 128 (60.1)
(31.4)
54.6 550 (10.0) 552 (9.6)
(11.4)
7.5 7.0 (5.9) 5.9 (4.9)
(6.0)

9.0 8.8 8.7
(2.1) (1.8) (1.5)
84 (75 10.1)  85(7.5,97) 84 (7.6,94)
315 (6.8) 317 (6.4) 29.6 (5.4)
406 (79.3) 295(59.8) 124 (63.9)
49 111 (22.5) 35 (18.0)

(9.6)

57 (11.1) 87 (17.6) 35 (18.0)
137.2 (19.8) 1316 (15.8) 1289 (13.0)
82.6 (10.5) 81.0 (9.9) 77.9

(8:6)
186.8 207.5 (45.9) 1885 (41.9)
(43.9)

349 (67.2) 191 (35.8) 70 (32.9)
265 (51.1) 179 (33.5) 73 (34.3)
200 (38.5) 156 (29.2) 69 (32.4)

61 (11.8) 65 (12.2) 27 (12.7)
187 (36.0) 58 (10.9) 23 (10.8)

UAE
(N=95)

66
(69.5)

47.1
(10.1)

4.6 (3.6)

8.4
(17)

8.1 (7.4,
8.8)

29.6
(65)

82
(86.3)

(4.2)

(9.5)

134.8
(15.8)

0.8 (9.7)

176.4
(46.2)

41
(43.2)

60
(63.2)

38
(40.0)

6
(6.3)

5
(5.3)

(Continued)
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TABLE 1 Continued

Parameters Overall Algeria  Bahrain Egypt Jordan  Kuwait Lebanon  Oman Saudi Arabia South Africa  Turkey Tunisia UAE
(N=3,525) (N=291) (N=70) (N=583) (N=271) (N=51) (N=348) (N=31) (N=519) (N=519) (N=534) (N=213) (N=95)
High-intensity statin 427 (12.1) 9 15 84 55 (20.3) - 76 1 75 (14.5) 44 25 28 (13.1) 15
(3.1) (21.4) (14.4) (21.8) (3.2) (8.5) (4.7) (15.8)
Low-to-moderate 1,065 (30.2) 76 (26.1) 36 103 68 (25.1) 40 82 21 (67.7) 198 (38.2) 231 (44.5) 108 (20.2) 46 (21.6) 56
Intensity statin (51.4) (17.7) (78.4) (23.6) (58.9)
ASA 790 (22.4) 89 (30.6) 18 100 63 (23.2) 21 57 2 178 (34.3) 124 (23.9) 92 (17.2) 34 12
(25.7) (17.2) (41.2) (16.4) (6.5) (16.0) (12.6)
First-line treatment, n (%)
Metformin (Met) 1,990 225 (77.3%) 30 (42.9) 234 124 (45.8) 11 196 (56.3) 9 (29.0) 246 (47.4) 452 (87.1) 257 (48.1) 165 (77.5) 41
monotherapy (56.5) (40.2) (21.6) (43.2)
Met+SU+Thiaz (triple 30 4 (1.4%) 1 3 1 1 1 - 1 3 15 - -
therapy) (0.9) (1.4) (0.5) (0.4) (2.0) (0.3) (0.2) (0.6) (2.8)
Other triple therapy 37 - - 1 - 1 8 - 1 - 21 1 4
(1.0) (02) (2.0) (23) (02) (39) (0.5) (42)
4 or 4+ therapy 8 - - - - 1 5 - 1 - 1 - -
(0.2) (2.0) (1.4) (0.2) (0.2)
SU mono 327 11 3 193 (33.2) 13 1 22 - 41 16 11 14 2
9.3) (3.8) (43) (4.8) (2.0) (6.3) (7.9) (3.1) 2.1 (6.6) 2.1
DPP4i monotherapy 22 1 3 4 1 - 5 - 3 - 2 2 1
(0.6) (0.3) (4.3) (0.7) (0.4) (1.4) (0.6) (0.4) (0.9) (1.1)
Other monotherapy 21 2 - 4 2 - 3 - - - 6 3 1
(0.6) 0.7) (0.7) (0.7) (0.9) (1.1) (1.4) (1.1)
Met+SU (dual 714 (20.3) 29 (10.0) 26 103 (17.7) 96 (35.4) 17 50 18 (58.1) 184 (35.5) 44 120 (22.5) 22 (10.3) 5
therapy) (37.1) (33.3) (14.4) (8.5) (5.3)
Met+DPP4i (dual 162 - 4 23 16 8 31 1 23 1 32 2 21
therapy) (4.6) (5.7) (4.0) (5.9) (15.7) (8.9) (3.2) (4.4) (0.2) (6.0) (0.9) (22.1)
Met+other (dual 79 18 - 3 6 3 3 - - - 44 1 1
therapy) (2.2) (6.2) (0.5) (2.2) (5.9) (0.9) (8.2) (0.5) (1.1)
Met+SU+DPP4i 91 - 3 6 7 7 21 2 16 1 20 - 8
(triple therapy) (2.6) (4.3) (1.0) (2.6) (13.7) (6.0) (6.5) (3.1) (0.2) (3.7) (8.4)
Other dual therapy 43 1 - 8 5 1 3 1 3 2 5 3 11
(1.2) (0.3) (1.4) (1.8) (2.0) (0.9) (3.2) (0.6) (0.4) (0.9) (1.4) (11.6)

Missing data are not included.

ACE], angiotensin-converting enzyme inhibitors; ASA, acetylsalicylic acid; BMI, body mass index; DBP, diastolic blood pressure; DPP4i, dipeptidyl peptidase-4 inhibitor; HbA,,, glycated haemoglobin; IQR, interquartile range; SBP, systolic blood pressure;

SD, standard deviation; SU, sulphonylurea; T2DM, type 2 diabetes mellitus; TC, total cholesterol; Thiaz, thiazolidinediones; UAE, United Arab Emirates.
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patients in the overall MEA cohort. Bahrain and South Africa
had a comparatively higher percentage of patients with
hypertension (68.6% and 67.2%) while Kuwait (82.4%), Oman
(77.4%), Bahrain (70.0%) and UAE (63.2%) had a higher
percentage of patients with hyperlipidaemia compared to the
overall cohort. Statins (42.3% [n=1,492]), angiotensin-
converting enzyme inhibitors (ACEi; 33.6% [n=1,185]) and
aspirin (22.4% [n=790]) were the most frequent co-
medications in the overall MEA cohort.

As first-line GLTs, more than half (56.5% [n=1,990]) of the
patients received metformin monotherapy, followed by dual
therapy of metformin+sulphonylurea (SU) in 20.3% (n=714).
In a country-wise analysis of first-line GLT, except for Oman
(29.0%) and Kuwait (21.6%), metformin monotherapy was
commonly prescribed as first-line GLT (range: 40.2% to
87.1%). In Oman and Kuwait, dual therapy of metformin+SU
was the most prescribed treatment (58.1% and 33.3%) as first-
line GLT, respectively. Except for Egypt, metformin+SU was the
second most common GLT (range: 10.0% to 58.1%). In Egypt,
SU monotherapy was the second most commonly prescribed
(33.2%) GLT.

10.3389/fendo.2022.940309

Prevalence of microvascular
complications

The crude prevalence of microvascular complications in the
overall MEA cohort was 17.7%; the age- and sex-standardised
prevalence was 16.9% (95% confidence interval [CI], 16.77-
16.98) (Table 2). The country-wise crude prevalence of
microvascular complications is shown in Supplementary Table
S2 and the age- and sex-standardized prevalence are shown in
Table 3. The age- and sex-standardized prevalence of
microvascular disease was highest in Kuwait 28.6% (95% CI,
23.65-34.15), closely followed by Oman 28.0% (95% CI, 21.16-
35.97) and was lowest in Jordan 7.9% (95% CI, 7.50-8.37).
Peripheral neuropathy was the most prevalent microvascular
complication in the overall MEA cohort (crude prevalence: 8.2%;
age- and sex-standardised prevalence: 7.8% [95% CI, 7.72-7.87]).
It was the most prevalent complication in Egypt (13.3%), Turkey
(10.9%), Saudi Arabia (10.4%), Algeria (8.6%), South Africa
(2.9%) and Jordan (2.8%). In Kuwait and Bahrain, retinopathy
(15.0% and 4.3%) was the most prevalent complication.
albuminuria (28.0%, 9.9% and 5.6%) in Oman, Tunisia and

TABLE 2 Crude and Age- and Sex-Standardised Prevalence of Microvascular and Macrovascular Complications and Related Procedures

at Baseline in Overall Cohort.

Event Crude prevalence (n [%]) (N=3,525)
Microvascular disease 623 (17.7)
CKD 61 (1.7)
Albuminuria 120 (3.4)
Retinopathy 123 (3.5)
Retinal laser photocoagulation 17 (0.5)
Peripheral neuropathy 288 (8.2)
Autonomic neuropathy 32 (0.9)
ED 161 (4.6)
Macrovascular disease 377 (10.7)
HF 41 (1.2)
CAD 299 (8.5)
Angina 80 (2.3)
MI 87 (2.5)
PCI 113 (3.2)
CABG 36 (1.0)
Stroke 39 (1.1)
TIA 22 (0.6)
Carotid stenting 4(0.1)
Carotid endarterectomy 1 (0.0)
PAD 18 (0.5)
Diabetic foot 21 (0.6)
Amputation 12 (0.3)
Defibrillator use 0 (0.0)

Percentages calculated for all patients with data available; missing data are not included.

Age- and sex-standardised prevalence (% [95% CI]) (N=3,525)

16.9 (16.77-16.98)
1.0 (1.00-1.05)
3.2 (3.16-3.26)
2.7 (2.62-2.71)
0.3 (0.32-0.36)
7.8 (7.72-7.87)
0.7 (0.68-0.73)
8.7 (8.59-8.76)
0.8 (0.73-0.78)
6.8 (6.68 -6.83)
1.9 (1.82-1.90)
1.8 (1.75- 1.83)
2.5 (2.50 - 2.60)
0.4 (0.38-0.42)
0.8 (0.75-0.80)
0.5 (0.51-0.55)

0.0

0.0
0.4 (0.33-0.37)
0.5 (0.48-0.52)
0.3 (0.27-0.30)

0.0

CAD, coronary artery disease; CABG, coronary artery bypass graft; CKD, chronic kidney disease; CI, confidence interval; ED, erectile dysfunction; HF, heart failure; MI, myocardial
infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; TIA, transient ischaemic attack.
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Lebanon respectively, while chronic kidney disease (CKD; 3.2%)
in UAE, were the most prevalent.

Prevalence of macrovascular
complications

In the overall MEA cohort, for macrovascular complications,
the crude prevalence was 10.7% and the age- and sex-
standardized was 8.7% (95% ClI, 8.59-8.76) (Table 2). The crude
as well as age- and sex-standardized prevalence was the highest for
CAD (8.5% and 6.8% [95% CI, 6.68 to 6.83]) in the overall MEA
cohort. The crude country-wise prevalence of macrovascular
complications is shown in Supplementary Table S2 and the age-
and sex-standardized prevalence are shown in Table 3. The age-
and sex-standardized prevalence of macrovascular complications
was the highest in Turkey at 14.4% (95% CI, 14.16-14.71). CAD
was the most prevalent complication in all countries (range:
2.7%-11.6%).

Multi-variable analysis

Table 4 and Figures 1A, B show the factors associated with
micro and macrovascular complications. In the multi-variable
analysis, similar factors were associated with a higher prevalence
of both micro and macrovascular complications. The factors
significantly associated (p<0.05) were age per 10-year increment
(microvascular: OR 1.24 [95% CI, 1.12-1.39], macrovascular: OR
1.58 [95% CI, 1.35-1.84]); male sex (microvascular: OR 1.33
[95% CI, 1.04-1.70], macrovascular: OR 1.71 [95% CI, 1.22-
2.40]), history of hyperlipidaemia (microvascular: OR 1.33 [95%
CI, 1.07-1.65], macrovascular: OR 1.96 [95% CI, 1.46-2.63]) and
history of hypertension (microvascular: OR 1.75 [95% CI, 1.40-
2.19], macrovascular: OR 2.84 [95% CI, 2.07-3.92]). Apart from
these factors, current smokers (OR 1.52 [95% CI, 1.01-2.26]) and
ex-smokers (OR 2.50 [95% CI, 1.72 to 3.61]) showed significant
association with macrovascular complications (both p<0.05)
compared with non-smokers. A multi-variable analysis was
not performed for individual countries due to small sample size.

Discussion

This analysis focused on the prevalence of vascular
complications and their potentially associated factors in
individuals with T2DM initiating a second-line GLT in the
MEA cohort of the DISCOVER study. We found the overall
crude prevalence of microvascular and macrovascular
complications to be 17.7% and 10.7%. The age- and sex-
standardised prevalence of microvascular and macrovascular
complications was 16.9% (95% CI, 16.77-16.98) and 8.7%
(95% CI, 8.59-8.76), respectively. The prevalence varied
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markedly across the countries in MEA (Table 3A and
Table 3B). Among microvascular complications, peripheral
neuropathy was the most prevalent one with age- and sex-
standardised prevalence of 7.8% (95% CI, 7.72-7.87). CAD was
the most prevalent macrovascular complication with age- and
sex-standardised prevalence of 6.8% (95% CI, 6.68 to 6.83).

The standardised prevalence of vascular complications in
MEA was similar to DISCOVER global data, which reported a
prevalence of microvascular complications at 17.9% (95% CI,
17.3-18.6) and macrovascular complications at 9.2% (95% CI,
8.7-9.7) that varied across the regions (14).

This manuscript explored the crude prevalence of
cardiovascular disease (CVD) in the MEA region, which is less
than what has been observed in western countries as shown by
global data, warranting further explanation (14). Of the 38
countries participating in the DISCOVER study, the MEA
cohort comprised 12 countries accounting for almost one-fifth
(22.1%) of the total DISCOVER population. Overall, the baseline
characteristics and patients’ sociodemographics were similar
across all the countries. Oman had a younger population (41.8
+ 8.5 years) compared with the MEA cohort (54.3 + 10.8 years)
as well as the global DISCOVER cohort (57.2 + 12.0 years). The
duration of T2DM was of 6.2 years, which was comparatively
higher than the DISCOVER global data (5.6 years) (14). The
duration of T2DM was the highest in Kuwait (10.9 * 7.3 years)
and lowest in Egypt (4.1 + 3.7 years).

In line with the global data and as expected in patients who
were moving to second-line therapy, mean HbA ;. was above the
target of 7.0% recommended by international (11, 18-20) as well
as local guidelines (21-23). Based on the median HbA,. (8.3%
[interquartile range: 7.6% to 9.4%]) values, more than 50% of
patients for whom HbA,. was reported had levels above 8.0%,
and >25% had a measurement higher than 9.0%. This suggests
suboptimal glycaemic control and delayed treatment
intensification increasing the risk of vascular complications.

More than 40% of patients in the MEA cohort had
hyperlipidaemia and hypertension and most of them were
prescribed statins and ACEis. A similar prevalence of
hypertension and hyperlipidaemia was observed in cross-sectional
studies from Saudi Arabia, Turkey and Jordan (24-27). In the
VISION study, the prevalence of hypertension and dyslipidaemia in
patients initiating insulin in the MEA region were 42.9% and 43.5%
(28). In South Africa, analysis using medicine claims data reported a
prevalence of 35.0% and 45.6% for hyperlipidaemia and
hypertension respectively (29). All these studies confirm the high
prevalence of two major risk factors for CVD in individuals with
T2DM - hypertension and dyslipidaemia.

The prevalence of micro and macrovascular complications
in people with T2DM has been evaluated in several studies. In
the international, open-label, observational Alchieve study in
more than 66,000 individuals with T2DM initiated on insulin
across 28 countries from 4 continents (Asia, Africa, Europe and
South America), the overall prevalence of micro and
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TABLE 3A Age- and Sex-standardised Prevalence of Microvascular and Macrovascular Complications, Country-wise.

Event

Overall Microvascular disease, (95%
CI)

Algeria
(N=291)

20.8 (18.53-23.25)

Bahrain
(N=70)

16.6 (14.20-19.22)

CKD 2.9 (2.07-3.95) 2.1 (1.38-3.05)
Albuminuria 4.6 (3.61-5.92) 0.0
Retinopathy 2.0 (1.25-3.06) 4.3 (3.23-5.63)
Retinal laser photocoagulation 0.6 (0.31-1.18) 0.0
Peripheral Neuropathy 8.6 (7.20-10.31) 0.3 (0.11-0.71)
Autonomic Neuropathy 0.0 0.0
Overall macrovascular disease, n (%) 5.0 (3.88-6.37) 8.7 (7.14-10.65)
HF 0.0 0.0
CAD 32 (2.31-4.52) 4.5 (3.46-5.90)
Angina 0.4 (0.14-0.85) 0.0
MI 0.2 (0.02-1.31) 0.0
PCI 0.0 0.0
CABG 0.0 0.0
Stroke 0.4 (0.16-0.92) 0.0
TIA 0.4 (0.16-0.95) 0.2 (0.08-0.62)
Carotid stenting 0.0 0.0
Carotid Endarterectomy 0.0 0.0
PAD 0.0 0.0
Diabetic foot 0.4 (0.16-0.92) 1.3 (0.81-2.18)
Amputation 0.0 0.0
Defibrillator use 0.0 0.0

Egypt Jordan Kuwait Lebanon
(N=583) (N=271) (N=51) (N=348)
20.4 (20.10 7.9 (750-8.37)  28.6 (23.65-34.15)  12.7 (12.24-13.10)

-20.68)

0.0 02 (0.17-0.32) 0.0 0.0

1.4 (1.27-1.44)
1.9 (1.82-2.00)

1.6 (1.38-1.83)
1.6 (1.38-1.76)

0.1 (0.00-1.00)
15.0 (11.60-19.29)

5.6 (5.33-5.89)
0.8 (0.68-0.89)

0.2 (0.16-0.21) 0.0 0.0 0.0
133 (13.07-13.56) 2.8 (2.54-3.03) 0.2 (0.00-1.00) 1.2 (1.12-137)

2.0 (1.90-2.10) 0.3 (0.21-0.36) 0.0 0.0
8.0 (7.77-8.16) 8.9 (8.42-9.40) 3.8 (1.13-11.81) 7.9 (7.52-8.27)
0.5 (0.50-0.59) 0.2 (0.12-0.23) 0.0 0.9 (0.75-0.99)
6.0 (5.88-6.22) 7.4 (6.95-7.81) 3.8 (1.13-11.81) 7.0 (6.65-7.37)

2.1 (2.04-2.24) 0.0 0.0 0.0
0.8 (0.75-0.87) 1.6 (1.45-1.83) 0.1 (0.00-1.00) 1.4 (1.24-152)
2.1 (1.96-2.18) 2.9 (2.68-3.19) 55 (3.72- 8.10) 2.6 (2.36-2.78)
0.0 0.0 0.0 0.6 (0.48-0.66)

0.3 (0.30-0.38) 0.4 (0.31-0.52) 0.0 0.0

0.3 (0.25-0.32) 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.9 (0.82-0.94) 0.5 (0.44-0.67) 0.0 0.0

0.3 (0.29-0.37) 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.04 0.0 0.0 0.0

CAD, coronary artery disease; CABG, coronary artery bypass graft; CKD, chronic kidney disease; CI, confidence interval; ED, erectile dysfunction; HF, heart failure; MI, myocardial
infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; TIA, transient ischaemic attack.

macrovascular complications was 53.5% and 27.2%, respectively
compared with 65.8% and 28.7% for micro and macrovascular
complications in the Middle East subgroup (30). Also, the
Middle East cohort had younger patients with micro and
macrovascular complications compared with the global
Alchieve cohort. In a review of prevalence studies and cross-
sectional surveys published between 2007 to 2017, estimating the
prevalence of CVDs in individuals with T2DM, though the
prevalence of CVD in the MENA region was lower than global
data (26.9% vs 32.2%), the prevalence of CAD (27.4% vs 21.2%)
and MI (11.4% vs 10.0%) was higher (31). In the CAPTURE
study evaluating the prevalence of CVD in individuals with
T2DM, the prevalence of CVD were 18.0% in Saudi Arabia and
31.2% in Turkey (32).

In a retrospective cohort study in the United States reporting
the prevalence of micro and macrovascular complications in 135
199 patients with newly diagnosed T2DM, the prevalence of
CKD was 12.3%, peripheral neuropathy was 3.8% and composite
CVD was 3.3% at diagnosis (33). A study from Italy in patients
with newly diagnosed T2DM reported CVD in 11.2%,
neuropathy in 18.6%, CKD in 8.8% and albuminuria in 13.2%
of cases (34). In our MEA cohort, though the prevalence of CKD
was not more than 1.0%, albuminuria was reported in 3.2% of
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patients. The prevalence of albuminuria was the highest in
Oman (27.9%); however, due to the small sample size from
Oman (n=31), the generalisation of this data is limited. Studies
from the Middle East, Gulf and Africa region are limited;
however, data from South Africa published in 1997 reported a
prevalence of 15.6% for proliferative and preproliferative
retinopathy, 27.6% for peripheral neuropathy and 36.7% for
microalbuminuria after a mean diabetes duration of 8 years (35).
Results from Saudi National Diabetes Registry reported a
prevalence of 10.8% for nephropathy and 19.7% for
retinopathy (36, 37). In the Gulf DiabCare survey conducted
in Saudi Arabia, Kuwait and the UAE, from 1,290 individuals
with T2DM, 34.9% of patients had neuropathy, 29.9% of patients
had retinopathy, and <10% of patients had CVD and end-stage
renal failure (38). In a study from Qatar, the prevalence of
microvascular complications was 48.4% (500 of 1,034 patients)
with 13.5% of patients presenting with more than one
complication (39). Individuals with complications had lower
age of onset, higher duration of T2DM and higher HbA,,
compared with individuals without complications
(all p<0.0001).

Results of our correlation analysis revealed a relationship
between vascular complications and patients’ characteristics —
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TABLE 3B Age- and Sex-Standardised Prevalence of Microvascular and Macrovascular Complications, Country-wise.

Event

Overall Microvascular disease,
(95% CI)

CKD

Albuminuria

Retinopathy
Retinal laser photocoagulation

Peripheral neuropathy

Autonomic neuropathy

Overall macrovascular disease,
(95% CI)

HF
CAD

MI

PCI

CABG

Stroke

TIA

Carotid stenting

Carotid endarterectomy
PAD

Diabetic foot

Amputation
Defibrillator use

Oman
(N=31)

28.0 (21.16-
35.97)

0.0

28.0 (21.16-
35.97)

0.0
0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Saudi Arabia
(N=519)

19.5 (18.68-20.30)

0.0
2.2 (1.86-2.64)

2.6 (2.25-2.95)
0.0
10.4 (9.83 -11.05)

0.6 (0.46-0.81)

75
(6.89-8.15)

0.9 (0.73 -1.21)
5.2 (4.72-5.82)

2.0 (1.73-2.33)
0.6 (0.40-0.92)
2.3 (1.98-2.75)
0.0
1.2 (0.97-1.58)
0.0
0.3 (0.22-0.44)
0.0
0.0
0.0
0.0
0.0

South Africa
(N=519)

8.6 (8.39-8.82)

1.3 (1.23-1.41)
0.8 (0.70-0.83)

1.6 (1.54-1.75)
0.0
2.9 (2.78-3.12)

0.0
7.5 (7.25-7.68)

0.2 (0.17-0.26)
6.3 (6.08-6.47)

2.4 (2.23-2.50)
3.6 (3.49-3.79)
0.2 (0.21-0.28)
0.4 (0.38-0.47)
0.0
0.0
0.0
0.0
0.3 (0.25-0.33)
0.0
0.7 (0.61-0.73)
0.0

Turkey
(N=534)

19.4 (19.09
-19.70)

0.8(0.74-0.86)
1.3 (1.17-1.35)

4.6 (4.49-4.82)
0.6 (0.56-0.69)

10.9 (10.66-
11.14)

0.2 (0.17-0.23)

14.4 (14.16-
14.71)

1.1 (1.00-1.15)

11.6 (11.36-
11.85)

(2.75-3.00)

(2.41-2.65)

(5.46-5.81)

1.1 (1.01-1.21)

0.6 (0.58-0.69)

0.3 (0.27-0.35)
0.0

2.9
2.5
5.6

0.0
0.0
1.0 (0.87 -1.04)
0.0
0.0

Tunisia
(N=213)

182 (17.47-
18.99)

1.3 (1.13-1.57)
9.9 (9.30-10.50)

1.6 (1.33-1.91)
1.0 (0.77-1.16)
3.8 (3.42-4.21)

0.0
6.1 (5.66-6.62)

0.0
4.2 (3.78-4.57)

1.1 (0.88-1.30)
0.0

1.3 (1.10-1.59)
0.0

0.1 (0.03-0.15)

0.8 (0.67-1.01)
0.0

10.3389/fendo.2022.940309

United Arab Emirates
(N=95)

9.1 (7.84-10.47)

3.2 (2.50-4.08)
0.0

1.9 (1.39-2.62)
0.0
2.4 (1.77-3.24)

0.0
42 (3.33-5.21)

0.0
2.7 (2.03-3.46)

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

CAD, coronary artery disease; CABG, coronary artery bypass graft; CKD, chronic kidney disease; CI, confidence interval; ED, erectile dysfunction; HF, heart failure; MI, myocardial
infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; TIA, transient ischaemic attack.

age, male sex, smoking status, BMI, HbA,., history of
hyperlipidaemia and hypertension but the association was only
significant with higher age, male sex, current/ex-smoking status,
and history of hyperlipidaemia and hypertension (p<0.05).

TABLE 4 Multi-variable Analysis for Factors Associated With Microvascular and Macrovascular Complications.

Factors

Age (per 10-year increment)
Sex

Smoking
(vs non-smoker)

BMI (per 5 kg/m” increment)
HbA, . (per 1% increment)

Male

Ex-smoker

MicrovascularOR (95% CI)

Current smoker

T2DM duration (per 1-year increment)

History of hyperlipidaemia (Yes vs No)

History of hypertension (Yes vs No)

p-value of <0.05 was considered to be significant.
BMI, body mass index; CI, confidence interval; HbA,, glycated haemoglobin; OR, odds ratio; T2DM, type 2 diabetes mellitus.
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1.24 (1.12-1.39)
1.33 (1.04-1.70)
1.27 (0.93-1.72)

1.17 (0.87-1.56)
1.03 (0.94-1.13)

1.00 (1.00-1.01)
1.33 (1.07-1.65)
1.75 (1.40-2.19)

(
(
(0.96-1.09)
(
(
(

09

p-value

<0.001
0.021
0.135

0.300
0.514
0.465
<0.001
0.010
<0.001

MacrovascularOR (95% CI)

1.58 (1.35-1.84)
1.71 (1.22-2.40)
2.50 (1.72-3.61)

1.52 (1.01-2.26
1.12 (0.99-1.27
1.04 (0.95-1.13
1.00 (1.00-1.01
1.96 (1.46-2.63
2.84 (2.07-3.92

Micro and macrovascular complications were positively and
significantly associated with the same risk factors but the ORs
were higher for macrovascular complications. Additionally, we
found that BMI and HbA . were not significantly associated with

p-value

<0.001
0.002
<0.001

) 0.042
) 0.069
) 0.372
) <0.001
) <0.001
)

<0.001
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History of hypertension (Yes vs No) 1.75 (1.40-2.19)

History of hyperlipidemia (Yes vs No) 1.33 (1.07-1.65)

T2DM duration (per 1-year increment) 1.00(1.00-1.01)
HbA1c (per 1% increment) 1.02 (0.96-1.09) —
BMI (per 5 kg/m2 increment) 1.03 (0.94-1.13) -—

Smoking (Ex-smoker vs non-smoker) 1,27 (0.93-1.72)

———————————————
D
—
—
Smoking (Currentvs non-smoker) 1.17 (0.87-156) ooy — @———
Sex (Male) 1.33(1.04-1.70) s
- @ .

Age (per 10-year increment) 1.24 (1.12-1.39)

08 1
OR (95% CI)

BMI: body mass index; HbAlc: glycated hacmoglobin; T2DM: type 2 diabetes mellitus
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Smoking (Ex-smoker vs non-smoker) 2.50(1.72-3.61)
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(A), Multi-variable Analysis of Factors Associated With Microvascular Complications. BM, body mass index; HbA;., glycated haemoglobin; T2DM,
type 2 diabetes mellitus. (B), Multi-variable Analysis of Factors Associated With Macrovascular Complications BMI, body mass index; HbA;c,

glycated haemoglobin; T2DM, type 2 diabetes mellitus.

either micro and macrovascular complications similar to that
reported for the global DISCOVER study population
macrovascular analysis but contrasts with microvascular one
where HbA . was found to be significantly associated (14). In a
study from Qatar, similar risk factors for microvascular
complications were reported along with other factors like
family history, time in formal education, oral GLTs and
hypertension (39).

In the Alchieve study, a multi-variate analysis of the factors
positively associated with micro and macrovascular
complications were age, BMI, diabetes duration, total
cholesterol, triglycerides and systolic blood pressure. High-
density lipoproteins were negatively associated with
macrovascular complications (30).

DISCOVER-MEA is the first prospective real-world study in
this region evaluating the prevalence and risk factors for vascular
disorders in patients with T2DM who have progressed to second-
line therapy. Although the prevalence of micro and
macrovascular disorders was similar to DISCOVER global data,
the increasing prevalence of T2DM in the MEA region should be
accounted for, for future strategies for the holistic management of
T2DM. Outcomes-driven management of T2DM is needed for
decreasing the risk of vascular complications.

The limitations of our study are those of real-world
observational studies. The diagnosis of vascular disorders was
not standardised across countries and thus, bias might have been
introduced due to judgment by treating physicians. Also, small
sample sizes for some countries did not allow for the exact
interpretation of age- and sex-standardised prevalence and a
multi-variable analysis. Healthcare utilization is dependent on
socioeconomic status which may impact access and hence
reporting of vascular complications; however, this analysis was
not undertaken for this manuscript because of limited data from
most of the participating countries.
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Conclusion

Despite having a short duration of T2DM, the MEA cohort
had a substantial burden of vascular complications in patients
mainly treated but suboptimally controlled with metformin and
metformin+SUs. This increasing burden should be considered
for formulating the strategies to manage T2DM. Early
assessment of risk factors, cardiovascular risk status and
preventive strategies should be adopted for effective
management of T2DM in the MEA region.
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