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Purpose: The burden of type 2 diabetes (T2D) is high in Saudi Arabia, but data related to its complications are limited. This study
aimed to determine the incidence of microvascular complications caused by T2D and evaluate the impact of the associated risk factors.
Patients and Methods: This retrospective cohort study was conducted at two military hospitals in Tabuk, Saudi Arabia. Data on the
socio-demographics, glycaemic profile, blood lipid indices, duration of T2D, and associated microvascular complications were
collected from electronic health records and medical files. Descriptive statistics and Cox proportional hazards models were used for
data analysis.

Results: This study included 1563 T2D patients. The incidence of microvascular complications was 34.3% (95% confidence interval
[CI], 32.0-36.6). Retinopathy was the most common complication (incidence=20.0%; 95% CI, 18.0-22.0%), while nephropathy was
the least common complication (incidence=12.2%; 95% CI, 10.6-13.8%). Advanced age (>65 years) showed the highest risk of
retinopathy (Hazard ratios [HR], 2.86; 95% CI, 2.56-3.21), neuropathy (HR, 2.70; 95% CI, 2.40-3.05), and nephropathy (HR, 2.37;
95% CI, 2.12-2.64) compared with their counterparts. After adjusting for potential confounders, the study found that the significant
risk factors for microvascular complications were longer duration (=10 years) of T2D (HR, 5.3; 95% CI, 5.1-5.6), uncontrolled
hypertension (HR, 3.9; 95% CI, 3.3—4.2), poor glycaemic control (HR, 4.6; 95% CI, 4.3-5.1), obesity (HR, 2.3; 95% CI, 2.2-2.6), and
dyslipidaemia (HR, 1.6; 95% CI, 1.2-2.0).

Conclusion: Given the high burden of microvascular complications in military healthcare facilities in Tabuk, Saudi Arabia, a context-
specific accessible public health program focusing on the promotion of a healthy lifestyle, physical activity, and consumption of
a healthy diet, as well as the early diagnosis and management of diabetes, needs to be developed and implemented.
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Introduction

Diabetes is a serious endocrine disease caused by elevated blood glucose levels. Its prevalence and incidence are
increasing at an alarming rate worldwide. Recent studies indicated that approximately 422,000,000 people have diabetes,
and approximately 1,600,000 deaths are directly attributed to diabetes every year. About 90-95% of all patients with
diabetes are diagnosed with type 2 diabetes (T2D)."* Due to the rapid economic growth, urban development, and
lifestyle changes in the Middle East and North Africa region over the past two decades, the total number of diabetes cases
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has also increased. Saudi Arabia is not exempted from this worldwide epidemic; diabetes is acknowledged as the
country’s most serious health problem.*?

Novel discoveries in basic diagnostics and affordable insulin have increased the overall mean years lived with
diabetes, which could ultimately lead to more diverse diabetes-related morbidities. Chronic hyperglycaemia plays a major
role in the development of diabetic complications through a variety of metabolic and structural abnormalities.®” T2D
causes various complications, among which microvascular complications are the most devastating. It adversely affects
the small blood vessels in the eye, kidney, and peripheral nervous system and contributes significantly to the morbidity
and mortality in T2D patients. Retinopathy, peripheral neuropathy, and nephropathy are the three classical microvascular
complications of T2D.*’

Patients with a longer T2D duration are at higher risk of developing microvascular complications, which can lead to
the reduction in the quality of life, disability, or death. Diabetic retinopathy is the most common microvascular
complication of T2D, which leads to visual impairment and blindness. ENREF 10 Diabetic peripheral neuropathy
leads to substantial morbidity, including pain, foot ulcers, and lower limb amputation. Diabetic kidney disease is highly
prevalent among T2D patients and is the primary cause of end-stage renal disease.'! Older age, obesity, lack of physical
exercise, unhealthy food intake, smoking, hypertension, and a family history of diabetes are the major risk factors for
T2D microvascular complications.'*!?

The incidence of microvascular complications caused by T2D is increasing, primarily in low- and middle-income
countries.'* In Saudi Arabia, the incidence of T2D microvascular complications among people aged 18 years and older is
approximately 10%—40%, which increases over time. An increase in the incidence of T2D microvascular complications
in Saudi Arabia could be attributed largely to the modifiable behavioural risk factors, such as sedentary lifestyle, excess
weight, unhealthy diet, and smoking tobacco products.'>'® As the risk factors contributing to the development of T2D
microvascular complications are multifactorial and traditional, it is extremely essential to evaluate their combined effects
on the development of microvascular complications.

Saudi Arabia reported the second highest diabetes rate in the Middle East and ranked seventh worldwide.* Despite the
high incidence of T2D in Saudi Arabia, only a few cross-sectional studies have investigated its complications.'*'”'® In
the cross-sectional study the outcome and the exposure are examined at the same time which will not provide the
temporal link between them. To address this important gap, an up-to-date three years cohort study on the epidemiology of
T2D microvascular complications considered, which is essential to establish preventive strategies and plan treatment
guidelines to minimise the impact of these complications. Therefore, this study aimed to determine the incidence of T2D
microvascular complications and to examine its association with the risk factors among Saudi Arabian residents.

Materials and Methods
Study Design and Data Source

This multicentre, 3-year retrospective cohort study was conducted in King Salman Armed Forces Hospital (KSAFH) and
King Khalid Military (KKMH) Hospital in Tabuk, Saudi Arabia, between 1 January 2019 and 31 December 2021. Only
one common hospital information system automates the clinical and electronic health records and the administrative and
inventory functions of both hospitals. The electronic health records included personal information, health-related
behaviours, laboratory test results, diagnoses, prescriptions, admission, and discharge dates. These comprehensive
longitudinal health records have been extensively validated by the medical records department. Only doctors, nurses,
and other authorised staff members have access to this system. In this database system, diagnoses are coded by attending
doctors according to the International Classification of Disease, version 10 (ICD-10).

Study Population

This hospital-based study was conducted in Tabuk, Saudi Arabia. Tabuk is located in the north-western part of the
Arabian Peninsula, bordering Jordan, and has a population of more than half a million. It houses the largest air force base
in Saudi Arabia. The KSAFH and KKMH hospitals are managed by the Saudi Armed Forces Medical Services
Department. These hospitals provide preventive services and medical care to armed force members and their families.
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Both hospitals were fully equipped and operated according to the international hospital standards. KSAFH is a joint
commission internationally credited hospital that provides all major and advanced interventional and non-interventional
services. There was one common administration in both hospitals.

Inclusion-Exclusion Criteria

The majority of diabetes patients at KSAFH and KKMH admitted in the internal medicine, family medicine, neurology,
renal, diabetes clinic, and medical/surgical wards were followed up. All adult T2D patients who had one or more
admissions to any of these hospitals or had two or more hospital visits within 1 year (during the study period) were
included in the study. In contrast, (1) T2D patients who had experienced any microvascular disease prior to their T2D
diagnosis; (2) patients who were newly diagnosed with T2D and were on T2D treatment for less than 3 months; (3)
patients with any gastrointestinal, infectious, or hepatic disease (severe, acute, or chronic); (4) pregnant women or
breastfeeding mothers; (5) patients with any major psychiatric disorder having psychotic symptoms; and (6) T2D
patients with incomplete and inactive records (no visits in one year or more) in the electronic health records were
excluded.'®"®

Sample Size

The sample size was calculated using the incidence of the least common microvascular complication of diabetic
peripheral neuropathy (19%) in Saudi Arabia.'> A single proportion sample size calculation formula was used, which
was based on the function of expected incidence and precision for a certain degree of confidence expressed by the

n=p(1-p) <z2/2>2

The minimum sample size was 1479, considering an acceptable margin of error A=2%, a level of significance of 0=5%,

z-statistic. The following formula was used:

and an estimated incidence p of 0.19. The final sample size was 1627, taking into account 10% of the patients with
incomplete records.

Sampling Procedure

A two-stage stratified cluster sampling procedure with a primary sampling unit as clinics/wards (clusters) selected from
the two hospitals was used. Considering the initial 2-month data collected from the hospital information system, the
sample size was allocated proportionally using the proportionate to population size. The estimated sample size for this
study (n) was divided by the total number of patients (N) registered in a randomly selected clinic within the last 2
months, which yielded proportionate (P) value. Then, by multiplying the proportionate value with the 2-month sample,
a proportional sample was allocated to each selected clinic/ward. A list of patients diagnosed with T2D was prepared.
Finally, systematic random sampling was used to take every 5th T2D patient from this list. If a patient was eligible for the
study, information was collected from the patient. If not, the record was ignored and the next 5th record was obtained.

Definitions of Terms

e The microvascular complications of diabetes are caused by chronic hyperglycaemia. When T2D is not well
controlled, increased level of circulating blood sugar sticks to the small blood vessels and makes it difficult for
the blood to flow, which damages multiple organs, such as the eyes, feet, and kidneys. The different microvascular
complications are follows:

e Diabetic retinopathy (DR) is an eye disease caused by diabetes mellitus. This complication can occur when there is
damage to the blood vessels in the light-sensitive tissue of the retina. Chronic hyperglycemia causes endothelial
damage."!

e Diabetic nephropathy (DN) refers to a condition where damage to the kidney occurs due to diabetes. When diabetes
is not properly controlled, it can cause damage to the blood vessel clusters in the kidneys, which filter waste from
the blood."!
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e Neuropathy is a heterogeneous condition associated with the blood vessels and is caused by damage or dysfunction of
one or more nerves in the body that results in numbness, tingling, muscle weakness, and pain in the affected area.''

e Educated: The patient who can read and write Arabic was considered as “educated”.

e Smoking habit: Smoking habit was recorded as “no” if the patients did not smoke tobacco and “yes” if the patients
had tobacco smoking.

e Uncontrolled hypertension was defined as an average systolic blood pressure >140 mmHg or an average diastolic
blood pressure >90 mmHg.

e Poor glycaemic control: The glycaemic control was defined as “poor” if the haemoglobin Alc (HbA.) level was
greater than or equal 6.5%.

e Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared and classified as
follows: (1) underweight: <18.5 kg/m?, (2) normal: 18.5-24.99 kg/m?, (3) overweight: 25.0-29.9 kg/m?, and (4)
obese> 30.0 kg/m>.

e Dyslipidaemia was defined as a total cholesterol (TC) level >5.2 mmol/L, low-density lipoprotein cholesterol (LDL-
¢) level >3.4 mmol/L, high-density lipoprotein cholesterol (HDL-c) level <0.9 mmol/L, or triglyceride (TG) level
>1.7 mmol/L, or a combination thereof."”

Data Collection Tool

A structured data collection form was prepared to retrieve information from the electronic health records and medical
files. It comprised three different sections: (1) general characteristics and anthropometric measurements, (2) blood
pressure measurements and laboratory test results, and (3) macro- and/or microvascular complications caused by T2D.
The patients’ general characteristics included age, sex, nationality, education, smoking habits, family history of diabetes,
duration of T2D, and BMI. Data on the following laboratory test results were obtained: glycaemic profile [haemoglobin
A, (HbA,.), random blood glucose (RBS), fasting blood glucose (FBS]), lipid profile [TG, TC, LDL-c, HDL-c], urine
albumin-to-creatinine ratio, and estimated glomerular filtration rate.

Case ldentification

The data used in the current study were obtained from the electronic health records, and some information was extracted
from the medical files (hard copies). The biomarkers used in routine clinical practice for the diagnosis, screening,
monitoring, and prognosis of patients are available in electronic health records. Established coding algorithms were used
to identify potential T2D cases from the records. Patients with a T2D ICD-10 code E11, an HbA . level >6.5%, an RBS
>11.1 mmol/L, and an FBS >7.0 mmol/L, and with a prescription for or who used antidiabetic medications were
considered eligible for the study.

Data Extraction

Data on T2D complications were obtained from the electronic health records and medical files. All non-fatal complica-
tions during the study period were evaluated. The duration of T2D from the point of diagnosis until 31 December 2021
was also extracted and calculated using the earliest fulfilment of any of the stated criteria in this order: (1) earliest HbA .
level >6.5% and (2) earliest FBS level >7.0 mmol/L. The chronic microvascular complications included retinopathy,
peripheral neuropathy, and nephropathy.

Primary Outcome and Assessment of Covariates

The primary study endpoint was microvascular complication(s) caused by T2D. The most recent HbA ¢ level within
1 year before 31 December 2021 was also recorded. The covariates evaluated in this analysis were demographics (age,
sex, nationality, and education level); smoking habit; family history of diabetes; duration of T2D; blood pressure
measurements; laboratory findings within 6 months after the study start date, including the estimated glomerular filtration
rate (¢GFR) and urinary albumin excretion (microalbuminuria or proteinuria); and BMI. The incidence of T2D micro-
vascular complications was recorded as “no” if the patients with diabetes had neither acute nor chronic complications and
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“yes” if the patients had a chronic microvascular complication. The associated medical conditions, including hyperten-
sion and dyslipidaemia, were also reported.

Data Management

Cohort data were extracted from the electronic health records and medical files. A trained research assistant filled out the
data collection forms. Each data form was assigned with a unique study number (beginning with DM0001). The data
were entered and stored on a computer, and the information was password protected. Double data entry validation was
performed to ensure data quality. Furthermore, 10% of the entered data was rechecked for accuracy. Only the principal
investigator and co-investigators had access to the data for analysis. Participants were identified by their unique study
numbers, and only the principal investigator had access to the identifiers that linked the data to the individual participant.
De-identified data were collected and analysed.

Statistical Analysis

The baseline characteristics of patients were reported as frequencies and percentages. The normally distributed contin-
uous data were expressed as mean and standard deviation (SD). The non-normally distributed data were presented as
median and interquartile ranges. The recorded T2D microvascular complications were defined as the prevalent cases. Cox
regression models were used to examine the putative risk factors for each prevalent T2D microvascular complication by
calculating the hazard ratios (HR) and their 95% confidence intervals (CI). Crude models were considered for the
following three types of microvascular complications: diabetic retinopathy, diabetic peripheral neuropathy, and diabetic
nephropathy. The assumptions of the Cox regression model were validated using Schoenfeld residual plots. The
incidence of microvascular complications was considered as an “event”, while the absence of microvascular complica-
tions was marked as “censored” in the analyses. One combined outcome was referred to as “any complications” and was
defined as the presence of any or multiple microvascular complications. An adjusted model for any complications was
developed, which was adjusted for age, sex, nationality, education, smoking habits, and family history of T2D. All
statistical analyses were performed using IBM Statistical Package for the Social Sciences statistics version 25. The
significance level was set at p < 0.05. All p values were two tailed.

Results

Flowchart

Of the 1630 T2D patients, 67 were excluded at the time of enrolment for one or more of the following reasons:
incomplete records (n=22), inactive cases (n=9), and patients with other comorbidities (n=36). The final sample consisted
of 1563 patients. Patients with complete records were included in the final analysis. The flow chart below shows the
selection of patients in the cohort (Figure 1).

Baseline Characteristics of Patients with Type 2 Diabetes in the Cohort

The baseline characteristics of the patients with T2D in the cohort are shown in Table 1. The earliest observation, which
was close to the start date of the study, was considered. A total of 1563 patients were included in the final analysis [992
men, 571 women; mean age: 51.3 years (SD: 12.8 years)]. Six out of ten patients had a positive family history of diabetes
(59.8%). The majority of patients had T2D for more than 5 years (89.1%). In addition, 24.6% of the patients had
hypertension. (Table 1)

Anthropometric Measurements and Laboratory results

The median and interquartile ranges of the baseline anthropometric measurements and laboratory results are presented in
Table 2. The median HbA . level was 8.5% (6.8-9.7%). Most patients were obese with a median BMI of 30.3 kg/m?
(27.0-36.0 kg/mz). The T2D patients showed high eGFR [median eGFR: 82.3 mL/min/1.73 m? (70.3-95.7 mL/min/
1.73 m?)] (Table 2).
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Study Period : 1%t January 2019 - 315t December 2021
Type 2 Diabetes Patients Identified From Hospital Records
n=1630

|

n=1608 Patients For Further Detailed Medical Screening
After Excluding Incomplete records (n=22)

Identification

Screening

n= 1563 Patients After Excluding Total Excluded cases = 45
Inactive cases (n=09)
Other co-morbidities (n=36)

Y

o
n=1563 Eligible Patients
z Eligibility Criteria
5 Age > 18 years
= Saudis/Non-Saudis
Type 2 Diabetic Patients
—
TR
g n= 1563 Type 2 Diabetic
= patients included in the
é study

Figure | Flowchart showing selection of patients in the study cohort.

Incidence of Microvascular Complications Among Type 2 Diabetes Patients

During the study, 536 (34.3%) patients had microvascular complications (95% CI, 32.0-36.6), of whom 312 (20.0%) had
diabetic retinopathy (95% CI, 18.0-22.0), 219 (14.0%) had peripheral neuropathy (95% CI, 12.3-15.7), and 191 (12.2%)
had diabetic nephropathy (95% CI, 10.6—13.8). Among the total patients, 361 (23.1%) had one microvascular complica-
tion (95% CI, 21.0-25.3), 164 (10.5%) had two microvascular complications (95% CI, 9.0-12.1), and 11 (0.7%) had all
three microvascular complications (95% CI, 0.3—1.3) (Figure 2).

Cox Regression Analysis of the Microvascular Complications Among Type 2 Diabetes

Patients
To identify the putative risk factors for developing microvascular complications, a multivariate Cox regression analysis
was performed in all enrolled patients. The results are presented in Table 3. Based on the crude analysis, a significantly
increased risk of developing diabetic retinopathy was associated with poor glycaemic control (HR, 6.37; 95% CI, 6.21—
6.54) and a T2D duration of more than 10 years (HR, 5.24; 95% CI, 4.51-6.53). The risk of developing peripheral
neuropathy was higher in patients with a baseline age of >65 years (HR, 2.70; 95% CI, 2.40-3.05) and in male patients
(HR, 2.67; 95% CI, 2.52-2.98). The risk of diabetic nephropathy was higher among smokers (HR, 1.53, 95% CI, 1.06—
1.76) and patients with dyslipidaecmia (HR, 1.46; 95% CI, 1.22—1.75) (Table 3).

After controlling the effect of potential confounders in the multivariate Cox analysis, the hazard of developing
microvascular complications was five times higher in patients with a disease duration of >10 years than in their
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Table | Baseline Characteristics of Patients with Type 2 Diabetes (Total =1563)

Characteristic Categories Frequency (n) Percentage (%)
Age 18—44 years 219 14.0
45-65 years 888 56.8
265 years 456 29.2
MeanxSD 51.3 £ 12.8 years
Gender Male 992 63.5
Female 571 36.5
Nationality Saudis 1412 90.3
Non-Saudis 151 9.7
Educated Yes 1512 96.7
No 51 33
Smoking habit Yes 279 17.9
No 1284 82.1
Family history of type 2 diabetes Yes 934 59.8
No 629 40.2
Duration of type 2 diabetes <5 years 171 10.9
5-10 years 894 57.2
210 years 498 31.9
MeanSD 8.3 + 4.6 years
Hypertension Yes 384 24.6
No 1179 754

Abbreviation: SD, standard deviation.

counterparts (adjusted HR [AHR], 5.31; 95% CI, 5.12-5.67). Furthermore, the risk of developing microvascular
complications was increased by more than fourfold in patients who had poor glycaemic control than in those who had
good glycaemic control (AHR, 4.65, 95% CI, 4.37-5.19) (Figure 3).

T2D patients with uncontrolled hypertension had a threefold increased risk of developing microvascular complica-
tions than their counterparts (AHR, 3.93; 95% CI, 3.36—4.25). Similarly, patients with obesity were two times more likely
to develop microvascular complications than those with normal body weight (AHR, 2.37; 95% CI, 2.21-2.69). Likewise,
patients with dyslipidaemia were 1.7 times more likely to develop hypertension than their counterparts (AHR, 1.69; 95%
CI, 1.22-2.03) (Figure 3).

Discussion

In this hospital-based, multicentre, retrospective cohort study conducted in the northwest region of Saudi Arabia, the overall
incidence of microvascular complications was 34.3% in T2D patients. The incidence rates of retinopathy, peripheral neuropathy,
and nephropathy were 20.0%, 14.0%, and 12.2%, respectively. Among patients who developed microvascular complications,
approximately one-third had two or more complications. The highest increases in microvascular complications were observed
among men, older adults, and smokers. Some proven and hypothesised risk factors associated with T2D microvascular
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Table 2 Anthropometric Measurements and Laboratory Results

eGFR (mL/min/1.73 m?)

Variables Median (IQR)
HbA, . (%) 8.5 (6.8-9.7)
RBS (mmol/L) 9.1 (7.4-11.7)
FBS (mmol/L) 7.6 (5.6-9.1)
BMI (kg/m?) 30.0 (27.0-36.0)
TC (mmol/L) 4.7 (4.0-5.8)
TG (mmol/L) 1.8 (1.3-2.9)
LDL-c (mmol/L) 2.7 (2.0-34)
HDL-c (mmol/L) 1.2 (1.0-1.7)
Urine albumin creatinine ratio (mg/gm) 16.3 (8.142.3)

82.3 (70.3-95.7)

SBP (mmHg)
DBP (mmHg)

136 (127-160)
80 (74-89)

Abbreviations: HbA ., haemoglobin A.; RBS, random blood sugar; FBS, fasting
blood sugar; BMI, body mass index; TG, triglyceride; TC, total cholesterol; HDL-c,
high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;
eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure.

complications were described in this study. Longer duration of T2D, poor glycaemic control, obesity, family history of diabetes,
and comorbid uncontrolled hypertension were strongly associated with the development of microvascular complications.

A high incidence of microvascular complications was observed among T2D patients, which might be due to the accessibility
and advancement of healthcare institutions, which helps ascertain more patients with microvascular complications. This
proportion is in line with that of previous studies on lower- and middle-income countries.”**' However, the yields in this
investigation were lower compared with those in other studies.”'®** The present study concludes that diabetic retinopathy is the
most common microvascular complication observed among the studied population, which closely matches with the global
incidence estimates and lower than the numbers reported in the United States, Australia, Europe, and Asia.**** On the contrary,

Retinopathy N
4 168
(10.7%) \

4.9%) (3.6%)

Neuropathy Nephropathy
92

(5.9%)

Figure 2 Microvascular complications among type 2 diabetes patients.
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Table 3 Results of the Cox Regression Analysis of Prevalent Microvascular Complications Among Type 2 Diabetes Patients

Putative Risk Factors Diabetic Retinopathy Diabetic Peripheral Neuropathy Diabetic Nephropathy
CHR (95% CI) | p value CHR (95% CI) p value CHR (95% CI) | p value
Age
45-65 years 2.65 (2.35-2.99) | <0.001 2.36 (1.93-2.64) <0.001 2.18 (1.94-2.44) | <0.001
265 years 2.86 (2.56-3.21) | <0.001 2.70 (2.40-3.05) <0.001 2.37 (2.12-2.64) | <0.001
Sex (male vs female) 2.78 (2.26-3.02) | 0.005 2.67 (2.52-2.98) 0.001 2.49 (2.06-3.05) | 0.003
Nationality (Saudis vs non-Saudis) 0.96 (0.62—-1.07) | 0.237 0.81 (0.42-1.13) 0.5691 0.89 (0.39-1.04) | 04191
Educated (yes vs no) 0.83 (0.74-1.22) | 0.568 0.78 (0.67-1.31) 0.2443 0.67 (0.54-0.81) | 0.6427
Smoking habit (yes vs no) 1.70 (1.42-2.08) | 0.0023 1.62 (1.44-1.82) 0.0036 1.53 (1.06—1.76) | 0.0044
Family history of diabetes (yes vs no) 1.90 (1.73-2.13) | 0.0047 1.52 (1.16-1.73) 0.0146 1.31 (1.08-1.62) | 0.0179
Duration of type 2 diabetes
5-10 years 3.88 (3.624.16) | <0.001 3.09 (2.87-3.29) 0.0004 2.49 (2.16-3.03) | 0.0013
210 years 5.24 (4.51-6.53) | <0.001 443 (4.14-4.76) 0.0008 4.32 (3.75-4.69) | 0.0023
Uncontrolled hypertension (yes vs no) | 3.18 (2.76-3.63) | 0.001 2.21 (1.86-2.59) 0.02 2.68 (2.30-3.10) | 0.03
Poor glycaemic control (yes vs no) 6.37 (6.21-6.54) | <0.001 5.69 (5.32-6.12) <0.001 5.21 (4.88-5.60) | <0.001
Body mass index
Overweight 3.16 (2.94-3.40) | 0.021 2.00 (1.75-2.30) 0.0268 1.36 (1.21-1.86) | 0.0193
Obese 3.56 (3.33-3.82) | 0.035 2.29 (2.14-2.46) 0.0183 1.76 (1.41-2.12) | 0.0177
Dyslipidaemia (yes vs no) 2.24 (1.91-2.56) | 0.010 2.13 (1.78-2.46) 0.0148 1.46 (1.22-1.75) | 0.0262
Notes: Reference categories: 1) age: 18—44 years, 2) duration of type 2 diabetes: <5 years, and 3) body mass index: normal.

Abbreviations: Cl, confidence interval; CHR, crude hazard ratio.

diabetic nephropathy is the least common microvascular complication. The observed results confirm the previous findings from
a recent regional review and the international literature.”>*°
Of greater relevance to epidemiological research, it is important to examine the role of the risk factors for progressive

long-term chronic diseases. The risk factors related to T2D complications are multifactorial and traditional.'>*” The

AHR (95% CI) p value

Dyslipidemia 1.89 (1.22—2.74) 0.005 o s
Obese 2.37 (1.21—3.39) 0.002

Overweight 1.93 (1.12—2.74) 0.003 —_—

Poor glycemic control 4.65(3.9—5.19) <0.001 Pe——————y=————
Uncontrolled hypertension 3.93 (3.06—4.95) 0.004
Duration of disease 210 years 531 (4.61—6.81) <0.001
Duration of disease 5-10 years 3.01(2.01—4.36) <0.001
0 1 2 3 4 5 6 7 8

Adjusted hazard ratio (95% Cl)

Figure 3 Forest plot of adjusted model. Model of microvascular complications adjusted for age, sex, nationality, education, smoking habits, and family history of diabetes
represents the adjusted hazard ratios for the association between risk factors and prevalent microvascular complications, while horizontal lines indicate the corresponding
95% confidence intervals around the adjusted hazard ratios.

Abbreviations: AHR, adjusted hazard ratio; Cl, confidence interval.
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present study found a positive association between microvascular complications and some aforementioned prognostic
factors, which is consistent with the findings of several previous studies.'®*® The present study demonstrates that poor
glycaemic control and a longer duration of T2D were the strongest predictors of microvascular complications. Overall,
the dose-response association was observed between the risk of microvascular complications and age; the risk increased
with age, and the highest risk was observed in the oldest age groups among male patients. This finding is in accordance
with the results of previous studies conducted in Asian and Western countries.”’ >? In this study, nationality and
educational status did not cause a significant increase in the risk of developing microvascular complications. This finding
is consistent with the results of previous studies. Additionally, the increased risk of developing microvascular complica-
tions persisted even after controlling for variations in baseline characteristics. Hence, these results should be confirmed
by reviewing a considerable body of literature.**>°

Age is an important predictor of vascular damage in patients with diabetes. These data suggest that the risk of
developing diabetic retinopathy in the middle and older age groups (aged >45 years) of T2D patients was more than two
times higher than that in younger patients (aged 18—44 years). Similar results were obtained in a recent review from the
United States and in a prospective observational study from South Asia.*®*” This is most likely due to the cumulative
effect of insulin resistance and beta-cell loss with increasing age, which results in hyperglycaemia, thus causing
microvascular damage.*® Furthermore, sex plays a major role in the incidence and natural course of many diseases.
Sex differences in the diagnosis and management of vascular illnesses have been discussed previously. The incidence of
diabetic retinopathy was consistently higher in men than in women. Likewise, a large-scale, multicentre, retrospective
cross-sectional study found that male sex per se might be a risk factor for diabetic retinopathy development.** On the
contrary, a nationwide study of diabetic retinopathy conducted in Poland claimed that women are more prone to
developing diabetic retinopathy.*® Moreover, smoking is one of the biggest causes of death and illness, and the findings
of the current study indicate a higher risk of retinopathy among smokers. Most previous studies investigating the
association between smoking and microvascular complications demonstrated that smoking tobacco significantly

increased the risk of developing retinopathy,*!*?

43,44

although several other studies showed significantly decreased or no
association.

A family history of diabetes is another well-investigated predictor of T2D microvascular complications. In addition to
genetic risk factors, numerous studies have supported the role of genetic determinants in the susceptibility to diabetes-
related complications. The results of this study showed that a family history of diabetes was a significant risk factor for
diabetic peripheral neuropathy and was reviewed for patients in Saudi Arabia.'” The patients who had T2D for more than
or equal to 10 years were more likely to develop chronic diabetes complications compared with their counterparts. There
are several possible explanations for this finding. Long-standing hyperglycaemia affects the blood vessels. Furthermore,
these injuries can cause problems to the kidneys, eyes, feet, and nerves. This study revealed that the patients had a longer
duration of diabetes. This finding supports the results of a recent meta-analysis that included 171 studies on T2D patients
from different cities in China from 2014 to 2019.**° Additionally, previous studies from various settings had
documented that around 25-50% of T2D patients have coexisting hypertension, and that T2D doubles the risk of
peripheral neuropathy development. Previous epidemiological studies have shown a possible association between
uncontrolled hypertension and adverse outcomes. This may be because uncontrolled hypertension accelerates the
progression and development of microvascular complications.*’ In this study, the results of the Cox regression analysis
showed that uncontrolled hypertension is a risk factor for peripheral neuropathy, with a HR of uncontrolled hypertension
of 1.52. Based on the present findings, a review conducted in the United Kingdom concluded that there is a significant
association between diabetic peripheral neuropathy and hypertension.**

As evidenced by the data presented in the current study, poor glycaemic control is another major contributing factor.
Several studies have unequivocally demonstrated the negative impact of poor glycaemic control on the patient outcomes.
In a single-centre study, glycated haemoglobin variability was independently associated with the development of
nephropathy.'**’ The results of this single-centre study lend further support to this finding reported in Saudi Arabian
residents. In addition, high BMI was significantly associated with diabetic nephropathy. Although a variety of factors can
affect the development of microvascular complications in the T2D population, lifestyle habits typically associated with
suburbanisation are likely the most significant factors. This finding is in accordance with the results of a previous study
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conducted in Canada.’® Moreover, evidence from the present study suggests that participants with dyslipidaemia have
a higher likelihood of developing diabetic nephropathy. Previous studies evaluating the association between nephropathy
and blood lipid profiles reported controversial results. Some studies’' reported a positive association between blood lipid
parameters and nephropathy, while others®> showed negative associations. The findings of the present study were
concordant with the results of previous studies.

Strengths and Limitations of the Study

This study has several strengths, including a large patient population that reflects the communities examined. This
study was carried out using electronic health records, and the benefit of using the electronic system decreased the risk
of potential confounding factors. Furthermore, excluding patients with a T2D diagnosis of <6 months allows the
selection of a cohort that is consistently followed up in the system. This study provides insights that are relevant to
regional and international audiences. Meanwhile, this study has some limitations. It does not provide estimates of the
number of patients in the database who sought care outside of these two hospitals, which could lead to either
underestimation or overestimation of the incidence of microvascular complications. Second, at the time of analysis,
HbAlc levels were only available at baseline, and the impact of the changes in glycaemic control level with time
should be the focus of future studies. Third, due to the limited resources, not all risk factors related to microvascular
complications were included in this study. Forth, these two hospitals provide preventive services and medical care to
armed force members and their families. This study findings could have limited generalizability to the overall Saudi
population.

Conclusions

In conclusion, the present study attempted to depict the current incidence of diabetes-related microvascular complications
in Tabuk, Saudi Arabia. Glycaemic, traditional, and non-traditional risk factors contribute to the occurrence of these
complications. Thus, additional multi-dimensional and multi-sectoral studies are highly recommended to strengthen the
evidence and consolidate more facts as a framework for establishing policies and programs to prevent diabetes and its
complications. There is also an urgent need to develop strategies and programs to prevent and control high blood sugar
levels and promote healthy lifestyle behaviours in the Saudi Arabian population.
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