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Abstract
Background: The aim of the study was to assess the health-related quality of life and its associated factors among people with type 2 diabetes in Saudi
Arabia.

Methods: A cross-sectional study was conducted among adults with type 2 diabetes who attended diabetes centres in three major cities in Saudi Arabia in
2017. Participants were interviewed and their medical records were reviewed. The EuroQol 5-Dimension 5-Level was used to assess health-related quality of
life, and bootstrap resampling with multiple regression analysis was used to identify its associated factors.

Results: A total of 1121 participants were recruited. The mean age was 57.6 ±11.1 years, and the mean utility index of the quality of life was 0.739 ±0.261
(0.795 ±0.197 for males and 0.709 ±0.285 for females) and dropped to 0.566 ±0.339 in the presence of micro- and macro-vascular complications. Among the
study participants, 51.0%, 12.3%, and 30.5% had problems with mobility, self-care and usual activity, respectively, while 51.6% and 45.8% had problems with
pain-discomfort and anxiety-depression, respectively. Factors associated with low health-related quality of life were low education level, physical activity < 150
minutes per week, long sitting time, anxiety, depression and diabetes complications.

Conclusions: Health-related quality of life is low among people with type 2 diabetes in Saudi Arabia, particularly among women and those who had diabetes
complications. In order to improve the quality of life, people with type 2 diabetes should maintain a healthy lifestyle, and appropriate interventions should be
taken to prevent complications and comorbidities.

Introduction
Globally, diabetes is a major and continuously growing health issue. This chronic disease is the most common endocrine disorder, affecting 8.8% of the adult
population worldwide, and it is projected that the global prevalence of the disease will reach 9.9% by 2045 [1]. Diabetes occurs when there is a defect in insulin
secretion, insulin action or both, which results in chronically elevated blood glucose level [2]. A high blood glucose level can damage large and small blood
vessels, leading to multiple diabetes complications, disability and reduced life expectancy. There are three major types of diabetes: type 1, type 2 and
gestational. Type 2 diabetes mellitus (T2DM), which mainly affect adults, is the most common type, accounting for 90% of cases of diabetes [2]. Unhealthy
eating habit, physical inactivity and obesity are the main risk factors for T2DM [2].

T2DM is managed by lifestyle modi�cation and medication to control blood glucose level. The main aim of the management is to maintain health and quality
of life of the affected people so that they live a normal life similar to those without diabetes. Health-related quality of life (HRQoL) focuses on a person’s
perception of wellbeing, including their physical and mental health [3], and is considered a multidimensional concept that involves the evaluation of the
positive and negative aspects of a person’s life [4]. Currently, HRQoL is recognised as an important tool in the assessment of the effect of chronic diseases on
quality of life, and is an important addition to the traditional measures of clinical outcomes, such as morbidity and mortality [5]. HRQoL also allows policy
makers to better understand the burden of chronic diseases and can be useful for evaluating the cost effectiveness of health programs and interventions [6].
Various generic and disease-speci�c tools that assess HRQoL have been used for people with diabetes [7]. Among these tools the EuroQol 5-Dimension is the
most widely used tool because of its simplicity, reliability and its ability to be used in cost-effectiveness analyses [5, 8].

Maintaining a good HRQoL for people with diabetes is challenging for both the affected persons and the healthcare systems. Over the long-term, diabetes can
lead to complications that can have an adverse effect on health and HRQoL. Many studies have shown that people with diabetes have lower HRQoL
compared to people without diabetes [9–11], especially when they have diabetes-related complications [9, 12, 13]. Studies also showed that age, gender,
socioeconomic status, obesity, duration of diabetes, hyperglycaemia, hypoglycaemia, insulin use, and the use of multiple medications were associated with
HRQoL [12–16]. Furthermore, the mere awareness of having diabetes had been found to impact the HRQoL [17]. A person’s beliefs, experiences and
expectations can also affect HRQoL and in�uence how other factors can affect it. This means that factors that affect HRQoL may vary between different
populations. Thus, identifying factors that affect HRQoL in each individual population is an essential step towards controlling these factors and maintaining
quality of life for people with diabetes.

The Gulf Cooperation Council (GCC) countries, including Saudi Arabia, Kuwait, Bahrain, Qatar, the United Arab Emirates and Oman have witnessed vast
economic and lifestyle changes over the past few decades. Along with these changes there has been a rapid increase in the prevalence of diabetes mellitus.
Currently, Saudi Arabia and the other GCC countries are among those with the highest prevalence of the disease, both regionally and globally [2]. Compared to
the global prevalence (8.8%) and the regional prevalence (10.7%) of diabetes among adults, Saudi Arabia has a considerably higher prevalence of 17.7% [2].
Previous studies have also shown that the prevalence of diabetes complications was high among Saudis with diabetes [18, 19] and that their HRQoL was low
[11, 20].

A few studies have assessed HRQoL among people with T2DM in Saudi Arabia. These studies were limited to small samples and small geographical
locations [11, 20–22]. In addition, it is challenging to compare the results of these studies due to the use of different tools in the assessment of HRQoL.
Further, factors associated with overall HRQoL and each of its dimensions have not been explored adequately. The aim of this study was to assess the HRQoL
among people with T2DM in Saudi Arabia and to explore the effect of various demographic, behavioural and clinical factors on HRQoL and each of its
dimensions.

Methods

Study Design and Population
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The study was conducted as a cross-sectional survey. The study population consisted of attendees of diabetes centres in the cities Hofuf, Riyadh, and
Jeddah. Inclusion criteria were age 18 years or older, documented diagnosis of T2DM, and duration of diabetes of at least one year. Pregnant women and
people with other types of diabetes, including type 1 and gestational, were excluded from the study. The target was to recruit 1082 participants, which was
based on a sample size calculation with a 90% con�dence level, 5% signi�cance level, 2.5% margin of error around the previously reported prevalence of
diabetes complications and comorbidities in Saudi Arabia [23]. Ethical approval was obtained from the Monash University Human Research Ethics Committee
in Australia and the Research Ethics Committee of the Ministry of Health in Saudi Arabia. All study procedures were carried out in accordance with the
principles of the Declaration of Helsinki as revised in 2013.

Data collection
Data collection took place between the 15th of May and the 30th of November 2017. Trained data collectors randomly approached consecutive attendees of
the diabetic centres and explained the study to them. Written informed consent was obtained upon their approval to participate, then they were interviewed
face-to-face using a structured, pre-tested questionnaire [23]. The collected information included socio-demographics, behavioural and disease-related data.
Socio-demographic data included gender, age, level of education achieved, area of residence and household income. Behavioural data included smoking
status and physical activity [24]. Disease-related data included duration of diabetes, modality of treatment, hypoglycaemia symptoms in the last month,
anxiety [25], depression [26], cognitive impairment [27], neuropathy [28] and history of diabetes complications and comorbidities [23].

HRQoL was assessed using the EuroQol 5-Dimension 5-Level (EQ-5D-5L). The EQ-5D-5L is a generic preference-based health status measuring tool [8]. It
provides information on health status on �ve dimensions: mobility, self-care, usual activities, pain-discomfort and anxiety-depression. Each dimension has �ve
possible responses: no problems, slight problems, moderate problems, serious problems and inability or extreme problems. Using a scoring algorithm, the
scores in the dimensions can be converted to a single index-based utility score (utility index) [8]. The United Kingdom scoring algorithm is often used when
country-speci�c weights are not available and has been used for the Saudi population previously [20]. The health utility score usually lies between zero and
one, where zero indicates very poor health status (death), and one indicates a perfect health status. A score below zero indicates a health status worse than
death. The visual analogue scale (VAS) is another part of the EQ-5D-5L instrument in which respondents can use a 20-centimetre VAS to subjectively rate their
health status at that day between zero (worst imaginable health status) and 100 (best imaginable health state). The establishers’ permissions to use the EQ-
5D-5L and the other tools were obtained.

At the end of the interview, the participants’ blood pressure, height and weight were measured in a standardised way [23]. Then, the participants’ medical
records were reviewed for recent lab test results, currently prescribed medications, and documented diagnosis of hypertension, coronary artery disease, stroke
and/or retinopathy.

Operational de�nitions
Body mass index (BMI) was categorised according to the current World Health Organization guidelines into normal (< 25.0 kg/m²), pre-obesity (25.0–
29.9 kg/m²) and obesity (≥ 30.0 kg/m²). Using the Global Physical Activity Questionnaire [24], the total number of minutes of physical activity per week was
categorised into ≥ 150 minutes and < 150 minutes [29]. The number of hours spent in sitting position per day were categorized into < 10 hours and ≥ 10 hours
[30]. Based on haemoglobin A1c (HbA1c) level, glycaemic control was categorised into good control (HbA1c < 7.0%) and poor control (HbA1c ≥ 7.0%) [29].
‘Hypoglycaemia symptoms in the last month’ was de�ned as any symptoms of mild or severe hypoglycaemia including feeling hungry, trembling or shakiness,
sweating, confusion, di�culty concentrating, and loss of consciousness. ‘Hypertension’ was de�ned as either: documented diagnosis of hypertension, taking
antihypertension medications, or three previous high blood pressure measures (systolic ≥ 140 mmHg or diastolic ≥ 90 mmHg) [29]. ‘Coronary artery disease’
was de�ned as documented diagnosis of coronary artery disease, taking medication for coronary artery disease, or underwent a procedure for coronary artery
disease. ‘Stroke’ was de�ned as documented diagnosis of irreversible cerebrovascular accident. ‘Diabetic foot’ was de�ned as a history of lower extremity
ulcers or amputations. ‘Retinopathy’ was de�ned as documented diagnosis of retinopathy, or the participant had been told by an ophthalmologist that he or
she had retinopathy. ‘Diabetes peripheral neuropathy’ was de�ned as a score of seven or more using the Michigan Neuropathy Screening Instrument [28].
‘Renal impairment’ was de�ned as estimated glomerular �ltration rate (eGFR) ≤ 60 ml/min/1.73m² which was calculated from serum creatinine using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [31]. ‘Depression’ was de�ned as a score of three and more in the Patient Health
Questionnaire-2 (PHQ-2) [26]. ‘Anxiety’ was de�ned as a score of three and more in the Generalized Anxiety Disorder Scale (GAD-2) [25]. ‘Impaired cognitive
function’ was de�ned as a score of ≤ 22 in the Rowland Universal Dementia Assessment Scale (RUDAS) [27].

Data Analysis
Stata SE version 15.0 was used for data analysis. The United Kingdom scoring algorithm was used to convert the scores in the dimensions to a single index-
based utility score. The original �ve responses to the EQ-5D-5L dimensions were dichotomized to ‘no problems’ and ‘any problems’. The mean and standard
deviation or frequency and percentages were used to summarise data. The univariate association between potential risk factors with the EQ-5D-5L
dimensions, utility index and VAS score were assessed using chi-square, t-test or analysis of variance (ANOVA). Based on a literature review and clinical
judgment, age, gender, education, household income, location of residence, smoking, physical activity per week, length of sitting time per day, duration of
diabetes, number of medications, hypoglycaemia events, insulin use, BMI, HbA1c, hypertension, diabetes complications, anxiety, depression and cognitive
impairment were identi�ed as factors with potential association with HRQoL. Of these variables, diabetes duration, insulin use, BMI, HbA1c, neuropathy, kidney
disease, and cognitive impairment had missing values which ranged between 0.09% for diabetes duration and 11.8% for cognitive impairment. Missing data
was imputed �ve times using the Ice Chained Equation method [32].

To identify factors associated with the EQ-5D-5L dimensions, utility index and the VAS score multiple (logistic or linear) regression with bootstrap resampling
with replacement was used [33, 34]. From each of the �ve imputed samples, 5000 samples, each of the same size as the original sample, were randomly
drawn with replacement (for a total of 25,000 bootstrap samples). Multiple regression was run for each of the bootstrap samples, and variables that appeared
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as signi�cantly associated with each of the outcomes were recorded. The percentage of times each variable appeared as signi�cant (p-value ≤ 0.05) in all the
25,000 samples was calculated. The variables with a percentage of appearance of 50% or higher were added to a multiple (logistic or linear) regression model,
along with age and gender to adjust for possible confounding effects. The adjusted odds ratio or beta coe�cient, their 95% con�dence interval, and the p-
value for the risk factors associated with the study outcomes were reported.

Results

General characteristics
A total of 1,121 persons participated in the study; however, the records of 10 participants (0.9%) were substantially incomplete and were excluded (n = 1,111).
The mean age was 57.6 (± 11.1) years, and 65.2% (724) of the participants were females. Of the study participants, 51.2% (569) had achieved primary
education or were illiterate, 31.0% (344) had achieved intermediate or tertiary education and 17.8% (198) had achieved university education. The mean
duration of diabetes was 13.9 (± 8.4) years. The overall mean utility index was 0.739 ± 0.261, while the mean VAS score was 69.8 ± 18.4. Of the participants,
51.0% had problems with mobility, 12.3% had problems with self-care, 30.5% had problems with usual activity, 51.6% had problems with pain-discomfort and
45.8% had problems with anxiety-depression.

Unadjusted association
Table 1 summarises participants’ demographic and behavioural characteristics according to the EQ-5D-5L dimensions, utility index, and VAS score. Secondary
level education and lower, physical activity < 150 minutes per week, and sitting for more than 10 hours per day were associated with lower utility index and
VAS score, as well as with higher prevalence of problems with all of the EQ-5D-5L dimensions. The prevalence of problems with mobility, usual activities, and
pain-discomfort was higher with advanced age, female gender and lower household income, while advanced age and remote area of residence were
associated with problems with self-care. Higher prevalence of problems with anxiety-depression was associated with lower household income and ever having
smoked. Advanced age, female gender and low household income were associated with lower mean utility index and VAS score, while remote location of
residence was associated with lower utility index but not VAS score.
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Table 1
Demographic and behavioural characteristics by EQ-5D dimensions, utility index, and VAS

Variable EQ-5D Domains Utility index
0.739 ± 0.261

VAS
69.8 ± 18.4

Any problems
with mobility
51.0% (n = 
566)

Any problems
with self-care
12.3% (n = 
137)

Any problems
with usual
activities
30.5% (n = 339)

Any problems
with pain-
discomfort
51.6% (n = 573)

Any problems with
anxiety-depression
45.8% (n = 509)

% P-
value

% P-
value

% P-value % P-value % P-value Mean 
± SD

P-
value

Mean 
± SD

P-
value

Age                            

<46 years 27.7 < 
0.001

8.0 < 
0.001

13.1 < 0.001 27.7 < 0.001 43.8 0.629 0.842 
± 
0.197

< 
0.001

76.1 
± 16.3

< 
0.001

46–60 years 49.7   9.4   26.8   51.8   47.2   0.745 
± 
0.259

  69.3 
± 18.5

 

>60 years 39.1   18.2   42.2   59.6   44.5   0.694 
± 
0.273

  68.2 
± 18.4

 

Gender:                            

Female 54.3 0.011 11.1 0.076 34.4 < 0.001 56.2 < 0.001 47.7 0.093 0.709 
± 
0.285

< 
0.001

66.3 
± 18.4

< 
0.001

Male 46.3   14.7   23.3   42.9   42.4   0.795 
± 
0.197

  76.2 
± 16.3

 

Education                            

University
/college

33.8 < 
0.001

6.6 0.006 16.2 < 0.001 36.9 < 0.001 34.3 < 0.001 0.851 
± 
0.115

< 
0.001

75.7 
± 16.2

< 
0.001

Up to secondary
level

54.7   13.6   33.6   54.8   48.3   0.715 
± 
0.273

  68.5 
± 18.6

 

Location of
residence

                           

Urban 50.7 0.934 11.1 < 
0.001

29.8 0.299 50.2 0.052 44.6 0.109 0.747 
± 
0.252

0.003 70.2 
± 18.0

0.072

Rural 52.6   13.7   32.6   56.8   52.6   0.724 
± 
0.268

  66.0 
± 19.3

 

Remote 51.6   29.0   38.7   64.5   54.8   0.631 
± 
0.355

  68.0 
± 22.1

 

Household
income

                           

<6001 SAR 54.5 0.029 14.0 0.115 36.2 < 0.001 57.6 < 0.001 51.8 < 0.001 0.685 
± 
0.303

< 
0.001

67.0 
± 18.6

< 
0.001

≥6001 SAR 47.9   10.9   25.6   46.4   40.7   0.786 
± 
0.208

  72.1 
± 17.9

 

Ever smoked                            

No 50.4 0.463 12.3 0.991 30.6 0.932 51.8 0.804 42.7 < 0.001 0.743 
± 
0.266

0.312 69.9 
± 18.8

0.469

Yes 53.3   12.3   30.3   50.8   60.5   0.722 
± 
0.234

  68.9 
± 16.5
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Variable EQ-5D Domains Utility index
0.739 ± 0.261

VAS
69.8 ± 18.4

Any problems
with mobility
51.0% (n = 
566)

Any problems
with self-care
12.3% (n = 
137)

Any problems
with usual
activities
30.5% (n = 339)

Any problems
with pain-
discomfort
51.6% (n = 573)

Any problems with
anxiety-depression
45.8% (n = 509)

% P-
value

% P-
value

% P-value % P-value % P-value Mean 
± SD

P-
value

Mean 
± SD

P-
value

Physical
activity

                           

≥150 min/week 27.4 < 
0.001

4.0 < 
0.001

12.8 < 0.001 33.8 < 0.001 35.7 < 0.001 0.855 
± 
0.167

< 
0.001

74.0 
± 16.4

< 
0.001

<150 min/week 60.8   15.8   37.9   59.0   50.1   0.690 
± 
0.278

  68.0 
± 18.9

 

Sitting time                            

<10 hours per
day

46.0 < 
0.001

9.4 < 
0.001

25.5 < 0.001 47.1 < 0.001 42.8 < 0.001 0.778 
± 
0.220

< 
0.001

71.5 
± 17.5

< 
0.001

≥10 hours per
day

74.5   26.6   54.7   72.9   60.4   0.554 
± 
0.351

  61.6 
± 20.3

 

Table 2 shows disease-related and clinical characteristics according to the EQ-5D-5L dimensions, utility index, and VAS score. Longer duration of diabetes,
insulin use, hypoglycaemia events in the last month, hypertension, diabetic foot, neuropathy, and retinopathy were associated with higher prevalence of
problems with all of the EQ-5D-5L dimensions, as well as with lower utility index and VAS score. Coronary artery disease has a similar effect on the EQ-5D-5L
dimensions utility index, but not on VAS score. High BMI was associated with lower utility index and VAS score, as well as problems with all of the EQ-5D-5L
dimensions except self-care. The prevalence of problems with mobility increased with the number of medications, HbA1c ≥ 7%, stroke, renal disease,
depression and cognitive impairment, while problems with self-care were associated with stroke, renal disease and impaired cognitive function. HbA1c ≥ 7%,
stroke, renal disease, depression and cognitive impairment were associated with higher prevalence of problems with usual activities. Higher prevalence of
problems with pain-discomfort was associated with the number of medications, HbA1c ≥ 7%, renal disease, depression, and anxiety, while higher prevalence
of problems with anxiety-depression was associated with stroke. Other factors associated with lower mean utility index and VAS score were the number of
medications, HbA1c ≥ 7%, renal disease, depression, anxiety and cognitive impairment. Stroke was associated with a lower utility index.



Page 7/16

Table 2
Disease related and clinical characteristics by EQ-5D dimensions, utility index, and VAS

Variable EQ-5D Domains Utility index
0.739 ± 0.261

VAS
69.8 ± 18.4

Any problems
with mobility
51.0% (n = 
566)

Any problems
with self-care
12.3% (n = 
137)

Any problems
with usual
activities
30.5% (n = 339)

Any problems
with pain-
discomfort
51.6% (n = 573)

Any problems
with anxiety-
depression
45.8% (n = 509)

% P-
value

% P-
value

% P-value % P-value % P-value Mean 
± SD

P-
value

Mean 
± SD

P-
value

Diabetes duration                            

≤10 years 42.6 < 
0.001

8.6 0.004 22.6 < 0.001 41.2 < 0.001 41.0 0.011 0.789 
± 
0.222

< 
0.001

71.4 
± 17.4

0.025

>10 years 55.9   14.5   35.2   57.8   48.8   0.709 
± 
0.278

  68.8 
± 18.9

 

Insulin use                            

No 45.5 < 
0.001

7.5 < 
0.001

23.7 < 0.001 44.5 < 0.001 42.4 0.009 0.784 
± 
0.219

< 
0.001

72.7 
± 17.2

< 
0.001

Yes 57.7   18.2   38.9   60.3   50.2   0.682 
± 
0.296

  66.1 
± 19.1

 

Number of
medications

                           

0–2 medications 41.4 0.014 8.1 0.247 24.7 0.134 39.1 0.001 39.1 0.154 0.800 
± 
0.235

0.004 72.7 
± 18.0

0.027

3–4 medications 51.3   12.7   29.5   52.1   47.7   0.738 
± 
0.254

  70.2 
± 17.6

 

5 and more 54.3   12.4   32.7   54.9   46.3   0.726 
± 
0.260

  68.5 
± 18.7

 

Hypoglycaemia
event during last
month

                           

No 47.4 0.005 9.7 0.002 26.2 < 0.001 45.3 < 0.001 39.7 < 0.001 0.773 
± 
0.244

< 
0.001

71.3 
± 17.7

0.001

Yes 55.9   16.0   36.5   60.1   54.2   0.692 
± 
0.667

  67.6 
± 19.1

 

Body mass index                            

Underweight/normal 38.9 < 
0.001

11.5 0.106 25.7 < 0.001 42.5 < 0.001 43.4 < 0.001 0.796 
± 
0.192

< 
0.001

74.3 
± 17.0

< 
0.001

Pre-obesity 40.3   9.0   21.3   41.7   36.3   0.812 
± 
0.195

  73.1 
± 17.3

 

Obesity 57.4   13.8   35.2   57.4   50.3   0.698 
± 
0.286

  67.6 
± 18.4

 

Glycaemic control                            

HbA1c < 7% 45.3 0.029 9.9 0.161 24.7 0.023 44.5 0.008 43.7 0.402 0.773 
± 
0.235

0.017 71.8 
± 16.5

0.029

HbA1c ≥ 7% 53.0   13.2   32.1   53.9   46.7   0.729 
± 
0.265

  69.0 
± 18.9
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Variable EQ-5D Domains Utility index
0.739 ± 0.261

VAS
69.8 ± 18.4

Any problems
with mobility
51.0% (n = 
566)

Any problems
with self-care
12.3% (n = 
137)

Any problems
with usual
activities
30.5% (n = 339)

Any problems
with pain-
discomfort
51.6% (n = 573)

Any problems
with anxiety-
depression
45.8% (n = 509)

% P-
value

% P-
value

% P-value % P-value % P-value Mean 
± SD

P-
value

Mean 
± SD

P-
value

Hypertension                            

No 38.7 < 
0.001

6.9 < 
0.001

21.9 < 0.001 42.0 < 0.001 40.8 0.029 0.796 
± 
0.226

< 
0.001

74.1 
± 17.1

< 
0.001

Yes 56.2   14.7   34.2   55.7   47.9   0.715 
± 
0.271

  67.9 
± 18.6

 

Coronary artery
disease

                           

No 47.9 < 
0.001

10.2 < 
0.001

27.0 < 0.001 48.3 < 0.001 43.6 0.001 0.761 
± 
0.245

< 
0.001

70.2 
± 17.9

0.056

Yes 65.6   22.8   47.6   67.7   56.6   0.632 
± 
0.309

  67.4 
± 20.4

 

Diabetic foot                            

No 45.5 < 
0.001

9.3 < 
0.001

26.9 < 0.001 46.4 < 0.001 42.8 < 0.001 0.776 
± 
0.233

< 
0.001

71.5 
± 18.1

< 
0.001

Yes 70.6   32.2   50.4   73.4   61.5   0.552 
± 
0.340

  63.8 
± 19.5

 

Stroke                            

No 49.5 < 
0.001

11.5 < 
0.001

29.3 < 0.001 51.0 0.062 44.8 < 0.001 0.747 
± 
0.254

< 
0.001

69.8 
± 18.2

0.477

Yes 87.8   35.2   63.4   65.9   73.2   0.532 
± 
0.351

  67.8 
± 21.6

 

Retinopathy                            

No 45.4 < 
0.001

8.4 < 
0.001

23.9 < 0.001 43.6 < 0.001 40.9 < 0.001 0.785 
± 
0.223

< 
0.001

72.1 
± 17.0

< 
0.001

Yes 58.4   17.7   39.3   62.2   52.3   0.677 
± 
0.293

  66.7 
± 19.7

 

Neuropathy                            

No 52.9 < 
0.001

8.2 < 
0.001

23.5 < 0.001 43.1 < 0.001 39.9 < 0.001 0.796 
± 
0.218

< 
0.001

72.5 
± 18.0

< 
0.001

Yes 73.8   29.7   56.9   78.2   67.8   0.536 
± 
0.320

  62.1 
± 18.1

 

Renal disease                            

No 47.3 < 
0.001

9.2 < 
0.001

26.2 < 0.001 48.4 < 0.001 45.5 0.258 0.764 
± 
0.229

< 
0.001

70.8 
± 17.9

< 
0.001

Yes 72.1   28.0   55.9   70.2   50.3   0.593 
± 
0.359

  63.9 
± 19.8

 

Depression                            
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Variable EQ-5D Domains Utility index
0.739 ± 0.261

VAS
69.8 ± 18.4

Any problems
with mobility
51.0% (n = 
566)

Any problems
with self-care
12.3% (n = 
137)

Any problems
with usual
activities
30.5% (n = 339)

Any problems
with pain-
discomfort
51.6% (n = 573)

Any problems
with anxiety-
depression
45.8% (n = 509)

% P-
value

% P-
value

% P-value % P-value % P-value Mean 
± SD

P-
value

Mean 
± SD

P-
value

No 49.2 0.011 11.1 0.006 27.4 < 0.001 48.3 < 0.001 - - 0.772 
± 
0.239

< 
0.001

72.3 
± 17.1

< 
0.001

Yes 59.5   18.4   46.0   68.1       0.573 
± 
0.301

  56.8 
± 19.2

 

Anxiety                            

No 50.5 0.518 11.6 0.080 29.5 0.076 48.5 < 0.001 - - 0.765 
± 
0.243

< 
0.001

71.6 
± 17.5

< 
0.001

Yes 53.2   16.4   36.3   68.4       0.596 
± 
0.307

  59.3 
± 19.5

 

Cognitive
impairment

                           

No 46.2 0.016 8.6 < 
0.001

26.4 < 0.001 48.7 0.199 44.5 0.352 0.771 
± 
0.231

< 
0.001

72.4 
± 18.3

< 
0.001

Yes 54.8   22.8   39.3   53.3   47.8   0.679 
± 
0.329

  66.0 
± 18.0

 

Adjusted association
Results of bootstrap analysis to identify factors that were signi�cantly associated with EQ-5D-5L dimensions, utility index and VAS score are presented in
Table 3. Along with age and gender, factors that appeared signi�cantly associated in at least 50% of the bootstrap samples were used to develop multiple
logistic regression models for each of the EQ-5D-5L dimensions (Table 4), and multiple linear regression models for utility index and VAS score (Table 5).
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Table 3
Percentage of appearance of variables as signi�cantly associated with the EQ-5D dimensions, utility index, and VAS

Variable EQ-5D Domain Utility
index

VAS

Any problems
with mobility

Any problems
with self-care

Any problems with
usual activities

Any problems with
pain -discomfort

Any problems with
anxiety-depression

Age ≥ 61 years 66.0%* 14.8% 93.4%* 86.3%* 41.6% 36.2% 18.3%

Female gender 10.5% 97.4%* 14.6% 11.8% 7.2% 3.8% 100.0%*

Education up to
secondary level

78.3%* 43.3% 46.0% 32.0% 41.7% 89.6%* 16.2%

Remote location of
residence

8.0% 91.3%* 7.1% 20.1% 6.3% 46.7% 19.8%

Household income < 
6001 SAR

36.9% 61.8%* 9.5% 5.8% 6.2% 6.4% 28.9%

Ever smoked 11.7% 9.0% 5.9% 11.7% 77.3%* 5.1% 11.8%

Physical activity < 
150 min/week

100.0%* 97.2%* 99.5%* 96.1%* 56.4%* 100.0%* 18.6%

Sitting time ≥ 10
hours per day

96.8%* 60.3%* 90.6%* 86.7%* 47.5% 100.0%* 96.6%*

Diabetes Duration > 
10 years

19.6% 8.0% 5.9% 26.3% 31.2% 9.7% 43.4%

Insulin use 5.7% 52.9%* 19.9% 6.4% 7.0% 14.8% 91.6%*

Number of
medications ≥ 4
types

10.4% 32.8% 17.5% 8.3% 19.6% 10.0% 30.6%

Hypoglycaemia
symptoms last
month

12.1% 19.4% 16.8% 57.1%* 59.8%* 20.3% 5.1%

Body mass index ≥ 
30.0 kg/m²

96.3%* 13.7% 59.8%* 81.6%* 48.5% 99.0%* 26.7%

Poor glycaemic
control (HbA1c ≥ 7%)

19.8% 4.8% 25.1% 21.6% 6.6% 8.6% 7.6%

Hypertension 60.5%* 46.6% 8.7% 22.9% 24.5% 22.7% 89.2%*

Coronary artery
disease

17.7% 20.5% 50.3%* 48.2% 29.5% 64.2%* 11.4%

Diabetic foot 44.6% 80.2%* 15.8% 40.3% 13.5% 84.9%* 24.8%

Stroke 86.4%* 28.6% 69.8%* 6.5% 41.9% 69.0%* 19.0%

Retinopathy 4.9% 6.8% 9.5% 21.9% 14.8% 13.7% 15.2%

Neuropathy 99.6%* 98.3%* 99.9%* 99.9%* 79.0%* 100.0%* 64.8%*

Renal disease 86.8%* 85.6%* 98.5%* 58.0%* 8.0% 98.1%* 42.8%

Depression 23.7% 23.2% 83.8%* 24.1% - 99.2%* 100.0%*

Anxiety 38.4% 10.3% 45.5% 55.9%* - 60.6%* 79.1%*

Impaired cognitive
function

41.1% 84.2%* 8.1% 84.5%* 14.6% 9.5% 69.2%*

* Variable used in model development (appeared as signi�cantly associated in 50% or more of the bootstrap samples)



Page 11/16

Table 4
Adjusted association between various risk factors and each of the EQ-5D dimensions

Variable Any problems with
mobility

  Any problems
with self-care

  Any problems with
usual activities

  Any problems with
pain-discomfort

  Any problems w
anxiety-depres

Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

Age (ref:
<46 years)

                                   

46–60 years 1.5 0.9,
2.4

0.088   0.7 0.3,
1.6

0.399   1.7 0.9,
3.1

0.108   2.2 1.4,
3.6

0.001   1.1 0.7,
1.6

>60 years 1.6 1.0,
2.8

0.051   1.0 0.4,
2.3

0.986   2.8 1.5,
5.4

0.001   3.2 1.9,
5.3

< 
0.001

  0.9 0.6,
1.4

Female gender
(ref: Male)

0.8 0.6,
1.1

0.140   0.5 0.3,
0.8

0.009   1.5 1.1,
2.2

0.024   1.2 0.9,
1.7

0.172   1.1 0.8,
1.4

Education up to
secondary level
(ref: university)

1.6 1.1,
2.4

0.023   - - -   - - -   - - -   - -

Household
income < 6001
SAR (ref:
≥6001)

- - -   0.7 0.4,
1.2

0.224   - - -   - - -   - -

Remote area of
residence (ref:
urban / rural)

- - -   3.2 1.5,
7.1

0.003   - - -   - - -   - -

Ever smoked
(ref: no)

- - -   - - -   - - -   - - -   2.1 1.5,
2.9

Physical activity 
< 150 min/week
(Ref:
≥150 min/week)

3.0 2.1,
4.1

< 
0.001

  3.2 1.6,
6.3

0.001   2.7 1.8,
4.1

< 
0.001

  1.8 1.3,
2.5

< 
0.001

  1.6 1.2,
2.2

Sitting time ≥ 10
hours per day
(ref: <10
hours/day)

2.0 1.3,
3.2

0.002   1.8 1.0,
3.0

0.039   2.2 1.4,
3.4

< 
0.001

  2.0 1.3,
3.1

0.003   - -

Using insulin - - -   1.4 0.9,
2.3

0.132   - - -   - - -   - -

Hypoglycaemia
events last
month (ref: no)

- - -   - - -   - - -   1.3 1.0,
1.8

0.062   1.3 1.0,
1.7

BMI (ref < 
25.0 kg/m²)

                                   

25.0-29.9 kg/m² 0.9 0.5,
1.4

0.580   - - -   0.7 0.4,
1.3

0.272   1.0 0.6,
1.7

0.961   - -

≥30.0 kg/m² 1.5 0.9,
2.4

0.113   - - -   1.1 0.6,
1.9

0.708   1.6 1.0,
2.6

0.048   - -

Hypertension
(ref: no)

1.5 1.1,
2.0

0.022   - - -   - - -   - - -   - -

Coronary artery
disease (ref: no)

- - -   - - -   1.7 1.1,
2.5

0.015   - - -   - -

Diabetic foot
(ref: no)

- - -   2.2 1.3,
3.8

0.004   - - -   - - -   - -

Stroke (ref: no) 4.4 1.5,
13.3

0.008   - - -   2.7 1.2,
6.2

0.017   - - -   - -

Neuropathy (ref:
no)

2.8 1.9,
4.2

< 
0.001

  3.4 2.0,
5.6

< 
0.001

  3.2 2.2,
4.6

< 
0.001

  3.3 2.2,
5.0

< 
0.001

  2.7 1.9,
3.8

Renal
impairment (ref:
no)

2.1 1.4,
3.3

0.001   2.4 1.4,
3.9

0.001   2.8 1.8,
4.3

< 
0.001

  1.8 1.2,
2.8

0.008   - -

Note: The area under the receiver operational characteristics curve for the models predicting problems with mobility, self-care, usual activities, pain-discomfor
anxiety-depression were respectively 75.6%, 81.7%, 79.1%, 74.5%, 66.5%.
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Variable Any problems with
mobility

  Any problems
with self-care

  Any problems with
usual activities

  Any problems with
pain-discomfort

  Any problems w
anxiety-depres

Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

P-
value

  Odds
ratio

95%
CI

Depression (ref:
no)

- - -   - - -   1.6 1.0,
2.4

0.033   - - -   - -

Anxiety (ref: no) - - -   - - -   - - -   1.9 1.3,
3.0

0.002   - -

Impaired
cognitive
function (ref: no)

- - -   2.3 1.4,
3.7

0.001   - - -   0.7 0.5,
1.0

0.046   - -

Note: The area under the receiver operational characteristics curve for the models predicting problems with mobility, self-care, usual activities, pain-discomfor
anxiety-depression were respectively 75.6%, 81.7%, 79.1%, 74.5%, 66.5%.

Table 5
Adjusted association between various risk factors and utility index and VAS

Variable Utility index   VAS

Beta coe�cient 95% CI P-value   Beta coe�cient 95% CI P-value

Age (ref: <46 years)              

46–60 years -0.012 -0.054, 0.030 0.566   -2.236 -5.471, 0.999 0.175

>60 years -0.031 -0.077, 0.015 0.185   -2.688 -6.242, 0.867 0.138

Female gender (ref: Male) -0.021 -0.050, 0.008 0.163   -6.176 -8.335, -4.016 < 0.001

Education up to secondary level (ref: university) -0.056 0.092, -0.020 0.003   - - -

Physical activity < 150 min/week (Ref: ≥150 min/week) -0.074 -0.104, -0.043 < 0.001   - - -

Sitting time ≥ 10 hours per day (ref: <10 hours/day) -0.133 -0.173, -0.094 < 0.001   -4.875 -7.941, -1.808 0.002

Using insulin - - -   -3.589 -5.715, -1.462 0.001

BMI (ref < 25.0 kg/m²)              

25.0-29.9 kg/m² 0.015 -0.032, 0.063 0.520   - - -

≥30.0 kg/m² -0.043 -0.087, 0.001 0.056   - - -

Hypertension (ref: no) - - -   -4.279 -6.607, -1.952 < 0.001

Coronary artery disease (ref: no) -0.068 -0.104, -0.032 < 0.001   - - -

Neuropathy (ref: no) -0.138 -0.175, -0.101 < 0.001   -4.788 -7.520, -2.056 0.001

Renal impairment (ref: no) -0.101 -0.140, -0.063 < 0.001   - - -

Stroke (ref: no) -0.146 -0.220, -0.071 < 0.001   - - -

Diabetic foot (ref: no) -0.074 -0.115, -0.032 0.001   - - -

Depression (ref: no) -0.095 -0.136, -0.053 < 0.001   -10.910 -14.187, -8.634 < 0.001

Anxiety (ref: no) -0.062 -0.104, -0.019 0.004   -4.077 -7.437, -0.716 0.017

Impaired cognitive function (ref: no) - - -   -3.226 -5.641, -0.810 0.009

Note: the utility index model adjusted R² was 37.5%. The VAS model adjusted R² was 21.4%.

The odds of problems with mobility increased by 60% among people with secondary level education or lower. Long sitting time and physical inactivity
increased the odds 2-fold and 3-fold, respectively (Table 4), while hypertension increased the odds by 50%. Stroke, neuropathy, and renal impairment were
associated with 4.4-fold, 2.8-fold, and 2.1-fold increases in the odds of problems with mobility, respectively.

Regarding problems with self-care, the odds decreased by 50% for female gender, while remote area of residence was associated with a 3.2-fold increase in
odds. Long sitting time and physical inactivity led to 1.8-fold and 3.2-fold increase in odds, respectively. Diabetic foot, neuropathy, and renal impairment were
associated with 2.2-fold, 3.4-fold and 2.4-fold increase in odds, respectively. Impaired cognitive function increased the odds 2.3-fold.

The odds of problems with usual activity increased by a 2.8-fold for age over 60 years and by 50% for being female. Long sitting time and physical inactivity
were associated with 2.2-fold and 2.7-fold increase in odds, respectively. The odds of problems with usual activity also increased 1.7-fold for coronary artery
disease, 2.7-fold for stroke, 3.2-fold for neuropathy, 2.8-fold for renal impairment and 1.6-fold for depression.
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With regard to problems with pain-discomfort, the odds increased 2.2-fold for age between 46 and 60 years, and 3.2-fold for age over 60 years. Physical
inactivity and long sitting time increased the odds 1.8-fold and 2.0-fold respectively, while BMI ≥ 30.0 kg/m² increased the odds by 60%. Neuropathy and renal
impairment were associated with 3.3-fold and 1.8-fold higher odds, respectively. There was also an increase in the odds by 90% for anxiety, while impaired
cognitive function was associated with 30% lower odds.

The odds of problems with anxiety-depression was higher by 2.1-fold for those who were current or past smokers and by 1.6-fold for being physically inactive.
Hypoglycaemia events in last month was associated with a 1.3-fold increase in odds, while neuropathy increased the odds of problems with anxiety-
depression 2.7-fold.

Results of the multiple linear regression analysis for utility index and VAS score are presented in Table 5. Factors signi�cantly associated with lower utility
index were low education level, physical inactivity, long sitting time, coronary artery disease, diabetic foot, stroke, neuropathy, renal impairment, depression and
anxiety. The model has a coe�cient of determination (R²) of 37.5%. Lower VAS score was associated with being female, long sitting time, use of insulin,
hypertension, neuropathy, depression, anxiety and cognitive impairment. The model’s R² was 21.4%.

Discussion
HRQoL is a vital tool in the assessment of the effect of chronic diseases on quality of life. Diabetes and its related complications can have a substantial effect
on HRQoL. The aim of this study was to assess the HRQoL and its associated factors among people with T2DM in Saudi Arabia. Results showed that the
HRQoL for people with T2DM in Saudi Arabia was low, especially among females and those who had diabetes complications. A number of lifestyle and other
modi�able factors were also found to be associated with low HRQoL.

The mean utility index and VAS score in this study were comparable to a previous single-centre small sample study from Saudi Arabia, which reported a mean
utility index of 0.71 ± 0.22 and a VAS score of 68.5 ± 16.8 [20]. A study from Iran also reported a similar mean utility index; however, the VAS score in that study
was lower than that in the present study [35]. Studies from Norway, Japan and Korea reported higher utility indexes ranging from 0.83 to 0.94 [36–38].
Differences in the populations and the healthcare systems may explain the variation in the utility index between these studies and the current study. The
highest prevalence of any problems among this study’s participants was with pain-discomfort (51.6%), followed by mobility (51.0%) and then anxiety-
depression (45.8%). This is in concordance with the results of studies from Iran, Japan and Norway [35–37].

Advanced age appeared to be associated with problems with usual activities and pain-discomfort but not with utility index. Similar �ndings regarding the
effect of age on utility index were reported in previous studies from Saudi Arabia and Canada [11, 20, 39]. In contrast, other studies have shown that advanced
age was associated with lower utility index [6, 10, 40]. With advanced age, there may be a reduction in body strength and physical function that affects quality
of life.

Female participants in this study had a lower mean utility index compared to male participants. Many previous studies reported similar �ndings [10, 11, 20, 22,
35, 41, 42], and linked this association to higher rates of physical inactivity and obesity among women [20, 35, 42]. Among our participants, higher proportions
of females were physically inactive and were spending more than 10 hours per day in a sitting position compared to males. The prevalence of obesity among
females was also higher than that among males. This study also showed that physical inactivity was associated with problems with all of the EQ-5D-5L
dimensions, while longer sitting time appeared to have a similar association except for anxiety-depression. Moreover, both physical inactivity and longer
sitting time were independently associated with a lower utility index. Our �nding about the association between physical inactivity and lower HRQoL is
supported by previous studies [11, 15, 43, 44]. However, the current study was the �rst to investigate the association between longer sitting time and lower
HRQoL among people with T2DM. Longer sitting time was found to be associated with higher risk of diabetes complications [19], which were strongly linked
to lower HRQoL [15, 22, 39, 40]. Thus, maintaining HRQoL through increasing physical activity and reducing sitting time should be emphasised in the
management of diabetes in Saudi Arabia.

Obesity can affect HRQoL, mainly through its impact on physical function and mental health. There are, however, con�icting reports regarding the association
between obesity and HRQoL. This study showed that obesity was associated with higher risk of problems with pain-discomfort; yet, obesity did not appear to
be associated with lower utility index. Similar �ndings were reported in another study [36]. In contrast, some studies have reported a signi�cant association [6,
11]. In the current study, obesity was more prevalent among young compared to old people. Young people were also less likely to have diabetes complications,
which may explain why obesity was not associated with a lower utility index. Nevertheless, obesity have been linked to higher risk of diabetes complications
among people with T2DM in Saudi Arabia [19]. Therefore, controlling the body weight is an important step to lower the risk of diabetes complications and
maintain HRQoL.

Similar to other studies [10, 35], the current study showed that a lower level of education was related to problems with mobility and lower HRQoL. Having a
higher level of education increases the likelihood of adherence to disease management plans and healthier lifestyle behaviours which lowers the risk of
diabetes complications and helps in maintaining HRQoL [45]. Previous studies also reported an association between poor HRQoL and both lower income and
rural or remote location of residence [10, 46]. The results of this study showed that, while remote area of residence was associated with problems with self-
care, household income and the area of residence were not associated with a lower utility index. A similar �nding regarding income was reported by another
study from Saudi Arabia [11].

This study showed that the duration of diabetes did not affect HRQoL. Previous studies from Saudi Arabia and Iran reported similar �ndings [11, 20, 35]. The
modality of treatment and the number of medications were also not associated with the utility index in this study; however, insulin use was associated with a
lower VAS score. The results of previous studies regarding the effect of modality of treatment and the number of medications were con�icting, some studies
�nding an association [16, 40], and others not [20, 35].
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Fear of hypoglycaemia may not affect HRQoL directly, but it may have an impact on the general quality of life through its negative effect on independence,
spontaneity and enjoyment of leisure activities [36]. This study also showed that hypoglycaemia was associated with a higher risk of anxiety-depression and
that anxiety and depression were independently related to lower utility index and VAS score. Previous studies also reported an association between HRQoL
and both anxiety and depression [47, 48]. Having smoked also appeared to be associated with problems with anxiety-depression, which may be explained by
its known relationship with increased risk of diabetes related complications. People with diabetes are at an increased risk of developing anxiety and
depression, and these mental illnesses can negatively affect the control of the disease and increase the risk of diabetes complications [49]. To optimise
HRQoL among people with T2DM in Saudi Arabia, screening and management of anxiety and depression should be prioritised among this high-risk
population.

Diabetes complications have a strong impact on HRQoL. In the current study, diabetes complications were associated with a 0.16- to 0.31-point reduction in
the mean utility index compared to people without complications (utility index 0.84 ± 0.17). Further analysis showed that people with macrovascular
complications only, and those with microvascular complications only had a mean utility index of 0.76 ± 0.17 and 0.73 ± 0.25, respectively. For people who had
both types of complications, the mean dropped to 0.57 ± 0.33. A similar decrement in the mean utility index for those with diabetes complications was
reported by other studies [39, 50]. After adjustment for confounders, diabetes complications remained strongly associated with lower utility index. This is in
concordance with the literature, which showed that diabetes complications have a substantial effect on HRQoL [6, 11, 15, 22, 39, 40]. Thus, the prevention of
diabetes complications is a key measure in improving the quality of life for people with diabetes.

The results of the current study also showed that diabetes complications affected several dimensions of HRQoL. Neuropathy in particular had an impact on
all of the HRQoL dimensions and was also associated with a lower VAS score. A strong association between neuropathy and HRQoL has been reported
previously [5, 10]. Altogether, this indicates that neuropathy is a concerning condition that should be prevented or controlled through adequate screening,
treatment and patient education.

Major strengths of this study were the relatively large sample size drawn from three different regions and the examinations of the effect of various
demographic, behavioural, and clinical factors on HRQoL using a robust analysis method. The use of the EQ-5D-5L tool to assess HRQoL also adds strength
to this study in making it easier to compare its results with those of other national and international studies. The results of this study, however, need to be
interpreted in the light of being a cross-sectional, meaning that only association and not causation can be inferred from its results. Nevertheless, this study
has identi�ed factors that have strong association with lower HRQoL among people with T2DM in Saudi Arabia. Future research should focus on exploring the
identi�ed associations using prospective studies. Healthcare providers and health policy makers should also use this study’s �ndings to develop patient-level
interventions and public health strategies to improve the quality of life of people with diabetes in Saudi Arabia.

Conclusions
To summarise, people with T2DM in Saudi Arabia have low HRQoL, especially among females and those with diabetes complications. In order to improve the
quality of life for this high-risk group, an active lifestyle should be encouraged, and anxiety, depression and diabetes complications should be prevented or
controlled by patient-level interventions and public health strategies.
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