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Diabetes mellitus is a major metabolic disease. Depression is always linked 
to diabetes. The studey objective is to estimate the prevalence of depression 
in patients with type 2 diabetes mellitus (T2DM) and to compare the 
prevalence of depression in different diagnostic tools and regions of Saudi 
Arabia. Data extraction was designed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines. Studies have been accessed through; PubMed, Google Scholar, 
EBSCO, and the Science Web. Statistical analyzes were carried out using a 
random-effects model using the STATA version 16 software. The pooled 
prevalence was shown in forest plots. A total of 24 studies with 7326 
participants were included and the overall pooled prevalence of depression 
among patients with T2DM in Saudi Arabia was 38.06% (95%CI; 30.84-
45.28). In accordance with subgroup analysis, the Western region and the 
central region recorded the highest prevalence of depression with 44.29% 
(95%CI; 33.65-54.93) and 36.81 % (95%CI; 6.95-66.66), respectively. PHQ-9 
was almost used by our included studies and estimated an overall pooled 
prevalence of 36.28% (95%CI; 22.93-49.63). The analysis demonstrated a 
high prevalence of comorbid depression among patients with T2DM in Saudi 
Arabia. Therefore, further investigations and health education by healthcare 
providers are required. 
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INTRODUCTION 
 
Diabetes mellitus (DM) can be defined as a group of 
metabolic diseases characterized by hyperglycemia 
resulting from defects in insulin secretion, insulin action, or 
both. It is a chronic medical condition with a possible long-
term impact on both the physical and psychological well-
being of the individual (American Diabetes Association, 
2010). DM affects 463 million adults worldwide, according 
to International Diabetes Federation (IDF) (International 
Diabetes Federation), and this prevalence increases 
expeditiously globally and at an alarming rate, particularly 
in the Middle East and North Africa (Dagogo et al., 2010; 
Shehab et al., 2015).  

Complications and comorbidities are critical sequelae of 
diabetes. DM is commonly associated with several 
comorbidities, including hypertension, dyslipidemia, and 
cardiovascular diseases (Dagogo et al., 2010). Uncontrolled 

diabetic patients may suffer from microvascular 
complications such as nephropathy, retinopathy, and 
neuropathy, in addition to macrovascular sequelae (Shehab 
et al., 2015). The diagnosis of diabetes has associated 
emotional stress and, together with the anticipated 
complications and comorbidities; can result in developing 
depression and anxiety among diabetic patients (Gonzalez 
et al., 2011; Yekta et al., 2010). 

In 2015, the WHO reported that the estimated prevalence 
of depression and anxiety was 4.4% and 3.6% throughout 
the world, respectively. In Saudi Arabia, the prevalence of 
depression and anxiety disorders in 2017 was nearly 4.5% 
and 4.3%, respectively (World Health Organization, 2017). 
It was counted that the prevalence of depression among 
diabetic patients is twice in comparison with the general 
population  (Nichols et al.,  2007).  Anxiety  and  depression  
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among diabetic patients have been accompanied by an 
increased risk of affecting the daily activities and quality of 
life, as well as higher health costs and more complications 
compared to normal people (Engum et al., 2005; Egede et 
al., 2002). 

Consequently, there is a mutual relationship between 
diabetes and depression has been demonstrated in several 
studies. Firstly, in the development of either of the diseases 
as the presence of one can lead to the other, and secondly, 
in the exacerbation of the symptoms. Also, it has been 
established that co-occurrence of both diseases leads to 
non-adherence to treatment plans (De Groot et al., 2001; 
Gonzalez et al., 2008). It is also evident in literature that 
treatment of depression helps significantly in the long-term 
management of diabetes (Mansour et al., 2013). 

Former studies have investigated the association 
between the prevalence of depression and patients with 
T2DM in several countries (Kaur et al., 2013; Sun et al., 
2016; Bensbaa et al., 2014; Sulaiman et al., 2010). The WHO 
World Health Survey (WHS) included 245,404 participants 
from 60 countries in different regions of the world and 
reported that depression has a serious role in predicting 
the prognosis of chronic diseases (Moussavi et al., 2007). 
Another study has assessed the prevalence of predictors of 
depression among T2DM attending primary healthcare 
centers in the Western region of Saudi Arabia and 
demonstrated higher rates of depression among diabetic 
patients (Alzahrani et al., 2019). 

One Meta-Analysis found that the odds of depression are 
doubled in patients with diabetes (Anderson et al., 2001). A 
cross-sectional study conducted in Jazan Province, Saudi 
Arabia, found that one in every five diabetic patients suffer 
from depression (JMadkhali et al., 2019). Another study 
conducted on patients attending the Diabetic Clinic at Arar 
National Guard Primary Health Care Center, Saudi Arabia, 
found that more than one-third of patients with T2DM have 
depression (Alhunayni et al., 2020). In another study 
performed at Al-Solimania Primary Health Care Center, Al-
Olaya, Riyadh, Kingdom of Saudi Arabia, it found that 37% 
of Type 1 diabetic patients, 37.9% of type 2 patients, and 
only 13.6% of patients with gestational diabetes suffered 
from depression (Gemeay et al., 2015). 

Despite the presence of indicators that support the claim 
of the prevalence of depression in diabetic patients, we still 
lack an accurate estimation of the overall prevalence in 
Saudi Arabia. In the present systematic review, we aim to 
identify the gap and create a strong base for further 
research on the topic through estimating the prevalence of 
depression among patients with T2DM in different regions 
of Saudi Arabia, as well as determining the differences 
between different diagnostic tools. 
 
 
METHODOLOGY 
 
Study design 

 
A systematic review and meta-analysis. 

 
 
 
 
Search duration 
 
Search run on from 1 November – 1 December 2020. 
 
Search strategy 
 
We performed this meta-analysis using published studies 
on the prevalence of depression among patients with T2DM 
in Saudi Arabia. The systematic review was implemented as 
our structured literature search strategy, data selection, 
and data extraction for the review were designed according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines (Liberati et al., 
2009). Published literature on depression among T2DM 
patients was assembled using Medical Subject Headings 
(MeSH terms) and keywords related to “depression or 
depressive disorders,” “diabetes, T2DM or diabetic 
patients,” and “Saudi Arabia,”which were combined 
through the Boolean operator “AND” and “OR”. The 
Electronic searches were carried out in the following 
databases: PubMed, Google Scholar, EBSCO, and Web of 
Science. In PubMed search; (("Depression"[Mesh]) AND 
"Diabetes Mellitus"[Mesh]) AND "Saudi 
Arabia/epidemiology"[Mesh]. In EBSCO search; (DE 
“MENTAL depression”) AND (DE “DIABETES” OR DE 
“ACETONEMIA” OR DE “ALLOXAN” OR DE “ALLOXAN 
diabetes” OR DE “DIABETES in children” OR DE “DIABETES 
in youth” OR DE “DIABETIC foot” OR DE “EXPERIMENTAL 
diabetes” OR DE “FELINE diabetes” OR DE “GESTATIONAL 
diabetes” OR DE “GLYCOSURIA” OR DE “INSULIN shock” OR 
DE “PREDIABETIC state” OR DE “PREGNANCY in diabetic 
women” OR DE “TYPE 1 diabetes” OR DE “TYPE 2 diabetes” 
AND DE “TYPE 2 diabetes” AND DE “TYPE 1 diabetes”) AND 
“Saudi Arabia.” 
 
Inclusion and exclusion criteria 
 
The authors independently conducted the title and abstract 
screening for eligibility. Then the full-text screening was 
carried out in accordance with the following inclusion and 
exclusion criteria. 
 
Inclusion criteria 
 
The search for literature was restricted to: 
 Studies in which patients were diagnosed with 
T2DM. 
 Studies investigating the relationship between the 
prevalence of depression and DM. 
 Articles published in the English language. 
 Adult patients aged over 18 years old. 
 Studies conducted in Saudi Arabia only. 
 
Exclusion criteria 
 
 Studies in which patients were diagnosed with 
T1DM and gestational diabetes. 
 Randomized-control trials. 
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Figure 1: PRISMA flowchart of study selection for meta-analysis of prevalence of 
depression among diabetic patients in Saudi Arabia, 2020. 

 
 
 
 Patients younger than 18 years. 
 
Data extraction, Synthesis, and Quality Assessment 
 
The principle eligibility form used for data extraction 
comprised the title of the studies, ID number, and type of 
population. Articles were identified then imported to 
Rayyan QCRI, the systematic review web app citation 
manager (Ouzzani et al., 2016), and duplicates were 
removed. 

A full screening stage was performed to review each 
study article and record the title of the article, study ID 
number, first author, time period, study design, population 
type, patients’ characteristics (mean age, age-range, and 
sex), medical condition, the region, prevalence of 
depression and diagnostic tool. 
 
Statistical analysis 
 
Proportions and their associated 95% confidence intervals 
(95% CI) were extracted from the studies, and when not 
available, 95% CI were calculated using Microsoft Excel 
formulae. 

We used STATA version 16 (Stata Corporation, College 
Station, TX, USA) for qualitative data synthesis. 
DerSimonian and Laird’s random-effect model was used 
(DerSimonian et al., 1986). Pooled proportions and 95% CIs 
were estimatedand presented as forest plots. The inter-
study heterogeneity was estimated using Cochrane’s Q test 
(Cochran et al., 1950), and the Higgins I2 statistic (Higgins 
et al., 2002) (p < 0.10 or I2 > 50% was considered 

statistically significant. Publication bias was assessed using 
funnel plots and Egger’s test (Egger et al., 1997). We 
performed subgroup analysis for regions in KSA (Northern, 
Southern, Eastern, Western, and Central), as well as 
according to the diagnostic tool. Meta-regression analyses 
was used to explore the potential effect of publication year 
and sample size on the findings, where a P < 0.05 was 
considered significant. 
 
Quality Assessment Tool 
 
All studies were assessed for the risk of bias using the 
modified Newcastle-Ottawa Scale for coding cross-sectional 
studies (Modesti et al., 2016). It is classified into three 
classes (Selection, Comparability, and outcome), 
furthermore, it is categorized into Seven questions, ten 
stars for a total. The systematic review that met the 
inclusion criteria was finally exposed to a critical appraisal. 
The sum total of the disagreements have been selected and 
settled to an assent. A study obtaining a total of five stars or 
more is classified as good quality. 
 
 
RESULTS 
 
Search results 
  
Figure 1 shows the selection and identification of studies. A 
total of 159 studies were identified from the systematic 
search. Of these studies, 41 articles of duplicate records 
were   identified   and    removed.   Reviewing   of   titles and  
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Table 1. Characters of the included studies, and corresponding NOS scores. 
 

Study (Author, year) [Ref] Study design Study setting Sample 
size 

Age 
range 

Age 
(mean±SD) 

Males 
(n) 

Males 
(%) 

City Diagnostic 
tool 

Cut-off 
point 

Prevalence (% 
(95% CI) 

NOS 
score 

Albasheer et al., 2018  Cross-sectional Hospital-based 385  47.9±11.4 184 47.80 Gizan PHQ-9 ≥5 37.9 (33.1 - 43) 9 
AlBekairy et al., 2015  Cross-sectional Hospital-based 158  67.2±12.6 84 53.20 Jazan HADS-D >7 53.8 (45.7 - 61.8) 8 
Gemeay et al., 2014  Cross-sectional Hospital-based 100 45-49  24 24.00 Riyadh BDI >13 29 (20.4 - 38.9) 8 
Alzahraniet al., 2018  Cross-sectional Hospital-based 450  56.9±11.1 256 56.90 Western region DASS-21 >9 33.8 (29.4 - 38.4) 9 
Madkhali et al., 2019  Cross-sectional Hospital-based 480 20-79 49.98±14.7 307 64.00 Jazan BDI-II >13 14.4 (11.4 - 17.8) 9 
Mahalli, 2013  Cross-sectional Hospital-based 260  49.87±13.2 119 45.80 Eastern Province CES-S ≥15 49.6 (43.4 - 55.9) 8 
Alzughabi et al., 2020  Cross-sectional Hospital-based 300 23-83 52.7±11.4 147 49.00 Jazan PHQ-9 >5 20 (15.6 - 25) 9 
Ramadhan et al., 2017  Cross-sectional Hospital-based 1111 19-89 57.5 ± 11 387 34.80 Riyadh, Jeddah, 

and Hofuf 
PHQ-9 >5 16.7 (14.5 - 19) 8 

Aisha, 2003  Cross-sectional Hospital-based 200 15-90 52 ± 13.6 77 38.50 Western region BDI >16 30.5 (24.2 - 37.4) 8 
Alateeq, 2020  Cross-sectional Hospital-based 200 28-77 49.4±11.2 100 50.00 Riyadh PHQ-9 >5 74 (67.3 - 79.9) 8 
Mukrim et al., 2019  Cross-sectional Hospital-based 278 >12  62 22.30 Arar DASS-21 >9 37.4 (31.7 - 43.4) 8 
Alkot et al., 2019  Cross-sectional Hospital-based 84  40.3±15.6 58 69.20 Makkah BDI-II >21 40.5 (29.9 - 51.7) 8 
Alhunayni, 2020  Cross-sectional Hospital-based 397  48.8±7.7 222 55.90 Arar PHQ-9 >5 36.3 (31.5 - 41.2) 9 
ALMouaalamy, 2018  Cross-sectional Hospital-based 155   75 48.40 Jeddah BDI >13 48.4 (40.3 - 56.5) 8 
Alshehri et al., 2018  Cross-sectional Hospital-based 337 18-64 50.3±11.4 145 43.20 Makkah PHQ-9 >5 21.1 (16.8 - 25.8) 8 
Al-Mohaimeed, 2017  Cross-sectional Hospital-based 297 18-60  150 50.50 Qassim HADS-D ≥8 34.7 (29.3 - 40.4) 8 
Al-Atawi et al., 2016  Cross-sectional Hospital-based 221 30-70  114 51.50 Tabuk PHQ-9 >5 77.8 (71.8 - 83.1) 9 
Shehatah et al., 2009  Cross-sectional Hospital-based 458  65±8.9 214 46.70 Jubail BDI-II >14 17.5 (14.1 - 21.3) 8 
Al-Asiri et al., 2018  Cross-sectional Hospital-based 363 18-92 46.7±13.8 192 52.90 Taif BDI-II >10 47.4 (42.1 - 52.7) 8 
Sehlo et al., 2015  Cross-sectional Hospital-based 80 48-62 56.5±3.3 55 68.70 Riyadh Personal interviews  27.5 (18.1 - 38.6) 8 
Mirghan, 2016  Case-control Hospital-based 178 28-75 47.6±12.3   Tabuk BDI-II  61.8 (54.2 - 69) 8 
Badedi et al., 2016  Cross-sectional Hospital-based 288 28-83 54.6±10.9 145 50.30 Jazan PHQ-9 >5 14.2 (10.4 - 18.8) 9 
Ghamri et al., 2020  Cross-sectional Hospital-based 346 ≥18  266 76.90 Jeddah PHQ-9 >5 29.5 (24.7 - 34.6) 8 
Saadalla et al., 2015  Cross-sectional Hospital-based 200 ≥18  110 55.00 Tabuk BDI >10 62.5 (55.4 - 69.2) 8 

 
 
 
abstracts resulted in excluding 14 irrelevant 
studies. After reviewing the full texts of the 
remaining studies, additional 80 articles were 
excluded due to wrong population type, wrong 
outcome, and not available access for articles. Then 
a total of 24 unique studies were eligible and 
included for the final analysis. 

Table 1 shows the characteristics of the included 
studies. A total of 24 studies with 7326 patients 
were included in this meta-analysis. The studies 
were conducted from 2003 to 2020 in different 
regions of the KSA. Among 24 studies, five of them 
were conducted in Jazan, three studies were in 

Riyadh, three studies were in Tabouk two studies 
were in the Western region, two studies were in 
Arar, two studies were in Makkah, two studies were 
in Jeddah, one study was in the Eastern provision, 
one study was in Qassim, one study was in Jubail, a 
study was in Taif and a study conducted in the 
following three regions; Riyadh, Jeddah and Hofuf. 
Only the Mirghani study was a case-control study, 
whereas the rest of the studies were cross-sectional. 
The study with maximum and minimum sample size 
was conducted in Riyadh, Jeddah, and Hofuf 
collectively Riyadh, respectively. Nine studies used 
PHQ-9 as a diagnostic tool, five studies used BDI-II, 

two studies used DASS-21, another two studies used 
HADS, only one study used CES-S, and one study 
carried out a personal interview. 
 
Depression among T2DM patients in KSA 
 
The pooled prevalence using the random-effect 
model demonstrated significant heterogeneity 
between the articles. Therefore, we conducted the 
analyses using random-effects model. The pooled 
prevalence of depression among type 2 diabetic 
patients reported by the 24 studies was 38.06% 
(95%CI; 30.84-45.28) with significant heterogeneity 
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Figure 2: Forest plot of the prevalence of depression among T2DM patients in the KSA 

 
 
 
between studies (I²=97.99%, P= 0.000) (Figure 2). 
 
Subgroup analyses 
 
Region 
 
Subgroups analysis by study region was conducted to 
assess the possible heterogeneity among studies. Of the 24 
studies, the highest estimated prevalence of depression was 
counted in studies performed in the Western region 
44.29% (95%CI; 33.65-54.93), followed by studies 
conducted in the central region 36.81 % (95%CI; 6.95-
66.66), while the lowest prevalence of depression was 
estimated in the Southern region 27.70% (95%CI; 30.84-
45.28) (Figure 3). 

 
Diagnostic Tools 
 
PHQ-9 was the most frequent diagnostic tool used to 
diagnose depression, with an overall prevalence of 36.28% 
(95%CI; 22.93-49.63), followed by BDI-II with a total 
prevalence of 36.06% (95%CI; 19.18-52.93). Furthermore, 
CES-S was the least frequent diagnostic tool used, as only 
one study with a prevalence of 49.62% (95%CI; 43.38-
55.58) (Figure 4). 
 
Publication bias  
 
Publication bias is indicated by visual inspection of the 
funnel plot (Figure 5), as it shows some asymmetry. Egger’s 
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Figure 3: Forest plot of the prevalence of depression among T2DM patients in the KSA, sub-
grouped into regions. 

 
 
 
test also indicates publication bias (P=0.01).  
 
Meta-regression 
 
Meta-regression analyses indicate that sample size (β = -
0.03, P = 0.022) can contribute to the heterogeneity in the 
outcomes, whereas publication year (β = 0.64, P = 0.492) 
doesn’t (Table 2). 
 
 
DISCUSSION 
 
Depression is a highly prevalent comorbid disorder among 
diabetic patients (International Diabetes Federation). 

Comorbid depression with diabetes is associated with a 1-5 
fold increased risk of mortality and 50-70% increase in the 
healthcare services cost (Park et al., 2013, Simon et al., 
2005). As there is limited data on depression comorbidity 
among patients with chronic diseases generally and 
diabetic patients specifically, this meta-analysis estimates 
the overall pooled prevalence of depression among type 2 
diabetic patients in Saudi Arabia.  

The findings of these 24 studies, including 7326 patients, 
showed that the overall pooled prevalence among patients 
with T1DM was 38.06% (95%CI; 30.84-45.28). This finding 
was consistent with a similar meta-analysis conducted in 
India by Hussain et al., 2018, with a demonstrated overall 
prevalence of depression 38% (95%CI: 31% – 45%).  
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Figure 4: Forest plot of the prevalence of depression among T2DM patients in 
the KSA, sub-grouped according to the diagnostic method 

 
 
 
Several studies in different countries were also consistent 
with our results, such as; Nasser et al., 2009, who 
conducted a cross-sectional study in Bahrain and reported 
a depression prevalence of (33.3%). Another cross-
sectional study in Palestine included 294 diabetic patients 
and reported the prevalence of depression to be (40%) 
(Sweileh et al., 2014). In the Netherlands, (Pouwer et al., 
2010), conducted a cross-sectional study among diabetic 
patients and counted the prevalence of depression to be 
(31%). (Kaur et al., 2013), also conducted a similar cross-
sectional study of 2508 patients with T2DM and found that 
the prevalence of depression was (30.5%). Interestingly, 
(Ali et al., 2006), conducted a meta-analysis and reported 
a(17.6%) global prevalence  of  depression  among  patients 

with T2DM. 
This study found that the Western region of Saudi Arabia 

ranked with the highest prevalence of depression, 44.29% 
(95%CI; 33.65-54.93), followed by the central region with 
36.81 % (95%CI; 6.95-66.66). Additionally, the southern 
region recorded the lowest prevalence, 27.70% (95%CI; 
30.84-45.28). (JMadkhali et al., 2019), reported that their 
high prevalence of depression is related to illiteracy and 
low levels of income. The interference between these 
studies and other literature cann’t be determined as a 
result of lacking the nationwide investigation on this 
subject. We suggest that the variance may be interpreted by 
differences in glycemic control, education, socio-economic 
condition,   healthcare   services,   and   other  socio-cultural  
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Figure 5: Funnel plot for visual detection of publication bias 

 
 

Table 2. Meta-regression analyses 
 

Parameter Β Coefficient Standard Error P-value 
Publication year 0.64 0.94 0.492 
Participant number -0.03 0.02 0.022 

 
 
 
items between the western and southern regions of Saudi 
Arabia. Nevertheless, more population-based research can 
help to confirm the variation in the prevalence of 
depression among diabetic patients from Western versus 
Southern parts of the KSA and to assess the factors that 
may cause such differences. In addition, this could be 
advantageous in developing primary prevention strategies. 

Our results reported that the most frequent diagnostic 
tool used by the studies was PHQ-9 with an overall 
prevalence of 36.28% (95%CI; 22.93-49.63), while only one 
study used CES-S as a diagnostic tool for depression 
comorbidity 49.62% (95%CI; 43.38-55.58). (Hussain et al., 
2018), conducted a meta-analysis to estimate the 
prevalence of depression among type 2 diabetic patients 
and also reported that PHQ-9 was the most frequent 
diagnostic tool used. 

We performed meta-regression analyses for both, sample 
size and publication year. The findings suggest the potential 
effect of sample size on the inter-study heterogeneity 
(P=0.022). A similar meta-analysis performed in Ethiopia 

by Teshome et al. included metaregression on publication 
year   and    sample   size   found   insignificant    association 
among both (Teshome et al., 2018). 
 
Strengths and limitations 
 
We performed a strict search strategy to identify all studies 
with potential elegibility, following the PRISMA guidelines. 
We performed subgroup analyses to compare and contrast 
between different geographical regions, as well as different 
diagnostic tools used in each study. 

Notwithstanding the fact that our ability to investigate 
many differences was low due to lack of available data that 
discuss the causes of depression among diabetic patients 
and in different regions, our pooled estimates indicated the 
high risk of depression among patients with T2DM in 
comparison with the general population and compared the 
different regions of the Kingdom and different diagnostic 
tools for depression. Study methodologies were diverse, 
and  used  different  diagnostic  tools  with  different  cut-off  



 
 
 
 
points, which could interpret the high heterogeneity found 
within our findings. 
 
 
CONCLUSION 
 
The systematic review and meta-analysis demonstrated a 
high prevalence of comorbid depression among type 2 
diabetic patients in different regions of Saudi Arabia. There 
was a variance in the prevalence of depression in the 
different regions of the country; the highest prevalence was 
in the Western region, followed by the central region, while 
the Southern region recorded the lowest prevalence. 
Further investigation is required to determine the exact 
factors in these differences. Over and above, health 
education presented by healthcare providers at all levels 
should support diabetic patients with mental health issues. 
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