


The prevalence of anaemia and its associated risk factors in adult Saudis with type 2 diabetes mellitus

Abstract
[bookmark: _Hlk208229839]Background: Type 2 diabetes mellitus (T2DM) is a growing health challenge worldwide and is associated with significant complications. Anaemia is another chronic medical condition that is associated with T2DM and adds more burden. We conducted this study to evaluate the prevalence and the associated predictors of anaemia within a group of adult patients with T2DM at the Royal Commission Hospital (RCH) in the Kingdom of Saudi Arabia (KSA).
[bookmark: _Hlk210102735]Methods: A retrospective study was conducted between 1 January 2024 and 31 December 2024, during which time the participants had regular follow-up visits at the RCH. All data required for the study were obtained from their electronic medical records at the RCH.
[bookmark: _Hlk208236708][bookmark: _Hlk218323978]Results: A total of 4,311 patients diagnosed with T2DM were recruited for this study. The median (interquartile range (IQR)) age was 57.00 (17.0) years, and 2,186 (50.7%) of the participants were males. The median (IQR) value was 30.33 (7.91) kg/m2 for the body mass index and 7.11% (1.64) for haemoglobin A1c (HbA1c). Anaemia was relatively high among this group of participants (22.1%), specifically among females (66.00% females vs. 34.00% males). In the multivariate analysis, we found significant associations between anaemia in adult patients with T2DM and age-adjusted odds ratios (AOR) of 1.003 (95% confidence interval (CI): 1.001–1.012), gender AOR of 2.443 (95% CI: 2.086‒2.861), obesity AOR of 0.735 (95% CI: 0.595‒0.908), overweight AOR of  0.725 (0.570‒0.921), diagnosis of hyperlipidaemia of AOR 1.212 (95% CI: 1.049‒1.400), diagnosis of hypertension AOR of 0.857 (95% CI: 0.740‒0.992) and lower diastolic blood pressure AOR of 0.982 (95% CI: 0.975‒0.988).
[bookmark: _Hlk218329051][bookmark: _Hlk206917223]Conclusion: A higher prevalence of anaemia was reported in patients with T2DM, particularly among females. Older age, female gender, overweight and obesity, history of hypertension, history of hyperlipidaemia and lower diastolic blood pressure were significant predictors of anaemia in this group of patients.
Keywords: prevalence, predictors, anaemia, diabetes mellitus, Saudi Arabia.

Introduction
[bookmark: _Hlk218321415][bookmark: _Hlk217843816][bookmark: _Hlk218150621][bookmark: _Hlk218229597][bookmark: _Hlk218275902][bookmark: _Hlk218229614][bookmark: _Hlk212533077][bookmark: _Hlk212533093][bookmark: _Hlk218275813][bookmark: _Hlk218275835][bookmark: _Hlk218276250][bookmark: _Hlk211946177][bookmark: _Hlk212057568][bookmark: _Hlk218321577][bookmark: _Hlk211662370][bookmark: _Hlk212057587]Anaemia represents a major medical challenge, particularly in females in developing countries, who are more vulnerable [1]. In 2019, the global prevalence of anaemia was 13.4% (1.8 billion individuals) and accounted for almost 50.3 million years lived with disability (YLDs) [1]. Overall, anaemia is responsible for 5.7% of all YLDs globally and is ranked the third leading cause of disability worldwide [1]. The prevalence of anaemia among patients with type 2 diabetes mellitus (T2DM) was obtained in different countries across the globe—in a systematic review and meta-analysis in Africa (28.46%) [2] and in different Asian countries, Kuwait (28.5%) [3], Iran (19.6%) [4], India (12.3%) [5], Korea (12.74%) [6], Sri Lanka (31.3%) [7] and China (21.3%) [8]. In addition, many predictors of anaemia have been identified for patients with diabetes mellitus, such as older age [6–12], high body mass index (BMI) [6, 8], male gender [9, 12], female gender [3, 5, 7, 13], chronic duration of diabetes mellitus [4, 7] poor glycaemic control [7, 8], lower level of educational and lower income [6] and comorbidities [14]. Conversely, diabetes mellitus is a growing global health and medical problem, with an increased global prevalence from 211.2 million in 1990 to 476.0 million in 2017, which is a 129.7% increase [15]. Likewise, the number of deaths and disability-adjusted life-years increased, approaching 67.9 million, with a 116.7% increase [15]. More importantly, the marked difference in access to healthcare facilities, the increased financial burden, the quality of care and the available data quality among different countries are contributing factors that complicate disease control [15, 16]. While Central Asia reported the highest increases in the average annual percent change prevalence (2.73%) and mortality (1.73%), East Asia demonstrated slower growth and declining mortality (−0.31%) [17]. In addition, Southeast Asia documented a sharp surge in prevalence, with an annual percentage change of 5.61% from 2019 to 2021 [17]. It should be noted that there is a global increase in the incidence and prevalence of T2DM, particularly in low-middle, middle and high-middle income countries [15]. Interestingly, Asian women with diabetes mellitus consistently had lower prevalence and mortality rates than men [17]. Likewise, the prevalence of diabetes mellitus varied among different Gulf countries, such as Saudi Arabia (18.3%), Bahrain (16.3%), United Arab Emirates (15.4%), Oman (8.0%), Qatar (15.5%) and Kuwait (22.0%) [18].
[bookmark: _Hlk214101571][bookmark: _Hlk214105200] In 2021, the International Diabetes Federation estimated the prevalence of diabetes mellitus (including all types) in adults in the Kingdom of Saudi Arabia (KSA) to reach 21.4% by 2045 [19]. Increased life expectancy and lifestyle changes, urbanisation and industrialisation, which are associated with physical inactivity and unhealthy eating habits, are contributing factors for the increased prevalence of diabetes mellitus [20]. Unfortunately, managing patients with T2DM and its complications is associated with a considerable financial burden on the healthcare system [19, 21]. Conversely, the overall prevalence of anaemia among hospital attendees in the KSA was considerably high (38.7%), particularly among females (68.2%) compared with males (31.8%) [22]. Based on the severity of anaemia among the Saudi population, the percentages of severe, moderate and mild anaemia were 16.6%, 43.9% and 39.6%, respectively [22].
Several studies from different regions in the KSA pointed to the association between anaemia and diabetes mellitus, with a higher prevalence of anaemia reported among patients with T2DM [13, 23–25]. The co-existence of anaemia and T2DM could potentiate and accelerate the progression of chronic complications related to diabetes mellitus, such as peripheral neuropathy, retinopathy, nephropathy and cardiovascular disease [5, 26–28]. Similarly, anaemia in patients with T2DM is a significant risk factor for higher incidence rates of non-healing ulcers, amputation and mortality [29]. Interestingly, regular anaemia screening and control programmes for patients with diabetes mellitus could enhance and improve quality of life [2]. To determine the importance of the two medical conditions and their burden on patients and the healthcare system, we conducted this study at the RCH to evaluate the prevalence of anaemia and its associated predictors in patients with T2DM.
[bookmark: _Hlk219663394]Methods
Ethical Approval
This study was approved by the local ethical committee of the RCH (IRB-RCH-44), which waived the participants’ need for consent (verbal or written). This study was conducted in accordance with the ethical standards of the institution responsible for human individuals and with the Helsinki Declaration.
Study Design and Participants
[bookmark: _Hlk210671462][bookmark: _Hlk206504190]A retrospective study was conducted at the RCH, during which the electronic records of adult patients (men and women) aged 18 years and older with an established diagnosis of T2DM were obtained. The medical records of patients who had regular follow-up visits at the hospital between 1 January 2024 and 31 December 2024 were retrieved. We excluded those of patients aged less than 18 years, patients diagnosed with T1DM, female patients with gestational diabetes and medical records with incomplete data. The sociodemographic data, including each patient’s age, gender, weight, height and latest blood pressure readings, were recorded in a data collection sheet. The patients’ diagnoses of hypertension and hyperlipidaemia were also registered. In addition, the laboratory test results for hemoglobulin, lipid profiles, HbA1C, fasting blood sugar, uric acid and vitamin D were obtained. 
Definitions
Diabetes mellitus control
[bookmark: _Hlk218331449][bookmark: _Hlk218322713]A good glycaemic control status was defined according to the reading of an HbA1c level < 7%, as recommended by the American Diabetes Association for non-pregnant adults [30]. Accordingly, an HbA1c level of ≥ 7.0% was considered poor glycaemic control [30].
Anaemia 
According to the World Health Organization (WHO), anaemia is defined as haemoglobin (Hb) levels < 12.0 g/dL in women and < 13.0 g/dL in men [31].
Statistical analysis
[bookmark: _Hlk218617679][bookmark: _Hlk218324539]Data were analysed using SPSS for Windows (version 25.0). All continuous data that were non-normally distributed were assessed using the Shapiro–Wilk test. The variables were presented as medians with interquartile ranges (IQRs), proportions or numbers, as applicable. A univariate analysis was performed with anaemia as the dependent variable. The independent variables were age, gender, BMI, diagnosis of hypertension, hyperlipidaemia, levels of HbAIC, fasting blood sugar, uric acid, lipid profile and 25-hydroxy vitamin D (25[OH)]D), and the latest blood pressure reading. Logistic regression was used to analyse a variable if its univariate p value was < 0.20, and backward stepwise likelihood ratio regression was used for adjustment. Odds ratios (ORs) and 95% confidence intervals (CIs) were evaluated, and p values of < 0.05 were considered significant.
[bookmark: _Hlk218227400]Results 
[bookmark: _Hlk206535242][bookmark: _Hlk206535056][bookmark: _Hlk206506155][bookmark: _Hlk206912037][bookmark: _Hlk206506197][bookmark: _Hlk206519189][bookmark: _Hlk206565906]A total of 4,311 patients diagnosed with T2DM were recruited for this study. The median (IQR) age was 57.00 (17.0) years, and 2,186 (50.7%) of the patients were male. The median (IQR) value was 30.33 (7.91) kg/m2 for BMI, 7.11% (1.64) for HbA1C, 7.98 (1.76) mmol/L for fasting blood sugar, 314.56 (00.00) µmol/L for uric acid and 26.01 (4.00) nmol/L for (25[OH)]D). The median (IQR) lipid profile values for total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL) and triglycerides were 4.52 (1.12) mmol/L, 2.77 (1.06) mmol/L, 1.26 (0.22) mmol/L and 1.49 (0.51) mmol/L, respectively (Table 1). Moreover, the median (IQR) value was 133.00 (22.00) mmHg for systolic blood pressure and 72.45 (15.00) mmHg for diastolic blood pressure. Hypertension (57.2%) and hyperlipidaemia (57.2%) were prevalent among patients with T2DM.
Anaemia was relatively high in this group of participants (22.1%), particularly in females (66.00% females vs. 34.00% males).

[bookmark: _Hlk211109640]Table (1) general characteristics of patients with type two diabetes mellitus whom were assessed for anemia in eastern region from 1 January 2024 to 31 December 2024.
	Variables 
	
	
	

	
	
	Median 
	Interquartile range 

	Age, years
	
	 57.00
	17.0

	Fasting blood sugar mmol/L
	
	7.98
	1.76

	HbA1C %
	
	7.11
	1.64

	 (25[OH)]D) levels, nmol/L
	
	26.01
	4.00

	uric acid, umol/L  
	
	314.56
	0.00

	Total cholesterol, mmol/L 
	
	4.52
	1.12

	Low-density lipoprotein, mmol/L
	
	2.77
	1.06

	High-density lipoprotein, mmol/L
	
	1.26
	0.22

	Triglyceride, mmol/L
	
	1.49
	0.55

	Systolic blood pressure mmHg
	
	132.00
	24,00

	Diastolic blood pressure mmHg
	
	72.79
	15.00

	
	
	Number 
	Proportion 

	Sex

	Female
	2125
	49.3

	
	Male
	2186

	50.7

	Hypertension 

	No 
	1845
	42.8

	
	Yes 
	2466

	57.2

	Hyperlipidaemia  

	No 
	1845	
	42.8

	
	Yes
	2466
	57.2

	Body mass index, kg/m2

	Normal 
	714
	16.6

	

	Over weight
	1050
	24.4

	

	Obese
	2547
	59.0




[bookmark: _Hlk217624560]The univariate analysis showed no association between anaemia in adult patients with T2DM and HbA1C level, uric acid level, total cholesterol, LDL and systolic blood pressure. However, significant associations were found between anaemia and patient age OR, 1.006 (95% CI: 1.001‒1.011); gender OR, 2.416 (95% CI: 2.079‒2.808); obesity OR, 0.818 (95% CI: 0.684‒0.978); fasting blood sugar level OR, 0.977 (95% CI: 0.951‒1.003); diagnosis of hyperlipidaemia OR, 1.212 (95% CI: 1.049‒1.400); diagnosis of hypertension OR, 0.857 (95% CI: 0.740‒0.992); lower diastolic blood pressure OR, 0.982 (95% CI: 0.975‒0.988); HDL level OR, 1.692 (95% CI: 1.312‒2.181); triglycerides level OR, 0.858 (95% CI: 0.772‒0.955); and vitamin D level OR, 1.006 (95% CI: 1.000‒1.012) (Table 2).

[bookmark: _Hlk208295224]Table (2) Univariate analysis of the predictors associated with anaemia in patient with type two diabetes mellitus in eastern region from 1 January 2024 to 31 December 2024.
	Variables 
	
	Adults with no anaemia (n=3358) 
	Adults with
anaemia (n=953)
	OR (95.0 %CI
	P

	
	
	Median 
	
	
	

	Age, years
	
	56.0(16.0)
	58.0 (19.0)
	[bookmark: _Hlk217623139]1.006(1.001 ‒1.011)
	0.011

	HbA1C %
	
	7.12(1.68)
	7.12(1.52)
	0.974(0.930 ‒1.021)
	 0.272

	Fasting Blood Sugar mmol/L
	
	7.69(1.82)
	7.98(1.81)
	[bookmark: _Hlk217623974]0.977(0.951 ‒1.003)
	0.078

	[bookmark: _Hlk214304046]Uric acid umol/L
	
	314.56(0.00)
	314.56(0.00)
	1.000(0.999 ‒1.002)
	 0.533

	Total cholesterol, mmol/L
	
	4.52(1.16)
	4.52(0.92)
	1.002(0.935 ‒ 1.075)
	0.945

	Low-density lipoprotein, mmol/L
	
	2.77(1.12)
	2.77(0.92)
	0.972(0.900 ‒1.050)
	0.468

	High-density lipoprotein, mmol/L
	
	1.26 (0.23)
	1.22 (0.17)
	[bookmark: _Hlk217623785]1.692(1.312 ‒2.181)
	< 0.000

	Triglyceride, mmol/L
	
	1.49 (0.55)
	1.49 (0.43)
	[bookmark: _Hlk217623830]0.858(0.772 ‒0.955)
	0.005

	 (25[OH)]D) levels, nmol/L
	
	26.01(04.50)
	26.01 (2.80)
	[bookmark: _Hlk217623912]1.006(1.000 ‒1.012)
	0.067

	Systolic blood pressure mmHg
	
	132.00(23.0)
	132.00(25.50)
	1.000(0.996 ‒1.005)
	0.885

	[bookmark: _Hlk217624996]Diastolic blood pressure mmHg
	
	73.00(15.00)
	71.00(14.00)
	[bookmark: _Hlk217623706]0.982(0.975 ‒0.988)
	< 0.000

	
	
	Number 
	
	
	

	Sex 
	Female  
	1496 (44.6)
	629 (66.0))
	[bookmark: _Hlk217623218]2.416(2.079 ‒2.808)
	< 0.000

	
	Male   
	1862 (55.4)
	324 (34.0)
	Reference
	

	Hypertension 
	No 
	1465 (43.6)
	380 (39.9)
	Reference)
	 0.039

	
	Yes
	1893 (56.4)
	573 (60.1)
	[bookmark: _Hlk217623562]0.857(0.740 ‒0.992)
	

	Hyperlipidaemia 
	No 
	1402 (41.8)
	443 (46.5)
	Reference
	0.009

	
	Yes 
	1956 (58.2)
	510 (53.5)
	[bookmark: _Hlk217623667]1.212(1.049 ‒1.400)
	

	[bookmark: _Hlk219665659]Body mass index, kg/m2
	Normal 
	545 (16.2)
	169 (17.7)
	Reference
	

	
	Over weight
	846 (25.2)
	204 (21.4)
	1.052(0.865 ‒1.279)
	0.614

	
	Obese
	1967 (58.6))
	580 (60.9)
	[bookmark: _Hlk217623282]0.818(0.684 ‒0.978)
	0.027





[bookmark: _Hlk218227292][bookmark: _Hlk210240203][bookmark: _Hlk218324330][bookmark: _Hlk218324261][bookmark: _Hlk218324302][bookmark: _Hlk218324212]The multivariate analysis found no association between anaemia in adult patients with T2DM and the levels of fasting blood sugar, vitamin D, HDL and triglycerides. However, the analysis found significant associations between anaemia in adult patients with T2DM and age-adjusted OR (AOR), 1.003 (95% CI: 1.001‒1.012), p = 0.032; gender AOR, 2.443 (95% CI: 2.086‒2.861), p < 0.000; obesity AOR, 0.735 (95% CI: 0.595‒0.908), p = 0.004; overweight AOR, 0.725 (95% CI: 0.570‒0.921), p = 0.009; diagnosis of hyperlipidaemia AOR, 1.212 (95% CI: 1.049‒1.400), p = 0.009; diagnosis of hypertension AOR, 0.857 (95% CI: 0.740‒0.992), p = 0.039; and  lower diastolic blood pressure AOR, 0.982 (95% CI: 0.975‒0.988), p < 0.000 (Table 3).

[bookmark: _Hlk208295311]Table (3) Multivariate analysis of the predictors associated with anemia in patient with type two diabetes mellitus in eastern region from 1 January 2024 to 31 December 2024.
	Variables 
	OR (95.0 %CI
	P

	[bookmark: _Hlk217624590]Age, years
	1.003 (1.001 ‒1.012)
	0.032

	[bookmark: _Hlk217624678]Sex 
	2.443 (2.086 ‒2.861)
	<0.000

	Hyperlipidaemia
	0.792 (0.676 ‒ 0.929)
	0.004

	High-density lipoprotein, mmol/L
	1.005 (0.750 ‒	1.347)
	0.972

	Triglyceride, mmol/L
	0.910 (0.816 ‒	1.013)
	0.089

	Hypertension 
	1.252 (1.052 ‒1.491)
	0.012

	(25[OH)]D) levels, nmol/L
	1.002 (0.996 ‒	1.009)
	0.495

	Fasting blood sugar mmol/L
	0.982 (0.955‒1.009)
	0.180

	Diastolic blood pressure mmHg 
	0.988 (0.981 ‒0.995)
	0.001

	[bookmark: _Hlk217624754]Overweight
	0.725(0.570 ‒0.921)
	0.009

	[bookmark: _Hlk217624808]Obesity
	0.735(0.595 ‒0.908)
	0.004



Discussion
[bookmark: _Hlk218276065][bookmark: _Hlk218276286][bookmark: _Hlk218330984][bookmark: _Hlk218276406][bookmark: _Hlk218331097][bookmark: _Hlk217884825][bookmark: _Hlk218194357][bookmark: _Hlk217885025][bookmark: _Hlk217884852]This study obtained a prevalence rate of anaemia in adult patients with T2DM of 22.1%, which is almost equal to that reported in Taif City (21.9%) [24] and lower than that documented in Jeddah (86.6%) [13], at a tertiary hospital in Riyadh (47.85%) [25] and in Madinah (30%) [23]. This prevalence rate was lower than the global prevalence of anaemia (35.45%) and those reported in Asia (40.02%) and Africa (28.46%) [2]. Comparing the prevalence rate in this study with those in regional countries, it is almost similar to that in China (21.3%) [8] and Iran (19.6%) [4] but higher than that in India (12.3%) [5] and Korea (12.74%) [6]. Moreover, the prevalence rate obtained in this study was markedly lower than that in Kuwait (28.5%) [3], Oman (29.3%) [32], Palestine (38.4%) [14], Pakistan (63%) [33], Malaysia (31.7%) [34] and Sri Lanka (31.3%) [7]. Anaemia in patients with diabetes mellitus may be related to the effects of chronic hyperglycaemia, chronic inflammation, advanced glycation end products, oxidative stress, oral hypoglycaemic agents (metformin), nutritional deficiencies, concomitant autoimmune diseases, drugs (aspirin) and impaired renal function, leading to erythropoietin deficiency [35]. Moreover, robust genetic evidence demonstrated the causal association between diabetes mellitus and aplastic anaemia risk, which is mediated by a reduced absolute count of resting CD4+ regulatory T-cells [36]. In addition, antihyperglycemic agents, such as metformin, are linked to megaloblastic anaemia as a result of malabsorption of vitamin B12 [37]. Conversely, sodium–glucose cotransporter 2 inhibition has an erythropoiesis-stimulating effect that reflects positively on the haemoglobin level [38]. In one recent epidemiological study among African populations with a high proportion of anaemia, the documented higher prevalence rates of diabetes mellitus and prediabetes were 6.8% and 25%, respectively [39].
The current study found signification between older age and anaemia in patients with T2DM. This is consistent with the significant association found in several studies [6–8, 34]. Old age groups are vulnerable to most types of anaemia due to many factors, such as chronic diseases associated with increased risk of internal or external bleeding; nutritional deficiencies, specifically essential vitamins and electrolytes (e.g. iron, vitamin B12 and folate); impaired erythropoietin response; age-related decline in bone marrow function; decline in marrow cellularity with an increased risk of myeloproliferative disorders; and reduced adaptive immunity [40]. Aging is associated with a high incidence of autoimmune haemolytic anaemia, which is more frequent in the presence of comorbidities, such as diabetes mellitus, and is significantly associated with poor survival [41]. Our study also found a significant association between female gender and anaemia in patients with diabetes mellitus. This is in accordance with the findings obtained from some clinical data [3, 5, 7, 13, 23]. In contrast to this finding, some studies have pointed to a significant association between male gender and anaemia among patients with diabetes mellitus [9, 12], while others reported a non-significant association between gender and anaemia in the same group of participants [2] [8]. The significant association with females may be explained by the higher prevalence of anaemia and iron depletion in women, particularly during the reproductive age period, and in old people [6]. 
Moreover, this study found a significant association between obesity & overweight and anaemia in patients with T2DM. This was strengthened by similar results found in some studies conducted across the globe [6, 8, 14]. Conversely, some clinical data have revealed a non-significant association between increased BMI and anaemia in the same group of patients [4, 13]. This significant association may be explained by the increase in the inflammatory activity of adipose tissue in obese patients, which is associated with an increase in hepcidin levels, leading to a decrease in serum iron [42]. A recent study also pointed to a causal relationship between obesity and iron deficiency anaemia [43]. We also found a significant association between a history of hyperlipidaemia and anaemia in patients with T2DM, consistent with the findings of several studies that showed higher levels of lipid profiles among the same group of patients [44, 45]. This is also in accordance with an observation study that found statistically significant negative correlations between pre-iron therapy cholesterol and the treatment of iron deficiency-corrected dyslipidaemia [45]. Likewise, one study examined the process of hepatic lipogenesis involving iron and its role in the kinetics and activity of enzymes that use iron as a cofactor [46]. Moreover, a significant simultaneous increase in lipogenic gene expression and a reduction in gene expression related to β-oxidation was observed in skeletal muscle and hepatic tissues, alongside a differential tissue expression of genes involved in glucose metabolism, reflecting the adaptive metabolic response to severe iron deficiency anaemia [47].
[bookmark: _Hlk218194946][bookmark: m_-1044013471088687481__Hlk217982693][bookmark: _Hlk218157641]A significant association between the presence of hypertension and anaemia in patients with T2DM was also observed in this study. This is in accordance with the results obtained from recently published clinical data [14, 48]. Hypertension is a component of metabolic syndrome, especially in those with T2DM, which is associated with an elevation of proinflammatory cytokines, plays an essential role in the pathogenesis of insulin resistance and induces cardiovascular complications, diabetic micro- and macrovascular, anaemia and kidney disease [49]. Moreover, an increase in cytokines, especially interleukin-6, has an anti-erythropoietic effect, which changes the sensitivity of progenitors to erythropoietin and enhances the apoptosis of immature erythrocytes [49]. Moreover, a significant association between lower systolic blood pressure and anaemia in patients with T2DM was found in the present study. A similar significant association was reported in two studies conducted in Malaysia [34] and Palestine [14]. Recent evidences, showed that most patients with anaemia had cardiac dysfunction, and having a lower diastolic blood pressure [28]. Moreover, anaemia has additional negative and deleterious effects on the left ventricular function and global strains in patients with T2DM; thus, earlier detection and correction of anaemia may be beneficial for this group of patients [28].
This study has some limitations. First, it is a single-centre retrospective study, and physical exercise, diet and social status were not assessed. Second, the duration of diabetes mellitus and its medications were not evaluated. Finally, other comorbidities (e.g. autoimmune diseases and hypothyroidism) that could have influenced the results were assessed alongside laboratory tests (e.g. liver and kidney tests).
Conclusion: 
A higher prevalence of anaemia was reported in patients with T2DM, particularly among females. The significant predictors were older age, female gender, overweight and obesity, a history of hypertension, a history of hyperlipidaemia and lower diastolic blood pressure. Screening and correcting anaemia in patients with T2DM, will improve the prognosis and quality of life.
Abbreviations
[bookmark: _Hlk211108030][bookmark: _Hlk218329701]KSA: Kingdom of Saudi Arabia; RCH; Royal commission hospital; DM: Diabetes mellitus.; T2DM: type 2 diabetes mellitus; T1DM: type 1 diabetes mellitus; HbA1c: Hemoglobin A1c; 25(OH)D: 25-hydroxyvitamin D; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG: triglyceride; AOR: Adjusted odds ratio; IQR: Interquartile range; BMI: Body mass index; mmHg: millimeters of mercury; CI: confidence interval; SD: Standard deviation.
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