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Abstract—Purpose: Type 2 diabetes mellitus (T2DM) is a multifactorial disease influenced by genetic and lifestyle factors, and resulting in 

chronic hyperglycemia and oxidative stress, which alter cell growth, induce inflammation, and may affect all major blood cell types. No studies 

have been conducted in Saudi Arabia examining sex-based differences in hematological parameters among individuals with T2DM, regardless 

of nationality. Therefore, this study aimed to investigate the differences in the hematological and lifestyle characteristics between female and 

male patients with T2DM residing in Jeddah, Saudi Arabia. Methods: A total of 63 patients (30 females and 33 males) with T2DM, aged 39–83 

years, were randomly recruited for this cross-sectional study. Subjects signed a consent form and filed a lifestyle questionnaire. Blood samples 

were collected for the differential complete blood count analysis. Results: Most participants were Saudi, overweight or obese, non-smokers, 

physically inactive, and had a family history of diabetes. Compared to males, females had significantly lower mean red blood cell and monocyte 

counts, neutrophil-to-lymphocyte ratio, hemoglobin levels, and hematocrit percent, but they had significantly higher mean platelet and 

lymphocyte counts, lymphocyte-to-monocyte ratio, and red cell distribution width-coefficient of variation percent. No significant differences 

were observed in other hematological parameters. Conclusion: These findings show significant sex-based differences in important 

hematological parameters, both immunological and non-immunological parameters, between females and males with T2DM. This emphasizes 

the importance of using sex-specific reference ranges in both clinical practice and research studies and in establishing clinical guidelines and 

policies. 
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I. INTRODUCTION  

iabetes mellitus (DM) is not a single disorder, 

rather it refers to a group of metabolic conditions 

that lead to high blood sugar that is caused by 

partial or total insulin deficiency, the body’s inability to 

effectively use insulin that is produced in the body, or a 

combination of these causes (Egan and Dinneen 2019). The 

two main types of diabetes are type 1 and type 2 diabetes 

mellitus (T2DM). According to the Saudi Ministry of Health, 

Gulf countries are among the highest globally in the 

prevalence of diabetes. (Ministry of Health 2024). Saudi 

Arabia is among the top ten countries globally for diabetes 

prevalence, with an estimated 23.1% of its adult population 

affected (International Diabetes Federation 2024). The 

International Diabetes Federation (2025) reported that the 

global prevalence of diabetes in adults was 589 million in 

2024, which is 1 in 9 adults, and it is expected to increase to 

853 million by 2050. In addition, type 2 is the much more 

prevalent type with more than 90% of diabetics being afflicted 

by it. 

T2DM is a multifactorial disease influenced by both 

genetic predisposition and modifiable lifestyle factors such as 

diet, physical activity, and smoking. Obesity, often quantified 

by using body mass index (BMI), is a key contributor to 

insulin resistance (Zhang et al. 2025). Additionally, in the 

Saudi population, obesity, physical inactivity, unhealthy 

dietary habits, and smoking have been specifically identified 

as major contributors to the rising prevalence of T2DM 

(Alneami and Coleman 2015) and higher cardiovascular risk 

factors (Jatoi et al. 2022). 

An important clinical hallmark of both type 1 and type 2 

diabetes is elevated blood glucose levels. This leads to 

negative effects on metabolism of fats, carbohydrates, and 

proteins. Subsequently, this leads to damage of nerves, blood 

vessels, kidney, heart, and eyes. In addition, diabetes may lead 

to increased risk for diseases and conditions, such as 

cardiovascular diseases and dementia, and increased mortality 

rates (Institute for Health Metrics and Evaluation. 2024). 

Additionally, chronic hyperglycemia can disrupt the normal 

characteristics of blood cells and alter their associated indices 

(Milosevic and Panin 2019). This disruption is largely due to 

oxidative stress, which induces glycation of lipids and 

proteins, inflammation, and changes in cell growth. As a 

result, various immune and hematological parameters are 

affected, including the structure, function, and metabolism of 

red blood cells (RBCs), white blood cells (WBCs), and 

platelets (Essawi et al. 2023). These changes are often 

accompanied by changes in lymphocyte and monocyte counts, 

reflecting the underlying chronic inflammatory state 

associated with T2DM (Allahyani et al. 2023). Evidence from 

Saudi Arabia supports a link between changes in 

hematological indices and the progression of type 2 diabetes 

mellitus (Alodhayani et al. 2022; Essawi et al. 2023; 

AlShareef et al. 2024;). While many reports indicate a 

significant decrease in RBC and hemoglobin indices in T2DM 

patients (Arkew et al. 2021; Bambo et al. 2024; Nawal et al. 

2025) other studies have shown notable increases (Mansoori et 
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al. 2023; Gomez-Garcia et al. 2025), highlighting 

inconsistencies in the observed hematological changes. 

Additionally, it has been shown that both low and high counts 

of WBC are associated with increased risk for T2DM, 

suggesting an immune imbalance may play a role in disease 

development (Du et al. 2009; Kheradmand et al. 2021). 

Additionally, higher neutrophils and lymphocytes counts have 

been associated with an increased risk of developing T2DM 

(Zhang et al. 2017). These findings suggest a potential link 

between hematologic changes and early metabolic 

disturbances. 

Although there are extensive studies on diabetes and its 

effects on many health-related indices, cells and organs in the 

body, no studies have been conducted in Saudi Arabia that 

specifically examine sex-based differences in hematological 

parameters in individuals with T2DM, regardless of 

nationality. Therefore, this study aimed to investigate the 

differences in hematological and lifestyle characteristics 

between female and male T2DM patients residing in Jeddah, 

Saudi Arabia. 

II. MATERIALS AND METHODS 

Subjects 

For this cross-sectional study, a total of 63 subjects (30 

females and 33 males) were randomly recruited from 

individuals visiting the East Jeddah Hospital and its affiliated 

primary healthcare centers in Jeddah, Saudi Arabia, for any 

reason during the morning and early afternoon. The subjects 

were collected over a period extending from September to 

October 2024. Inclusion criteria included individuals aged 39-

85 years who had a confirmed diagnosis of T2DM at least 3 

years ago. Exclusion criteria excluded participants who were 

experiencing any form of active infection during the time of 

recruitment. All participants signed an informed consent form 

and completed a lifestyle questionnaire. In addition, blood 

samples and anthropometric measurements were obtained on 

the same day of recruitment . 

Blood samples 

Venous blood samples were collected in the morning hours 

from all participants after a fasting period of 10–12 hours. 

Different types of vacutainer tubes were used depending on 

the assays performed. For the differential complete blood 

counts (CBC), samples were collected using 

ethylenediaminetetraacetic acid (EDTA) vacutainer tubes 

(Second Advance Medical Company, Riyadh, Saudi Arabia). 

For the lipid profile assessment, blood samples were collected 

into clot activator vacutainer tubes (Second Advance Medical 

Company, Riyadh, Saudi Arabia). Subsequently, serum 

samples were obtained by centrifugation at 5,000 revolutions 

per minute for 5 minutes. The serum samples were stored at a 

temperature of 2–8 °C for a maximum of 7 days before 

analysis. 

Determination of the differential complete blood counts 

The CBC analysis was conducted using the Alinity hq 

system instrument (Abbott Laboratories, Abbott Park, Illinois, 

USA) using the reagents recommended by the manufacturer 

(Abbott Laboratories, Abbott Park, Illinois, USA). 

Statistical analysis 

Statistical analysis for all results was performed using the 

IBM SPSS statistics program, version 25.0 (IBM Corp., 

Armonk, NY, USA). The Independent samples t-test was used 

to assess the significance of the differences between the 

groups for all the parameters. The mean, standard deviation 

(SD), and P-values were calculated for all blood parameters 

and a P-value < 0.05 was considered a statistically significant 

difference while a P ≤ 0.05 was considered a statistically non-

significant difference. 

III. RESULTS  

Subjects and lifestyle questionnaire  

The age range for the participants was from 39–83 years 

with female age mean ± SD was 58.56 ± 9.95 years and for 

males it was 59.54 ± 7.08 years. As shown in Table 1, the 

number of female subjects was smaller than the male subjects 

(30 females and 33 males) and most of the female (76.7%) and 

male (75.8%) subjects were Saudi versus non-Saudi (23.3% 

and 24.2%, respectively). A total of 81.4% of participants 

were classified as either overweight or obese, whereas only 

18.6% had a normal BMI with most of them (75%) being 

males. Moreover, the results indicated that most (60.3%) of 

the participants had stable blood glucose levels throughout the 

day. Although, an equal number of females had stable or 

unstable blood sugar levels, while most males (70%) had 

stable blood sugar levels. Additionally, most participants were 

non-smokers (79.4%), with more women than men being non-

smokers, and had a family history of diabetes (87.3%). 

Exactly 61.4% of the participants were affected by additional 

chronic conditions, including hypertension, thyroid disorders, 

and rheumatic diseases. Hypertension was more prevalent 

among male participants (69%) compared to females (31.0%) 

and it was the most common co-morbidity for both female 

(64.3% of females with co-morbidity) and male (95.2% of 

males with co-morbidity) subjects. In contrast, thyroid 

disorders (4 cases) were predominantly observed among 

female participants with only one case reported among males, 

while only females reported being afflicted with 

hypertension/thyroid disorders and/or rheumatism.  

Most participants (61.9%) were physically inactive and an 

equal number of participants (n = 20, 31.7%) reported sleeping 

either 6 hours or less than 4 hours per day. Among females, 

most of them (43.3%) reported less than 4 hours of sleep, 

followed closely by 33.3% sleeping 6 hours per day. Among 

males, most of them (both 30.3%) slept 6 hours or 8 hours per 

day. Regarding the number of meals consumed per day, most 

females (46.7%) ate two meals per day while most males 

(57.6%) reported eating three meals daily. Finally, most 

females (57.7%) and males (41.7%) visited the hospital or a 

healthcare center three times per month.  
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TABLE 1: Lifestyle questionnaire answers for the subjects.  

Male Count (%) Female Count (%) n Factor 

25 (75.8%) 
8 (24.2%) 

23 (76.7%) 
7 (23.3%) 

48 
15 

Saudi 
Non-Saudi 

 

6 (20.0%) 
11 (36.7%) 

13 (43.3%) 

 

2 (7.7%) 
8 (30.8%) 

16 (61.5%) 

 

8 
19 

16 

BMI 

Normal 
Overweight 

Obese 

23 (69.7%) 
10 (30.3%) 

15 (50.0%) 
15 (50.0%) 

38 
25 

Blood sugar level is stable 
Blood sugar level is unstable 

12 (36.4%) 

21 (63.6%) 

1 (3.3%) 

29 (96.7%) 

13 

50 

Smoker 

Non-smoker 
28 (84.8%) 

5 (15.2%) 

27 (90.0%) 

3 (10.3%) 

55 

8 

Diabetes in other family members 

No diabetes in other family members 

 
21 (65.6%) 

11 (34.4%) 
20 (62.5%) 

1 (3.1%) 

0 (0%) 
0 (0%) 

 
14 (56.0%) 

11 (37.9%) 

9 (31.0%   (  
3 (10.3%(  

4 (13.8%) 

2 (6.9%) 

 
35 

22 

29 
4 

4 

2 

Other disease 
Yes  

No 

Hypertension  
Thyroid disease  

Hypertension/Thyroid disorders  

Rheumatism  

 

10 (30.3%) 
3 (9.1%) 

20 (60.6%) 

 

6 (20.0%) 
5 (16.7%) 

19 (63.3%) 

 

16 
8 

39 

Exercise 

 More than once/week 
 Once/week 

 Never 

 
7 (21.2%) 

3 (9.1%) 

10 (30.3%) 
10 (30.3%) 

3 (9.1%) 

 
13 (43.3%) 

1 (3.3%) 

10 (33.3%) 
4 (13.3%) 

2 (6.7%) 

 
20 

4 

20 
14 

5 

Sleeping hours/day  
Less than 4  

4 hours 

6 hours 
8 hours 

10 hours 

 
3 (9.1%) 

10 (30.3%) 

19 (57.6%) 
0 (0%) 

1 (3.0%) 

 
1 (4.2%) 

10 (41.7%) 

7 (29.2%) 
6 (25%) 

 
1 (3.3%) 

14 (46.7%) 

10 (33.3%) 
5 (16.7%) 

0 (0%) 

 
0 (0%) 

15 (57.7%) 

6 (23.1%) 
5 (19.2%) 

 
4 

24 

29 
5 

1 

 
1 

25 

13 
10 

Number of meals/day 
One 

Two 

Three 
Four 

More than four 

Frequency of hospital visits/month 
One  

Three 

Six 
Irregular 

n: number of subjects 

 
TABLE 2: Statistical analysis for the differential CBC for the subjects. 

P-value Mean ± SD Max Min n Sex Parameter 

0.001* 4.79 ± 0.45 

5.28± 0.61 

5.63 

6.23 

4.07 

3.80 

26 

32 

Female 

Male 

RBC 

106/mL 

0.913 7.25 ± 1.91 
7.31 ± 2.00 

11.90 
12.00 

3.44 
3.70 

26 
32 

Female 
Male 

WBC 
103/mL 

0.000* 12.80 ± 1.40 

14.97 ± 1.81 

16.80 

18.40 

9.02 

10.90 

26 

32 

Female 

Male 

Hemoglobin 

g/dL 
0.021* 310 ± 81 

261 ± 74 

460 

438 

155 

112 

26 

32 

Female 

Male 

Platelets 

103/mL 
0.041* 

 

0.016* 
 

0.328 

 
0.975 

 

0.721 

2.95± 0.73 

2.50 ± 0.81 

0.52 ± 0.12 
0.65± 0.21 

3.40 ± 1.09 

3.73 ± 1.35 
0.02 ± 0.10 

0.02 ± 0.09 

0.09 ± 0.07 
0.10 ± 0.13 

4.15 

4.32 

0.78 
1.14 

6.39 

7.19 
0.49 

0.34 

0.30 
0.74 

1.54 

1.47 

0.28 
0.25 

1.27 

1.33 
00 

00 

0.01 
00 

24 

31 

24 
31 

24 

31 
24 

31 

24 
31 

Female 

Male 

Female 
Male 

Female 

Male 
Female 

Male 

Female 
Male 

Lymphocyte 

103/mL 

Monocyte 
103/mL 

Neutrophil 

103/mL 
Eosinophil 

103/mL 

Basophil 
103/mL 

Independent t-test was used for the test of significance  

n: number of subjects, Min: minimum, Max: maximum, SD: standard deviation 

*Statistically significant P-value (P < 0.05) 
P ≥ 0.05 is non-significantly different 
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TABLE 3: Statistical analysis of the hematological markers for the subjects. 

P-value Mean ± SD Max Min n Sex Parameter 

0.000* 
 

0.064 

 
0.064 

 

0.818 
 

0.488 

 

40.37 ± 4.26 
46.84 ± 5.42 

84.68 ± 9.34 

88.86 ± 5.83 
26.93 ± 4.37 

28.35 ± 2.21 

10.38 ± 0.97 
10.32 ± 1.04 

31.69 ± 1.56 

31.95 ± 1.27 

50.80 
56.10 

98.60 

99.70 
33.20 

31.60 

12.50 
13.70 

34.00 

34.90 

29.30 
35.10 

53.50 

74.10 
16.50 

23.30 

9.12 
8.39 

29.00 

29.30 

26 
32 

26 

32 
26 

32 

26 
32 

26 

32 

Female 
Male 

Female 

Male 
Female 

Male 

Female 
Male 

Female 

Male 

HCT 
% 

MCV 

fl 
MCH 

pg 

MPV 
fl 

MCHC 

g/dL 
0.005* 14.83 ± 1.48 

13.80 ± 1.15 

19.70 

17.80 

13.20 

12.40 

26 

32 

Female 

Male 

RDW-CV 

% 

0.360 85.12 ± 18.01 
91.50 ± 16.56 

121.00 
121.00 

62.50 
58.30 

14 
12 

Female 
Male 

Reticulocyte 
103/mL 

0.008* 

 

1.19 ± 0.37 

1.60 ± 0.70 

2.16 

3.25 

0.37 

0.71 

23 

31 

Female 

Male 

NLR 

 
0.000* 5.72 ± 1.26 

4.10 ± 1.46 

8.44 

9.68 

3.82 

1.46 

24 

31 

Female 

Male 

LMR 

 

0.868 109.88 ± 39.24 
111.64 ± 38.64 

201.19 
180.95 

47.71 
52.48 

24 
31 

Female 
Male 

PLR 

Independent t-test was used for the test of significance  

n: number of subjects, Min: minimum, Max: maximum, SD: standard deviation 
*Statistically significant P-value (P < 0.05) 

P ≥ 0.05 is non-significantly different 

Hematocrit (HCT), Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin Concentration (MCHC), 
Mean Platelets Volume (MPV), Red Cell Distribution Width-Coefficient of Variation (RDW-CV), Neutrophil-to-Lymphocyte Ratio (NLR), Lymphocyte-to-

Monocyte Ratio (LMR), Platelets-to-Lymphocyte Ratio (PLR). 

 

Determination of the differential complete blood counts  

Table 2 shows the mean concentration of hemoglobin and 

the mean counts of RBCs, WBC and their types, and platelets 

for both female and male subjects. The mean RBC and 

monocyte counts and hemoglobin levels were significantly 

lower for females compared to males. In contrast, mean 

platelets and lymphocyte counts were significantly higher for 

the female subjects compared to males. All other cell counts 

showed no significant differences between male and female 

subjects.  

Table 3 shows the mean levels/percents for the remaining 

hematological parameters. Female subjects had significantly 

lower hematocrit percent (HCT%) and neutrophil-to-

lymphocyte ratio (NLR), while they had higher red cell 

distribution width-coefficient of variation percent (RDW-

CV%) and lymphocyte-to-monocyte ratio (LMR) compared to 

male subjects. All remaining parameters did not show 

significant differences between male and female subjects. 

IV. DISCUSSION 

The present study revealed statistically significant 

differences in the mean values of several hematological 

parameters between female and male subjects with T2DM 

living in Jeddah, Saudi Arabia. In addition, important 

differences in lifestyle choices were observed. These findings 

are especially meaningful given the relative scarcity of 

research studies addressing these sex-based hematological 

variations in Saudi Arabia. A limitation of this study is the 

small sample size that was mainly due to time constraints. 

Nevertheless, the results give a good picture or overview of 

the diabetic patients in the cohort that was studied. Thus, this 

study serves as a good starting point for further research on 

T2DM patients living in Jeddah, Saudi Arabia. 

The analysis of the lifestyle questionnaire shows important 

differences among the study participants. Most of both sexes 

were Saudi nationals, and females were fewer in number 

compared to males. Most of the participants were overweight 

or obese, which is likely related to the low levels of physical 

activity reported by most of the subjects. In addition, many 

participants reported having one or more additional chronic 

conditions, mostly hypertension, which is expected since both 

diabetes and hypertension are linked and they are both linked 

to overweight and obesity (Mahassni and Bashanfar 2016). 

Furthermore, most participants indicated that one or more of 

their family members had T2DM, which is not surprising 

since diabetes has a strong hereditary link. In addition, the 

higher prevalence of smoking among male participants may be 

relevant to the increased rates of hypertension observed 

(Mahassni, Bukhari, Bukhari, and Al Khathami 2016), 

highlighting tobacco use as a modifiable cardiovascular risk 

factor, as previously reported  (Fagard 2009; Jareebi 2025). 

These findings are consistent with previous research 

conducted in Saudi Arabia  that identified elevated BMI as a 

significant predictor of hypertension among diabetic patients 

(Alharbi et al. 2024) and is strongly associated with chronic 

conditions such as diabetes and hypertension, particularly 

among women (Alghnam et al. 2021). Moreover, most 

participants reported stable blood glucose levels throughout 

the day, with regular follow‑up visits every three months, thus 

this self-reported routine care could be a contributing factor to 

their perceived glycemic stability. This is consistent with 

findings from previous research studies that showed that 

regular follow‑up care frequency was significantly associated 

with better HbA1c control (Aldhabbah and Jahan 2025), lower 

glycemic burden, and better long‑term control (Anjana et al. 

2015; Elfakki et al. 2022). These findings emphasize the 
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importance of addressing lifestyle-related risk factors in the 

management of T2DM. 

Female subjects had significantly lower mean RBC and 

monocyte cell counts, NLR, hemoglobin concentration, and 

HCT%, while, on the other hand, they had significantly higher 

mean platelet and lymphocyte cell counts, LMR, and RDW-

CV compared to the respective means in male subjects. All 

other hematological parameters showed no statistically 

significant sex-related differences, suggesting that gender may 

not substantially influence these markers in healthy 

individuals. 

Lower androgen levels and regular menstrual blood loss in 

females may lead to reduced erythropoiesis and lower red 

blood cell mass (Shahani et al. 2009; Shaheen et al. 2025). 

One proposed mechanism is hyperinsulinemia, which can 

stimulate erythropoiesis, leading to increased production of 

erythropoietin, which promotes red blood cell formation and 

may explain the elevated RBC and HCT levels observed in 

diabetic individuals (Treins et al. 2002; Nah et al. 2022). The 

present findings agree with the results reported in a study of 

patients with T2DM in Ghana (Antwi-Baffour et al. 2018), 

which found that RBC counts, hemoglobin concentration, and 

HCT were higher in males than females. Additionally, a study 

among healthy Saudi adults (Shaheen et al. 2022) reported that 

RBC counts, hemoglobin concentrations, and HCT were 

significantly higher in males than in females, in agreement 

with the current findings. Consistent findings were also 

reported in an Omani population-based study (Al-Mawali et 

al. 2018) conducted on non-diabetic individuals, which 

showed significantly lower RBC and HCT levels in females 

compared to males. While prior studies have variably reported 

sex-based differences in red blood cell indices, many were 

either conducted in non-diabetic populations or did not focus 

specifically on sex stratification in T2DM. Our findings 

contribute more directly to this gap. These results suggest that 

female patients may exhibit distinct hematological patterns, 

potentially influenced by hormonal status, iron balance, and 

the interplay between hyperglycemia and erythropoiesis. 

Estrogen has been shown to modulate immune responses 

and may suppress monocyte production or activity, which 

could explain the lower monocyte counts found here and 

commonly observed in females (Sciarra et al. 2023). The 

higher monocyte counts in males may reflect a state of chronic 

low-grade inflammation that is a hallmark of T2DM 

(Mokgalaboni et al. 2020). Monocytes in individuals with 

T2DM have been shown to lead to elevated inflammation by 

higher secretion of cytokines, leading to delayed wound 

healing and increased insulin resistance (Hatanaka et al. 2006; 

Donath and Shoelson 2011; Barman and Koh 2020). 

Additionally, it was reported (Allahyani et al. 2023) that 

diabetic patients exhibit significant alterations in the monocyte 

cell counts, leading to a shift toward a more pro‑inflammatory 

monocyte phenotype in T2DM. Elevated monocyte counts 

may also result from disease-related inflammation (Shi and 

Pamer 2011; Ziegler-Heitbrock 2014). Sex-based differences 

in monocyte levels have also been observed in healthy 

individuals, where a study (van Zeventer et al. 2022) 

demonstrated that males consistently exhibited higher 

monocyte counts than females, even in the absence of chronic 

disease. This suggests that such differences may be driven by 

differences between females and males rather than being 

solely attributed to diabetes. 

Additionally, the lower NLR observed in females may 

reflect a less pronounced systemic inflammatory response 

(Lee et al. 2018; Pellegrino et al. 2023). Within the 

hyperglycemic Saudi population, older females had higher 

NLR levels compared to males of the same age group (Alfhili 

et al. 2022). Moreover, it was demonstrated (Mohammed et al. 

2024) that NLR showed equivalent efficacy to HbA1c in 

predicting glycemic control, with a positive correlation 

observed between the two markers. Similarly, another study 

(Rafat et al. 2019) evaluating newly diagnosed T2DM patients 

found that elevated NLR was significantly associated with 

increased insulin resistance. In a previous study (Kweon et al. 

2016), it was found that NLR was significantly associated 

with fasting glucose levels among healthy Korean individuals. 

This positive correlation indicates that higher fasting glucose, 

even within a non-diabetic range, corresponds to an elevated 

NLR, reflecting a state of low-grade systemic inflammation. 

Elevated NLR has been linked to higher all-cause and 

cardiovascular mortality in individuals with diabetes and 

prediabetes, highlighting its potential as a simple marker of 

inflammation and risk (Chen et al. 2018). Thus, the increase in 

NLR may serve as an early indicator of metabolic 

dysregulation related to glucose metabolism and systemic 

inflammation. It is important to note that elevated NLR values 

are not exclusively indicative of pathological states. A recent 

study (Wang et al. 2025) demonstrated that female athletes 

had higher NLR values compared to males, despite the 

absence of clinical disease or inflammation. Therefore, 

physiological differences, such as sex-related immune 

responses, may contribute to variations in NLR and should be 

considered when interpreting this parameter in clinical and 

research settings 

The significantly higher values of platelets  count and 

RDW-CV in female subjects may be linked to estrogenic 

effects on megakaryocyte maturation, contributing to 

increased platelets production (Biino et al. 2013; Shaheen et 

al. 2025). Higher RDW-CV in females may be due to greater 

variability in iron status and red blood cell morphology 

influenced by hormonal fluctuations (Shaheen et al. 2022). 

One other possible explanation for the alterations in platelet 

and erythrocyte parameters observed in diabetic patients is the 

presence of multiple metabolic disturbances. Hyperglycemia, 

insulin resistance, and insulin deficiency may increase platelet 

reactivity through glycation of platelet proteins, leading to 

structural and functional changes (Schneider 2009; Ebrahim et 

al. 2022). Meanwhile, hyperosmolarity, oxidative stress, 

inflammation, and lipid metabolism disorders can impair red 

blood cell metabolism by promoting aggregation, reducing 

deformability, and compromising membrane fluidity. These 

effects collectively shorten erythrocyte lifespan and impair 

their function, potentially contributing to the progression of 

diabetic complications (Wang et al. 2021; Obeagu 2024). A 

previous study (Zhang et al. 2021) reported that women had 

higher RDW values than men, although the difference was not 
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statistically significant. Additionally, a previous study 

(Ebrahim et al. 2022) reported a positive correlation between 

RDW-CV and fasting blood glucose levels, suggesting that 

higher RDW-CV may be linked to poor glycemic control. 

There is a lack of published evidence indicating that diabetic 

patients typically present with low RDW-CV values, while, on 

the other hand, the majority of studies (Patel et al. 2009; 

Malandrino et al. 2012; Magri and Fava 2014; Ma et al. 2021; 

Ebrahim et al. 2022) report that RDW-CV tends to be elevated 

in individuals with diabetes and is often associated with 

inflammatory processes, oxidative stress, or the presence of 

chronic complications such as nephropathy and cardiovascular 

disease (Ebrahim et al. 2022). On the other hand, several 

studies have reported elevated platelet counts in patients with 

diabetes (Adane et al. 2021; Jena et al. 2025). The potential 

role of RDW-CV and platelets is as an early indicator of 

glycemic dysregulation prior to the onset of overt diabetes. It 

is worth noting that there are no studies examining the effects 

of RDW-CV and platelet indices, compared between males 

and females, in diabetic patients. 

In the present study, as mentioned above, lymphocyte 

count and LMR were significantly higher in females. Higher 

lymphocyte counts and LMR were associated with a reduced 

risk of all-cause and cardiovascular mortality and renal 

function decline in patients with T2DM (Cardoso et al. 2021). 

Thus, LMR may serve as a useful prognostic marker in 

diabetic populations (Cardoso et al. 2021). In contrast to the 

present findings, a previous study (Antwi-Baffour et al. 2018) 

reported lower lymphocyte counts in female patients with 

T2DM compared to males, which may contribute to increased 

susceptibility to infections in female diabetics (Allahyani et al. 

2023). These findings underscore the heterogeneity in 

lymphocyte dynamics among individuals with T2DM, 

potentially influenced by sex, glycemic status, and immune 

function. The observed higher lymphocyte counts and LMR in 

females may reflect sex-specific immunological responses, 

possibly modulated by hormonal and metabolic differences. 

Although direct comparative studies between males and 

females with T2DM remain limited, the emerging evidence 

supports the need for sex-based analyses to better understand 

immune alterations in diabetics. Such differences may have 

important prognostic implications and should be considered in 

both clinical evaluation and future research design. 

In conclusion, the present findings emphasize the 

importance of using sex-specific reference intervals when 

interpreting hematological values in both clinical and research 

setting in T2DM patients. These sex-dependent differences 

were found in the counts of some types of white blood cells, 

red blood cell, and platelets; hemoglobin concentrations; and 

related indices to these hematological parameters. Thus, 

differences between females and males occur in 

immunological and non-immunological parameters suggesting 

variations in inflammatory and immune responses. 

It is recommended that large-scale studies be carried out to 

confirm these findings, clarify the mechanisms underlying 

these differences, and to explore their clinical implications in 

diabetes management. 

  

Competing interests 

The authors have no competing interests.  

Funding 

The authors did not receive any funding.  

REFERENCES 

[1]. Adane, T., Asrie, F., Getaneh, Z., & Getawa, S. (2021). White blood 

cells and platelet profiles of diabetic patients at University of Gondar 

Specialized Referral Hospital: A comparative cross-sectional study. 
Journal of Clinical Laboratory Analysis, 35(6), e23808. 

https://doi.org/10.1002/jcla.23808 

[2]. Aldhabbah, O. M., & Jahan, S. (2025). Outcome of follow-up care 
frequency on the glycemic control of diabetic patients in Qassim, Saudi 

Arabia. Cureus. Advance online publication. 

https://doi.org/10.7759/cureus.87842 
[3]. Alfhili, M. A., Alsughayyir, J., Basudan, A. M., Alsubki, R., Alqahtani, 

S., Awan, Z. A., Algethami, M. R., & Al-Sheikh, Y. A. (2022). 

Monocyte–lymphocyte ratio and dysglycemia: A retrospective, cross-
sectional study of the Saudi population. Healthcare, 10(11), 2289. 

https://doi.org/10.3390/healthcare10112289 
[4]. Alghnam, S., Alessy, S. A., Bosaad, M., Alzahrani, S., Al Alwan, I. I., 

Alqarni, A., Alshammari, R., Al Dubayee, M., & Alfadhel, M. (2021). 

The association between obesity and chronic conditions: Results from a 
large electronic health records system in Saudi Arabia. International 

Journal of Environmental Research and Public Health, 18(23), 12361. 

https://doi.org/10.3390/ijerph182312361 
[5]. Alharbi, A. A., Alharbi, A. A., & Al-Dubai, S. A. (2024). Inter-relation 

between diabetes mellitus and hypertension in terms of incidence and 

prediction in Saudi Arabia: A retrospective cohort study. BMC Public 
Health, 24(1), 1956. https://doi.org/10.1186/s12889-024-19471-0 

[6]. Allahyani, M., Alshalawi, A. M., Alshalawii, M. R., Alqorashi, S. A., 

Aljuaid, A., Almehmadi, M. M., Bokhary, M. A., Albrgey, A. S., 
Alghamdi, A. A., Aldairi, A. F., & Alhazmi, A. S. (2023). Phenotypical 

evaluation of lymphocytes and monocytes in patients with type 2 

diabetes mellitus in Saudi Arabia. Saudi Medical Journal, 44(3), 296–
305. https://doi.org/10.15537/smj.2023.44.3.20220873 

[7]. Al-Mawali, A., Pinto, A. D., Al-Busaidi, R., Al-Lawati, R. H., & Morsi, 

M. (2018). Comprehensive haematological indices reference intervals 
for a healthy Omani population: First comprehensive study in GCC and 

Middle Eastern countries based on age, gender and ABO blood group 

comparison. PLoS ONE, 13(4), e0194497. 
https://doi.org/10.1371/journal.pone.0194497 

[8]. Alneami, Y. M., & Coleman, C. L. (2015). Risk factors for and barriers 

to control type-2 diabetes among Saudi population. Global Journal of 
Health Science, 8(9), 10–21. https://doi.org/10.5539/gjhs.v8n9p10 

[9]. Alodhayani, A., Almansour, R. A., Alotaibi, J. J., Alghamdi, E., & 

Alageel, A. (2022). Relationship between HbA1c and complete blood 
count parameters in adult patients with type 2 diabetes in Saudi Arabia. 

International Journal of Advanced Research, 10(10), 900–906. 

https://doi.org/10.21474/ijar01/15559 
[10]. AlShareef, A., Alrawaili, M., Almutairi, S., Ayyad, M., & Alshora, W. 

(2024). Association of hematological parameters and diabetic 

neuropathy: A retrospective study. Diabetes, Metabolic Syndrome and 
Obesity, 17, 779–793. https://doi.org/10.2147/DMSO.S453766 

[11]. Anjana, R. M., Shanthirani, C. S., Unnikrishnan, R., Mugilan, P., 

Amutha, A., Nair, H. D., Subhashini, S., Venkatesan, U., Ali, M. K., 
Ranjani, H., & Mohan, V. (2015). Regularity of follow-up, glycemic 

burden, and risk of microvascular complications in patients with type 2 

diabetes: A 9-year follow-up study. Acta Diabetologica, 52(3), 601–609. 
https://doi.org/10.1007/s00592-014-0701-0 

[12]. Antwi-Baffour, S., Kyeremeh, R., Boateng, S. O., Annison, L., & Seidu, 

M. A. (2018). Haematological parameters and lipid profile abnormalities 
among patients with type-2 diabetes mellitus in Ghana. Lipids in Health 

and Disease, 17(1), 1–10. https://doi.org/10.1186/s12944-018-0926-y 

[13]. Arkew, M., Yemane, T., Mengistu, Y., Gemechu, K., & Tesfaye, G. 
(2021). Hematological parameters of type 2 diabetic adult patients at 

Debre Berhan Referral Hospital, Northeast Ethiopia: A comparative 

cross-sectional study. PLoS ONE, 16(6), e0253286. 
https://doi.org/10.1371/journal.pone.0253286 

[14]. Bambo, G. M., Asmelash, D., Alemayehu, E., Gedefie, A., Duguma, T., 
& Kebede, S. S. (2024). Changes in selected hematological parameters 

https://doi.org/10.1002/jcla.23808
https://doi.org/10.7759/cureus.87842
https://doi.org/10.3390/healthcare10112289
https://doi.org/10.3390/ijerph182312361
https://doi.org/10.1186/s12889-024-19471-0
https://doi.org/10.15537/smj.2023.44.3.20220873
https://doi.org/10.1371/journal.pone.0194497
https://doi.org/10.5539/gjhs.v8n9p10
https://doi.org/10.21474/ijar01/15559
https://doi.org/10.2147/DMSO.S453766
https://doi.org/10.1007/s00592-014-0701-0
https://doi.org/10.1186/s12944-018-0926-y
https://doi.org/10.1371/journal.pone.0253286


International Research Journal of Pharmacy and Medical Sciences 
 ISSN (Online): 2581-3277 

 

 

14 

 
Sawsan Hassan Mahassni, Sara Khalid Nafadi, and Khalid Faisal Hassanin, “Immune system cells, hematological parameters, and lifestyle 

choices in Diabetics living in Jeddah, Saudi Arabia,” International Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 

9, Issue 4, pp. 8-15, 2026. 

in patients with type 1 and type 2 diabetes: A systematic review and 

meta-analysis. Frontiers in Medicine, 11, 1294290. 
https://doi.org/10.3389/fmed.2024.1294290 

[15]. Barman, P. K., & Koh, T. J. (2020). Macrophage dysregulation and 

impaired skin wound healing in diabetes. Frontiers in Cell and 
Developmental Biology, 8, 528. 

https://doi.org/10.3389/fcell.2020.005281 

[16]. Biino, G., Santimone, I., Minelli, C., Sorice, R., Frongia, B., Traglia, M., 
Pecci, A., Noris, P., & Balduini, C. L. (2013). Age- and sex-related2 

variations in platelet count in Italy: A proposal of reference ranges based 

on 40,987 subjects’ data. PLoS ONE, 8(1), e54289. 
https://doi.org/10.1371/journal.pone.0054289 

[17]. Global Burden of Disease Collaborative Network. Global Burden of 

Disease Study 2021. Results. Institute for Health Metrics and 
Evaluation. 2024. https://vizhub.healthdata.org/gbd-results/ 

[18]. International Diabetes Federation, Diabetes Atlas (2025), 11 edition.  

[19]. Ma, Y., Li, S., Zhang, A., Ma, Y., Wan, Y., Han, J., Cao, W., & Xu, G. 
(2021). Association between red blood cell distribution width and 

diabetic retinopathy: A 5-year retrospective case-control study. Journal 

of Ophthalmology, 2021, 6653969. 
https://doi.org/10.1155/2021/6653969 

[20]. Magri, C. J., & Fava, S. (2014). Red blood cell distribution width and 

diabetes-associated complications. Diabetes & Metabolic Syndrome: 
Clinical Research & Reviews, 8(1), 13–17. 

https://doi.org/10.1016/j.dsx.2013.10.012 

[21]. Mahassni, S. H., Bukhari, A. A., Bukhari, M. A., & Al Khathami, A. S. 
(2016). Dyslipidemia and hypertension in Saudi male cigarette smokers. 

International Journal of Sciences: Basic and applied research, 19(1), 

30-37. 
https://mail.ikprress.org/index.php/JOBARI/article/view/3968/3749 

[22]. Mahassni, S. H. & Bashanfar, N. O. (2016). Waist Circumference a 

Predictor of Hypertension and Dyslipidemia in Young Saudi Females. 
International Journal of Chemical and Biomolecular Science, 2(1), 15-

24. http://www.aiscience.org/journal/paperInfo/ijcbs?paperId=1753 

[23]. Malandrino, N., Wu, W. C., Taveira, T. H., Whitlatch, H. B., & Smith, 
R. J. (2012). Association between red blood cell distribution width and 

macrovascular and microvascular complications in diabetes. 

Diabetologia, 55(1), 226–235. https://doi.org/10.1007/s00125-011-
2331-1 

[24]. Mansoori, A., Sahranavard, T., Hosseini, Z. S., Soflaei, S. S., Emrani, 

N., Nazar, E., Gharizadeh, M., Khorasanchi, Z., Effati, S., Ghamsary, 
M., Ferns, G., Esmaily, H., & Mobarhan, M. G. (2023). Prediction of 

type 2 diabetes mellitus using hematological factors based on machine 

learning approaches: A cohort study analysis. Scientific Reports, 13, 
663. https://doi.org/10.1038/s41598-022-27340-2 

[25]. Milosevic, D., & Panin, V. L. (2019). Relationship between 
hematological parameters and glycemic control in type 2 diabetes 

mellitus patients. Journal of Medical Biochemistry, 38(2), 164–171. 

https://doi.org/10.2478/jomb-2018-0021 
[26]. Ministry of Health, Saudi Arabia. (2024, November 8). The Gulf 

countries are among the highest in the world in the prevalence of 

diabetes. https://www.moh.gov.sa/Pages/Default.aspx 
[27]. Mohammed, A. M., Khaleel, M., Padmaja, R. M., Jalily, Q. A., 

Dhanekula, K., & Eshwar, M. D. (2024). Neutrophil-to-lymphocyte ratio 

as a potential biomarker to manage type 2 diabetes mellitus and predict 
disease progression. Cureus. Advance online publication. 

https://doi.org/10.7759/cureus.55227 

[28]. Mokgalaboni, K., Dludla, P. V., Nyambuya, T. M., Yakobi, S. H., 
Mxinwa, V., & Nkambule, B. B. (2020). Monocyte-mediated 

inflammation and cardiovascular risk factors in type 2 diabetes mellitus: 

A systematic review and meta-analysis of pre-clinical and clinical 
studies. JRSM Cardiovascular Disease, 9, 2048004020900074. 

https://doi.org/10.1177/2048004019900748 

[29]. Kheradmand M, Ranjbaran H, Alizadeh-Navaei R, Yakhkeshi R, 

Moosazadeh M. Association between White Blood Cells Count and 

Diabetes Mellitus in Tabari Cohort Study: A Case-Control Study. Int J 

Prev Med. 2021 Sep 29;12:121. 
https://pmc.ncbi.nlm.nih.gov/articles/PMC8551773/ 

[30]. Nah, E.-H., Cho, S., Park, H., Kim, S., & Cho, H.-I. (2022). 

Associations of complete blood count parameters with pancreatic 
beta‐cell function and insulin resistance in prediabetes and type 2 

diabetes mellitus. Journal of Clinical Laboratory Analysis, 36(6), 

e24454. https://doi.org/10.1002/jcla.24454 
[31]. Nawal, C. L., Singh, A., Saini, H. L., & Rankawat, G. (2025). Impact of 

blood glucose level on hematological indices in patients with type 2 

diabetes mellitus. The Journal of the Association of Physicians of India, 
73(2), 16–20. https://doi.org/10.59556/japi.73.0851 

[32]. Obeagu, E. I. (2024). Red blood cells as biomarkers and mediators in 

complications of diabetes mellitus: A review. Medicine, 103(8), e37265. 
https://doi.org/10.1097/MD.0000000000037265 

[33]. Patel, K. V., Ferrucci, L., Ershler, W. B., Longo, D. L., & Guralnik, J. 

M. (2009). Red cell distribution width and the risk of death in middle-
aged and older adults. Archives of Internal Medicine, 169(5), 515–523. 

https://doi.org/10.1001/archinternmed.2009.11 

[34]. Pellegrino, R., Paganelli, R., Di Iorio, A., Bandinelli, S., Moretti, A., 
Iolascon, G., Sparvieri, E., Tarantino, D., & Ferrucci, L. (2023). 

Temporal trends, sex differences, and age-related disease influence in 

neutrophil, lymphocyte count and neutrophil-to-lymphocyte ratio: 
Results from InCHIANTI follow-up study. Immunity & Ageing, 20(1), 

70. https://doi.org/10.1186/s12979-023-00370-8 

[35]. Rafat, M. N., Berengy, M. S., Samir, H., Abd Alsamie, H., & Ramadan, 
S. E.-S. (2019). Evaluation of the relationship between neutrophil-

lymphocyte ratio and insulin resistance in newly diagnosed type 2 

diabetes mellitus patients. The Egyptian Journal of Hospital Medicine, 
77(6), 6340–6345. 

[36]. Schneider, D. J. (2009). Factors contributing to increased platelet 

reactivity in people with diabetes. Diabetes Care, 32(4), 525–527. 
https://doi.org/10.2337/dc08-1865 

[37]. Sciarra, F., Campolo, F., Franceschini, E., Carlomagno, F., & Venneri, 

M. (2023). Gender-specific impact of sex hormones on the immune 
system. International Journal of Molecular Sciences, 24(7), 6302. 

https://doi.org/10.3390/ijms24076302 

[38]. Shahani, S., Braga-Basaria, M., Maggio, M., & Basaria, S. (2009). 
Androgens and erythropoiesis: Past and present. Journal of 

Endocrinological Investigation, 32(8), 704–716. 

https://doi.org/10.1007/BF03345745 
[39]. Shaheen, N. A., Rehan, H., Moghairi, A., Gmati, G., Damlaj, M., 

Salama, H., Rather, M., Mendoza, M. A., Alanazi, A., Al Ahmari, B., Al 

Zahrani, M., Al-Hejazi, A., & Alaskar, A. S. (2022). Hematological 
indices in the adult Saudi population: Reference intervals by gender, 

age, and region. Frontiers in Medicine, 9, 901937. 

https://doi.org/10.3389/fmed.2022.901937 
[40]. Shaheen, N., Thomas, S., Almoghairi, A., & Alaskar, A. (2025). 

Hematological parameters’ reference intervals in apparently healthy 

individuals in Saudi Arabia: A systematic review and meta-analysis. 
Frontiers in Medicine, 12, 1522492. 

https://doi.org/10.3389/fmed.2025.1522492 
[41]. Shi, C., & Pamer, E. G. (2011). Monocyte recruitment during infection 

and inflammation. Nature Reviews Immunology, 11(11), 762–774. 

https://doi.org/10.1038/nri3070 
[42]. Treins, C., Giorgetti-Peraldi, S., Murdaca, J., Semenza, G. L., & Van 

Obberghen, E. (2002). Insulin stimulates hypoxia-inducible factor 1 

through a phosphatidylinositol 3-kinase/target of rapamycin-dependent 
signaling pathway. Journal of Biological Chemistry, 277(31), 27975–

27981. https://doi.org/10.1074/jbc.M204152200 

[43]. van Zeventer, I. A., de Graaf, A. O., Koorenhof-Scheele, T. N., van der 
Reijden, B. A., van der Klauw, M. M., Dinmohamed, A. G., Diepstra, 

A., Schuringa, J. J., Malcovati, L., Huls, G., & Jansen, J. H. (2022). 

Monocytosis and its association with clonal hematopoiesis in 
community-dwelling individuals. Blood Advances, 6(14), 4174–4184. 

https://doi.org/10.1182/bloodadvances.2021006755 

[44]. Wang, C., Ning, Z., Lu, Q., Zhang, Y., & Chen, J. (2025). Reference 
interval establishment for neutrophil-to-lymphocyte ratio, platelet-to-

lymphocyte ratio, and systemic immune-inflammation index in athletes: 

Analysis of sex and sport type impact. Journal of Clinical Laboratory 
Analysis, 39(5), e70005. https://doi.org/10.1002/jcla.70005 

[45]. Wang, Y., Yang, P., Yan, Z., Liu, Z., Ma, Q., Zhang, Z., Wang, Y., & 

Su, Y. (2021). The relationship between erythrocytes and diabetes 
mellitus. Journal of Diabetes Research, 2021, 6656062. 

https://doi.org/10.1155/2021/6656062 

[46]. Zhang, D., Zhang, S., Wang, L., Pan, T., & Zhong, X. (2021). The 
relationship between red blood cell distribution and islet β-cell function 

https://doi.org/10.3389/fmed.2024.1294290
https://doi.org/10.3389/fcell.2020.00528
https://doi.org/10.1371/journal.pone.0054289
https://doi.org/10.1155/2021/6653969
https://doi.org/10.1016/j.dsx.2013.10.012
https://mail.ikprress.org/index.php/JOBARI/article/view/3968/3749
http://www.aiscience.org/journal/paperInfo/ijcbs?paperId=1753
https://doi.org/10.1007/s00125-011-2331-1
https://doi.org/10.1007/s00125-011-2331-1
https://doi.org/10.1038/s41598-022-27340-2
https://doi.org/10.2478/jomb-2018-0021
https://www.moh.gov.sa/Pages/Default.aspx
https://doi.org/10.7759/cureus.55227
https://doi.org/10.1177/2048004019900748
https://pmc.ncbi.nlm.nih.gov/articles/PMC8551773/
https://doi.org/10.1002/jcla.24454
https://doi.org/10.59556/japi.73.0851
https://doi.org/10.1097/MD.0000000000037265
https://doi.org/10.1001/archinternmed.2009.11
https://doi.org/10.1186/s12979-023-00370-8
https://doi.org/10.2337/dc08-1865
https://doi.org/10.3390/ijms24076302
https://doi.org/10.1007/BF03345745
https://doi.org/10.3389/fmed.2022.901937
https://doi.org/10.3389/fmed.2025.1522492
https://doi.org/10.1038/nri3070
https://doi.org/10.1074/jbc.M204152200
https://doi.org/10.1182/bloodadvances.2021006755
https://doi.org/10.1002/jcla.70005
https://doi.org/10.1155/2021/6656062


International Research Journal of Pharmacy and Medical Sciences 
 ISSN (Online): 2581-3277 

 

 

15 

 
Sawsan Hassan Mahassni, Sara Khalid Nafadi, and Khalid Faisal Hassanin, “Immune system cells, hematological parameters, and lifestyle 

choices in Diabetics living in Jeddah, Saudi Arabia,” International Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 

9, Issue 4, pp. 8-15, 2026. 

indexes in patients with type 2 diabetes. BMC Endocrine Disorders, 21, 

7. https://doi.org/10.1186/s12902-020-00668-4 
[47]. Zhang, H., Yang, Z., Zhang, W., Niu, Y., Li, X., Qin, L., & Su, Q. 

(2017). White blood cell subtypes and risk of type 2 diabetes. Journal of 

Diabetes and Its Complications, 31(1), 31–37. 
https://doi.org/10.1016/j.jdiacomp.2016.10.029 

[48]. Zhang, M., Ward, J., Strawbridge, R. J., Anderson, J. J., Celis-Morales, 

C., Pell, J. P., Ho, F. K., & Lyall, D. M. (2025). Genetic predisposition 

to adiposity, and type 2 diabetes: The role of lifestyle and phenotypic 

adiposity. European Journal of Endocrinology, 192(5), 549–557. 
https://doi.org/10.1093/ejendo/lvaf084 

[49]. Ziegler-Heitbrock, L. (2014). Monocyte subsets in man and other 

species. Cellular Immunology, 289(1–2), 135–139. 
https://doi.org/10.1016/j.cellimm.2014.03.019 

 

 

https://doi.org/10.1186/s12902-020-00668-4
https://doi.org/10.1016/j.jdiacomp.2016.10.029
https://doi.org/10.1093/ejendo/lvaf084
https://doi.org/10.1016/j.cellimm.2014.03.019

