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Abstract 

 

Background/Aim: Type 2 diabetes mellitus (T2DM) is a common chronic disease with an increasing 

incidence worldwide and its effects are being seen in many countries. Insulin resistance is the main factor 

in the pathophysiology. T2DM leads to an increase in mortality and morbidity due to macrovascular and 

microvascular complications. Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) are 

effective parameters in monitoring the inflammatory response. The primary aim of this study was to 

investigate glycemic control in patients with type 2 diabetes by focusing on their correlation with 

inflammatory markers, such as NLR and PLR, glycated hemoglobin (HbA1c), and fasting blood glucose 

levels. 

Methods: The present study was carried out in 2022 within the purview of the Internal Medicine Clinic at 

Balikesir İvrindi State Hospital. Data from the initial annual consultations of patients with T2DM, either 

newly diagnosed or previously diagnosed and visiting for follow-up, were utilized. Our study excluded 

patients under the age of 18 and those diagnosed with cirrhosis, heart failure, type 1 diabetes mellitus, 

malignancy, epilepsy, acute infection, pregnancy, or chronic inflammatory disease. We further excluded 

those on medications including steroids, antivirals, anticonvulsants, antipsychotics, antithyroids, and 

chemotherapeutic drugs that impact the leukocyte count. Based on their HbA1c levels, patients were 

systematically categorized into two distinct cohorts: those with controlled blood sugar (HbA1c ≤7%) and 

those with uncontrolled blood sugar (HbA1c >7%). In the ambit of this study, we incorporated data from 

205 patients. We employed a cross-sectional study that retrospectively examined the correlation between 

NLR, PLR, and glycemic regulation in T2DM patients. SPSS 22.0 software was used to perform statistical 

calculations. 

Results: It was observed that patients with poor glycemic control had longer disease durations and this 

disparity bore statistical significance (P=0.005). Patients exhibiting poor glycemic control demonstrated 

elevated levels of CRP (C-reactive protein), a difference that reached statistical significance (P=0.003). 

The group exhibiting poor glycemic control demonstrated a notable elevation in NLR, indicating statistical 

significance (P=0.001). Although it was not statistically significant, PLR was found to be higher in 

patients with uncontrolled T2DM (P=0.441). 

Conclusion: This research investigates the correlation between HbA1c levels and inflammatory markers, 

specifically NLR and TLR, in T2DM patients who exhibit poor control of glycemia. Our findings highlight 

the potential of these markers as indicators of glycemic control, thus emphasizing the need for integrated 

strategies for managing inflammation and improving glycemic control in T2DM patients. The novelty of 

this area of research contributes to the scarcity of available literature, underlining the importance and 

timeliness of this study. Based on our findings, we suggest an increased focus on regular monitoring of 

inflammatory markers, for instance NLR and PLR, to assess the glycemic control in T2DM patients. The 

significant correlation of these markers with HbA1c levels implies that they could potentially serve as 

useful tools in personalizing diabetes management strategies, leading to improved patient outcomes. Not 

only does our research contribute to filling this knowledge gap, but it also underscores the potential for 

utilizing inflammatory markers in tracking disease progression and optimizing treatment efficacy in 

T2DM. 
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Introduction 

Type 2 diabetes mellitus (T2DM) is a chronic metabolic 

disease that causes multi-organ involvement and dysfunction. 

The most important feature is that it occurs with insulin 

resistance [1]. The global incidence of T2DM continues on an 

upward trend, with projections indicating an estimated 

prevalence of around 10.4% by the year 2040 [2]. T2DM causes 

a significant increase in mortality and morbidity due to chronic 

macrovascular and microvascular complications. Coronary artery 

disease, peripheral vascular disease, and cerebrovascular disease 

are prominent as macrovascular complications, while 

nephropathy, retinopathy, and neuropathy are defined as 

microvascular complications [3]. Hyperglycemia and insulin 

resistance cause stimulation of inflammatory processes. Markers 

of inflammation, specifically C-reactive protein (CRP) and 

interleukin-6 (IL-6), are noted to be significantly elevated in 

T2DM [4]. 

The ratio was obtained by dividing the absolute 

neutrophil count by the absolute lymphocyte count in the 

complete blood count is expressed as the neutrophil-lymphocyte 

ratio (NLR). It is an easily calculable and low-cost marker. This 

ratio stands as a crucial marker of systemic inflammatory 

response [5]. NLR independently prognosticates ventricular 

dysfunction, and is notably correlated with the severity and 

mortality outcomes in coronary artery disease [6]. The elevated 

NLR value has been shown to be correlated with a reduced 

overall survival duration in many cancers [7]. Moreover, 

empirical evidence underscores a significant association between 

NLR and the occurrence of diabetic nephropathy [8]. NLR may 

increase in T2DM patients, and this increase may indicate the 

inflammatory burden of T2DM [9]. The ratio of the absolute 

platelet count divided by the absolute lymphocyte count in the 

complete blood count is expressed as the platelet-lymphocyte 

ratio (PLR). PLR may be utilized as an inflammatory marker in 

rheumatologic diseases and chronic obstructive pulmonary 

disease [10,11]. There are studies showing that the PLR value 

can also be used as an inflammatory marker in T2DM patients 

[12,13]. The high level of inflammation has been observed in 

uncontrolled T2DM patients, as evaluated in the existing 

literature. Additionally, it is known that NLR and PLR values are 

associated with inflammation. The objective of this study is to 

clarify the association between NLR and PLR values, and reveal 

their potential influence on glycemic control among patients 

diagnosed with T2DM. 

Materials and methods 

Study design 

This research was conceived as a retrospective, cross-

sectional study, in the Internal Medicine Clinic of Balikesir 

İvrindi State Hospital between January 2022 and December 

2022. After obtaining approval from the local ethics committee 

(2023/35, 22/03/2023), the study was initiated by accessing the 

patients’ records by retrospectively scanning the hospital and 

laboratory systems. This research was performed with patients 

who visited the Internal Medicine Outpatient Clinic. All newly 

diagnosed or previously diagnosed T2DM patients were 

incorporated into the study. The first application of each patient 

in 2022 was considered. Patients with diagnoses of cirrhosis, 

heart failure, type 1 diabetes mellitus, malignancy, epilepsy, 

acute infection, pregnancy, chronic inflammatory disease, and 

patients under the age of 18 were excluded from the study. Those 

using steroids, antivirals, anticonvulsants, antipsychotics, 

antithyroids, and chemotherapeutic drugs that affect the 

leukocyte count were also excluded from the study. The total 

patient count for the study was established at 205. T2DM 

patients were divided into two groups: those with controlled 

blood glucose levels (HbA1c ≤7%) and those without (HbA1c 

>7%). The study was performed ensuring ethical conformity 

with the principles expounded in the Declaration of Helsinki. 

Participant selection 

The sample size calculation was performed utilizing 

G*Power 3.1, a software program created by Franz Faul at the 

University of Kiel, Germany. Setting the Type I error rate at 0.05 

and confidence level at 90%, it was determined that a minimum 

sample size of 140 was necessary. 

Data collection 

All participants' demographic attributes, clinical details, 

and laboratory data were accumulated from their individual 

medical documents. Demographic characteristics and clinical 

and laboratory data of all participants were obtained from their 

respective medical records. In addition to their age, gender, 

T2DM disease duration, biochemical data such as alanine 

aminotransferase (ALT), fasting blood glucose, aspartate 

aminotransferase (AST), glycated hemoglobin (HbA1c), CRP, 

urea, creatinine, total protein, triglyceride (TG), albumin, total 

cholesterol, globulin, high-density lipoprotein (HDL), low-

density lipoprotein (LDL), neutrophil count (NEU), white blood 

cell (WBC), platelet count (Plt), hemoglobin count (Hgb), 

lymphocyte count (LYM), iron, ferritin, and total iron binding 

capacity values were examined. NLR and PLR were evaluated 

by taking the ratio of the absolute neutrophil count and the 

absolute platelet count to the absolute lymphocyte count, 

respectively, from the evaluation of the complete blood count.  

Statistical analysis 

 Data compiled during the investigation were recorded 

using the IBM SPSS 22.0 (SPSS INC, Chicago, IL, USA) 

software, and further statistical analyses were then conducted. In 

terms of descriptive statistics, continuous variables were denoted 

as mean (standard deviation), while categorical variables were 

presented as percentages. The normality of distribution within 

the groups was examined using both the Kolmogorov-Smirnov 

and Shapiro-Wilk tests. When comparing the two groups, 

numerical data following a normal distribution were assessed via 

the Student's t-test, while the Mann-Whitney U test was 

employed for numerical data exhibiting a non-normal 

distribution. The Chi-square test was applied to compare 

independent groups with categorical variables. Spearman’s 

correlation analysis was deployed to identify linkages between 

continuous variables. Findings with P-values less than 0.05 were 

interpreted as statistically significant. 

Results 

Eighty-four cases with controlled blood sugar (HbA1c 

≤%7) and 121 cases with uncontrolled blood sugar (HbA1c 

>%7) were used in this research. Table 1 presents the 
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demographic characteristics and laboratory parameters of the 

enrolled cases. The mean age of controlled T2DM patients was 

64.6 (11.9) and the average age of uncontrolled T2DM patients 

was 65.5 (9.7). This distinction was determined to be statistically 

inconsequential (P=0.573). Fifty-eight (69%) of the controlled 

T2DM patients were female, while 26 (31%) were male; 79 

(65.3%) of the uncontrolled T2DM patients were female, while 

42 (34.7%) were male. No statistically significant difference was 

observed among controlled and uncontrolled patients in terms of 

gender (P=0.574). The mean duration of T2DM was determined 

to be 4.9 (3.2) years for controlled patients and 6.1 (3.2) years for 

uncontrolled patients. It was determined that the detected 

difference was statistically significant (P=0.005). A comparative 

analysis of fasting blood sugar values revealed an average of 

140.7 (44.4) for the controlled group and an average of 228.8 

(103.2) for the uncontrolled group (P<0.001). CRP values were 

determined to be an average of 1.04 (1.9) in the controlled group 

and 1.2 (1.8) in the uncontrolled group. Statistical analysis 

revealed that this discrepancy was significant (P=0.003). When 

compared to controlled T2DM patients, uncontrolled T2DM 

patients demonstrated significantly elevated NLR levels. This 

difference was found to carry statistical significance upon 

evaluation (P=0.001). TLR was lower in controlled T2DM 

patients compared to uncontrolled patients; however, this 

observation did not reach the threshold of statistical significance 

(P=0.441). 
 

Table 1: Demographic characteristics and laboratory parameters of the study population 
 

Parameter Controlled T2DM 

(HbA1c ≤%7)  

(n=84) Mean (SD) 

Uncontrolled T2DM  

(HbA1c >%7)  

(n=121) Mean (SD) 

P-value 

Age 64.6 (11.9) 65.5 (9.7) 0.573 

Gender (Female/Male) n(%) 58 (69%)/26 (31%) 79 (65.3%)/42 (34.7%) 0.574 

Duration of T2DM (years) 4.9 (3.2) 6.1 (3.2) 0.005 

FPG (mg/dl) 140.7 (44.4) 228.8 (103.2) <0.001 

AST (U/L) 20.6 (12.9) 20.5 (12.9) 0.703 

ALT (U/L) 18.7 (9.3) 19.3 (10.6) 0.918 

Urea (mg/dl) 39 (18.2) 39 (21.4) 0.828 

Creatinine (mg/dl) 1.1 (0.7) 1.1 (0.7) 0.806 

Total Protein (g/dl) 7.6 (0.5) 7.5 (0.7) 0.401 

Albumin (g/dl) 4.2 (0.3) 4.2 (0.4) 0.795 

Globulin (g/dl) 3.3 (0.4) 3.3 (0.5) 0.999 

Triglycerides (mg/dl) 165.6 (99.7) 182.1 (100.7) 0.173 

Total Cholesterol (mg/dl) 201 (41.3) 208.6 (48.3) 0.503 

LDL (mg/dl) 111 (33.9) 116.7 (38.5) 0.492 

HDL (mg/dl) 57.4 (16.2) 57.1 (16.3) 0.908 

CRP (mg/dl) 1.04 (1.9) 1.2 (1.8) 0.003 

Iron (mg/dl) 65.1 (32.4) 72.3 (46.6) 0.580 

TIBC (mg/dl) 336 (70.4) 349.2 (70.4) 0.304 

Ferritin (ng/ml) 72.5 (163.8) 80.3 (155.5) 0.349 

Hgb (g/dl) 13.2 (1.8) 13.6 (1.9) 0.056 

WBC (10^3/μL) 8.1 (2.5) 8.2 (2.5) 0.717 

NEU (#) 5.4 (2.0) 5.8 (2.3) 0.182 

LYM (#) 1.7 (0.7) 1.5 (0.6) 0.007 

PLT (10^3/μL) 251.6 (74.7) 231.1 (75.7) 0.060 

NLR 3.3 (1.7) 4.5 (4.0) 0.001 

TLR 164.7 (104.3) 171.3 (102.1) 0.441 
 

T2DM: Type 2 diabetes mellitus HbA1c: glycated hemoglobin FBG: fasting blood glucose AST: aspartate 

aminotransferase ALT: alanine aminotransferase LDL: low-density lipoprotein HDL: high-density 

lipoprotein CRP: C-reactive protein TIBC: total iron binding capacity Hgb: hemoglobin count WBC: white 

blood cell count NEU: neutrophil count LYM: lymphocyte count PLT: platelet count NLR: neutrophil-to-

lymphocyte ratio TLO: platelet-to-lymphocyte ratio 
 

The correlation rates between HbA1c and other 

parameters are shown in Table 2. A high level of relationship 

was discerned between fasting blood sugar and HbA1c, and a 

low level of a relationship was discerned between NLR and 

HbA1c. This difference was found to carry statistical 

significance upon evaluation (Rho=0.642, P<0.001; Rho=0.177, 

P=0.011). A moderate level of correlation was found between 

TLR and HbA1c, but this was statistically insignificant 

(Rho=0.400, P=0.567). An inverse correlation of moderate 

strength between lymphocyte count and HbA1c was statistically 

validated (Rho=-0.207, P=0.003). 

A high level of association was noted between NLR and 

TLR, and this was statistically validated (Rho=0.697, P<0.001). 

A low level of a link could be seen between NLR and fasting 

blood sugar, which was confirmed to be statistically meaningful. 

(Rho=0.235, P=0.001). A correlation of lower magnitude was 

additionally found between TLR and fasting blood sugar, but this 

was statistically insignificant (Rho=0.132, P=0.060). A low level 

of correlation was found between fasting blood sugar and 

triglycerides, and a moderate level of correlation was observed 

between age and duration of T2DM, and these were statistically 

significant (Rho=0.257, P<0.001; Rho=0.398, P<0.001). 
 

Table 2: Correlation analysis between HbA1c and laboratory parameters 
 

 HbA1c 

 Rho P-value 

Age -0.002 0.98 

FPG (mg/dl) 0.642 <0.001 

NLR 0.177 0.011 

TLR 0.400 0.567 

Duration of T2DM (years) 0.114 0.103 

AST (U/L) -0.117 0.930 

ALT (U/L) -0.056 0.421 

Urea (mg/dl) -0.011 0.881 

Creatinine (mg/dl) 0.026 0.716 

Total protein (g/dl) -0.044 0.548 

Albumin (g/dl) -0.034 0.636 

Globulin (g/dl) 0.014 0.850 

Triglycerides (mg/dl) 0.136 0.053 

Total cholesterol (mg/dl) 0.066 0.353 

LDL (mg/dl) 0.024 0.733 

HDL (mg/dl) 0.013 0.852 

CRP (mg/dl) -0.031 0.666 

Iron (mg/dl) 0.025 0.752 

TIBC (mg/dl) 0.066 0.412 

Ferritin (ng/ml) 0.020 0.824 

Hgb (g/dl) 0.082 0.242 

WBC (10^3/μL) 0.046 0.510 

NEU (#) 0.127 0.700 

LYM (#) -0.207 0.003 

PLT (10^3/μL) -0.135 0.540 
 

HbA1c: glycated hemoglobin FBG: fasting blood glucose NLR: neutrophil-to-lymphocyte ratio TLR: 

platelet-to-lymphocyte ratio AST: aspartate aminotransferase ALT: alanine aminotransferase LDL: low-

density lipoprotein HDL: high-density lipoprotein CRP: C-reactive protein TIBC: total iron binding capacity 

Hgb: hemoglobin count WBC: white blood cell count NEU: neutrophil count LYM: lymphocyte count PLT: 

platelet count  
 

Discussion 

Recently, several reports have shown that the 

progression of T2DM is significantly impacted by the presence 

of chronic inflammation [14]. Chronic inflammation plays a 

pivotal role in the pathogenesis of T2DM and metabolic 

syndrome, exerting its influence through immunological 

inflammatory mechanisms and contributing to the advancement 

of the disease [15,16]. The excessive secretion of some 

mediators (IL-1, IL-6, TNF-a, and CRP) and damage to the 

endothelium cause the complications of T2DM [17]. T2DM 

causes microvascular and macrovascular complications. These 

complications are the most important factors in increasing 

mortality and morbidity [18]. Blood glucose control is crucial in 

preventing complications. For many adult patients without 

pregnancy, the glycemic target in blood sugar control is set at 

HbA1c ≤7 [19]. 

There are many studies showing that glycemic control 

worsens as the duration of T2DM increases. The main reasons 

for this include the lack of regular follow-ups, failure of patients 

to pay attention to their diets, and poor medication adherence 

[20]. There are also studies on the worsening of glycemic control 

with the diagnosis of T2DM at a young age and the length of 

disease duration [21,22]. In the scope of our research, we 
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discerned a correlation that holds statistical significance between 

the length of T2DM affliction and poor glycemic control. CRP 

elevation is often observed in relation to inflammation. As 

glycemic control deteriorates, CRP levels increase [23]. Our 

investigation demonstrated a statistically significant correlation 

between an augmentation in CRP levels and compromised 

glycemic control. There are studies showing a linear relationship 

between high triglyceride levels and high HbA1c levels [24]. In 

addition to its relationship with glycemic control, high HbA1c 

levels are also considered to be an effective indicator of lipid 

profile [25]. Although not statistically significant, our study 

showed that the group with poor glycemic control had high 

levels of triglycerides and LDL. 

NLR can be used as a non-invasive, easy, and 

economical indicator in the evaluation of systemic inflammation. 

This indicator can be easily obtained through complete blood 

count analysis. Some studies have shown a relationship between 

NLR and T2DM [26]. Others have shown that as glycemic 

control deteriorates, NLR levels increase [27]. In our 

investigation, a statistically meaningful increase in NLR was 

noted in T2DM patients lacking effective glycemic control. 

Research has suggested that T2DM patients have 

inadequate lymphocyte proliferation. One study indicated that 

there may be an increase in NLR due to a decrease in 

lymphocyte count caused by hyperglycemia [28]. In our study, 

the lymphocyte count was lower in T2DM patients with 

uncontrolled disease, and this was statistically significant. 

Several research investigations have identified a positive 

association between HbA1c and WBC counts in patients afflicted 

with T2DM [29]. Other studies suggest that elevated WBC 

counts are associated with impaired insulin sensitivity in T2DM 

patients [30]. In our study, WBC count was found to be higher in 

uncontrolled T2DM patients; however, this difference did not 

reach the threshold of statistical significance. 

Research has shown an increase in TLR ratio in relation 

to increased platelet count in T2DM patients [31]. Our study 

found that TLR was high in patients with poor glycemic control, 

but this was determined to be statistically insignificant. 

Limitations  

There are some limitations in the current study. First, 

the possibility of error cannot be ruled out, since laboratory 

measurements were made only once. Second, because the study 

design was retrospective, patients could not be reached to 

measure height, weight, and body mass index, which affect NLR 

and other parameters. Third, the single center where the study 

was conducted is a factor limiting the external validity of those 

measured. In addition, sampling sizes and sampling groups were 

obtained from only one region; therefore, data from different 

situations and larger sampling groups need to be validated before 

the outcomes of this research can be generalized to a larger 

sample. 

Conclusion 

T2DM is a chronic, multisystemic disease whose impact 

extends beyond hyperglycemia to a broader range of 

complications including inflammatory pathologies. The 

association of inflammation with T2DM underscores the 

relevance of inflammatory markers, such as NLR and TLR, as 

potential indicators of glycemic control in individuals with 

T2DM. Our study illuminates a possible relationship between the 

levels of HbA1c and values of NLR and TLR, particularly in 

patients presenting poor glycemic control. This association 

amplifies the significance of managing inflammation alongside 

improving glycemic control as integral strategies in T2DM 

management. Given the relatively novel nature of research 

within this area, there is a noticeable paucity of studies exploring 

these relationships. Thus, our findings fill a critical gap in the 

existing literature, serving as a robust platform for further 

investigations. In light of these insights, it becomes increasingly 

evident that integrating the monitoring of inflammatory markers 

into the treatment regimen could provide a more comprehensive 

understanding of disease progression and treatment efficacy in 

T2DM. As such, we anticipate that future research endeavors 

will further elucidate the mechanistic links between 

inflammation, NLR and TLR values, and glycemic control, 

thereby refining therapeutic strategies for T2DM and mitigating 

its associated complications. 
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