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ABSTRACT

Aim: This study investigates the relationship between the mono-
cyte-to-high-density lipoprotein cholesterol ratio (MHR) and mi-
crovascular complications (nephropathy, retinopathy, and neu-
ropathy) in patients with type 2 diabetes mellitus (T2DM). With the
increasing global burden of diabetes and its associated complica-
tions, identifying simple and accessible biomarkers for early pre-
diction and management is of great importance.

Materials and Methods: The data of 229 T2DM patients who ap-
plied to the internal medicine and diabetes outpatient clinics of
Haseki Training and Research Hospital between June 1, 2012, and
June 1, 2017, were retrospectively analyzed. Demographic, clini-
cal, and laboratory data, including MHR values, were collected.
Statistical analyses were performed using IBM Statistical Package
for Social Sciences (SPSS) program version 23.0, and a signifi-
cance level of p<0.05 was considered. The Mann-Whitney U test
was used for data that did not show a normal distribution.

Results: Of the 229 patients included in the study, 52.8% were fe-
male, and the mean age was 56.7 years. Diabetic retinopathy (DRP)
was detected in 28.8% of the patients, diabetic nephropathy (DN)
in 34.5%, and diabetic neuropathy in 42.8%. A statistically signifi-
cant relationship was found between MHR and DRP (p=0.015) and
between MHR and DN (p<0.001); however, no significant associa-
tion was found between MHR and neuropathy (p=0.124).

Conclusion: Monocyte-to-high-density lipoprotein cholesterol ra-
tio may be a useful and easily calculable marker for predicting dia-
betic retinopathy and nephropathy in patients with type 2 diabetes.
However, no significant relationship was found between MHR and
diabetic neuropathy. Further prospective studies are needed to
confirm the prognostic value of MHR in clinical practice.
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0ZET

Amac: Bu calisma, tip 2 diabetes mellitus (T2DM) hastalarinda mo-
nosit/yiiksek yogunluklu lipoprotein kolesterol (HDL) orani (MHR)
ile diyabete bagli mikrovaskdiler komplikasyonlar olan nefropati, re-
tinopati ve néropati arasindaki iliskiyi arastirmayr amaclamaktadir.
Diyabet ve iliskili komplikasyonlarin kiresel y(kui giderek artarken,
erken tahmin ve ydnetim icin basit ve erisilebilir biyobelirteclerin
belirlenmesi blylk 6nem tasimaktadir.

Materyal ve Metot: Calismada, 1 Haziran 2012 ile 1 Haziran 2017
tarihleri arasinda Haseki Egitim ve Arastirma Hastanesi i¢ hasta-
liklar1 ve diyabet Polikliniklerine basvuran 229 T2DM hastasinin
verileri retrospektif olarak analiz edildi. Demografik, klinik ve labo-
ratuvar verileri ile MHR degerleri kaydedildi. istatistiksel analizler
IBM Sosyal Bilimlerde Istatistik Paket Programi (SPSS) siiriim 23.0
programi kullanilarak yapildi; p <0,05 anlamli kabul edildi. Normal
dagiim géstermeyen veriler icin Mann-Whitney U testi kullanild.

Bulgular: Calismaya dahil edilen 229 hastanin %52,8’i kadindi ve
ortalama yas 56,7 idi. Hastalarin %28,8’inde diyabetik retinopati
(DRP), %34,5’inde diyabetik nefropati (DN) ve %42,8’inde diyabe-
tik néropati saptandi. Monocyte-to-high-density lipoprotein cho-
lesterol ile DRP (p=0,015) ve DN (p<0,001) arasinda istatistiksel
olarak anlamli bir iliski bulundu. Ancak MHR ile néropati arasinda
anlamli bir iliski saptanmadi (p=0,124).

Sonuc: Tip 2 diyabetli hastalarda MHR, diyabetik retinopatiyi ve
nefropatiyi édngérmede kullanilabilecek pratik ve hesaplanmasi
kolay bir biyobelirte¢ olabilir. Ancak diyabetik néropati ile anlamii
bir iliski gésterilmemistir. MHR’nin klinik uygulamadaki prognostik
degerinin netlesmesi icin ileriye déniik, cok merkezli calismalara
ihtiyag vardir.

Anahtar kelimeler: monosit/yiiksek yogunluklu lipoprotein kolesterol orani;
tip 2 diyabetes mellitus; mikrovaskiiler komplikasyonlar; diyabetik nefropati;
diyabetik retinopati; diyabetik néropati

lletisim/Contact: Abhmet Diizgiin, Diyarbaksr Gazi Yasargil Research and Training Hospital, Tiirkiye  Tel: 0544 674 5460 o
E-mail: a.duzgun@gmail.com o Gelis/Received: 05.08.2025 « Kabul/Accepted: 18.08.2025

ORCID: AhmetDiizgiin: 0000-0001-8643-1482 o Eyyiip Cavdar: 0000-0001-5885-3047 o Nida Oztop: 0000-0003-2607-3833 o
Egemen Cebeci: 0000-0002-7393-5144 o Namaik Yigit: 0000-0002-4635-4889

Kafkas J Med Sci 2026; 16(1):23-28
doi: 10.5505/kjms.2026.76429



24

Introduction

Diabetes mellitus (DM) is a chronic metabolic disease
characterized by sustained high blood glucose levels,
arising from insufficient insulin secretion or impaired
cellular response to insulin. This metabolic imbalance
adversely affects the regulation of carbohydrate, lipid,
and protein metabolism. Epidemiological estimates sug-
gest that the global burden of diabetes may reach nearly
693 million individuals by 2045 (1,2). Macrovascular
and microvascular complications—including diabetic
nephropathy, retinopathy, and neuropathy—play a ma-
jor role in increasing mortality and reducing quality of
life among individuals with diabetes. With the growing
prevalence of the disease, secondary outcomes such as
limb loss and dependence on dialysis significantly inten-
sify both the individual health burden and societal costs.
Among these complications, microvascular disorders, in
particular, are key drivers of rising healthcare expendi-
tures in many nations (3,4).

Studies have demonstrated that diabetes facilitates the
overproduction of reactive oxygen species (ROS). Key
contributors to superoxide radical formation include
fluctuations in blood glucose levels, endothelial dysfunc-
tion, and oxidative damage to pancreatic beta cells (5).
Epidemiological evidence indicates a close relationship
between inflammatory biomarkers and both the de-
velopment and progression of type 2 diabetes mellitus
(T2DM) and its associated complications. This inflam-
matory cascade is thought to be initiated by interactions
among adipocytes, macrophages, and various immune
cells that infiltrate enlarged adipose tissue (6).

Monocytes and macrophages are essential components
of the immune system that actively produce and secrete
pro-inflammatory and oxidative cytokines. Together
with leukocytes and lymphocytes, monocytes play a
crucial role in the innate immune response. After dif-
ferentiating in peripheral tissues, these cells contribute
to both the initiation and resolution of inflammation
via mechanisms such as phagocytosis, cytokine secre-
tion, reactive oxygen species (ROS) production, and
activation of the adaptive immune system. However, an
overabundance of monocytes can exacerbate oxidative
stress and amplify inflammatory pathways. Elevated
monocyte activity has also been linked to platelet
activation and endothelial dysfunction, potentially
promoting prothrombotic processes (7). In contrast
to monocyte-driven inflammation, high-density lipo-
protein cholesterol (HDL-C) plays a protective role
by mitigating oxidative and inflammatory responses. It
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accomplishes this by preventing the oxidation of low-
density lipoprotein (LDL) particles and by restricting
macrophage migration. Moreover, HDL influences
the proliferation and differentiation of progenitor
cells, thereby regulating monocyte activation (8).

Oxidative stress disrupts cellular metabolic processes
and undermines cellular homeostasis, playing a critical
role in the emergence of insulin resistance and beta-cell
impairment. These pathological alterations represent a
core mechanism underlying the development of vascular
complications in diabetic individuals (9). Furthermore,
low serum magnesium levels—negatively correlated with
HbAlc—may contribute to this vicious metabolic cycle
(10). Recent investigations have highlighted the mono-
cyte-to-high-density lipoprotein cholesterol (MHR)
ratio—calculated from circulating monocyte and HDL
levels—as a novel biomarker indicative of systemic inflam-
mation and oxidative stress. In addition to its diagnostic
value, MHR has been proposed as a prognostic tool in di-
verse clinical contexts. Multiple studies have emphasized
its relevance as a surrogate marker primarily associated
with inflammation-driven mechanisms (11-13).

The objective of this study is to investigate the relation-
ship between the monocyte-to-HDL cholesterol (MHR)
ratio and microvascular complications in patients with
T2DM. Through this analysis, we aim to underscore the
potential utility of MHR as an accessible and easily calcu-
lable biomarker that could support clinicians in risk strati-
fication and therapeutic decision-making,

Materials and Methods

Patients

Before the commencement of the study, ethical clear-
ance was obtained from the institutional ethics com-
mittee (Decision No: 516, dated 21.06.2017). Clinical
data were retrospectively collected from the electronic
health information system and archived records of pa-
tients who presented to the internal medicine and dia-
betes outpatient clinics of Haseki Training and Research
Hospital between June 1,2012, and June 1,2017.

A total of 229 individuals who met the inclusion cri-
teria were included in the study. Participants were re-
quired to be at least 18 years old and have a confirmed
diagnosis of T2DM. Patients were excluded if they
had gestational or type 1 diabetes, malignancy, recent
trauma or surgical intervention within the past three
months, end-stage renal disease requiring dialysis, con-
gestive heart failure, use of non-invasive ventilation for



chronic obstructive pulmonary disease (COPD), sys-
temic rheumatologic diseases with organ involvement,
or ongoing infectious conditions.

Statistical Analysis

Categorical data were expressed as frequencies and
percentages, whereas continuous variables were sum-
marized using descriptive statistics, including mean,
standard deviation, median, minimum, and maxi-
mum values. As the numerical data did not meet the
assumptions of normal distribution, comparisons be-
tween two independent groups were performed using
the Mann-Whitney U test. All statistical analyses were
conducted using IBM Statistical Package for Social
Sciences (SPSS) program version 23.0 for Windows,

Table 1. Baseline demographic, anthropometric, and clinical
characteristics of the study population

N O/U

Gender

Female 121 52.8

Male 108 47.2
Mean Age + SD 56.7+8.1 (36-79)
Height (cm) + SD 163.5+9.3 (135-190)
Weight (kg) + SD 82.8+15.6 (50-130)
BMI + SD 31.0+5.8 (20.1-55.4)
Duration of Diabetes 11.5+7.4 (1-40)
(years) = SD
Age at Diagnosis + SD ~ 45.1+8.3 (24-72)
Medication Usage
Insulin 16 7.0
0AD 86 376
Insulin + OAD 127 55.5
Comorbidities
Hypertension (HT) 133 58.1
Chronic Kidney Disease 18 7.9
(CKD)
Asthma 17 7.4
COPD 3 1.3
Hyperlipidemia (HL) 140 61.1
Coronary Artery Disease 67 29.3
(CAD)
Congestive Heart Failure 5 2.2
(CHF)
Rheumatologic Disease 2 0.9
Family History 161 70.3

BMI: body-mass index; OAD: oral antidiabetic drugs; HT: hypertension; CKD: chronic kidney
disease; COPD: chronic obstructive pulmonary disease; HL: hyperlipidemia; CAD: coronary artery
disease; CHF: congestive heart failure.
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and a p-value of less than 0.05 was considered statisti-
cally significant.

Results

A total of 229 patients were enrolled in the study, of
whom 121 (52.8%) were female. The participants had
a mean age of 56.7 years, ranging from 36 to 79. The
average disease duration was 11.5 years, and the mean
age at diagnosis was 45.1 years. Regarding antidiabetic
therapy, 16 patients (7%) used insulin exclusively, 86
(37.6%) used oral antidiabetic agents (OAD) alone,
and 127 (55.5%) used a combination of insulin and
OAD. Detailed demographic and clinical characteris-

tics are presented in Table 1.

The average HbAlc level among the study population
was 8.1%, and the mean fasting blood glucose (FBG)
concentration was 172.1 mg/dL. A comprehensive
overview of the laboratory findings is provided in
Table 2. In terms of microvascular complications, dia-
betic neuropathy was observed in 98 patients (42%),
diabetic retinopathy (DRP) in 66 patients (28%), and
diabetic nephropathy in 79 patients (34.5%). The me-
dian monocyte-to-HDL cholesterol (MHR) ratio was
calculated as 0.013. Hematological indices and associ-

ated data are detailed in Table 3.

Table 2. Biochemical and hematological parameters of the study population

Mean = SD Min-Max Median
HbA1 ¢ (%) 8.1+£1.6 5.4-13.2 79
FBG (mg/dL) 172.1+60.3 56-419 158
Urea (mg/dL) 36.4+20.7 12.9-208 32.2
Creatinine (mg/dL) 0.84+0.39 0.34-3.6 0.78
CRP (mg/L) 8.36+14.02 0.4-118.8 4.04
Albumin (g/dL) 4.19+0.36 2.9-5.1 4.20
Total Cholesterol (mg/dL) 188.6+40.0 87-326 186
Triglycerides (mg/dL) 193.7+106.0 58-754 167
LDL-C (mg/dL) 108.6+33.6 10-233 109
HDL-C (mg/dL) 43.8+11.0 7-112 42
WBC (x10%/L) 8.25+2.08 2.4-16.4 7.96
Neutrophils (x103/uL) 4.77+1.59 0.82-12.86 4.51
Lymphocytes (x103/pL) 2.62+0.85 0.64-6.55 2.54
Monocytes (x103/uL) 0.77+2.38 0.19-36 0.57
HGB (g/dL) 13.3+1.7 7.4-18.5 13.3
HCT (%) 39.8+5.1 4.1-52.6 40
PLT (x103/uL) 272057.5+72405.5 39000-556000 263500
Monocyte/HDL-C ratio 0.018+0.048 0.000-0.735 0.013

FBG: fasting blood glucose; T. Cholesterol: total cholesterol; TG: triglycerides; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.
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Table 3. Comparison of monocyte-to-HDL cholesterol ratio according to
microvascular complications in patients with diabetes

Monocyte/HDL
Mean + SD Median P
DRP 0.015
Present 0.014+0.011 0.013
Absent 0.019+0.057 0.013
Neuropathy 0.124
Present 0.015+0.010 0.013
Absent 0.020+0.063 0.013
Nephropathy <0.001
Present 0.183+0.059 0.016
Absent 0.150+0.008 0.012

The analysis demonstrated statistically significant dif-
ferences in MHR values between individuals with
and without diabetic retinopathy (p=0.015) and be-
tween those with and without diabetic nephropathy
(p <0.001). In contrast, no meaningful difference in
MHR levels was observed when comparing patients
with and without diabetic neuropathy (p=0.124).

Discussion

Individuals with diabetes are at increased risk for devel-
oping various microvascular complications, including
diabetic retinopathy (DR)—a leading cause of vision
impairment—diabetic nephropathy (DN), which is
the most frequent driver of end-stage renal failure, and
diabetic peripheral neuropathy (DPN). These complica-
tions play a substantial role in elevating both morbidity
and mortality rates in the diabetic population. In 2015,
the global prevalence of diabetes was estimated at 415
million cases, and forecasts indicate that this number
may escalate by 55%, reaching around 642 million by
2040 (2,4). This suggests that the discase will bring a

substantial global financial and humanitarian burden.

Reliable risk prediction models for assessing morbidity
and mortality in diabetes should be practical, cost-ef-
fective, and clinically applicable. However, real-world
data show that even evidence-based treatments such
as statins are not sufficiently prescribed or adhered to
(14). This highlights the limitations of relying solely
on conventional lipid parameters for risk prediction,
thereby supporting the evaluation of alternative mark-
ers such as MHR. Emerging biomarkers are vital for
optimizing disease management. Their inclusion in
risk models helps anticipate complications effectively.
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A review of existing literature indicates that MHR
has emerged as a valuable biomarker in clinical condi-
tions characterized by increased intracellular oxidative
stress, such as coronary artery disease and atherosclero-
sis. It is widely regarded as a surrogate marker reflect-
ing both oxidative burden and endothelial dysfunc-
tion. Nevertheless, investigations into the relevance of
MHR in diabetes, particularly in relation to microvas-
cular complications, remain relatively scarce. In light
of this, our study aimed to examine the relationship
between MHR and specific microvascular outcomes—
namely retinopathy, nephropathy, and neuropathy—in
individuals with T2DM.

Diabetic retinopathy (DR) represents the most common
preventable cause of vision loss and blindness among
adults. The risk of developing DR rises proportionally
with the length of time a person has lived with diabetes
(15). Several studies have investigated the association
between MHR and diabetic retinopathy. For example,
Erdem et al. demonstrated a statistically significant cor-
relation between elevated MHR values and the presence
of retinopathy in a sample of 118 patients with diabetes.
In alarger cohort of 771 individuals, Tang et al. reported
similar findings, reinforcing the potential relevance of
MHR in diabetic eye disease (16,17).

In a multicenter study involving 14 different institu-
tions and a total of 2.362 diabetic patients, Ahmet
TAS and colleagues reported a diabetic retinopathy
prevalence rate of 30.5% (18). Within our study popu-
lation, diabetic retinopathy (DR) was diagnosed in 66
of the 229 participants, corresponding to a prevalence
of 28.8%. This rate is consistent with previously pub-

lished data.

Diabetic nephropathy is the foremost contributor to
end-stage renal disease (ESRD) and constitutes a sig-
nificant public health concern, primarily because of its
strong association with increased mortality rates (19). It
is estimated that between 30% and 35% of patients with
T2DM eventually develop diabetic nephropathy over
the course of their illness (20). In our cohort, diabetic
nephropathy was diagnosed in 79 out of 229 patients,
yielding a prevalence rate of 34.5%. This proportion is
largely consistent with data reported in earlier studies.
Importantly, Karatag et al. and Xu et al. have also high-
lighted the potential of the monocyte-to-HDL choles-
terol ratio (MHR) as a predictive biomarker for identify-
ing individuals at risk for diabetic nephropathy (21,22).
Our results revealed a significant correlation between el-
evated MHR levels and the occurrence of both diabetic



nephropathy and retinopathy. The shared pathophysi-
ological mechanisms by which chronic hyperglycemia
leads to these microvascular complications appear to
overlap considerably. Both disorders are strongly associ-
ated with oxidative stress and inflammation, which are
well-recognized drivers in their pathogenesis (23). This
may explain why both complications are similarly associ-

ated with MHR.

Diabetic neuropathy, unlike other causes of peripheral
nerve injury, can develop during both the clinical and
subclinical phases of DM and is defined by damage
to peripheral nerves (24). Previous studies have indi-
cated that the prevalence of diabetic neuropathy varies
widely, with reported rates ranging from 5% to 60%
across different populations (25). In our study, diabetic
neuropathy was detected in 98 patients, representing
42.8% of all participants.

In contrast to other microvascular complications, our
analysis did not reveal a significant association between
MHR and diabetic neuropathy. To the best of our
knowledge, only one prior study conducted in Tiirkiye
involving diabetic patients has similarly reported an
absence of correlation between MHR and neuropathy
(26). The pathogenesis of diabetic neuropathy results
from a multifaceted interaction among metabolic, vas-
cular, genetic, immunological, and neurotrophic fac-
tors. While metabolic and vascular disturbances are
widely regarded as the primary contributors, growing
evidence from recent preclinical studies has drawn at-
tention to the potential influence of immune mecha-
nisms and neurotrophic signaling pathways (25,27).
Neuroinflammation, a pivotal mechanism in the
pathogenesis of diabetic neuropathy, is influenced by
systemic inflammatory activity but proceeds via dis-
tinct cellular pathways that may diminish the effects
of circulating inflammatory mediators (24). The ab-
sence of a significant relationship between MHR and
neuropathy in our study could be explained by the
multifactorial nature of neuropathy, involving diverse
mechanisms beyond systemic inflammation.

This study is not without limitations. As a retrospective,
single-center analysis with a relatively limited sample
size, generalizability may be restricted. Despite care-
ful participant selection, various confounding factors
can influence laboratory measurements. Nonetheless, a
major strength of the study is the simultaneous evalua-
tion of all major microvascular complications within a
uniform patient cohort, allowing for a comprehensive
comparative analysis.
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Conclusion

In this study, a statistically significant association was
observed between MHR and both diabetic nephropa-
thy and retinopathy, whereas no meaningful correla-
tion was found with neuropathy. These findings sug-
gest that MHR—a readily accessible marker derived
from routine laboratory parameters—may hold prom-
ise as a predictive tool for certain microvascular com-
plications in individuals with T2DM.

The monocyte-to-HDL cholesterol ratio (MHR) is
a practical, cost-effective biomarker that can be easily
calculated from routine blood tests, making it acces-
sible across diverse clinical settings. Its significant as-
sociation with diabetic nephropathy and retinopathy
highlights its potential for risk stratification, enabling
clinicians to identify high-risk patients early and tailor
therapeutic interventions accordingly. By integrating
MHR into clinical practice, healthcare providers may
enhance their ability to predict and manage these com-
plications, ultimately improving patient outcomes.

Future prospective studies are warranted to more clear-
ly define the prognostic significance and practical ap-
plicability of MHR in diabetic care.
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