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Abstract
Aim To evaluate the monocyte/high-density lipoprotein (HDL) ratio (MHR) and neutrophil-to-lymphocyte ratio (NLR) as biomarkers 
of systemic inflammation in age-related macular degeneration (AMD).
Materials and Methods: HDL, hematological profiles, erythrocyte sedimentation rates, C-reactive protein, MHRs, and NLRs were 
evaluated in 30 patients with neovascular AMD (Group 1), 30 with non-neovascular AMD (Group 2), and 30 controls (Group 3).
Results: MHRs and NLRs were significantly higher in Group 1 than in Group 3 (p = 0.002 and p < 0.001, respectively) and were 
independent predictors of neovascular AMD in multivariate analysis (odds ratio = 1.231 and 3.332; 95% confidence interval = 1.035–
1.466 and 1.385–8.019; p = 0.019 and 0.007, respectively). The areas under the receiver operating characteristics curve for MHR 
and NLR were 0.669 and 0.769. The sensitivity and specificity of MHRs and NLRs in predicting neovascular AMD were 47% and 97% 
versus 63% and 80%, respectively.
Conclusions: By reflecting the balance of pro- and anti-inflammatory responses, the MHR can reliably indicate systemic inflammation 
in AMD.
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INTRODUCTION
Although age-related macular degeneration (AMD) is 
a leading cause of vision loss among elderly people, its 
pathophysiology remains unclear, and several factors 
have been attributed to its development (1). Among them, 
chronic inflammation and oxidative damage are taken 
into account in nearly all age-related neurodegenerative 
disorders, including AMD, Parkinson’s disease, and 
Alzheimer’s disease (2,3). Environmental factors have 
also been implicated in the condition’s ethiopathogenesis 
due to findings that, along with aging, smoking and a high-
fat diet increase macular oxidative stress, which is known 
to prompt the development of AMD (4,5). Regarding 
potential genetic factors, researchers have revealed that 
approximately 40 gene mutations are associated with 
the onset of AMD, largely because the proteins encoded 
by those genes relate to oxidative stress (6,7). To those 
factors, Rodrigues et al. have added some inflammatory 
cells and mediators, including immunoglobulins, 
complement components, cytokines, growth factors, and 
reactive oxygen radicals, that they identified as playing a 

role in the disease’s pathogenesis (8). Altogether, findings 
to date suggest that as oxidative materials increasingly 
accumulate during aging, the resulting oxidative damage 
can initiate the development of AMD.

Extracellular accumulations in AMD indicate that 
chronic inflammation also influence the development 
of the disease (9). Biochemical parameters identified as 
potential indicators of inflammation in AMD include the 
neutrophil-to-lymphocyte ratio (NLR) and high-sensitivity 
C-reactive protein (10,11). Along with those parameters, 
higher monocyte counts and decreased levels of high-
density lipoprotein (HDL) have additionally been identified 
as possible biomarkers of systemic inflammation. 
Drawing from those results, several researchers have also 
investigated the role of the monocyte/HDL ratio (MHR) 
in various systemic and ocular diseases associated 
with chronic inflammation, including branch retinal vein 
occlusion and pseudo exfoliation syndrome (12-15). 
Despite their efforts, however, the relationship of the MHR 
and AMD remains unknown (14,15).
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Considering that inflammation plays an important role in 
the etiopathogenesis of AMD, we evaluated whether an 
increased MHR could be a risk factor for the development 
of the disease by assessing MHRs and NLRs in patients 
with neovascular or non-neovascular AMD.

MATERIALS and METHODS
Our cross-sectional, case–control study was conducted 
in the Department of Ophthalmology at Kayseri City 
Hospital in Turkey after being approved by the institutional 
review board and ethics committee. In compliance with 
the Declaration of Helsinki, all potential participants were 
examined to determine their eligibility for inclusion in 
the sample and, if eligible, provided their oral and written 
informed consent to participate. In age- and gender-
matched groups, 30 patients with neovascular AMD 
(Group 1) and 30 patients with non-neovascular AMD 
(Group 2) were compared with 30 healthy controls without 
AMD (Group 3). In Groups 1 and 2, only patients newly 
diagnosed with AMD and without any prior intravitreal 
or laser treatment for macular edema were eligible to 
participate. By contrast, participants in Group 3 were 
selected from healthy individuals who attended the clinic 
in the Department of Ophthalmology.

Each participant received a complete ophthalmological 
examination involving a test for best-corrected visual 
acuity, slit lamp biomicroscopy, a stereoscopic fundus 
examination, and the measurement of intraocular 
pressure (IOP) with Goldmann applanation tonometry. 
AMD was diagnosed with reference to the results of the 
stereoscopic fundus examination, optical coherence 
tomography (Heidelberg Engineering, Heidelberg, 
Germany), and fundus fluorescein angiography (FFA, 
VISUCAM NM/FA; Carl Zeiss Meditec AG, Dublin, CA, 
USA). Patients diagnosed with neovascular AMD 
exhibited choroidal neovascularization or retinal pigment 
epithelium detachments, whereas ones diagnosed with 
non-neovascular AMD exhibited macular drusen with or 
without geographic atrophy in at least one eye.

Exclusion Criteria
Patients with any history of significant ocular disease 
(e.g., uveitis, scleritis, and retinal disease other than AMD), 
ocular surgery, or ocular trauma were excluded from the 

sample. Patients were also excluded if they had any history 
of hematological disease, systemic inflammatory disease, 
acute or chronic infectious disorder, chronic obstructive 
pulmonary disorder, hyperlipidemia, malignancy, use of 
topical eye medication, steroid therapy, or steroid use 6 
months prior to the study.

Blood Parameters
Blood lipid profiles, hematological profiles, erythrocyte 
sedimentation rates, and C-reactive protein (CRP) levels 
were evaluated in venous blood samples at the beginning 
of the study. MHR was calculated as the ratio of the 
monocyte count to the level of HDL, whereas NLR was 
calculated as the absolute neutrophil count divided by 
the absolute lymphocyte count. Each blood sample was 
drawn from the antecubital vein between 8:00 and 10:00 
a.m. after participants had fasted for 10 h.

Statistical Analysis
Data analysis was performed using the Statistical Package 
for the Social Sciences version 25 (IBM, Armonk, NY, USA). 
A power analysis was performed to assess the sample size 
confirmed that 30 participants per group provided adequate 
power. Normality distribution for each continuous variable 
was checked with the Shapiro–Wilk test, and a one-way 
analysis of variance was conducted to compare variation 
across the three groups. A Bonferroni test and Tukey’s test 
were also performed as a post hoc analysis for multiple 
comparisons among the groups, whereas an independent 
sample t test was used to compare variables in all three 
pairs of groups. Multiple logistic regression analyses were 
also performed, as was a receiver operating characteristic 
analysis to determine the specificity and sensitivity of 
biomarker and the discriminative value of intergroup 
differences for some variables. For all results, a p value of 
less than 0.05 indicated statistical significance.

RESULTS
The sample consisted of 30 patients with neovascular 
AMD aged 72.43±8.17 years (range: 56–87), 30 patients 
with non-neovascular AMD aged 72.07±7.52 years (range: 
61–87), and 30 healthy controls aged 71.27±9.87 years 
(range: 56–87; p=0.865). The distribution of participants by 
sex did not differ significantly among the groups (p=0.730). 
The demographic characteristics of participants in each 
group appear in Table 1.

Table 1. Patient characteristics and baseline laboratory measurements between the groups

Group I Group II Group III p
Gender, Male/Female 12/18 15/15 13/17 0.730a

Age, years 72.43±8.17 72.07±7.52 71.27±9.87 0.865b

Neutrophil count, 10
3
/lL 4.70±1.45 4.52±1.05 3.26±0.75 <0.001 b

Lymphocyte count, 10
3
/lL 2.05±0.55 2.59±1.19 2.14±0.63 0.034 b

Monocyte count, 10
9
/lL 576.0 ± 105.4 546.0 ± 112.1 421.3 ± 69.8 0.002 b

HDL, (mg/dL) 47.43±13.77 53.03±10.76 49.33±9.66 0.167 b

C-reactive protein, (mg/dL) 3.83±1.89 2.19±1.24 2.67±1.49 0.028 b

ESR, (mm/h) 9.00±5.54 7.90±3.90 8.90±4.46 0.607 b

Neutrophil-to-lymphocyte ratio 2.37±0.73 1.92±0.55 1.68±0.73 0.001 b

Monocyte-to-HDL ratio 13.47±6.99 10.89±4.71 8.90±2.43 0.003 b

HDL; high-density lipoprotein, LDL; low-density lipoprotein ESR; erythrocyte sedimentation rate. Values are expressed as mean ± standard deviation, a Chi-Square 
test, b One-way ANOVA test
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Table 1 also presents the baseline laboratory 
measurements of participants by group. Mean MHR 
was 13.47±6.99 in Group 1, 10.89±4.71 in Group 2, 
and 8.90±2.434 in Group 3 (p=0.003), while mean NLR 
was 2.37±0.73 in Group 1, 1.92±0.55 in Group 2, and 
1.68±0.73 in Group 3 (p = 0.001). Mean MHR and NLR 
were significantly higher in Group 1 than in Group 3 
according to the results of post hoc analysis (p=0.002 and 
p < 0.001, respectively). However, mean MHR and NLR did 
not differ significantly between Groups 2 and 3 (p =0.285 
and p=0.357, respectively). In multivariate analysis, 
NLR and MHR surfaced as independent predictors of 
neovascular AMD (OR: 1.231 and 3.332; 95% confidence 
interval=1.035–1.466 and 1.385–8.019; p=0.019 and 
0.007, respectively), as shown in Table 2. The areas under 
the receiver operating characteristic curve for MHR and 
NLR were 0.669 and 0.769. Sensitivity and specificity of 
MHRs and NLRs in predicting neovascular AMD were 47% 
and 97% versus 63% and 80%, respectively (Figure 1).

Table 2. Predictors of neovascular age-related macular degeneration in 
multivariate regression analysis

Variable Odds ratio (95% confidence interval) p - value

CRP 0.952 (0.727 - 1.248) 0.722

ESR 1.030 (0.908 – 1.168) 0.645

MHR 1.231 (1.035 – 1.466) 0.019

NLR 3.332 (1.385 – 8.019) 0.007

CRP; C-reactive protein, ESR; erythrocyte sedimentation rate, MHR; Monocyte-
to- high-density lipoprotein ratio, NLR; Neutrophil-to-lymphocyte ratio.

DISCUSSION
Although the etiopathogenesis of AMD remains unclear, 
systemic inflammation, parainflammation, and oxidative 
stress are thought to contribute to its development or 

progression (3,9,16). The accumulation of amyloid-β and 
other inflammation-associated plasma proteins in the 
retina known as drusen also suggest the importance of 
systemic inflammation in the pathogenesis of AMD. In the 
same direction, some anti-inflammatory treatments have 
been shown to decrease the risk of developing AMD (17).

There are no biomarkers used to diagnose and monitor 
AMD reflect the inflammatory status of the disease. 
Although some researchers have designed studies using 
urine samples to detect such biomarkers, most candidates 
have been analyzed in peripheral blood, serum, or plasma 
(18). Among those possible biomarkers, the levels of 
complement components were found to be higher in 
patients with AMD than in controls (19,20). At the same 
time, Cao et al. reported that the central proinflammatory 
cytokines interleukin-6 and tumor necrosis factor-α 
had higher systemic concentrations in patients with 
neovascular AMD than in healthy controls, and both of 
those cytokines have been examined as biomarkers of 
choroidal neovascularization as well (21-23). The acute 
phase reactant CRP has also frequently been investigated 
as a candidate blood-based biomarker of AMD. In particular, 
Hong et al. found in their meta-analysis that individuals 
with CRP levels higher than 3 mg/L had a 2-fold greater 
risk of developing neovascular AMD than ones with CRP 
levels lower than 1 mg/L (24). Despite numerous studies 
geared toward pinpointing specific, sensitive biomarkers 
for AMD, no such biomarker has been identified for the 
early diagnosis or monitoring of the disease.

In other recent studies, the NLR and MHR have been 
used to examine systemic inflammation in various 
disorders (13,25-27). Among the results, NLR emerged as 
a significant biomarker of systemic inflammation in end-
stage renal disease, familial Mediterranean fever, systemic 
lupus erythematosus, and several ocular disorders such as 
dry eye disease, idiopathic acute anterior uveitis, diabetic 
retinopathy, retinal vein occlusion, and AMD (26-33). Kurtul 
et al. observed that an elevated NLR is independently 
associated with neovascular AMD, and Ilhan et al. detected 
a significant correlation between the NLR and severity 
of AMD (10,30). Similarly, we found that mean NLR was 
significantly higher in patients with neovascular AMD than 
in controls.

Beside the NLR, the MHR is a newly discovered inflammatory 
biomarker that is superior to subtypes of white blood 
cells (13,25). In inflammatory reactions, monocytes are 
important because they secrete proinflammatory and pro-
oxidant cytokines. Conversely, as an antioxidant and anti-
inflammatory molecule, HDL reduces the transmigration of 
monocytes, mitigates the accumulation of mononuclear 
cells, and protects endothelial cells by increasing the 
expression of nitric oxide synthase. Considering that 
dynamic, researchers have recently hypothesized that the 
MHR could indicate inflammation (13,25,34).

To the best of our knowledge, however, our study was the 
first to involve investigating MHRs in patients with AMD with 
and without neovascularization. Among our results, MHRs 

Figure 1. The receiver operating characteristics analysis 
for monocyte-to- high-density lipoprotein ratio (MHR) and 
neutrophil-to-lymphocyte ratio (NLR) in predicting neovascular 
age-related macular degeneration. AUC; area under the curve, 
CI; confidence interval.
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were significantly higher in patients with neovascular AMD 
than in controls. Furthermore, in multivariate analysis, 
the MHR and NLR emerged as independent predictors of 
neovascular AMD. In non-neovascular AMD, monocytes, 
macrophages, and dendritic cells were found to factor into 
the creation of drusen (9). In other research on the topic, 
Grossniklaus et al. reported that monocytes are numerous 
in choroidal neovascularization and increase the secretion 
of inflammatory and angiogenic cytokines (35).

Of course, HDL has long been known to play an important 
role in the pathogenesis of AMD (36). In particular, 
researchers have demonstrated that increased HDL levels 
are associated with a decreased risk of developing AMD 
(37,38). In our study, despite no significant difference in 
HDL levels, monocyte counts and MHRs were significantly 
higher in patients with neovascular AMD. Taken together, 
those and our results suggest that the MHR can be a 
reliable biomarker of systemic inflammation in AMD, 
precisely because it reflects the balance of pro- and anti-
inflammatory responses.

Among the limitations of our study, the sample was 
relatively small to generalize the findings to the whole 
population. Furthermore, our study was cross-sectional in 
nature, whereas more convincing results could likely have 
been obtained by performing follow-up measurements of 
the parameters.

CONCLUSIONS
In sum, we demonstrated in our study that inflammation 
plays a pivotal role in the development of AMD and that 
the MHR and NLR can function as simple, inexpensive, 
reliable biomarkers of inflammatory activity to predict 
the risk of developing neovascular AMD. Nevertheless, 
researchers should assess the role of the MHR and NLR in 
the prognosis of AMD in large populations and in patients’ 
responses to treatments for the disease.
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