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Abstract
Aim: The present study aims to investigate the prognostic role of hemoglobin, albumin, lymphocyte, and platelet (HALP) score in pseudoexfoliation syndrome 
(PEXS) patients and its relationship with pseudoexfoliation glaucoma (PEXG) progression. 
Material and Methods: This retrospective study included 58 PEXS and 61 PEXG patients. All groups ‘ demographic information and hemograms, s were 
collected from the hospital automation system. The neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), systemic immuno-inflammatory index 
(SII), systemic inflammatory response index (SIRI), pan-immune inflammation value (PIV), and HALP were calculated to both groups. The results were compared 
among the groups. 
Results: In this study, there were 119 participants in total: 58 patients with PEXS with an average age of 71.3 ± 8.9 years and 61 patients with PEXG with an 
average age of 71.3 ± 8.9 years (p=0.15). In paired comparisons, it was observed that the NLR, PLR, SII, SIRI, and PIV indices of the groups were not found 
to be statistically significant (p>0.001). The HALP score value was lower in the PEXG group than the PEXS (4.73 ±1.99 and 6.3 ±2.63, respectively) (p<0.001). 
The AUC of the HALP score for PEXS and PEXG was 0.696. The optimal cut-off value of HALP to predict PEXG was ≤ 4.23, with 85% sensitivity and 51.7% 
specificity (95% confidence interval 0,605-0,777, p<0.01). 
Discussion: It was found that a lower HALP score was significantly associated with PEXG patients and could be an independent prognostic factor. Although this 
score alone is not sufficient, this study is important in that it may predict the possibility of developing PEXG.
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Introduction
Pseudoexfoliation syndrome (PEXS) is an age-related systemic 
disease affecting the extracellular matrix. It is characterized 
by the overproduction and accumulation of extracellular 
elastic fibrillary substance (pseudoexfoliation), particularly in 
the anterior segment of the eye [1]. The prevalence of PEXS 
increases with age and varies among countries. For instance, 
the prevalence of PEXS in individuals over the age of 60 is 25% 
in Iceland, 20% in Finland, 6.3% in Norway, 4.7% in Germany, 
4% in England, and 0% in the Eskimo population, whereas 
it has been reported as 5-11.2% in Turkey [2- 4]. PEXS is 
strongly associated with elevated intraocular pressures in up 
to 44% of patients, leading to the subsequent development of 
pseudoexfoliation glaucoma (PEXG). It is recognized as the most 
commonly identified cause of secondary open-angle glaucoma 
[5]. In Turkey, the prevalence of PEXG patients was 26.8% in 
individuals over 60 years old [4]. 
The pathophysiology of PEXS and pseudoexfoliation glaucoma 
(PEXG) patients have been associated with systemic and ocular 
inflammation. In the literature, it has been reported that the 
values of many cytokines and chemokines are high in PEXS/
PEXG patients in aqueous humor and serum [6- 8]. Tumor 
necrosis factor-alpha (TNF-α) and high sensitivity C-reactive 
protein (hs-CRP)  levels, which are considered to be markers 
of inflammation and peripheral endothelial dysfunction, were 
also measured to be high in patients with pseudoexfoliation [9]. 
Recently, increased inflammatory biomarkers calculated 
by hemogram parameters have been a research topic in 
ocular inflammation diseases such as PEXS, dry eye disease, 
and glaucoma [10- 13]. Neutrophil-lymphocyte ratio (NLR) 
and platelet-lymphocyte ratio (PLR) inflammatory indexes 
were observed to be significantly higher in PEXS and PEXG 
patients than healthy group [12]. In a study evaluating another 
inflammatory index marker, the systemic immuno-inflammatory 
index (SII), it was found that there was an association between 
higher SII with PEXS and PEXG [14]. These studies suggested 
that PLR, NLR, and SII may be useful in predicting the prognosis 
of PEXS patients and progression to PEXG.
The hemoglobin, albumin, lymphocyte, platelet (HALP) 
score consisting of complete blood count parameters and 
albumin has been defined as a new inflammatory index. In 
recent studies, the HALP score has been proven to be a good 
prognostic indicator in patients such as malignancy and acute 
ischemic stroke [15- 18]. This inflammatory index has not been 
previously evaluated in PEXS and PEXG patients associated 
with systemic inflammation. According to our knowledge, our 
study is the first to evaluate the association of HALP score with 
PEXS prognosis and progression to PEXG. Our study aims to 
investigate the prognostic role of HALP score in PEXS patients 
and its relationship with PEXG progression.

Material and Methods
A total of 119 patients, of which 61 had PEXG and 58 had 
PEXS, were diagnosed between March 2022-2023 at Aksaray  
University Training and Research Hospital’s Ophthalmology 
Department and were subsequently followed up. Demographic 
information for both the study and control groups was retrieved 
from the hospital automation system. The study was approved 

by the local ethics committee following the Declaration of 
Helsinki principles, and all participants gave informed written 
consent.
Patients with PEXS exhibited normal optic nerve head results, 
a standard visual field, and intraocular pressure (IOP) less than 
21 mm Hg, in addition to the characteristic pseudoexfoliative 
material deposition observed during dilated eye examinations. 
In contrast, the PEXG group exhibited pseudoexfoliative 
material, along with evidence of IOP> 21 mm Hg, glaucomatous 
optic neuropathy, and glaucomatous damage in the visual field. 
Exclusion criteria encompassed autoimmune disorders, cardiac 
diseases, diabetes mellitus, hyperlipidemia, hypertension, 
acute systemic infections, ocular conditions other than 
pseudoexfoliation and cataract, recent surgery within the last 
3 months, malignancy history, ongoing systemic medications 
affecting blood parameters (especially steroids), and a history 
of smoking or alcohol consumption.
The NLR, PLR, SII, systemic inflammatory response index (SIRI), 
pan-immune inflammation value (PIV), and HALP, respectively, 
were calculated as follows: 
neutrophils ÷lymphocytes
platelets ÷lymphocytes
platelets ×( neutrophils ÷lymphocytes)
(neutrophils ×monocyte)÷lymphocytes
(neutrophils×platelets ×monocytes)÷lymphocytes
(hemoglobins ×albumins ×lymphocytes )÷platelets 
Statistical Analyses
The study groups underwent statistical analysis using version 
22 of the Statistical Package for the Social Sciences (SPSS). 
The Kolmogorov-Smirnov test was employed to assess the 
normality of the data. A t-test was used for comparing 
continuous variables, presenting results in means and 
standard deviations. In cases where variables deviated from 
a normal distribution, the Mann-Whitney U test was utilized 
for comparison. Statistical significance was determined at a 
threshold of p<0.05.  Receiver operating characteristic curves 
(ROCs) were created to address the predictive role of HALP.
Ethical Approval
This study was approved by the Ethics Committee of Aksaray 
University (Date: 2023-06-22, No: 70-SBKAEK).

Results
A total of 119 patients -58 with PEXS and 61 with PEXG- 
with average ages of 71.3 ± 8.9 years and 71.3 ± 8.9 years, 
respectively, participated in this study. There were no gender 
or age-related statistically significant differences between the 
groups (Table 1). The median and minimum-maximum results of 
the hemogram parameters, albumin, and inflammatory indexes 
among both groups are presented in Table 2. 
There was no statistically significant distinction between 
the hemogram parameters and albumin levels of the groups 
(p>0.05). Furthermore, inflammatory indices for the PEXS and 
PEXG groups were computed. In paired comparisons, it was 
detected that the NLR, PLR, SII, SIRI, and PIV indices of the 
groups were not found to be statistically significant (p>0.001, 
Table 2). The HALP score value was lower in the PEXG group 
than in the PEXS (4.73 ±1.99 and 6.3 ±2.63, respectively) 
(p<0.001) (Table 2). The AUC of the HALP score for PEXS and 
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PEXG was 0.696. The optimal cut-off value of HALP to predict 
PEXG was ≤ 4.23, with 85% sensitivity and 51.7% specificity 
(95% confidence interval 0,605-0,777, p<0.01) (Figure 1).

Discussion
This is the first study to examine hemogram and albumin 
parameters and novel inflammatory indices, including NLR, PLR, 
SII, SIRI, PIV, and HALP scores together in patients with PEXS 
and PEXG. In the present study, no significant difference was 
detected among PEXS and PEXG patients in NLR, PLR, SII, SIRI, 
and PIV indexes. However, our findings provided evidence for 
the association between HALP score and PEXG. According to 
ROC analysis, a cut-off value of 4.23 for HALP was determined 
to distinguish between PEXS and PEXG. This is the first study, 
as far as we are aware, to investigate the value of the HALP 
score to predict the PEXG prognosis of PEXS patients.
In recently, several studies have demonstrated that parameters 
easily calculated from hemograms are valuable in showing 
the role of inflammation in some ocular diseases [10, 11, 19, 
20]. Among PEX-related inflammatory index studies, Ozgonul 
et al. detected that NLR and PLR were high in PEX patients 
and that a high NLR could predict PEXS and PEXG [12]. In the 
study of Tukenmez Dikmen et al., it was stated that the PEXS 
group had the highest NLR and SII values, followed by the 
PEXG and control groups, and there was no difference in PLR 
values between the groups [14]. In another study, Mirza et al. 
compared the monocyte count/high-density lipoprotein ratio 
(MHR) and lymphocyte/monocyte ratio (LMR) indexes in PEX 
and control groups.
Moreover, it was detected that MHR was higher and LMR was 
lower in the PEX group than in the healthy group [21]. In the 
present study, the results of PEXS and PEXG were compared to 
research the prognostic role of inflammatory indexes in both 
patients. Although NLR, SII, SIRI, and PIV values were relatively 
higher in PEXG patients than in PEXS patients, this difference 
was not found to be statistically significant between the groups.
Current studies have shown that the HALP score can reflect 
the inflammation condition of patients and has been proven 
to be an important prognostic indicator for patients with 
especially tumors [18, 22]. Studies have shown that the HALP 
score can be evaluated as a negative predictive biomarker for 
the prognosis of the disease [22, 23]. A meta-analysis, which 
included a total of 28 studies with 13,038 patients, revealed 
that pre-treatment, a low HALP score was a dependable and 
prognostic indicator for survival results in cancer patients [22]. 
Another study conducted by Bayram et al. reported that the 
HALP score was lower in severe hyperemesis gravidarum and 
was significantly different from mild hyperemesis gravidarum. 
According to the hypothesis of the authors, the HALP score 
can be a practical, affordable, and easily accessible objective 
biomarker to predict the existence and severity of hyperemesis 
gravidarum [23]. In the present study, our findings indicate that 
the HALP score was significantly lower in patients with PEXG 
compared to the PEXS patients. PEXS has a strong association 
with high intraocular pressures in up to 44% of patients, and 
this situation subsequently leads to the development of PEXG 
[5]. Therefore, our study indicates that the HALP score can be 
a negative predictive biomarker in the development of PEXG. 

Table 2. Comparison of the blood parameters of the PEXS and 
PEXG groups

Parameters
PEXS (n=58) 
Mean ± SD

PEXG (n=61)
Mean ± SD

p

Gender
Male 24 (41%) 37 (61%) 0.11*

Female 34 (59%) 24 (39%)

Age (year) 72.5 ± 8.4 75.3 ± 8.6 0.156¥

*Chi-Square test    ¥ Student t-test

Figure 1. ROC curve of HALP for discrimination between PEXS 
(n = 58) and PEXG (n = 61).
HALP, hemoglobin albumin lymphocyte platelet; PEXS, pseudo-
exfoliation syndrome; PEXG, pseudoexfoliation glaucoma, ROC, 
receiver operator characteristic.

Table 1. Demographic information of the study groups

Parameters
PEXS (n=58)   

median (min-max)
PEXG (n=61)

median (min-max)
p*

White Blood Cell (103µL) 7.05 (3.24-10.77) 7.9 (2.25-17.43) 0.108

Neutrophil (103µL) 4.42 (2.09-7.8) 5.25 (0.91-14.28) 0.059

Lymphocyte (103µL) 1.9 (0.63-3.88) 2.15 (0.67-4.47) 0.044

Monocyte (103µL) 0.46 (0.21-0.84) 0.52 (0.11-1.06) 0.031

Hemoglobin (g/dL) 13.42 (9-18.2) 13.75 (9.4-17.5) 0.297

Platelet (103µL) 231.5 (115-330) 218.3 (104-401) 0.102

MPV (fL) 10 (7.8-13.9) 10.1 (8-12.6) 0.676

Albumin (g/L) 40.6 (29.3-48.5) 41.23 (27.6-49) 0.369

SII 597 (213-1700) 603 (140-3454) 0.649

SIRI 1.26 (0.24-4.81) 1.47 (0.2-5.88) 0.149

PIV 284.4 (64.6-867.1) 323.9 (16.4-1934) 0.306

NLR 2.63 (0.78-6.41) 2.57 (0.8-10.5) 0.794

PLR 133.4 (56.1-274.6) 116.5 (3-250.9) 0.045

HALP 6.3 (2.03-15.5) 4.73 (1.26-9.1) <0.001

*Mann- Whitney U test NLR: Neutrophil Lymphocyte Ratio, CRP: C-reactive 
protein, MPV: Mean Platelet Volume, PLR: Platelet Lymphocyte ratio, dNLR: 
Derived NLR ratio (neutrophil count divided by the result of  WBC count minus 
neutrophil count), SII: Systemic inflammatory index (neutrophil x platelet/
lymphocyte count), SIRI: Systemic inflammatory response index (neutrophil 
× monocyte/lymphocyte count), PIV: Pan-immune inflammation value (neutro-
phil × platelet × monocyte /lymphocyte count), and HALP: hemoglobin, albu-
min, lymphocyte, platelet (hemoglobin × albümin × lymphocyte/platelet count)



Halp results in pseudoexfoliation

Annals of Clinical and Analytical Medicine | 275

In the meantime, we demonstrated that the cut-off value 
for the HALP score in the ROC curve analysis was 4.23. We 
hypothesized that the risk of developing PEXG may be higher in 
PEXS patients below this value.
As far as we are aware, this is the first study to analyze the 
prognostic significance of the HALP score in patients with PEX. 
The strength of this study is the use of systemic inflammation 
biomarkers and HALP score, which are prognosis indicators 
together to investigate the progression to PEXG. 
Limitation
There are some limitations in our study. First, the study 
is conducted in a single-center setting. Second, this study 
population is comparatively small.
Conclusion
In conclusion, in our study comparing PEXS and PEXG patients, 
the inflammatory biomarkers NLR, PLR, SII, SIRI, and PIV and the 
new biological indicator HALP score were studied together. It 
was found that a lower HALP score was significantly associated 
with PEXG patients and could be an independent prognostic 
factor. Although this score alone is not sufficient, this study is 
important in that it may predict the possibility of developing 
PEXG. Larger-scale prospective studies should investigate and 
validate these predictive inflammatory biomarkers in patients 
with PEXS and PEXG.
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