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SUMMARY

Introduction/Objective Primary open-angle glaucoma (POAG) treatment should be individually tailored
to the disease severity and type, effectiveness and secondary side effects of the medications used.
This research aimed to assess the direct medical costs and the cost effectiveness associated with phar-
macotherapy in visually impaired people with POAG according to disease severity.

Methods This scientific study is designed as an observational cross-sectional study with a quantitative
analytical approach and was conducted in the period from July 2020 to June 2021 on the territory of
North Macedonia. The study included 157 patients with binocular POAG in the early, moderate and
advanced clinical stage, up to the age of 67, with changes in visual acuity and work ability. During the
assessment of the effects of pharmacotherapy were analyzed the types, mutual correlations and effective-
ness of the most commonly prescribed antiglaucomatous medications and the cost benefit from their
administration. Direct medical costs are calculated according to disease severity in the last 12 months
using real-time data of public interest.

Results The beta blockers due to their affordable price and availability are the dominant option with
high-cost benefit for primary treatment of POAG. Antiglaucoma medications and diagnostic procedures
are major components of direct medical treatment costs.

Conclusion Pharmacotherapy is the dominant alternative compared to other types of treatment because

it is safer and is associated with greater effectiveness and lower direct medical costs.
Keywords: pharmacotherapy; direct medical costs; antiglaucoma medications; economic burden

INTRODUCTION

Glaucoma is a chronic progressive optic neu-
ropathy which, due to untimely diagnosis and
inadequate treatment, leads to irreversible loss
of visual acuity [1].

It is most commonly associated with in-
creased intraocular pressure (IOP), but not
always and requires lifelong therapy [2].

It has a prevalence of 1-2% in the popula-
tion over 40 years of age and it is the second
most common cause of vision loss and accounts
for 13% of global blindness [3].

About 70% of all glaucoma cases are patients
with primary open-angle glaucoma (POAG)
and female patients are more dominant [2, 4].

Due to long-term treatment, high treatment
costs and low-cost effectiveness, glaucoma gen-
erates individual and family financial burden
[5, 6, 7] and has a huge socio-economic impact
on the society and population [8].

Pharmacotherapy with antiglaucoma medi-
cations is the safest option for primary treat-
ment of POAG [9].

Surgical treatment performed at an early
clinical stage prevents the progression of
POAG and has lower or identical direct medical

treatment costs compared to pharmacotherapy
[10].
Direct medical costs for treatment increase
as the disease severity progresses [11, 12, 13],
but stagnate or decrease over time [14, 15].
The treatment outcome and the height of
direct medical costs are essentially related to
timely diagnosis and individual approach to
treatment according to disease severity [16].
The untimely diagnosis, irregular control
of IOP and visual acuity [6] and low level of
patient awareness of the essence of POAG ad-
versely affect the outcome of treatment [17].
This research aimed to assess the direct
medical costs and the cost effectiveness asso-
ciated with pharmacotherapy in visually im-
paired people with POAG according to disease
severity.

METHODS

This scientific study was designed as a cross-
sectional observational study with a quantita-
tive analytical approach (cross sectional study)
and was conducted in the period July 2020-
June 2021 on the territory of North Macedonia.
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According to inclusion criteria, the study included 157
patients diagnosed with binocular POAG at an early, mod-
erate and advanced clinical stage. The patients were up to
67 years old and treated with pharmacotherapy; whereas
the patients in advanced clinical stage were socioeconomi-
cally predisposed and with reduced work ability.

The patients’ diagnosis was confirmed by ophthalmo-
logical examination, while the visual acuity and disease
severity (clinical stages) were determined according to
ICD 10-CM.: 40.11 in early, moderate and advanced clini-
cal stage, in accordance with the classification guidelines
of the European Glaucoma Society.

A specially designed questionnaire was used for the
analysis of the clinical-demographic parameters, whereas
a standardized visual analogue scale EQ VAS was used for
self-assessment of the general health status.

The research was carried out during periodic health
examinations in the Institute of Occupational Medicine
and the Department of Ophthalmology at the University
Clinical Hospital Bitola, Department of Ophthalmology at
the Medical Faculty Skopje, Department of Ophthalmology
at the Medical Faculty Stip and specialist ophthalmological
hospitals in several cities in Macedonia.

The assessment of the effects of pharmacotherapy in-
volved the following: type of most commonly prescribed
antiglaucomatous medications, their mutual correlations,
the effectiveness and the secondary side effects from their
use. The effectiveness and outcome of the treatment were
analyzed by controlling the height and normalization of
the IOP and the preservation of visual acuity in the last
12 months.

Direct medical costs were calculated according to the
disease severity in the last 12 months using real-time data
of public interest presented by the Health
Insurance Fund of North Macedonia and
State Statistical Office.
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factors were quantified using probability ratios, odd ratio
(OR).

In order to test the significance of the difference be-
tween the parameters analyzed, depending on the type and
distribution of data, Student’s t test for two independent
samples, analysis of variance (ANOVA) for multiple inde-
pendent samples and the non-parametric Mann-Whitney
U test and Kruskal-Wallis H test for independent samples
were used.

A value of p < 0.05 was used to determine significance.
The obtained results from the analysis were compared
with scientific reference literature in the world and are
presented numerically, with tables and figures.

The research was done in accord with standards of
the institutional committee on ethics and with the 1964
Helsinki declaration and its later amendments or compa-
rable ethical standards.

RESULTS

The highest proportion of the patients included in the
research were in the initial clinical stage 38.22% and the
mean age of the patients was 57.51 + 6.28 years. (Table 1)

Regarding the demographic parameters, 77.71% of the
patients lived in a city; 89.17% in a married community;
50.32% had a secondary education; 43.31% were a clerk/
administrator by profession, without statistical significance
between the two sexes.

17.91% of the patients had a family history of eye dis-
eases; 21.06% had registered comorbid diseases, while
15.29% were not informed about the essence of POAG.

Table 1. Clinical and demographic characteristics of patients

Statistical data processing was per- Sex
formed by descriptive and comparative | Parameters Total Male Female P D'if:;te nee
statistics procedures with SPSS software NS 17 NSy it
. i (100%) (44.59%) (55.41%)
package version 22.0 for Windows (IBM X X
Corp., Armonk, N, USA) Dise sy el
TI;; itrib t ’ ( 1"t tive) seri Early 60 (38.22%) | 27(45%) | 33(55%)
2 — .
¢ al n dublvfi tqua a th serlefs Moderate 52(33.12%) | 23 (44.23%) | 29(55.77%) | 4 X 2‘_3'5307'667
were ana yzed by determining the Coel- s 4 anced 45 (28.66%) | 20 (44.44%) | 25 (55.56%) T
ficients of ratio, proportion and rate, and 720332
were presented as absolute and relative | Age 57.51+£6.28 | 57.60+6.10 | 57.40 £6.46 b=0739
numbers. Numerical (quantitative) series = :
2l (q ) Age when diagnosed | 47.53+561 | 47714551 | 4734+570 | 2= 0339
were analyzed by finding the measures of p=0.734
. 1 2 — .
central tendency (average value; median, Duration of therapy. 954427 | 962+4.12 | 946441 | X 5 0'3‘72)5’71 s
minimum and maximum value; interactive c i = p=2
range) and dispersion measures (standard No((r)z;)r id diseases / 33(21.06%) | 15(21.43%) | 18 (20.69%) dfi( , g'lsozrew
deviation and standard error) : I ’ .
. Genetic Predisposition x*>=0.002;
Pearson ¥’ test for homogeneity, Fischer | /N (%) 28(17.91%) | 13(18:57%) | 15(17.24%) | 4¢ ¢, _ 0,988
exact test and Fisher-Freeman-Halton Side effects
exact test were used to determine the as- Local 35(22.35%) | 16(22.86%) | 19 (21.84%) 2= 0.023;
sociation between certain variables in the Systemic 5 (3.16%) 2 (2.86%) 3(3.45%) |df=2;p=0.989
groups of subjects. Health informed / N (%)
The Shapiro-Wilk W test was used Yes / partially 133 (84.71%) | 60 (85.71%) | 73 (83.91%) 2= 0.235;
to determine the normality of frequency | No 24(15.29%) | 11(15.71%) | 13 (14.94%) | df=2;p=0.889

distribution of investigated variables. Risk

‘ DOI: https://doi.org/10.2298/SARH211219021V

X2 - Pearson Chi-square test; Z - Mann-Whitney U test; *significant for p < 0.05
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Figure 1. Antiglaucomatous medications prescribed in the treatment

Table 2. Treatment outcome of the patients

individually tailored and, in our research, the predominant
type of pharmacotherapy were the beta blockers.

In the early stage, the predominant option was mono
pharmacotherapy 60%, in the moderate stage, combination
therapy of two medications 55.77% and, in the advanced
stage, combination therapy of two 33.33% or three or more
anti-glaucomatous medications 66.67%.

The effectiveness of pharmacotherapy is manifested
by regression, slow progression or worsening of disease
severity.

Significant association of with the highest number of
regression outcome of the disease was observed in patients
in initial (early) when compared to advanced clinical stage,
p = 0.00001.

Over 20% of the patients did not adhere to regular treat-

ment due to economic reasons or lack

Treatment Outcome . of information and ignorance about the
Parameters Total Regression SIOW. Worsening ’ leff:;fnce essence of PQAG' .

Progression Loss of visual acuity and reduced
Treatment Method / N (%) work ability are the reasons for non-
Pharmacotherapy | ;57 (;10006) | 124 (78.98%) | 19(12.1%) | 14 (8.92%) | +p=0.00001* fulﬁllm,en,t,o,r poor fulfilment of W(,)rk
/12 months responsibilities and eventual relocation
Adherence to Treatment /N (%) of patients to job positions with lower

Yes 124(78.98%) | 56 (45.16%) | 43 (34.68%) | 25 (20.16%) | 2= 69.049; personal income (Table 3).

df=2; . . .

No 33(21.029%) | 3(9.09%) | 5(15.15%) |25(75.76%) | , —0,0001* Considering the fact that this con-
Treatment outcome according to disease severity / 12 months / N (%) cerned adult population of up to the
Early 60(38.22%) | 51 (85%) 6 (10%) 3 (5%) age of 67, the average self-assessment of
Moderate 52(33.12%) | 41(78.85%) | 6(11.54%) | 5(9.61%) |tp=0.00001+| the general health status of the patients
Advanced 45 (28.66%) | 32(71.11%) | 7 (15.56%) | 6 (13.33%) was low, 7.68 £ 1,56. Of whom, 36.94%

X — Pearson Chi-square; tFisher Freeman Halton exact test; *significant for p < 0.05

The patients were treated with pharmacotherapy, with
prescription of various anti-glaucomatous medications
(Figure 1, Table 2).

The type and method of administration of antiglau-
coma medications depend on the disease severity, the
level of IOP and their effectiveness. The medications are

due to reduced visual acuity and work
ability received a low monthly income
of up to 250 euros, without significance
between the two sexes, p = 0.316.

Antiglaucoma medications were a major component
of direct medical costs 80,86% and imposed an economic
burden from 3.05% + 0.75 to 10.52% =+ 0.62, which was
significantly associated with patients who received low
monthly income (nonparametric ANOVA: F = 6.38;
p = 0.0001).

Table 3. Economic burden associated with primary open-angle glaucoma pharmacotherapy

Parameters Primary open-angle glaucoma severity P Difference test
Total Initial Moderate Advanced
Self-assessment of health condition / Tp =0.00001*
EQVAS Mean/ % 768+156 | 825+1.19 | 7.65+1.55 7.15+£1.95 advanced / early
. 17 tp =0.00001*
(+) 0, 0
Reduced personal income / N (%) 25 (15.92%) 0 8 (5.1%) (10.83%) moderate / advanced

Monthly personal income / N (%)

Low < 250 euros | 55(35.03%) | 13(23.64%) | 16(29.09%) | 26 (47.27%) tp = 0.00001*
Direct medical costs / euros
Monthly 1513+ 1.6 6.1+£1.2 144+£1.7 249+19 1p =0.00001*
Annual 181.56+19.2 | 73.2+144 | 1728+204 | 298.8+22.8 1p = 0.0002*
Types of costs / Mean / %

Specialist ophthalmological examinations 19.14 25.5 18.89 13.03 X2=66.752; df = 4;
Antiglaucomatous medications 80.86 74.5 81.11 86.97 p =0.00001*
Economic burden on low monthly income / % 6.68+0.70 | 3.05+0.75 | 647+0.73 10.52+0.62 'F=6.38 p=0.0001*

1p - Kruskal-Wallis H test; X2 — Pearson Chi-square; F — nonparametric ANOVA; tFisher exact test; *significant for p < 0.05
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DISCUSSION

The patients included in the research were aged 40-67,
predominated by females 55.41%, while over 50% of the
patients were older than 59.

Previous studies show that POAG is most often mani-
fested binocularly with the highest frequency over the age
of 60, while 55-60% of the patients are female [2, 4].

POAG is diagnosed between the age of 40-50 in 46.91%
of the patients, while in 7.63% younger than 40. According
to the available studies, POAG is most often diagnosed
after 40 [18], although that limit is gradually lowering to
a younger age under 40 years old [19].

Of the registered comorbid conditions, 33.33% were
due to diabetes mellitus and the rest to hypertension, car-
diovascular and metabolic diseases and were 2.47 times
more common in patients with advanced stage [OR = 2.47
(1.20-5.07) 95% CI].

In total, 84.71% were fully/partially informed about the
essence of POAG, but not all of them, without statistical
significance between the two sexes, p = 0.195.

Studies conducted in Egypt and Nigeria showed that
40-50% of illiterate and uninformed people had been
treated for glaucoma [6, 13].

Antiglaucoma medication of choice in the treatment of
POAG were beta blockers (Thymolol) which were adminis-
tered in 132 cases (84.08%), and their alternative were ana-
logues of prostaglandins 95 (60.51%), carbonic anhydrase
inhibitors 83 (52.87) %) and alpha, agonists 24 (15.29%),
which are prescribed as mono or combination therapy.

Beta blockers were usually prescribed as monotherapy
16.56%, while in combination therapy of two medications,
beta blockers and carbonic anhydrase inhibitors 22.29%, and
in combination of three medications, beta blockers, carbonic
anhydrase inhibitors and prostaglandin analogues 30.57%.
Combined use of more than one antiglaucoma medication is
an effective way to normalize IOP, but it increases the treat-
ment cost and the possibility of secondary side effects [7, 20].

Adverse drug reactions were reported in 40 cases
(25.48%). Of these, 23 (14.65%) were secondary local re-
actions in the form of irritation, allergy, dry eye and eye
pain, and secondary cataract in seven cases (4.46%). Of
the patients treated with non-selective beta-blockers, five
(3.18%) showed complications in the form of primary
bronchial asthma, exacerbation of asthma and deviations
in functional spirometry tests.

In long-term studies for the treatment of POAG in pa-
tients who have used medications with preservatives and
non-selective beta-blockers (Thymolol) the following was
observed: local adverse drug reactions 12-20% [21] and
2.7%, systemic reactions in the form of bronchial asthma
exacerbation [7, 22]. Pharmacotherapy with prostaglandin
analogues is the most effective way to normalize IOP and
has the highest cost benefit for treatment and the lowest
percentage of secondary side effects [20].

The treatment outcome in 78.98% was successful with
normalization of IOP and regression of the disease, in
12.10% was partially successful with slow progression, and

‘ DOI: https://doi.org/10.2298/SARH211219021V
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in 8.92% the outcome was unsuccessful with deteriora-
tion and progression of the disease, p = 0.00001, without
significance between the two sexes, p = 0.772.

Increased disease severity in the last 12 months has been
registered in all clinical stages, 13.33% of whom were pa-
tients in advanced clinical stage.

Studies conducted in Egypt and Nigeria report unsuc-
cessful normalization of IOP in glaucoma patients treated
with pharmacotherapy 42-50% [6, 13].

21.02% of the patients did not adhere to regular treat-
ment. Of whom, 15.15% were uninformed about the es-
sence of POAG and the benefits of regular treatment, while
84.85% due to economic reasons used generic alternative
anti-glaucomatous medications with inadequate dosage.

Many people with POAG are partially blind due to un-
timely diagnosis [13], poor health care [17] and low levels
of health education and awareness, especially in developing
countries [5].

Long-term treatment, high medication prices and lack of
information about the essence of POAG are most common
reasons for patients’ non-adherence to medication [16].

In 75.75% of the patients who did not adhere to treat-
ment, the IOP height in the last 12 months was usually
higher than 28 mmHg. Patients who adhere to regular
treatment have 5.14 times higher chance of a successful
outcome compared to patients with irregular treatment
[OR =5.14 (2.36-14.63) 95% CI].

According to several studies in case of unfavorable out-
come and increased disease severity, the possibility of non-
adherence to medication must be taken into account [23].

Significant association was established between low
monthly income and patients in advanced clinical stage,
p = 0.00001, without statistically significant association
between the sexes, p = 0.955.

There are numerous studies regarding the connection
of the advanced clinical stage with the reduced personal
income, high treatment costs, decreased visual acuity and
low-cost effectiveness for treatment [13, 14, 24].

Monthly and annual direct medical costs for treatment
were significantly lower in the initial, whereas the high-
est in the advanced clinical stage (Kruskal-Wallis H test,
p =0.00001 / 0.0002).

Most of the direct medical costs 80.86% were for anti-
glaucoma medications which were significantly higher
in the advanced clinical stage, p = 0.0001, while similar
tindings were referred to in other studies related to the
economic burden of glaucoma treatment [11, 12].

Treatment costs for patients with advanced clinical stage
were 2.4 times higher compared to those for patients with
initial stage [OR = 2.4 (9.79-60.93) 95% CI].

Beta-blocker pharmacotherapy is associated with low and
prostaglandin analogues with high-cost treatment. Identical
cost findings have been reported in other comparative stud-
ies of glaucoma treatment with medications [25, 26].

Significantly higher direct medical costs for treatment
and low-cost benefit were observed in patients with co-
morbid conditions/diabetes mellitus, p = 0.00001, com-
pared to other patients.

Srp Arh Celok Lek. 2022 Mar-Apr;150(3-4):177-182
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Patients over the age of 60 have insignificantly higher
direct medical costs for treatment, p = 0.0612. Parallel stud-
ies on the economic burden of glaucoma treatment have
reported a significant association between higher treatment
costs, advanced disease severity and older mean age [24].

The Health Insurance Fund of North Macedonia par-
tially subsidizes the costs of non-selective beta-blockers
and carbonic anhydrase inhibitors, but not the costs of
prostaglandin analogues, other expensive medications and
diagnostic procedures used to treat POAG.

Available studies depending on the economic develop-
ment of the countries indicate annual direct medical costs
of 45-809 euros [5, 12, 13, 15, 27].

The burden of direct medical costs on the monthly
personal income is significantly higher in patients with
advanced clinical stage, who receive low monthly personal
income (One Way ANOVA: Av = 6.38; p = 0.0001).

Low-cost effectiveness and individual economic bur-
den on the monthly personal income, from 1.3-61.5%,
are referred to in numerous studies conducted in different
geographical regions [6, 7, 13].
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CONCLUSION

POAG treatment should be individually tailored to the
disease severity and type, effectiveness and secondary side
effects of the medications used.

Pharmacotherapy is the dominant alternative compared

to other types of treatment because it is safer and is associ-
ated with greater effectiveness, lower direct medical costs
and higher cost effectiveness during treatment.

Beta-blockers, due to their availability and low cost, are

the most common option as a primary type of pharmaco-
therapy in the initial (early) stage of the disease.

The progression of the disease severity is associated

with change, intensification of treatment and increased
direct medical costs.

Long-term IOP control with the initial treatment with-

out modifications will allow regression of the disease, slow
disease progression and reduced treatment costs. Screening
programs for early detection of POAG, subsidizing the cost
of expensive anti-glaucoma medications and increased
awareness of the essence of POAG are essential.
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AHanusza McnNaaTMBOCTH TPpeTMaHa NPUMapPHOr raykoma OTBOPEHOr yr/a npema

TeXXUHU bonectu

3opaH Benkosckn', Maja benescka?, busbaHa hophecka®, JacmmHa Hophesuh-Jouuh?
'MepuumHckmn yHusep3utet Coduja, DapmaueyTcku dpakyntet, Coduja, Byrapcka;

2Ynuepautet,CB. KnumeHT Oxpupckin” butoss, KnnHnuka 6onHuua brtom, Butoss, CeBepHa MakegoHuja;
*Ynueep3urtert ,loue Jenyes” LLtun, OakynteT MeauUMHCKIX HayKa, LLitnn, CeBepHa MakepoHuja;
*YHnBep3uTeT y Huwy, MeguumuHckn dakyntet, KnuHika 3a ouHe 6onectu, Huw, Cpbuja

CAXETAK

YBoa/Lnmb TpeTmMaH NprMapHOr riaykoma OTBOPEHOT yria Tpe-
6a fa byae MHAMBMAYANHO ycarnaleH ca TEXXMHOM 1 BPCTOM
6onecty, edrKacHowwNy 1 CEKyHAAPHUM HEXerbeHUM edeKTMA
KopuwheHux NeKkoBa.

Lnb papa je 6vio aa ce npoLeHe AUPEKTHU MeAVLIMHCKM TPOLL-
KOBV U MCTMATUBOCT GpapMaKoTepanuje Kog TpeTMaHa nprmap-
HOT rnaykoma OTBOPEHOT yriia Npema TeXuHu 6onectu.
Metopge HayuHu paf je ocMMLLIbEH Kao omncepBaLioHa CTy-
[Vja npeceka ca KBAaHTUTATVBHUM aHANNTUYKUM NPUCTYNOM 1
cnposefeHa je y nepuogy og jyna 2020. fo jyHa 2021. roguHe
Ha Teputopuju CeBepHe MakepoHuje. Ctyanjom je obyxsahe-
Ho 157 nauwjeHarta, y3pacTa o 67 roguHa, ca GUHOKyNapHUM
NPUMaPHUM F11ayKOMOM OTBOPEHOT yrfla y PaHOM, yMEPEHOM 1
y3HanpefoBanoM KNMHUYKOM CTagujymy, Ca NpoOMeHaMa BuaHe
OLUTPVHE U pagHe crnocobHocTy. Tokom npoueHe edekata dap-
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MaKkoTepanuje aHanm3vpaxu cy Tunosu, mehycobHe Kopenauuje
1 edrKacHOCT Hajuelhe NpUMerMBaHMX aHTUTIAyKOMATO3-
HUX MefjuKameHaTa. [IMpeKTH MeJULIMHCKN TPOLLKOBHW Y NO-
cnepmux 12 meceuy cy npoLereHn Kopuriwherem axypripaHux
nopaTaka of jaBHOr MHTepeca.

Pesynrtatu beta-6510KaTopu cy 360r CBOje NpuUcTynayHe LeHe
1 BOCTYNHOCTU AOMVHAHTHA MPUMapHa onuuja ca BEIMKOM
ncnnatBoLwhy y TpeTMaHy NPYMapHOT rlayKoma OTBOPEHOr
yrna. AHTUIMayKoMaTO3HM NeKOBY 1 0GTaIMONOLLKM Nperneam
CauuHbaBajy rMaBHe KOMMOHEHTE AVPEKTHUX TPOLLKOBA Jleuetba.
3akmpyyak GapmakoTepanuja je LOMUHAHTHW]a y OAHOCY Ha
ocTane BUAOBe nevema jep je 6e3benHuja, noBesaHa je ca
Behom edukacHowWhy 1 MarbUM JUPEKTHAM MeAULMHCKUM
TPOLLKOBUMA.

KmbyuHe peun: papmakotepanuja; AUPEKTH MEANLNHCKN
TPOLUKOBU; aHTUMIAyKOMaTO3HU NEKOBY; EKOHOMCKU TepeT
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