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Bioflavoneids are well=studied active compounds that can improve clinical outcomes in
patients with hemorrhoidal disease and chronic venous insufficiency, including reducing pain and
edema and enhancing quality of life. This study aimed to analyze the ten-year use of
venoprotective bioflavonoids in Serbia, focusing on consumption trends and costs from 2014 to
2023. Data,were obtained from the official database of the Medicines and Medical Devices Agency
of:Serbia: Results showed a significant increase in the total consumption of diosmin and troxerutin,
while the diosmin/hesperidin combination also demonstrated a steady rise, especially in recent
years. Statistical analysis confirmed a significant upward trend for all analyzed drugs (p = 0.0013;
Tau = 0.82). The increase in use of venoprotective bioflavonoids may be associated with higher

disease prevalence and the proven efficacy and safety of these therapies. These findings highlight
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the need for further research and continuous evaluation of therapeutic protocols to optimize

treatment strategies.
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Bioflavonoidi su dobroproucene aktivne supstance koje mogu poboljsati klinicke ishode kod
pacijenata sa hemoroidalnom beles¢u i hronicnom venskom insuficijencijom, ukljucuju¢i smanjenje
bola i edema, kao i unapredenje kvaliteta zivota. Cilj ove studije bila je analiza desetogodisSnje
primene venoprotektivnih bioflavonoida u Srbiji, sa fokusom na trendove potroSnje i troSkove u
periodu ‘od: 2014, do 2023. godine. Podaci su preuzeti iz zvani¢ne baze Agencije za lekove i
medicinska, sredstva Srbije. Rezultati su pokazali znacajan porast ukupne potroSnje diosmina i
trokserutina, dok je kombinacija diosmin/hesperidin takode belezila kontinuirani rast, posebno u
poslednjim godinama. Statisticka analiza potvrdila je znacajan uzlazni trend za sve analizirane
lekove (p = 0,0013; Tau = 0,82). Porast upotrebe venoaktivnih bioflavonoida moZze biti povezan sa

vecom prevalencom ovih oboljenja, kao i sa dokazanom efikasnoS¢u i bezbednoséu ovih terapija.
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Ovi nalazi ukazuju na potrebu za daljim istrazivanjima i kontinuiranom evaluacijom terapijskih
protokola u cilju optimizacije terapijskih strategija.
Kljucne reci: venoprotektivni bioflavonoidi, hemoroidalna bolest, hroni¢na venska insuficijencija,

trendovi potrosnje
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INTRODUCTION

Hemorrhoidal disease (HD) and chronic venous insufficiency (CVI) are two highly prevalent
conditions which, owing to their characteristic symptoms, can markedly impair patients’ quality of
life and impose considerable social and economic burdens (1). It is well established that HD and
CVI share a number of common risk factors. In the case of CVI, the most relevant include’age;
family history, obesity, constipation, female gender, and occupations that involve rolonged
standing (2), while for HD, the risk factors encompass constipation, diarrhea, a.low-fiber diet,
pregnancy, age, family history, and activities that increase intra-abdominal pressure (3).

It is considered that HD and CVI may have a related underlying cause.associated with the
loss of vascular integrity (4). Observational studies confirm the association between HD and CVI,
with patients who have undergone surgical treatment for HD showing ahigher incidence of CVI (5).
The association between HD and CVI is further emphasized by the shared pharmacotherapeutic
approach for both conditions. Pharmacological therapy, . particularly the use of wvenoactive
(venoprotective) drugs, has shown effectiveness in reducing venous inflammation and improving
microcirculation (6). Bioflavonoids, such as diosmin, hesperidin, and troxerutin, represent well-
studied active components with the potential to improve clinical outcomes, including pain reduction,
edema control, and enhancement of quality of life, in patients with both HD and CVI (7,8).

The aim of this study is to analyze the ten-year use of venoprotective bioflavonoids,
specifically diosmin, hesperidin, and troxerutin, in the treatment of HD and CVI in Serbia. The study
will focus on the analysis of material costs, through the quantity and price of these medications, as

well as on monitoring the frequency of their use over the period from 2014 to 2023.

MATERIAL AND METHODS

Data on the consumption of bioflavonoids used in the treatment of HD and CVI in the
Republic of Serbia for the period from 2014 to 2023 were obtained from the official website of the
Agency for Medicines and Medical Devices of Serbia (ALIMS) (9-18).

The internationally recognized and widely accepted methodological framework for drug
utilization analysis is based on the Anatomical Therapeutic Chemical (ATC) Classification System

and the Defined Daily Dose (DDD). However, bioflavonoids belong to a group of drugs for which a



DDD has not yet been defined, so for the analysis of drug utilization, changes in material costs
were monitored on an annual basis over a ten-year period within the relevant ATC drug groups.

Within the ATC classification system, active substances are organized in a hierarchical
structure consisting of five different levels. The system comprises fourteen main
anatomical/therapeutic groups, representing the 15t level. Each ATC main group is further divided
into a 2" level, which may represent pharmacological or therapeutic group. The 3™ andd4t levels
represent chemical, pharmacological, or therapeutic subgroups, while the 5% level_is.the chemical
substance. The second, third, and fourth levels are frequently used to define pharmacological
subgroups when this is considered more appropriate than therapeutic or chemical subgroups.

The following section presents the ATC codes and their corresponding:categories related to
bioflavonoids in the treatment of cardiovascular diseases, with a particular focus on vasoprotective
agents and capillary-stabilizing drugs (Table 1).

Table 1. ATC classification of diosmin, troxerutin; and._diesmin/hesperidin

c Cardiovascular c Cardiovascular c Cardiovascular
system system system
cos | Vasoprotective cos | Vasoprotective cos | Vasoprotective
agents agents agents
CO5C Capillary-stabilizing éosc Capillary-stabilizing CO5C Capl_llgry—
agents agents stabilizing agents
CO5CA | Bioflavonoids CO5CA | Bioflavonoids CO5CA | Bioflavonoids
CO5CAO03 | Diosmin CO5CA04 | Troxerutin CO5CA53 | Diosmin/hesperidin

The first anatomical level is represented by a capital letter. Medicines are classified into 14
main groups according to the organ or system on which they primarily act. According to the ATC
classification, drugs acting on the cardiovascular system belong to group C. The second level is
represented by two digits and indicates the main therapeutic group to which a given drug belongs
(vasoprotective agents). The third level consists of a single letter and describes in detail the
therapeutic-pharmacological subgroup (capillary-stabilizing agents). The fourth level consists of a
single letter and indicates the pharmacological-chemical subgroup (bioflavonoids). The fifth

(chemical) level consists of two digits and identifies the specific drug.
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Data on drug consumption (diosmin, hesperidin, troxerutin) were collected for the period
from 2014 to 2023. Each year includes data on the quantity of drugs sold, calculated as the product
of quantity and price, and will be presented in tabular form for each year within the specified
period. The data were statistically analyzed and processed using descriptive statistics, as well as
appropriate tests of statistical significance, presented in tables and graphs. The database’ was
created in Microsoft Excel, and statistical processing was performed using the Python'software
package. For the analysis of changes in drug consumption over time, the Mann—Kendall test/was
applied. This non-parametric test is used to detect trends in time series of data without assuming
normality of the data distribution. The test assesses whether there is a statistically significant trend
in drug consumption over the analyzed period. All statistical tests will be considered significant if

the null hypothesis was equal to or less than 5%.

RESULTS

The consumption of vasoprotective drugs and venoactive bioflavonoids (quantity x price) is
expressed in RSD for each year over the period from 2014 to 2023, in relation to the group of
vasoprotective agents. This amount represents the total value of the quantities of diosmin,
troxerutin, and diosmin/hesperidin consumed during each individual year, calculated based on the
unit price and the quantity of drugs sold.

Table 2. Consumption. of venoprotective bioflavonoids, capillary-stabilizing agents, and

vasoprotective drugs'(quantity x price) for each year in the period from 2014 to 2023

CO05 Cco5C CO5CAO03 CO5CA04 CO5CA53

Year (quantity x (quantity x CO5C/CO5 (quantity x price (quantity x (quantity x
price in RSD) price in RSD) in RSD) price in RSD) price in RSD)
2014 790570738.56 | 232916001.80 29.46% 174639151.80 / 58276850.00
2045 924745857.00 | 336584078.60 36.40% 208219163.60 1494450.00 12687046.00
2016 956986715.60 | 377048002.40 39.40% 215216502.40 / 161831500.00
2017 972060841.10 | 338606361.50 34.83% 214798466.40 18724160.00 105083735.10
2018 | 1060042260.30 | 458239832.11 43.23% 237125645.90 27325903.71 193788282.50
2019 | 1113610984.32 | 455560476.72 40.91% 236450259.40 29257582.32 189852635.00
2020 | 1101918905.00 | 401945127.00 36.48% 197304079.40 29964350.00 174676697.60
2021 | 1204925559.00 | 502739903.06 41.72% 237196188.30 40453712.00 225090002.80
2022 | 1365084918.00 | 606455623.90 44.43% 292722734,40 38634593,76 275098295.70
2023 | 1387846874.00 | 747816923.90 53.88% 359839304,40 46538639,46 341438980.00

*RSD - official international abbreviation for the Serbian currency (dinar)
The data show a significant increase in the total consumption of this group of drugs, with a

particular emphasis on the rising consumption of diosmin (CO5CA03) and troxerutin (CO5CA04)



over the years, while the consumption of the diosmin/hesperidin combination (CO5CA53) also
showed a steady increase, especially in the recent years. The share of vasoprotective bioflavonoids
within the CO5C group (capillary-stabilizing agents) varied throughout the analyzed period. In
2014, the share of vasoprotective bioflavonoids in the total consumption of the CO5C group was
29.46%, and by 2023 it increased to 53.88%. This increase of 24.42 percentage points indicates a
growing use of vasoprotective bioflavonoids in relation to the overall group of capillary-stabilizing
agents.

The annual growth rate of venoactive bioflavonoid use was calculated using the following
mathematical formula:

total consumption in 2023
Growth rate (2023 vs. 2014) =( — 1) x 100 = 220.1%

total consumption in 2014

The annual growth rate of venoactive bioflavonoid use, expressed as the percentage
change between 2023 and 2014, amounts to 220.1%. This result indicates that the total
expenditure on venoactive bioflavonoids (diosmin, hesperidin, and troxerutin) in 2023 was 220.1%
higher than in 2014.

Figure 1. presents the share-of venoeprotective bioflavonoids in the total consumption of the
CO5C group — Capillary-stabilizing agents over the period from 2014 to 2023. The data refer to the
share of diosmin (CO5CA03)s troxerutin (CO5CA04), and the diosmin/hesperidin combination

(CO5CA53) in the total consumption of this drug group.
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Figure 1. Share of venoprotective bioflavonoids (%6) in relation to the group of capillary-stabilizing

agents over the period from 2014 t0 2023

Diosmin (CO5CA03) was the most widely used throughout the entire period, with a share
varying from 74.98% in 2014 to 48.12%¢in"2023. Although there was a decrease in the share of
diosmin, it remained the most commonly used bioflavonoid within this group. Troxerutin (CO5CA04)
had a smaller but still notable share in the total consumption of venoprotective bioflavonoids. The
share of troxerutin gradually increased from 0% in 2014 (no data available) to 6.22% in 2023. This
indicates an increase in the use of troxerutin over the observed period, which may reflect changes
in therapeutic approaches or new treatment recommendations for these conditions. The
diosmin/hésperidin combination (CO5CA53) showed a relatively stable share during the observed
periody. increasing from 25.02% in 2014 to 45.66% in 2023. This rise suggests an increasing
popularity. of combination therapies, which may indicate their efficacy and wider use in the
treatment of HD and CVI.

To analyze trends in drug consumption over time, the Mann—Kendall test was applied, and

the results of this statistical analysis are presented in Table 3.



Table 3. Trend analysis of the use of venoprotective bioflavonoids

Metric All Diosmin Troxerutin hzlsopsenr]ilgi'n
CO5CA03 CO5CA04 CO5CAS3
p-value 0.0013 0.0073 0.00046 0.00236
Tau 0.82 0.69 0.89 0.78
Slope 40.6M 12.4M 5.4M 25.7M
z-score 3.22 2.68 3.50 3.04

The results of the conducted study indicate the presence of a statistically significant
increasing trend for all drugs over the analyzed time period (p = 0.0013; Tau = 0:82). All analyzed
drugs (diosmin, troxerutin, and the diosmin/hesperidin combination) demonstrate arcstatistically
significant upward trend in consumption over the last 10 years, with ‘diosmin and troxerutin
showing the greatest increase. Troxerutin exhibits the fastest growth, while the diosmin/hesperidin
combination showed the most pronounced increase in the/recent, years. Overall, venoactive
bioflavonoids represent a significant segment of consumption.in the treatment of HD and CVI, with

a very strong and rapid increase in consumption over the ‘observed period.

DISCUSSION

Among pharmacological approaches; venoactive drugs may act on the underlying causes of
both symptomatic hemorrhoids,/and "CVD through their beneficial effects on venous tone,
inflammatory processes, andsmicrocirculatory permeability. Early introduction of these agents may
play a role in preventing.or slowing the development and recurrence of symptoms and signs of both
HD and CVD (4). Venoactive drugs have demonstrated various benefits in patients with CvVD and
HD (19,20). This group of drugs is widely prescribed in Europe and other parts of the world and is
currently available mainly over the counter (OTC) or as dietary supplements. Most venoactive drugs
are plant-derived compounds, and the most extensively studied and commonly used in practice are
bioflavenoids with venotonic activity, such as diosmin, troxerutin, and the diosmin/hesperidin
combination (21). However, it is important to note that the lack of homogeneity within the group of
venoactive bioflavonoids in terms of their biological and molecular characteristics may also
correspond to potential differences in their clinical efficacy (22), and consequently in their use in

everyday clinical practice.



Bioflavonoids with venoactive properties are widely used in the treatment of CVD symptoms
(23). Thanks to their anti-inflammatory and vasoprotective effects, diosmin, hesperidin, and
troxerutin may have beneficial effects on objective indicators of leg edema, as well as on symptoms
and signs associated with CVI, such as pain, cramps, restless legs, a sensation of swelling,
paresthesia, and trophic changes (level of evidence 11B) (24).

On the other hand, the acute clinical manifestation of hemorrhoidal disease is€haracterized
by pain, bleeding, itching, prolapse, edema, and often thrombosis (25). This condition.is commonly
referred to as a “hemorrhoidal crisis.” The mechanism of action of bioflavonoids on HD symptoms is
based on the improvement of venous tone, reduction of capillary permeability, enhancement of
lymphatic drainage, and anti-inflammatory effects, leading to a significant ‘and«rapid reduction in
anal pain, bleeding, and itching (26). The European Society .of- ColoProctology has developed
comprehensive guidelines for the management of HD, which support the use of venoactive
bioflavonoids to improve symptoms (particularly anal bleeding) and reduce recurrence (27).

The consumption of venoactive drugs is increasing, driven by the growing prevalence of HD
and CVI associated with population aging, obesity, and other risk factors for these diseases, such
as: genetic predisposition, prolonged standing or sitting, physical inactivity, pregnancy, and others
(28). Venoactive bioflavonoids therefore become a key therapy in the management of these chronic
conditions, but it is important that, due to differences in their biological activity, their use is
adapted to the specific mneeds, of ‘the patient. The dose and duration of venoactive drug
administration depéend on the type of disease. In HD, therapy is usually shorter and administered at
lower doses, whereas‘in CVI longer treatment courses with higher doses are required to achieve
long-term symptom control (22, 29).

According, to the available literature data, this study represents the first comprehensive
investigation and analysis of the consumption of venoactive bioflavonoids (diosmin, hesperidin, and
troxerutin) over a 10-year period, with a particular focus on monitoring material costs and
statistical analysis of consumption trends, thereby contributing new insights into the
pharmacoeconomic and therapeutic dynamics of this class of drugs. The results of the conducted
study show a significant increase in the total consumption of venoactive drugs, particularly in
recent years, with a marked rise in the consumption of diosmin (CO5CA03) and troxerutin

(CO5CA04), as well as the diosmin/hesperidin combination (CO5CA53) (Table 2). The increase in



consumption of venoactive bioflavonoids is directly related to the rising prevalence of CVI and HD,
as well as with the fact that this is a group of drugs with a favorable safety profile, often prescribed
for long-term use, thereby contributing to symptom control and overall improvement in quality of
life (30—32). Analyzing trends in the total consumption of venoactive bioflavonoids, an increase of
220.1% was observed in 2023 compared to 2014. As previously noted, this increase may be the
result of various factors, including increased drug consumption due to wider therapeutic application
in HD and CVI, a growing number of patients, and/or an increase in drug prices over.the ten-year
period (9-18).

When observing the share of individual venoactive bioflavonoids over the analyzed ten-year
period (Figure 1), it was noted that diosmin continues to dominate/consumption throughout the
entire study period. However, a significant increase in the use of.troxerutin,/as well as in the share
of the diosmin/hesperidin combination, was also observed. In addition,/the results of the conducted
study indicate the presence of a statistically significant increasing, trend for all analyzed drugs over
the last 10 years (p = 0.0013; Tau = 0.82; Table 3). These findings show that diosmin, troxerutin,
and the diosmin/hesperidin combination all demonstrated a statistically significant increase in
consumption, suggesting changes in therapeutic practices and an increased use of venoactive drugs
in the treatment of HD and CVD.

The obtained results may. indicate changes in therapeutic practices. Furthermore, the
decrease in the share of diosmin, in total consumption may suggest an adaptation of therapeutic
approaches and the selection of appropriate drugs in accordance with patient needs, as well as new
guidelines for the treatment of CVD and HD. These changes indicate the development and
improvement, of therapeutic approaches aimed at optimizing treatment and enhancing clinical
outcomes. (33,34).

This study has several potential limitations. First, the research is limited by heterogeneous
data encompassing two different conditions, HD and CVI, which share similar etiological factors of
development, but differ in clinical characteristics, as well as by the lack of specific results related to
the use of troxerutin and the diosmin/hesperidin combination, particularly in HD and CVI
separately. Additionally, the study was conducted in the territory of Republic of Serbia, meaning
that the results cannot be directly generalized to other countries or healthcare systems with

different demographic, socioeconomic, and healthcare characteristics. Nevertheless, this study is



the first to provide a comparative analysis of the use of venoactive bioflavonoids, and further
research on a broader geographic sample may contribute to better validation and application of the
findings in a global context. Moreover, the lack of a defined daily dose for bioflavonoids, as well as
changes in drug prices over time, prevent standardized comparison with other studies, thereby

limiting the pharmacoepidemiological interpretation of the data.

CONCLUSION

Venoactive bioflavonoids represent a significant segment of consumption in the treatment
of HD and CVI. The consumption of these drugs has shown a very strong and rapid increase, which
may be associated with the increased prevalence of these diseases, @s well asswith their efficacy
and safety in long-term use. This trend indicates the need for further . research and adaptation of
therapeutic protocols in order to ensure optimal treatment for patients/with these conditions, along
with continuous evaluation of new therapeutic protocols. The results of this study provide a basis
for future research focused on global monitoring of venoactive bioflavonoid consumption, as well as
comparison with other drugs, which would' contribute to the improvement of therapeutic
approaches and the development of better tailored,and cost-effective strategies for patients with
HD and CVI. In order to achieve the highest. treatment efficacy, it is necessary to continuously
monitor and analyze the use of these drugs, as well as to evaluate their impact on individual
symptoms, which may contribute.to a more personalized approach in the treatment of patients with

HD and CVI.
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