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Abstract

Background. The objective of this study was to analyze the frequency and structure of appointment of undesirable
combinations of statins with other drugs. We have taken into account their interactions at the level of metabolism CYP3A
isoenzymes of cytochrome P450 and transportation of proteins-transporters P-glycoprotein and OATP1B to identify
significant and potentially dangerous drug combinations.

Materials and methods. The study included medical records of people with diagnosis: Coronary heart disease with
concomitant hypercholesterolemia, confirmed by laboratory methods. In total, we analyzed 2790 outpatients. The prevalence
and structure of drug interactions at 14 medical institutions of Semey city (Kazakhstan) were studied
(pharmacoepidemiological, cross-sectional study).

Results. Our study revealed the presence of significant and potentially dangerous interactions of statins with other drugs
from the cardiovascular group in the majority of patients (62%). In cases where it is recommended to prescribe combinations
of drugs for clinical indications with caution and under the control of biochemical and other indicators, we found no evidence
of this control in 72.5% of cases.

Conclusion. We have determined a fairly high frequency of the prescription of undesirable combinations of statins with
other drugs from the cardiovascular group, having a competitive metabolism at the level of CYP3A, OATP1B1 and P-
glycoprotein in absolute terms and compared with the data of studies conducted in developed countries.

Keywords. Pharmacoepidemiology, undesirable drug interactions, CYP3A isoenzymes, P-glycoprotein, OATP1B.

Pestome
BOMNPOCLI NEKAPCTBEHHOINO B3AMMOOENCTBUA
KOMBMHUPOBAHHOU ®APMAKOTEPAINUU B KAPOAUONOrMYECKOMU
MPAKTMUKE
Pauxan E. Tyneyraesal, https://orcid.org/0000-0002-0462-5230
Acem P. Maxaroea, https://orcid.org/0000-0003-4127-7279
Awurepum E. KacsimkaH1, https://orcid.org/0000-0002-0114-5397
Axxxan B. XKymaran?, https://orcid.org/0000-0003-4558-5316
Acensb E. KakbiTaeBal, https://orcid.org/0000-0003-1943-5859

" HAO «MeauumMHckuin yHuBepcuteT Cemenr», Kacbeapa dpapmakonorum umenu npocpeccopa M.H. MycuHa,
r. Cemen, Pecny6nuka KasaxcraH.

Llenbto faHHOro nccnenoBaxms bbin aHanua YacToThbl U CTPYKTYPbI HAa3HAYEHUs HeXenaTenbHbIX KOMBUHALMIA CTaTUHOB
C OpYrMMK NEeKapCTBEHHbIMM CPEACTBaMU. YuuTbiBanM OCOGEHHOCTM MX B3aMMOLEACTBMS Ha YpPOBHe MeTabonuama
nsodepmeHtoB CYP3 uutoxpoma P450 1 TpaHcnopTHbIX cucTeM Genkos TpaHcnopTepoB P-rnukonpotenHa u OATP1B u
ANS BbISIBMEHNS NOTEHLMANBHO ONACHBIX M 3HAYNMbIX NTEKAPCTBEHHBIX COYETaHUI.

Matepuansi n meTogbl. B uccnegosaHue BKNOYEHb! MEAULMHCKUE KApTb NIOGEN C AMArHo30M: uiuemuyeckas 6onesHb
cepaLa ¢ ConyTCTBYHOLLEN MNepxonecTepuHemMmneit, NOATBEPXAEHHON NabopaTopHbIMM MeToaamu. B obueit CnoxxHOCTU Mbl
npoaHanuauposanu 2790 ambynaTopHbIX MauueHTOB. Bbinn M3yyeHbl pacnpoCTPaHEHHOCTb U CTPYKTypa NeKapCTBEHHbIX
B3aumogeincTBun B 14 meguumHckmx yupexaeHusx ropoga Cemen (KasaxctaH) (chapmakosnuzemMuonornyeckoe,
nonepeyHoe 1ccrneoBaHue).

PesynbTatbl. Bbino BbISABNEHO Hanuuue HexenaTtemnbHbIX U ONacHbIX COYETaHWMA Yy 6OMbLUMHCTBA BOMbHBIX,
nomny4aBLUKX Tepanuio cTaTuHamu (62%). B 72,5% cnyyaes Mbl He 0BHapyxunn NpoBEAEHNS KOHTPONS 3a 6e30MacHOCTbIO B
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cnyyasix, korga pekOMeHOyeTcs MPWUHUMATb CTaTWHbI C OCTOPOXHOCTBK M MOA KOHTPONEM OMOXMMWYECKUX WM OpYrux
nokasarenen

BiBogbl. Hamn Bbina onpefeneHa LOBOMLHO BbICOKAs YacTOTa Ha3HaYeHUs HexenaTerbHbIX COMETaHWUA CTaTUHOB C
ApyrMu npenapatamu, 0bnagarLLMmMmu KOHKYpeHTHbIM MeTabonmamom Ha yposHe CYP3A, OATP1B1 u P-rnukonpoTteunHa B
abConMOTHOM BbIPXEHUM 1 CPABHEHWW C AaHHBIMI UCCNELOBAHWIA, NPOBEAEHHBIX B pa3BUTbIX CTPaHax.

Knioyeebie cnoea. ®@apmakoanudmuonoaus, HexenamesbHble 63aumodelicmeus, u3opepmeHm CYP3A, P-
enukonpomeuH, OATP1B.
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! nCemeit meauumHa yHusepcuTteTi" KEAK, npodeccop M.H. MycuH aTbiHaarbl chapmakonorus
kadegpachl, Cemein K., KazakctaH Pecny6nukacsbl.

byn 3epTreyaiH Makcatbl CTaTWHAepadiH, 6acka Aspinik 3aTTapMeH XafbIMCbl3 KOMBOUHALMANAPbIHBIH, XUiniri MeH
TafanblHAAy KypbinbIMblH Tangay 6onapsl. P450 uutoxpombl CYP3A nsodepmeHTTepiHin, xaHe P-rnukonpotenH med OATP
1B TacbiMangayllbl akybl3gapAblH TacbiMangay XyhenepiHin, MeTabonuam AeHreiHae XaHe bIKTUMan KayinTi XsHe
MaHbI3dbl Aapinik KOMOMHALMANApAb! aHbIKTaY YLUiH OnapablH, e3apa spPeKeTTeCY epeKLUENiKTepiH eckepaik

Matepuanpgap meH agictep. 3epTTeyre 3epTxaHanblk SAICTEPMEH pacTanfaH runepxonectepuHemusime Gipre
KYPETIH XYPEKTiH, MLLEMUSANbBIK aypybl AMarHo3bl KOMbINFaH agamaapablH, MeAULMHanbIK, xasbanaps! eHrisinreH. bapnbifb
6i3 2790 ambynaTopusanbik, nauMeHTTi Tanaaabik. Cemeit kanacblHbiH, (KasakcTaH) 14 MeguumHanbIk, MEKEMECIHAE Aapinik
e3apa apeKeTTecynepaiH, Tapanybl MEH KypblibIMbl 3epTTengi ((hapMakoanMaemMnonorusnbiK, KenaeHeH 3epTTey).

Hatnxenep. CtaTuHMeH emaenreH HaykactapablH, kenwiniriHae (62%) kafbIMCbI3 XaHe KayinTi kKoMOMHaLmMAnapabiH,
Gonybl aHbikTangbl. CTaTuHOepAi aca CakTbIKNEH XaHe OuMoXuMUANbIK XoHe T.0.kepceTkiwTepdi Oakbinayra any
YCbIHbINFaH Ke3ge ,Kkayinciagikti 6akbinay xyprisyae 72.5% xarganga Tabbinmagbi.

KopbITbIHAbI. Bi3 cTatnHaepain, CYP3A, OATP1B1 xaHe P-rnukonpoTenH aewxreitinae 6acekenectik Metabonuami 6ap
facka npenapaTTapMeH XarbiMCbi3 kOMOUHaLMANapbiH abConKOTTi Typae XaHe JaMblFaH enaepae XyprisinreH 3epTrey
AepeKTepiMeH canbICTbipa OTbIPbIN TaFabiHAAYAbIH, ©Te X0oFapbl XUiNiriH aHbIKTagbIK.

Hezizzi ce3dep. ®apmakoanudemuonoausi, xarbiMchi3 e3apa apekemmecy, CYP3A usopepmermi, P-enukonpomeun,
OATP1B1
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Introduction the inevitability of polypragmasia, which leads to the risk of
Anticholesterol drugs (lipid lowering drugs) from the  drug interactions [15].
group of statins are one of the most common drug classes Nowadays in Kazakhstan, statins are part of the

for the treatment of hypercholesterolemia. The need for  guaranteed volume of free medical care. At the same time,
statins is indicated in various recommendations, including  in cardiological practice there are very high percentage of
the 2016 ESC/EAS recommendations [5]. An important  the appointment of undesirable combinations of drugs [24].
feature of the use of statins is the need for long-term For that reason giving attention to pharmacokinetic and
treatment, in most cases for patients at the elderly and pharmacodynamic features of statins and drug interaction
senile age, with a high prevalence of co-existing diseases  with medications of certain groups is an important aspect of
(comorbidities). Comorbid conditions in cardiology suggest  their safe use [34].
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The presence of certain drugs in the blood plasma
causes a change in the pharmacological response to statin
therapy, and also affects the safety profile of these
medicine remedies. There are following key points of
statins’ pharmacokinetics: enzymes, carrying out reactions |
(CYP3A4/5, CYP2C9, CYP2C8, CYP2C19, CYP2D6) and II
phase of metabolism of medicine remedies (isoenzymes of
UDP (uridine diphosphate)- glucuronosyltransferase 1A1
and 1A3); P-glycoprotein (P-gp); organic anion transporters,
carrying out the excretion of drugs into the bile [1].

The development of statin-induced adverse reactions is
mostly associated with the peculiarities of organic anion
vectors encoded by the SLCO1B1 gene [36, 29].

Drugs administered simultaneously with statins may be
inducers or inhibitors (substrates) of isoenzymes
CYP3A4/A5 of liver cytochrome P450, which should be
considered in daily clinical practice in the management of
this category of patients [37, 22].

It is known that strong inhibitors of CYP3A lead to a 5-
fold increase (decrease in clearance by >80 %), moderate —
to 2-5-fold (decrease in clearance by 50-80%), weak - to
1.25-2fold (decrease in clearance by 20-50%),
respectively, increase the area under the pharmacokinetic
curve "concentration — time" (AUC), characterizing the total
concentration of drugs in blood plasma throughout the
duration of action. Strong inductors, on the contrary, cause
a decrease in AUC by 80%, moderate — by 50-80%, weak —
by 20-50%, respectively [34].

The simultaneous use of moderate and/or weak CYP3A
inducers/inhibitors does not always require dose adjustment.

The inclusion of pharmacogenetic testing for the safety
of statins in clinical guidelines and in the future in care
standards is relevant.

Aim. The aim of this research was to study the
frequency and structure of appointment of undesirable
combinations of statins with other drugs

Materials and methods.

The study design was cross-sectional study. The study
was carried out on the material of archival documents
(outpatient cards) of 14 medical institutions, selected
randomly from the list.

The study was carried out on the material of archival
documents (outpatient cards) 14 medical institutions
selected randomly from the list. The study included medical
records of people with diagnosis: Coronary heart disease
with concomitant hypercholesterolemia, confirmed by
laboratory methods. In total, we analyzed 2790 outpatients.
The depth of the retrospective analysis was not less than 1
year; the maximum period was determined by the period of
outpatient observation of certain patients

The patients were aged from 34 to 85, the average age
was 61.2+3.5. In the analysis of the gender composition
there were 1665 men (59.7%) and 1125 women (40.3%).

At the same time, according to the recommendations of
ESH/ESC 2016, the indications for the prescription of lipid-
lowering therapy were differentiated depending on the
degree of cardiovascular risk. In all cases, the need to
reduce the content of low-density lipoprotein cholesterol
less than 2.6 mm/l was postulated, in the presence of a very
high risk — less than 1.8 mm/l [41]. The presence of
evidence was the main criterion for inclusion in the study.

The frequency of simultaneous administration of statins
with other drugs from the cardiovascular group was analyzed.

We have taken into account their interactions at the
level of metabolism CYP3A isoenzymes of cytochrome
P450 and transportation of proteins-transporters P-
glycoprotein and OATP1B to identify significant and
potentially dangerous drug combinations. Potentially
dangerous interactions include those combinations of
drugs, which appointment has a high risk of adverse
reactions (AR), including serious. Significant drug
interactions can also lead to adverse reactions and require
careful administration and mandatory monitoring [1]. The
scientific evidence of drug interactions has been
documented in various large controlled clinical trials and
analyzed by Drug Interaction Checker www.drugs.com),
which is supported by the FDA (Food and Drug
Administration, USA).

The terms of retrospective analysis of the data on the
prescriptions of drugs in the examined group were within
12-54 months from the date of inclusion into the study (the
average period of 23.2+2.8 months).

Statistical analysis

Methods of descriptive statistics (processed by EXCEL
programme) were used. Numerical analysis of statistical
significance was not carried out due to absence of
necessity.

Ethical approval

The research work was approved by the bioethical
committee of the Semey State Medical University (MoM No.
4 dated 28.02.2017). Informed consent was not required
because the review of retrospective Drug-Drug Interactions
alert logs and prescriptions did not involve individually
identifiable data of any sort.

Results of a research
The structure of lipid-lowering therapy in the study is
presented in the Table 1.

Table 1.
The Number of patients who were prescribed hypolipidemic therapy according to archival analysis.
atorvastatin simvastatin rosuvastatin fenofibrate total
Absolute number 2503 49 237 39 2828
% 88,6 1,7 8,2 1,5 100

It must be kept in mind that we have analyzed all the
drugs prescribed to patients during the treatment period, as
a result, the total number of prescribed drugs exceeded the
number of the studied patients.

Absolute dominance of atorvastatin was observed in the
structure of prescriptions. The frequency of its use was
88.6%. In some cases, there was a transition to atorvastatin
after the use of other antihypercholesterolemic drugs.
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On the second place on frequency of prescriptions was
rosuvastatin (8.2 %), followed by simvastatin (1.7 percent).
The only drug registered in the period of analysis from the
group of fibrates was phenofibrate, which was prescribed
quite rarely (1.5%).

Transitions from the earlier prescribed atorvastatin to
other medicines from the group of statins was noticed, but
the frequency was minimal (0.5 percent).

Al the patients were prescribed multicomponent

antihypertensive  agents,
nitrates, cardiac glycosides.

The number of drugs prescribed at the same time
ranged from 3to 7.

Tables 2-4 present the results of the hazard identification
and unwanted combinations of statin therapy with drugs from
the cardiovascular group due to their interaction at the level of
basic ways of the metabolism of statins (according to the
Medscape Drug Interaction Checker:

antiplatelets, anticoagulants,

therapy  of  cardiovascular  disease, including  https://reference.medscape.com/drug-interactionchecker).
Table 2.
The frequency of dangerous and undesirable combinations of rosuvastatin therapy.
Rosuvastatin, n=237
abc. % Interaction level Probable complications Researches
Warfarin 31" | 13,1 |Nonspecific mechanism Increased risk of bleeding Simonson S.G. et
of interaction al., 2005 [31].
Digoxin 3 1,3 |OATP1B1 Increased toxicity of rosuvastatin, the risk |Rétz Bravo A.E. et
of myopathy Must be carefully monitored! |al., 2005 [27].
Total 34 14,3 | Notes: * - significant interactions
Table 3.
The frequency of dangerous and undesirable combinations of simvastatin therapy.
Simvastatin, n=49
abc. | % Interaction level Probable complications Researches
Amiodarone | 3* 6,1 |CYP3A4 myopathy risk and rhabdomyolysis risk are Prom R. et al., 2013 [25]
increased Roten L. et al., 2004 [28]
Amlodipine 19* | 38,8 |CYP3A4 myopathy risk and rhabdomyolysis risk are Son H. etal., 2014 [32].
increased
Warfarin 8 | 16,3 |CYP3A4 rhabdomyolysis risk and bleeding are Shaik A.N. et al., 2016 [30]
increased
Verapamil 4% 8,1 |CYP3A4 toxicity of simvastatin, myopathy risk is Methaneethorn J. et al.,
increased 2014 [21].
Digoxin 1* 2,0 |P-glycoprotein 1. the concentration and toxicity of digoxin are |Kasichayanula S. et al.,
OATP1B1 increased 2012 [13].
2. Digoxin increases the toxicity of simvastatin,
myopathy risk
Diltiazem 3* 6,1 |CYP3A4 myopathy risk and rhabdomyolysis risk are Kanathur N. et al., 2001 [12]
increased
Nifedipine 1# 2,0 |CYP3A4 toxicity of simvastatin, myopathy risk are Martinez-Jiménez C. et al.,
increased 2018 [20].
Total 39 | 79,5 |Notation: * - significant interactions; * - potentially dangerous interactions
Table 4.
The frequency of dangerous and undesirable combinations of atorvastatin therapy.
Atorvastatin, n=2503
Abs. | % Interaction level Probable complications Researches
Amiodarone 102* | 4,1 |P-glycoprotein the level or effect of atorvastatin is Franz C.C. et al, 2011
increased [8,].
Amlodipine™ | 1157* | 46,2 |CYP3A4 Increased myopathy risk Khan S. et al., 2018 [14].
Verapamil 231* | 9,2 |CYP3A4 and P-jthe level or effect of atorvastatin is Srinivas N.R., 2008 [33].
glycoprotein increased
Digoxin 23* | 0,9 |P-glycoprotein the concentration and toxicity of digoxin are |Lennernas H., 2003; Boyd
increased R.A. etal., 2000 [16, 4].
Diltiazem 144* | 58 |CYP3A4 myopathy risk and rhabdomyolysis risk are |Lewin J.J. et al., 2002 [17].
increased
Total 1657 | 66,2 |Notation: * - significant interactions; * - potentially dangerous interactions** - there are
publications that allow to include the combination in this category, but it is not included in the
database DruginteractionCheckerMedscape
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The most frequent combination of drugs included in the
list of significant was the simultaneous administration of
atorvastatin and amlodipine (46.2%). Amlodipine is one of
the most common antihypertensive drugs and refers to
drugs, which provision is carried out within the guaranteed
volume of free medical care. As an extremely important
circumstance, it should be emphasized that this
combination has been classified as potentially dangerous
on the basis of recent results [14]. The frequency of
simultaneous administration of simvastatin and amlodipine
from the list of potentially dangerous (38.8%) was similar
(38.8%).

Among antihypertensive drugs the second place in the
frequency of undesirable combinations with statins was
taken by verapamil, the third place takes diltiazem.

According to the analyzed medical records, we were
unable to identify the specific adverse effects. Moreover,
the corresponding analysis in a retrospective study is
always very difficult, since their targeted diagnosis is not
carried out, and potential adverse effects can be interpreted
as concomitant diseases or simply are not detected.

In cases where it is recommended to prescribe
combinations of drugs for clinical indications with caution
and under the control of biochemical and other indicators,
we found no evidence of this control in 72.5% of cases

Discussion

The problem of interaction of drugs at different levels of
pharmacokinetics and pharmacodynamics, nowadays it is
becoming more and more relevant. Pharmacotherapy of the
most common chronic diseases is lifelong or is carried out
by long-term and repeated courses, which causes a high
probability of simultaneous administration of other drugs
interacting with long-term drugs [10]. Polypragmasy is
significant for the modern level of the development of
domestic medicine [35] which makes the presence of
undesirable combinations of drugs almost inevitable.

Statins are among the most frequently and long-term
drugs used in people with cardiovascular diseases and the
risk of their development [11]. Their metabolism is carried
out by several enzymes, which simultaneously provide
chemical modifications of other drugs. The competitive
metabolism of statins with preparations of other
pharmacological groups is proved in a number of research
[26]. In practice, this may mean a sharp increase in the
concentration of statins in the blood with their simultaneous
administration with other drugs, which is not safe [3, 6].
Complications of statin therapy are most often muscle
tissue lesions and even rhabdomyolysis [7, 9].

On the other hand, competitive metabolism may cause
the effects of statin therapy on the effects of other drugs.
The most known increase in the concentration of cardiac
glycosides in the blood with their simultaneous appointment
with statins, which can serve as a risk factor for their
adverse effects [16].

Our study revealed the presence of significant and
potentially dangerous interactions of statins with other drugs
from the cardiovascular group in the majority of patients
(62%). The predominant role in their structure was played
by combinations of the most frequently prescribed drugs
such as amlodipine and atorvastatin. Their concomitant
prescription can lead to the development of myopathies and
rhabdomyolysis [14]. The risk has been identified relatively
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recently, which may be one of the reasons for the high
frequency of the combination. At the same time, the final
conclusion about the degree of risk of this combination at
the level of the FDA has not been accepted yet, which does
not allow it to be the most dangerous.

However, other undesirable combinations of statins with
antihypertensive drugs from the group of calcium
antagonists remain quite frequent. It must be noted that the
combination of not all statins with calcium antagonists is
dangerous, in particular it concerns to rosuvastatin, which
metabolism differs from the metabolism of drugs of this
group and is carried out to a greater extent CYP2C9 [19]. In
the same way, the combination of statins with other groups
of antihypertensive drugs, for example, beta-blockers and
ACE inhibitors are absolutely safe, which is similarly
explained by different metabolic pathways of these drugs
[38, 39].

Therefore, in cases where the risk of adverse effects of
statins is increased, their combination with other drugs must
be reconsidered and, in cases of dangerous combinations,
replaced with an alternative drug.

It is worth emphasizing that hypolipidemic and
antihypertensive drugs are prescribed by the same
specialist, if dangerous and undesirable combinations
proceed, it indicates a lack of his knowledge of the
interaction of the drugs. The lack of information in the
existing guidelines for doctors and health system
management requires close attention to this problem.

The studies conducted in different health care systems
and at different times represent a wide range of frequencies
of dangerous and undesirable combinations of statins. Very
unfavorable indicators were found in the Russian
Federation, where the frequency of combinations of this
class reached 66.0%, including more than 20% of
dangerous [34]. A similar situation was found in China,
where the frequency of simultaneous administration of
drugs competing at the level of CYP3A, including statins,
reached 20% [41, 18].

On the other hand, peculiarities of training and
organization of work of doctors in the conditions of
developed health systems have significantly reduced the
frequency of prescribing unreasonable combinations of
drugs, including those from the group of statins. A recent
study conducted in France provides data on no more than
one percent frequency of dangerous combinations of
pharmacotherapy with statins and other drugs [23]. Similar
results were found in the frequency of undesirable
combinations in other European countries and the United
States [2, 40].

Conclusion.

We have determined a fairly high frequency of the
prescription of undesirable combinations of statins with
other drugs from the cardiovascular group, having a
competitive metabolism at the level of CYP3A, OATP1B1
and P-glycoprotein in absolute terms and compared with
the data of studies conducted in developed countries.

The obtained data indicates the need for measures to
correct the approaches of doctors to prescribe lipid-lowering
therapy, providing seminars on the rational and safe use of
statins, as well as improving the system of training and
education of medical personnel in the field of clinical
pharmacology
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