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Background. Type 2 diabetes mellitus remains one of the leading causes of chronic morbidity and disability, imposing a
substantial clinical and economic burden on healthcare systems. In primary health care settings, effective glycemic control
largely depends on the rational prescribing of oral hypoglycemic agents, appropriate dosing, and patient adherence to
therapy. However, real-world clinical practice often demonstrates deviations of prescribed daily doses from recommended
standards, along with persistent barriers related to drug accessibility and financial constraints. This highlights the need to
analyze the structure of oral hypoglycemic drug utilization and the factors influencing the achievement of target glycemic
outcomes.

Aim: to analyze the consumption patterns and therapeutic effectiveness of oral hypoglycemic drugs (OHDs) among
patients with T2DM in the primary healthcare system of Aktobe, Kazakhstan, while identifying indirect indicators and possible
barriers to glycemic control based on prescription patterns and dosage data.

Materials and methods: Data from 386 T2DM patients receiving continuous OHD therapy for at least six months were
extracted from the Medical Information System. The analysis focused on drug consumption patterns, defined daily dose
(DDD) versus prescribed daily dose (PDD), glycemic outcomes, and comorbidities. HbA1c levels were evaluated to assess
treatment effectiveness, while factors influencing therapy adherence and dosing were explored.

Results: Metformin was the most prescribed monotherapy (31.9%), and a combination of sulfonylureas and metformin
dominated dual therapy (41.7%). Combination therapy was necessary for 59.1% of patients, indicating the limitations of
monotherapy in con-trolling glycemia. Combination therapies involving metformin significantly improved HbA1c levels,
especially with sulfonylureas (61%, p = 0.003) and SGLT-2 inhibitors (70.5%, p = 0.039). However, the PDDs of all OHDs
were markedly below the WHO DDDs, with metformin's PDD 78% lower. Barriers included medication access and financial
constraints.

Conclusions: Optimizing OHD regimens and addressing medication access challenges are essential to improving
glycemic control and reducing T2DM complications in resource-constrained environments.

Keywords: primary health care; type 2 diabetes mellitus; pharmacoepidemiology; drug utilization; oral hypoglycemic
drugs; Defined Daily Dose, Prescribed Daily Dose; medication adherence.
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> NHCTUTYT BHYTPEHHMX M NpPOMUNAKTMYECKUX 3aGoneBaHWii — ¢unuan denepanHOro HayuyHo-

uccnegoBaTenbckoro ueHTpa «MHCTUTYT uuTonorum u reHeTukn», Cubupckoro otaeneHnsa Poccunckon
akagemum Hayk, r. HoBocubupck, Poccuiickas ®enepauus.

AktyanbHocTb: CaxapHbll gnabeT 2 Tuna ocTaeTcs OAHOA W3 BEOyLUMX MPUYMH XPOHWYECKOW 3aborneBaemMocTn W
WHBaNuau3aumu, opmMupys 3HAUUTENbHYIO KIMHUYECKYKD 1 SKOHOMMYECKYID HarpysKy Ha CUCTeMy 34paBooxpaHenus. B
YCNOBUAX MEPBUYHON MEOWKO-CAHWUTAPHON MOMOLM SPPEKTUBHOCT KOHTPONS [MIMKEMAW BO MHOTOM 3aBMCUT OT
paLMOHarnbHOTO  HasHAYeHUs  NepoparibHbIX  CaxapoOCHWKAIOWMX NpenapatoB, afeKkBaTHOCTM WX [O3MPOBaHWS W
MPUBEPXEHHOCTM NauueHToB Tepanuu. OJHAKO B peanbHOW KIMHWYECKOW MpaKTWKe 4acTo HabritopaloTcs OTKIOHEHWS
MPEeLNMCaHHbIX CYTOYHBbIX [03 OT PEKOMEHAOBAHHbIX CTaH4ApTOB, a TaKke COXpaHsTCs Oapbepbl, CBA3aHHble C
[OCTYMHOCTBIO FEKapCTB W (PUHAHCOBBIMU OrpaHnyeHuaMN. JTO OnpedensieT HeobX0AMMOCTb aHanmuaa CTPYKTYpbl
notpebnexus MNCCI n dhakTopos, BNMSAIOLIMX HAa AOCTUXEHME LieNeBbIX NokasaTeneil rmukeMnn.

Lenb: M3yyeHue cTpykTypbl NOTPebneHMs u TepaneBTMYECKOM 3DMEKTUBHOCTW MepopanbHbIX CaxapOCHUKAKOLLMX
npenapatoB ([1CCI) y naumeHToB ¢ caxapHbiM auabetom 2 Tuna (C[2) B cuctemMe NepBUYHON MeAWKO-CaHWUTapHON
nomouwy r. Aktobe, KasaxctaH, a Takke BbisiBieHMe (hakTopoB, MPENSTCTBYIOLWMX JOCTVKEHWNIO ONTUMANbHOTO KOHTPONS
TIVKEMUN.

Metogbl: M3 mMeguuMHCKOM WHPOPMALMOHHOM CuUCTeMbl Obinu M3BMeYveHbl AaHHble 0 386 naumeHtax ¢ C[2,
nonyyaswwux HenpepbiBHylo Tepanuo MCCI1 B TeyeHne He MeHee wWwecTn MecsueB. AHanu3 Obin cocpesoToveH Ha
CTPYKType noTpebneHns nekapcTB, CPaBHEHWW OnpeseneHHon cyTouHoi fo3bl (DDD) ¢ npegnucaHHOM CyTOMHOWM [030#
(PDD), rnukeMn4ecKnX NoKasaTesnsix 1 CONyTCTBYHOWMX 3aboneBaHnsx. IheKTMBHOCTb NEYEHNS OLEHMBaNach No YPOBHIO
HbA1c, a Takke usy4anuch akTopbl, BIUAIOLWME Ha NPUBEPXKEHHOCTb TEpanuM U O3MPOBAHKE.

Pesynbtatbl: MeTchopmuH Bbin Hambonee yacto HasHavaembiM nmpenapatoM B MoHoTepanun (31,9%), Toraa kak
kombuHaUMs MeTdopMMHa C npenapatamu  Cynb(OHWNIMOYEBWHbI nNpeobragana B ABOMHOM Tepanun  (41,7%).
KombuHupoBaHHas Tepamusi npumeHsnace y 59,1% nauMeHTOB, YTO YKa3biBAET Ha OrpaHUYeHHyl 3PEEKTUBHOCTL
MOHOTEpanuM B KOHTpOre riukemun. KoMGuH1poBaHHas Tepanus ¢ NCMomnb3oBaHEM METCIOPMMHA 3HAUUTENBHO CHUXKana
ypoBeHb HbA1c, ocobeHHO npu coueTaHum ¢ npenapaTtamm cynbhoHUAMoYEBMHbI (61%, p = 0,003) u nHmMbuTopamm SGLT-
2 (70,5%, p = 0,039). OpHako nokasaterm PDD ans Bcex IMCCI Obinn CyLLeCTBEHHO HKe pekoMeHAoBaHHbIX BO3
3HayeHuit DDD, B yactHocTH, Ans MeTdopMuHa — Ha 78%. OCHOBHbIMK Gapbepami ABNANUCL OrpaHUYeHHbI JOCTYN K
nexkapcTeam U (OMHAHCOBbIE TPYAHOCTY.

BbiBoabl: OnTMM3aLMs [O3MPOBOK W ycTpaHeHWe 6apbepoB [OCTyna K nekapcTteaM HeoDXOAMMbI ANs yMyuLleHus
TMMKEMUYECKOTO KOHTPOMS M CHUKEHNS pucka ocnoxHeHnn CL12 B ycrioBusix OrpaHU4eHHbIX pecypCcoB.

Knrouesble cnoea: nepguyHas MeduKo-caHUmMapHas NoMoub, caxapHbili Quabem 2 muna, hapMakoanudemuonoaus,
ucnonb308aHUe 1eKapecmeeHHbIX cpedcms, nepoparbHbie CaxapoCHUXalowue npenapambl, onpedefieHHas Cymo4Has
0o3a, npednucaHHass cymoyHas 003a, NPUSEPKEHHOCMb mepanuu.
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©3eKTiniri. 2-TnTi KaHT AnabeTi Co3blIMarbl ChipKATTAHYLbINbIK, NEH MYreAeKTIKTIH, eTeKLi cebenTepiHin, 6ipi 6onbin
kana Oepeqi xasHe [eHCaynblK CakTay XyleciHe eneyni KNMHUKanbIK api SKOHOMMKanbIK XyKTeMe Tycipedi. bactankpl
MeauLMHamNbIK-CaHUTapMbIK, KeMEeK XarpaibiHha rMkemusnblk, OaxpinayoblH, TMiMAinin kebiHece nepopanbabl KaHT
TeMeHJeTeTiH NpenapaTTapabl yTbiMAbl TaFanbiH4ayFa, OnapablH, 403aCkIHbIH, XETKINIKTINIMHE XaHe nauueHTTepaiH, eMre
Geiinginirive 6annaHbICTbl. Anaiiia HakTbl KITMHUKANbIK, Taxipubene TaralbiHAanFaH TaYMiKTK 403anaphblH, YCbiHbINFaH
CTaHOapTTapAaH aybITKybl, COHfaW-aK [Aapinik 3aTTapAblH, KOIDKETIMAIMIN MEH KapXbiMblk, LUekTeynepre GainaHbICTb
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keaeprinep ui kesgecegi. byn nepopanbabl KaHT TeMeHAETETiH npenapaTTapabl TyTblHY KypbifbIMbIH XaHE MakcaTTbl
FMMKEMUSMbIK KOPCETKILLTEPre KO XETKi3yre acep eTeTiH (pakTopnapabl TangayablH, KaKeTTinirH ankplHaangbl.

Makcatbl: Byn 3epTTeydid, Makcatel — AkTebe kanacbiHAarbl 6actankpl MeauMHamNbIK-CaHUTapUsMbIK KeMek
XyieciHae 2 TunTi kaHT anabetiMeH (2TKJ) ayblpaTblH HaykacTapaa nepopanbabl KAaHTTbl TOMEHAETETIH npenapaTtTapabl
(MKTM) TyTbIHY KyPbINbIMBIH XaHEe OnapAblH, Tepanusnblk TUIMAINIMH 3epTTey KsHe MUKeMUsANbIK, Oakbinaysa Kon
KETKI3yai TEXENTIH thakTopnapabl aHbikTay 60nabl.

Matepuangap MeH agictep: MeanuvHanbik, aknapaTTbik xyneaeH MKTI-Hbl kemiHae anTbl ai y3aikcia KabblngaraH
386 2TK[J naumeHTi Typanbl ManiMeTTep anbiHAbl. Tangay Aspinik TyTbiHY KypbifbiMbIHA, aHblKTanFaH TaymikTik 4o3a
(DDD) MeH TafaiblHganfaH TaynikTik ao3aHbiH, (PDD) canbICTbIpbInyblHa, IMUKEMUSANbIK KOPCETKILUTEP MEH KaTap XypeTiH
aypynapra barbiTTanabl. EMHin TvimMainiri HbA1c genreni apkbinbl 6arananabl, CoHpait-axk emre 6eiimMainik neH gosanayra
acep eTeTiH dhakTopnap 3epTTeENai.

Hatuxenep: MoHoTepanusiga eH, xwi TaraiblHganfaH npenapat — MeTdopmuH (31,9%), an eki KOMMOHEHTTEH
TypaTblH emge MeT(OPMUH MeH Cynb(OHMIIMOYEBMHA MpenapaTTapbiHbiH, KOMOUHAUMACH! Xui konpaHbingbl (41,7%).
KypamaacTbipbinFaH Tepanus nauueHttepain, 59,1%-bliHa TaralbiHganabl, Oyn  MOHOTEpPanusHbIH,  TMUKEMUSTbIK,
Gakblnayga TUiMZiNiriHiH, WekTeyni ekeHiH kepcetedi. MeTcopmuHre HerisgenreH OipikTipinreH em HbA1c aewrenin
anTapnblkTa TeMEHAETTi, acipece OHbl Cynb(OHUIMOYEBMHA NpenapaTTapbiMeH (TemeHaey kepceTkili — 61%, p = 0,003)
xaHe SGLT-2 TexeriwTepimeH (70,5%, p = 0,039) bipre kongaHraHga. Anarga Gapnbik, MKTI 6olibiHWa TaralibiHganFaH
ToynikTik fo3a (PDD) pewreii dyHuexysinik aeHcaynbik, caktay yibiMbl (1Y) yCbiHFaH aHbiKTanFaH TaynikTik fo3aaaH
(DDD) eaayip TeMeH Bongbl — Mbicanbl, METGOPMIH yLiH Oyn anbipmalubinbik, 78%-Fa xeTTi. BacTbl kegeprinep peTiHae
Aopi-aapMeKTepre KOMKeTIMAINIKTIH, LWeKTeyniri MeH HayKacTapablH, KapXKblSblK MyMKIHZIMHIH, TOMEHAIr aHblKTanab!.

KopbITbIHAbI: KOMAAHLICTafbl PECcypCTap LUeKTeyni XarFaaibiHa MMKeMUsnbIk, BaKkbinayabl XaKkCapTy KeHe 2-TUMTi KaHT
AvabeTiHiH, acKblHy KaymiH a3aiTy yLUiH 4o3anaydbl OHTanrNaHobIpy MeH Aapi-A3PMEKKe KOIMKETIMAINIKTI apTTbipy KAXeT.

Tylindi  ce3dep: 6acmankbl  MeOUUUHambIK-CAaHUMaPUsbIK  KeMek, 2 munmi  kaHm  duabemi,
hapmakoanudemuonoazusi, 0api-Oapmekmi KondaHy, nepopanbObl KaHMMbI memeHOememiH npenapammap, aHblkmaraH
maynik 0o3ackl, maralibiH0anFaH maynik dosacbi, emae belimoiriK.

[faliekcoes ywiH:

Kanbaraposa 1.b., Abnakumosa H., Cmarynosa I".A., Masntogosa H., MycuHa A.3., OscsHHukoea A.H., Captaesa A.LL.,
Yamanuesa J1.M. KasakctaH, AkTebe K., DacTankpl AeHcaynbik cakTay MekemenepiHae 2 TUNTi KaHT auaberti kesiHoe
nepopangbl TUNOMMKEMUSANbIK, NpenapaTTapabl KONAaHydblH, (DapMako3KOHOMMKANbIK, KSHE KMMHUKanbIK Tangaybl//
FoinbiM xaHe JeHcaynbik cakray. 2026. Vol.28 (1), b. 45-54. doi 10.34689/SH.2026.28.1.006

Background Despite the availability of various oral hypoglycemic

Type 2 diabetes mellitus (T2DM) has become a global  drugs, there is limited data on their utilization patterns and
epidemic, affecting millions of people worldwide. According ~ adherence to treatment guidelines in primary health care
to data from the World Health Organization (WHO), the  settings in the Aktobe region. Understanding these patterns
number of diabetes patients continues to rise, with s critical to identifying gaps in the management of T2DM
projections indicating a two-fold increase by 2030 compared  and addressing issues such as suboptimal medication use,
to the early 21st century [17]. T2DM is characterized by  patient adherence, and resource allocation.
high prevalence and a significant burden of complications Given the increasing prevalence of diabetes and its
[21]. The treatment of T2DM requires a comprehensive  associated complications in the region, this study aims to
approach, including lifestyle modifications, dietary  analyze the consumption of oral hypoglycemic drugs in
adjustments, and pharmacological therapy [31]. Oral  primary health care facilities in Aktobe. By leveraging the
hypoglycemic drugs (OHD) play a key role in managing this ~ ATC/DDD methodology, the research seeks to evaluate the
condition by effectively controlling blood glucose levels and ~ adequacy of prescribing practices, assess drug utilization
reducing the risk of acute and chronic complications such  trends, and provide evidence-based recommendations for
as cardiovascular diseases, nephropathy, retinopathy, and  improving diabetes care. The findings are expected to
neuropathy [9]. contribute to more efficient management of diabetes, better

The study of the pharmacoepidemiology of  health outcomes, and optimized use of healthcare
hypoglycemic therapy and drug efficacy is essential for  resources in the Aktobe region.
improving the quality of medical care, enhancing clinical For the analysis of the clinical effectiveness of oral
outcomes, and optimizing treatment costs. There are two  hypoglycemic drug therapy, a representative sample of
primary areas of pharmacoepidemiological research: patients was selected to evaluate drug consumption and
evaluating the efficacy and safety of medications and  treatment outcomes in a defined population. The study
analyzing their consumption. The Anatomical Therapeutic ~ group was identified from a medical information system
Chemical/ Defined Daily Dose (ATC/DDD) methodology is ~ database the electronic portal information system of drug
widely used for standardized assessments of drug  provision (ISLO) of the clinic, which included individuals
consumption levels [2]. This system, developed by the  diagnosed with T2DM under outpatient care within the
WHO, plays a vital role in studying and comparing drug use  region.
at both national and international levels.
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The study included patients aged 18 years and older
who were diagnosed with T2DM, exclusively using oral
hypoglycemic agents, and under continuous treatment with
either a single drug or a combination of drugs for a duration
of six months or longer. The key indicator for the
effectiveness of diabetes treatment and carbohydrate
metabolism compensation was HbA1c levels. This
parameter was analyzed twice for 386 patients in their
medical records: at the initiation of therapy and during the
most recent recorded HbA1c (Glycosylated hemoglobin
A1c) measurement under mono- or combination therapy.
Additionally, comparisons of body mass index (BMI) and the
presence of comorbidities were conducted. Since the
analysis was conducted using anonymized data, no ethical
approval was required according to prevailing research
guidelines.

The study focused on examining the usage trends and
clinical effectiveness of oral hypoglycemic drugs (OHDs) in
patients with type 2 diabetes mellitus (T2DM) within the
primary healthcare system of Aktobe, Kazakhstan, as well
as identifying barriers to achieving effective glycemic
control.

Methods

A refrospective  observational  study  with
pharmacoepidemiological and pharmacoeconomic analysis
was conducted at one of the largest polyclinics in Aktobe,
Kazakhstan, from September 2024 to January 2025. The
study was based on a retrospective analysis of anonymized
medical records extracted from the "DamuMed" information
system. In accordance with local ethical guidelines,
obtaining informed consent from patients was not required
since the research involved secondary analysis of
anonymized data without direct patient contact. The study
was approved by the polyclinic administration under the
condition of full data anonymization and subsequent open-
access publication. Ethical review was performed by the
Ethics Committee of the Marat Ospanov West Kazakhstan
Medical University (Protocol No. 11.01.23).

Due to the retrospective nature of the study, direct
evaluation of adherence determinants was not feasible;
therefore, surrogate measures such as the PDD/DDD ratio
and therapy persistence patterns were employed.

Drug Utilization and Effectiveness Analysis.The
ATC/DDD methodology was used to assess drug
effectiveness and consumption patterns. Recommended by
the WHO since 1996, this approach serves as the global
standard for drug utilization research.

The Defined Daily Dose (DDD) is the conditional
average maintenance dose of the drug for its main
indication in an adult patient. At the same time, the
Prescribed Daily Dose (PDD) reflects the actual amount of
the drug prescribed in practice. The comparison of these
values (the PDD/DDD ratio) serves as a tool for assessing
the compliance of prescribing practices  with
pharmacotherapy standards, in particular, in the treatment
of type 2 diabetes mellitus (DM2). The analysis of
discrepancies between DDD and PDD makes it possible to
identify potential deviations from optimal dosing, which may
be associated with inadequate glycemic control. Significant
differences between the prescribed and standard dose (for
example, a significant excess or underestimation of the
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PDD/DDD value) may indicate the risk of ineffective
therapy, overdose, or a subtherapeutic effect.

Formula for PDD calculation:

PDD = (Dose per tablet x Number of tablets per pack x
Number of issued packs)/ (Number of patients receiving the
drug for one year x 365 days)

Pharmacological Grouping
Frequency

The sample data for pharmacoeconomic analysis were
processed by categorizing drugs based on treatment
regimens and pharmacological groups. The frequency of
each specific drug prescription was calculated as a
proportion of the total prescriptions in the group (Table 1).

and Prescription

Table 1.
Baseline Characteristics of the Study Population.

Demographic characteristic Value
Age, years 63 £8,9
Female, n 213 (55,2%)
HbA1c 8,34 2,48
BMI, kg/m2 31,51 5,1
Comorbidities, n
Arterial hypertension 340 (88,1%)
Coronary heart disease 17 (4,4%)
Retinopathy 35 (9,1%)
Angiopathy 6 (1,6%)
Polyneuropathy 6 (1,6%)

All data are expressed as n (%), mean +SD. HbA1c -
Glycosylated hemoglobin A1c, BMI — Body Mass Index.

Cost Analysis

The average cost per mg (in KZT) was calculated for
each oral hypoglycemic agent as follows:

Average cost per mg (KZT) = Cost of 1 pack/(Number of
tablets in a pack x mg per tablet)

The average annual treatment cost per patient was
calculated as:

Annual cost per patient (KZT /year) = Weighted average
cost per mg x PDD (mg/day) x 365 days

Statistical Analysis

The comparison of glycated hemoglobin (HbA1c) levels
at the initiation of treatment and at the time of the last
recorded measurement for all hypoglycemic therapy
regimens, as well as changes in body mass index (BMI),
was conducted using the Wilcoxon signed-rank test. The
study design was longitudinal, which allowed for the
assessment of changes in these parameters over time. The
obtained p-value was 0.003, with a significance level set at
p <0.05.

Results

Characteristics of the Study Population

The study included a total of 386 patients with T2DM
who met the inclusion criteria. These patients were selected
from a larger cohort of 1,536 individuals registered in the
"DamuMed" Medical Information System database,
representing adult patients under outpatient care in a city
polyclinic with a population coverage of 51,738 people. All
participants were aged 18 years and older and were
receiving oral hypoglycemic therapy for a continuous
duration of at least six months. Statistical analyses were
performed using SPSS version 25 (IBM Corp., 2019). Key
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demographic and clinical characteristics of the study
population are summarized in Table 1.

The studied patients with T2DM received various oral
hypoglycemic agents, including both monotherapy and
combination regimens. The monotherapy options included
DPP-4 inhibitors, SU derivatives, and SGLT-2 inhibitors.

The combination therapy included:

1. Dual combinations, such as sulfonylurea derivatives
with DPP-4 inhibitors or SGLT-2 inhibitors, as well as
combinations of metformin with SGLT-2 inhibitors, DPP-4
inhibitors, or repaglinide.

2. Triple  combinations involving
derivatives, metformin, and SGLT-2 inhibitors.

A frequency analysis of oral glucose-lowering
therapy in patients with T2DM revealed that 41.9% of
patients received monotherapy, while 59.1% were on
combination therapy. Among the monotherapy regimens,
metformin was the most frequently prescribed (31.9%).
Among various hypoglycemic therapeutic regimens, the
combination of sulfonylurea derivatives and metformin
was the most common (41.7%).

Other groups of oral hypoglycemic drugs accounted for
only a small fraction of the overall drug consumption
structure: monotherapy with sulfonylureas was received by
2.8% of patients, DPP-4 inhibitors by 5.2%, and only four
patients were pre-scribed a drug from the SGLT-2 inhibitor
group. The combination of metformin with SGLT-2 inhibitors
accounted for 3.1%, with DPP-4 inhibitors 7.8%, and with
repaglinide 0.8%. The combination of sulfonylureas with
SGLT-2 inhibitors accounted for 0.5% and with DPP-4
inhibitors for 0.8%. A triple combination of MET, SUs, and
SGLT-2 inhibitors accounted for 4.4%. (Table 2).

As a result of analyzing and comparing data before and
after the therapy, the proportion of patients in the overall
group with HbA1c levels >8% decreased from 47.4% to
37.6%, while the proportion of patients with HbA1c levels
<7% increased from 23.6% to 30.6%. These changes
indicate positive dynamics in glycemic control as a result of
the therapy (Figure 1). These results emphasize
underdosing trends that may reflect both physician caution
and systemic limitations in drug accessibility.

Comparison of Glycated Hemoglobin (HbA1c)
Levels Before and After Treatment

A comparison of HbA1c levels at the start of treatment
and at the time of the last registration among all
hypoglycemic therapeutic regimens revealed a statistically
significant reduction in only two groups of T2DM patients:

1. Based on the analysis using the Wilcoxon signed-rank
test, statistically significant differences were identified in HbA1c
levels in the overall group before and after treatment. The Z
value was -3.844, and the asymptotic two-tailed significance (p
< 0.001) indicates a high statistical significance of the
differences (p < 0.05) in 32.4% of patients.

2. In the group receiving combination therapy with
metformin and sulfonyl-urea derivatives, a reduction was
observed in 61% of patients (Wilcoxon signed-rank test, p =
0.003 at a significance level of p < 0.05).

3. In the group treated with a combination of
sulfonylureas, sodium-glucose co-transporter 2 inhibitors
(SGLT-2), and metformin, a reduction was observed in
70.5% of patients (p = 0.039).

sulfonylurea
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These results suggest that patients receiving this
combined hypoglycemic therapy achieved better glycemic
control. However, most T2DM treatment regimens did not
demonstrate statistically significant reductions in HbA1c
levels. This indicates insufficient treatment efficacy or
limited access to necessary medications for patients.

Table 2.
Treatment Schemes for Patients with Type 2 Diabetes.
Number of
Treatment Regimen Patients  |%
(n=386)
Monotherapy
- Biguanides (Metformin) 123 31.9
- Sulfonylurea derivatives: 11 2.8
- Gliclazide 9 2.3
- Glimepiride 2 05
- DPP-4 inhibitors: 20 5.2
- Vildagliptin 11 2.86
- Linagliptin 9 2.34
- SGLT-2 inhibitors; 4 1.0
- Dapagliflozin 1 0.25
- Canagliflozin 3 0.75
Combination Therapy
- Sulfonylurea + Metformin; 161 4.7
- Gliclazide + Metformin 145 37.56
- Glimepiride + Metformin 16 413
- Sulfonylurea + SGLT-2: 2 0.5
- Gliclazide + Dapagliflozin 2 0.5
- Sulfonylurea + DPP-4; 3 0.8
- Gliclazide + Linagliptin 2 0.53
- Gliclazide + Vildagliptin 1 0.26
- Metformin + SGLT-2: 12 3.1
- Metformin + Dapagliflozin 3 0.77
- Metformin + Empagliflozin 5 1.55
- Metformin + Canagliflozin 3 0.77
- Metformin + Repaglinide 3 0.8
- Metformin + DPP-4: 30 7.8
- Metformin + Vildagliptin 18 4.68
- Metformin + Linagliptin 12 3.12
- Metformin + Sulfonylurea + SGLT-2: |17 4.4
- Metformin + Gliclazide + Empa |6 1.55
- Metformin + Gliclazide + Dapa 2 0.88
- Metformin + Gliclazide + Cana 6 1.55
- Metformin + Glimepiride + Empa |1 0.44
- Metformin + Glimepiride + Cana |1 0.44

DPP-4 - dipeptidyl peptidase-1V inhibitors;
SUs - Sulfonylureas;
SGLT-2 - sodium—glucose cotransporter 2 inhibitors.

Assessment of Drug Accessibility Using the
ATC/DDD Methodology

To evaluate the accessibility of hypoglycemic drugs, the
ATC/DDD methodology was applied. This allowed for
calculating the average prescribed daily dose (PDD) and
comparing it to the defined daily dose (DDD) recommended
for each drug. The ratio of PDD to DDD provides insights
into the adequacy of treatment with drugs used for T2DM
management.
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Distribution of HbAlc Levels Before and After Treatment (n = 386)
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Figure 1. Comparison of HbA1c results.

Analysis of oral hypoglycemic drug use revealed a clear  lower doses than the WHO DDD values. Similar trends
difference between the defined daily doses (DDD)  were observed for DPP-4 and SGLT-2 inhibitors, where the
recommended by the World Health Organization and the =~ PDD/DDD ratios ranged from 0.17 to 0.24, reflecting limited
actual prescribed daily doses (PDD) used in clinical practice ~ access to newer and more expensive drugs. These findings
(Table 3). Across all pharmacological classes, the  highlight the underdosing tendency typical of resource-
prescribed doses were consistently below the international ~ constrained settings and indirectly point to barriers such as
standards. Metformin and sulfonylureas were the most  medication cost and patient adherence. (Table 3).
frequently used, yet both were prescribed at substantially

Table 3.
Therapeutic profile of consumption of oral hypoglycemic drugs by ATC classification groups in monetary and
quantitative terms, indicating the prescribed and established daily doses.

Drug class International Nonproprietary WHO DDD Mean PDD PDD/DDD | Mean annual cost
Names (unit*) (unit*) ratio per patient (KZT)
Biguanides Metformin 2 0.43 0.20 2982
Sulfonylureas Gliclazide / Glimepiride 60 35.8 0.59 3920
DPP-4 inhibitors |Vildagliptin / Linagliptin 01/5 0.014/1.2 0.24 27 635
SGLT-2 inhibitors |Dapaglifiozin / Empagliflozin / 10/10/0.2 |1.7/2.0/0.04 [0.17-0.20 [34122
Canagliflozin

*PDD (Prescribed Daily Dose) — The average prescribed daily dose of a medication, characterizing the average level of
drug consumption per day by a patient in real clinical practice. DDD — The average defined daily dose of a medication, used
for its main indication in adults.

* Unit corresponds to WHO ATC/DDD Index definition for each drug (mg or g depending on the molecule).

Microvascular and Macrovascular Complications Body Mass Index (BMI) and Therapy Effectiveness

The prevalence of microvascular complications in T2DM The Wilcoxon test demonstrated that, in most cases,
patients was as follows: changes in BMI did not reach statistical significance

* Peripheral polyneuropathy: 1.6% (asymptotic  significance > 0.05) with various drug

+ Diabetic retinopathy: 9.1% combinations. This suggests a lack of pronounced effect in

* Diabetic nephropathy: 4.4% some therapy regimens.

Additionally, 38.6% of T2DM patients had coronary Recent studies highlight a strong correlation between

artery disease, and 88.1% had arterial hypertension. These ~ BMI and treatment adherence, especially in interventions
comorbidities require concurrent treatment with T2DM,  involving diet and physical activity. Poor adherence to
complicating therapy adherence and glycemic control. lifestyle recommendations is directly linked to limited BMI
Studies confirm that the presence of comorbid conditions ~ changes. While short-term success is achievable,
and the necessity of their treatment can decrease  maintaining long-term adherence remains challenging due
adherence to primary therapy due to increased medication ~ to factors such as lifestyle pressures and limited post-
burden, complex regimens, and potential side effects [13]. intervention support.
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Discussion

The choice of diabetes treatment regimens depends not
only on the individual characteristics of patients but also on
many other factors, including the experience of doctors, the
availability of medications, and the peculiarities of
healthcare systems in different countries [25]. The study
analyzed medical records of 386 patients with type 2
diabetes in Aktobe, Kazakhstan, focusing on the use of oral
hypoglycemic drugs (OHDs) in primary care. Treatment
patterns were identified and compared with findings from
studies by Gazzaz Z.J. et al. and Yousefi N. et al. [16, 37].

The pharmacoepidemiology of T2D treatment in primary
healthcare in 2023 included nine subgroups of OHDs based
on the ATC classification, used either as monotherapy or in
various combinations. According to the American Diabetes
Association® (ADA) and the European Association for the
Study of Diabetes (ADA/EASD 2022) recommendations,
MET is recommended as a first-line drug for T2D treatment
due to its proven efficacy, safety, and affordability [12]. This
advantage was most prominently demonstrated in studies
such as the UKPDS (United Kingdom Prospective Diabetes
Study) [22], which showed reductions in HbA1c levels and
cardiovascular risk with long-term use, particularly in the
early stages of the disease.

Despite over 60 years of clinical application, various
factors related to physicians and patients may contribute to
insufficient adherence and negatively impact treatment
effectiveness [32]. The results of a meta-analysis of
randomized controlled trials confirmed that combination
therapy including MET significantly reduces HbA1c levels
[32,9]. These findings are consistent with recommendations
to transition to combination therapy when glycemic control
is insufficient with monotherapy. According to a 1999 study
by Turner et al, more than 30% of patients require
intensification of therapy within the first two years after
starting MET treatment and more than 50% within three
years [35].

The principles of rational prescribing were generally
adhered to in accordance with the WHO-recommended
criteria for medication use. The most frequently prescribed
drugs were metformin and its combination with
sulfonylureas (SUs), accounting for 31.9% and 41.7% of
patients (Fig. 1), respectively [32]. The high popularity of
these drug groups can be attributed to their accessibility,
low cost, and cost-effectiveness. The combination of
metformin and SUs has a synergistic effect [29,23], leading
to a significant reduction in HbA1c levels compared to
monotherapy, as de-scribed in the study by Abu Reid 1.0. et
al. [2]. The low doses of metformin and SGLT-2 inhibitors
observed in this study align with findings from other
research conducted in resource-limited countries such as
India and Brazil. Studies by Das AK. et al. show that
financial and social factors significantly affect drug
availability and patient adherence to treatment [11]

Moreover, the high frequency of combination therapy
identified in this analysis underscores the need for more
intensive glycemic control in patients. More than half of the
patients (59.1%) required combination therapy, reflecting
the inadequacy of monotherapy in achieving sufficient
glycemic control. A similar trend was observed in studies
conducted in Eastern Europe and Central Asia, where
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combination therapy is also widely used to achieve target
glycemic levels [26,34].

The reduction in HbA1c levels by 0.6-0.9% through
combination therapy demonstrates its high efficacy in
achieving glycemic control in T2D patients. The use of
drugs from different classes allows for addressing various
pathophysiological mechanisms of hyperglycemia [10,36],
offering flexibility and enhanced treatment out-comes.
However, international studies indicate that combination
therapy may be associated with an increased risk of
hypoglycemia and weight gain, requiring careful patient
monitoring [24,5,28,15].

According to the American Diabetes Association (ADA)
guidelines, the target HbA1c level should be maintained
below 7% [26]. In this study, a comparative analysis of
HbA1c levels before and after treatment showed that the
target level was achieved in only 32.4% of patients,
highlighting the need for further improvements in
therapeutic approaches. The Z-value was -3.844, and the
asymptotic two-tailed significance (p < 0.001) indicated a
high statistical significance of the results. However, most
treatment regimens did not achieve sufficient HbA1c
reduction in a significant proportion of patients,
necessitating a detailed analysis of drug utilization using the
ATC/DDD methodology to account for prescription
specifics. The consistent underdosing (PDD < DDD across
all classes) may serve as an indirect indicator of both
therapeutic caution and financial barriers, indirectly
reflecting adherence challenges.

Further calculations of the prescribed daily dose (PDD)
to the defined daily dose (DDD) recommended by WHO
experts revealed significant discrepancies for all
medications (Table 3). These differences may be attributed
to  physiological  characteristics,  pharmacokinetics,
pharmacodynamics, and cultural or medical practices in
different countries, as noted by the WHO Collaborating
Center for Drug Statistics Methodology. The prescribed
daily doses (PDD) in patients of Asian descent are usually
lower than those of Caucasians, which may be due to lower
body weight, slower metabolism, limited access to
medications, and a more cautious approach to prescribing
therapy [27,14]. In addition, WHO indicates that the average
PDD for oral hypoglycemic agents is often lower than the
established DDD. This is due to the use of combined
treatment regimens with reduced doses to reduce the risk of
side effects, as well as individualization of therapy based on
age, body weight, kidney function, and glycemic levels [28].

Alongside the ATC/DDD analysis, a financial review
based on data from 3,807 patients was conducted. The total
annual cost of all types of therapy amounted to 29,039,701
KZT (approximately USD 64,532.6). The average annual
treatment cost per patient was 7,627.97 KZT (~USD 16.95).
Such drugs had a higher cost compared to others, such as
metformin (2,982.05 KZT /patient annually). Metformin
remained the most economically advantageous option due
to its low per-patient treatment cost and high usage rate.
New-generation drugs, such as SGLT-2 inhibitors
(empagliflozin at 146,029.2 KZT /patient annually) and
DPP-4 inhibitors (linagliptin at 27,635.3 KZT /patient
annually), were more expensive, as noted in Bang C. et al.'s
study [7] which limited their widespread use. The average
annual treatment cost per patient was USD 4.2 (1,976 KZT)
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for metformin, USD 0.67 (314 KZT) for glimepiride, and
USD 1.74 for gliclazide. In comparison, M. Bekele et al.
reported that in Chile in 2019, the annual cost per patient
was USD 70 for metformin and USD 217 for sulfonylureas
(SU) [8,6].

New drug classes such as SGLT-2 and DPP-4 inhibitors
were rarely prescribed and at lower doses, which limited
their potential for improving glycemic control and reducing
complications. The reasons may include high costs that
restrict their availability to low-income patients; in clinical
practice, there is often an emphasis on more affordable and
time-tested drugs like metformin and SUs.

The effectiveness analysis of various therapeutic
regimens revealed significant HbA1c reductions only in two
patient groups. Among patients receiving combination
therapy with metformin and SUs, the proportion achieving
target levels was 61% (p = 0.003). In the group using a
combination of SUs, SGLT-2 inhibitors, and metformin, the
proportion reached 70.5% (p = 0.039).

Despite the statistically significant HbA1c reductions in
specific groups with combination therapy, the overall
efficacy of most treatment regimens remained insufficient.
The proportion of patients with HbA1c >8% decreased from
474% to 37.6%. While this is a positive result, it
underscores the suboptimal nature of current treatment
approaches. Achieving lower HbA1c values requires further
improvement in therapeutic strategies. These results may
be due to limited availability of modern drugs, the use of low
dosages, or insufficient treatment intensification in cases of
inadequate disease control. Factors such as therapy
efficacy, adherence to treatment regimens, irregular
medication intake, or restricted access to modern and
effective drugs may also contribute [20,3,30].

The average age of the patients studied was 63+8.9
years. Analysis revealed the following microvascular
complications of T2DM: lower extremity polyneuropathy —
1.6%, diabetic retinopathy 9.1%, and diabetic
nephropathy — 4.4%. Macrovascular complications such as
ischemic heart disease were observed in 38.6% of T2DM
patients, and arterial hypertension in 88.1%. Thus, patients
had comorbidities requiring treatment alongside T2DM.
Similar studies confirm that the presence of comorbidities
and the need for their treatment can reduce adherence to
primary therapy [5]. This is associated with an increased
number of medications, complex treatment regimens, and
potential side effects, often leading to reduced discipline in
taking medications [1]. Studies by Al Shidhani A. et al.
indicate that polypharmacy is significantly associated with
patient age, the presence of comorbidities, and the duration
of T2DM. For example, elderly diabetes patients often suffer
from arterial hypertension, dyslipidemia, and other chronic
conditions requiring additional medications and increasing
the risk of drug interactions [4,33].

Although adherence data were not directly measured,
the low PDD/DDD ratios and the predominant use of
affordable drugs (e.g., metformin and sulfonylureas)
suggest that financial and accessibility barriers substantially
influence treatment adherence in this population. These
findings align with prior studies in low-resource settings
[11,20,32].

Despite its strengths, the study has several limitations.
First, the retrospective design was based on medical
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documentation and drug supply systems, which may not
fully reflect patient adherence, clinical outcomes, or off-label
drug use. Second, the study was conducted in a single city,
which may limit its generalizability to other regions of
Kazakhstan or countries with different healthcare systems.
Third, the analysis did not cover long-term outcomes or
complications beyond the study period. Finally, factors such
as socioeconomic status, patient education levels, and
medical practitioner practices, which may influence drug
prescriptions and treatment adherence, were not thoroughly
analyzed. The single-center nature of the study limits
generalizability. Future multi-center studies across different
socioeconomic regions of Kazakhstan are needed to
validate these findings.

Conclusion

This study provides a comprehensive analysis of oral
hypoglycemic drug (OHD) consumption in primary
healthcare settings in Aktobe, Kazakhstan, offering valuable
insights into current treatment practices and their
limitations. The frequent use of metformin both as
monotherapy and in combination regimens emphasizes its
fundamental role in the pharmacological management of
T2DM.

However, significant discrepancies between prescribed
daily doses and WHO-recommended defined daily doses
highlight barriers such as drug accessibility, financial
constraints, and adherence challenges.

Combination therapies involving metformin  with
sulfonylureas or SGLT-2 inhibitors were effective in
improving glycemic control, with statistically significant
reductions in HbA1c levels. Yet, the overall proportion of
patients achieving optimal glycemic targets remains
suboptimal, emphasizing the need for tailored interventions
to enhance therapy adherence and access to newer drug
classes.

Addressing these challenges requires a multipronged
approach, including policy measures to improve drug
affordability, educational initiatives to strengthen patient
adherence, and broader access to advanced therapies.
These actions can substantially optimize diabetes
management, reduce complication risks, and improve
patient outcomes in resource-limited settings such as
Aktobe. Future research should focus on longitudinal
analyses involving larger and more diverse populations to
validate and extend these findings. Expanding the dataset
beyond a single city will provide a more comprehensive
understanding of prescribing trends across Kazakhstan.
Therefore, these results emphasize the importance of
developing national health policies to ensure equitable
access to modern oral hypoglycemic drugs, particularly for
patients managed in primary health care settings.
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