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Abstract

Background. In routine outpatient care, glycemic control in patients with type 2
diabetes mellitus (T2DM) is influenced by both clinical and behavioral factors.
Medication adherence is considered a potentially modifiable determinant of
treatment effectiveness; however, its independent association with glycemic
outcomes in real-world settings may be difficult to distinguish from the effects of
disease duration and patient characteristics.

Objective. To examine the association between medication adherence, assessed
using the Morisky—Green questionnaire, and HbAlc levels in patients with T2DM.
Methods. This analytical cross-sectional pilot study included adult patients with
T2DM receiving outpatient care. Medication adherence was assessed using the 8-
item Morisky—Green questionnaire and categorized as low, medium, or high. HbAlc
levels and clinical variables were obtained from medical records. Differences in
HbAlc across adherence categories were evaluated using non-parametric methods.
Multivariable linear regression analysis was performed to assess factors associated
with HbAlc levels, with additional sensitivity analysis comparing low versus
medium/high adherence.

Results. HbAlc levels differed significantly across medication adherence categories
(Kruskal-Wallis test, p = 0.041). In multivariable analysis, longer diabetes duration
was independently associated with higher HbAlc levels (3 =0.24 per year, p =0.008).
Medium/high medication adherence was associated with lower HbAlc values (3 =
-0.53%), although this association did not reach statistical significance after
adjustment. Female sex showed a non-significant trend toward lower HbAlc levels.
Conclusions. In patients with T2DM receiving routine outpatient care, diabetes
duration represents a key independent determinant of glycemic control. Higher
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medication adherence is associated with clinically relevant reductions in HbAlc;
however, its independent effect may be attenuated in small real-world samples.

Keywords: type 2 diabetes mellitus, medication adherence, Morisky-Green

questionnaire, HbAlc, real-world data.

1. Introduction

Type 2 diabetes mellitus is a persistent disease in
which glycemic control typically worsens over time,
often requiring long-term pharmacological treatment.
HbAlc is routinely applied in clinical practice to
summarize long-term glucose exposure and is closely
linked to the development of diabetes-related
microvascular and macrovascular complications [1-3].
Nevertheless, in routine outpatient practice, achieving
recommended HbAlc targets remains uneven, even
when patients receive guideline-based pharmacological
treatment [3]. In everyday clinical settings, suboptimal
glycemic control is rarely explained by drug inefficacy
alone. More often, it reflects the combined influence of
behavioral and clinical factors that affect how treatment
is followed over time, including medication use patterns,
self-care behaviors, and patient involvement in disease
management [4-6]. Among these factors, medication
adherence plays a key role, as incomplete or inconsistent
use of prescribed therapy can substantially reduce its
effectiveness under real-world conditions.

Numerous studies suggest that inadequate
medication adherence in type 2 diabetes is often
accompanied by poorer glycemic outcomes, a greater
frequency of diabetes-related complications, and higher
healthcare use [6,12-16]. However, results obtained in
routine clinical settings vary considerably. Separating the
effect of adherence from other determinants of glycemic

2. Materials and Methods

This analytical cross-sectional observational
study included 39 adult patients with type 2 diabetes
mellitus receiving outpatient care. Clinical variables
assessed included age, sex, duration of diabetes (years),
and glycated hemoglobin (HbAlc) levels. Medication
adherence was evaluated using the 8-item Morisky—
Green questionnaire. According to the total score,
patients were categorized as having high (score = 8),
medium (scores 6-7), or low adherence (score < 6). For
sensitivity analysis, medium- and high-adherence
categories were combined and compared with the low-
adherence  group. Continuous variables were

control, such as disease duration and patient
characteristics (e.g., age and sex), remains challenging [8—
10]. As the disease advances, progressive [-cell
dysfunction and more complex treatment regimens may
further obscure the observable relationship between
adherence and HbAlc, particularly in small real-world
studies [9].

The Morisky—Green questionnaire is commonly
used to assess medication adherence in clinical research
because it is straightforward and focuses on typical
nonadherence behaviors [7]. Its 8-item version has been
validated in several populations, including a Kazakh-
language version, supporting its feasibility for everyday
clinical use [21]. Despite the limitations of self-reported
adherence measures, such tools remain useful in real-
world studies, especially when objective data on
medication use are unavailable.

In this pilot cross-sectional study, we evaluated
the association between medication adherence measured
by the Morisky-Green questionnaire and glycemic
control assessed by HbAlc in patients with T2DM
receiving outpatient care. The analysis also accounted for
disease duration and selected demographic factors to
better interpret the role of adherence in routine diabetes
care.

summarized using medians and interquartile ranges or
means and standard deviations, as appropriate based on
data distribution. Differences in HbAlc levels across
adherence categories were assessed using the Kruskal—-
Wallis test. Multivariable linear regression analysis was
performed with HbAlc as the dependent variable and
medication adherence, diabetes duration, sex, and age as
independent variables. Statistical significance was
defined as p < 0.05. All analyses were conducted using R
software (version 4.3.2; R Foundation for Statistical
Computing, Vienna, Austria).
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3. Results
HbAlc levels differed significantly across demonstrated the lowest HbAlc values, whereas those
medication adherence categories (Kruskal-Wallis test, p with low adherence showed higher and more variable

= 0.041; Figure 1). Patients with high adherence HbA1c levels.

HbA1c levels according to medication adherence
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Figure 1- HbAlclevels according to medication adherence categories

(Boxplot with individual data points; x-axis —adherence category, y-axis — HbAlc, %)
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Figure 2 - Diabetes duration according to medication adherence categories

(Boxplot with individual data points; y-axis — diabetes duration, years)
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No statistically significant differences in diabetes
duration were observed across medication adherence
categories (Kruskal-Wallis test, p = 0.333; Figure 2). The
lack of variation in diabetes duration across adherence
levels may reflect the complexity of factors that influence
adherence behaviors in real-world clinical settings,
including treatment beliefs, regimen complexity, and

patient engagement, rather than simply the chronicity of
disease.

Although high adherence was observed only
among women, the distribution of adherence categories
did not differ significantly between men and women
(Fisher’s exact test, p = 0.17).

Table 1 - Medication adherence according to the Morisky—Green scale by sex

Sex High n (%) Medium n (%) Low n (%)
Men (n=15) 0 (0.0) 9 (60.0) 6 (40.0)
Women (n=24) 5(20.8) 13 (54.2) 6 (25.0)
Results of the multivariable linear regression sensitivity analysis are presented in Table 2.
Table 2 - Multivariable linear regression analysis of factors associated with HbAlc
Variable B (95% CI) p-value
Medium/High adherence vs Low -0.53 (-1.55 to 0.49) 0.314
Diabetes duration, years +0.24 (0.06 to 0.42) 0.008
Female sex (vs male) -0.94 (-1.94 to 0.06) 0.076
Age, years -0.01 (-0.07 to 0.05) 0.683

In multivariable linear regression analysis (Table
1), diabetes duration remained independently associated
with higher HbAlc levels (3 = +0.24 per year; p = 0.008).
Medium/high adherence was associated with lower

4. Discussion

In the present study, diabetes duration showed
the strongest independent association with HbAlc levels.
This observation aligns with the progressive course of
type 2 diabetes mellitus, in which longer disease duration
is accompanied by declining (-cell function and
increasing difficulty in achieving glycemic targets despite
ongoing pharmacotherapy [8,9]. Notably, diabetes
duration did not differ across medication adherence
categories, indicating that differences in HbAlc cannot be
explained by disease chronicity alone. This finding
suggests that treatment-related behaviors, including
medication adherence, continue to play a role in glycemic
control even among patients with long-standing disease.

Lower HbAlc levels were more frequently
observed among women, although this association did
not remain statistically significant after adjustment. This

HbA1lc levels compared with low adherence; however,
this association did not reach statistical significance after
adjustment.

pattern may be related to differences in health-related
behaviors and diabetes self-management, including
medication use, dietary practices, and engagement with
healthcare services. While some studies report greater
health awareness and adherence to medical
recommendations among women, evidence on sex
differences in glycemic control remains mixed across
real-world and population-based studies, with variation
depending on setting and population characteristics
[10,11]. Given the limited sample size of this pilot study,
the observed sex-related trend should be interpreted
cautiously and regarded as hypothesis-generating.

The relationship between medication adherence
and glycemic control observed in this study is consistent
with findings from real-world research. Lower adherence
to glucose-lowering therapy has been associated with
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poorer glycemic outcomes, whereas higher adherence is
generally linked to lower HbAlc levels. For example,
Sendekie et al. reported that patients with high adherence
were less likely to have poor glycemic control in routine
practice [12]. Similar conclusions have been drawn in
systematic reviews and cohort studies using pharmacy
refill data, which show better glycemic outcomes among
adherent patients [13-20].

Limitations

Although the findings appear clinically relevant,
several limitations should be acknowledged. The study
design does not
relationships and

allow evaluation of temporal

causal
interpretation of the observed associations. The sample
size was relatively small, which may have reduced the
ability to detect weaker independent relationships
between medication adherence and HbAlc. Adherence

was assessed using self-reported data; while this

therefore limits any

5. Conclusions

In this outpatient cohort of patients with type 2
diabetes mellitus, glycemic control was most consistently
related to disease duration. Patients with higher levels of
treatment adherence generally showed lower HbAlc
values, indicating a clinically relevant, although not
uniformly statistically significant, role of adherence in
real-world glycemic outcomes. In small observational
cohorts, this relationship may be less apparent due to
ongoing disease progression and marked heterogeneity
between patients. Overall, these findings imply that
improving glycemic control should not rely exclusively
on pharmacological intensification, but should also take
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2 TUIITi KaHT agna0eTiMeH aybIpaThIH HayKacTapAarbl 43pi-4apMeK KaOblagayAbl caKTay
’K9He TAMKeMUsAABIK OaKblaay apacbIHAarbl OariaaHbic: KeageHeH NMAOTTHI 3epTTEy

Kamnbaraposa 1.1, Capraesa A. 2, 3unaamesa A. 3, Xymaresa A. 4

1 PapmaKo.a0ris, KAMHMKAABIK papMakoaorus KadeapachHBIH A0KTOpaHThl, Mapar OcriaHOB aThIHAAFbI

barsic Kasakcran meannmna ynusepcuteti, Aktobe, Kaszakcran

2 No2 JKaams! gopirepaik Toxxipnube kadeapacsiHbH MeHrepyirici, Mapar OcriaHoB aTbIHAAFbI
barric Kasakcran meannmna yausepcuteti, Akrode, Kazakcran

3 No2 XKaamsr gopirepaik Toxxipn6e xadepacsHbiy goneHTi, MapaT OcriaHOB aTbIHAAFLI

barric Kasakcran meannmna yausepcuteti, Aktobe, Kazakcran

4 No2 XKaamsr gopirepaik Toxxipu6e xadepacsiHbiy acccuctenTi, MapaT OciaHOB aThIHAAFbI
barric Kasakcran Meannmna yausepcuteti, Aktobe, Kazakcran

Tyiinaeme

Kipicrie. Kyngeaixri aMOyaaTopmsiablk ToxXipuOeae 2-tunti Kant auaberi (KA2) Gap nHaykacTapaarbl
TAMKeMUAABIK OaKplaay KAMHMKAABIK >KoHe MiHe3-KYABIKTHIK (aKTopAapAblH BIKIIaAbIMEH KaabliTacaabl. /Jopiaik
Tepanusra OeiliMaiaiK eM THiMAiAiriHiH a1eyeTTi TypAe e3repryre 604aThIH AeTEPMIHAHTEI peTiHAe KapacTHPblAaAbL;
azalija HaKThl KAMHMKAABIK ITPaKTUKa >KaFaliblHJAa OHBIH IAMKEMMABIK, KOPCeTKIIIITepMeH ToyeacCis OalllaHbICHIH
aypy Y3aKTBIFbI MeH IMallMieHT CUIlaTTaMalapbIHbIH oCepiHeH a’KbIpaTy KM bIH.

MaxkcaTtel. Mopuckn-I'pun cayaanamacel apKblabl OaradaHFaH A9pidik Tepammsra Oeriimaiaik men HbAlc
AeHrelii apacsiHAaFrsI OariaansicTel K2 Gap HayKacTapaa sepTTey.

Oaicrepi. K42 auarsossr H6ap >kxoHe aMOyaaTOpMsAABIK Oakbliayda TYPFaH epeceK IallMeHTTep KaTBICKaH
aHaAUTHUKAABIK Ke/AJeHeH NUAOTTHIK 3epTTey Kyprisiaai. Jepiaik Tepammsra Oeitimaizik Mopucku-I'punniy 8
TapMaKTaH TYpaTbIH cayaJHaMachl apKbLAbl OaFaAaHBbIIl, TOMEH, OpTallla >KoHe >KOFaphl AgeHreriaepre Xikreaai. HbAlc
AeHreiilepi MeH KAMHMKAABIK alfHBIMaAbldap MeAUIIMHAABIK Ky’KaTTaMajaH aAblHABL beliMaizik caHaTTapbl
ooripiama HbAlc aenreiiaepinaeri aifblpMaIIbLABIKTap ITapaMeTpAik eMec agicTepMeH OaraaaHabl. HbAlc aeHreriimen
OariaaHBICTH (aKTOpAapAbl aHBIKTaY VIIIH KOIl alfHbIMAaAbl ChI3BIKTHIK perpeccisiAblK, Talaay Kyprisiaai, conaaii-ak
TeMeH >KoHe OpTallla/>KOFapbl OelliMAiAiK TONTapbIH CaABICTHIPATHIH ce3iMTaAAbIK TaaAaybl OPbIHAAAABL

Hotiwxeaep. HbAlc aeHreitaepi aopiaik Tepammsra OelliMaiaik caHaTTapbl apachlHAA CTATHMCTUKAABIK
TYPFBI4aH MaHAi Typae aiibIpMaIiblablk, KepeeTTi (Kpackea—Yoaanc kpurepmiti, p = 0,041). Kem aliHbpiMaas! Tassayaa
KaHT AmaberTinHiH y3akka co3piayel HbAlc genreifiHiH >Korapbl OOAybIMeH ToyeacCi3 TypAe OaildaHbICTHI 0014bI (3 =
kprabiHa 0,24, p = 0,008). Oprarma/>xorapser 6errimaiaik HbAlc aenreitinig TemeHAeyiMeH OaiiaaHbICTEL 604451 (3 =
—0,53%), aaaitaa TyseTyaeH KeliiH Oya OaliaaHBIC CTAaTHUCTHUKAABIK MoHJAiAiKke >KeTmeai. Oitea >KpiHbICBIHAA HbAlc
AeHreliiHiH ToMeH 00AybIHa OaFbITTaAFaH, Oipak CTaTICTUKAABIK MaHAL eMec ypaic OaiiKaaAbl.

Kopoeiteiaaer. K2 Oap >xeHe amOyaaTOpUsABIK KOMEK alaThlH IaleHTTepAe aypyAblH Y3aKTbIFbI
TAMKeMMAABIK OaKblAayAbIH HeTi3Ti Teyeacis AeTepMUHaHTHI 00ABIII TaOblAaAbl. Aapidik Tepanusara >Korapsl OeitiMAiaik
HbAlc aeHreriiHiH KAMHUKAABIK, TYPFBIAQH MaHBI3Abl TOMeHAeYiMeH OailAaHbICThL; alaiija IIaFbIH HAKThI KAVHIKAABIK,
IpakTUKa YAriaepiHge OHbIH ToyeAci3 acepi aacipeyi MyMKiH.

Tyiiin cesaep: 2 TunTi KaHT Anaberi, Aopiaik Tepammsira Oertimaiaik, Mopucku-I'pun cayaanamacel, HbAlc,
HaKTBl KAMHMKAABIK ITPaKTHKa JepeKTepi.

B3ammocBsi3p MeXAy IIPUBEePKEeHHOCTbIO K MeANMKaME€HTO3HOMY A€9I€HIIO 1
rANMKeMMn4IeCKMM KOHTPOA4eM Yy IIalfMMeHTOB ¢ CaXaPpHbIM AI/IaﬁeTOM 2 THUIIa:
IImaoruoe IIOoIIepevIHOoe nccaeaoBanme

Karbaraposa . !, Capraesa A. 2, 3unaanena A. 3, JKymarena A. ¢

1 JokropaHT KadeApsl papMaKOAOIHM, KAUHMIECKON papmakosoruy, damnasno-Kasaxcranckmin
MeAUIVHCKIUI yHUBepcuteT nMeHn Maparta Ocrianosa, Aktobe, Kasaxcran
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2PykoBoauTean kKadpeaprl o01melt BpayebHON mpakTnky Ne 2, 3anmagno-KasaxcraHckuit
MeAUIMHCKUI yHuBepcuTeT nMenu Maparta Ocrianosa, AktoOe, Kasaxcran
3 JonenT Kadeapsl 001l BpaueOHOI pakTuku Ne 2, 3amaano-Kasaxcrancknmit
MeAUIMHCKIUI yHuBepcuTeT nmenu Maparta Ocrianosa, Axtobe, Kazaxcran
4 AccucTeHT Kac])eﬂ,pm ob1eri spayeOHOI npakTuky Ne 2, 3anasno-Kasaxcranckuit
MeAUIMHCKIUI yHuBepcuTeT nMenu Mapara Ocrianosa, AkroGe, Kasaxcran

ABHOTAIMSI

Beegerme. B ycaosmax pyrmHHON amMOyAaTOpHON IPaKTMKM TAMKEMUYECKNUII KOHTPOAb Y IIAI[M€HTOB C
caxapubiM AmabetoM 2 Tmmna (CA2) ompeeasercs KaK KAMHMYECKMMM, TaK UM IIOBeAeHUYeCKMMM (HaKTOpaMIL.
IIpuBep>keHHOCTh MeAUKAaMEHTO3HOV Tepalluy paccCMaTpMBaeTca KaK ITOTEHIIMAABHO MOAUPUIVIPYEMBIN
JAeTepMUHaHT 9(PQPEKTUBHOCTM Ae€YeHNs; OAHAKO B peaAbHBIX YCAOBIAIX €€ He3aBUCHMYIO CBI3b C IIOKa3aTeAsMU
TAVIKEMIYECKOTO KOHTPOASA CAOXKHO OTAEAUTD OT BAVISHUSI AAUTEABHOCTH 3a001€BaHNs U XapaKTepUCTUK ITalyeHTa.

Ilean. VI3yanTs cBsA3b MeXXAY IPUBEP>KEHHOCTHIO MeAVKaMEHTO3HO Teparmy, OIJeHEHHO C MICII0/1b30BaHIEM
onpocHrka Mopuckn-I'puna, n yposHem HbAlc y marmentos ¢ CA2.

MeTtoapl. IIpoBeaeHO aHaAMTIIYECKOE TTOIIEpEYHOE MIA0THOE MCCAeAOBaHIIe C yJacTIeM B3POCABIX ITallVIEHTOB
¢ CA2, noayuaromux amOyaaTopHoe AedeHne. [IpuBep>keHHOCTh Tepanuu OIleHMBaAach C IIOMOIIBIO 8-ITyHKTOBOTO
onpocHnka Mopuckn-I'pyuHa 1 k1accudpuruposaiach Kak HU3Kasl, CpeJHsIsI UAN BbICOKasl. Jannble 06 yposHe HbAlc
U KAMHMYIeCKe XapaKTepUCTUKA M3BAeKaACh 13 MeAUIIMHCKON AoKyMeHTaumm. Pasamans yposreit HbAlc mexay
rpynIiaMy IPUBEP>KeHHOCTM aHaAM3MPOBAAUCh C MCIO/Ab30OBaHMEM HeIlapaMeTpU4ecKuX MeTo4oB. JAas OIleHKU
daxropos, acconuuposaHHbIX ¢ yposHeM HbAlc, mpuMeHsAcs MHOTOMepPHBIN AMHENHBIN perpeccrOHHbI aHaAu3, a
TakoKe ITPOBEAEH aHaAM3 YyBCTBUTEABHOCTH C COITOCTaBAeHVeM HU3KOM ¥ CpeaHell/BhICOKON PpUBep>KeHHOCTI.

PesyabTartel. Yposau HbAlc crarmcTiyeckn 3Ha9MMO pa3zAnNdalnch MeKAy KaTeropVsMU IIPUBepP >KeHHOCTH
tepanuu (kpurepuit Kpackeaa—Yoaanca, p = 0,041). B MHOroMepHOM aHaaAm3e GoAbIas AAUTEABHOCTD guadera Oblaa
He3aBUCUMO accoummupoBaHa ¢ 6oaee BpicokuMy 3sHadeHmamu HbAlc (B = 0,24 na xaxasni rog, p = 0,008).
Cpean:ia/BbIcOKas IpUBep>KeHHOCTD Teparmy Oblaa ces3aHa ¢ 604ee Huskumu yposasamu HbAlc (8 =-0,53%), oarako
IocJe KOPPeKTUPOBKM AaHHas accolyalusl He JOCTUIAa CTaTMCTUYeCKOM 3HAuMMOCTU. Y >KeHIIMH OTMedalach
TeHAeHI: K 001ee HM3KUM 3HadeHrsIM HbAlc, He gocTurmias cTaTHCTIYECKON 3HAYMMOCTI.

3akaouenne. Y manueHtos ¢ CA2, moay4yamommx PYyTMHHYIO aMOyAaTOPHYIO IIOMOIIb, AAUTEAbHOCTD
3a004eBaHls SBASETCA KAIOUEBBIM He3aBUCUMBIM JeTepMMHAHTOM TIAMKeMIYecKOro KOHTpoas. boaee Brbicokas
IIpUBEP>KEHHOCTh MeAVKaMeHTO3HOI Tepalliy acCONUIpOoBaHa C KAMHIIeCKN 3HauMMBbIM cHypkeHreM HbAlc; ograko
e€ He3aBNMCUMBIN B PeKT MOoKeT ocaabeBaTb B YCAOBVIX MaAbIX BBIOOPOK peaabHON KAVHUIEeCKOI IIPaKTUKIL

KaroueBble caoBa: caxapHblli AuabeT 2 Tulla, IPUBEpP>KeHHOCThL MeAVKaMEeHTO3HON Tepallly, OIPOCHMK
Mopucku-I'puna, HbAlc, saHHBIe peaabHOI KAMHNYIECKON ITPaKTUKIL.
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