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Abstract

Purpose This study aims to determine initiation and persistence for patients with type 2 diabetes receiving their first pre-
scription of an antidiabetic agent and the associations with socioeconomic factors.

Methods A cohort study including 8515 patients with type 2 diabetes who were prescribed their first antidiabetic medication
between 2012 and 2019 in Uppsala, Sweden, was followed during 2 years. Medical records were linked to national registers
on dispensed drugs and socioeconomic data. Adherence was assessed based on patients’ medication claims within 30 days
of prescription (initiation) and continued claims after 24 months (persistence). Multivariable logistic regression was used to
determine the associations with the socioeconomic factors age, sex, living status, country of birth, education, occupation,
and income.

Results Within 30 days, 92.4% of the patients claimed their first prescription, and 64.0% were still being dispensed the
initially prescribed medication after 24 months. Unemployed patients had lower initiation rates, and women had lower per-
sistence rates. Factors associated with both low initiation and persistence were low income, young or old age, birth outside
Europe, and being prescribed other diabetes drugs than metformin monotherapy.

Conclusion Socioeconomic factors have different impact on the initiation of a new medication and the persistence to treat-
ment in type 2 diabetes. It is important to acknowledge these differences to develop appropriate interventions to improve
medication nonadherence.

Keywords Medication adherence - Persistence - Discontinuation - Diabetes mellitus, Type 2 - Socioeconomic disparities in
Health - Hypoglycemic agents

Introduction

Effective treatment of patients with type 2 diabetes mel-
litus (T2DM) includes lifestyle changes and medication to
prevent morbidity and reduce costs [1-3]. However, sev-
eral studies show that few patients achieve glycemic con-
trol in clinical practice, partly because of poor medication
adherence (MA) [4-8]. The proportion of patients adher-
ent to antidiabetic therapy varies between 33 and 93% after
6—24 months [9, 10]. MA can be divided into three differ-
ent phases: (I) initiation, where treatment is started and the
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first dose administered; (II) implementation, which measure
the extent to which the prescribed dosage regimen is fol-
lowed; and (III) persistence, which represent the time from
initiation to discontinuation of treatment [11]. Data sources
have different validity depending on which phase of MA is
assessed. Register data is considered to be the “gold stand-
ard,” the most truthful data source, in studies of measuring
initiation and persistence [12]. In previous studies on T2DM
patients, being middle aged, native persons, being prescribed
other drugs than metformin, not having comorbidities, and
high socioeconomic (SE) status are associated with higher
MA [4, 13-16], while the results on sex differs between
studies [13, 16]. The factors associated with poor MA dif-
fer depending on the aspect of the treatment period being
assessed [17]. Factors associated with initiation are related
to the consultation with the prescribing physician, reactions
to diagnosis and/or medication, and patient beliefs and previ-
ous experiences. On the other hand, factors associated with
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persistence are more related to side effects and the lack of
perceived treatment benefits [18].

There is a need for more research on MA applying clear
definitions of adherence and separate assessment of initia-
tion, implementation, or persistence and factors associated
with each phase [15, 19]. Studies assessing determinants of
MA in T2DM have found SE status to be associated with
MA [13, 15, 16]. However, SE status is mainly based on
income, or using a combined measure generating a depri-
vation score, and does not separate the different phases of
MA. In this study, the term socioeconomic position (SEP)
is used which is a broader term than SE status and also
includes income, education, and occupation [20]. Knowl-
edge about which individual socioeconomic characteristics
that are associated with poor MA may be helpful in design-
ing more individualized interventions to tackle medica-
tion nonadherence. This is important to ensure equitable
healthcare, especially since patients with T2DM have
lower SEP in general [21]. The initiation phase is rarely
included in studies because of the lack of data on issued
prescriptions that were never filled. Furthermore, studies
that include all newly prescribed drugs are lacking, and few
studies have longer follow-up than 12 months [4, 22]. In
previous research, persistence has mainly been evaluated as
persistence to the initially prescribed treatment. However,
persistence to any antidiabetic therapy, including switching
of antidiabetic agents, may be more clinically relevant. This
study therefore aims to determine initiation and persistence
for patients with T2DM receiving their first prescription of
an antidiabetic agent and the associations with SE factors.

Methods
Population and data source

This cohort study included patients diagnosed with T2DM,
without previous treatment for this condition, prescribed
an antidiabetic agent between the 1st of January 2012 and
to 31st of December 2019. Patients were eligible if over
18 years old at first prescription. All primary healthcare
centers (PHC) in the region of Uppsala, Sweden, were asked
to participate, and 48 out of 51 PHCs consented to participa-
tion. The study population was identified using ICD-10 code
El11 in the electronic health record (EHR) for the region of
Uppsala, and data were extracted on all patients’ primary
and secondary care diagnoses, issued prescriptions, and
laboratory data. This dataset was linked to two national
registers; the Swedish Prescribed Drug Register provided
data on drug name, ATC code, dispensing date, and SE data
from Statistics Sweden including data on age, sex, country
of birth, immigration, emigration, education, unemployment
(days of unemployment per year or receiving unemployment
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aid), yearly income, receiving pension, and family status
(registered partners/marriages and individuals in each
household) [23, 24]. Data linkage was done by Statistics
Sweden using personal identity numbers and pseudonymized
before delivery of data [25].

Variables

Antidiabetic agents were identified using the Anatomical
Therapeutic Chemical classification system, ATC system
[26]. The index date was defined as the date of the first
issued prescription of an antidiabetic agent (ATC code A10)
with no previous dispensing of any antidiabetic agent identi-
fied in the prescribed drug register, issued by any prescriber
in Sweden within 24 months before the index date. Patients
were considered exposed to treatment when dispensed an
antidiabetic agent. Baseline data were collected 24 months
before the index date and dispensing data 28 months after
the index date. See Table S1 (Supplementary information)
for a complete list of the ATC codes used.

Patient-related SE variables collected from Statistics
Sweden were registered on the 31st of December every
year. SE data from the previous year were used for patients
who died or emigrated in the same year. Clinical variables
extracted from EHR were defined as the last recorded value
before the index date, but the covariate assessment window
could expand to 24 months before the index date. Variables
were grouped accordingly as follows: age groups: 18-49,
50-64, 65-79, and > 80 years, due to previous found dif-
ferences in MA between these age groups [13]; country of
birth: Sweden, the rest of Europe, and the rest of the world;
highest education: primary school (< 10 years), secondary
school (10-12 years), and university (> 12 years); unemploy-
ment: long-term unemployment (> 183 days previous year)
and other unemployment (short-term unemployment, part-
time unemployment, or receiving unemployment benefits
in the previous year). Individual income was calculated into
quartiles. Family status was grouped accordingly as follows:
married (married or registered partners living together),
cohabiting (living with an adult, but not married or regis-
tered partners), and living alone (living without other adults).
Estimated glomerular filtration rate (¢GFR) was calculated in
the EHR. P-creatinine and the revised Lund-Malmo GFR esti-
mating equation were mostly used for calculating the eGFR in
EHR [27]. eGFR was divided into levels of chronic kidney dis-
ease (CKD) scale: CKD 1 (GFR > 90 ml/min/1.73m?), CKD
2 (GFR 60-89 ml/min/1.73m?), CKD 3a (GFR 45-59 ml/
min/1.73m?), CKD 3b (GFR 30-44 ml/min/1.73m?),
and CKD 4-5 (GFR <30 ml/min/1.73m?) [28]. Glyco-
sylated hemoglobin (HbAlc) was grouped as follows: <48,
49-69, and <70 mmol/mol. Diagnoses were defined using
ICD-10 codes: hypertension (I10), depression (F32, F33,
F34, F38, F39), obesity (E66), and cardiovascular diseases
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(ischemic heart diseases (I120-125), peripheral vascular dis-
ease (I70-179), stroke/transitional ischemic attack (TIA)
(I63, G45.9), and heart failure (I50)). To be classified as
having depression, patients could either have a diagno-
sis of depression or have claimed an antidepressant drug
(ATC code NO6A). Sex and family status were combined
to determine possible sex differences in social support and
MA. Four treatment groups were compared: (I) metformin
monotherapy; (II) insulins, patients prescribed one or sev-
eral insulins; (IIT) other monotherapy, monotherapy with any
drug other than metformin or insulin; and (IV) polytherapy,
patients prescribed either insulin in combination with other
antidiabetic agents, several non-insulin antidiabetic agents,
or fixed combination products (A10AES or A10BD).

This study assessed two aspects of MA, initiation and
persistence [11]. Initiation was measured as the proportion
of patients claiming their first prescribed antidiabetic agent
at the pharmacy within 30 days from the prescription date
(initiation of treatment, /5,) and claiming two prescriptions
within 150 days from the prescription date (initiation of
long-term treatment, I,5,). Persistence refers to the period
after initiation in which patients continue to take their medi-
cine. Therefore, only patients who claimed their first pre-
scription within /3, were included in the persistence analy-
sis. Persistence (yes/no) was defined using the anniversary
method: whether patients claim the antidiabetic agent within
a specific time window [29]. Non-persistence was defined as
no dispensed medication within 3 months before and after
the endpoint 12 months (P,,) and 24 months (P,,) after the
first dispensing date. The time window of +3 months was
based on the Swedish reimbursement system, where patients
normally receive a 3-month supply, including a grace period
of 3 months (supply gap). Patients initiated on treatment may
also receive a start package with up to 30 days of supply. To
ensure coverage of medication costs, patients can obtain a
refill once at least 2/3 of the previous supply is used [30]. A
grace period of 3 months has previously been recommended
to adjust for stockpiling [31]. Initiation and persistence were
defined as claiming all the initially prescribed antidiabetic
agents. If prescribed several medications, the mean number
of days until they were dispensed was recorded.

Statistical analysis

Descriptive statistics were used for baseline variables and
patients defined as initiated on or persistent to therapy, respec-
tively. Categorical data presents the proportions of patients, and
continuous data presents mean values and standard deviations
(SD). Covariate multicollinearity was tested with generalized
variance inflation factor (GVIF) before using multivariable
logistic regression models to estimate the effect of covariates
on initiation and persistence. The full logistic regression model
included all SE factors, and sensitivity analysis was done with

reduced logistic regression models which included one SE
factor in each model, both the full and reduced model adjust
for age, CKD, HbA Ic, comorbidities, prescribed treatment,
and year of prescription. All results are presented as adjusted
and crude odds ratios (OR) with confidence intervals of 95%
(95% CI). All analyses for initiation were performed using the
complete cohort of 8515 persons, and analysis for persistence
was performed using the population initiated according to /.
Sensitivity analysis for initiation was performed with cumula-
tive graphs of days until initiation, and sensitivity analysis for
persistence was performed with a time window of +2 months.
Data management was done in SAS Enterprise Guide 8.2, and
analysis was done in RStudio version 2022.07.01 +554.

Results

A total of 12,962 patients with T2DM were prescribed an
antidiabetic agent for the first time in the region of Uppsala
between 2012 and 2019; 205 of them were excluded due to
incomplete personal identification numbers, and 3885 patients
were excluded due to dispensations of antidiabetics during the
wash-out window, 311 persons due to immigration during
the past 2 years, and further 46 patients due to missing data
of all SE variables (Fig. S2). The final population included
8515 patients, of which 77.2% were prescribed metformin
monotherapy; the rest were prescribed either insulins (9.1%),
other antidiabetic monotherapy (8.4%), or polytherapy with
two or more antidiabetic agents (5.4%). Patients were initially
prescribed one to four different agents. Other cohort baseline
characteristics are presented in Table 1.

Most patients claimed their prescription soon after it was
issued: 84.8% within the first 7 days and 92.4% within a
month (3) (Fig. 1). Only 3.7% never claimed their antidia-
betic medications within 365 days (last valid date of pre-
scriptions). The number of days until the second dispensa-
tion varied more; 71.4% claimed it within 150 days (/,5),
and 16.3% of patients did not claim the second dispensation
within 365 days. Persistence was calculated for the popula-
tion initiating treatment at /5,, 7867 persons (92.4% of the
study population). There were 70.3% who claimed all their
initially prescribed agents within the 12 months + 3 months
from dispensing date (P},) and 64.1% within P,, (Fig. 2).

There were differences in initiation and persistence
depending on the type of prescribed medication (Fig. 3).
Ninety-four percent of the patients prescribed metformin
were initiated at I5), compared to 80% for insulin and poly-
therapy. At P,,, 67% of the patients prescribed metformin
were persistent, compared to 22% for insulins. Significant
differences compared to metformin were observed for all
other medication regimens, except for the group with other
monotherapy in /,5,. Logistic regression analysis showed
that patients prescribed metformin monotherapy had

@ Springer



European Journal of Clinical Pharmacology (2024) 80:53-63

56

JuswAojdwaun
() 6¢ (€¥) I (T9) 8y (%) 9¢ (S¥) 08¢ Reliife)
Juowkojdwoun
(€v) 0C o1 L €n 01 871 LIT 871 ¥S1 wIo)-3uo|
(€Le) CLl (9°61) 1232 1) e (r"09) 60¢e (16v) 6L1Y paIney
Suryiom
(6°6%) 0¢€e ((¥97) Ice (6'Lp) 69¢ (6¢h) 88¢ L) 08¢ /pakorduryg
uonedndnQ
(67¢) 81 WD 01 8D 4! oD 9 €n LOT Suissty
(€v0) 48! 9'L2) L6l (€1¢) 874 (6'L0) 1€81 (080 18¢€C AysroAtun
(Tey) 661 ) 1483 (9°01) cle (0 sh) SS6¢C (242 [8L¢ Krepuosag
(9'80) (43! (6'92) [49! (€92) €0¢C (T90) 61LI 90 9Ce Arewig
[9A9] [eUOnBINPY
pliom
(9°00) S6 (L6) 69 avo 601 o€ £68 (Len 9911 93 JO 159y
SOLUNOD
on 8y (€9 6S (s6) €L ‘s 0LS (8'8) 05, ueadomy 1(NO
(0'69) 81¢ (09 G8¢ (oL 68¢S Ly LO1S (SLL) 6659 uspamg
ypaiq Jo Anuno)
3uniqeyod
(L89) ¥6 (TsL) LTC (9:09) 81¢ (1’19 89L1 (509 LOET /PLLIBIAl
(€19) 99 (80 YLI (¥'6€) [44! (6'8€) LTIT (56¢€) 60ST  QuO[E SUIAI']
(Lve) 091 (T99) 0¥ Loy 09¢ (Ip) §68¢C (000D 918¢ UdWIOA
3uniqeyod
(569 L91 (€09) 881 Lvs) §ec (€L9) ELYT (059 £60¢ /PRLLIB]Al
Sv) el (L 6€) yCl (€5h) 981 (Lo 0¢l (059 9%91  ouo[e SuTAT]
(€59 10¢€ (8¢h) (483 (€€9) 184 (6°5S) GL9E (000D 6691 WA
snjejs SUIAI] pue Xa§
(€P) 0C (851 ell (0D 001 09 °6¢ (€L S29 SIBOA (08 2
(690 el (S50 81 (65D 00¢ (L8¢) (4454 (859 8¥0¢ s1eak 6/-69
(T99) L91 (€0¢) 91¢ o €Ll (169 L0€T (9¢€9) £98¢C s1eak $9-0¢
(4] 0S1 (€80 0¢ (L8¢9) 86¢C (T00) 6c¢cl (T 6L61 s1eak 681
9¥1=ds ‘99 8'L1=dS ‘865 6'0T=dsS ‘6'¥S 6'€1=dsS ‘909 TSI=ds ‘8°6S ds ‘uedw 93y
ejep
(49 9% (2] €1L (e ILL @LL 0LS9 (0om) sIs§  owydessoun(
(BN
Aderayyfjog Aderayjouow YO surnsuy Aderayjouour UTULIONIIA uonendod [Bjo],  sdnsLIdORIRY)

UONBIASD PIEPURIS(TS TedK snoraald 1aquiadd( JO ISTE PAIOI[[0d 2Iam BIep
JIOU0590100s pue ‘uondrroserd 910Joq sanfeA POPIOIDI JSI)B] AY) 2IdM BIED [BIIUI])) "6 07— 10T W IsIy ay) 10§ JuaSe oneqerpnue ue paqriosard Nz Pim siusned jo sonsueioerey) | ajqel

pringer

Qs



57

European Journal of Clinical Pharmacology (2024) 80:53-63

(0SI) 2anyrey 11y pue ‘(6'SHO ‘€9I) VIL/ANoNS ‘(6LI—-0LI) 2Seasip Tenosea [eroydrad {(GZ[-0g]) SOSLaSIp 1By J1aydst opn[oul sdnoI3 9seasip Ie[noseAoIpe)),

UOTJBIAQD PIEPUBIS(TS

(Ton Ly (€Lg) 66C @) [43 (S6) 129 (€1 996 AnsaqQ
os1) 69 wie 9CC 091 €Cl (8L1) ILTT (L's1) 6851 uorssarde
avn 9 (500 91 &vD I (Ten 098 (6¢1) T8IT  Ie[nOSeAOIpIED)
wee) PL1 (94 €0¢ (60¢) 8¢T (109 68C¢ 'Ly Y00t uorsudledAy
sanIpIq.rowoy)
(TeD) LO1 Lo 91 (509 gee (Lon 7601 (881) 8651 SuIsstAl
[owr
(29 88¢C ('6) L9 (68¢) 00¢ Ty Se6 (L8n 0651 /ioww (L <
ow
(8'6) Sy (190 981 (Len 901 (I'19) 0Le (Lso) 6£0c /[oWll 69-61
[owt
o) 1C 81%) 86¢C (691) 0o¢l (0820 6¢81 (690 88¢C /lowur g4 >
as
0'97=dsS T€6 0'61=ds ‘90 TTE=dS ‘6'8L 9'L1=dS ‘TLS 07T=dS 'T09 ‘uesw OTVqH
L19) Il ((S70] SLL (€60 9CC (829 (494 €19 669C SurssTy
(60 14 (89 84 (99) 58S (10) S @n 101 SAO vA@ID
€1 9 (son SL (X9 144 (6°0) 6S (T ¥81 qedO
9°9) 9C (Ten L8 WL LS L9 324 Ty €19 BEAD
(09 ovl (6'80) 90¢ (€0 Ll 9¢h) 98¢ (L 6€) 8¢ee [{e»: 0]
(T09) 6¢l (181 6¢C1 (L8 1ce (65D LY01 (081 9¢61 1O
as
0'ST=ds ‘008 67C=ds 099 0'ST=dS ‘6'0L 0'€I=ds ‘€9L 091=dsS ‘T'SL ‘ueawr YJH
Blep yjjeoyq
(6+0) SIl ((239) €1 ren €01 (1.0 08LI (¥4} 621C anrenb yyy
(€70 €01 (C¥4d)] 191 (L'co) SLI (8°2) 2691 (D) I€1¢ s[nenb pig
(6'81) L8 ($'80) €0¢ L0 I1c Lvo 9291 (€2 LTIT o[nenb pug
(8°¢€) 9¢1 9°09) 81¢ (9'9¢) 8¢ (o) (954! (D) 8¢CIT o[nIenb is|
wodu|
(%N
Adexayyflog Aderdyjouowr RYQO surnsuy Adesayjouowr UrIOHIA uonemdod [Bjo],  sonsLRORIRY))

(Ponunuod) | 3jqeL

pringer

A's



58

European Journal of Clinical Pharmacology (2024) 80:53-63

100% Metformin
monotherapy
90% Total population
80% Polytherapy
Other monotherapy
o 70%
& Insulins
® 60%
[oX
©
o 50%
2 Metformin monothera — e
& 40% : PY  46.2% 96.9%
o Total population 45.8% 95.6%
T 309 Polytherapy 57.0% 93.3%
° Other monotherapy 33.0% 92.6%
Insulins 0 0
20% 48.4% 89.2%
10%
0%
ONTOOOANTOOOANTOOVOONTOOOONT OO NT O© 0O
TANNDNTOMNOOONNMTOLOOOOOTTANITOLONODO—-TANMSS O

Fig. 1 Cumulative graph of days until the first dispensation of an antidiabetic medication for the total population and each treatment group (met-
formin monotherapy, insulins, other antidiabetic monotherapy, or polytherapy)

significantly higher initiation at I5, and higher persistence
at P, and P,,, compared to all other treatments. For /5,
initiation was significantly higher compared to insulins and
other antidiabetic monotherapy.

There were some differences between the factors associ-
ated with initiation and persistence. The SE groups with
lowest initiation were unemployed or persons born outside
Europe (I3): 80-85%; I,5y: 58—60%). The SE groups with
the lowest persistence were young, unemployed, or persons
born outside Europe (P,,: 50-54%; P,,: 44-50%). For per-
centages for all the groups, see Table S3. Combining dif-
ferent SE factors was restricted due to small samples in
each group, resulting in large confidence intervals, but of
the young women born outside of Sweden, only 30% were
persistent after 24 months (see Fig. S4). In regression analy-
sis, being unemployed was only associated with lower ini-
tiation, while being female was only associated with lower
persistence. Factors associated with both lower initiation
and persistence were being born outside Europe and low
income. Being under 50 years old, over 80 years, or having
a university education was associated with lower /5, Py,,
and P,, but not I3 (Fig. 4). All factors remained significant
when using a 99% confidence interval except for /5,: other
unemployment; /,5,: age 65—79, other Europe, university
education, other employment; and P,: income for the 3rd
quartile (Table S5).
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Another regression analysis estimated the associations
of the same factors and patients persistent to antidiabetic
therapy, instead of persistence to the initially prescribed
antidiabetic agents. At 24 months, approximately 80% of
patients continued with any antidiabetic medication, while

Initially prescribed

medication
. e P12=70.3%
Staying on antidiabetic
medication P24=64.0%
P12=82.0% g
Changing to other
P24=179.6% antidiabetic medication
P12=11.7%
P24=15.6%
Initiating treatment .
o Died
(7867 persons, 100%)
P12=0.9%
P24=2.0%
Discontinuing all .
antidiabetic medication Emlgrate:i
P12= 18.0% P12=0.1%
P24= 20.4% PR 02

Other reasons
P12=17.0%
P24=18.2%

Fig.2 Percentages of patients staying on antidiabetic medications
(persistence to any antidiabetic medications, upper branch), staying
on initially prescribed antidiabetic medications (circled box), and
patients discontinuing (lower branch) at 12 (P,,) and 24 months (P,,)
after first dispensation date



European Journal of Clinical Pharmacology (2024) 80:53-63

59

Metformin monotherapy

Polytherapy Insulins
100%
253
o, A0 SA
_ 80% 50.7% 8 76.2%
S $:..73.2Y%
5 0% T4
S . (o]
§ 60%
“5 50% T 47.9%
g 1
8 40% L
§ 43.3%
5 30%
o
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Fig.3 Percentage of patients with 95% confidence intervals in each
treatment group claiming the first prescription from a pharmacy (first
dispensing date) within 30 days from prescription date (/5,), claiming
the second prescription within 150 days from prescription date (,5),
claiming the prescription in the time window 12 +3 months after the
first dispensing date (P,,*), and claiming the prescription in the time

64% remained persistent to the initially prescribed agents
(Fig. 2). Logistic regression analysis performed for fac-
tors associated with persistence to any antidiabetic therapy
corresponded to factors associated with persistence to ini-
tially prescribed agents in Fig. 4; however, patients born
outside Europe had a stronger association of not being
persistent, and patients with a university education did
not have significantly lower persistence than the reference
group (Table S6).

There were 309 individuals in the population who died
within the study period of 28 months. Of these, 56.2%
were defined as persistent at P, and 44.9% at P,,. Only
24 persons emigrated within the total study period of
28 months. When logistic regression analysis was per-
formed after excluding patients who had emigrated or
died, the results were very similar. The associations for
age groups did not change nor did the associations for
birth country. Other sensitivity analysis was performed
based on different definitions of initiation (I3, and I5)
and persistence (P, and P,,). Cumulative graphs were
used for initiation. The plateau at day 25 (92% dispensed),
shown in Fig. 1, supported the decision of a 30-day cut-off
for I5,. For I, 5, the plateau occurs close to the mean value
of 144 days until the second dispensation, which in addi-
tion to the predicted supply supports a 150-day cut-off.
Sensitivity analysis for persistence was performed with a
time window of 12 +2 months and 24 + 2 months instead
of +3 months (Table S7). Subsequently, 63.9% were

Total population

Initiation 150 days

Other monotherapy

71.7%
o * 67.2%
T 649%) >
¢ 59.2%
56.9%
3 T 41.1%
1 I
42.1%
~ ¢ 34.9%
~ 28.0% $ 2229%

Persistence 12 months Persistence 24 months

window 24 +3 months after the first dispensing date (P,,*). *This
figure shows percentages of all patients initially prescribed that spe-
cific medication and not only persistence for patient initiating (I5);
therefore, all calculations in this figure are based on the full study
population of 8515 persons

defined as persistent for P, and 57.9% for P,,. Reduced
logistic regression models adjusting for one SE factor in
each model found similar results as shown in Fig. 4, but
larger effects for birth country, income, and occupation
which are more similar to the crude models.

Discussion

In this study on 8515 primary care patients receiving their first
prescription of an antidiabetic drug, the majority claimed their
prescription. However, many of them never claimed a second
prescription, and 64% remained on the initially prescribed
drug 2 years later. Patients who failed to claim their prescrip-
tion within 30 days were more likely to be born outside of
Europe or unemployed. Factors associated with the 30% of
patients not starting long-term treatment (i.e., not claim-
ing the second prescription) included being born outside of
Europe, unemployment, low income, and being either young
or old. Low income, age, and birth outside Europe continued
to impact the use of antidiabetic medications for persistence,
and the factors associated with discontinuation also included
females and having a university education.

We found that 92% of patients claimed their prescrip-
tion within 30 days from the prescription date. This initia-
tion rate aligns with previous research, which suggests that,
on average, 10% of patients never claim their diabetes pre-
scriptions [32]. However, in our study, most patients claimed
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Fig.4 Forest plot including adjusted* and crude odds ratios (OR)
with 95% confidence intervals for factors associated with initiation
of treatment before 30 days (/3), initiation of second dispensation
before 150 days (/5,), persistence with treatment after 12 months
(P,), and persistence with treatment after 24 months (P,,). *Abbre-
viations: LA, living alone; M/C, married/cohabiting. *Values were

their first prescription within a year. Therefore, using time
windows that are too short may underestimate the initiation.
Canadian researchers found one-third to discontinue within
3 months, being similar to the findings of 71% for 1,5, [14].
In our study, the pattern of initiation was similar across dif-
ferent treatment groups, but patients prescribed only insulins
were more likely to never claim their prescription. Early dis-
continuation of insulins could be explained by some patients
using them temporarily for high HbAIc levels at the time of
prescription, while another antidiabetic agent is prescribed
for long-term use. Polytherapy was also discontinued early,
potentially for the same reason as for insulins. Although other
studies have shown that insulins have lower MA compared
to other antidiabetic therapies, our findings support this
observation [19]. Patients prescribed monotherapies other
than metformin or insulins were less likely to claim their
prescriptions. This could be due to the relatively higher cost
of the new antidiabetic agents compared to metformin and

@ Springer

adjusted for all other variables in the figure and, additionally, pre-
scribed treatment (metformin monotherapy, insulins, other anti-
diabetic monotherapy, and polytherapy), CKD level, HbAlc, hyper-
tension, cardiovascular disease, depression, obesity, and year of
prescription

insulins. Additionally, insulin is fully reimbursed in Sweden
without any patient co-payment. Metformin users had higher
frequencies of both initiation and persistence, but still, 32.8%
of patients had discontinued metformin after 24 months, and
the other treatments had even higher discontinuation rates.
Overall, 70% of the total population demonstrated persis-
tence after 1 year, and 64% remained persistent after 2 years.
These rates are slightly higher than previous research, which
reported persistence rates for initially prescribed antidiabetic
agents ranging between 33 and 61% after 6-24 months [9].
The generous definition of persistence with the anniversary
method, using a time window of + 3 months, contributed to
higher rates of persistence in our study. Differences between
studies may also be attributed to variations in study design or
the populations included.

Demographic factors, such as age and sex, were identified
as being associated with MA. The oldest age group exhibited
lower treatment initiation rates, potentially due to practical
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challenges related to collecting the medication or the pres-
ence of comorbidities. However, both the youngest and the
oldest age groups demonstrated lower persistence rates. Pre-
vious studies have shown associations between poor MA and
either older age [16] or both very young and old age [13].
Patients between 50 and 79 years may be more motivated by
the potential for a longer life. Women had lower persistence
compared to men, which contradicts some research findings
[13, 33] but aligns with other studies [16, 34]. Sex patterns
were observed for both persistence to the initially prescribed
medication and overall antidiabetic therapy. This could be
attributed to women having higher adherence to lifestyle
interventions involving diet and physical activity, thus
reducing the need for medication. Discontinuing women
had lower initial HbA1c levels, with a mean of 54.9 mmol/
mol, compared to the total population mean of 60.2 mmol/
mol. Unemployment and being born outside of Europe were
the primary SE factors associated with low initiation. How-
ever, unemployment was not associated with persistence,
indicating a temporary effect on adherence, potentially due
to changes in routines or increased stress. This could also
be influenced by the Swedish reimbursement system, due to
higher patient co-payment for initial dispensations. Patients
born outside Europe exhibited lower adherence across all
measures, aligning with studies where non-native back-
ground was a disadvantage for adherence [15, 34, 35]. Low
income was associated with lower initiation and persistence,
which corresponds to the association between low SE sta-
tus and poor MA reported in other studies [34]. University
education was slightly associated with lower persistence,
but this was not significant with a 99% confidence interval.
While being married has been associated with adherence
in other studies [6, 13], we only observed a slightly higher
degree of claiming the first prescription among married
individuals. No associations were found when comparing
patients living alone to those who were married or cohabit-
ing or when separating the married and cohabiting groups.
It was not possible to stratify many SE factors in the analysis
due to small samples in each group, but a pattern was seen
where young women born outside of Sweden had very low
persistence, which calls for further research.

Strengths and limitations

This study has several notable strengths. Firstly, the separa-
tion of initiation and persistence phases and the analysis
of associated factors separately provide valuable insights
into targeting specific adherence phases. The findings of
this study demonstrate that different factors play a signifi-
cant role during different phases of adherence. Secondly,
the study assessed two distinct measures for initiation, dis-
tinguishing between patients who tried the medication and
those who started long-term treatment. The comparison of

EHR prescriptions with pharmacy claims for initiation is
an understudied aspect in MA research, offering a better
understanding of patients’ therapy initiation. Additionally,
the study’s 2-year follow-up period after the first dispensa-
tion date allows for tracking patients’ prescription renewal in
the second year. The use of national dispensing data is also
advantageous, as it encompasses all dispensed drugs in Swe-
den, ensuring comprehensive coverage for all patients and
the ability to track patients who relocate within the country.
Lastly, the availability of individual-level data on various
SE factors is a rarity in the field, contributing new insights.

While the national Swedish registers provide extensive
data coverage, certain limitations exist. For instance, approxi-
mately 1.3% of the study sample had missing data on educa-
tion, primarily due to patients not being born in Sweden [24].
Clinical variables and diagnoses, although highly covered in
EHR, possess some limitations due to their lack of structure
compared to national registers. Missing data may occur in
EHR variables due to the data collection time frame. The
calculated eGFR was missing for 31% of patients, and 19%
did not have any HbA 1c measurements within 12 months
before prescription. This could be attributed to HbAlc test
being conducted before prescription of the antidiabetic drug
and added to the EHR when analyzed at the laboratory, a
few days later. Another limitation is the inability to adjust
for other health-related factors such as body mass index
(BMI) or smoking due to missing data, which may result in
residual confounding. Income was only based on individual
income and not household income, which would be more
accurate when determining SE position. Another limitation
for income is using the same data collection window as for
the other variables, where a mean of several years might
reflect SE position better. The main limitation of the regres-
sion model is the general correlation between different SE
factors. Although multicollinearity testing only showed high
correlations between age and occupation, in the reduced
models adjusting for each SE factor separately, the effects of
high income, unemployment, and country of birth were more
pronounced. This suggests some overfitting of the full model
and underestimation of the impact of these factors on initia-
tion and persistence. There may also be clustering in data
with patients visiting the same doctor or PHC, which could
have been incorporated in a multilevel analysis. Furthermore,
there are also some limitations in the calculations of persis-
tence. The anniversary method is a rough estimation of a
person’s actual usage and likely overestimates persistence.
Other methods including supply gaps could, on the contrary,
underestimate persistence, due to challenges in estimating
stockpiling and undocumented therapy changes. Finally,
when performing many statistical tests, there is always the
risk of by chance gaining associations. We addressed it by
adding 99% confidence intervals for the SE variables, which
showed similar results.
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The Uppsala region included in this study is representa-
tive of the entire country of Sweden, including both urban
and rural areas and both low- and high-income neighbor-
hoods. The generalizability of this study beyond Sweden is
limited due to differences in regulations and laws for pre-
scribing, dispensing, and reimbursement between countries.

In conclusion, the findings of this study reveal that while
a majority of patients claim their prescriptions, certain SE
groups exhibit lower rates of initiation or persistence. To
address medication nonadherence effectively, patients from the
different SE groups need support in different phases of MA.
Patients born outside of Europe or with a low income might
need support for both the initiation and persistence phase,
while unemployed might need more support for the initiation
phase and patients with young or old age for the persistence
phase. By supporting patients in the phase of need, it is pos-
sible to improve MA and reduce inequalities in quality of care.
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