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Abstract

Aim: To evaluate the utilization and prescribing patterns of antidiabetic drugs (ADDs)

for patients with type 2 diabetes mellitus (T2DM) at treatment initiation and first

intensification.

Methods: A retrospective cohort study was performed using linked routinely col-

lected data of patients with T2DM who received ADDs between January 2010 and

December 2020 in Scotland. The prescribing patterns were quantified using fre-

quency/percentages, absolute/relative change, and trend tests.

Results: Overall, 145 909 new ADD users were identified, with approximately 91%

(N = 132 382) of patients receiving a single ADD at first treatment initiation. Metfor-

min was the most often prescribed monotherapy (N = 118 737, 89.69%). A total of

50 731 patients (39.40%) who were started on metformin (N = 46 730/118 737,

39.36%) or sulphonylurea (SU; N = 4001/10 029, 39.89%) monotherapy had their

treatment intensified with one or more additional ADD. Most initial-metformin

(45 963/46 730; 98.36%) and initial-SU users (3894/4001; 97.33%) who added fur-

ther drugs were intensified with single ADDs. SUs (22 197/45 963; 48.29%) were

the most common first-intensifying monotherapy after initial metformin use, but

these were replaced by sodium-glucose cotransporter-2 (SGLT2) inhibitors in 2019

(SGLT2 inhibitors: 2039/6065, 33.62% vs. SUs: 1924/6065, 31.72%). Metformin was

the most frequently added monotherapy to initial SU use (2924/3894, 75.09%).
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Although the majority of patients received a single ADD, the use of combination ther-

apy significantly increased over time. Nevertheless, there was a significant increasing

trend towards prescribing the newer ADD classes (SGLT2 inhibitors, dipeptidyl

peptidase-4 inhibitors) as monotherapy or in combination compared with the older

ones (SUs, insulin, thiazolidinediones) at both drug initiation and first intensification.

Conclusions: An overall increasing trend in prescribing the newer ADD classes com-

pared to older ADDs was observed. However, metformin remained the most com-

monly prescribed first-line ADD, while SGLT2 inhibitors replaced SUs as the most

common add-on therapy to initial metformin use in 2019.
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antidiabetic drugs, drug utilization, prescribing pattern, treatment intensification, type
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1 | INTRODUCTION

Parallel with the continuing increase in the prevalence and burden of

type 2 diabetes mellitus (T2DM) globally,1,2 there have been consider-

able developments in the treatment options for T2DM.3 This has been

accompanied by changes in national4,5 and international guidelines6

for T2DM management, including the Scottish guideline,7 especially

after the approval of newer antidiabetic drug (ADD) classes that have

additional proven cardiovascular and potential renal benefits, namely,

sodium-glucose cotransporter-2 (SGLT2) inhibitors and glucagon-like

peptide-1 receptor agonists (GLP-1RAs).7–9 To ensure that guideline

updates are translated into improving disease management and

patient care, it is critical to evaluate the implementation of these

updated clinical guidelines in clinical practice. The availability of elec-

tronic administrative databases provides a robust, reliable and effi-

cient tool for evaluating changes in treatment selection over time in

response to changes in treatment guidelines, including ADD utilization

patterns.10,11

Although all clinical guidelines for treating T2DM recommend

metformin as first-line therapy for newly diagnosed patients,7–9 there

are a considerable number of patients who might be started on a dif-

ferent ADD class for multiple reasons (e.g., contraindications).12,13 In

addition, some patients might need to be initiated on multiple ADDs,

depending on disease severity.8,14 Furthermore, given the progressive

nature of T2DM and the limited durable effectiveness of ADDs,

patients often fail to maintain their targeted glycaemic control over

time; thus, initiation of additional ADDs is warranted to maintain gly-

caemic targets.7–9 There is no clear recommendation, however,

regarding selection of the initial alternative ADD to metformin, the

initial combination therapy for patients with more severe disease, or

the ADD that should be the first intensifying therapy.7–9 In 2015, the

Scottish Intercollegiate Guidelines Network (SIGN) guideline added

SGLT2 inhibitors as a second-line therapy and beyond to the other

available treatment options, which include sulphonylureas (SUs),

dipeptidyl peptidase-4 (DPP-4) inhibitors and pioglitazone. As a result,

a change in the prescribing patterns of ADDs over time in response to

the change in the clinical guideline would be expected, however, data

on this are limited.

Few studies have examined the prescribing patterns of ADDs

over time in the United Kingdom,14–16 and, to our knowledge, previ-

ous studies have not provided information about the utilization of

ADDs as first-line and subsequent intensifying therapies in Scotland

at a national level. In addition, little is known globally about the use of

the newest ADD class (SGLT2 inhibitors) and combination regimens

as first-line and add-on therapy. Most studies investigating combina-

tion regimens did not specify which stage of treatment was studied

and reported only the overall consumption of combination regimens,

without studying the prescribing trends over time. In addition, most

studies investigated changes in the prescribing patterns at the first

intensification stage either without standardizing the first-line

treatment17–20 or including only patients who received metformin as

a first-line therapy.12,14–16,21,22 Accordingly, this study aimed to pro-

vide a comprehensive evaluation of utilization and change in prescrib-

ing patterns of ADDs for patients with T2DM at both the drug

initiation and first intensification stages as a proxy for the impact of

the introduction of newer ADD classes and the recent updates in

T2DM clinical guidelines.

2 | METHODS

2.1 | Study design and data source

A population-based retrospective cohort study was conducted using

routinely linked data from five different national datasets in Scotland

between January 2010 and December 2020 (Figure 1). The Scottish

Care Information-Diabetes (SCI-Diabetes) was used to obtain the

study cohort. SCI-Diabetes is a national register and database,

launched in April 2002, collating all relevant information on all

patients diagnosed with diabetes within the primary and secondary

care settings across Scotland, covering over 99.5% of people with dia-

betes. This database was linked with the Prescribing Information

MAHMOUD ET AL. 2685

 14631326, 2024, 7, D
ow

nloaded from
 https://dom

-pubs.pericles-prod.literatum
online.com

/doi/10.1111/dom
.15584 by W

elsh A
ssem

bly G
overnm

ent, W
iley O

nline L
ibrary on [04/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



System (PIS), Scottish Morbidity Records, and National Records of

Scotland using the Community Health Index (CHI) unique identifica-

tion number to retrieve information relevant to prescriptions (ADDs

and other concomitant medications), patient demographics, and

comorbidities.

2.2 | Study cohort

The study cohort comprised patients from the SCI-Diabetes database

in Scotland who were diagnosed with T2DM between 1 January 2010

and 31 December 2019 and were prescribed at least one ADD during

the study period (1 January 2010–31 December 2020). Only new

ADD users were included; these were defined as those with no pre-

scriptions of ADDs recorded within the year preceding cohort entry.

Additionally, each patient had to have at least 1 year of follow-up to

facilitate the study of change in T2DM management over time; there-

fore, the last date of patient inclusion was 31 December 2019. The

inclusion/exclusion criteria are described in Appendix S1. The index

ADD and the index date were defined as the first event of ADD pre-

scribing for each patient, even if it was prescribed only once, and the

corresponding prescription date for each included patient,

respectively.

2.3 | Study outcome

The first study outcome was the change in prescribing patterns at

drug initiation for drug-naïve patients with T2DM (new users of

ADDs). The second study outcome was the prescribing patterns at

the stage of first intensification, that is, instances where patients who

initially received first-line metformin or an SU subsequently received

one or more additional ADDs following at least 3 months of initial

treatment. The identified cohort (both new users and patients whose

treatment was intensified) was stratified into monotherapy or

combination-therapy users based on the number of different ADD

classes that were prescribed for the individual patient over a specific

period, the initiation period. The initiation period was defined as the

first 3 months following the earliest identified ADD in the PIS records.

A 3-month interval was selected since clinical guidelines for T2DM

management recommend reassessing glycaemic control after at least

3 months of starting an ADD. Accordingly, no change in drug therapy

is expected to occur within 3 months of drug initiation based on the

effectiveness of initiated treatment.

Each ADD was assigned to the appropriate antidiabetic class, pro-

viding a total of eight main classes. These included biguanides (met-

formin), TZDs, SUs, DPP-4 inhibitors, GLP-1RAs, SGLT2 inhibitors,

insulin, and others (alpha-glucosidase inhibitors and meglitinide). Gen-

erally, monotherapy users were defined as patients who were started

on a single ADD over the initiation period, while combination-therapy

users comprised patients who started on two or more ADDs from dif-

ferent classes (including fixed-dose combination) over the defined

F IGURE 1 Illustration of the study timeline. Scottish Morbidity Records codes: SMR00, outpatient attendance; SMR01, general/acute
inpatient and day case. PIS; prescribing information system.

Included only new users of ADDs over 
the period 2010-2019 and excluded 
prevalent users (n = 144  228)

Further excluded patients with 
diagnostic code for diabetes other than 
T2DM (n = 560)

N = 149 197

N = 293 425 

Further excluded patients with baseline 
HbA1c < 6.5% (n = 2728)

N = 148 637

Excluded patients without history of
antidiabetic treatment prior 

N = 145 909

Patients (≥ 18 years old with initial
T2DM diagnosis over the period of

1 January 2010 to 31 December 2019
and registered to a GP in Scotland:

N = 301 467

31 December 2020 (n = 8042) 

F IGURE 2 Flowchart of cohort identification process at the stage
of drug initiation. HbA1c, glycated haemoglobin; T2DM, type
2 diabetes.
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period. Appendix S2 lists the criteria established to classify the

included patients into monotherapy or combination-therapy groups,

with examples. These criteria were established based on three vari-

ables within the PIS dataset, including type of prescribed ADD, the

corresponding prescription date, and prescribed quantity. The clinical

relevance of all applied criteria was discussed with a specialist phar-

macist and a diabetologist.

2.4 | Data analyses

Data are presented as frequency and percentage of patients started

on a particular antidiabetic regimen or class per calendar year. The

absolute and relative change in the use of ADDs was also calculated.

Additionally, a Cochran–Armitage test for trend analysis was con-

ducted, with a p value of less than 0.05 taken to indicate a significant

change in the prescribing patterns of ADDs over the study period.

2.5 | Ethical considerations

The data used in this project were collated by the Public Health

Scotland electronic Data Research and Innovation Service

(eDRIS). They were made available in pseudonymized form and

accessed in a secure environment to ensure patient privacy and

confidentiality.

3 | RESULTS

3.1 | Prescribing patterns at the drug
initiation stage

In Scotland, a total of 145 909 patients with T2DM (median [inter-

quartile range] age: 61 [52–70] years, 57.94% male) were identified as

new ADD users over the study period and included in the first-line

study (Figure 2). The baseline characteristics of the included cohort

are presented in Appendix S5. Approximately 91% of patients

(N = 132 382/145 909) were started on a single ADD (monotherapy).

However, the proportion of patients starting on combination therapy

significantly increased during the study period by 25.29% (p < 0.001;

Appendix S3). Among monotherapies, metformin was the most fre-

quently prescribed ADD (89.96%, n = 18 737/132 382), followed by

SUs (N = 10 029/132 382, 7.58%). Nevertheless, the share of DPP-4

inhibitors and SGLT2 inhibitors significantly increased over time

(p < 0.001), while the use of older ADD classes as initial therapy (SUs,

TZDs and insulin) significantly decreased (Table 1). Changes in the

prescribing patterns of initial monotherapy by ADD class are summa-

rized in Tables 1 and 2.

Similar to monotherapies, only the prescribing of those combina-

tion regimens that included DPP-4 inhibitors or SGLT2 inhibitors

(metformin + DPP-4 inhibitors; metformin + SGLT2 inhibitors; DPP-4

inhibitors + SUs; and metformin + SGLT2 inhibitors + SUs) T
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significantly increased (p < 0.001), while the use of metformin + SUs

decreased over the course of the study (Appendix S3).

Of the patients started on combination regimens

(N = 13 527/145 909), 90.49% (N = 12 241/13 527) were started on

dual therapy. For dual-therapy users, the majority of patients were

prescribed metformin-based regimens, with more than two thirds

(68.68%, n = 8408/12 241) of patients receiving metformin + SUs,

yet dual-therapy use significantly declined over time (p < 0.001). In

contrast, the use of metformin + DPP-4 inhibitors and metformin +

SGLT2 inhibitors significantly increased despite their low overall use

during the 10-year study period (Appendix S3). Of the remaining

1286 patients (triple-therapy users), more than two thirds (71.70%,

n = 922/1286) were treated with a metformin–SU-based triple regi-

men (Appendix S3). The use of SGLT2 inhibitors in triple combination

with metformin and SUs significantly increased over time compared

to other regimens that included three or more ADDs (p < 0.001).

3.2 | Prescribing patterns at the first treatment
intensification stage

Of the 145 909 new ADD users identified in the first-line therapy

study, a total of 50 731 patients were started on either metformin

(N = 46 730, median [interquartile range] age 59 [51–68] years,

60.05% male) or SUs (N = 4001, median [interquartile range] age

64 [54–73] years, 58.31% male) and intensified with one or more

additional ADDs between January 2010 and December 2020

(Figure 3). The baseline characteristics of the included cohort are pre-

sented in Appendix S5. Most of the initial-metformin

(N = 45 963/46 730, 98.36%) and initial-SU users (N = 3894/4001,

97.33%) were intensified with monotherapy (Appendix S4). The

initial-metformin users who were intensified with monotherapy

mostly received SUs (N = 22 197/45 963, 48.29%), followed by

DPP-4 inhibitors (N = 12 986/45 963, 28.25%) and SGLT2 inhibitors

(N = 7850/45 963, 17.08%). In contrast, metformin accounted for

75.09% (N = 2924/3894) of the first-intensifying monotherapy to ini-

tial SU, followed by DPP-4 inhibitors (N = 428/3894, 10.99%) and

insulin (N = 342/3894, 8.78%). Of the added combination regimens,

metformin + a DPP-4 inhibitor was the most common combination

regimen added to initial SU use (N = 44/107, 41.12%), while DPP-4

inhibitors + SUs comprised the joint highest proportion of combina-

tion regimens among the initial metformin users (N = 249/767,

32.46%). The prescribing trend analyses of the first-intensifying ADDs

among the initial-metformin user cohort were consistent with the

results of the first-line therapy study (Table 4 and Appendix S4). A sig-

nificant rise was observed in SGLT2 inhibitor and DPP-4 inhibitor pre-

scribing as monotherapy (Table 4), but only the SGLT2 inhibitor-based

combinations (SGLT2 inhibitors + DPP-4 inhibitors, SGLT2 inhibitors

+ SUs) showed a substantial increment throughout the study

(Appendix S4). In 2019, SGLT2 inhibitors replaced SUs as the most

frequently prescribed first-intensifying monotherapy (Table 3), and

SGLT2 inhibitors + SUs surpassed DPP-4 inhibitors + SUs as the

most commonly prescribed add-on combination therapy to initial met-

formin use (Appendix S4). However, in the initial SU cohort, only the

TABLE 2 The change in prescribing
patterns of the individual class of
antidiabetic drug prescribed as
monotherapy at the stage of drug
initiation: absolute change, relative
change, and trend test.

Antidiabetic group Absolute change Relative change Trend-testa

Biguanides 3.76% 4.31% Z = 14.92, p < 0.001

DPP-4 inhibitors 0.86% 358.33% Z = 12.94, p < 0.001

GLP-1RAs 0.01% 25.93% Z = 0.53, p = 0.599

Insulin �0.49% �25.26% Z = �2.35, p = 0.019

Other �0.03% �75.00% Z = �2.19, p = 0.029

SGLT2 inhibitors 0.85% 8500.00% Z = 19.87, p < 0.001

SUs �4.68% �46.06% Z = �22.63, p < 0.001

TZDs �0.30% �90.91% Z = �8.52, p < 0.001

aUsing Cochran–Armitage test for trend (each group was compared to all other groups). ‘Other’ includes
alpha-glucosidase inhibitors and meglitinide.

Abbreviations: DPP-4, dipeptidyl peptidase-4; GLP-1RA, glucagon-like peptide receptor agonist; TZD,

thiazolidinedione; SGLT2, sodium-glucose cotransporter-2; SU, sulphonylurea.

N = 52 206

N = 132 382
Excluded patients used only the same 
class of ADDs over the study period

Patients (≥ 18 years old) identified 
as new-users of ADDs over the period of

Drug initiation cohort: N = 149 909

Excluded patients started on combination 
therapy (n = 13 527)

N = 66 443
Excluded patients without addition of 
ADDs after at least 3 months of initial 
therapy (n = 219)

N = 66 224
Excluded patients switched to a different 
class of ADDs (n = 14 018)

Initial-metformin Initial-sulphonylurea
users: N = 4001

Excluded patients started on other 
monotherapy antidiabetic classes

1 January 2010 to 31 December 2019

users: N = 46 730

F IGURE 3 Flowchart of cohort identification at the stage of first
drug intensification. ADD, antidiabetic drug.
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prescribing patterns of SGLT2 inhibitors as add-on therapy showed a

statistically significant rise over the study period, while the addition of

metformin, insulin and TZDs significantly decreased (Table 6). The

results of the prescribing pattern analysis of initial-metformin users

and initial-SU users are presented in Tables 3–6 and Appendix S4.

4 | DISCUSSION

The aim of this study was to summarize comprehensively the pre-

scribing patterns of ADDs at the drug initiation stage and first treat-

ment intensification stage in Scotland between January 2010 and

December 2019. The findings potentially reflect the impact of the cur-

rently available new ADD classes on the prescription of older ADDs.

The observed significant rise in the use of combination therapy at

drug initiation and first treatment intensification could be related to

the current availability of newer ADDs, which have different extra-

glycaemic benefits (e.g., weight loss, renal/cardioprotective effects).

This provides prescribers with more options not only to achieve

glycaemic control but also to decrease the progression of diabetes-

related complications. For instance, clinical guidelines have recom-

mended using ADDs with proven cardiovascular benefits (e.g., SGLT2

inhibitors) in addition to metformin for patients with established car-

diovascular disease or with risk factors for cardiovascular disease.7–9

Furthermore, most patients presenting with a very high glycated hae-

moglobin level (≥9%, 75 mmo) need to be started on insulin.8,9 How-

ever, because of the barriers associated with using insulin, patients

and prescribers may prefer to use combination oral drugs over insu-

lin.23,24 Consistent with this study finding, Wang et al.25 reported that

92% of participants in their study were started on single ADDs. The

result was also in keeping with the studies by Lee et al.26 (2021) and

Chu et al.,17 who showed a significant increase in combination-

therapy prescribing for T2DM management in Korea (between 2000

and 2019) and Taiwan (between 2005 and 2012), respectively; how-

ever, it was not stated in these studies at which treatment stage the

prescribing pattern was observed.

Metformin is the recommended drug for newly diagnosed T2DM

patients because of its pleiotropic effects, including glycaemic control,

weight-neutral to weight-loss effects, cardiovascular risk improve-

ment, low cost, and low hypoglycaemic risk.8,9 Consistently, this study

showed that metformin was by far the most commonly used first-line

ADD for newly treated patients in each studied year.

The dominant prescription of metformin as an initial therapy and

add-on therapy to initial SU treatment could imply the concordance

of clinical practice with guideline recommendations. This was also

reflected in the greater proportion of patients receiving metformin as

an initial therapy in this study relative to earlier studies conducted in

various countries and regions, including the United Kingdom, the

United States, Europe and Taiwan.12,17,18,27,28 For instance, in 2016,

77% of patients received metformin as initial therapy in a study con-

ducted in the United States12 compared to 90.7% in this study.

Of non-metformin monotherapy users in this study, SUs repre-

sented the highest proportional share of prescribed ADDs at drugT
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initiation. Despite the low use of the remaining classes as initial ther-

apy, a significant rise in the prescribing of DPP-4 and SGLT2 inhibitors

was observed, accompanied by a significant decline in the use of SUs,

TZDs and insulin. Similar observations in the prescribing trends of

ADDs were observed at the stage of first treatment intensification

after initial metformin use. The previous findings might reflect that

the newer ADDs, particularly SGLT2 inhibitors, have indeed affected

the use of the older ADD classes as the decline in prescribing of the

older ADDs mainly commenced in 2013, the year in which the use of

SGLT2 inhibitors began in Scotland.

The decline in SU prescribing might be related to the associated

risk of hypoglycaemia and weight gain, with no potential benefits with

regard to the incidence/progression of cardiovascular/renal

complications.29–31 Likewise, the improved awareness of TZD-related

side effects (e.g., weight gain, fracture, and cardiovascular risk), might

discourage prescribers from prescribing TZDs despite their

effectiveness.32–34 All the aforementioned drug characteristics were

published before the start of this study (2010), suggesting a possible

link between these characteristics and the observed change in pre-

scribing patterns of ADDs.

In addition, only the use of SGLT2 inhibitors as a first-intensifying

therapy after initial SU use showed a significant increment over the

study period. This is likely attributable to the previous findings that

the addition of an SGLT2 inhibitor to SU treatment enhances glycae-

mic control, reduces body weight, and improves blood pressure and

cardiovascular risk, with no significant increase in the risk of

hypoglycaemia.35–37

The study findings relevant to the change in the prescribing pat-

terns of initial ADDs for newly treated patients were in line with pre-

vious studies conducted in the United Kingdom,14,22,38–40

Europe,18,27,28 the United States12,41,42 and Taiwan.17 These studies

also reported a statistically significant reduction in the prescribing of

older ADD classes (SUs, insulin and TZDs) as initial therapy, with a sig-

nificant increase in the prescription of newer classes. Of the newer

ADD classes, DPP-4 inhibitors were the most commonly investigated,

while the prescribing trends for SGLT2 inhibitors were only examined

in one study at drug initiation since most studies were conducted

before or soon after the introduction of SGLT2 inhibitors.12

Furthermore, the changes identified in the prescribing patterns of

the first-intensifying therapy after initial metformin use in this study

were consistent with the findings of multiple United Kingdom-based

studies14,15,22,43 and international studies conducted in the United

States,12 Korea21 and Canada.44 These studies showed that the pre-

scribing of SUs and TZDs as first-intensifying or second-line therapy

decreased over time, while the use of DPP-4 and SGLT2 inhibitors

markedly increased. For instance, Dennis et al.22 and Wilkinson

et al.14 documented that SU prescribing fell from 53% in 2010 to 29%

in 2017, and from 63.04% to 30.01% over a similar time interval,

respectively, compared to a reduction in SU prescribing in this study

from 65.4% in 2010 to 41.8% in 2017 (29.8% in 2020), suggesting a

slower reduction in SU use as first-intensifying therapy in Scotland

than in other United Kingdom-based studies. Additionally, the results

relevant to the overall consumption of ADDs are quite variable. For

example, the proportional share of SGLT2 and DPP-4 inhibitor pre-

scriptions in this study was higher (2016: 13.4% and 31.4%, 2020:

39.6% and 25.8%) than that reported in the United States (2016: 7%

and 20%) and Canada (2016: 23.2% and 14.8%, 2020: 20.2% and

8%).12,44

Notably, this study revealed that SGLT2 inhibitors have surpassed

SUs as the most prescribed first-intensifying therapy since 2019.

However, previous studies conducted in the United Kingdom reported

that DPP-4 inhibitors replaced SUs as the most common second-line

therapy.14–16,21,22,45 This difference could be related to the difference

in the study time periods, with previous studies being conducted up

to 201615 or 201714,16 compared to up to December 2020 in this

study; this study was therefore more likely to capture prescriptions of

SGLT2 inhibitors, which were introduced in the United Kingdom,

including Scotland, in 2013.

The prescribing patterns of first-intensifying ADDs after initial SU

use were less frequently examined in the literature since the majority

of patients are usually started on metformin. Nevertheless, Grimes

et al.39 reported a similar result, with metformin and DPP-4 inhibitors

identified as the most common ADDs added to initial SU use. Some

studies reported metformin and insulin as the most common

first-intensifying treatment after initial SU use.22,46,47 Furthermore,

according to Moreno Juste et al., 47none of the patients who were

TABLE 4 The change in prescribing
pattern of the individual class of
antidiabetic drug prescribed as
monotherapy at stage of first
intensification for patients starting on
metformin.

Antidiabetic group Absolute change Relative change Trend-testa

DPP-4 inhibitors 11.82% 84.79% Z = 12.48, p < 0.001

GLP-1RAs �1.51% �47.04% Z = �0.28, p = 0.783

Insulin �0.59% �21.69% Z = �2.00, p = 0.045

SGLT2 inhibitors 38.77% 4671.08% Z = 77.70, p < 0.001

SUs �35.54% �54.36% Z = �61.25, p < 0.001

TZDs �13.46% �93.34% Z = �21.53, p < 0.001

Other �0.32% �100.00% Z = �4.94, p < 0.001

aUsing Cochran–Armitage test for trend (each group was compared to all other groups). ‘Other’ includes
alpha-glucosidase inhibitors and meglitinide.

Abbreviations: DPP-4, dipeptidyl peptidase-4; GLP-1RA, glucagon-like peptide receptor agonist; SU,

sulphonylurea; SGLT2, sodium-glucose cotransporter-2; TZD, thiazolidinedione.
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initially treated with SUs received SGLT2 inhibitors as a first-

intensifying therapy.

All above mentioned differences between this study and the pre-

vious studies are likely attributable to the variability in the time inter-

vals of data collection, the clinical guidelines of each country, the

available treatment options, the time of introduction of ADDs onto

the market, the sample size of the study, and the data sources used.

The economic and clinical consequences of starting patients on

multiple ADDs rather than following a stepwise approach are still

uncertain.48,49 It has been suggested that combination of therapies

with complementary mechanisms of action would be beneficial in

delaying disease progression.49 Nevertheless, as documented in this

study, combination therapy was prescribed to a much lesser extent

compared to monotherapy for patients newly diagnosed with T2DM.

The majority of patients received a metformin-based combination as

an initial and first-intensifying therapy (after initial SU use). As stated

previously, metformin is the only drug recommended by all clinical

guidelines as a first-line therapy for newly diagnosed patients with

T2DM; therefore, it is not surprising that metformin was a core treat-

ment in the majority of combination regimens.

One of the main strengths of this study is that the analysed data

were obtained from five different datasets containing a wide range of

high-quality routinely collected health and health-related data for all

patients who were registered with a general practitioner across Scot-

land. The study population was identified from the SCI-Diabetes data-

base, which covers over 99.5% of patients with T2DM in Scotland,

largely representative of the diabetic population in Scotland. In addi-

tion, the data used in this project covered a long period (from January

2010 to December 2020), with several years covering the period after

the use of the newest antidiabetic class (SGLT2 inhibitors) began in

Scotland (2013); thus, a greater proportion of patients using these

newer antidiabetic classes could be included in the study, enabling a

more reliable measurement of the potential impact of newer ADDs on

the utilization of the older ADDs. Having high-quality data with

national coverage of the population of Scotland increases both the

reliability of the study findings and the generalizability of the results.

Furthermore, cohort identification and classification were conducted

based on specific criteria, which were discussed with clinicians to

ensure their relevance to clinical practice. The selection of a

12-month period prior to drug initiation to define new ADD users

minimizes the risk of misclassification of a prevalent user as an inci-

dent user. In addition, the regular continuous collection of prescribing

data on a monthly basis in Scotland decreases the potential of treat-

ment stage misclassification.

Nevertheless, this study has some limitations that should be con-

sidered. First, treatment intensification was defined based on the

presence of further prescriptions of initial therapy (metformin or SUs)

with or after the addition of new drug(s); thus, there is a possibility of

misclassifying an intensifying therapy as a switching therapy. How-

ever, the definition was used in previous literature and was discussed

with a diabetologist and a diabetes specialist pharmacist, therefore, it

is unlikely that this impacted the study findings significantly. Second,

despite the fact that dosage escalation of the same drug could beT
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considered a treatment intensification, this study only examined

intensification defined as the addition of a second ADD class (the

National Institute of Health and Care Excellence guideline definition

of intensification) because our study aim was to assess prescribing

patterns in terms of the addition of another drug class. Additionally,

using dose escalation as a measure for intensification is complex and

not always accurate because of the possible misclassification of

patients who increase their dose for treatment intensification and

those who start with a low dose and optimize this gradually to mini-

mize side effects. Third, patients who switched their initial drug were

excluded because they were beyond the scope of this study, which

focused on intensification only, which is very different from switching.

Fourth, the time from diagnosis until treatment initiation or from

treatment initiation until intensification was not measured because

data related to the time of disease diagnosis (obtained from the SCI-

Diabetes database) were incomplete and it has been reported that the

date of diabetes diagnosis could be unreliable. Lastly, although the

impact of the update in the clinical guideline and the introduction of

newer ADD classes were discussed in this paper, they were not mea-

sured quantitively by performing a time-series analysis. However,

given the many overlapping changes in clinical guidelines and the

introduction of newer agents, along with the continually evolving evi-

dence around the effectiveness of these newer agents on cardiovas-

cular and renal outcomes, it would be very challenging to undertake a

time-series analysis, which requires a clear intervention time point

with enough follow-up time before and after each event.

In conclusion, prescribing patterns of ADDs for T2DM are rapidly

changing towards the use of newer agents. The majority of T2DM

patients received a single ADD as an initial and first-intensifying ther-

apy. Metformin was by far the most commonly prescribed ADD over

the study period as both a first-line and add-on therapy after initial

SU use. Although SUs were the second most frequently prescribed

ADD, their use has significantly decreased over time. In contrast, the

use of newer ADDs (SGLT2 inhibitors and DPP-4 inhibitors) has sig-

nificantly increased. Interestingly, SGLT2 inhibitors have replaced SUs

as the most common first-intensifying therapy after initial metformin

use since 2019. These results might reflect that the newer classes of

ADD do indeed influence the utilization of the older ADDs.

The findings of this study have significant implications for clinical

practice and the management of T2DM progression. Firstly, the

persistent predominance of metformin as the initial ADD of choice

reinforces current clinical guidelines that favour metformin due to its

proven efficacy, safety profile, and positive impact on cardiovascular

outcomes. The shift towards prescribing newer classes of ADDs, such

as SGLT2 inhibitors and DPP-4 inhibitors, as first-intensification

options over SUs and insulin reflects a paradigm shift in the manage-

ment of T2DM. This trend suggests an increasing recognition of the

benefits of these newer agents, which include lower risk of hypogly-

caemia, weight neutrality or weight loss, and, for SGLT2 inhibitors,

cardiovascular and renal benefits.

The increase in the use of combination therapy over time high-

lights an evolving approach to T2DM management, aiming to address

the multifactorial nature of the disease more effectively and poten-

tially slow disease progression by utilizing the complementary mecha-

nisms of action of different ADDs. This is particularly relevant as the

disease progresses and monotherapy becomes insufficient to maintain

glycaemic control. Importantly, the transition towards newer antidia-

betic classes and the strategic use of combination therapy could lead

to better disease progression control, reduced risk of diabetes-related

complications, and improved patient outcomes. However, it also

necessitates ongoing education and adaptation by healthcare profes-

sionals to keep abreast of emerging evidence and integrate new treat-

ment paradigms into clinical practice effectively.

Furthermore, the study's insights into prescribing patterns over a

decade in Scotland provide a valuable benchmark for evaluating the

impact of national guidelines and healthcare policies on diabetes man-

agement. It underscores the importance of data-driven approaches to

optimize T2DM treatment pathways, which could inform future

guideline revisions and clinical decision-making processes. Overall, the

observed trends in ADD prescribing patterns reflect a proactive and

individualized patient management approach, which is crucial for

enhancing quality of life and reducing the burden of T2DM on

patients and healthcare systems.
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