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Abstract

Aim: To identify distinct HbA1c trajectories in people with type 2 diabetes (T2D)

starting second-line glucose-lowering therapy.

Materials and Methods: DISCOVER was a 3-year observational study of individuals

with T2D beginning second-line glucose-lowering therapy. Data were collected at ini-

tiation of second-line treatment (baseline) and at 6, 12, 24 and 36 months. Latent

class growth modelling was used to identify groups with distinct HbA1c trajectories.

Results: After exclusions, 9295 participants were assessed. Four distinct HbA1c tra-

jectories were identified. Mean HbA1c levels decreased between baseline and

6 months in all groups; 72.4% of participants showed stable good levels of glycae-

mic control over the remainder of follow-up, 18.0% showed stable moderate levels

of glycaemic control and 2.9% showed stable poor levels of glycaemic control. Only

6.7% of participants showed highly improved glycaemic control at month 6 and sta-

ble control over the rest of follow-up. For all groups, dual oral therapy use

decreased over time, compensated for by the increasing use of other treatment reg-

imens. Use of injectable agents increased over time in groups with moderate and

poor glycaemic control. Logistic regression models suggested that participants from

high-income countries were more probable to be in the stable good trajectory

group.

Conclusions: Most people receiving second-line glucose-lowering treatment in this

global cohort achieved stable good or highly improved long-term glycaemic control.

One-fifth of participants showed moderate or poor glycaemic control during follow-

up. Further large-scale studies are required to characterize possible factors associ-

ated with patterns of glycaemic control to inform personalized diabetes treatment.
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1 | INTRODUCTION

A variety of classes of glucose-lowering therapies are available for the

treatment of type 2 diabetes (T2D), allowing physicians to follow indi-

vidualized approaches to disease management in their patients.1-4

Evidence-based, individualized treatment regimens require information

about how people will probably respond to treatment, and can thus be

supported by the identification of groups of patients who may experi-

ence favourable patterns of glycaemic changes over time with certain

therapies.5,6 Using latent class growth modelling, previous studies identi-

fied a large group of individuals with T2D who have stable levels of

good glycaemic control after treatment. However, there are substantial

differences in the HbA1c trajectories of groups exhibiting poor glycae-

mic control between studies.7-10 For example, a longitudinal study of

1091 patients with T2D found that 52.8% had either moderate or poor

glycaemic control after 2 years of follow-up,7 whereas a separate longi-

tudinal study of 20 816 patients newly diagnosed with T2D found that

just 17.5% had either moderate or poor glycaemic control after 10 years

of follow-up.8 Such heterogeneity may potentially be attributable to dif-

ferences in study populations and treatment regimens. Currently, no

study has exclusively investigated HbA1c trajectories in people with

T2D after initiation of second-line glucose-lowering therapy.

DISCOVER was a global observational study of more than 15 000

people with T2D starting second-line glucose-lowering therapy.11 Par-

ticipants were recruited from 2014 to 2016 from 38 countries across

six regions (Africa, the Americas, South-East Asia, the Eastern Mediter-

ranean, Europe and the Western Pacific) and were followed up for

3 years.11 Using data from DISCOVER, we aim to identify HbA1c tra-

jectory groups in individuals at an early stage of T2D progression. This

is the first study on HbA1c trajectories in people with T2D starting

second-line therapy, and the first study on HbA1c trajectories on a

global level, including low- and middle-income countries rarely or never

having been previously studied.11,12 We also assess demographic, clini-

cal and treatment characteristics associated with different trajectories.

2 | METHODS

2.1 | Research design

DISCOVER was a 3-year prospective observational study programme

of 15 983 people with T2D beginning second-line glucose-lowering

therapy in 38 countries (DISCOVER [ClinicalTrials.gov identifier:

NCT02322762] in 37 countries and J-DISCOVER [NCT02226822] in

Japan).11,12 Study methods have been described in detail previ-

ously.11,12 Countries were grouped into regions according to World

Health Organization categories13 (Data S1, Table S1), and were catego-

rized by gross national income using 2016 data from the World Bank.14

Participants were enrolled in DISCOVER from December 2014 to

June 2016, and in J-DISCOVER from September 2014 to December

2015. To ensure that data were as reflective of routine clinical prac-

tice as possible, inclusion and exclusion criteria were kept to a mini-

mum. Individuals with T2D were eligible for inclusion if they were

starting second-line glucose-lowering therapy, provided that their

first-line therapy was not an injectable agent or an herbal remedy/

natural medicine alone. Second-line therapy was defined as the addi-

tion of one or more drugs, or a switch of drug to another class of

hyperglycaemic drug, if first-line therapy was an oral form of mono-

therapy. Second-line therapy was defined as the discontinuation of a

drug, a switch of at least one drug to another class of drug, or a third

drug added, if first-line therapy was dual therapy. Similarly, so for

first-line therapy being triple or quadruple drug therapy. Full inclusion

and exclusion criteria are shown in Data S1, Table S2. Eligible individ-

uals were invited to participate in the study by their physician and

provided written informed consent. A list of participating investigators

can be found in Data S2.

The study protocol was approved by the clinical research ethics

committee in each participating country, along with the appropriate

institutional review board at individual study sites. The protocol com-

plied with the Declaration of Helsinki, the International Conference

on Harmonization Good Clinical Practice Guideline and local regula-

tions for clinical research.

2.2 | Data collection

Data were collected at baseline (the date of second-line therapy initia-

tion) and during follow-up at 6, 12, 24 and 36 months using a standard-

ized electronic case report form, and were transferred to a central

database via a web-based data capture system. Data collected at base-

line and during follow-up included participant demographics (such as sex,

age, body mass index [BMI] and duration of diabetes), clinical variables

(such as HbA1c levels) and first- and second-line glucose-lowering thera-

pies. In line with the observational nature of the study, variables were

measured by participating physicians in accordance with routine clinical

practice and data collection for these variables was not mandatory.
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2.3 | Statistical analysis

Participants in the DISCOVER study were included in the present

HbA1c trajectory analysis if they had at least two HbA1c measure-

ments during follow-up in addition to a baseline measurement. Data

from China were excluded because of changes in regulatory require-

ments during the study (n = 1292). Data are presented as numbers

(percentages), means (standard deviations [SDs]) and medians (inter-

quartile ranges [IQRs]), as appropriate.

Latent class growth modelling was used to model HbA1c patterns

and identify groups of participants with similar HbA1c trajectories

over time (baseline to 36 months).6 The maximum likelihood method

was used to estimate model parameters, with polynomial functions

fitted using quadratic and cubic orders. The Bayes Information Crite-

rion (BIC) was used to help assess the optimal number of trajectory

groups, with higher BIC values indicating a better model fit than lower

values.15,16 In addition, each HbA1c trajectory group had to contain at

least 2.0% of our analytical cohort to avoid identification of groups

containing only a small number of participants.15,16 Very small groups

increase statistical uncertainty and numerically destabilize models.

The clinical interpretation of each trajectory model was also

considered.

Logistic regression models were used to investigate the odds of

participants being assigned to different HbA1c trajectory groups, with

baseline covariates (sex, age, BMI, country income and second-line

therapy [oral monotherapy, dual oral therapy, three or more oral ther-

apies or an injectable agent]) as fixed effects. Our analyses were stan-

dard logistic models and hypothesis generating. Multiple imputation

was used to impute any unreported data for the independent vari-

ables included in the logistic regression model. Iterative sequential

regression was employed to sample missing values from the predictive

distribution of each variable, conditional on all other variables

included in the model. Variables included in the imputation model

were the dependent variable (HbA1c trajectory groups) and indepen-

dent variables (patient demographics [such as sex, age, BMI and coun-

try income] and first- and second-line glucose-lowering treatments).

Ten randomly imputed datasets were generated in this way. Analyses

were repeated on each imputed dataset and model estimates were

pooled across imputations using Rubin's rule. Statistical analyses were

performed using the SAS 9.4 statistical software system (SAS Institute

Inc., Cary, NC).

3 | RESULTS

3.1 | HbA1c trajectory groups and baseline patient
characteristics

Of the 14 691 eligible DISCOVER participants, 9295 (63%) had three

or more HbA1c measurements, including a baseline measurement,

and were included in the analysis (Figure 1).

Latent class growth modelling identified rising BIC values with

increasing numbers of patient groups. Based on the criteria of

plausible clinical interpretation and a minimum group size of 2.0% of

participants, a four-group model (BIC: –60 535) was chosen.

HbA1c trajectories of the resulting four groups are shown in

Figure 2. A total of 72.4% of the study population were defined as

having ‘stable good’ levels of glycaemic control, characterized by

baseline mean HbA1c levels of 7.6% (59.6 mmol/mol) followed by a

decrease in HbA1c level to 6.8% (50.8 mmol/mol) at 6 months and

HbA1c levels remaining stable at less than 7.0% (< 53.0 mmol/mol)

over the rest of the follow-up period. A total of 18.0% of participants

were defined as having ‘stable moderate’ levels of glycaemic control.

In these patients, after an initial fall in HbA1c levels from 8.9%

(73.8 mmol/mol) at baseline to 8.3% (67.2 mmol/mol) at 6 months,

concentrations remained well above international recommendations

for target HbA1c levels of less than 7.0% (< 53.0 mmol/mol).17 A third

trajectory group, comprising 6.7% of the population, was defined as

having ‘highly improved’ levels of glycaemic control. These partici-

pants had a high baseline HbA1c level of 11.7% (104.4 mmol/mol),

which decreased to 7.8% (61.7 mmol/mol) by 6 months and further

decreased to 7.3% (56.3 mmol/mol) by 12 months, remaining stable

thereafter. The fourth trajectory group, comprising 2.9% of the study

population, was defined as having ‘stable poor’ levels of glycaemic

control. These participants had a high baseline HbA1c level of 11.6%

(103.3 mmol/mol), which decreased to 10.9% (95.6 mmol/mol) after

6 months, followed by a small gradual decrease to 10.4% (90.2 mmol/

mol) by 36 months.

Baseline characteristics of the analytical cohort overall and by

HbA1c trajectory group are shown in Table 1. At baseline, the mean

age of participants ranged from 52.3 (SD: 11.2) years in the stable

poor group to 59.3 (SD: 12.0) years in the stable good group. The pro-

portion of female participants ranged from 41.3% in the highly

improved group to 51.9% in the stable poor group. The mean baseline

BMI was similar across the four trajectory groups, while the median

duration of T2D ranged from 3.2 (IQR: 1.1-7.3) years in the highly

improved group to 4.8 (IQR: 2.3-8.8) years in the stable moderate

DISCOVER
study programme

(38 countries;
N = 15 983)

Data from China excluded because 
of changes in regulatory requirements

(n = 1292)

Inclusion criterion not met:
< 3 HbA1c measurements,

including baseline
(n = 5396)

DISCOVER
study programme

(37 countries;
n = 14 691)

Final analysis set
(n = 9295)

F IGURE 1 Number of participants eligible for analysis
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group. The rate of microvascular co-morbidities at baseline was 21.4%

in the stable good group, 22.3% in the stable moderate group, 25.4%

in the highly improved group and 25.6% in the stable poor group.

Among the different forms of second-line glucose-lowering

therapies at baseline, use of injectable agents was observed most fre-

quently in the stable poor group, whereas oral monotherapy and dual

oral therapies were most frequently used in the stable good group.

The proportion of participants in each HbA1c trajectory group varied

substantially across regions.

3.2 | Logistic regression of factors associated with
glycaemic control

Logistic regression models assessing factors associated with differ-

ent HbA1c trajectories showed that older participants (aged 65-74

and ≥ 75 years) and those treated in a high-income country

were more probable to be in the stable good group than in the

other trajectory groups (Figure 3). Participants who received three

or more oral therapies or an injectable agent were more probable

to be in the stable moderate, highly improved or stable poor

groups than in the stable good group (relative to those receiving

oral monotherapy).

3.3 | Treatment regimens during follow-up

The proportion of participants in each HbA1c trajectory group who

received oral monotherapy, dual oral therapy, three or more oral

therapies or an injectable agent (glucagon-like peptide-1 receptor ago-

nist or insulin, with or without one or more oral therapies) at each

time point is detailed in Figure 4.

In the stable good group (baseline HbA1c level of 7.6%

[59.6 mmol/mol]), dual oral therapy was the most common second-

line regimen initiated at baseline (69.7% of participants in this group).

The slight decrease in use of dual oral therapy during follow-up was

matched by an increase in the use of three or more oral therapies,

although dual oral therapy accounted for 56.1% of treatment at

36 months. Proportions of oral monotherapy and injectable therapy

users were low and remained stable throughout follow-up (Figure 4A).

At baseline and 36 months, respectively, in the stable good group, the

most commonly used drugs were metformin (75.7% and 76.1%),

dipeptidyl peptidase-4 inhibitors (57.3% and 58.5%) and sulphonylur-

eas (34.1% and 35.6%) (Data S1, Figure S1).

In the stable moderate group (baseline HbA1c level of 8.9%

[73.8 mmol/mol]), dual oral therapy was the most common

second-line regimen at baseline (53.9%), but its use decreased rap-

idly over time, reaching 28.9% at 36 months of follow-up. The use

of three or more oral therapies and injectable agents increased,

with three or more oral therapies becoming the most common reg-

imen by the end of follow-up (36.6%) (Figure 4B). Metformin was

the most commonly used drug from baseline to 36 months, with

the proportions of users being 81.2% and 80.4%, respectively

(Data S1, Figure S1).

In the highly improved group (baseline HbA1c level of 11.7%

[104.4 mmol/mol]), there was a steady decrease in the use of dual oral

therapy from baseline (55.5%) to 36 months of follow-up (37.9%). This

was met by an increase in the use of three or more oral therapies from

6.0

7.0

8.0

9.0

10.0

11.0

12.0

0 6 12 18 24 30 36

H
bA

1c
 le

ve
l (

%
)

Follow-up visit (mo)

Average HbA1c trajectory
Number of  patients, n (%)

Stable good

6727 (72.4)

Stable moderate

1676 (18.0)

Highly improved

622 (6.7)

Stable poor

270 (2.9)

F IGURE 2 Mean HbA1c trajectories of participants assigned to each trajectory group. aStable good group (72.4% of the cohort): a decrease
in HbA1c level over the first 6 months followed by stable average HbA1c levels < 7.0% (< 53.0 mmol/mol) for the remainder of follow-up. Stable
moderate group (18.0% of the cohort): a decrease in HbA1c level over the first 6 months followed by stable levels for the remainder of follow-up;
however, the mean HbA1c level at 36 months remained on average > 7.0% (> 53.0 mmol/mol). Highly improved group (6.7% of the cohort): a
steep decrease in HbA1c level between baseline and 6 months before remaining stable for the remainder of follow-up. Stable poor group (2.9%
of the cohort): a high baseline HbA1c with a small decrease in HbA1c level over time; however, the mean HbA1c level at 36 months
remained high
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TABLE 1 Baseline characteristics of participants in the entire cohort and by HbA1c trajectory group

Overall
Trajectory groupa

Stable good Stable moderate Highly improved Stable poor

Participants, n (%)b 9295 (100.0) 6727 (72.4) 1676 (18.0) 622 (6.7) 270 (2.9)

Female, n (%)b 4003 (43.1) 2879 (42.8) 727 (43.4) 257 (41.3) 140 (51.9)

Age, y, mean (SD)b 58.1 (12.0) 59.3 (12.0) 55.8 (11.9) 54.1 (10.7) 52.3 (11.2)

BMI, kg/m2, mean (SD)b 29.3 (5.8) 29.2 (5.8) 29.9 (5.6) 29.1 (5.8) 30.5 (7.0)

HbA1c level, %, mean (SD)b 8.2 (1.6) 7.6 (0.9) 8.9 (1.0) 11.7 (1.3) 11.6 (1.8)

Duration of type 2 diabetes, y, median (IQR)b 4.2 (2.1-8.0) 4.2 (2.0-7.9) 4.8 (2.3-8.8) 3.2 (1.1-7.3) 4.1 (2.2-7.9)

First-line therapy, n (%)b

Metformin monotherapy 5417 (58.3) 4034 (60.0) 892 (53.2) 345 (55.5) 146 (54.1)

Other monotherapies 2002 (21.5) 1626 (24.2) 252 (15.0) 92 (14.8) 32 (11.9)

Metformin + SU 1129 (12.1) 600 (8.9) 332 (19.8) 132 (21.2) 65 (24.1%)

Metformin + DPP-4i 311 (3.3) 206 (3.1) 69 (4.1) 28 (4.5) 8 (3.0)

Other combinationsc 436 (4.7) 261 (3.9) 131 (7.8) 25 (4.0) 19 (7.0)

Second-line therapy, n (%)b

Oral monotherapy 1048 (11.3) 859 (12.8) 142 (8.5) 29 (4.7) 18 (6.7)

Dual oral therapy 6065 (65.3) 4691 (69.7) 903 (53.9) 345 (55.5) 126 (46.7)

Three or more oral therapies 1445 (15.5) 820 (12.2) 427 (25.5) 131 (21.1) 67 (24.8)

Injectable agentd 737 (7.9) 357 (5.3) 204 (12.2) 117 (18.8) 59 (21.9)

Region, n (%)b

Africa 344 (3.7) 215 (3.2) 81 (4.8) 30 (4.8) 18 (6.7)

Americas 852 (9.2) 580 (8.6) 168 (10.0) 76 (12.2) 28 (10.4)

South-East Asia 1534 (16.5) 997 (14.8) 356 (21.2) 116 (18.6) 65 (24.1)

Europe 2472 (26.6) 1860 (27.6) 427 (25.5) 141 (22.7) 44 (16.3)

Eastern Mediterranean 1735 (18.7) 1128 (16.8) 385 (23.0) 156 (25.1) 66 (24.4)

Western Pacific 2358 (25.4) 1947 (28.9) 259 (15.5) 103 (16.6) 49 (18.1)

Country income, n (%)b,e

Lower middle 2430 (26.1) 1630 (24.2) 515 (30.7) 202 (32.5) 83 (30.7)

Upper middle 2099 (22.6) 1375 (20.4) 446 (26.6) 188 (30.2) 90 (33.3)

High 4766 (51.3) 3722 (55.3) 715 (42.7) 232 (37.3) 97 (35.9)

Medical history, n (%)f

Macrovascular complicationsg 1158 (12.5) 898 (13.4) 180 (10.7) 56 (9.0) 24 (8.9)

Missing 31 28 0 3 0

Microvascular complicationsh 2038 (21.9) 1438 (21.4) 373 (22.3) 158 (25.4) 69 (25.6)

Missing 10 9 0 1 0

Major hypoglycaemic eventi 72 (0.8) 48 (0.8) 18 (1.1) 4 (0.7) 2 (0.8)

Missing 548 398 90 46 14

Minor hypoglycaemic eventj 271 (3.1) 196 (3.1) 55 (3.5) 13 (2.2) 7 (2.7)

Missing 516 373 88 41 14

Chronic kidney disease 567 (6.1) 431 (6.4) 88 (5.3) 36 (5.8) 12 (4.4)

Missing 10 9 0 1 0

Note: Data are reported as n (%) unless otherwise stated.

Abbreviations: BMI, body mass index; DPP-4i, dipeptidyl peptidase-4 inhibitors; IQR, interquartile range; SD, standard deviation; SU, sulphonylureas.
aStable good group (72.4% of the cohort): a decrease in HbA1c level over the first 6 months followed by stable average HbA1c levels < 7.0% (< 53.0 mmol/mol) for the remainder of follow-up.

Stable moderate group (18.0% of the cohort): a decrease in HbA1c level over the first 6 months followed by stable levels for the remainder of follow-up; however, the mean HbA1c level at

36 months remained on average > 7.0% (> 53.0 mmol/mol). Highly improved group (6.7% of the cohort): a steep decrease in HbA1c level between baseline and 6 months before remaining stable

for the remainder of follow-up. Stable poor group (2.9% of the cohort): a high baseline HbA1c with a small decrease in HbA1c level over time; however, the mean HbA1c level at 36 months

remained high.
b100% of data available.
cTwo or more agents.
dGlucagon-like peptide-1 receptor agonist or insulin.
eCategorized using the 2016 World Bank classification.
fPercentages were calculated for all participants with data available; participants with missing data were excluded.
gMacrovascular complications include coronary artery disease, cerebrovascular disease, peripheral artery disease, heart failure and implantable cardioverter defibrillator use.
hMicrovascular complications include nephropathy, retinopathy and neuropathy.
iMajor hypoglycaemic events are those that required an emergency room visit, a hospital admission, a visit to a physician or other healthcare professional, or third-party assistance in the year

before baseline.
jMinor hypoglycaemic events did not require third-party assistance and occurred in the 4 weeks before baseline.14
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21.1% to 29.8% (Figure 4C). Again, the most commonly used glucose-

lowering drug was metformin (84.6% at baseline and 83.2% at

36 months) (Data S1, Figure S1). In the stable poor group (baseline

HbA1c level of 11.6% [103.3 mmol/mol]), where mean HbA1c levels

remained high, there was a large decrease in the use of dual oral ther-

apy from 46.7% at baseline to 12.8% at 36 months. This was largely
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stable moderate
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Second-line therapy (vs. oral monotherapy)
 Dual oral therapy
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0.72 (0.62-0.83)
0.69 (0.54-0.87)
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0.76 (0.66-0.87)
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OR (95% CI)Stable good versus stable moderate

0.0625 0.125 0.25 0.5 1 2 4 8 16

More probable to be 
stable good

More probable to be 
highly improved

Male (vs. female)
Age (vs. < 65 y)
 65-74 y
 ≥ 75 y
BMI (per 5-unit increase)
Country income (vs. lower middle)a

 Upper middle
 High
Second-line therapy (vs. oral monotherapy)
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1.05 (0.88-1.24)

0.51 (0.40-0.65)
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0.67 (0.55-0.83)

1.97 (1.34-2.89)
3.57 (2.36-5.40)

8.71 (5.67-13.37)

OR (95% CI)Stable good versus highly improved

0.0625 0.125 0.25 0.5 1 2 4 8 16

More probable to be 
stable good

More probable to be 
stable poor

Male (vs. female)
Age (vs. < 65 y)
 65-74 y
 ≥ 75 y
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Second-line therapy (vs. oral monotherapy)
 Dual oral therapy
 Three or more oral therapies
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0.71 (0.55-0.92)

0.43 (0.30-0.64)
0.22 (0.09-0.52)
1.01 (0.90-1.12)

1.23 (0.89-1.69)
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1.14 (0.70-1.87)
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F IGURE 3 Multivariate logistic regression analysis of factors associated with the odds of a participant belonging to an HbA1c trajectory
group. ORs were calculated using a logistic regression model adjusted for all variables in the figure. Statistically significant factors are coloured in
black. BMI, body mass index; CI, confidence interval; OR, odds ratio. aCountry income categorized using the 2016 World Bank classification.14
bInjectable agents include glucagon-like peptide-1 receptor agonists and insulin
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compensated for by an increase in the use of injectable agents, from

21.9% at baseline to 61.5% at 36 months (Figure 4D). The large

increase in the use of injectable agents largely corresponded to an

increase in the use of insulin, from 18.5% at baseline to 58.7% at

36 months (Data S1, Figure S1).

4 | DISCUSSION

This analysis from the DISCOVER global observational study of peo-

ple with T2D starting second-line glucose-lowering therapy identified

four distinct HbA1c trajectories, all of which showed a clear decrease

in mean HbA1c level between baseline and 6 months. In all groups

after 6 months, either the decrease in HbA1c levels slowed down or

the HbA1c levels stabilized. Although there was a continued modest

decrease in HbA1c levels in the stable poor group by 12 months, the

levels remained very high during the 3-year follow-up, reflected in a

shift from mainly dual oral therapy to injectable agents. By contrast,

the highly improved group, which had a similar mean HbA1c level to

the stable poor group at baseline, showed highly improved glycaemic

control during the remainder of follow-up, with treatment with inject-

able agents remaining comparatively stable and few participants

switching from dual oral therapy to three or more oral therapies.

The identification of a large cohort of participants with good gly-

caemic control (72.4%) is consistent with findings from previous stud-

ies in individuals with newly diagnosed diabetes.8,9 A systematic

review of nine studies investigating HbA1c trajectories in individuals

with T2D between 2 and 13.6 years of follow-up revealed that up to

89% of participants formed a large group with stable mean HbA1c

levels just above 7.0% (53.0 mmol/mol).5 The review found a wide

range in the proportion of participants belonging to a group with a

stable HbA1c level (15%-89%); this may be partly explained by differ-

ences in study populations such as duration of T2D, prevalence of

obesity, use of different glucose-lowering medications and local dif-

ferences in quality of care. Furthermore, different definitions of gly-

caemic control make it challenging to compare studies directly.

Treatment regimen at baseline and during follow-up varied

between the four HbA1c trajectory groups. Dual oral therapy use was

highest in the stable good group at all time points, probably because

this group had good glycaemic control at baseline and throughout

follow-up, with no need to intensify treatment. The proportion of par-

ticipants who received an injectable agent almost tripled during

follow-up in the stable poor group, probably because of high HbA1c

levels at baseline and throughout follow-up. This observation is in line

with the results of a large longitudinal study in the United States and

five European countries, which indicated that initiation of basal insulin
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treatment, with or without oral glucose-lowering drugs, was related to

a failure to achieve an HbA1c target of 7.0% or less after 3 and

24 months of treatment.18

In all four trajectory groups metformin remained the most com-

monly used drug at all time points, showing that its use was a stable

factor in treatment, regardless of the regimen. Apart from metformin,

the most frequently used therapies were sulphonylureas and dipepti-

dyl peptidase-4 inhibitors in all groups. In line with the published liter-

ature, there was a modest yet steady increase in the use of sodium-

glucose co-transporter-2 inhibitors in all groups over the entire

follow-up period.19

The likelihood of being in the stable moderate, highly improved

and stable poor groups (compared with the stable good group) was

significantly higher in participants receiving second-line therapy regi-

mens including three or more oral therapies or an injectable agent

than in those receiving second-line monotherapy. Indeed, more inten-

sive treatments, such as multiple therapies and injectable agents, are

more probable to be prescribed to patients with less well-controlled

T2D. In the stable poor group, with both high baseline HbA1c levels

and the comparatively frequent use of injectables, participants were

comparatively young (52.3 vs. 58.1 years in the population overall),

with a comparatively high rate of microvascular co-morbidity at base-

line (25.6% vs. 21.9% in the overall population). Baseline characteris-

tics and suboptimal glycaemic control during follow-up in the stable

poor group may be indicative of a more severe metabolic phenotype,

or may have been associated with factors such as poor adherence to

injectable therapy. Regarding the effect of age on outcomes among

people with T2D, previous studies have shown a more severe meta-

bolic phenotype in younger individuals than in their older

counterparts,20 as well as lower levels of treatment adherence.21 Fur-

thermore, data from Project Dulce in the United States revealed that

people with T2D aged younger than 50 years had higher, less stable

HbA1c levels than those aged 50 years or older.22 Of note, in our

study, participants aged 65 years or older, particularly those aged

75 years or older, were more probable to be in the stable good group

than those aged younger than 65 years.

Participants from high-income countries were more probable to be

in the stable good group than in the other three trajectory groups. This

may, at least in part, reflect a higher quality of diabetes care or greater

availability of novel glucose-lowering therapies in these countries than

in lower-income countries. Countries with a lower socioeconomic sta-

tus have also been shown to be associated with unstable and poor gly-

caemic control, with a sharp increase in HbA1c levels seen in the first

5 years following T2D diagnosis in this group of patients.23

The large number of participants and the range of treatment sites

and countries, some of which have rarely been studied before, are

some of the primary strengths of the DISCOVER study. Use of a stan-

dardized electronic case report form allowed comparison of results

between countries and regions. Although DISCOVER sites were

selected to optimize diversity in each country, it is unclear whether

our findings truly reflect the quality of care within each country or can

be generalized outside the countries and regions included in the

study. The proportion of patients in each HbA1c trajectory group var-

ied across regions, suggesting that different diabetes phenotypes may

be more prevalent in some regions than in others, although BMI and

duration of T2D were similar across HbA1c trajectories.

As participants enrolled in DISCOVER were all beginning second-

line glucose-lowering therapy, our findings are not representative of

the entire T2D population. Given the observational nature of the

study, there was no requirement to record all study variables, and a

complete dataset was not available for all participants. Indeed, the

entire DISCOVER cohort could not be included in this analysis as only

those with three or more HbA1c level measurements, including a

baseline measurement, were eligible. This criterion meant that a large

proportion of participants was excluded from the analysis (n = 5396).

This has the potential to introduce selection bias, as those participants

with a greater number of HbA1c measurements may have been better

monitored, better managed or may have had characteristics related to

more favourable diabetes management. However, in order to ade-

quately assess a trajectory, at least three HbA1c measurements are

required. Additionally, the observational nature of this study prevents

the control of regression to the mean; however, the trajectories of

groups with similar baselines differed remarkably.

In conclusion, our findings support current diabetes care guide-

lines in advocating a personalized treatment strategy. As the aim of

this study was to identify distinct HbA1c trajectories, future studies

will be key in further investigations of underlying behavioural, genetic,

phenotypical and regional and socioeconomic factors associated with

different patterns of glycaemic control, further helping to guide

healthcare practitioners treating patients on an individual basis.
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