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ABSTRACT

Introduction: Uncontrolled type 2 diabetes
(T2D) is associated with an increased risk of
micro- and macrovascular complications and
mortality. The impact of basal insulins on the
risks of mortality and cardiovascular mortality
in people with T2D has not been thoroughly
investigated in real-world settings. The aim of
the present real-word study was to investigate
differences in mortality among insulin-naive
people with T2D who initiated insulin detemir
(detemir) and insulin glargine (glargine).

Methods: We assessed all-cause and cardiovas-
cular mortality in people with T2D,
aged > 40 years and insulin-naive at treatment
initiation. People were identified from the
United Kingdom Clinical Practice Research
Datalink GOLD national database (2004-2019).
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Database information included prescribed
medications, demographic and clinical vari-
ables and mortality. Cause of death was
obtained from the Office for National Statistics
(ONS). For mortality, 24 clinically relevant
confounders were considered and adjusted for
using Cox regression analyses.

Results: The total cohort included 12,847 peo-
ple with T2D, including 3031 who commenced
detemir and 9816 who commenced glargine.
Median age was 66.8 years and median diabetes
duration was 7.6 years. From the total cohort,
3231 deaths occurred during follow-up and
6897 people were eligible for linkage to the ONS
for cardiovascular mortality data (528 cardio-
vascular deaths). The adjusted hazard ratio (HR)
(95% confidence interval [CI]) was 0.86 (0.79;
0.95) for all-cause mortality and 0.83 (0.67;
1.03) for cardiovascular mortality, in favour of
detemir versus glargine. These associations were
more pronounced among people with obesity
(body mass index > 30 kg/m?), with HRs (95%
CI) of 0.79 (0.69; 0.91) and 0.69 (0.50; 0.96) for
all-cause and  cardiovascular  mortality,
respectively.

Conclusion: In this real-world observational
study, there was an association between all-
cause mortality and basal insulin choice in
insulin-naive people with T2D; the mortality
risk was lower with detemir versus glargine after
adjustment for potential confounders.
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Key Summary Points

Why carry out this study?

The impact of basal insulin choice on the
risks of all-cause and cardiovascular
mortality has not been thoroughly
investigated in a real-world setting for
people with type 2 diabetes (T2D) from
the UK.

A previous real-wotld study in Finland
observed a lower mortality risk associated
with insulin detemir (detemir) than with
insulin glargine (glargine), which they
hypothesised might be explained by a
difference in cardiovascular mortality.

What was learned from the study?

In the present real-world study in the UK,
there was a lower risk of all-cause
mortality in insulin-naive people with
T2D who initiated detemir than in those
who initiated glargine, after adjustment
for potential confounding factors.

There was also a non-significant trend
towards a lower risk of cardiovascular
mortality associated with detemir versus
glargine, again after adjustment for
potential confounders.

Of potential interest, the lower risks of
all-cause and cardiovascular mortality
associated with detemir in comparison
with glargine were most pronounced in a
subset of people with body mass
index > 30 kg/m?.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14153456.

INTRODUCTION

Poor glucose control in diabetes may result in
an increased risk of complications, including
microvascular and macrovascular disease [1],
with an increase in early mortality [2]. In
advanced type 2 diabetes (T2D), where non-in-
sulin therapies are not able to maintain gly-
caemic control, basal insulin therapy is
frequently added to achieve optimal glycaemic
control with the aim to reduce the risk of both
acute and chronic complications [3].

Both insulin detemir (detemir) and insulin
glargine (glargine) are long-acting insulin ana-
logues, administered subcutaneously via injec-
tion, with a duration of action of up to, or over,
24 h depending on the product and dose [4, S].
Both insulins are a pharmacological advance
compared to human insulins, but differ in their
pharmacokinetic/pharmacodynamic  profiles,
resulting in differing propensity for causing
weight gain, hypoglycaemia and periods of
hyperglycaemia or variability in blood glucose
levels [6, 7]. As these factors may all contribute
to cardiovascular risk, it is possible that different
basal insulins may affect prognosis differently.
However, there is limited knowledge of the
differences between the available basal insulins
regarding their impact on the risk of cardio-
vascular disease (CVD) and early mortality.

In randomised controlled trials (RCTs) [8, 9]
and short-term observational studies [10, 11],
detemir has shown advantages in terms of less
weight gain compared with glargine. To assess
the effect of a clinical intervention on mortal-
ity, many participants would need to be fol-
lowed for a long time in RCTs, with surrogate or
composite endpoints often wutilised instead
[12, 13]. Furthermore, the more strict inclusion
and exclusion criteria for trial enrolment (in
comparison with real-world studies) mean that
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the results of RCTs tend to be less applicable to
the general populations seen in clinical practice
[14].

A long-term observational study conducted
in Finland observed that detemir was associated
with a significantly lower all-cause (29% lower)
and cardiovascular (36% lower) mortality risk
than glargine [11]. To the authors’ knowledge,
this has been the only real-world study to date
to compare the all-cause and cause-specific
mortality risk in people with T2D treated with
detemir in comparison with glargine. Moreover,
these findings need to be assessed in other
patient populations and with use of other data
sources with different sources of potential bias
to strengthen the evidence base for these
observations and test their generalisability
across different settings and patient populations
[15].

Analyses of real-world data from large data-
bases, such as the Clinical Practice Research
Datalink (CPRD), can be wuseful to assess
response to, and outcomes associated with, T2D
treatments, and hence can augment current
clinical trial research. Therefore, the aim of this
register-based cohort study in the UK was to
estimate the differences in all-cause and car-
diovascular mortality rates between first-time
users of the basal insulins detemir and glargine
in a real-world population with T2D by utilising
the CPRD GOLD database.

METHODS

The study protocol was approved by the Inde-
pendent Scientific Advisory Committee (ISAC)
(Medicine and Healthcare Products Regulatory
Agency): approved study protocol number
19_058A.

Study Cohort

The study cohort was identified in the CPRD
GOLD national database: a large, primary care
database that includes data from people regis-
tered at general practices across the UK (Eng-
land, Wales, Scotland and Northern Ireland).
The database contains information on people’s
demographics, @ medical diagnoses and

symptoms, prescribing information and life-
style factors, including alcohol consumption
and smoking. Individuals in the database can be
linked to secondary care and other health
datasets, enabling a wider view of patient care
[16].

Eligible people in the database were those
with T2D, who were insulin-naive,
aged > 40 years and who initiated treatment
with either detemir or glargine between 24 June
2004 and 10 May 2019, in accordance with local
guidelines (Fig. 1). People with T2D were
defined as those with a record of a read code for
T2D (Appendix 1) and without a record of a
read code for T1D (at any time) in the database
(Appendix 2). People who initiated detemir
(Appendix 3) and glargine (Appendix 4) were
defined as those with a record of a prescription
for the appropriate insulin at or after 24 June
2004 (the date on which both drugs were
available in the database and thus were

Persons in the CPRD GOLD database
n = 16,945,866

Inclusion criteria

« Diagnosis of T2D and
no diagnosis of T1D
(at any time)

» Prescription (at any time)
of detemir or glargine

+ Index date of 24" June
2004 or later

* Insulin-naive

» One-year observation
time prior to index date

» Aged 2 40 years at
index date

A 4
Persons included in dataset
n=12,847
|

! }

Persons initiating detemir Persons initiating glargine
n= 3031 n=9816

} !

Persons linkable to the Persons linkable to the
ONS mortality dataset ONS mortality dataset
n=1833 n = 5064

Fig. 1 Study cohort disposition. CPRD Clinical Practice
Research Datalink, detemir insulin detemir, glargine insulin
glargine, ONS Office for National Statistics, 71D type 1
diabetes, 72D type 2 diabetes
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available for prescription in the UK). Eligible
people who initiated glargine could receive
either the 100 units/ml (U100) or 300 units/ml
(U300) formulation. Insulin-naive people were
defined as those without a previous record of a
prescription for any insulin (Appendix S) prior
to their prescription for detemir or glargine.
Eligible people were those who, at least 1 year
prior to initiating detemir or glargine, had first
registered with the practice and had accept-
able research-quality data (as defined by the
CPRD [17]) and the practice was of accept-
able research quality (as defined by the CPRD

[17D.
Outcomes

All-cause mortality was defined as mortality
from any cause and was identified in the CPRD
GOLD database through a registration of mor-
tality date. Cardiovascular mortality was
defined as mortality from CVD and was identi-
fied through linkage between the CPRD GOLD
database and the Office for National Statistics
(ONS) death registration data, which includes
information on the official date and cause(s) of
death [16]. Specifically, mortality from CVD was
identified as a record with the 10th revision of
the International Statistical Classification of
Diseases and Related Health Problems (ICD-10)
codes 100-199 specified as the underlying cause
of death (Supplementary Table S1). Linkage was
not available for the total study cohort but was
available for practices based in England and
Wales that had consented to participate in the
linkage scheme.

Follow-up Time

The index date was defined as the first pre-
scription date for detemir or glargine. End of
follow-up was defined as the earliest date the
patient transferred out of the practice or the
date of the last collection for the practice in the
CPRD GOLD database, or the end of ONS cov-
erage (14 January 2019). Total follow-up time
was calculated as the time (in years) from the
index date until death or end of follow-up,
whichever came first.

Baseline Characteristics

Socioeconomic characteristics were obtained by
linking the CPRD GOLD database to small area-
level databases (patient and practice level of
index of multiple deprivation [IMD2015]). Data
for all other baseline characteristics were
obtained from the CPRD GOLD database. These
included the following characteristics: age, sex
(male, female), calendar year of index date
(2004-2019), diabetes duration, smoking status
(current, former, never) and glycated hae-
moglobin (HbA1c). Body mass index (BMI) was
calculated from weight and height (at
age > 18 years). Dyslipidaemia was defined as
total cholesterol > 6.2 mmol/l or low-density
lipoprotein cholesterol > 6.2 mmol/l or high-
density (HDL) cholesterol < 1 mmol/l for men
or HDL cholesterol < 1.2 mmol/l for women or
triglyceride > 1.7 mmol/l. Hypertension was
defined as systolic blood pressure > 140 mmHg
or diastolic blood pressure > 90 mmHg. Kidney
function was ascertained by estimated
glomerular filtration rate (eGFR) calculated
according to the Cockcroft-Gault formula: eGFR
in ml/min/1.73 m? = (140 — age in
years) x weight in kg x 1.23 for men, 1.03 for
women)/serum creatinine in umol/l. The latest
values prior to the index date were used for
weight, height, HbAlc, dyslipidaemia and sys-
tolic and diastolic blood pressure. History of
CVD, prior hypoglycaemia, nephropathy,
retinopathy, neuropathy, chronic kidney dis-
ease and cancer were defined as a record of
selected read codes prior to the index date
(Appendix 6). Bolus insulin, non-insulin glu-
cose-lowering medication and CVD-preventive
medication were defined as records of selected
product codes within 1 year prior to the index
date (Appendix 7).

Statistical Analyses

Data import and pre-processing were performed
in SAS Enterprise Guide 7.15. Statistical analyses
were performed using R version 3.6.0 and the
“survival” package version 2.44-1.1. Total basal
insulin exposure during follow-up was further
examined by plotting the years of cumulative
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exposure against the time since the index date.
Crude mortality rates were calculated as the
number of deaths divided by the total follow-up
time and reported as rates per 100 person-years.
Furthermore, cumulative event curves showed
the probability of mortality versus the time
since first prescription.

Main Analyses

Cox proportional hazards models were used to
calculate crude and adjusted hazards ratios
(HRs) with 95% confidence intervals (Cls) for
all-cause and cardiovascular mortality in people
treated with detemir relative to glargine. The
main analyses were intention-to-treat-like
analyses where people were allocated to the
treatment group of their first prescription dur-
ing the entire follow-up period. Age was used as
the underlying timescale in the Cox propor-
tional hazards models. Both the crude and
adjusted models included the calendar year of
the index date (2004-2019) as a categorical
variable. Furthermore, the following pre-speci-
fied covariates that were expected to be the
most likely potential confounders (Table 1)
were included in the adjusted models: sex
(male, female), diabetes duration (0-1, 1-2, 2-5,
5-10, > 10 years), BMI (categorical, based on
World Health Organization classes), history of
CVD (yes, no), CVD medication at baseline
(antihypertensive [yes, no]; lipid lowering [yes,
no|; other cardiovascular [yes, no]), sodium-
glucose cotransporter-2 inhibitor and/or gluca-
gon-like peptide-1 receptor agonist (time-vary-
ing: yes, no); other non-insulin glucose-
lowering medications (time-varying: yes, no)
and bolus insulin (time-varying: yes, no; data
not summarised in Table 1).

In addition to the pre-specified covariates,
the fully adjusted models considered the fol-
lowing potential baseline covariates: socioeco-
nomic status (level 1, 2, 3, 4 or 5), smoking
status (yes, no), HbAlc (continuous), prior
hypoglycaemia (yes, no), nephropathy (yes,
no), retinopathy (yes, no), neuropathy (yes, no),
chronic kidney disease (yes, no), dyslipidaemia
(yes, no), hypertension (yes, no), eGFR (con-
tinuous) and history of cancer (yes, no). Due to
missing data for some of the additional vari-
ables considered, potential covariates were

selected using a forward one-step procedure and
the complete case population (people without
missing data for any of the wvariables). A
covariate was selected for inclusion in the fully
adjusted model if the HR of detemir versus
glargine changed by > 10% on the natural log-
scale. The fully adjusted model was then refitted
to the total cohort.

The models were verified by plots of
Martingale residuals. Since the results from the
pre-specified adjusted and fully adjusted models
were very similar, only the results from the
crude and fully adjusted models are presented
in the results section.

Sub-analyses

The main analyses were repeated for the fol-
lowing subsets of people with cardiovascular
risk factors at the index date: those with obesity
(BMI > 30 kg/m?); those with duration of dia-
betes > 5 years; those treated with CVD medi-
cation and/or with prior CVD; those with
HbAlc above the median level for the total
cohort.

Sensitivity Analyses

To investigate the sensitivity of assumptions in
the statistical models, the main analyses were
repeated for four additional ‘sensitivity’ analy-
ses: (1) people were censored at the time that
their prescription data indicated a switch to a
different basal insulin from their first prescrip-
tion during follow-up; (2) all people were cen-
sored after 8 years of follow-up; (3) only those
with an index date post-2006 were included in
the analysis; (4) a time-varying exposure model
was used, which allowed for interruptions to
basal insulin use. In sensitivity analysis 4, a
person was assigned to a period of their ‘current
prescription’ if at least one prescription was
issued within the previous year; otherwise, the
period was defined as ‘no current prescription’,
and people were censored if they switched to a
different basal insulin from their first prescrip-
tion. The HRs (detemir/glargine) in sensitivity
analysis 4 were estimated for periods with the
‘current prescription’.
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Table 1 Baseline characteristics of the study cohort in relation to the model covariates

Characteristics Detemir Glargine
Z 3031 9816
Follow-up time 3.86 (1.74-6.72) 3.59 (1.54-6.72)
Age at index date 65.1 (56.8-74.5) 674 (57.7-76.5)
Covariates included in simple model
Year of index date [7 (%)]
2004 35 (1.2) 380 (3.9)
2005 167 (5.5) 821 (8.4)
2006 183 (6.0) 815 (8.3)
2007 248 (8.2) 816 (8.3)
2008 284 (9.4) 921 (9.4)
2009 363 (12.0) 844 (8.6)
2010 410 (13.5) 775 (7.9)
2011 281 (9.3) 772 (7.9)
2012 286 (9.4) 701 (7.1)
2013 236 (7.8) 691 (7.0)
2014 185 (6.1) 621 (6.3)
2015 155 (5.1) 580 (5.9)
2016 101 (3.3) 487 (5.0)
> 2017 97 (3.2) 592 (6.0)
Covariates included in pre-specified model
Diabetes duration® (years) 7.7 (4.3-11.6) 7.6 (4.1-11.8)
Sex: female () 1351 (44.6%) 4387 (44.7%)
Prescriptions of GLP-1 RA or SGLT2i" (%) 164 11.8
Prescriptions of other glucose-lowering medication® (%) 96.6 95.9
Prescriptions of antihypertensive medication (%) 489 41.5
Prescriptions of lipid-lowering medication (%) 48.8 40.7
Prescriptions of other CVD medication (%) 339 29.7
BMI (kg/m?) 30.7 (26.8-35.4) 30.0 (26.2-34.3)
CVD history (%) 27.0 30.5
Additional covariates, included if relevant
Hypertension (%) 367 383
Current smoking (%) 16.1 16.1
CKD (%) 26.0 24.4
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Table 1 continued

Characteristics

Detemir Glargine

Dyslipidaemia (%)

HbAlc (%)

¢GFR (ml/min/1.73 m?)
Cancer history (%)
Retinopathy (%)
Nephropathy (%)
Neuropathy (%)

History of hypoglycaemia (%)

. . d
Lowest socioeconomic status® (%)

79.5 79.3
9.58 (8.46-11.00) 9.58 (8.40-11.10)

80.8 (53.7-107.2) 75.7 (50.0-102.5)

8.1 9.3
26.9 277
1.0 1.5
6.3 6.5
4.5 3.6
18.6 22.0

Continuous variables are listed as median (interquartile range)

BMI body mass index, CKD chronic kidney disease, CVD cardiovascular discase, detemir insulin detemir, ¢GFR estimated
glomerular filtration rate, glargine insulin glargine, GLP-1 RA glucagon-like peptide-1 receptor agonist, HbAIc glycated
haemoglobin, IMD2015 index of multiple deprivation 2015; 7z number of people, SGLT2; sodium-glucose cotransporter-2

inhibitor, WHO World Health Organization

* Included as a factor in the model, grouped in approximate quintiles: [0; 1], [15 2], [25 5], [5; 10], > 10 years
® Included as time-dependent covariate. Baseline prescription data are presented in Supplementary Table S2
¢ Included as a factor with levels underweight, normal weight, obesity class I, II and III as per WHO definitions

4 IMD2015 S socioeconomic status included as a factor with five levels

RESULTS

Study Cohort

The total cohort comprised 12,847 people (de-
temir, n = 3031, and glargine, n = 9816) (Fig. 1).
Of the total cohort, 53.7% (6897 people) were
eligible for linkage to the ONS for cardiovascu-
lar mortality data (detemir, n = 1833, and glar-
gine, n = 5064). In the total cohort, the median
(interquartile range [IQR]) age was 66.94
(5§7.50-76.09) years (Table 1). Median (IQR)
diabetes duration was similar for people in both
the detemir and glargine groups, 7.66
(4.28-11.56) vs. 7.61 (4.08-11.81) vyears,
respectively. Median (IQR) follow-up time was
3.86 (1.74-6.72) vs. 3.59 (1.54-6.72) years for
the detemir and glargine groups, respectively.
After 5Syears, the median (IQR) exposed time
was 4.64 (1.93-5.00) and 5.00 (2.93-5.00) years
for the detemir and glargine groups, respec-
tively (Supplementary Fig. S1). Fewer than 15%

of people switched to another basal insulin
during follow-up (14.4% and 9.7% with detemir
and glargine, respectively).

All-Cause and Cardiovascular Mortality

The cumulative event curves for all-cause mor-
tality are shown in Fig. 2a. Among the 12,847
people included in the total cohort, there were
3231 deaths: 635 with detemir and 2596 with
glargine. The cumulative event curves for car-
diovascular mortality are shown in Fig. 2b. Of
the 6897 people linked to the ONS, 528 died of
cardiovascular causes, 117 of whom had been
prescribed detemir and 411 glargine.

Main Analyses

For all-cause mortality, the crude and fully
adjusted HRs (95% CI) were 0.85 (0.77; 0.92)
and 0.86 (0.79; 0.95), respectively, significantly
in favour of detemir (Fig. 3a). For cardiovascular
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(a) Strata: =~ Glargine -+~ Detemir
Probability of all-cause death (CPRD-GOLD) by first prescription
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g 025

=

© 0.004

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number at risk Time since first prescription (years)

3 Glargine 9816 8156 6727 5551 4530 3656 2921 2300 1762 1278 892 548 336 184 62 0

©
& Detemir 3031 2586 2174 1840 1469 1193 924 697 498 351 217 127 78 38 12 0O
Probability of all-cause death (CPRD-GOLD) by age
= 1.00 =
5 -
o 0.75
2
5 0.50
=)
g 025
3
O 0.00 T T T T T T
40 50 60 70 80 90 100
Number at risk Age (years)
% Glargine 15 558 1105 1401 1026 262 1
& Detemir g 201 385 411 303 68 0
l Total number of all-cause deaths 3231 | Detemir 635 |Glargine 2596
(b)
Probability of cardiovascular death (ONS) by first prescription
~ 03 =
e
(]
>
[0]
[}
2
kS
]
£
>
O

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number at risk Time since first prescription (years)

*g Glargine 5064 4068 3273 2648 2136 1700 1316 1019 750 517 314 162 90 50 12 O
¢ Detemir 1833 1516 1263 1044 817 634 482 351 247 162 90 50 29 9 0 0

Probability of cardiovascular death (ONS) by age

+« 1.001

c

¢

3 0.751

[

2 0.50

o

=

£ 0.251

]

O 0-00 L} T T T T T

40 50 60 70 80 90 100

Number at risk Age (years)
£ Glargine 11 261 517 622 475 118 2
& Detemir 7 119 214 214 165 40 0

Total number of cardiovascular deaths 528 | Detemir 117 | Glargine 411

Fig. 2 a All-cause and b cardiovascular mortality for detemir and glargine. CPRD Clinical Practice Research Datalink,
detemir insulin detemir, glargine insulin glargine, ONS Office for National Statistics
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(a) HR (95% Cl)
Main analysis
Crude —0— : 0.85 (0.77; 0.92)
Adjusted —0— | 0.86 (0.79; 0.95)
1
BMI 2 30 kg/m? :
Crude —0— 1 0.79 (0.69; 0.91)
Adjusted —0— : 0.80 (0.70; 0.92)
1
Diabetes duration 2 5 years 1
Crude —0— | 0.84 (0.75; 0.93)
Adjusted —0—i | 0.85 (0.77; 0.95)
1
CVD history/medication '
Crude —0— | 0.83 (0.75; 0.92)
Adjusted —0— : 0.86 (0.78; 0.96)
1
HbA1c > median HbA1c 1
Crude —O0— : 0.84 (0.73; 0.96)
Adjusted —O0— 0.86 (0.75; 0.99)
I : 1
0.5 1 2
Favours detemir Favours glargine
HR (95% Cl)
(b) HR (95% ClI)
Main analysis i
Crude —0— 0.82 (0.66; 1.01)
Adjusted —o—r 0.83 (0.67; 1.03)
BMI 2 30 kg/m?
Crude o 0.71 (0.52; 0.99)
Adjusted o 0.69 (0.50; 0.96)

Diabetes duration 2 5 years
Crude
Adjusted

CVD history/medication 1

0.77 (0.60; 0.99)
0.79 (0.61; 1.01)

Crude —O—+ 0.83 (0.68; 1.03)
Adjusted —o—L 0.85 (0.68; 1.05)

1

HbA1c > median HbA1c 1
Crude o— 0.84 (0.62; 1.14)
Adjusted O—t 0.89 (0.65; 1.22)
I : 1
0.5 1 2

< >

Favours detemir

Favours glargine

HR (95% CI)

Fig. 3 Main analyses and sub-analyses for a all-cause and
b cardiovascular mortality. Cox proportional hazards mod-
els were used to calculate crude and fully adjusted HRs
(detemir/glargine), with age as the underlying timescale and
the calendar year of the index date as a categorical variable.

The (fully) adjusted models included a list of pre-specified

No. of Incidence (events/
No. of events
persons 100 person-years)
All Detemir Glargine  All
12,847 635 2596 3231 5.64
12,526 598 2492 3090 5.50
6501 275 1067 1342 4.35
6452 271 1058 1329 4.35
8735 451 1789 2240 6.02
8648 439 1754 2193 5.92
8357 459 1793 2252 6.52
8155 435 1720 2155 6.37
6151 270 1149 1419 5.38
6037 264 1119 1383 5.34
No. of Incidence (events/
No. of events
persons 100 person-years)
All Detemir Glargine All
6897 117 411 528 1.88
6723 112 388 500 1.81
3424 49 174 223 1.52
3396 49 173 222 1.53
4605 84 290 374 2.1
4552 81 277 358 2.03
6519 117 402 519
6380 112 380 492
3358 55 195 250 1.87
3298 54 183 237 1.80

covariates and relevant additional covariates that influenced
the HR by > 10% on a log scale. The sub-analyses were
undertaken in subsets of people with cardiovascular risk
factors. BMI body mass index, CI confidence interval,
detemir insulin detemir, glargine insulin glargine, HbAIc
glycated haemoglobin, HR hazard ratio
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mortality, the crude and fully adjusted HRs
(95% CI) were 0.82 (0.66; 1.01) and 0.83 (0.67;
1.03), respectively, with the non-significant
numerical trends in favour of detemir (Fig. 3b).

Sub-analyses

Across all the subsets of people with cardiovas-
cular risk factors, detemir was associated with a
significantly lower risk of all-cause mortality
when compared with glargine (Fig. 3a). Results
of the sub-analyses for cardiovascular mortality
tended to be consistent with the main analyses:
a non-significant numerical trend towards a
lower risk in people who initiated detemir than
in those who initiated glargine (Fig. 3b). These
associations were most pronounced in people
with a BMI > 30 kg/m?; for all-cause mortality,
the crude and fully adjusted HRs (95% CI) were
0.79 (0.69; 0.91) and 0.80 (0.70; 0.92), respec-
tively. For cardiovascular mortality, the crude
and fully adjusted HRs (95% CI) were 0.71 (0.52;
0.99) and 0.69 (0.50; 0.96), respectively.

Sensitivity Analyses

Results of the sensitivity analyses are presented
in Supplementary Fig. S2. The point estimates
for the HRs comparing detemir with glargine for
all-cause or cardiovascular mortality were simi-
lar across all of the sensitivity analyses. For all-
cause mortality, the significance of associations
was unchanged across all the sensitivity analy-
ses, with the exception of the adjusted ‘current
prescription’ sensitivity analysis 4 (Supplemen-
tary Fig. S2).

DISCUSSION

In this UK-based real-world study, there was an
association between all-cause mortality and
basal insulin choice in insulin-naive people
with T2D; the mortality risk was significantly
lower (by 14%) with detemir versus glargine
after adjustment for potential confounders.
Additionally, there was a non-significant trend
towards a 17% lower risk of cardiovascular
mortality associated with detemir versus glar-
gine, after adjustment for potential con-
founders. In general, these findings were
consistent in subsets of people with

cardiovascular risk factors and in sensitivity
analyses that varied methodological assump-
tions. In sub-analyses, the associations between
basal insulin choice and mortality risk were
most pronounced in people with obesity; there
were significant adjusted risk reductions of 20%
and 31% for all-cause and cardiovascular mor-
tality, respectively, with detemir compared with
glargine.

A recent population-based study in Finland
investigated the differences in all-cause and
cause-specific mortality rates between new users
of detemir and glargine who had T2D and were
aged > 40 years [11]. The results from that
study showed the HR (95% CI) for all-cause and
cardiovascular mortality for detemir versus
glargine to be 0.71 (0.54; 0.93) and 0.64 (0.43;
0.95), respectively [11]. These findings concur
with, but are more pronounced than, those in
the current study. This observation may be due
to the Finnish study including only glargine
U100, whereas users of both glargine U100 and
U300 formulations were included in the current
study. The follow-up time and covariates tested
in the current study also differed from those in
the Finnish study.

In sub-analyses, the associations between
basal insulin choice and mortality risk were
most pronounced in people with obesity (BMI
> 30 kg/m?). One potential reason underlying
associations between lower all-cause or cardio-
vascular mortality and the initiation of detemir
rather than glargine in people with T2D and
obesity is the lower weight gain that has been
documented with detemir relative to glargine in
people with diabetes [8, 9, 18, 19]. Thus, people
with diabetes and obesity may be at a compar-
atively lower risk of subsequent CVD when
taking detemir (as compared with glargine).
While the present analysis is unable to answer
this question directly, the observation that the
HR was numerically lowest in people with obe-
sity is of interest and may warrant further
investigation. A previous analysis of RCT data
found that the magnitude of the difference in
weight gain with detemir and other basal insu-
lins increased with patients’ BMI [20]. Thus, it is
plausible that this effect might have con-
tributed to the relative cardiovascular mortality
benefit.
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Another potential contributing factor to the
difference in HR is that the two basal insulins
differ in their pharmacokinetic/pharmacody-
namic profiles. Compared with neutral pro-
toamine Hagedorn (NPH) insulin, which has
highly wvariable absorption, tending to peak
4-5 h after injection, both detemir and glargine
have a slower action, less pronounced peaks and
a more consistent glucose-lowering effect over
time [21, 22].

The present study has limitations, including
that we were not able to completely account for
confounding by indication. There may have
been misclassification due to the assumption
that “no information” in the register indicates
“no exposure” for some of the variables, and
this may not always have been true. The infor-
mation in primary care records can be incom-
plete. The CPRD represents a UK real-world
clinical practice population with respect to age,
sex, BMI and ethnicity,; however, not neces-
sarily with respect to geography and practice
size [23]. Detemir may have been chosen (as per
guidelines) for people who have concerns about
hypoglycaemia or weight gain; therefore, the
results may underestimate the benefits. This
study included patients treated with either
glargine U100 or U300 and it may not be
appropriate to combine these products into a
single treatment group as they differ at least in
terms of their pharmacokinetic profiles [24]. We
only had information available on prescriptions
and did not know whether people collected the
medication from the pharmacy and adhered to
it.

This study also has strengths. For instance,
the analyses were based on reliable data from a
large national register that enabled assessment
of a large cohort with a long duration of follow-
up. The CPRD Gold database is the largest, most
established and most utilised primary care
database in the UK [17], and the information
stored within the database has been extensively
validated (reviewed in [25]). The data were
adjusted for several potential confounding fac-
tors, and the sensitivity analyses, enabled by the
large number of deaths, demonstrated that the
HRs for mortality were robust to changes in the
analysis methodology. As observational studies
face methodological challenges, including

confounding by indication, a new-user study
design could help to mitigate these challenges
by improving the validity of the study findings
[26]. Furthermore, our findings are in line with
those available from previous studies. Lastly,
the total exposure time was relatively high.

CONCLUSIONS

Overall, the results from the present real-world
study in the UK have shown that there was an
association between all-cause mortality and
basal insulin choice in insulin-naive people
with T2D; there was a significantly lower mor-
tality risk with detemir versus glargine after
adjustment for potential confounders. Addi-
tionally, there was a non-significant trend
towards a lower risk of cardiovascular mortality
with detemir versus glargine, again after
adjustment for potential confounders. Of
potential interest, the lower mortality risk
associated with detemir was most pronounced
in a subset of people with obesity.
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