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Abstract

Aims: To investigate to what extent multiple risk marker improvements confer lower
risk of cardiovascular and kidney complications in a contemporary type 2 diabetes
population.

Materials and methods: Post-hoc analysis of the LEADER (n = 8638; median follow-
up 3.8 years) and SUSTAIN 6 (n = 3040; median follow-up 2.1 years) cardiovascular
outcome trials. Participants were those with baseline and year-1 assessment of at
least one of the parameters of interest; we pooled the liraglutide-/semaglutide- and
placebo-treated groups and categorized them by number of risk markers with clini-
cally relevant improvements after 1 year of study participation. We investigated risk
of major adverse cardiovascular events (MACE), expanded MACE, cardiovascular
death and nephropathy. Predefined clinically relevant changes: body weight loss
>5%; reductions in: glycated haemoglobin >1%, systolic blood pressure =5 mmHg
and low-density lipoprotein cholesterol 20.5 mmol/L; estimated glomerular filtration
rate change >0 ml/min/1.73 m? and urinary albumin-to-creatinine ratio change >30%
of baseline value. Cox regression analysed risk of outcomes adjusted for baseline risk
marker levels and treatment group and stratified by trial.

Results: Participants with two, three, or four or more improved risk markers versus
participants with no risk marker improvement had reduced risk of expanded MACE
[hazard ratio (95% confidence interval) 0.80 (0.67-0.96); 0.80 (0.66-0.97); 0.82
(0.66-1.02)], death [0.66 (0.45-0.96), 0.67 (0.45-0.99), 0.60
(0.38-0.94)] and nephropathy [0.71 (0.52-0.97), 0.48 (0.34-0.68), 0.43 (0.29-0.65)].

Conclusions: In persons with type 2 diabetes, improvements in 22 risk markers con-

cardiovascular

ferred cardiovascular risk reduction versus none or one improved risk marker. The
nephropathy risk decreased with improvement in more risk markers. These findings

stress the importance of multifactorial interventions targeting all risk markers.
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1 | INTRODUCTION

Type 2 diabetes is a complex disease with a high rate of both micro-
and macrovascular complications and an increased risk of death com-
pared with the general population.® When it comes to reducing this
high risk of complications and death, evidence is centred around phar-
macotherapies that target isolated risk markers, including glycated
haemoglobin (HbA1c), low-density lipoprotein-cholesterol (LDL-C)
and blood pressure.2~>

In the randomized Steno 2 study, multifactorial intervention for
8 years targeting several modifiable risk markers resulted in a median
increase in long-term survival of 7.9 years after 21 years of follow-up
and 50% reduced risk of cardiovascular disease as compared with
standard of care.® Adding to the interest in multiple risk markers, a
recent observational cohort study including all patients in the Swedish
National Diabetes Register who had type 2 diabetes indicated that
those with HbAlc, LDL-C, albuminuria and blood pressure levels
within the target range and non-smokers had little or no excess risk of
death, myocardial infarction or stroke, compared with the general
population.”

The extent to which improvements in multiple risk markers affect
outcomes in type 2 diabetes has been sparsely investigated. There-
fore, in two large cardiovascular outcome trials, we evaluated post
hoc the importance of multiple risk marker improvement. We pooled
the active treatment and placebo-treated groups in all analyses to
investigate, in a contemporary type 2 diabetes population and inde-
pendent of specific treatments, to what degree clinically relevant
improvement in multiple risk markers confers lower risk of micro- and

macrovascular disease.

2 | MATERIALS AND METHODS
The Liraglutide Effect and Action in Diabetes: Evaluation of Cardio-
vascular Outcome Results (LEADER, NCT01179048) and the Trial to
Evaluate Cardiovascular and Other Long-term Outcomes with
Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN
6, NCT01720446) trial designs and methods have been previously
published in detail.®? Briefly, both were multicentre, double-blind,
placebo-controlled trials, including persons with type 2 diabetes and
high cardiovascular risk (N = 9340 in LEADER and N = 3297 in SUS-
TAIN 6). Participants were randomly assigned to a glucagon-like
peptide-1 receptor agonist (GLP-1RA) or placebo, both added to the
standard of care. In LEADER, liraglutide up to 1.8 mg subcutaneous
once daily or matching placebo was given in a 1:1 ratio. In SUSTAIN
6, semaglutide 0.5 or 1.0 mg, or matching placebo, was given subcuta-
neous once weekly in a 1:1:1:1 ratio, pooled as semaglutide versus
placebo for this analysis. The mean duration of follow-up was
3.8 years in LEADER and 2.1 years in SUSTAIN 6.

Investigators in both trials were directed to treat all participants
to the standard of care according to guidelines. Both studies were
conducted according to the Declaration of Helsinki and approved by

the relevant authorities.

21 | Participants

This current post-hoc analysis included participants from LEADER and
SUSTAIN 6 who had baseline and year-1 assessment of at least one
of the six risk markers of interest: body weight, HbA1c, systolic blood
pressure (SBP), LDL-C, estimated glomerular filtration rate (eGFR) and
urinary albumin-to-creatinine ratio (UACR).

LEADER and SUSTAIN 6 included persons with type 2 diabetes and
an HbA1c level of 7.0% (53 mmol/mol) or above. Participants were eligi-
ble if they were drug-naive or treated with oral antihyperglycaemic
agents or insulin. Key inclusion criteria were (a) age 250 years with car-
diovascular morbidity (previous cardiovascular, cerebrovascular or
peripheral vascular disease), or (b) age 260 years with one or more car-
diovascular risk factors [persistent microalbuminuria (30-299 mg/g) or
proteinuria, hypertension and left ventricular hypertrophy by electrocar-
diogram or imaging, left ventricular systolic or diastolic dysfunction by
imaging, or ankle/brachial index <0.9]. The published original trial

reports contain the complete list of inclusion and exclusion criteria.8?

2.2 | Risk markers
Six well-established cardio-renal risk markers that are easily accessible for
many clinicians in the daily evaluation of patients were selected for evalu-
ation, including body weight, HbA1c, SBP, LDL-C, eGFR and UACR. We
used SBP because it is the predominant risk factor among older adults
and because the mean age of participants in this study was 64.3 years.1°
SBP and body weight were measured by standard methods at study
sites. HbAlc, LDL-C, serum creatinine and UACR were measured using
routine methods in central laboratories (Dublin, Ireland; New York, USA;
Tianjin, China; Singapore; Bangalore, India), and eGFR was calculated
[Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion] at baseline and at regular intervals during the trials, including at
week 52 (12 months) in LEADER and week 56 in SUSTAIN 6 (referred to
as year 1). Urine albumin or creatinine measurements less than the lower
limit of quantification (LLoQ, 3.0 mg/L) were imputed using a value of
0.5x LLoQ; measurements greater than the higher limit of quantification
(HLoQ) were imputed using the HLoQ value in the calculation of UACR.
We defined clinically relevant risk marker improvement at year
1 from baseline as body weight loss 25%, HbA1c reduction 21%, SBP
reduction 25 mmHg, LDL-C reduction 20.5 mmol/L, eGFR change
>0 ml/min/1.73 m? and UACR change 230% of baseline value. Partici-
pants were categorized into five groups based on the number of risk
marker improvements at year 1: Group GO (reference): zero risk
marker improvement; Group G1: one risk marker improvement; Group
G2: two risk marker improvements; Group G3: three risk marker

improvements; Group G4: four or more risk marker improvements.

2.3 | Outcomes

We investigated the number of risk marker improvements at year

1 and the incidence of development of first outcome after year 1.
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To evaluate the association between risk marker improvement and
outcome, outcomes developed in the first year of participation in
both studies were excluded. For participants with an event in the
first year, events developed after 1 year of participation were
included. The four outcomes of interest were: (a) major adverse car-
diovascular events (MACE), including cardiovascular death, non-fatal
myocardial infarction and non-fatal stroke; (b) expanded MACE,
including cardiovascular death, non-fatal myocardial infarction, non-
fatal stroke, revascularization (LEADER: coronary; SUSTAIN 6é: coro-
nary or peripheral) and hospitalization for unstable angina pectoris or
heart failure; (c) cardiovascular death; and (d) a composite nephropa-
thy endpoint defined as the new onset of macroalbuminuria or a
doubling of serum creatinine level and an eGFR <45 ml/min/1.73 m?
, or the need for continuous renal-replacement therapy or death

from renal disease.

24 | Statistical analyses
Normally distributed data are presented as mean * standard deviation,
continuous-scale skewed data (UACR) are presented as geometric
mean (coefficient of variation) and median (interquartile range) and
were log-transformed for all analyses; categorical variables are pres-
ented as numbers and percentages.

A Cox regression model stratified by trial was used to analyse the
time to first MACE, expanded MACE, cardiovascular death and the
composite nephropathy endpoint from 1 year onwards according to
risk marker categories, adjusted for randomized treatment (liraglutide/
semaglutide vs. placebo) and continuous baseline levels of the risk
markers.

Test for trend was evaluated in a Cox regression model stratified
by trial, with number of improved risk markers as a continuous vari-
able (hence the test for slope equals 0) and adjusted for randomized
treatment and continuous baseline levels of the risk markers.

We also analysed the relative importance of the six risk marker
improvements. Relative importance provides an estimate of how
important each risk marker improvement is in terms of predicting
each of the outcomes after year 1.” We calculated the relative
importance as measured by the R? values (explained relative risk in
the Cox regression model) using an approach that has previously
been described'!; we evaluated the R? by using the full model as
the Cox regression model for each endpoint with all six risk marker
improvements (yes vs. no) adjusted for the continuous baseline
levels of the six risk markers and treatment stratified by trial. A sen-
sitivity analysis imputing missing values (single imputation) at year
1 for those participants with at least one measurement at year
1 was performed using the participant-wise predicted values from a
random slope model for each risk marker independently, with base-
line value and treatment by a linear time interaction as fixed effects.
After the imputation, the clinically relevant improvements were
derived for each risk marker.

The statistical package used for these analyses was SAS, version
9.4 (SAS Institute Inc.).

3 | RESULTS

3.1 | Study population
In total, 11 678 persons with type 2 diabetes were included in this
study (N = 8638 in LEADER and N = 3040 in SUSTAIN 6).

The baseline characteristics of all participants and of the five
groups (GO-G4) based on number of improved risk markers are pres-
ented in Table 1. There was a tendency towards a higher number of
women and higher baseline LDL-C, SBP and UACR with an increasing
number of improved risk markers. Separate baseline data for LEADER
and SUSTAIN 6 are presented in Tables S1 and S2.

3.2 | Risk marker improvement

The number of participants with one, two, three and four or more clin-
ically relevant risk marker improvements at year 1 was 3162 (27.1%),
3540 (30.3%), 2515 (21.5%) and 1406 (12.0%), respectively (Table 1).
There were 1055 (9.0%) participants without any clinically relevant
risk marker improvements at year 1. In the LEADER trial, 138 (1.6%)
participants died or discontinued the trial before the 1-year visit and
564 (6.5%) participants were still in-trial but missed the 1-year assess-
ment (or at baseline). In SUSTAIN 6, the corresponding numbers were
72 (2.4%) and 185 (6.1%) participants, respectively. For those partici-
pants with at least one assessment at year 1, almost 90% had all six

assessments related to the risk markers at year 1.

3.3 | Risk of outcomes

In the two studies combined, a total of 1111 (9.5%) participants expe-
rienced MACE, 1771 (15.2%) expanded MACE, 406 cardiovascular
death (3.5%) and 621 (5.3%) developed the composite nephropathy
endpoint after year 1 of study participation (Figure 1).

The number of events, incidence rates and hazard ratios for all out-
comes in participants with one, two, three, or four or more (G1-G4) risk
markerimprovements at year 1, compared with participants without any
risk marker improvements (GO), are presented in Figure 1, and separately
for LEADER and SUSTAIN 6 participantsin Figures S1and S2.Inapooled
analysis of LEADER and SUSTAIN 6, the hazard ratios for expanded
MACE, cardiovascular death and the composite nephropathy endpoint
were lower in the groups of participants with two, three or four or more
risk marker improvements (G2-G4), compared with the zero risk marker
improvement group (GO: reference group). The hazard ratios for all four
endpoints were comparable in the group of participants with one risk
marker improvement (G1) and the group of participants with no risk
marker improvements at year 1 (GO: reference group). There was a trend
of decreased hazard ratios across the groups for MACE (p = .08),
expanded MACE (p = .004), cardiovascular death (p =.005) and the com-
posite nephropathy endpoint (p < .0001). Collapsing GO with G1 versus
collapsing G2, G3 and G4 and testing if these two groups were equal, we

obtained the following p-values for the endpoints: MACE (p = .048),
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TABLE 1 Baseline characteristics of the participants by risk marker improvement subgroups

Baseline GO G1 G2 G3 G4 Total

No. of participants, n (%)? 1055 (9.0) 3162 (27.1) 3540 (30.3) 2515 (21.5) 1406 (12.0) 11 678 (100)

Treated with liraglutide or 322 (30.5) 1202 (38.0) 1727 (48.8) 1550 (61.6) 1059 (75.3) 5860 (50.2)
semaglutide, n (%)

Placebo, n (%) 733 (69.5) 1960 (62.0) 1813(51.2) 965 (38.4) 347 (24.7) 5818 (49.8)

Age, years 642+74 643+7.1 642+7.2 644 +7.2 645+7.2 643+7.2

Female, n (%) 320 (30.3) 1061 (33.6) 1278 (36.1) 991 (39.4) 613 (43.6) 4263 (36.5)

HbA1c, % 82+12 85+14 88+16 88+1.5 88+14 87+15

HbA1c, mmol/mol 66.0+12.9 69.6 £ 15.5 725+174 730+ 16.7 728 +£15.6 71.3+16.3

Body weight, kg® 91.1£20.7 91.6 £ 20.6 91.4 £ 20.6 924 +20.9 922 +215 91.7 £ 20.8

Diabetes duration, years, 11.5 (6.8-16.9) 11.8(7.0-17.7) 11.6 (7.0-17.1) 11.7 (7.1-17.2) 12.4 (7.4-18.3) 11.8 (7.1-17.5)
median (IQR)

Current smoker, n (%) 125(11.8) 413 (13.1) 376 (10.6) 301 (12.0) 170 (12.1) 1385 (11.9)

SBP, mmHg¢ 131+ 16 133+ 17 136 + 18 139 + 18 141+ 18 136 + 17

LDL-C, mg/dI 84.6 £ 32.5 84.3 +33.3 89.5+ 355 92.6 £37.4 1014 +41.6 89.8 £ 36.3

LDL-C, mmol/L¢ 22+08 22+09 23+09 24+10 26+1.1 23+0.9

eGFR (CKD-EPI), ml/min/ 814 +21.3 80.6 £ 21.6 804 £ 21.5 79.7 £22.0 792220 80.3 £ 21.7
1.73 m?¢

UACR, median (IQR) 11.9 (3.4-64.8) 12.5(3.9-57.5) 14.6 (4.6-63.1) 17.2 (5.6-69.9) 22.3(7.5-96.0) 15.3 (4.6-67.5)

Established CVD, n (%) 873 (82.7) 2559 (80.9) 2863 (80.9) 2059 (81.9) 1156 (82.2) 9510 (81.4)

Presence of CVD risk factor, n 182(17.3) 603 (19.1) 677 (19.1) 456 (18.1) 250(17.8) 2168 (18.6)
(%)°

Lipid-lowering treatment, n (%) 820 (77.7) 2431 (76.9) 2728 (77.1) 1886 (75.0) 1023 (72.8) 8888 (76.1)

RAAS inhibition treatment, n (%) 857 (81.2) 2548 (80.6) 2883 (81.4) 2032 (80.8) 1123 (79.9) 9443 (80.9)

Metformin treatment, n (%) 796 (75.5) 2486 (78.6) 2727 (77.0) 1887 (75.0) 1033 (73.5) 8929 (76.5)

Insulin treatment, n (%) 487 (46.2) 1498 (47.4) 1550 (43.8) 1111 (44.2) 631 (44.9) 5277 (45.2)

SGLT-2 inhibitor treatment, 1(<0.1) 0(0.0) 2(<0.1) 1(<0.1) 1(<0.1) 5(<0.1)
n (%)¢

Aspirin treatment, n (%) 682 (64.6) 2022 (63.9) 2264 (64.0) 1576 (62.7) 868 (61.7) 7412 (63.5)

Note: Adapted from Zobel EH et al. The importance of addressing multiple risk markers in type 2 diabetes: results from the LEADER and SUSTAIN 6
trials.*2. Abstract/FC 058 ©ERA-EDTA GROUP. Reproduced by permission of Oxford University Press on behalf of the ERA-EDTA. Table is not published
under this article’s licence and permission must be sought for any form of reuse.

Pooled data from the LEADER and SUSTAIN 6 trials. Data are presented as mean + standard derivation, unless stated otherwise. Participants were
categorized according to number of risk markers with an improvement at year 1 [none (group GO), one (G1), two (G2), three (G3) and four or more (G4)].
Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate;
HbA1c, glycated haemoglobin; IQR, interquartile range; LDL-C, low-density lipoprotein-cholesterol; RAAS, renin-angiotensin-aldosterone system; SBP,
systolic blood pressure; SGLT-2, sodium-glucose cotransporter-2; UACR, urinary albumin-to-creatinine ratio.

#Calculated as a percentage of the overall total (all other percentages were calculated out of the risk marker improvement subgroups).

bPresence of CVD risk factor was defined as persistent microalbuminuria (30-299 mg/g) or proteinuria, hypertension and left ventricular hypertrophy by
electrocardiogram or imaging, left ventricular systolic or diastolic dysfunction by imaging, or ankle/brachial index <0.9.

°SGLT-2 inhibitors were not marketed before randomization in the LEADER trial, hence relatively few participants in the pooled population received this

medication at baseline.

%These parameters are risk markers that were evaluated in this post-hoc analysis.

expanded MACE (p = .0006), cardiovascular death (p = .0031) and the
composite nephropathy endpoint (p < .0001).

We observed similar results in a separate analysis of LEADER and
SUSTAIN 6 (Figures S1 and S2) and when the liraglutide/semaglutide
and placebo groups were analysed separately (Figures S3 and S4). We
also confirmed our findings in a sensitivity analysis with missing
responses imputed (i.e. single imputation of missing risk markers at
year 1; Figure S5), although results (trends) were slightly attenuated.

3.4 | Relative importance of the individual risk
marker improvement

Figure S6 shows the six risk marker improvements ranked in order of
the highest to lowest R? according to MACE, expanded MACE, cardio-
vascular death and the composite nephropathy endpoint. The R? in
this analysis could be interpreted in the same way as the coefficient

of determination in the linear model. The R? for all the improvements



Number of people
with event/subgroup
total (%) IR HR (95% Cl) p-value p-value, . ..
MACE
GO (reference) 104/1055 (9.9) 2.9 1
G1 305/3162 (9.6) 2.9 0.95 (0.76-1.20) 0.69
G2 336/3540 (9.5) 2.8 0.84 (0.67-1.07) —t 0.15 0.08
G3 239/2515 (9.5) 2.8 0.84 (0.66-1.08) — 0.17 '
G4 127/1406 (9.0) 2.8 0.85 (0.65-1.13) — 0.26
Expanded MACE
GO (reference) 171/1055 (16.2) 4.8 1
G1 511/3162 (16.2) 4.8 0.95 (0.80-1.14) 0.60
G2 525/3540 (14.8) 4.4  0.80 (0.67-0.96) —— 0.02 0.004
G3 365/2515 (14.5) 4.3 0.80 (0.66-0.97) —e—]| 0.02 ’
G4 199/1406 (14.2) 4.4 0.82 (0.66-1.02) —e—tl 0.07
CV death
GO (reference) 40/1055 (3.8) 1.1 1
G1 119/3162 (3.8) 11 0.87 (0.61-1.26) 0.47
G2 118/3540 (3.3) 1.0 0.66 (0.45-0.96) — 0.03 0.005
G3 88/2515 (3.5) 1.0 0.67 (0.45-0.99) —_— 0.04 '
G4 41/1406 (2.9) 0.9  0.60 (0.38-0.94) S — 0.03
Nephropathy
GO (reference) 60/1055 (5.7) 1.7 1
G1 213/3162 (6.7) 2.0 1.07 (0.79-1.46) 0.66
G2 193/3540 (5.5) 1.6 0.71 (0.52-0.97) — 0.03 <0.0001
G3 101/2515 (4.0) 1.2 0.48 (0.34-0.68) —_— <0.0001 ’
G4 54/1406 (3.8) 1.2 0.43 (0.29-0.65) —e— <0.0001
0.25 050 1.00 2.00 4.00
HR (95% Cl)
Favours risk-marker improvement Favours no risk-marker improvement
FIGURE 1 Outcomes according to number of risk marker improvements (adjusted by baseline variables) among persons with type 2 diabetes.

From Zobel EH et al. The importance of addressing multiple risk markers in type 2 diabetes: results from the LEADER and SUSTAIN 6 trials.2?
Abstract/FC 058 ©ERA-EDTA GROUP. Reproduced by permission of Oxford University Press on behalf of the ERA-EDTA. Figure is not
published under this article’s licence and permission must be sought for any form of reuse. HRs show risk for outcomes according to number of
risk markers with a clinically relevant improvement among participants with type 2 diabetes. Post-hoc analysis of data from the LEADER and
SUSTAIN 6 trials included 11 678 persons with type 2 diabetes. Participants were categorized according to number of risk markers with an
improvement at year 1 [none (group GO), one (G1), two (G2), three (G3) and four or more (G4)]. *Compared G1-G4 with GO (the reference group);
Stest for trend was evaluated in a Cox regression model with number of risk marker improvements as a continuous variable adjusted for
treatment and baseline levels of the risk markers. Cl, confidence interval; CV, cardiovascular; HR, hazard ratio; IR, incidence rate per 100 patient
years of observation; MACE, major adverse cardiovascular events

adjusted for baseline variables was modest and varied from 2% to
19% for first MACE and the composite nephropathy endpoint, respec-
tively. For the individual improvements, HbAl1c contributed most to
the R? for first MACE (56%) and expanded MACE (39%); improvement
in eGFR contributed most to the R? for cardiovascular death (47%)
and improvement in UACR contributed most to the R? for the com-

posite nephropathy endpoint (58%).

3.5 | Glucagon-like peptide-1 receptor agonist
treatment

We observed an increase in the number of participants treated with
GLP-1RA versus placebo in the groups of participants with none, one,
two, three, or four or more risk marker improvements as follows:
30.5% in GO, 38.0% in G1, 48.8% in G2, 61.6% in G3 and 75.3% in G4

(Table 1). Hence, 24.7% of the participants with four or more risk
marker improvements were treated with placebo.

In two separate analyses, one including participants treated with
semaglutide/liraglutide and one including participants treated with
placebo, we observed similar results as in the pooled analysis
(Figures S3 and S4).

In analyses without adjustment for randomized treatment, we

confirmed our main findings (data not shown).

3.6 | Sensitivity analysis on a modified
nephropathy endpoint

We confirmed our findings for the composite nephropathy endpoint
using a modified nephropathy endpoint defined as a doubling of
serum creatinine level and an eGFR <45 ml/min/1.73 m?, or the need
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for continuous renal-replacement therapy or death from renal disease.
Participants with two, three, or four or more improved risk markers
versus participants with no risk marker improvement had a reduced
risk of the modified nephropathy endpoint: hazard ratio (95% confi-
dence interval) 0.65 (0.39-1.07), 0.43 (0.25-0.74) or 0.32 (0.17-0.61),
respectively.

4 | DISCUSSION

Our analyses of the two large cardiovascular outcome trials LEADER
and SUSTAIN 6, including >11 000 persons with type 2 diabetes,
show the association between the number of risk markers with a clini-
cally relevant improvement within 1 year and the risk of developing
micro- and macrovascular complications.

The risk markers evaluated were HbAlc, body weight, SBP,
LDL-C, UACR and eGFR. For the cardiovascular outcomes, a clinically
relevant improvement at year 1 in two or more of these risk markers
was associated with reduced cardiovascular risk, as compared with
participants without a clinically relevant improvement in any of these
risk markers. More specifically, risk reduction was more noticeable
when two or more improvements were obtained as compared with
only having no or one improvement. For the risk of developing the
composite nephropathy endpoint, a clinically relevant improvement at
year 1 in two or more risk markers resulted in lower risk. For this out-
come, we observed a pronounced decrease in risk for each additional
risk marker improved. Data were not strong enough to conclude that
a stepwise association exists for cardiovascular risk reduction. Find-
ings from separate analyses of LEADER and SUSTAIN 6 were similar
to the findings from the pooled analysis.

Dedicated outcome trials to evaluate the importance of
addressing multiple risk markers are laborious and expensive. Accord-
ingly, while awaiting such trials to inform us on multiple risk marker
improvement, we pursued insights from a post-hoc analysis of two
large, recent cardiovascular outcome trials. Our findings imply that, in
a clinical setting, it is important to consider multiple factors. As such,
our results are in line with findings from the randomized Steno
2 study.®*31% The Steno 2 study (n = 160) combined lifestyle inter-
vention targeting exercise, obesity, diet and smoking, as well as phar-
macological therapy targeting glucose, lipids and blood pressure,
including angiotensin-converting enzyme inhibitors and aspirin, in
persons with type 2 diabetes and microalbuminuria.’* A 50%
reduction in cardiovascular outcome of this multifactorial intervention
was shown after 8 years'* and a 20% reduction in risk of mortality
after 13 years.'® In addition, the benefit was sustained after 21 years
of follow-up, although all were treated similarly after the first
8 years.®15-17

The Japan Diabetes Optimal Integrated Treatment for three major
risk factors of cardiovascular diseases (J-DOIT3) study randomized
2542 persons with type 2 diabetes to receive conventional or inten-
sive therapy for glucose, blood pressure and lipid control for a median
of 8.5 years.'® The study showed that intensified multifactorial inter-

vention significantly reduced onset and progression of diabetic kidney

disease, while the benefit on cardiovascular disease and mortality was
less clear.*®1?

Epidemiological data support that the number of well-controlled
risk markers matters for the outcome. A recent cohort study including
271 174 persons with type 2 diabetes and 1 355 870 healthy controls
followed up for a median of 5.7 years showed that the excess risk of
cardiovascular disease seen in persons with type 2 diabetes, com-
pared with the healthy controls, decreased stepwise for each risk
marker within the target range at baseline.” The risk markers evalu-
ated were HbA1c, LDL-C, albuminuria, smoking and SBP, and thus
overlap the risk markers we evaluated.”

When we analysed the relative importance of the six risk markers
in terms of R? for each endpoint, HbAlc was the largest contributor
for two of the four outcomes, followed by eGFR and UACR for one
endpoint each. However, we did not observe that improvement in
one risk marker constituted a major part of the explained relative risk,
indicating that it was the multiple risk marker response that associated
with improved outcome. There is extensive evidence that pharmaco-
therapies targeting only one of the six risk markers evaluated in this
study reduce the risk of both micro- and macrovascular complications
in type 2 diabetes 3*20-22

The greater proportion of subjects treated with GLP-1RAs in the
groups with multiple improved risk markers indicates that treatment
with GLP-1RAs may improve these risk markers; however, 24.7% of
the participants with four or more risk marker improvements were
treated with placebo, showing how the risk markers in scope improved
despite being in a placebo group.

Our study has several strengths, including the systematic, stan-
dardized measurement of risk markers and collection of outcomes and
a large number of participants studied for a considerable length of
time. One potential limitation is that two of the risk markers (UACR
and eGFR) were also part of the renal outcome. However, we
analysed improvement in the risk markers at year 1 and studied out-
comes developed after year 1, and thereby mitigated the risk of
reverse causation in the interpretation of the results.

This is a post-hoc analysis with inherent risk of bias, hence the
results should be interpreted with caution. We defined a clinically
relevant improvement as a binary variable; on the one hand, this is
an approach applicable to the clinic, but, on the other hand, the
assessment could potentially be improved if we applied more
advanced statistical models with the risk markers as continuous vari-
ables. The cut-offs for clinically relevant risk marker improvement
within 1 year were defined by the authors and agreed upon before
any data analysis. Where possible, we tried to select previously used
cut-offs and, although chosen without data analysis, aiming at a
potentially similar impact on outcome. We acknowledge that other
cut-offs could also be clinically relevant. For eGFR, a yearly reduc-

tion of approximately 1 ml/min/1.73 m?

could be expected from
ageing, and it could be argued that a higher cut-off value than the
one chosen would better discriminate reduction in eGFR from real
progression in kidney disease. However, we chose a cut-off of 0, as
eGFR was stable during 26 weeks of treatment with a GLP-1RA in

the PIONEER 5 study?® and the LIRA-RENAL study.?* The mean
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level of kidney function in this cohort was in the normal range and,
at these levels of renal function, the accuracy of the CKD-EPI equa-
tion is limited and measures of eGFR based on cystatin C would
potentially be more accurate.

The trial setting limits the generalizability of our findings. Because
of the randomized study design, GLP-1RA treatment was restricted to
half of the population and improvement in the other half was because
of initiation or intensification of other treatments or natural changes.
Acknowledging that we pooled two randomized studies, our analysis
was adjusted for treatment group (liraglutide/semaglutide and pla-
cebo), which also addresses the fact that more participants were on
active treatment in the higher G classes (GO—G4). Therefore, our
findings are not specifically related to the effects of GLP-1RA
treatment.

In conclusion, in a contemporary population with type 2 diabetes,
improvements in two or more risk markers were associated with car-
diovascular risk reduction, as compared with zero or one improved
risk marker. This trend with increasing number of improvements and
decreased risk was most noticeable for risk of nephropathy. Our find-
ings stress the importance of multifactorial intervention in individuals

with type 2 diabetes.
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