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Abstract

Background and 
Aims

In SELECT, subcutaneous semaglutide (target dose 2.4 mg) weekly in adults with pre-existing cardiovascular 
disease and body mass index ≥27 kg/m2 without diabetes significantly reduced major adverse cardiovascular 
events (MACE) by 20% vs placebo. This analysis explored potential mediators of this cardiovascular benefit.

Methods Changes from randomization to 24 months in body weight, waist circumference, plasma high-sensitivity C-re
active protein (hsCRP), glycated haemoglobin (HbA1c), lipids, blood pressure, estimated glomerular filtration 
rate, and urinary albumin-to-creatinine ratio were examined individually, and in combination, as potential med
iators of MACE risk reduction, using the Vansteelandt repeated regression method (a counterfactual approach).

Results Semaglutide significantly (P < .05) improved all potential mediators investigated. Point estimates for % medi
ation were largest for waist circumference (64.0% [95% confidence interval (CI) 27.5, 179.6]), hsCRP (42.1% 
[17.9, 110.5]), HbA1c (29.0% [−20.7, 120.5]), and body weight (19.5% [−33.0, 110.7]), examined separately, 
but all had wide CIs. Supplementary analyses suggested unreliability of estimates for body weight and waist cir
cumference, potentially due to differing relationship of body weight and waist change to MACE between treat
ment arms. Multivariable analysis estimated joint mediation for all potential mediators combined to be 31.4% 
(95% CI −30.1, 143.6). When variables other than body weight and waist circumference were considered, % 
mediation was 46.0% (95% CI −6.0, 161.0).

Conclusions Mediation analyses could not fully ascribe the effects of semaglutide on MACE to known risk factors in SELECT 
with any certainty. Further investigation of potential additional biomarkers and mediators of semaglutide’s car
diovascular protective effect are of interest.
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Structured graphical abstract

Which risk factors mediate the cardiovascular (CV) benefit of semaglutide in people with a body mass index ≥27 kg/m2 and known CV 
disease, but without diabetes?

In the SELECT trial, allocation to semaglutide was associated with improvements in several risk (body weight, waist circumference, 
hsCRP, HbA1c , lipids, blood pressure, eGFR, UACR) factors  compared with placebo. However, the treatment effect on major adverse 
CV events could not be ascribed to these changes with certainty, body weight reduction explaining only  31% of risk reduction.

These data suggest that other unidentified mechanisms could contribute to the CV benefit of semaglutide.

Key Question

Key Finding

Take Home Message

Explained effect (31%)

Repeated regression (Vansteelandt) of individual and combined biomarkers in the SELECT trial*

CV risk reduction
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Unexplained effect (69%)

* The randomized, double-blind SELECT trial evaluated the impact of semaglutide versus placebo on cardiovascular events in patients aged ≥45 years with a BMI of ≥27 kg/m2, 
with established CV disease and no history of diabetes

CVD, CV disease; CV, cardiovascular; BMI, body mass index; hsCRP, high-sensitivity C-reactive protein; HbA1c, glycated haemoglobin; eGFR, estimated glomerular �ltration 
rate; UACR, urinary albumin-to-creatinine ratio; SBP, systolic blood pressure.
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Introduction
The Semaglutide Effects on Cardiovascular Outcomes in People 
with Overweight or Obesity (SELECT) trial demonstrated that 
patients randomized to once-weekly subcutaneous semaglutide 
(a glucagon-like peptide-1 receptor agonist [GLP-1 RA]) at a tar
get dose of 2.4 mg experienced 20% lower risk of major adverse 
cardiovascular (CV) events (MACE) compared with patients ran
domized to placebo (6.5% vs 8.0%; hazard ratio 0.80; 95% con
fidence interval [CI] 0.72, 0.90; P < .001).1 SELECT was 
conducted in 17 604 patients aged 45 years or older who had 
pre-existing CV disease (CVD) and a body mass index (BMI) of 
27 kg/m2 or greater, but who did not have a history of diabetes.1

In SELECT allocation to semaglutide was associated with im
provements in several risk factors for atherosclerosis: body 
weight and fat distribution, glycaemic control, blood pressure, 
high-sensitivity C-reactive protein (hsCRP), lipid levels, and kid
ney function compared with placebo. These risk factors have 
been well described as components of cardiometabolic and car
diorenal syndromes.2 Whether the combined changes in these 
parameters could potentially explain the observed benefit on 
MACE risk is unclear.1 Additional effects of semaglutide may 
contribute as well, as the effects of GLP-1 RAs on atheroscler
osis may occur via many mechanisms (e.g. reduced lipid depos
ition, lower haemodynamic stress, improved endothelial 
function).3–7 Mediation analyses use statistical modelling of 
the changes in potential mediators or biomarkers, and the rela
tionship of these risk factors with the outcomes of interest, to 
examine if they account statistically for the treatment effect 
on clinical outcomes. It is important to note that such analyses 
cannot prove causality, not least because they rely on strong as
sumptions (such as the absence of unmeasured confounders), 
and these assumptions can be challenged. Furthermore they 
cannot differentiate between a biological mediator and biomar
kers of the protective mechanism of action of the drug. 
However, mediation analyses are useful in suggesting whether 
studies of the drug’s effect on other biological pathways beyond 
those already measured may be worthwhile.

Such analyses have been performed on data from trials of 
other GLP-1 RAs in people with diabetes and various states of 
CV risk. Mediation analyses from the LEADER trial, which exam
ined the effect of liraglutide in people with type 2 diabetes and 
known CVD, identified effects on glycated haemoglobin 
(HbA1c), and to a lesser extent urinary albumin-to-creatinine ra
tio (UACR), as potentially mediating the beneficial treatment ef
fect of liraglutide on MACE in that trial.8 In the REWIND trial, 
HbA1c and UACR were also suggested as potentially mediating 
the effect of the GLP-1 RA dulaglutide on MACE in people 
with type 2 diabetes, with and without known CVD.9 As dia
betes was an exclusion criterion in the SELECT trial, the distribu
tion of baseline HbA1c differed from that observed in diabetes 
trials with semaglutide. Similarly, UACR was also different in 
SELECT from other semaglutide trials.

An initial analysis examined the effect of adjusting for body 
weight and waist circumference through the trial on the 
MACE treatment effect on the estimate in a Cox regression ana
lysis. Adjusting for body weight had little effect but adjusting for 
waist circumference reduced the treatment effect estimate by a 
third.10 Here we report the formal full pre-specified mediation 
analysis of the SELECT trial. We use the gold-standard 

Vansteeland counterfactual method, and explore the % of medi
ation of the MACE effect across not just weight and waist cir
cumference but also other established CV risk factors singly 
and in combination.

Methods
Trial design and participants
The current work reports a pre-specified mediation analysis of the 
SELECT trial (NCT03574597), the design and primary results of 
which have been reported previously.1,11,12

In brief, eligible patients were aged ≥45 years with a BMI of 
≥27 kg/m2, with established CVD and no history of diabetes. 
Additional exclusion criteria included prior myocardial infarction 
(MI), stroke, hospitalization for unstable angina pectoris, or a transi
ent ischaemic attack within 60 days of screening; HbA1c ≥6.5% 
(48 mmol/mol); New York Heart Association class IV heart failure; 
presence of end-stage kidney disease; or need for chronic or inter
mittent dialysis. Patients were randomized (1:1) to escalating doses 
of once-weekly subcutaneous semaglutide over 16 weeks to 
achieve a target dose of 2.4 mg, or placebo.1,11

Measurement of CV risk factors
The following risk factors were examined in this analysis: body 
weight; waist circumference; plasma levels of hsCRP, HbA1c, total 
cholesterol, high-density lipoprotein (HDL) cholesterol, low-density 
lipoprotein (LDL) cholesterol, and triglycerides; systolic and diastolic 
blood pressure (SBP and DBP); estimated glomerular filtration rate 
(eGFR); and UACR. These were measured at multiple time points 
across the trial, as shown in Supplementary data online, Table S1. 
Details of the methods used have been reported previously.1,11,12

Outcomes
The primary outcome of SELECT and the endpoint of this mediation 
analysis was 3-point MACE, defined as time to the first occurrence 
of a non-fatal MI or non-fatal stroke, or death from CV causes. The 
trial was designed to terminate when at least 1225 primary MACE 
endpoints had occurred.1

Statistical analyses
As pre-specified, the mediation analyses of MACE were performed 
using a repeated regression based on a counterfactual framework 
for causal inference. The statistical method was proposed by 
Vansteelandt et al., for the setting where the outcome is time to 
event (here it is time to MACE) and potential mediators are repeat
edly measured during the trial.13

We evaluated mediation at the pre-specified time of 36 months 
since it was the expected minimum follow-up time among patients 
who completed the trial. Candidate mediators had been selected a 
priori based on an expectation that they would be affected by sema
glutide and could plausibly have an effect on MACE or be markers of 
a process that has an effect on MACE. After unblinding, the treat
ment effect on each candidate was evaluated to confirm its viability 
as a potential mediator. Repeated values of the potential mediators 
up to at least 24 months were used in the mediation analysis. To il
lustrate the relationship of changes in mediators to each other, we 
first reported the partial Pearson correlation coefficients of the 
changes in risk factors from baseline to 24 months by treatment 
arm, controlling for the baseline value of all risk factors.

For the Vansteelandt repeated regression approach, first, the differ
ence in MACE-free survival between semaglutide and placebo was es
timated at 36 months as the ‘total effect’ (note that this is an absolute 
rather than relative treatment effect). The probability of MACE-free 
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survival in the semaglutide arm, had the semaglutide arm experienced 
the values of the mediator across follow-up observed in the placebo 
group (i.e. an unobserved counterfactual scenario), was also estimated 
as previously described (this is termed the adjusted semaglutide 
MACE-free survival).13 The direct effect of semaglutide was then esti
mated as the difference between this adjusted semaglutide MACE-free 
survival and the placebo MACE-free survival.

The % mediation was then calculated as 100 × (1 − [direct effect] / 
[total effect]). Thus, were there a potential mediator that explained 
all of the treatment effects on MACE, the direct effect would 
approach zero and the % mediation would approach 100. 
Confidence intervals (CIs) for the total effect, direct effect, and per
centage mediation were calculated using a bootstrap resampling 
procedure. Note that the CIs for % mediation may include values 
below 0% or above 100% since they reflect the uncertainty of the 
estimates.

Potential mediator values from one or more visits were included 
as covariates in the regression models. In addition, the baseline va
lue of the corresponding mediator was included in all models as 
being a potential confounder. All planned mediator assessments be
fore 36 months were included, except in the case of body weight, 
SBP, and DBP, where a subset of the assessments (weeks 12, 20, 
39, 52, 78, 104, 130) was included in order to avoid convergence is
sues. If there was a missing mediator value for a patient still at risk of 
a first MACE, then the last observation was carried forward (LOCF) 
in the analysis.

As supplementary analyses, we also conducted a reversed coun
terfactual procedure in which the direct effect is estimated as the 
difference between arms in MACE-free survival had the placebo 
arm experienced the mediator values observed in the semaglutide 
arm. Whereas the main approach was based on the mediator- 
outcome association in the semaglutide arm, the reversed counter
factual approach was based on the corresponding association in the 
placebo arm. A large disparity between the estimated direct effects 
(and the resulting % mediation) under the two counterfactual scen
arios can indicate a true treatment–mediator interaction (as could 
occur if there is a synergistic effect of receiving semaglutide and 
changing the level of the mediator), or it can be an artefact caused 
by hidden confounding or by a non-linear relationship between me
diator and outcome.

As well as exploring each potential mediator, a combined analysis 
including multiple mediators in the same model was conducted. 
Note that mediators can be interrelated, such that you cannot as
sume that the total mediation increases when adding more media
tors in the analyses.

In the main mediation analyses, data from randomization to the 
final follow-up visit were used in line with the intention-to-treat 
principle. Supplementary on-treatment analyses were performed 
using data from randomization to the first treatment discontinu
ation, defined as being off-treatment for five consecutive weeks.

For comparison of results across CV outcome studies, we also 
conducted supplementary mediation analyses using a Cox regres
sion model with a time-dependent covariate, in the same way as 
in some other studies.9,14 The direct effect was estimated as a log 
hazard ratio from a model including the updated mean of the medi
ator, calculated as the area under the curve divided by time as a 
time-dependent covariate, alongside treatment and baseline value 
of the mediator as fixed covariates. The total effect was estimated 
from a Cox regression model with treatment as a single fixed covari
ate. The % mediation was then calculated as 100 × (1 − [direct ef
fect] / [total effect]), and its associated CI was estimated using a 
bootstrap resampling procedure.

All statistical analyses were performed with SAS software, version 
9.4 TS1M5 (SAS Institute, Cary, NC, USA), based on individual-level 
data.

Results
Potential mediators at baseline and change 
during follow-up
Of 17 604 randomized participants in SELECT, 8803 were as
signed to receive semaglutide and 8801 to placebo. The baseline 
characteristics have been reported previously.1 The mean age 
was 62 years, 72% were male, 72% had a BMI ≥30 kg/m2, 
66.4% had prediabetes defined as HbA1c between 5.7%–6.4%, 
and 68% had a history of a prior MI. The mean follow-up time 
was 39.8 months, and the assigned regimen was received for 
82.5% of potential treatment time in the semaglutide arm and 
87.7% of potential treatment time in the placebo arm. By 
24 months, approximately 77% of patients in the semaglutide 
arm were receiving the maximum dose of 2.4 mg.1 As reported 
previously, randomization to semaglutide was associated with 
significant improvements (P < .05) in the 12 potential mediators 
examined (see Supplementary data online, Figure S1).1 As shown 
by the partial correlation coefficients (PCC) of the change in po
tential mediators by 24 months, there was a notable correlation 
in the change between some mediators (see Supplementary 
data online, Table S2). For example, PCC were >[absolute] 0.2 
for the correlation between change in body weight and waist cir
cumference, HbA1c, hsCRP, and triglycerides in the semaglutide 
arm, and between change in body weight and waist circumfer
ence, HbA1c, and triglycerides in the placebo arm (see 
Supplementary data online, Table S2). Correlations differed 
somewhat between arms, e.g. a correlation of 0.3 vs 0.1 for 
the correlation in change in hsCRP and waist circumference in 
the semaglutide vs placebo arm.

Estimates of % mediation from 
counterfactual analysis
For the mediation analysis, the proportion of missing values that 
were imputed by LOCF at each visit ranged from 8% to 23%. 
These proportions were very similar in the two treatment 
arms (see Supplementary data online, Table S3). Table 1 shows 
the estimated % mediation of the effect of semaglutide on 
MACE at 36 months by potential mediators evaluated separate
ly. The largest point estimates for % mediation were for waist 
circumference (64.0% [95% CI 27.5, 179.6]), hsCRP (42.1% 
[95% CI 17.9, 110.5]), HbA1c (29.0% [95% CI −20.7, 120.5]), 
and body weight (19.5% [95% CI −33.0, 110.7]), but with wide 
CIs (Table 1) several of which encompass 100%. The survival 
curves underlying these estimates are shown in Figure 1 for 
the four potential mediators with the largest point estimates. 
Survival curves for the other mediators are shown in 
Supplementary data online, Figure S2.

Estimates of % mediation from reverse 
counterfactual analysis
The estimated % mediation at 36 months was markedly lower 
for waist circumference when using the reversed counterfactual 
approach compared with the main approach but with wide over
lapping CIs for both (Figure 1). This pattern of lower point esti
mates for mediation in the reverse counterfactual analysis was 
also seen for HbA1c and triglycerides, whereas for HDL choles
terol, the % mediation was higher in the reverse counterfactual 
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analysis (see Supplementary data online, Figure S2). For body 
weight, the estimated % mediation was similar for the two ap
proaches, but the CI was considerably wider when using the re
versed counterfactual approach.

Supplementary analysis estimating % 
mediation using on-treatment data
The supplementary analyses showed similar % mediation at 
36 months in the on-treatment counterfactual analysis as in 
the intention-to-treat counterfactual analysis for potential med
iators in general; exceptions were HbA1c, for which the point es
timate for % mediation increased from 29.0% to 43.0%; SBP, 

which decreased from 14.3% to 5.5%; and triglycerides, which 
decreased from 18.6% to 9.5% but all with wide overlapping 
CIs (Table 1 and Supplementary data online, Table S4).

Estimates of % mediation from multivariable 
counterfactual analysis
We examined the joint % mediation estimated when several risk 
factors were included together in different models (Table 2). 
When only body weight and waist circumference were included, 
the % mediation from these two factors was estimated as 12.3% 
(95% CI −42.6, 92.6), which was lower than for each one separ
ately. When only variables other than body weight and waist 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Time from randomization to first EAC-confirmed MACE adjusted for each of the 12 potential mediators (full analysis 
set)

Probability of not having had 
a MACE at 36 months

Estimated 
total effectd 

(95% CI)

Estimated 
direct effecte 

(95% CI)

Estimated 
% mediationf 

(95% CI)
Semaglutidea Adjusted semaglutideb Placeboc

Body weight 0.941 0.939 0.929 0.012 
(0.004, 0.019)

0.009 
(−0.001, 0.019)

19.5 
(−33.0, 110.7)

Waist circumference 0.941 0.934 0.930 0.012 
(0.004, 0.020)

0.004 
(−0.004, 0.013)

64.0 
(27.5, 179.6)

HbA1c 0.941 0.938 0.929 0.012 
(0.004, 0.019)

0.008 
(−0.001, 0.018)

29.0 
(−20.7, 120.5)

hsCRP 0.941 0.936 0.929 0.013 
(0.005, 0.020)

0.007 
(−0.001, 0.016)

42.1 
(17.9, 110.5)

DBP 0.941 0.941 0.929 0.012 
(0.004, 0.019)

0.012 
(0.005, 0.020)

−1.8
(−10.6, 4.0)

SBP 0.941 0.940 0.929 0.012 
(0.004, 0.019)

0.010 
(0.002, 0.018)

14.3 
(−6.1, 51.7)

Total cholesterol 0.941 0.940 0.929 0.012 
(0.005, 0.020)

0.011 
(0.003, 0.019)

7.6 
(−10.8, 36.1)

HDL cholesterol 0.941 0.940 0.930 0.012 
(0.004, 0.019)

0.011 
(0.003, 0.018)

9.3 
(−8.4, 42.3)

LDL cholesterol 0.942 0.940 0.930 0.012 
(0.005, 0.020)

0.011 
(0.003, 0.018)

10.9 
(0.8, 36.0)

Triglycerides 0.942 0.939 0.929 0.012 
(0.005, 0.020)

0.010 
(0.002, 0.018)

18.6 
(−0.5, 65.5)

eGFR 0.941 0.940 0.929 0.012 
(0.005, 0.020)

0.011 
(0.004, 0.019)

6.9 
(2.1, 21.3)

UACR 0.942 0.940 0.930 0.012 
(0.005, 0.020)

0.010 
(0.003, 0.018)

14.6 
(5.2, 39.0)

Probabilities of no event were estimated using Vansteelandt mediation analysis for repeatedly measured mediators.13 All probabilities were adjusted for the baseline 
value of the corresponding mediator. The variables hsCRP, UACR, and lipids were log-transformed before analysis. Treatment effects were evaluated as the difference 
in probabilities of no event. Percentiles based on 1000 bootstrap replicates were used to calculate CIs.
CI, confidence interval; DBP, diastolic blood pressure; EAC, event adjudication committee; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; 
HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; MACE, major adverse cardiovascular event; SBP, systolic blood 
pressure; UACR, urinary albumin-to-creatinine ratio.
aThe probability of surviving MACE-free by 36 months in the semaglutide arm.
bThe estimated probability of surviving MACE-free by 36 months in the semaglutide arm had the placebo arm values of the mediator been observed in the semaglutide 
arm.
cThe probability of surviving MACE-free by 36 months in the placebo arm.
dThe difference in probability of surviving MACE-free between the semaglutide and placebo arms is shown as the estimated total effect.
eThe difference between the adjusted semaglutide probability and the placebo probability is shown as the estimated direct effect.
fThe % mediation was calculated as 100 × (1 − [direct effect] / [total effect]).

Semaglutide and cardiovascular risk reduction: a mediation analysis of the SELECT trial 5

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag524#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehag524#supplementary-data


A

B

C

D

Figure 1 Counterfactual and reverse counterfactual survival curves for first EAC-confirmed MACE for the four potential mediators with 
the largest effect evaluated separately. Mediation analyses used the Vansteelandt repeated regression approach.13 Data shown are the 
estimated % mediation and the corresponding 95% CIs at 36 months. The solid blue and dotted grey lines show the observed survival 
curves for semaglutide and placebo. The dashed blue line in the left-hand figures shows the survival curve for semaglutide, which has

Continued 
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circumference were included in the analysis, the % mediation 
was 46.0% (95% CI −6.0, 161.0). Since including too many vari
ables causes convergence issues in such models, in this multi
variable model we included only one of the blood pressure 
variables (SBP) and one of the lipid variables (LDL cholesterol). 
When body weight and waist circumference were added to 
this latter model, the % mediation was lower at 31.4% (95% CI 
−30.1, 143.6).

Supplementary analysis estimating % 
mediation using a non-counterfactual 
time-dependent Cox regression analysis
The results of the Cox model adjustment for time-dependent 
mean potential mediators are shown in Table 3. Using this meth
od, the % mediation for each potential mediator was lower than 
using the Vansteelandt method, but the largest effects contin
ued to be seen for waist circumference, hsCRP, and HbA1c; 
CIs were narrower using this approach. In Cox regressions in
cluding multiple time-dependent mediators, the % mediation 
was highest for the model that included HbA1c, hsCRP, SBP, 
LDL cholesterol, eGFR, and UACR at 32.8%. As with the coun
terfactual method, the % mediation fell when body weight and 
waist circumference were added to the model. We further per
formed the same time-dependent type of Cox regression separ
ately by treatment arm (see Supplementary data online, 
Table S5). This analysis found no significant association between 
time-updated body weight and lower MACE incidence in either 
treatment arm. A lower time-updated waist circumference was 
significantly associated with lower MACE incidence only in the 
semaglutide arm, while a lower time-updated hsCRP was signifi
cantly associated with lower MACE incidence in both arms.

Discussion
In SELECT, the 20% reduction in MACE with semaglutide vs pla
cebo was accompanied by significant improvements across mul
tiple known CV risk factors.1 Here we investigated to what 
extent changes in these risk factors might mediate semaglutide’s 
effect on MACE. Our primary analysis method was the 
Vansteeland counterfactual approach but we also conducted a 
supplementary analysis using a time updated Cox regression 
model. Among the CV risk factors evaluated, change in waist cir
cumference (64.0%), hsCRP (42.1%), HbA1c (29.0%), and body 
weight (19.5%) showed the largest contribution in the counter
factual mediation analysis with each considered separately, but 
CIs were wide and all overlapped 100%. While the CIs that en
compass 100% of mediation mean that it is possible that such 
risk factors may explain the entirety of the drug effect on 
MACE, the point estimates for the most likely value of the % me
diation are well below 100%, consistent with alternative factors 

mediating at least some of the effect. In the Cox regression ap
proach the same risk factors showed the highest mediation al
though the point estimates were generally lower but with 
narrower CIs that did not overlap 100%. Thus neither of these 
analyses show with any confidence that the most immediate 
candidate mediators, body weight or waist circumference 
change, or other factors, could account for all the MACE effect 
with any certainty when considered separately (Structured 
Graphical Abstract).

Change in plasma hsCRP level was associated with the second 
largest point estimate for % mediation after waist circumfer
ence. hsCRP levels are reported as being higher in patients living 
with obesity, which may involve various factors, including 
interleukin-6 which is produced in adipose tissue and induces 
CRP gene expression.15 CRP is a biomarker of systemic inflam
mation and also of total body fat mass.16 Higher BMI is asso
ciated with higher hsCRP levels16 and non-pharmacological 
weight loss is associated with a fall in hsCRP.17 The large point 
estimate for mediation of the MACE effect in SELECT by 
hsCRP could partly reflect mediation of the effect of semaglu
tide on MACE being through change in total body fat mass, or 
for part of the effect of semaglutide being a direct anti- 
inflammatory effect; we cannot differentiate between these 
two explanations.

SELECT was the first trial of a GLP-1 RA conducted in people 
with known CVD but without diabetes to show a reduction in 
CV outcomes,1 and as such this represents the first mediation 
analysis in such a population without diabetes at baseline. In 
the LEADER trial of liraglutide, which included only patients 
with known CVD, and the REWIND trial of dulaglutide, which in
cluded patients both with and without CVD, all participants had 
type 2 diabetes. In those trials, HbA1c change was estimated to 
account for up to 83% (using the Vansteelandt method in 
LEADER) and 36% (using the time-updated Cox regression 
method in REWIND) of treatment effects on MACE.8,9 When 
considered separately in our analysis, the estimate for HbA1c 
using the Vansteelandt method was 29%. Using the time- 
updated Cox regression approach yielded a % mediation of 
just 13% for HbA1c. Overall, these data suggest that 
glucose lowering may have mediated some of the effect on 
MACE, but with considerable uncertainty regarding how 
much. In LEADER and REWIND, UACR was considered the 
only other mediator of the MACE effect with good support 
(33% and 29%, respectively).8,9 In SELECT, the % mediation es
timate for UACR was considerably lower than this (14.6%), 
which might be expected given the higher prevalence of base
line normoalbuminuria in people in SELECT (84%)11 than in 
the LEADER (63%)18 and REWIND (65%)19 trials in people 
with diabetes. A mediation through UACR is consistent with ei
ther a kidney effect or an effect on endothelial dysfunction. 
Higher levels of baseline albuminuria were observed in the 

Figure 1 Continued 
been adjusted to estimate the probability of no event in the unobserved counterfactual scenario that the semaglutide arm mediator va
lues were as if treated with placebo. The dashed grey line in the right-hand figures shows the survival curve for placebo, which has been 
adjusted for the reversed counterfactual scenario that the placebo arm mediator values were as if treated with semaglutide. All curves 
were adjusted for the baseline value of the corresponding mediator. The variable hsCRP was log-transformed before analysis. 
Percentiles based on 1000 bootstrap replicates were used to calculate CIs. CI, confidence interval; EAC, event adjudication committee; 
HbA1c, glycated haemoglobin; hsCRP, high-sensitivity C-reactive protein; MACE, major adverse cardiovascular event
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FLOW trial, so whether greater mediation by UACR will be ob
served in FLOW will be of interest, though no interaction be
tween baseline albuminuria and MACE effect was observed in 
FLOW.20 Some mediation via lipid changes and SBP was also 
suggested by the examination of each risk factor separately.

A key goal of our analysis was to evaluate the joint mediation 
of all risk factors considered together. As shown, there is a cor
relation in the within-person change in risk factors; thus, the % 
mediation attributable to each cannot be fully separated and 
point estimates must then be interpreted with this in mind. 
When risk factors other than body weight or waist were com
bined together the % mediation was not much increased above 
the largest single risk factor estimate. Surprisingly, when body 
weight and waist change were added to these multivariable 
models, the % mediation explained actually fell. Indeed, the % 
mediation in a model that included only body weight and waist 
circumference was lower than for either separately; this was the 
case with both counterfactual and Cox models. This suggests 
that there may be unmeasured confounders of the association 
between waist circumference and body weight change with 
MACE. That this may be the case is further suggested by the re
versed counterfactual analysis, giving very different point esti
mates for mediation by waist circumference than the 
counterfactual analysis, or in the case of body weight change, 
having much wider CIs. The treatment arm-specific supplemen
tary analyses using Cox regression likewise suggested that the 
strength of association of time-updated waist circumference 
and MACE differed in the two treatment arms, and there was 
no significant association of time-updated bodyweight with 
MACE in either arm. We also noted that the correlation of 

body weight and waist circumference change differed by treat
ment arm. A previous subgroup analysis from SELECT that con
cluded that about a third of the MACE effect was attributable to 
waist circumference change showed that in the placebo group, 
weight loss of >5% by week 20 was associated with increased 
MACE.10 Taken together, these observations are consistent 
with unintentional weight loss driven by comorbid conditions 
or frailty acting as a confounding factor. The same confounding 
factors are likely also occurring in those receiving semaglutide; 
however, unintentional weight loss driven by comorbid condi
tions is likely being masked by the efficacy of semaglutide in 
the treatment arm. Thus, while it remains possible that a greater 
% of mediation is due to waist circumference or weight change 
than the point estimates we have obtained here, our analyses 
cannot convincingly show that the effect of semaglutide on 
MACE in SELECT is totally accounted for by body weight or 
waist circumference change or change in the other CV risk fac
tors measured.

Other potentially cardioprotective actions of semaglutide not 
necessarily captured by the conventional CVD risk factors mea
sured in SELECT and analysed here have been suggested, but re
main speculative at present. For example, semaglutide reduces 
steatohepatitis and whether this mediates some of the CVD ef
fects in SELECT is unclear.21 In mouse models of atherosclerosis, 
semaglutide reduced plaque size.22 In conjunction with this re
duction, circulating inflammatory markers (including tumour ne
crosis factor-alpha, interferon-gamma, and osteopontin) were 
reduced, as was the expression of inflammation-associated 
genes in plaque. Changes in these and other pro-inflammatory 
markers may not be fully captured by hsCRP measurements. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 Estimated % mediation for potential mediators evaluated jointly (full analysis set)

Probability of not having had 
a MACE at 36 months

Estimated 
total effectd 

(95% CI)

Estimated 
direct effecte 

(95% CI)

Estimated 
% mediationf 

(95% CI)

Reversed counterfactual  
estimated % mediationg 

(95% CI)
Semaglutidea Adjusted semaglutideb Placeboc

Body weight, waist circumference, HbA1c, hsCRP, SBP, LDL cholesterol, eGFR, UACR

0.943 0.939 0.930 0.012 
(0.005, 0.020)

0.008 
(−0.003, 0.019)

31.4 
(−30.1, 143.6)

52.6 
(−55.1, 192.6)

HbA1c, hsCRP, SBP, LDL cholesterol, eGFR, UACR

0.942 0.937 0.930 0.012 
(0.005, 0.020)

0.007 
(−0.004, 0.016)

46.0 
(−6.0, 161.0)

60.4 
(1.2, 165.0)

Body weight, waist circumference

0.942 0.940 0.930 0.012 
(0.004, 0.020)

0.011 
(0.000, 0.020)

12.3 
(−42.6, 92.6)

12.2 
(−121.1, 134.7)

Probabilities of no event were estimated using Vansteelandt’s mediation analysis for repeatedly measured mediators.13 All probabilities were adjusted for the baseline 
value of the corresponding mediator. The variables hsCRP, UACR, and lipids were log-transformed before analysis. Treatment effects were evaluated as the difference 
in probabilities of no event. Percentiles based on 1000 bootstrap replicates were used to calculate CIs.
CI, confidence interval; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; hsCRP, high-sensitivity C-reactive protein; LDL, low-density 
lipoprotein; MACE, major adverse cardiovascular event; SBP, systolic blood pressure; UACR, urinary albumin-to-creatinine ratio.
aThe probability of surviving MACE-free by 36 months in the semaglutide arm.
bThe estimated probability of surviving MACE-free by 36 months in the semaglutide arm had the placebo arm values of the mediator been observed in the semaglutide arm.
cThe probability of surviving MACE-free by 36 months in the placebo arm.
dThe difference in probability of surviving MACE-free between the semaglutide and placebo arms is shown as the estimated total effect.
eThe difference between the adjusted semaglutide probability and the placebo probability is shown as the estimated direct effect.
fThe % mediation was calculated as 100 × (1 − [direct effect] / [total effect]).
gThe % mediation was calculated as 100 × (1 − [direct effect] / [total effect]), where the direct effect was the difference between arms in MACE-free survival had the placebo 
arm experienced the mediator values observed in the semaglutide arm.
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An increase in the endocrine activity of epicardial fat with 
anti-thrombotic properties with semaglutide in samples taken 
from patients during cardiac surgery has been reported.23

Extensive changes in the plasma proteome with semaglutide 
have been reported from the STEP 1 and 2 trials, such as 
ANGPT2 (involved in vascular remodelling and angiogenesis), 
CD93 (involved in CV homeostasis), and MSR1 (involved in lipid 
metabolism and immune function).24 Further studies in SELECT 
will examine proteomic changes and their impact on CVD in 
more detail.

The strengths of this study are the randomized allocation of 
semaglutide, the lengthy follow-up, the range of potential med
iators that were measured, and the substantial 20% reduction in 
MACE. Limitations include the fact that SELECT was not pow
ered with respect to any mediation analysis, and the frequency 

of measurements—were these available more frequently, then 
% mediation estimates may have been more precise. A further 
limitation is that missingness in covariates (not all data could 
be collected due to the COVID-19 pandemic), while not very 
large and of equal magnitude in the treatment arms, nonetheless 
also introduces less precision in mediation estimates (see 
Supplementary data online, Table S3). When the outcome is 
time to event, there is a potential issue of competing risks. For 
example, it is possible that some patients died due to non-CV 
causes before the benefit of a change in the mediator on the 
risk of MACE could be observed, and the frequency of this could 
be different in the two treatment arms. Indeed, an analysis of 
causes of mortality in SELECT demonstrated a reduction in 
COVID-19 deaths and deaths from infection with semaglutide 
compared with placebo, and these non-CV deaths were a com
peting risk for CV death in the placebo group.25 Finally, and most 
importantly, all mediation analyses inherently rely on strong as
sumptions, including the untestable assumption that there is no 
unmeasured confounding factor, i.e. a hidden factor that affects 
both the potential mediator and the risk of MACE. When the 
mediators of interest include body weight and body fat distribu
tion, this problem is especially an issue given that the relation
ship of body weight change to outcomes varies by the cause 
of the change. Such confounding could lead to an over- or 
underestimation of the % mediation. These limitations empha
size that all mediation analyses are exploratory, and the results 
should therefore be interpreted with caution.

In conclusion, mediation analyses could not fully explain the 
effects of semaglutide on MACE to known risk factors in 
SELECT with any certainty. These findings highlight that further 
investigations of potential additional biomarkers and mediators 
of semaglutide’s cardioprotective effect are worthwhile.
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