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Relationship between classic vascular
risk factors and cumulative recurrent
cardiovascular event burden in patients
with clinically manifest vascular
disease: results from the UCC-SMART

prospective cohort study

Tamar Irene de Vries," Jan Westerink,? Michiel L Bots,* Folkert W Asselbergs,*°

Yvo M Smulders

ABSTRACT

Objective The aim of the current study was to assess the
relationship between classic cardiovascular risk factors
and risk of not only the first recurrent atherosclerotic
cardiovascular event, but also the total number of non-
fatal and fatal cardiovascular events in patients with
recently clinically manifest cardiovascular disease (CVD).
Design Prospective cohort study.

Setting Tertiary care centre.

Participants 7239 patients with a recent first
manifestation of CVD from the prospective UCC-SMART
(Utrecht Cardiovascular Cohort - Second Manifestations of
ARTerial disease) cohort study.

Outcome measures Total cardiovascular events,
including myocardial infarction, stroke, vascular
interventions, major limb events and cardiovascular
mortality.

Results During a median follow-up of 8.9 years, 1412
patients had one recurrent cardiovascular event, while
1290 patients had two or more recurrent events, with

a total of 5457 cardiovascular events during follow-up.
The HRs for the first recurrent event and cumulative

event burden using Prentice-Williams-Peterson models,
respectively, were 1.36 (95% Cl 1.25 to 1.48) and 1.26
(95% Cl 1.17 to 1.35) for smoking, 1.14 (95% CI 1.11 to
1.18) and 1.09 (95% Cl 1.06 to 1.12) for non-high-density
lipoprotein (HDL) cholesterol, and 1.05 (95% CI 1.03 to
1.07) and 1.04 (95% Cl 1.03 to 1.06) for systolic blood
pressure per 10 mm Hg.

Conclusions In a cohort of patients with established CVD,
systolic blood pressure, non-HDL cholesterol and current
smoking are important risk factors for not only the first,
but also subsequent recurrent events during follow-up.
Recurrent event analysis captures the full cumulative
burden of CVD in patients.

INTRODUCTION

In cardiovascular (CV) clinical trials inves-
tigating treatment effects and in cohort
studies, there is a focus on the first CV event

% Frank L J Visseren

Strengths and limitations of this study

| \‘

» This study uses a total (cumulative) event analysis
to better capture the entire clinical disease burden
than time-to-first event alone.

» The study has a prospective design with systematic
collection of both baseline variables and outcomes
to minimise bias.

» Several sensitivity analyses were performed to en-
sure robustness and validity of the results.

» All outcomes are weighed equally in the total event
analysis, while in clinical practice not all endpoints
have equal clinical relevance.

» Only baseline measurements were studied, meaning
that changes in risk factors were not taken into ac-
count over longer follow-up.

during follow-up. In clinical practice not only
the first (recurrent) CV event is relevant for
healthcare professionals and patients, but
all CV events during the next years or even
during a patient’s lifespan.

Evaluating only the first (recurrent) CV
event during follow-up does not use the
complete clinical information available,
as subjects with a first non-fatal event can
continue to be followed during a study
period and can experience numerous addi-
tional events during the course of follow-up.
Ignoring these additional events may there-
fore notreflect the total cardiovascular disease
(CVD) burden of an individual patient over
time.! Moreover, it is likely that the relation
between a risk factor and an endpoint may be
different for the first event compared with the
total disease burden.” This may be especially
true for modifiable risk factors, which may
diminish in importance after the initiation of
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secondary prevention. Consequently, time-to-first event
analyses may not capture the full clinical impact of a risk
factor. Clinically, therefore, it is also of interest to study
the effect of risk factors or treatment on the cumulative
event burden. The commonly used composite endpoint,
including only ‘hard’ endpoints such as myocardial
infarction, stroke and CV death, may also not capture the
clinical burden for a patient, as revascularisation proce-
dures and peripheral artery disease are also relevant
events or outcomes in clinical practice in terms of loss of
quality of life and economic costs.” Investigating the rela-
tionship between risk factors and the total event burden
may therefore provide additional information compared
with first events in a composite endpoint alone. Several
randomised clinical trials studying risk factor reduction in
CV research have published results of total event analyses
in the last decade, which show that recurrent event anal-
yses are a better measure of the total disease burden.”™
However, few total (or cumulative) event analyses have
previously been published that study the relation between
classic vascular risk factors and CV outcomes in an obser-
vational cohort study.” '’

Patients with established CVD are known to be at
higher risk of future (recurrent) events compared with
patients without CVD." The aim of the current study is to
assess the relationship between classic modifiable CV risk
factors blood pressure (BP), cholesterol and smoking and
the risk of not only the first recurrent atherosclerotic CV
event, but also the total number of recurrent CV events in
patients with a recent first manifestation of CVD.

METHODS

Study population

Data from the Utrecht Cardiovascular Cohort - Second
Manifestations of ARTerial disease (UCC-SMART) study
were used, an ongoing prospective cohort study at the
University Medical Centre Utrecht, The Netherlands.
From September 1996 onwards, patients over 18 years
old referred to our institution with clinically manifest
vascular disease or vascular risk factors were eligible for
participation. The rationale and study design of the UCC-
SMART cohort study have been published previously.'?
Written informed consent was obtained from all partici-
pants. For the current study, data from 7239 participants
with a recent first manifestation of CVD enrolled between
1996 and 2018 were used.

Baseline measurements

After inclusion, study participants underwent a stan-
dardised vascular screening consisting of a health ques-
tionnaire including medical history and CV risk factors,
physical examination and laboratory testing in fasting
state.'” Smoking was recorded as current versus past/
never smoker. Non-high-density lipoprotein (HDL)
cholesterol was defined as total cholesterol minus HDL
cholesterol, both measured in fasting state. Systolic
blood pressure (SBP) was measured using an automatic

oscillometric device on both arms, and the mean of the
highest arm was used.

Follow-up

During follow-up, information on hospitalisation, outpa-
tient clinic visits and (CV) events was obtained biannually
through questionnaires. All available data were collected
on reported events. All events were independently eval-
uated by three members of the UCC-SMART cohort
endpoint committee. The primary endpoint of the
current study consisted of non-fatal atherosclerotic CV
events, including myocardial infarction, stroke, major
adverse limb events (MALE), revascularisation proce-
dures and other vascular interventions, and death due to
CV causes. MALE was defined as any amputation above
the forefoot and revascularisation procedures of the lower
limbs. Other vascular interventions included coronary
revascularisation, procedures of the abdominal aorta, or
revascularisation of the carotid arteries, renal arteries or
iliac arteries. Death was reported by the general practi-
tioner, treating specialist or relatives.

Duration of follow-up was defined as the period between
study inclusion and death, loss to follow-up or the prese-
lected date of 1 March 2018. In total, 561 (6.6%) partici-
pants were lost to follow-up during the study period.

Statistical analysis

All analyses were conducted with R V.3.5.1 statistical soft-
ware (www.r-project.org; packages survival, Hmisc, dplyr,
MASS, ggplot2). Missing values (<1%) were imputed
using predictive mean matching (areglmpute algorithm
in R, Hmisc package)."”

Baseline clinical characteristics were presented as
frequencies with percentages for categorical variables,
and mean with SD for continuous variables.

Non-parametric mean cumulative function curves were
created for total CV events using the Nelson-Aalen esti-
mator.'* The mean cumulative function represents the
expected (ie, mean) cumulative number of events for
a patient at a given point in time after inclusion. For
comparative purposes, Kaplan-Meier curves were also
created for the first CV event and plotted with the mean
cumulative function curves. To visualise the effect of
the risk factors of interest (current smoking, non-HDL
cholesterol and SBP), plots were also created stratified
for the presence of the investigated risk factors: current
smoking vs no current smoking; SBP 2140 mm Hg vs <140
mm Hg; and non-HDL cholesterol 22.6 mmol/L vs <2.6
mmol/L, based on the European Society of Cardiology
thresholds."

As the study aim was to determine the aetiological rela-
tionship between the modifiable risk factors of interest,
all analyses were adjusted for potential confounders
based on previous literature, which included, where
appropriate, age, sex, alcohol use, type of baseline
vascular disease, current smoking, SBP and non-HDL
at baseline. The analyses for non-HDL cholesterol were
additionally adjusted for statin therapy and diabetes; SBP
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was additionally adjusted for BP-lowering medication and
estimated glomerular filtration rate.

Time-to-first event was studied using Cox proportional
hazard models. The composite endpoint consisted of all
previously described CVD endpoints. Linearity of the rela-
tionship between non-HDL cholesterol and SBP with the
outcome was assessed with restricted cubic splines. The
assumption of proportionality was visually checked by
plotting Schoenfeld residuals. Prentice-Williams-Peterson
(PWP) analysis, an extension of the Cox proportional
hazard model to model recurrent events, was performed
to assess the relationship between the risk factors of
interest and the total event burden,16 as it has been
suggested that this is the most robust of the recurrent
event modelling methods.” The PWP model is a condi-
tional model, meaning that patients are only part of the
risk set for event kwhen they have experienced event k-1.

Sensitivity analyses

As has been recommended, several sensitivity anal-
yses were performed to demonstrate that an apparent
causal effect does not depend on the chosen statistical
method.'” "® Negative binomial regression is an attractive
method for recurrent event modelling because it accom-
modates heterogeneity among patients. It assumes that
each participant has events according to their own indi-
vidual, specific event rate through a random effect term
which varies according to a gamma distribution.'**" A
negative binomial regression model was therefore used
to obtain estimates of the effect of the risk factors of
interest on the outcome event rate, including all non-
fatal and fatal CV events. A disadvantage of negative bino-
mial regression is that it does not take time to event into
account, which may bias the results if there is unequal
follow-up.*

Additional sensitivity analyses were performed using the
Andersen-Gill and Wei-Lin-Weissfeld (WLW) models,? **
both extensions of the Cox proportional hazard model to
model recurrent events. In the WLW model, individual
patients are included in the risk set for event k regard-
less of whether they have experienced event k-1. Both
the PWP and WLW models use follow-up time from inclu-
sion, a ‘total time’ approach, in contrast to the ‘gap time’
approach of Andersen-Gill, where the times between
consecutive events are modelled rather than the time
from baseline.'” The Andersen-Gill method assumes that
all events are independent. This assumption is clearly
violated, as the risks of CV events within one individual
are associated. Therefore, robust SEs may be used with
the Andersen-Gill method to account for heterogeneity.**
All recurrent event analyses were limited to the first five
events.

To investigate the role of competing events and ‘soft’
endpoints on the relationship between risk factors and
outcomes under the different statistical methods, several
additional sensitivity analyses were performed: (1) using
only non-fatal CV events; (2) including non-CV mortality
in the combined endpoint; (3) using only ‘hard’ endpoints

usually included in a composite endpoint (non-fatal MI,
non-fatal stroke and CV mortality); (4) limited to 10-year
follow-up; (5) limited to 5-year follow-up; (6) limited to
patients included after 2007 to study a more contempo-
rary patient population treated under the 2007 European
Society of Cardiology guidelines or more recent guide-
lines®; and (7) limited to non-smokers.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Baseline characteristics

The characteristics of the 7239 patients with recent CVD
at baseline included in the study population are shown in
table 1. Compared with patients who had no recurrent CV
event during follow-up, patients with one or more recur-
rent events generally had a less favourable risk profile at
baseline (table 1). Compared with people who experi-
enced multiple recurrent events during follow-up, those
who experienced no recurrent events during follow-up
were slightly younger, more often women, less often
current smokers, have a lower SBP and more often used
lipid-lowering drugs at baseline. They were on average
recruited later in the study (37% after 2011, compared
with only 7% in patients who experienced more CV
events).

First and total events during follow-up

During a median follow-up of 8.9 years (IQR 4.8-9.1),
1412 patients (19.5%) had one CV event during follow-up
and 1290 patients (17.8%) had multiple CV events during
follow-up (figure 1). During the course of the study, a
total of 5457 recurrent CV events occurred, of which 2702
were first events within the study period (figure 2). The
first recurrent event took place after a median of 3.2 years
(IQR 0.9-7.1) from inclusion. There were an additional
2755 CV events that occurred after the first event during
the course of the cohort study. The second recurrent
event took place after a median of 1.1 years (IQR 0.2-4.1)
after the first recurrent event.

In comparison, there was a higher proportion of MALE
and CV death among the additional events than among
the first events (24.2% vs 12.4% and 14.5% vs 11.7%,
respectively). In contrast, there were less non-fatal myocar-
dial infarctions (8.1% vs 11.8%), non-fatal strokes (5.6%
vs 9.4%), coronary revascularisation (31.9% vs 35.5%)
and other revascularisations (15.7% vs 19.2%). Figure 3
shows the Kaplan-Meier curve and mean cumulative func-
tion plot for the first and total CV events, respectively.

Relation between classic risk factors and total events

Figure 4 shows the Kaplan-Meier curve and mean cumu-
lative function plot for the first and total new CV events,
respectively, stratified according to the presence of each risk
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Table 1 Baseline characteristics of study participants with no recurrent CV event, a single recurrent CV event or multiple

recurrent CV events

No recurrent CV event

Single recurrent CV event

Multiple recurrent CV events

n=4537 n=1412 n=1290
Age (years) 59+11 61+10 60+10
Male sex 3170 (70) 1088 (77) 989 (77)
Current smoking 1271 (28) 473 (33) 529 (41)
Systolic blood pressure (mm Hg) 137+20 141+20 143122
Diastolic blood pressure (mm Hg) 81+11 81+11 81+11
History of coronary artery disease 2630 (58) 826 (58) 736 (57)
History of cerebrovascular disease 1513 (33) 362 (26) 276 (21)
History of PAD or AAA 1995 (44) 608 (43) 636 (49)
Type 2 diabetes 577 (13) 246 (17) 256 (20)
Lipid-lowering medication 3219 (71) 887 (63) 799 (62)
Blood pressure-lowering medication 3332 (73) 1058 (75) 946 (73)
Antiplatelet medication 3344 (74) 1053 (75) 907 (70)
Total cholesterol (mmol/L) 4.7+1.2 4.9+1.2 5.1£1.3
HDL cholesterol (mmol/L) 1.3x0.4 1.2x0.4 1.2+0.3
LDL cholesterol (mmol/L) 2.7+1.0 3.0+1.1 3.2+1.1
Serum creatinine (mmol/L; median) 85 (75-97) 89 (78-101) 89 (78-103)
Inclusion year in UCC-SMART
1996-2000 498 (11) 403 (29) 457 (35)
2001-2010 2373 (52) 829 (59) 743 (58)
2011-2018 1666 (37) 180 (13) 90 (7)

Presented as n (%) for categorical data or mean+SD for continuous data, unless stated otherwise.
AAA, abdominal aortic aneurysm; CV, cardiovascular; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAD, peripheral artery
disease; UCC-SMART, Utrecht Cardiovascular Cohort - Second Manifestations of ARTerial disease.

factor. Table 2 shows the relationship between the classic risk
factors of interest and (total) CV events as estimated by the
different statistical models. Traditional time-to-first event
Cox models showed significant relationships with first recur-
rent CV events for current smoking (HR 1.36, 95% CI 1.25
to 1.48), non-HDL cholesterol (HR 1.14 per mmol/L, 95%

5000 4537
(63%)
4000-

3000

2000+ 1412
(20%)

Number of patients

672
10007 O%) 270 168 77 403

(4%) 2%) (1%) (1%)

0 1 2 3 4 5 =6
Cardiovascular events per patient during follow-up

Figure 1 Number of cardiovascular events per patient
during follow-up.

CI 1.11 to 1.18) and SBP (HR 1.05 per 10 mm Hg, 95% CI
1.03 to 1.07). The PWP models showed significant relation-
ship between the cumulative recurrent event burden and
current smoking (HR 1.26, 95% CI 1.17 to 1.35), non-HDL
cholesterol (HR 1.09, 95% CI 1.06 to 1.12) and SBP (HR
1.04,95% CI 1.03 to 1.06).

Sensitivity analyses

Negative binomial regression and Andersen-Gill showed
consistent results with regard to direction of the rela-
tion, but not in magnitude (table 2). For all risk factors,
negative binomial regression showed stronger relation-
ships than both Andersen-Gill and PWP. For all three risk
factors, the relationship between event and risk factor was
stronger for the fifth than for the first recurrent event,
as shown by the WLW analysis. The results of the other
sensitivity analyses are shown in table 3. There were no
important differences in the sensitivity analyses compared
with the main analyses, with overlapping Cls.

DISCUSSION

In the current paper, we demonstrated that in patients
with recently clinically manifest vascular disease, the modi-
fiable risk factors current smoking, non-HDL cholesterol
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First
Event
n=2702
Other NF MI NF Stroke
revasc n=319 3:253
n=520
MALE
n=334
Cor revasc
n=959 CV Death
n=317

Additional
Events
n=2755
NF MI
n:323 NF Stroke
n=154
Other J
revasc
n=432
MALE
Cor revasc n=668
n=878
cVv
Death
n=400

Figure 2 Number of first and total subsequent CV events and by individual endpoints. cor, coronary; CV, cardiovascular;
MALE, major adverse limb events; Ml, myocardial infarction; NF, non-fatal; revasc, revascularisation.

and SBP are not only related to the risk of a first recurrent
CV event during follow-up, but also with total recurrent
CV events over long-term follow-up.

Although not necessarily particularly surprising, the
results of the present study confirm that better treatment
of the classic risk factors is necessary in patients with
clinically manifest vascular disease to prevent not just
the first recurrent vascular event, but even more so the
total burden of events. This is not only true for the hard
(classic major adverse cardiovascular events (MACE))

-

[=3

o
1

~
3]
1

Cumulative Events per 100 Patients
[
o

25+
—— Total CV events
0 --- First CV event
0 2.5 5 7.5 10
Number at risk: Years
7239 4107 1993

Figure 3 Mean cumulative functions and Kaplan-Meier
curves for cardiovascular (CV) events. The mean cumulative
function curve depicts the expected total number of recurrent
CV events for a given 100 patients in the study population

at a given time after randomisation. In contrast, the Kaplan-
Meier curve depicts the expected number of patients with a
first recurrent CV event at any given time per 100 patients.

endpoints, but for all (non-fatal and fatal) endpoints.
These results may be of use in communicating the benefit
of risk factor treatment with patients in clinical practice.
Although the effect sizes are smaller for the total recur-
rent events compared with only the first recurrent event,
they are still clinically very important. Smoking at base-
line is associated with a 26% increase in hazard for any
recurrent event. As we have only used baseline smoking
status in the current analysis, this does not account for
people who quit smoking after baseline. Likely, the effect
size of those patients who keep smoking throughout the
study follow-up is larger. This is corroborated by previous
analyses showing that smoking cessation importantly
decreases the risk of future events.” But the HRs for non-
HDL cholesterol and SBP are also clinically important; a
difference of 3 mmol/L in baseline non-HDL cholesterol
is associated with a 30% increase in hazard for any recur-
rent event; a difference of 40 mm Hg in baseline SBP is
associated with a 17% increase in hazard.

Multiple events over time in a subject are associated
with a large burden for the patient, decreased quality
of life and higher costs. This is important not only at
the patient level, but also for the healthcare systems
as multiple events in a single patient lead to the use of
more resources, due to hospitalisations, tests, additional
(surgical) interventions and physician visits.

In recent years, several randomised controlled trials
have published the effects of trial interventions on the
total CV event burden. In the ODYSSEY OUTCOMES
trial, which studied the addition of the proprotein
convertase subtilisin/kexin type 9 (PCSK9) monoclonal
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Figure 4 Mean cumulative functions and Kaplan-Meier curves for cardiovascular (CV) events, stratified according to (A)
smoking status, (B) non-high-density lipoprotein (HDL) cholesterol and (C) systolic blood pressure (SBP).
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Table 2 Relation between traditional risk factors and first or total subsequent recurrent CV events according to different

statistical methods

Events*

Current smoking

Non-HDL cholesterol

(per mmol/L)

SBP
(per 10 mm Hg)

HR (95% CI)

HR (95% Cl)

HR (95% CI)

Time-to-first event Cox regression
Prentice-Williams-Peterson

Negative binomial regression

Andersen-Gill
Wei-Lin-Weissfeld
Stratified per event

Prentice-Williams-Peterson

First event
Second event
Third event
Fourth event
Fifth event
Wei-Lin-Weissfeld

First event
Second event
Third event
Fourth event
Fifth event

2702
5138
5138
5138
2702

2702
1290
618
348
180

2702
1290
618
348
180

1.36 (1.25 to 1.48)
1.26 (1.17 to 1.35)
1.33 (1.22 to 1.45)
1.35 (1.24 to 1.47)

( )

1.41 (1.28 to 1.56

1.36 (1.25 to 1.48)
1.17 (1.02 to 1.35)
1.04 (0.84 to 1.29)
1.03 (0.77 to 1.38)
1.40 (0.90 to 2.17)

1.36 (1.25 to 1.48)
1.49 (1.32 t0 1.68)
1.44 (1.21 10 1.72)
1.43 (1.13 to 1.81)
1.56 (1.12 t0 2.17)

1.14 (1.1 10 1.18)
1.09 (1.06 to 1.12)
1.23 (1.19 t0 1.28)
1.13 (1.09 to 1.16)
1.15(1.10 to 1.21)

1.14 (1.10 to 1.19)
1.09 (1.03 to 1.16)
0.99 (0.93 to 1.06)
1.02 (0.95 to 1.08)
1.03 (0.93 to 1.13)

1.14 (1.10 to 1.19)
1.18 (1.12 to 1.25)
1.13 (1.05 to 1.22)
1.13 (1.04 to 1.24)
1.20 (1.10 to 1.31)

1.05 (1.03 to 1.07)
1.04 (1.03 to 1.06)
1.07 (1.05 to 1.10)
1.05 (1.04 to 1.07)
1.06 (1.04 to 1.09)

1.05 (1.03 to 1.07)
1.03 (1.00 to 1.07)
1.09 (1.04 to 1.14)
1.00 (0.94 to 1.06)
1.03 (0.95 to 1.12)

1.05 (1.03 to 1.07
1.06 (1.03 to 1.09

1.12 (1.06 to 1.18

(
(
1.10 (1.06 to 1.14
(
(

1.10(1.02to 1.18

*Limited to the first five recurrent events.
CV, cardiovascular; HDL, high-density lipoprotein; SBP, systolic blood pressure.

Table 3 Results of the sensitivity analyses

Scenario

Model

Events

Current smoking

Non-HDL cholesterol SBP

(per mmol/L)

(per 10 mm Hg)

HR (95% CI)

HR (95% CI)

HR (95% CI)

Main analysis

Only non-fatal events

Non-fatal events and
all-cause mortality

Major cardiovascular
events

Limited to 10 years of
follow-up

Limited to 5 years of
follow-up

Limited to patients
included after 2007

Only never smokers

Time-to-first event
PWP
Time-to-first event
PWP
Time-to-first event
PWP
Time-to-first event
PWP
Time-to-first event
PWP
Time-to-first event
PWP
Time-to-first event
PWP
Time-to-first event
PWP

2702
5138
2385
4457
3211
5940
1288
1660
2368
4142
1691
2623

644
1069

485

841

1.36 (1.25 to 1.48)
1.26 (1.17 to 1.35)
1.34 (1.22 to 1.46)
1.20 (1.12 to 1.29)
1.45 (1.34 to 1.57)
1.33 (1.25 to 1.41)
1.64 (1.45 to 1.85)
1.52 (1.35 t0 1.72)
1.39 (1.27 to 1.52)
1.28 (1.19 to 1.38)
1.40 (1.25 to 1.55)
1.28 (1.17 to 1.40)
1.40 (1.17 to 1.67)
1.32 (1.15 to 1.53)
N/A
N/A

1.14 (1.1 10 1.18)
1.09 (1.06 to 1.12)
1.15(1.10 to 1.19)
1.09 (1.06 to 1.12)
1.12 (1.08 to 1.15)
1.08 (1.05 to 1.11)
1.08 (1.03 to 1.14)
1.07 (1.02 to 1.12)
1.14 (1.10 to 1.19)
1.09 (1.06 to 1.13)
1.13 (1.08 to 1.18)
1.09 (1.06 to 1.13)
1.12 (1.04 to 1.22)
1.09 (1.02 to 1.18)
1.16 (1.06 to 1.27)
1.14 (1.06 to 1.23)

1.05 (1.03 to 1.07)
1.04 (1.03 to 1.06)
1.05 (1.03 to 1.07)
1.05 (1.03 to 1.06)
1.04 (1.03 to 1.06)
1.04 (1.03 to 1.06)
1.03 (1.01 to 1.06)
1.04 (1.01 to 1.06)
1.05 (1.03 to 1.07)
1.05 (1.03 to 1.06)
1.04 (1.02 to 1.07)
1.04 (1.02 to 1.06)
1.04 (1.00 to 1.08)
1.03 (0.99 to 1.06)
1.04 (1.00 to 1.09)
1.02 (0.99 to 1.06)

HDL, high-density lipoprotein; N/A, not applicable; PWP, Prentice-Williams-Peterson; SBP, systolic blood pressure.
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antibody alirocumab to intensive statin therapy after
acute coronary syndrome, non-fatal CV events were
prevented in 162 patients during follow-up, while a total
of 327 non-fatal CV events were prevented with alirocumab
compared with placebo.” Similarly, in the REDUCE-IT
trial, icosapent ethyl prevented 196 first events compared
with placebo, but 470 total events (from a composite
of CV death, non-fatal myocardial infarction, non-fatal
stroke, coronary revascularisation or hospitalisation for
unstable angina) in patients with either established CVD
or diabetes mellitus with additional risk factors.® In the
IMPROVE-IT trial, the addition of ezetimibe to simvas-
tatin prevented 170 first events compared with placebo
and 421 total events.” In these trials, the efficacy of these
therapies is thus amplified by studying the total event
burden, giving a better reflection of the clinical impact in
the respective patient populations.

In the current study, the total CV event burden is
double the burden of the first CV events. Interestingly,
the sensitivity analysis using the WLW method shows
consistently for all three risk factors that the association
between risk factor and the fifth event of a patient is
larger than the association between risk factor and the
first event of a patient, suggesting that these classic risk
factors become more important for subsequent events.
This is interesting as lipid-lowering and BP-lowering are
cornerstones of secondary prevention in international
guidelines. One would therefore expect that the rela-
tionship between lipid or BP levels at baseline and later
recurrent events should be diminished. One hypothesis is
that the group who has multiple recurrent events is most
resistant to therapy. If part of the population meets the
treatment targets, the effect of the risk factors in those
who do not meet the treatment targets may be relatively
more important. However, there may also be a statistical
carry-over effect from the risk factor from event k to event
k+1, and it has been suggested that this statistical method-
ology may lead to overestimation of the effect.'? Finally, it
should be realised that the WLW model was a sensitivity
analysis. Nonetheless, it is an interesting finding that
warrants attention, as it indicates that there are patients
with important residual risk from modifiable risk factors,
perhaps even suggesting that the preventive treatment
may be inadequate in some patients under treatment in
this tertiary centre.

The PWP strata-specific results give an opposite result
from the WLW strata-specific results. Looking at the strata-
specific coefficients using the PWP approach, however,
it seems as though the association with the risk factors
decreases between cumulative events. However, meth-
odologically this is to be expected, as only patients who
have had a k-1 and who are still at risk (ie, who have not
died) are in the risk set for event %, and the risk of event
k-1 was also associated with the risk factors of interest.
Thus, this approach may give the impression that these
risk factors become less important after more recurrent
events, while this may very well be inherent to the statis-
tical methodology.

As there are still many unanswered questions about
total event analysis, we would not recommend replacing
time-to-first event analyses with recurrent event analysis.
However, due to the clinical impact of the total event
burden compared with first events alone, we would
recommend that recurrent event analysis should be used
more often in observational research to study the impact
of risk factors on the total disease burden.

The current study has several strengths. First, the total
event burden is a metric that better captures the entire
clinical impact of risk factors than first events only. Addi-
tionally, this gives an increased statistical power to study
the effects of risk factors on outcomes.”” As the UCC-
SMART cohort has a long follow-up with a large number
of CV events, this study is very suitable for studying these
questions. Additional strengths include the prospective
study design and the extensive and systematic availability
of data on potential confounders. Finally, we performed
several sensitivity analyses to confirm the validity of the
results, including limiting the follow-up time to 10 and 5
years, as there may be up to 20 years of follow-up between
baseline measurements and end of follow-up for some
patients in the UCC-SMART cohort, which may poten-
tially dilute the effect on recurrent events, especially since
risk factor management was less stringent in the earlier
years of the UCC-SMART cohort.

Several potential limitations of this study also need to
be acknowledged. First, as mentioned before, only base-
line measurements are studied. The current study there-
fore differs from the previously mentioned randomised
controlled trials, where an intervention strategy that
influences the risk factor of interest (ie, low-density lipo-
protein cholesterol) is studied. Additionally, all endpoints
are weighed equally in the endpoint, while in clinical
practice not all endpoints have equal clinical relevance.
A weighted effect measure, which has already been
proposed in previous literature, could solve this issue.?
Such methods should be examined in future studies.
Furthermore, the statistical methods for analysing subse-
quent events make certain assumptions regarding the
relationship between subsequent events which may not be
met. Therefore, to ascertain the validity of the results, we
used several different statistical methodologies. Although
the different statistical methods do not show consis-
tency in magnitude of the relationship, there is consis-
tency of findings in terms of direction. It has previously
been demonstrated that the choice of statistical method
for recurrent event analysis can impact the results and
conclusion.”?* Tt is thus unclear which statistical method
should be preferred for recurrent event analysis in obser-
vational CVD studies, although it has been suggested
that PWP models may be the most robust option.” Simu-
lation studies have suggested that PWP should be the
recommended approach for analysis of recurrent events
in trials,” although it is unclear whether this is also
true for cohort studies. We therefore chose to use PWP
as primary analyses and the other statistical methods as
sensitivity analyses. Furthermore, the PWP models do not
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violate the assumption of proportionality. Finally, obser-
vational recurrent event analysis is at risk of index event
bias, which generally tends to bias towards the null.*! This
means that the HRs found in the current study may be
underestimations of the true effect sizes.

In conclusion, in a cohort of patients with a recent
first manifestation of established CVD, the total CV event
burden during follow-up was twice as high as the number
of first events. SBP, non-HDL cholesterol and current
smoking are important modifiable risk factors for not
only the first, but also for subsequent CV events, which
are of great importance for patients in clinical practice.
These results confirm the importance of the classic risk
factors for total CV burden, underlining the necessity of
optimal treatment of CV risk factors.
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