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Abstract

Background: We estimate health-related quality of life and the impact of four
cardiovascular events (myocardial infarction [MI], stroke, congestive heart fail-
ure, angina) and gastrointestinal events in 6522 Chinese patients with coro-
nary heart disease (CHD) and impaired glucose tolerance (IGT) participating
in the Acarbose Cardiovascular Evaluation (ACE) trial.

Methods: Health-related quality of life was captured using the EuroQol-5
Dimension-3 Level (EQ-5D-3L), with data collected at baseline and throughout
the trial. Multilevel mixed-effects linear regression with random effects esti-
mated health-related quality of life over time, capturing variation between hos-
pital sites and individuals, and a fixed-effects linear model estimated the
impact of cardiovascular and gastrointestinal events.

Results: Patients were followed for a median of 5 years (interquartile range
3.4-6.0). The average baseline EQ-5D score of 0.930 (SD 0.104) remained rela-
tively unchanged over the trial period with no evidence of statistically signifi-
cant differences in EQ-5D score between randomized treatment groups. The
largest decrement in the year of an event was estimated for stroke (—0.107,
P < .001), followed by heart failure (—0.039, P = .022), MI (—0.021, P = .047),
angina (—0.012, P = .047), and gastrointestinal events (—0.005, P = .430). MI
and stroke reduced health-related quality of life beyond the year in which the
event occurred (—0.031, P = .006, and —0.067, P < .001, respectively).
Conclusions: Acarbose treatment had no impact on health-related quality of life
in ACE trial participants with CHD and IGT. Events such as MI, stroke, heart fail-
ure, and angina reduce health-related quality of life around the time they occurred,
but only MI and stroke impacted on longer-term health-related quality of life.
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1 | INTRODUCTION

The global prevalence of diabetes in adults aged
between 20 and 79 years is projected to rise from
463 million in 2019 to 700 million by 2045." Elevated
glycemic levels have been found to increase the risk of
microvascular and macrovascular complications,” and
hyperglycemia is considered the main contributor to
the onset of prediabetes.** Evidence from randomized
controlled trials suggests that lifestyle interventions and
oral glucose-lowering drugs can effectively delay or pre-
vent progression from prediabetes to diabetes.”® How-
ever, policy decisions considering the cost-effectiveness
of preventative interventions in populations with predi-
abetes require the assessment of costs and outcomes
(including health-related quality of life) over a lifetime
period.

While individual sociodemographic characteristics
(eg, age, gender) affect health-related quality of life in
general, cardiovascular events such as myocardial infarc-
tion (MI), stroke, congestive heart failure (CHF), as well
as angina have been shown to affect individual health-
related quality of life significantly.'®'* Associations
between events and health-related quality of life have
typically been estimated using cross-sectional data.'?
However, such analyses will attribute differences in
health-related quality of life between patients who do
and do not experience an event at any one time to the
impact of the event itself. Therefore, cross-sectional ana-
lyses could lead to biased estimates as potentially unob-
served heterogeneity between patients cannot be
controlled for. Studies using longitudinal data'>'® have
overcome this limitation, controlling for characteristics
that may affect individual health-related quality of life
before patients experience an event, thereby isolating the
event-related impact in health-related quality of life from
other patient-specific effects.

cerebrovascular diseases, economics, prediabetic state, quality of life, vascular diseases

« The Acarbose Cardiovascular Evaluation (ACE) trial assessed the effects of
acarbose in patients with coronary heart disease (CHD) and impaired glu-
cose tolerance (IGT) in China.

« Acarbose treatment did not impact on health-related quality of life in ACE
trial participants with CHD and IGT.

« Myocardial infarction (MI), stroke, heart failure, and angina were found to
reduce health-related quality of life around the time they occurred; only MI
and stroke may impact on longer-term health-related quality of life.

The Acarbose Cardiovascular Evaluation (ACE) trial,
was a multicenter, randomized, double-blind, placebo-
controlled trial that assessed the effects of acarbose, an
a-glucosidase inhibitor, in patients with coronary heart
disease (CHD) and impaired glucose tolerance (IGT) in
China.” The primary objective of the ACE trial was to
determine whether adding acarbose to optimized cardio-
vascular therapy could reduce cardiovascular-related
morbidity and mortality compared to placebo in a Chi-
nese healthcare setting. The trial showed that acarbose
did not reduce the risk of major adverse cardiovascular
events in Chinese patients with CHD and IGT, but did
reduce the incidence of diabetes.

We used data from the ACE trial” to estimate health-
related quality of life in Chinese patients with CHD and
IGT over time, controlling for individual sociodemographic
characteristics and treatment assignment. Furthermore, we
estimated the impact of four cardiovascular events (MI,
stroke, CHF, angina) and gastrointestinal adverse events on
health-related quality of life over a maximum of a 6-year
period.

2 | METHODS

2.1 | Study population

The ACE intention-to-treat population included 6522
participants with CHD and IGT recruited from 176 hospi-
tal outpatient clinics in China who were randomly
assigned to oral acarbose 50 mg three times a day
(n = 3272) or matched placebo (n = 3250). Median
follow-up was 5.0 years (interquartile range 3.4-6.0) in
both trial arms, providing repeated within-trial health-
related quality of life measures per participant. The full
description of the trial, including patient flow diagram,
baseline characteristics, and results have been published
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previously.” At baseline, 43% of patients had prior MI, 7%
stroke, 4% CHF, and 63% either stable or unstable angina.
The average EuroQol-5 Dimension (EQ-5D) score in both
arms was 0.930 (SD 0.104) at baseline. The ACE study
protocol was approved by the University of Oxford Tropi-
cal Research Ethics Committee and by central or local
ethics committees (as appropriate) at participating sites.

2.2 | Health-related quality of life
Health-related quality of life was captured using the
EuroQol-5 Dimension-3 Level (EQ-5D-3L) question-
naire.'” This was administered to participants at baseline
and each annual visit and occasionally during 4-monthly
visits. Responses to the five dimensions of the EQ-5D-3L
questionnaire (mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression) were converted into
health utilities using a Chinese value set.'® Data used for
the longitudinal analyses were truncated at the end of
year 6 of follow-up due to the limited number of observa-
tions for years 7 to 8. Partially completed EQ-5D-3L ques-
tionnaires were considered missing.

The pattern and quantity of missing data for health
utilities were assessed'® to determine the appropriate
method for imputing missing data. Conditional on the
patterns of missing data being suggestive of missing at
random, we aimed to impute EQ-5D-3L utility scores and
visual analogue scale (VAS) scores at annual visits up to
year 6 of follow-up using multiple imputation® with pre-
dictive mean matching of 10 nearest neighbors.?! The
imputation model included sex, site, region, events (con-
ditional on being at risk at each year of follow-up), as
well as age, risk factors (eg, glycosylated hemoglobin,
low-density lipoprotein, smoking status, etc), and comor-
bidities at baseline. Missing observations included data
for those patients who had withdrawn from the study but
who were contacted for a trial close-out visit.

2.3 | Statistical analyses
2.3.1 | Health utilities in the acarbose group
compared with the placebo group

Using intention-to-treat analysis, we compared EQ-5D-
3L utility scores between trial arms using a multilevel
mixed-effects linear regression with random effects at
individual and site level.**** We assumed that patients
were clustered within site level and captured between-
patient and between-site variation as random intercepts.
Fixed effects included treatment assignment, time since
baseline (in years), an interaction term between

treatment assignment and time since baseline, baseline
EQ-5D-3L utility score, and participants’ baseline charac-
teristics (age, sex).

The base case analysis of health utility data used all
observed responses recorded during routine and annual
visits with no imputation of missing data (model 1). For
annual visit data, we assumed that each record date
matched with the expected date of the visit. In order to
account for variation in annual visit dates across patients
as well as missing data, sensitivity analyses were run
using the mixed-effects model with different data
specifications:

i. Available case analysis on expected data: using
observed data that matched the expected date of
annual visits (within +/—30 days around the expected
annual visit date). If the recorded annual visit date
was outside this range, we used linear interpolation
between available data points from the patient's rou-
tine and other annual visits to calculate an EQ-5D
utility score corresponding with the expected date of
the annual visit. Mean imputation was used for miss-
ing data on baseline EQ-5D to ensure that baseline
values remained independent of treatment allocation
and post-baseline outcomes (model 2).

ii. Imputation of missing data: multiple imputation of
missing annual EQ-5D utilities using predictive
mean matching with 10 nearest neighbors; mean
imputation of missing baseline utilities (model 3).
Estimates derived from each imputed dataset were
combined using Rubin's Rule.*

iii. Complete patient analysis on observed data: subset
of patients with complete EQ-5D data from all
annual visits during their follow-up period
(no imputation of missing values) (model 4).

2.3.2 | Impact of diabetes and cardiovascular
and gastrointestinal adverse events on health
utility

Following multiple imputation, we estimated the impact
of diabetes diagnosis and nonfatal cardiovascular and
gastrointestinal events on health-related quality of life
using a fixed-effects linear model.*® This type of model
allows for robust estimation of health-related quality of
life decrements in presence of unobserved patient hetero-
geneity. The fixed-effects model captured within-patient
effects, estimating the associations between EQ-5D utility
score, diabetes diagnosis, and cardiovascular (MI, stroke,
CHF, angina) and gastrointestinal adverse events while
controlling for individual time-invariant characteristics
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(eg, sex, ethnicity). Data on gastrointestinal adverse
events associated with drug discontinuation or dose
changes were collected in the safety population of the
ACE trial (n = 6504), a subset of the ACE trial popula-
tion who received at least one study medication dose,
and we used this population in our analysis. Time-fixed
effects were included using binary covariates for each
wave of data (in annual intervals), and they allowed cap-
turing the average trend affecting all patients over time.
Previous studies found evidence for differences between
short-term and long-term health-related quality of life
decrements following cardiovascular complications,"
suggesting that the initial decrement associated with an
acute event might decrease over time. Hence, we esti-
mated short-term decrements by including events occur-
ring in the same year as the EQ-5D measurement and
estimated long-term decrements by means of the event
history, that is, events having occurred within-trial in the
years prior to the EQ-5D measurement. As sensitivity
analysis we used the EQ-5D VAS score instead of the EQ-
5D utility score as the dependent variable and ran the
model described above. Estimates derived from each
imputed dataset were combined using Rubin’s Rule. Sta-
tistical significance levels, coefficient of determination
(R*) and adjusted R*> as well as Akaike and Bayesian
information criteria (AIC, BIC)*"*® across imputed data-
sets were used to determine the best-fit model. A Haus-
man test* was used to test the fixed-effects model against
an alternative random-effects model.

All analyses were run in Stata version 17.0, using the mi
impute pmm (multiple imputation using predictive mean
matching), mixed (multilevel mixed-effects linear regres-
sion), and xtreg (fixed-effects linear model) commands.

1.000
0.980
0.960
0.940
0.920

0.900

EQ-5D-3L

0.880
0.860
0.840
0.820

0.800
0 1 2 3 4
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3 | RESULTS

3.1 | Sample

The majority of participants reported “no problems” for
all dimensions of the EQ-5D (mobility, self-care, usual
activities, pain/discomfort, anxiety/depression) at each
time point (see Tables S1-S5). The average baseline EQ-
5D utility score of 0.930 (SD 0.104) remained relatively
unchanged over the trial period. This trend was the same
across both trial arms (see Figure 1; Figures S1, S2 and
Tables S6-S8). The EQ-5D VAS suggested a small
decrease in health-related quality of life in both trial arms
from baseline (see Table S9; Figure S3).

The amount of missing data ranged between 6% and
44% for EQ-5D data observed during years 1 to 6 of the
follow-up period (see Tables S1-S5). Most missing data
were due to participants not attending annual follow-up
visits after discontinuation, for whom, however, data
were available from a final trial close-out visit. The pat-
terns of missing data were suggestive of missing at ran-
dom with lagged values and events being significantly
associated with the probability of data missing (via logis-
tic models). Therefore, missing data on health utilities at
annual visits were imputed using multiple imputation.

3.2 | Health utilities in the acarbose
group compared with the placebo group

Table 1 shows that there was no evidence of a statistically
significant difference in EQ-5D utility scores between trial
arms in any of the four data specifications: that is,

@ Acarbose

FIGURE 1 EQ-5D-3L scores
++4@-- Placebo (mean, 95% CI) from baseline to year
6 of trial follow-up based on observed
data (ie, responses recorded during
routine and annual visits, no

imputation of missing data)
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TABLE 2

trial
Nonfatal events Total
MI 206
Stroke 124
Heart failure 131
Angina 385
Diabetes 943
Gastrointestinal® 363
Number of patients 6504

Without baseline history
of event (%)

86 (42%)
106 (85%)
105 (80%)
134 (35%)

LEAL ET AL.

With baseline history
of event (%)

120 (58%)
18 (15%)
26 (20%)

251 (65%)

Number of nonfatal events (years 0-6 of follow-up) and corresponding duration of history in the safety population® of the ACE

Average number of years with history
of event during trial follow-up (SD)

Abbreviations: ACE, Acarbose Cardiovascular Evaluation; MI, myocardial infarction; SD, standard deviation.
Subset of the intention-to-treat population who received at least one study medication dose.
bGastrointestinal events associated with drug discontinuation or dose changes.

TABLE 3

Utility decrements for nonfatal events in the safety population® of the ACE trial

Short-term decrements (year of event)

MI

Stroke

Heart failure
Angina
Diabetes

Gastrointestinal®

Long-term decrements (event in previous years)

MI
Stroke
Heart failure

Time since baseline (year)
2
3
4
5
6

Constant

Number of observations
Number of patients

RZ

R?* adjusted

EQ-5D

Coefficient (robust SE) P value

—0.0210 (0.0106) .047

—0.1068 (0.0222) <.001

—0.0395 (0.0172) .022

—0.0124 (0.0062) .047

—0.0018 (0.0034) .594

—0,0051 (0.0065) 430

—0.0308 (0.0112) .006

—0.0673 (0.0180) <.001

—0.0190 (0.0166) 255
0.0017 (0.0017) 301
0.0027 (0.0019) .149
0.0032 (0.0021) 133
0.0042 (0.0024) .082
0.0090 (0.0026) <.001

—0.0057 (0.0011) .108
0.9335 (0.0011) <.001

38114

6504

0.439

0.323

2.1(1.7)

2.0 (1.9)

2.0 (1.8)

2.6 (1.8)

2.9 (1.6)
EQ-5D VAS
Coefficient (robust SE) P value
—4.0568 (1.0703) <.001
—4.5634 (1.7125) .008
—3.9796 (1.6718) .018
—1.4871 (0.6437) .021

0.2615 (0.3559) 463
—0.0916 (0.6231) .883
—4.2464 (1.2155) .001
—2.1093 (1.6293) 196
—2.5715 (1.5324) .940
—0.1599 (0.1968) 417
—0.4314 (0.1943) .027
—1.0305 (0.2174) <.001
—1.7743 (0.2625) <.001
—1.9643 (0.3220) <.001
—2.8453 (0.4110) <.001
83.0840 (0.1184) <.001
0.478
0.370

Note: Results from fixed-effects linear regression based on “expected” data (responses recorded during annual visits adjusted for date of annual visit within
-+/—30 days of “true” [ie, expected] annual visit date) and imputed data for missing responses at annual visits.

Abbreviations: ACE, Acarbose Cardiovascular Evaluation; EQ-5D, EuroQol-5 Dimension; MI, myocardial infarction; R?, coefficient of determination; SE,
standard error; VAS, visual analogue scale.
aSubset of the intention-to-treat population who received at least one study medication dose.
"Gastrointestinal events associated with drug discontinuation or dose changes.
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(1) available case (observed data), (2) available case
(expected data), (3) multiple imputation, and (4) complete
patient case. The differences in utility scores remained sta-
tistically insignificant when treatment allocation was not
interacted with time since randomization. Following mul-
tiple imputation (model 3), the mean difference in EQ-5D
utility was 0.002 (95% CI, —0.002 to 0.007; P = .278)
between the acarbose and placebo groups. Baseline EQ-5D
had a significant positive association with EQ-5D over
time (P < .001), while baseline age (P < .001) and women
(P < .001) were found to be negatively correlated with
EQ-5D.

3.3 | Utility values for cardiovascular
and gastrointestinal adverse events

The number of nonfatal cardiovascular events (MI, stroke,
heart failure, angina), gastrointestinal adverse events asso-
ciated with drug discontinuation or dose changes, and the
average number of years available to capture cardiovascu-
lar event history during the first 6 years of the trial follow-
up period are reported in Table 2. In the safety population
(n = 6504) and during the first 6 years of the trial follow-
up, the most frequently recorded events were new-onset
diabetes (n = 943), followed by (stable or unstable) angina
(n = 385), gastrointestinal events associated with drug dis-
continuation or dose changes (n = 363), MI (n = 206),
CHF (n = 131), and stroke (n = 124). Most MI and angina
events observed during the trial follow-up occurred in
patients with a baseline history of those events (MI 58%,
angina 65%), while most strokes (85%) and heart failure
episodes (80%) were recorded as first events.

The Hausman test rejected the null hypothesis of
equal coefficients in fixed-effects and random-effects
models (P < .001), suggesting a high degree of between-
patient heterogeneity. We therefore report the fixed-
effects model results in Table 3.

The largest decrement in EQ-5D utility was found for
stroke (—0.107; 95% CI, —0.150 to —0.063), followed by
heart failure (—0.039; 95% CI, —0.073 to 0.006), MI
(0.021; 95% CI, —0.042 to 0.000), and angina (—0.012;
95% CI. —0.025 to 0.000). A history of MI or stroke events
was associated with a significant long-term decrement in
EQ-5D utility in the subsequent years after the event had
occurred. We did not find evidence for a statistically sig-
nificant effect of new-onset diabetes (—0.002; 95% CI,
—0.008 to 0.005) or gastrointestinal events (—0.005; 95%
CI, —0.018 to 0.008) on EQ-5D utility in the year of diag-
nosis. Time since baseline, independent of complications
or baseline age, was positively associated with EQ-5D
utility in the first 5 years of follow-up. The sensitivity
analysis using the EQ-5D VAS score showed similar

results to using the EQ-5D utility (see Table 3). However,
in contrast with the EQ-5D utility, time since baseline
showed a negative association with the VAS score. This is
consistent with the observed negative trend in mean EQ-
5D VAS scores (see Figure S3). Table S10, in Supplemen-
tary Materials, reports the fixed-effects models for the
EQ-5D utility and VAS without imputation. The magni-
tude, direction, and significance of the EQ-5D utility and
VAS decrements were the same as following multiple
imputation.

4 | DISCUSSION

Health utilities in the ACE trial did not differ signifi-
cantly between the acarbose and placebo arms over time.
The majority of trial participants reported “no problems”
across health domains throughout the trial. Health-
related quality of life at randomization (mean 0.930, SD
0.104) indicated little or no health problems despite more
than 99% of the trial population having a baseline history
(per protocol) of cardiovascular events (in terms of MI,
stroke, stable/unstable angina, CHF). However, while
EQ-5D utility scores were observed to increase slightly
over the first 6 years of the trial period, VAS scores for
both treatment arms showed a small decrease within the
same period.

The major strength of our analysis is the large, longi-
tudinal data set, with repeated EQ-5D-3L measurements
for 6522 patients, resulting in around 38 000 person-year
observations. Using a fixed-effects model, we were able to
quantify the impact of major events on health-related
quality of life independent of other patient-specific
effects. We found no evidence for a long-term impact of
heart failure or angina, while results for MI and stroke
suggested that patients’ quality of life is affected not only
in the year of the event but in subsequent years. New-
onset diabetes had no statistically significant impact on
health-related quality of life, possibly reflecting the short
follow-up after diagnosis. Finally, gastrointestinal events
associated with drug discontinuation or dose changes
had no statistically significant impact on both EQ-5D
utility score and VAS.

The average EQ-5D utility score for ACE trial partici-
pants is similar to results from a recent survey in China
among people with established type 2 diabetes (n = 913)
that reported a mean EQ-5D score of 0.986.*° The authors
of that study suggested that high self-reported health util-
ities may be explained by “face-saving,” whereby Chinese
participants tend to provide socially desirable responses.
Although the EQ-5D measurement tool is deemed a suit-
able method in a Chinese population, other studies have
identified a ceiling effect when measuring health-related
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quality of life in Chinese populations.’™* This ceiling
effect may also explain the low variation in EQ-5D utility
scores observed over time and between trial arms, which
resulted in our utility decrements associated with cardio-
vascular events being slightly smaller than those esti-
mated in other studies.'® One study using the EQ-5D
VAS score as a predictor of mortality found that people
with type 2 diabetes reporting the same VAS score faced
higher mortality risks in Asia compared to established
market economies (eg, Australia, Canada, France,
Germany, UK, etc).>* Our sensitivity analysis using the
EQ-5D VAS reported findings generally consistent with
the event-related utility decrements using EQ-5D utility
scores. We also found EQ-5D utility scores and VAS to be
positively correlated (Pearson's coefficient 0.36) as well as
significantly associated after adjusting for events and
time trends using a fixed-effects model. Cross-sectional
studies in Chinese populations with established diabetes
found slightly lower health-related quality of life scores
that were even lower with longer durations of diabe-
tes.*>*® However, EQ-5D-3L and VAS scores in absence
of complications®® were found to be similar to the ones
reported here. Further research is needed both to assess
the correlation of EQ-5D utility and VAS scores in differ-
ent populations and to better understand the reasons for
high self-reporting of health-related quality of life in Chi-
nese populations.

Our analyses are not without limitations. We used
intention-to-treat analysis to compare health utilities
between the acarbose and placebo trial arms. This imp-
lies the underlying assumption that the noncompliance
observed in the trial was likely to reflect clinical practice.
Furthermore, there was a considerable proportion of EQ-
5D-3L data missing and we accounted for this using multi-
ple imputation. This assumed data were missing at random,
but we found no strong evidence to contradict this assump-
tion. Furthermore, the qualitative conclusions concerning
the difference in EQ-5D utility between treatment arms and
the impact of events on utility were the same following mul-
tiple imputation and using only available data. Another limi-
tation is the relatively short follow-up period. Due to little
variation in EQ-5D values over time, our analyses consid-
ered first cardiovascular events that were recorded during
the trial period and did not account for multiple occurrences
of the same event during the first 6 years of the trial follow-
up period or a potential impact of a baseline history. Ideally,
the fixed-effects model would have differentiated between
first and second cardiovascular events and controlled for the
long-term history of events when estimating utility decre-
ments. However, due to the relatively small number of
events recorded during the trial follow-up, our analyses
lacked the power to adjust the regression model accordingly.
Especially for MI and angina, our estimates may

underestimate the “true” effect on EQ-5D utility in the year
of the event given that the majority of patients reported hav-
ing a history of these events at baseline. However, previous
studies examining the long-term impact of MI and angina
on health-related quality of life found it to be negligible."
Our findings suggest the short-term impact of MI on EQ-5D
utility to be similar to its long-term decrement in the subse-
quent years after the event had occurred. Furthermore, our
results are based on an “at-risk” population with a history of
CHD at baseline and may therefore not be generalizable to
populations without any complications. Finally, most cardio-
vascular events recorded during the trial follow-up period
occurred before or shortly after the diagnosis of diabetes.
Hence, despite the large number of observations available
for our analyses, most patients who progressed to diabetes
did so in the later years of follow-up, providing insufficient
patient-year data to estimate any direct effect of diabetes
diagnosis on quality of life or any mediating impact of diabe-
tes on utility decrements associated with cardiovascular
events.

In conclusion, our results provide estimates of
decrements in health-related quality of life associated
with several cardiovascular events in populations
with IGT. These will help to inform the development
of decision models evaluating the cost-effectiveness
of interventions in populations with IGT. Further-
more, the utility decrements estimated in this study
will be used in work assessing the lifetime cost-
effectiveness and quality-adjusted life years associ-
ated with acarbose treatment for people with IGT
and CHD.
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