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Background: We determined the risk thresholds above which statin use would be more likely
to provide a net benefit for people over the age of 75years without history of cardiovascular

disease (CVD).

Methods: An exponential model was used to estimate the differences in expected benefit and
harms in people treated with statins over a 10-year horizon versus not treated. The analysis
was repeated 100,000 times to consider the statistical uncertainty and produce a distribution
of the benefit-harm balance index from which we determined the 10-year CVD risk threshold
where benefits outweighed the harms. We considered treatment estimates from trials and
observational studies, baseline risks, patient preferences, and competing risks of non-CVD

death, and statistical uncertainty.

Results: Based on average preferences, statins were more likely to provide a net benefit at
a 10-year CVD risk of 24% and 25% for men aged 75-79years and 80-84years, respectively,
and 21% for women in both age groups. However, these thresholds varied significantly
depending on differences in individual patient preferences for the statin-related outcomes,
with interquartile ranges of 21-33% and 23-36% for men aged 75-79years and 80-84years,
respectively, as well as 20-32% and 21-32% for women aged 75-79years and 80-84years,

respectively.

Conclusions: Statins would more likely provide a net benefit for primary prevention in older
people taking the average preferences if their CVD risk is well above 20%. However, the
thresholds could be much higher or lower depending on preferences of individual patients,
which suggests more emphasis should be placed on individual-based decision-making, instead
of recommending statins for everyone based on a single or a small number of thresholds.
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Introduction

People over the age of 75years, an age group that is
increasing,! are at a substantially increased risk of
cardiovascular disease (CVD) and age-related mor-
bidity and mortality compared with younger peo-
ple.? Primary preventive measures remain important
in this age group, both in terms of lifestyle modifica-
tion and drug treatment. Statins are the most widely

used preventive drugs for CVD and are one of the
most frequently used drug classes worldwide.
However, their use is controversial in older people
because there is significantly less evidence for this
age group and the risk for statin-related harms
increases with age, which could potentially offset
their positive effects. The US Preventive Services
Task Force concluded in a recent review that older
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people are underrepresented in trials and there is
insufficient evidence to draw a robust conclusion
about the balance of benefits and harms of statins
for primary prevention in this age group.>* A lim-
ited amount of evidence from trials and observa-
tional studies has, however, become available
recently that demonstrated the limited effects of
statins for reducing CVD or all-cause mortality in
individuals aged 75years or older.57 These results
raise the question in which age group the expected
benefits of statins outweigh the expected harms.

A previous benefit—-harm balance study found that
in people aged 40—74 years, the 10-year CVD risk
at which to initiate statins was between 14% and
22%, depending on age and sex, in order to achieve
more benefits than harms from statin use.® This is
above the commonly used 7.5% or 10% 10-year
CVD risk thresholds proposed to initiate statins for
primary prevention in most guidelines issued by a
number of different societies in cardiology;*° yet
for most age groups, this figure is lower than the
20% proposed threshold in general or family medi-
cine guidelines, including the German guideline.!?
The study demonstrated that the benefit-harm
balance of statins is less favorable with increasing
age as the risks of experiencing harms increases
proportionally more than the absolute reduction in
CVD risk. Increased risk of harms including type 2
diabetes, cataracts, liver and kidney dysfunction,
myopathy, and cognitive dysfunction— potential
harms of statins— can be of increased concern for
people over the age of 75 years because they poten-
tially contribute to increased frailty and disability.
However, neither the previous study nor any other
analysis, to the best of the authors’ knowledge,
assessed the benefit-harm balance of statins for
this specific age group. In addition, the previous
study did not assess the effect of different patient
preferences on the benefit harm balance. Therefore,
the current study aimed to assess the benefit-harm
balance of low to moderate dose statins in adults
over the age of 75years for primary prevention of
CVD, to determine baseline CVD risk thresholds
above which a net benefit is achieved, on average,
and to assess how the risk thresholds vary accord-
ing to individual patient preferences.

Methods

Study design
We conducted a benefit-harm balance modeling
study that included the following five standard

steps.!! First, the exact question including the pop-
ulation of interest, intervention, comparator, and
outcomes were specified. The population of inter-
est were individuals aged 75 years or older with no
prior history of CVD. The intervention was low to
moderate dose statins compared with no statin
use. The benefit outcome of interest was CVD
(composite of unstable angina, myocardial infarc-
tion [MI], and ischemic stroke), and the potential
harm outcomes included myopathy and muscle
weakness, type 2 diabetes, renal and hepatic dys-
function, cancer, cognitive impairment, hemor-
rhagic stroke, digestive distress, and cataracts. The
outcomes were selected based on our previous sur-
vey and trial reports.!213 Second, a systematic
approach was followed to identify and select the
most valid and applicable evidence for the target
population, as described previously and further
described in the following.!! The three key input
parameters in the model include relative effect esti-
mates of statins on benefit and harm outcomes,
baseline risks of outcomes (in people not using
statins), and preference weighting for benefit and
harm outcomes from a patient’s perspective.
Third, the statistical analysis used was an exponen-
tial model to estimate the expected number of
events for the benefit and harm outcomes in peo-
ple using statins over a 10-year horizon wversus not
using statins, that also took into account patient
preferences, competing risks, and statistical uncer-
tainty to produce a single index indicating the
benefit-harm balance. This method was first deve-
loped by Gail and colleagues'#4 from the National
Cancer Institute (Gail/NCI) to assess the net ben-
efit of tamoxifen in preventing breast cancer. We
extended this approach to fit the research question,
in particular to determine the risk thresholds above
which the benefits of statins outweigh their harms
(see the analysis).® Fourth, sensitivity analyses
were conducted to test alternative assumptions as
described further below. Finally, the benefit-harm
balance results were interpreted.

Parameters required for benefit-harm balance
assessment

Treatment effect estimates. We searched for pri-
mary prevention trials specific to older people to
derive the most valid, applicable, and precise evi-
dence for the effects of statins on CVD. We also
searched for large and high-quality observational
studies in anticipation of scarce evidence from trials
related to the target population. We could not iden-
tify a primary prevention trial that only included
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people aged 75years or older. Two trials, the Study
Assessing Goals in the Elderly (SAGE) and the
pravastatin in elderly individuals at risk of vascular
disease study (PROSPER), included people over
the age of 65years. However, SAGE was a second-
ary prevention trial and PROSPER was conducted
in mixed primary and secondary prevention popu-
lations.1%-16 We identified a recent and high-quality
systematic review that provided the most valid and
applicable estimates on the beneficial effects of
statins for primary prevention of CVD in people
over the age of 75years, which pooled individual
patient data from multiple trials.” The majority of
the data in this review primarily came from four tri-
als,!” including the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack
Trial-Lipid-Lowering Trial (ALLHAT-LLT) that
tested 40mg/dl pravastatin daily versus placebo,!8
the Anglo-Scandinavian Cardiac Outcomes Trial—
Lipid Lowering Arm (ASCOT-LLA) that evalu-
ated 10mg/dl atorvastatin daily wversus placebo,!®
the Justification for Use of Statins in Prevention: An
Intervention Trial Evaluating Rosuvastatin (JUPI-
TER) that evaluated 20mg/dl rosuvastatin daily
compared with placebo,?? and the Heart Outcomes
Prevention Evaluation (HOPE-3) trial that evalu-
ated outcomes of 10mg/dl rosuvastatin daily com-
pared with placebo.?! The ALLHAT-LLT study
had a higher proportion of patients with diabetes
among those without prior CVD, but this trial
contributed the least amount of data among the
four trials (see the original publication!7?).

We did not find any trial that included only people
over the age of 75 years that assessed the harm out-
comes. The systematic review described above also
did not report on harm outcomes except cancer,
but the effect on cancer was for mixed popula-
tions.”»17 While a post hoc subgroup analysis of the
JUPITER trial reported harm estimates for people
aged 70-97 years,?2 JUPITER evaluated moderate
to high-dose rosuvastatin (20mg/dl), which is
unlikely to be used as a routine dose for primary
prevention, particularly in older people. In addi-
tion, over 56% of the participants in the age group
0f 70-97 years were aged between 70 and 75 years,!”
which was not our target population. Therefore,
we did not consider this trial as the only input data
for the analysis in order not to overestimate the risk
of harms. We relied on the four trials that tested
low, moderate, and moderate-high doses.18:19:21,22
Unfortunately, none of the studies reported on all
of the harm outcomes consistently. This led to

difficulties in including all harm outcomes in our
analysis. We considered the harm outcomes if they
were defined and measured consistently across the
included trials. Finally, the included harm out-
comes were renal impairment, diabetes, myopa-
thy, and cancer. In addition, non-CVD mortality
was included (i.e. deaths unrelated to statins) as a
competing risk to take into account the increased
death rates in older populations. If this was disre-
garded, it would overestimate the expected num-
ber of prevented or excess events.

Moreover, we considered observational studies for
some of the harm outcomes, in particular for dia-
betes and cancer,>® and consolidated them with
the above trials.® That is, while trials are often
considered as the gold standard to provide reliable
effect estimates because they are usually powered
to detect efficacy (here reduction in CVD),23
observational studies are often more suitable to
assess the harms of treatments.2* Therefore, we
used the effect estimate for the reduction in CVD
from trials only in the main analysis and performed
a sensitivity analysis taking a combined effect for
CVD reduction from more recently published
large observational studies.>-®

Baseline risks. Baseline risks for the benefit and
harm outcomes are required to estimate the abso-
lute number of prevented or excess events. We
searched for large registries and observational stud-
ies that provide real-world baseline risks for people
aged 75years or older, rather than taking rates from
trials (control arm). The baseline risk for CVD to
initiate statins is what we aimed to determine from
this study. However, we took empirical age- and
sex-specific baseline risks for the harm outcomes,
including diabetes, cancer, and competing risk for
non-CVD mortality for Switzerland from the
Global Burden of Disease (GBD) estimates,?> and
renal impairment and myopathy from the UK
General Practitioner database (summarized in
Table 1).26We chose to take data from Switzerland
for some of the baseline risks because the outcome
preferences were elicited there and the outcome
risks were moderate in Switzerland, therefore avoid-
ing a number of extreme results. For the risks of
renal impairment and myopathy, which were not
available in the Swiss population, the rates from the
UK did not represent extreme values because the
source study only included moderate-to-severe
cases (in addition, they were average, not age or sex
specific rates).

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

"013ed ¥SI1 'Yy ‘8)qedndde jou ‘YN !9SeasIp JejnaseAcipled ‘gD
‘Aanins Buleds 3s10M-1S58q WIO0J) PaJEWIISS 9AIND BUIyUES SAI}EINUWIND JBPUN 9DBJINS SEB PaINSeaul Sadualajdlds

journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

¢’ (Bunybiom pabeisne soueliea 9sIaAuUl BuiSn PaUIGUIOD) SBIPN]S 1BUOIIBAISSEO PUB S|BLI} WO S9}eWISS JUaBiaAu0d y)im Sawo0dInQ;

si bunadwoy,

o7'52"SYSIJ BUINASEY PUB 5,'S90UB1JaUd 477771791~ SIO944D JUBWIYEAI] 1S8DIN0G

(Leg-50¢) 8L (7¢L-80L) GLL (L8E-2Z¥E) L9E (0LZ-G8L)L6L VN VN +Aneysow gAQ-uoN
(ceg-s6l)eLe (Clg-9L1) €6l (707-LEE) TLE (LLE-662) GEE (088°0-€%8°0) 6G8°0 (00L°0-Z€6°0) ZL0'L fsueoued iy
(Se-6C)CE (Se-6C)CE (6°€-7'€) 9 (6°€-7€)9€E (96¢°0-€GZ°0) GGZ'0 (09C°G-€LY°0) ¥LY'L AyredoAw a1anss/arel9popy
(071-LL) 601 (891-86) ¢EL (05L-%8) 9LL (¢8l-col) L7l (727°0-LY€°0) 8LE'D (¢51°L-GE6°0) 8EO'L tseleqerp z adA|
Juswdredw
(7°9-9°6) 09 (7°9-9°6) 09 (6L=69) V'L (6L-69) 7L (€62°0-¢72°0) 2920 (LGE'L-LY6°0) 2EE'L 1BUS. 94935 /9)1BISPOIN
VN VN VN VN (€69°0-€GG°0) G79°0 (660°L-€LL'0) 2260 aysodwod gAD
p10 saeak p10 saeak P10 saealk p10 saeak
¥8-08 ‘Uswom 6L-GL ‘USWOM 78-08 ‘U 6L-SL ‘U §(19 %G6) @1ewns] (12 %S6) ¥y

(19 %G6) wnuue Jad a1doad gpo‘Ql ul 23e. duljaseq

ERTENEIEY P

3199449 Juawieal) sawo23nQ

‘ejep ndul jo Auewwng °| ayqeL



https://journals.sagepub.com/home/taj

HG Yebyo, HE Aschmann et al.

Outcome preferences. To balance the CVD events
prevented by statin use against the excess number
of harm events, outcomes need to be weighted
according to their relative importance or patient
preferences. We considered patient preferences
from a best-minus-worst scaling (BWS) survey
conducted in Switzerland to inform the choice of
weightings on selected outcomes.!2 We used both
aggregated patient preferences so as to determine
average risk thresholds as well as individual patient
preferences in order to assess risk threshold varia-
tion.2® We used average preference weightings in
the main analysis on a 0—1 scale estimated using
the surface under the cumulative ranking curve (a
network meta-analysis comparing the importance
of outcomes).? This method cannot estimate
preferences for individuals. We calculated individ-
ual preference values (from 120 participants in the
BWS survey) using best-minus-worst score (i.e.,
the number of times an outcome was selected as
most worrisome minus the number of times it was
selected as least worrisome across choice sets) and
normalized them according to relative probabili-
ties (Appendix Figure 1).

Of note, the preference for the benefit outcome was
originally determined for each component of CVD
events,!2 not for CVD composite outcomes because
of its wide range of manifestations that creates chal-
lenges when determining preferences from individ-
ual patients. We generated preference values for the
CVD composite endpoint by taking into account
the preference values of each CVD component and
their frequency in the general populations (e.g.,
mild-to-moderate MIs were more frequent than
severe or fatal MIs). The resulting preference for
the composite CVD used in this analysis was equiv-
alent to the weight of a moderate MI.

Subgroups. Our previous work highlighted differ-
ent risk thresholds based on age and sex.8 There-
fore, the risk thresholds in this analysis were
determined for men and women aged 75-79 years
and 80-84 years, separately taking the age and sex
specific baseline risks and treatment effects into
account. We did not include people aged 85 years
or older in order to avoid inadequate conclusions
because there was a very limited amount of evi-
dence available for this age group.

Statistical analysis
The statistical analysis methods are briefly pre-
sented here, and the detailed methods are

available in the literature.® We calculated the
expected number of prevented CVD events and
excess harm events among 10,000 people treated
with statins over a 10-year horizon versus an iden-
tical cohort not treated with statins. We calcu-
lated event numbers for men and women
separately in different age groups, and at differ-
ent 10-year baseline risks for CVD (1%, 2%, 3%
etc.) until benefits outweighed harms. We
weighted the differences in the expected number
of prevented CVD events and excess harm events
using the respective preference weightings and
summed them across all outcomes to obtain a
single benefit-harm balance index. We per-
formed the analysis for 100,000 repetitions for
each subgroup, considering the statistical uncer-
tainty for each input parameter, to generate a dis-
tribution of the benefit-harm balance index.
From this distribution, we calculated the proba-
bility that the index was positive for the different
subgroups. Then, the defined net benefit was
determined; i.e., the benefits outweighed harms,
when the probability for the index being positive
was at least 60%. This means that in 60% of the
100,000 repetitions, statins would be more likely
to provide a net benefit compared with not taking
statins. We defined net harm, or harms out-
weighed benefits, if the probability for the index
being positive was less than 40%. Probabilities
between 40% and 60% represented neither net
benefit nor net harm.

Moreover, while it is important to estimate the
clinical relevance of the thresholds, the absolute
value of the benefit-harm balance index is diffi-
cult to interpret because it is a composite output
of multiple parameters. In theory, the index can
be interpreted as the number of prevented fatal
CVD cases (with a maximum preference weight
of 1.0) in 10,000 people treated with statins.
However, we converted the index back into CVD
composite outcome and moderate MI (i.e., divid-
ing the index by the moderate MI preference
weight), but preferred to report the prevented
events equivalent to moderate MI with taking
statins for the sake of effective communication
(unlike CVD owing to its wide range of manifes-
tations). We present these absolute events in
10,000 people with their uncertainty intervals
based on the 5th and 95th percentiles derived
from the respective distribution of benefit-harm
balance index. This interpretation of the net pre-
vented MI events should apply to the positive
index only, not for the negative index where there
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would be no expected benefit. We performed all
analyses using R version 3.3.2 (R Foundation for
Statistical Computing).3©

Sensitivity analyses

We determined the thresholds using an alterna-
tive assumption by taking all treatment effects
from trials only (i.e. excluding observational stud-
ies for diabetes and cancer estimates). In addi-
tion, we ran the analysis with combined effect
estimates of statins on CVD from trials (risk ratio,
0.922; 95% CI 0.773-1.099) and large and valid
observational studies conducted from the data-
base of the Catalan primary care system (hazard
ratio 0.94; 95% CI 0.86—1.04) and French health
care system database (hazard ratio 0.93; 95% CI
0.89-0.96).5:° The hazard ratio was approximated
to a risk ratio using a conversion equation.3!

Ethics

This study was based on published and aggre-
gated data for which no ethical approval was
needed.

Results

Expected outcome events

The expected numbers of CVD and harm out-
comes, with their uncertainty intervals in people
treated with statins versus not treated are pre-
sented in Tables 2-5. The absolute expected
prevented CVD events over 10years of taking
statins were higher in people at high risk of CVD,
increasing from 6 in 10,000 people at a 1%
10-year baseline CVD risk to 153 in 10,000 peo-
ple with a 25% 10-year baseline CVD risk. As a
result, the magnitude of benefit increases across
the risk spectrum, with people at higher risk deriv-
ing greater benefit. The expected number of harm
events was assumed to be similar across the CVD
risk spectrum. In 10,000 people taking statins
daily for 10years, the absolute expected excess
risk of developing myopathy was 18 for men and
17 for women, and 12 in men and 10 in women
for renal impairment, the same in both age
groups. However, excess type 2 diabetes events
were marginally different between the age groups
(because of differences in baseline risks), with
44 per 10,000 men aged 75-79 years (35 events in
ages 80—-84 years) and 42 per 10,000 women aged

75-79years (35 events in ages 80-84years).
Similarly, the expected number of cancer events
was 32per 10,000 men aged 75-79years (33
events in ages 80—84years) and 24per 10,000
women aged 75-79years (25 events in ages
80-84 years).

CVD risk thresholds and absolute net benefit
events

Weighting the prevented CVD events against the
harm outcomes yielded the benefit-harm index
(Tables 2-5). Based on the average preference
values, statins were more likely (with a probability
of 60% or above) to provide a net benefit for older
people at baseline 10-year CVD risk threshold of
24% and 25% in men aged 75-79 years and 80—
84 years, respectively. The threshold for women
was 21% for both age groups (Tables 2-5). In
other words, older people with baseline CVD risk
lower than those thresholds were not likely to
obtain a net benefit from taking statins. The cor-
responding absolute net prevented events at the
determined thresholds, expressed in terms of
moderate MI events, were 65 (5th and 95th per-
centiles, —419 to 531) in 10,000 men aged 75—
79 years and 68 (5th and 95th percentiles, —406 to
527) in men aged 80-84 years. These events were
similar in women; that is, taking statins daily for
10years would prevent 62 events equivalent to
moderate MI (5thand 95the percentiles, —352 to
456) in 10,000 women aged 75-79years and 64
(5th and 95th percentiles, —383 to 484) in 10,000
women aged 80-84years with a baseline CVD
risks of 21% (Tables 2-5).

Preference-sensitivity of thresholds

The thresholds varied by individual preferences
regardless of whether we took estimates from trials
only or combined effect from observational stud-
ies. For each set of preference values derived from
the 120 BWS survey respondents, we repeated the
entire analyses and, therefore, derived 120 esti-
mates of the benefit—-harm balance indices and risk
thresholds for the net benefit for each subgroup.
The thresholds ranged from 11% to 59% 10-year
CVD risk in men and from 10% to 59% 10-year
CVD risk in women (Figure 1). The interquartile
ranges (IQRs) of the thresholds in men were
between 21% and 33% for ages 75-79years and
between 23% and 36% for ages 80-84 years. The
corresponding IQRs in women were between 20%

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

HG Yebyo, HE Aschmann et al.

(panunuo))

(600¢€ '1822) (¢z8Z '06€2) (czlL ‘LY) (0L %9) (L9S1 'GLé) (7671 '9G6) (88 '92) (7€ 1€ (2911 '8L8) (601 '9801) (292 '9L2-) (L07 '827-)
c€9¢ 109¢ 6L L9 314} L0cl (3] €€ 7101 ¢601 L= ‘- %809 ¢l

(0L0€ '8L22) (0z8Z '68¢€2) (czL'Ly) (0L '%9) (L9S1 '9L6) (€671 'LG6) (L8 '92) (7€ 1€ (9901 ‘G08) (G001 ‘G6é) (G5Z '18Z-) (G6€ 'GEY-)
L€9¢ 009¢ 6L L9 [4:14" 80¢1L LG €€ 626 0ool 9- 6 GL°0g L

(¢zL'Ly)

(900€ ‘'z822) (6182 '06£2) (04 79) (G951 '9L6) (€671 'GGé) (88 '92) (7€ °L€) (896 “LEL) (716 'G06) (87¢ '18Z-) (G8€ "9€7-)
€92 0092 6L L9 [4°14" 80¢!L 4] EE S8 606 0L~ Gl- 98'8% ol

(L0OE '1822) (1282 '68€2) (czlL 'Ly) (04 %9) (8951 'LLé) (7671 '8G6) (88 '92) (7€ '1€) (148 °LS9) (¢z8 '718) (272 '182-) (9L€ "9€7-
€92 0092 A L9 €6¢l 60C1L LG €€ 094 818 €l- 0z~ 99°LY 6

(0l0€E '1822) (1Z8Z '06€7) (€2l ‘LY) (0L '%9) (L9G1 "9L6) (€671 '9G6) (£8'92) (7€ 'L€) (7LL '€8S) (LEL '72L) (GET '582-) (G9€ “Ly7-)
€€9¢ 109¢ 6L L9 €5¢l 60¢l LG €€ SL9 LeL 8l- 8¢~ 60°LY 8

(LL0€ '2822) (128Z '26€7) (€zL 'LY) (04 '79) (6961 'GLé) (G671 '9G6) (£8'92) (ve L€ (8£9 ‘018) (6€9 ‘€€9) (0€Z '882-) (LSE "L77-)
€€9¢ 109¢ 6L L9 [4:14" 80¢!L LS €€ 06G 9€9 (44 €€ 18'gy L

(0L0€ ‘z822) (1282 "06€2) (czL 'Ly) (0 '79) (0LG1 "9L6) (9671 'G56) (88 92) (7€ L€ (86 '9¢7) (8%S ‘zv9) (722 "¢62-) (8Y€ 2G7-)
€€9¢ 109¢ 6L L9 [4:14" 80¢!L LS €€ 90G GYS Le- - 6y 9

(¢L0€ "6L22) (0282 "06€2) (€21 “LY) (04 '79) (0LS1 'GLé) (S671 '956) (88 '92) (7€ °L€) (787 '€9¢€) (967 ‘257 (61T 762-) (0%€ 9G7-)
€9e 0092 6L L9 [4:14" 80¢!L LG €€ Ley Vi 0€- LYy~ 07y S

(600€ '1822) (618 68€2) (€21 “LY) (04 "%9) (8951 '9L6) (9671 'LG6) (£8'92) (7€ 'L€) (88€ '06¢) (G9¢€ '29¢) (€L 962 (0€€ "657-)
[4574 0092 6L L9 €6¢l 6021 LG €€ LEE €9¢ Ge- v5- LSy Y

€zl 'Ly

(oL0€ 'z822) (128Z '06€2) ) (0L '%9) (L9SL 'LLé) (7671 'LG6) (88 "92) (ve 1€ (L62°L1T) (742 '1L2) (802 ‘00€-) (€2€ '997-)
€€9¢ 109¢ 6L L9 [4:14" 80¢1L LG €€ 414 ¢Le 6€- 09- 8G'LY €

(0L0€ '0822) (0z8Z '06€2) (czL 'Ly) (0L %9) (6961 "VLé) (7671 '9G6) (£8'92) (7€ °L€) (761 ‘G¥l) (¢8l ‘18l (702 '€0€-) (91€"0LY-)
L€9C 0092 6L L9 [4:14" 80¢!L LS €€ 891 8l €y 99- Ly'07 &

(0L0€ ‘1822) (0282 "L16€2) (czL'Ly) (0L '79) (89G1 9L6) (G671 'GS6) (L8 '92) (7€ 'L€) (L6 CL) (L6 °06) (661 90€- (60€ "SL7-)
€9¢ 0092 6L L9 [4°14" 80¢!L LG €€ 78 L6 LYy~ €L~ cl6e l
(%) (%)
uneis unejs oN upeys  uneys oN uneis unels oN uieys  upejs oN unels unels oN IW @1e1apow yjauaq s
Xapul w.ey pajuanald PUjo  QAD
Jasue) jJuawiedwi jeuay Z 9df) sayaqeiq AyredoApy and -)1jauag EIY] fAniqeqoid  A-gL

‘sueakg/-G/ pabe uaw ggQ'gl Jod saeak(g) ul sswo0dIN0 WJIeY pue jijauaq pajdadxe pue jyauaq 1au jo Ayiqeqold "z 91qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

'95e9SIp 1BINJSEAOIPJED ‘JAD
"yieap gAD-Uou Joy st buiadwod pue Ayuieliadun 1e213S13E)S 0} BN SI WNJ0ads ¥sid QA Y} SSoJde uoljeldeA jeulbiew ay] "wnuyoads ¥sid gAD Y} SSOJOe swes

9y} aq 0} pajoadxa aJe SaW0IIN0 W.IBY 3y} JO SJUIAS pajdadxa ay] ‘A}jelJow AD-UOU Joj ¥4sid buiaduwiod Joj pajunodde Sa)ew|}sa 1y "Uojingliisip aAl}dadsad ayy Jo sajijuadlad YiGe PUB Yig e S|eAtdul ay|

(0L0€ ‘1822) (0282 '26€2) (€2l “LY) (0L "%9) (L9SL “LL6) (€671 “LS6) (48 '92) (7€ 1€ (EL¥Z "'€981) (1622 “6922) (0G€ "€L2-) (¢¥S 'ezr-)
y€9¢ 109¢ 6L L9 Zsel L0¢l (3] €€ 6Cle 08¢¢ ¥4 0L G809 14

(800€ “6L22) (6182 '68€2) (€21 “LY) (0 '%9) (89G1 ‘9Lé) (76%1 ‘9G6) (88 ‘92) (7€ ‘L€) (8LEZ 98L1L) (6612 '8L12) (¢ve ‘0Le-) (L€G '61Y-)
€9¢ 009¢ 6L L9 ¢sel 80¢1 (3] €€ €v0¢ 88l¢ 144 g9 %009 ¢

(£00€ “1822) (1282 '06€2) (g2l “LY) (0L "79) (6961 “LL6) (G671 “LS6) (88 '92) (7€ '1€) (¢zez "60LL) (9012 “£802) (7€€ '0L2-) (8LG 617-)
€9C 009¢ 6L L9 Zsel 80¢1 (3] €€ 9661 L60C 6€ 09 GL'68 €¢C

(600€ ‘1822) (0282 '68¢€7) (€2l ‘LY) (0L %79) (8961 “9L6) (G671 9G6) (88 '92) (7€ L€ (921T '2€91) (710C 'G661) (62€ "0LZ-) (0LG 6L7-)
2€9¢ 009¢ 6L L9 [4°14) 80¢l LG €e 0L8l S00¢ 9¢ 98 L6°88 [44

(L10€ '0822) (€282 '68¢€7) (€zL 'Ly) (0L '79) (8951 '9L6) (G671 "LS6) (8 '92) (7€ 1€ (L€0T 'LSGL) (€261 "7061) (¢ze'1LT-) (667 '027-)
€€9¢ 109¢ 6L L9 414} 80¢l LG €e v8L1L 716l 4% 0§ €89 ¥4

(800¢ ‘z822) (0282 “L6€2) (czL'Ly) (0L '79) (8961 '9L6) (G671 '9G4) (88 “92) (7€ ‘L€ (7€61 "6LY1) (LeslL ‘eL8lL) (71€ '692-) (£87 '8LY-)
2€9¢ 109¢ 6L L9 LGZL 80¢l LG €e 8691 8l 6¢ V4 80°LS 0¢

(0L0€ '0822) (0282 '68€2) (czL'Ly) (0L '79) (8961 '9L6) (G671 '9G4) (88 '92) (7€ ‘L€) (€81 "70Y1) (6€L1 'ZTLL) (60€ "LLT-) (617 '027-)
2€9¢ 009¢ 6L L9 414} 80¢1 LG €e €9l LeLL V4 8¢ %8799 6l

(800€ ‘8¢2) (6182 '88€T) (ezL 'LY) (0L '79) (6961 9L6) (7671 'LG6) (£8 '92) (7€ ‘L€ (07L1 '8T€L) (L9791 *LE9L) (00€ ‘€L2-) (697 ‘€2Y-)
€9¢ 009¢ 6L L9 ¢sel L0cl LG €e L2GL 6€91 @ €e 18°GS 8l

(L10€ "1822) (¢282 '06€2) [t44AS| (0L "79) (89G1 “9L6) (G671 956) (88 '92) (ve'L€) (€791 '€GelL) (G5G1 0%S1L) (762 ‘TLT-) (967 ‘L27-)
€9¢ 109¢ 6L L9 ¢sel 80¢1 (3] €€ Lyl 87§l 8l L 71°69 Ll

(£00€ ‘2822) (0282 '16€2) (€21 “LY) (0L "%9) (8961 ‘GL6) (7671 956) (88 '92) (7€ ‘L€) (8761 "8LLL) (€971 “6771) (682 LL2-) (L7 '02Y-)
1€9¢ 009¢ 6L L9 Zsel 80¢1 3] €€ §sel 9G¥l 7l 44 ceYs 9l

(600€ '1822) (6182 "06€2) (€2l ‘L) (0L "%9) (£9G1 "8L6) (7671 ‘LS6) (88 "92) (7€ 1€ (¢G7L "70LL) (cLEL "8S€EL) (082 GL2-) (€€7 '927-)
€9¢ 009¢ 6L L9 314} L0¢1 3] €€ LLZL G9el oL Gl 6€°€S Sl

(600¢€ '2822) (1282 '88€7) (czL 'Ly) (04 '79) (6961 “LLé) (L6771 "LS6) (88 “92) (7€ ‘L€ (7G€EL "6201) (08z1 '89¢l) (742 'SLT-) (727 'L27-)
2€9¢ 009¢ 6L L9 Zsel 80¢l (3] €€ G8ll YLel 9 6 v€¢s 7l

(0L0€ '1822) (0282 '06€2) (ezl 'Ly) (04 '79) (69G1 9L6) (G671 '956) (L8 '92) (7€ L€ (6521 'GSé) (88LL “LLLL) (L9 '6L2-) (717 '¢€r-)
£€€9¢ 009¢ 6L L9 Zsel 80¢l (3] €€ 00LL €8ll l 14 LG'1lG €l
(%) (%)
unes unjels oN uneys  unejsoN unes unejs oN uneys  unejsoN unes uneis oN IW @je13pow yausq  su
Xapul w.ey pajuanaid U0 dAd
19due) juawuledwi jeuay Z 2dA) sajaqelq AyredoApy and -}jauag 19N Anigeqoad  A-gL

(PanunU0Y) “Z 31qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

HG Yebyo, HE Aschmann et al.

(panunuoy)

(610€ '€7€T) (6082 'LLY2) (7LL "77) (G9 '69) (Lezl ‘LyL) (€9LL "LEL) (18 72 (¢€ '62) (56Z1 ‘2Gé) (68L1 ‘2LLL) (692 ‘0L2-) L1y "619-)
6992 8€9¢ €L Z9 L96 €e6 8y 0¢ 8601 18lLL 9 ol %8°¢S 7l

(910€ "27€T) (608Z “LLY2) (€Ll 'en) (69 '69) (Lezl ‘LyL) (7911 "LEL) (18 72 (¢€ '62) (9911 ‘€88) (7011 '8801) (€92 ‘TLT-) (80% 'L27-)
699¢ LE9C €L 9 L96 €€6 LY 0€ 6101 9601 14 € 10°¢S €l

(610€ “L¥€T) (6082 ‘2LY2) (7LL'ey) (69 ‘69) Lzl ‘87L) (€911 ‘2€L) (18 '72) (€ '62) (£LOL Y18) (6101 "7001) (G2 vL2-) (96€ 27—
0L9¢ 8€9¢ €L 9 L96 €€6 87 0¢ 0v6 Lol - €- 88°08 cl

(SL0€ "77€T) (808Z ‘LLY2) (€Ll 'e) (59 "68) (zzel '87L) (€911 ‘z€L) (18 '72) (z€'62) (986 "7YL) (€€6 '026) (£GC '€L2-) (¢6€ '727-)
899¢ LE9C €L 9 896 €€6 8 0¢ 198 LC6 = L= L1°0G Ll

(L10€ "6€£€2) (8082 “LLYZ) (€LL'en) (59 “69) (Lzgl 9vL) (E9LL “LEL) (18 '72) (¢€ '62) (868 '9L9) (878 '9¢8) (8v¢C ‘LLT- (78€ '627-)
899¢ L€9C €L 9 996 4% LYy 0¢ Z8L 78 8- Cl= 8l 6y ol

(£10€ "07€T) (6082 ‘2LY2) ([€LL'en) (59 “65) (¢zzl '97L) (G9LL "0€L) (18 '72) (¢€'62) (08 '809) (€94 '2SL) (L7C '8L2-) (7L€ 'LET-)
899¢ L€9C €L 9 L96 €e6 LY 0¢ €0L 8GL ¢l- 8l- 87’8y 6

(810€ ‘L¥€T) (6082 '0LY2) (€LL'en) (G9 '6G) (€zzl ‘LyL) (G9LL ‘€L (18 '72) (¢€ '62) (8L '6€S) (849 '899) (7€2 '08¢-) (79€ 'GE7-)
0L9¢ 8€9¢ €L 29 896 €e6 LY 0¢ 629 €L9 9l- S¢- 8¢'LY 8

(510¢€ 'z7€T) (6082 'LLY2) (€LL'en) (G9 '6G) (€22l '97L) (7911 ‘2€L) (18 '72) (¢€ '62) (629 “LLY) (€66 '78G) (0€T ‘€82~ (LG€E '8E7-)
899¢ L€9¢ €L 29 L96 €e6 LY 0¢ 9%S 689 0¢- Le- Ge9y L

(610€ "L¥€T) (1182 ‘LLYE) (€LL "y7) (G9 '69) (612l ‘L9L) (L9LL ‘Z€L) (18 '72) (¢€ '62) (6€G '707) (806G ‘L0S) (922 's8¢-) (0S¢ ‘277-)
899¢ LE9C €L 29 996 LE6 LY 0€ 897 S08 €~ 9¢- Y72'8y 9

(810€ ‘27€) (8082 "LLY2) (€L 'en) (S9 6G) (6121 “LYL) (€911 ‘€L) (18 ') (z€'62) (677 "9€€) (727 "LLY) (0zz '88¢-) (07€ "9%7-)
699¢ LE9C €L 9 L96 [45) LY 0€ 06€ 0¢y 8¢~ ey- eeyy S

(8L0€ ‘27€2) (8082 ‘LLY2) (€Ll 'ey) (S9 68) (¢eel “LyL) (€911 "LEL) (18 '72) (z€ '62) (65€ “692) (6£€ “7€€) (912 ‘262-) (S€€ 'eav-)
699¢ 8€9¢ €L 9 L96 [4%) LY 0¢ cle 9¢€¢e Le- 6%~ ey v

(810€ '07€2) (6082 'LLYT) (7LL'en) (9 "69) (zzel 9vL) (7911 "2€L) (18 72 (¢€'62) (692 '102) (7GZ '0G¢) (¢lZ 'G62-) (82€ 'LG7-)
899¢ LE9C €L 9 L96 4% 8y 0¢ v€C ¢S¢ €= €G- ey €

(810€ '07€2) (6082 ‘2LY2) (€LL'En) (9 "69) (czzlL '99L) (7911 “LEL) (18 '72) (¢€ '62) (6L1 '7EL) (691 'L91) (LOT ‘L6T- (Lz€ '097-)
699¢ 8€9¢ €L 9 L96 [45%) LY 0¢ 961 891 6E- 19- 'Ly 14

(£10€ '6£€2) (0182 ‘2LY2) (€Ll 'en) (69 '69) (0zzL '97L) (€911 "LEL) (18 '72) (¢€ '62) (06 °L9) (68 'e8) (€02 ‘00€-) (71€ 'G97-)
699¢ LE9C €L 9 L96 43 8 0¢ 8L 78 - L9~ L6°6€ l
(%)
unes unejs oN uneys  unejsoN unes unjels oN uneys  unejsoN unes unejs oN IW 9jesspow (%) y2usq sl
Xapui w.ey pajuanald WvU0  dAD
Jasuey juawaiedwi jeusy Z 9dA) selaqelq AyredoAp aAd -)jauag 19N Amigeqoad  £A-gL

‘sueakyg-0g pabe usaw ggQ'Ql Jod sieakg] Ul SaW0d}N0 WJBY pue }Ijauaq pajdadxa pue }iyauaq }au jo Ayigeqold ¢ aqel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

"95B3SIp JBINISEAOIPIRD ‘OAD
"yjeap gAQ-uou Joj ysid Buinedwod pue Ajuieliadun 1ed13siie)s 0} anp si wnJdads ysid QA 3y} SSOJ2e uoljelieA jeulbiew ay] “wnu3dads 3sid gAD @Y} SSOJde dwes

9y} q 0} pajoadxa a4 SW02}N0 WY Y} JO SJUSAS Padadxa ay] A}jelJow QAD-UOU Joj 3sid Buijaduwiod Joj pajunodde $ajewiisa 1y "UoliNgIisip aA3dadsad ay) Jo $a113uadlad YiGs Pue Yig e S|eatdjul ay|

(810¢€ '€v€T) (0182 ‘2LY2) (€Ll 'en) (69 '69) (€22l "6YL) (¢9L1 'eeL) (18 '72) (¢€ '62) (evee 'LeLl) (celzlole) (0v€ ‘292-) (426G '907-)
699¢ 8€9¢ €L Z9 896 €e6 8 0¢ 9L61 LL1C Vi 89 L1709 [*14

(810€ 'L¥€T) (8082 '0L¥2) (7LL'en) (59 “69) (€22l '8YL) (E9LL “LEL) (18 '72) (¢€ '62) (LGLZ '9691) (9702 '9102) (cee '69¢2-) (G1GLLY-)
699¢ L€9C €L Z9 L96 4% 8 0¢ 9681 L€0e [ok4 09 %9765 7z

(Lzog ‘z7ee) (0182 "LLYE) (€LL'en) (59 “69) ((\r4AAZA (C9LL "LEL) (18 '72) (¢€ '62) (7902 '986G1) (0961 ‘z€bl) (GZ€ '992-) (706 ‘z17-)
0L9¢ L€9C €L Z9 L96 4% 8y 0¢ 918l 9761 9¢ 1] %0°6S €

(810€ '07€2) (6082 ‘LLY2) (7LL'en) (9 “6S) (0zzl 97L) (7911 ‘0€L) (18 '72) (¢€ '62) (GL6L 71GL) (7481 ‘L981) (0z€ '792-) (967 '607-)
899¢ 8€9¢ €L 29 L96 43 8y 0¢ 9¢LL 1981 g Zs L9°8G [44

(SL0€ "Z7€T) (6082 'LLY2) ([€LL'en) (G9 '6G) (€22l '8Y7L) (G9LL “LEL) (18 '72) (¢€ '62) (€881 "77Y1) (8841 '29LL) (CLE '992-) (787 '2Lv-)
699¢ LE9C €L 9 896 €€6 LY 0¢ GG91 SLLL 0¢ Ly €5°LS ¥4

(8L0€ ‘L¥€T) (6082 '0LY2) (€Ll 'en) (9 “6S) Lzl ‘87L) (7911 ‘2€L) (18 ') (¢€'62) (76L1 '€LEL) (¢0LL '8L91) (LOE 'L92-) 9Ly '€LY-)
699¢ LE9C €L 9 896 €€6 LY 0€ 9LS1 0691 9¢ Ly 60°LS 0¢

(8L0€ ‘07€2) (0182 ‘2LY2) (€Ll "7Y) (59 68) (€2l “L9L) (S9LL'LEL) (18 '72) (z€'62) (S0LL “LOEL) (£191 '€6G1) (€0€ '89¢-) (0L7 'GLY-)
0L9¢ 8€9¢ €L 9 L96 €€6 8y 0¢ G671 S091 €¢C 9¢ LS°98 6l

(810¢€ ‘Z7€2) (8082 '0LY2) (€LL'En) (9 "69) (6Ll “L9L) (€911 “C€L) (18 '72) (¢€ '62) (G191 "LETlL) (L€GL "606G1) (762 '992-) (967 ‘CL9-)
699¢ LE9T €L 9 L96 4% LY 0¢ Syl 0¢sl 0¢ 1€ 98°GS 8l

(L20g "6£€2) (8082 'LLY2) (€LL'en) (9 "69) (0zzL '87L) (€911 "Z€L) (18 '72) (¢€ '62) (7261 "19L1) (9771 "72yl) (68C '692-) (877 '917-)
699¢ LE9C €L 9 L96 45 LY 0¢ 9gel qerl 9l [*14 88'%G Ll

(810€ 'L¥€T) (0182 ‘LLY2) (7LL‘€n) (G9 '69) (cezlL ‘LyL) (7911 ‘2€L) (18 '72) (¢€ '62) (GE7L "L60L) (09€L ‘07ElL) (282 '89¢-) (8€7 '91%-)
699¢ L€9C €L Z9 896 €e6 8 0¢ LS¢CL 0sel €l 0¢ VAN 9l

(8L0€ "L¥€T) (608Z "LLY2) (€Ll 'en) (69 '69) (0zzL ‘L9L) (€911 "LEL) (18 '72) (¢€ '62) (S¥€L "Te0l) (GLzl '96el) (LLT '692-) (627 '917-)
899¢ L€9C €L Z9 L96 43 8 0¢ LLLL §9¢1 ol 9l 99°€S Gl
(%)
unes uneis oN uhels unesoN unes uneis oN uhels  unheysoN unes unejs oN IW ®je13pow (%) 1y2usq  Ysu
Xapul w.ey pajuaaaud PvUo  gAD
Jasue) juawiedwi jeusy Z 9dA) seyaqeiq AyredoAp ({1 %) -}1jouag 19N Amigeqoad  £A-gL

(PanunU0Y) *g 31qe]

journals.sagepub.com/home/taj

10


https://journals.sagepub.com/home/taj

©
-~
(<}
c
c
©
£
c
8}
1)
<
Ll
T
- (panunuoy)]
S
% (c002 'G971) (128l "8LGlL) (101 ‘8€) (8G ‘¢9) (SLY1L '9€6) (G071 “L16) (6L '72) (¢€ 'L2) (69€L ‘0701) (¢62l "78Zl) (%2 ‘622-) (LLE 'G5€-)
> LzLL L691 g9 6§ 88ll LYLL 9 6¢ 86l1 88¢l 7l [44 €L'YS 7l
(@]
T (L00Z "7971) (0281 '8LG1) (001 ‘8€) (86 ‘ZS) (LLYL 'LEG) (8071 'L16) (6L '72) (¢€'L2) (¢Lzl '796) o0zl ‘z6LlL) (9€2 '82¢-) (99¢€ ‘eGe-)
LZLL L691 59 [o1e} 68L1 LyLl 9 6¢ cLLL 9611 ol 9l VR €l
(0002 "5971) (0281 ‘LLSL) (L0l ‘8€) (86 'zG) (9L71 "7€6) (G071 'SL6) (6L '92) (¢€ 'L2) (7L11 '688) (£OLL ‘00LL) (822 ‘0€2-) (€G€ ‘LG€E-)
LeLl 9691 g9 SS L8l1 Gyl 9y 6¢ Geol 0Ll 9 6 GL'¢S cl
(6661 ‘€9Y1) (0281 “6LG1) (00l ‘6€) (85 'z8) (6171 "7€6) (L0Y1 'L16) (64 '72) (¢e L) (8401 '718) (SL0L ‘8001) (¢zz '622-) (77€ ‘a5€-)
0Ll L691 g9 SS 88ll 9Ll 9y 6¢ 076 ¢lol € S L9°1LS Ll
(L00Z 'S971) (LZ8l '8LGl) (101 ‘8€) (86 '29) (4L "GE6) (G071 '916) (6L %) (¢ 'L2) (6L6 '6€EL) (¢2691¢6) (712 ‘€2~ (cee ‘e9¢e-
eLL L691 g9 SS 88ll 9Ll 9y 6¢ 668 616 €- G- §'08 oL
(1002 '€971) (0281 “LLGL) (101 ‘6€) (8G '2q) (8L71 '9€6) (5071 "916) (6L '72) (¢€'L2) (188 'G99) (0€8 ‘Gz8) (L0T '5€2-) (LZ€ '79¢-)
LzLL L691 g9 SS 88ll 9Ll 9y 6¢ 89L LZ8 G- 8- (4% 6
(1002 'G971) (LZ8l "LLGL) (101 ‘6€) (8G ‘¢9) (8L71 'LEG) (8071 '8L6) (6L '72) (¢€'L2) (78L '065) (8€L ‘€€L) (€02 ‘L£T-) (GLE ‘L9¢€-)
eLL L691 g9 SS 68lL1 Lyl 9y 6¢ 289 GEL 0L~ 9l- VAV 8
(1002 '€971) (0Z8L "6L4G1) (L0l ‘8€) (8G '¢8) (6L71 'GES) (8071 “L16) (6L '72) (¢€'L2) (989 'GLG) (679 "1%9) (961 '8€Z-) (70€ ‘69¢-)
LzLL L691 g9 SS 6811 9Ll 9y 6¢ L6S €79 Vi (44 Ly L
(2002 '9971) (0281 "8LG1) (L0l ‘8€) (8G ‘¢q) (LLYL 'yE8) (8071 ‘916) (6L '72) (¢€ 'L2) (885 'L¥Y) (€66 4%9) (061 ‘LY2C-) (G6Z '7LE-)
ZeLL L691 59 S8 88l1 9Ll 9 6¢ LS LGS 6l- YA 68°'GY 9
(0002 "5971) (0281 '8LG1) (L0l ‘8€) (86 2G) (LLY71 "9€6) (G071 '8L6) (6L '72) (ce L) (06% 'L9€) (197 '85Y) (€81 "Lv¢-) (782 '7L€-)
0Ll 9691 g9 SS 88l1 9Ll 9y 6¢ 9¢y 68 - €= 97y g
(€002 "7971) (0281 '8LG1) (LOL “6€) (8S ‘2G) (8LY71 "7€6) (£0Y1 '916) (64 '72) (¢€ L) (¢6€ "762) (69€ "99€) (8L1 '8%¢-) (94T '78¢€-)
LeLl L691 g9 SS 88ll 9Ll 9y 6¢ Lve L9€ LC~ 7= ey v
(L00Z 'S971) (0Z81 '8LG1) (L0l ‘8€) (86 '2q) (9471 *9€6) (9071 'L16) (6L '%2) (¢€'L2) (762 '02¢) (942 'SL2) (¢L1 '0G2-) (L9 '88¢€-)
LeLl 9691 g9 SS 88ll 9Ll 9y 6¢ [*1°14 9LC 0€- Ly- L6'Ly €
(0002 '7971) (0Z81 '8LG1) (L0l ‘8€) (8G '29) (LL7) 'GE8) (L0771 "916) (6L '72) (¢€'L2) (961 '971) (781 ‘€8l) (691 “2GZ-) (¢9Z 'L6g-
LzLL L691 g9 SS 88ll 9Ll 9y 6¢ 0Ll 78l Ge- el L6007 14
(0002 ‘2971) (0z81 '8LG1) (L0l ‘8€) (86 '¢q) (6L71 '9€6) (071 "L16) (6L '72) (¢€'L2) (86 '€L) (¢6 '28) (€91 '96Z-) (€GT ‘L6€-)
LzLL L691 g9 SS 88ll 9Ll 9y 6¢ 68 z6 6€- 09- 7'6€ l
(%)
unes unejs oN uneiys  uneis oN unes uneis oN uneys  uneis oN uneys unejs oN IW @jeJapow (%) yausq sl
Xapul wJey pajuanaid PU0  dAD
Jasue)n jyuawajedwi jeusy Z 2dA) seyaqeiq AyredoApy and -jjyauag 19N Amigeqoad  £A-gL
‘saeak ¢/-G/ pabe uswom goQ‘gl Jod saeah(| ul Sew02}N0 WJUeY pue }iyauaq pajdadxa pue }1jauaq au jo Ayjigeqold "y 91qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

'95B3SIp JBINISEAOIPIRD ‘OAD
"yjeap gAQ-uou Joj st Buinedwod pue Ajuieliadun 1ed3siie)s 03 anp s wnJdads ysid QA dY3 SSOJoe uojjelieA jeulbiew ay| ‘wnu3dads 3sid gAD 9y} SSOJde swes
2y} q 0} pajoadxa a4 SAW02IN0 WY Y} JO SJUSAS Padadxa ay] A}jeldow QAD-UOU Joj ysid Buijaduwiod Joj pajunodde Sajewiisa 1y "UoliNgIisip aA3dadsad ay) Jo $a113uadlad YiGs pPuB Yig e S|eatdjul ay|

(¢002 '€971) (0z81 '8LGl) (L0l '8€) (8G '¢q) (9L71 'GE8) (G071 "916) (6L '72) (¢€'L2) (1772 '€88l) (¢L€T 'L622) (Gze '622-) (70§ ‘G5€-)
0zLL L691 g9 SS 88ll Gyl 9y 6¢ 41 %4 §0¢¢ 1] 68 z0°€9 14

(1002 '9971) (0z81 '8LGl) (L0l ‘8€) (8G '¢9) (6L71 'GE8) (071 '8L6) (6L '72) (¢€'L2) (¢7€T '9081) (6122 'G022) (L€ '82Z-) (167 ‘€5€-)
eLL L691 g9 SS 68l1 Lyl 9y 6¢ 990¢ ¢lee 0§ 8L 9€¢9 V4

(0002 '7971) (0z8l '8LGl) (101 ‘6€) (8G '¢9) (9L71 'GEd) (7071 "916) (6L '72) (¢€'L2) (Ly2T "6TLL) 921z '€L1e) (60€ '82Z-) (617 '€5€-)
LzLL L691 g9 SS 88ll 9Ll 9y 6¢ 8L6l 6l1¢ 87 YL vLL9 €

(1002 'G971) (0z8l '84Gl) (L0l ‘8€) (8G ‘¢9) (9L71 '9€6) (9071 ‘L16) (6L '72) (¢€ 'L2) (0GLZ “LG9L) (€€02 '0202) (cog ‘0gz-) (897 ‘L5€-)
LzLL L691 g9 SS 88ll 97LL 9y 6¢ 168l £202 Va4 89 L9 144

(L00Z "7971) (0281 '8LGl) (L0l ‘8€) (86 ‘ZS) (8LY1 'LEG) (9071 '8L6) (6L '72) (ce L) (¢G0T ‘€LGL) (0761 '8Z61) (762 'L22-) (967 ‘z5€-)
LcLL L691 g9 GG 68L1 LyLl 9 6¢ 7081 €6l [0)4 9 v€09 ¥4

(0002 "5971) (0Z81 '8LG1) (L0l ‘8€) (86 ‘28) (0871 “9€6) (8071 '916) (6L '¥2) (¢e L) (7661 ‘96Y1) (8781 ‘9€81) (82 'L22-) (G¥Y ‘¢Ge-)
el L691 g9 SS 6811 Lyl 9y 6¢ LILL 8l 9¢ 99 99°68 0¢

(0002 "5971) (0281 '8LG1) (L0l '8€) (85 ‘28) (LLY1 "GE6) (9071 '916) (6L '72) (¢e L) (9681 ‘0¢¥lL) (SSLL "77LL) (6L2 'L22-) (e€v 'z5€-)
0Ll L691 g9 SS 88ll 9Ll 9y 6¢ LE9L 0841 €¢ LG 89°89 6l

(0002 "7971) (0z81 '8LG1) (101 ‘8€) (86 '29) (LLYL "7E6) (£0Y1 '916) (6L '%2) (¢ 'L2) (6GLL "77EL) (2991 '2591) (¢Lz '9z2-) (¢z7 ‘05¢€-)
LeLl L691 g9 SS 88ll 9Ll 9y 6¢ €ysl LS9l 0¢ LY %6°89 8l

(€002 'G971) (0z81 '8LG1) (L0l '8€) (8G '¢9) (8L71 '9€6) (9071 “L16) (6L '72) (¢€'L2) (7991 ‘L921) (0LG1L "0961) (592 "622-) (Ll¥'G5¢-)
eLL L691 g9 SS 68L1L Lyl 9y 6¢ LSY71 G961 *14 6€ S7°LS Ll

(c002Z '7971) (0Z8L ‘6LG1) (o0l ‘8€) (8G '¢9) (9L71 'GEd) (G071 "916) (6L '72) (¢€'L2) (G9GL ‘26LL) (£LY1 '8971L) (LG *L2T-) (86€ ‘z5€-)
LzLL L691 g9 SS 88ll 9Ll 9y 6¢ LLEL €Lyl 44 ve L9798 9l

(6661 'G971) (0281 "8LGl) (L0l ‘8€) (8G '¢q) (9L71 '9€8) (9071 “L16) (6L '72) (¢€'L2) (L971 'SLLL) (S8€L ‘9LEL) (0G2 '82z-) (88€ ‘€5¢-)
LzLL 9691 g9 SS 88ll 97LL 9y 6¢ %8¢l 08¢l 8l 8¢ 1G'GG Sl
(%)
unes unejs oN uijeys  unejs oN unes unejs oN uneys  uneys oN uneys uneis oN IW @jelapow (%) Bydusq  Ysu
Xapul wJey pajuanaad PUo  gAD
Jasue)y jyuawajedwi jeusy Z 9dA} seyaqeiq AyredoApy and -}1jausg 19N Anigeqoad  A-gL

(PanuRU0Y) "y 31qe]

journals.sagepub.com/home/taj

12


https://journals.sagepub.com/home/taj

HG Yebyo, HE Aschmann et al.

(panunuog)

(2902 ‘LLYL) (Y81 '0291) (66 '8€) (£G°19) (S€zlL ‘L9L) (LLLL “LEL) (8L '€2) (L€ 'L2) (L7EL “6101) (8921 'aGel) (¢92 ‘152-) (907 '68¢-)
LSLL LELL %9 %S €L6 8¢6 *i4 6¢ €Ll 29¢L Sl 514 8G'%G 7l

(£90Z '0871) (Y81 '0291) (66 °LE) (£6°19) (8€ZL ‘LYL) (6411 'Z€EL) (LL'€2) (Le°L2) (Y21 "76) (LLLL'G9LL) (LGT "TST-) (86€ "L6E-)
LSLL eLL 79 %G L6 6€6 ¥4 6¢ 6801 LLLL Ll Ll L0'YS €l

(7902 '8LY1) (9781 '0291) (66 °LE) (£6°19) (9€Z1 '8YL) (LLLL 'TEL) (LL'€2) (L€ 'L2) (0GL1 '0L8) (4801 ‘SL0L) (062 '75¢-) (88€ '76€-)
8GL1 LELL 79 %9 L6 6€6 *i4 6¢ 7001 1801 9 6 80°€S ¢l

(2902 ‘08Y1) (L9781 'L29l) (86 '8€) (£6°18) (GETL 'LYL) (LLLL 'TEL) (LL'€T) (Le°L2) (S601L 'L6L) (966 'S86) (€72 '75¢-) (LLE '76€-)
LSLL ceLl 79 %S €L6 8€6 I*i4 6¢ 0¢6 166 € g 10°¢S Ll

(€902 'LLYL) (781 "0291) (86 '8€) (£6°1S) (LETL “L9L) (8LLL “LEL) (LL'€2) (L€ L2) (656 €TL) (506 ‘968) (LET 'G5¢-) (£9€ 'G6€-)
LSLL LELL 79 VA L6 6€6 gy 6¢ 9¢8 006 0 0 617G ol

(€902 '6L71) (9781 0291) (86 '8€) (LG "19) (L€21 '8YL) (9LLL "LEL) (LL'€2) (L€ L2) (€98 '059) (518 ‘908) (0€T '8G¢Z-) (£G€ '007-)
LSLL LELL 79 VA VL6 6€6 Gy 6¢ 47 08 Vs 9- VIS 6

(0902 ‘LLYL) (L¥81 '0T91) (86 '8€) (£G°19) (9€z1 '87L) (9LLL “TEL) (LL'€2) (L€ L2) (89L '8LS) (72L'91L) (6Z¢ '09¢2-) (67€ '€07-)
9GLL LELL 79 VA €L6 8¢€6 Gy 6¢ 699 0ZL 8- Zl- 1987 8

(2902 '08Y1) (8¥8L ‘L29l) (86 '8€) (£G°19) (9€z1 ‘67L) (8LLL "EL) (8L '€2) (L€ °L2) (¢L9 '709) (€€9 '929) (L1T 'T92-) (9€€ '907-)
8GLL ZeLlL €9 VA YL6 6€6 Gy 6C %88 0€9 el- 0¢- LG'LY L

(£90C "6LY1) (Y81 '0T91) (66 '8€) (£G°19) (L€2L ‘L9L) (LLLL "0EL) (LL'€2) (L€ 'L2) (945 ‘z€Y) (€%S ‘L€S) (1T '59Z-) (oge ‘LLv-)
LSLL LeLl %79 %8 €L6 8€6 ¥4 6¢ L0S %S A= 9¢- LYY 9

(7902 '6LY1) (L9781 '0291) (66 '8€) (46 °19) (9€z1 ‘LyL) (LLLL"LEL) (8L '€2) (L€ °L2) (087 '09¢€) (¢SY 'LY9Y) (902 ‘692-) (61€°LLY-)
8GL1 LELL 79 Ve L6 6€6 gy 6¢ LY 08y L¢- €e- ¢eay S

(790C '8LY1) (8781 '0291) (66 '8€) VAe)] (9€2L “L9L) (9411 '0€L) (4L '€T) (L€ °L2) (78¢€ 'L82) (¢9€ '8s€) (¢0Z '2L2-) (ELE '227-)
LSLL LELL 79 Ve €L6 8€6 gy 6¢ Y€€ 09¢ S¢- 6€- 96’y K4

(€902 '0871) (781 "LZ9l) (86 '8€) (£6°18) (9g2L “L9L) (LLLL"LEL) (LL'€T) (L€ 'L2) (882 'G17) (14T '892) (961 'GLZ-) (70€ '927-)
8GL1 LELL 79 %S VL6 6€6 *i4 6¢ 0S¢ 0L¢ 0e- Ly= G8'ey €

(7902 ‘6L71) (9781 '0291) (66 '8€) (£G°19) (8€CL “LYL) (6LLL "LEL) (LL'€2) (L€ 'L2) (¢l €7l (181 ‘6L1) (¢61 '8LZ- (86Z 'L€7-)
8SLL LELL 79 %S VL6 6€6 *14 6¢ L91 08l Vi €G- L8°LY 14

(1902 'LLYL) (781 '0291) (86 '8€) (£6°19) (LETL "LYL) (LLLL "0EL) (LL'€2) (L€ 'L2) (96 “2L) (06 '68) (881 ‘18Z-) (162 '9€7-)
9SLL LELL €9 %S €L6 8€6 14 6¢ €8 06 LE~ LS- 6°0Y l
(%)
unes unejs oN uneys  unes oN unes unels oN unels  uneysoN uneys unejs oN IW 9jesspow (%) yyduaq  Msu
Xapul w.ey pajuanaid PU0  dAD
Jasue)y jJuawledwi jeuay Z 9dA) seyeqeiq AyredoAp and -}jyauag 19N Amigeqoad  A-gL

"sueakyg-0g pabe uswom ggo‘gl Jad sieakg| ul Sawo0d3No WJeY pue }ijauaqg pajdadxa pue }jauaq jau jo Ayigeqold "G ajqel

13

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

‘95e3SIp JBINISEAOIPIRD ‘QAD
"yieap gAQ-uou Joj ¥sid bunadwod pue Ajuieliaoun 1e213SIIeIS 0} dNp SI WnJayoads 3sid gAD @Y} SS0Jde uoljelie jeulbiew ay | "winujdads 3sid gAD 84} SS0Ide awles

9y} aq 0} pajoadxa a4 SEW0IIN0 WY 3y} JO SJUIAS Pajdadxa ay] *A}jelJow AD-UOU Joj 3sid Buiaduwiod Joj pajunNodde Sa}ewI}Sa 1y "UolINgGIISip aA130adsad ay} Jo Sa)13uadlad YiGs PUB Yig Je S|eAtdjul ay|

(1902 "8LYL) (L781 '0291) (86 '8€) (£G°18) (GETL "8YL) (8LLL "ZEL) (LL'€T) (1€ °L2) (¢6€T 9781) (0L22 'L92e) (L€ 'L¥2-) (626 '€8¢-)
LSLL LELL 79 Ve VL6 6€6 Gy 62 6012 8G6¢C 7S 78 0929 [*14

(€902 '8LY1) (L9781 '0291) (66 '8€) (£6°1S) (9€21 “87L) (LLLL 'TEL) (LL'€2) (LEL2) (LOEZ "89LL) (6412 "9612) (€ee '8ye-) (916G '78¢-)
LGLL LELL 79 %S L6 6€6 Gy Y4 €202 891¢ LG A 6619 V4

(7902 '0871) (781 "0291) (86 '8€) (£6°18) (SeCL “L9L) (9LLL "LEL) (LL'€2) (L€ L2) (c0zZ '€691) (802 '9902) (6z€ "67¢-) (706 '98¢-)
8GLL ZeLL %9 7S €L6 8€6 Gy 62 8¢c61 LL0OT 9y L4 0719 €z

(€902 “LLYL) (L8l "6191) (86 '8€) (£G°19) (8€Z1 '87L) (6L1L1 “TEL) (LL'€2) (L€ L2) (£0LZ '8L9L) (9661 9L61) (81€ '0G6¢Z-) (€67 '88¢-)
LSLL LELL %9 VA GL6 6€6 Gy 62 €68l 9861 Va4 89 7809 44

(2902 '6LY1) (L8l "LT9l) (86 '8€) (4G °19) (S€zL ‘L9L) (LLLL"LEL) (LL'€2) (L€ 'L2) (0L0Z L%S1L) (5061 'G88l) (CLe'LyT-) (787 '€8¢-)
LSLL LELL %9 Ve €L6 86 Gy 62 L9LL G681l Ly %9 61709 1z

(¢902 '08Y1) (Y81 '6191) (86 '8€) (£G°19) (S€ZL '97L) (9411 "0€L) (LL'€2) (L€ 'L2) (SL61 'G97L) (7181 'G6LL) (€0€ '8v¢Z-) (047 '78€-)
LSLL LELL %9 Vo €L6 86 Gy 62 z891 G081l LE LS 9°65 0z

(S90Z '8LY1L) (Y81 '0291) (86 '8€) (£6°19) (9€z1 "67L) (LLLL "TEL) (LL'€2) (L€ 'L2) (0z8L ‘L6glL) (€2L1 'S0LL) (L6T '0GZ-) (097 '88¢-)
8GL1L LELL %9 Ve YL6 6€6 Gy 62 8651 VAYA 143 0§ €9°8G 6l

(S90C "8LY1L) (Y81 '0291) (86 '8€) (LG 19) (S€zlL ‘LYL) (9LLL ‘Z€L) (LL '€2) (L€ L2) (ceLL '9Lel) (¢€91 'GL9L) (682 ‘LYZ-) (8%7 ‘€8¢€-)
8GLL ZeLL 79 79 €L6 6€6 Gy 62 451} €291 0€ Ly €085 8l

(€902 "6LY1) (8781 '6191) (66 '8€) (£6°18) (Se2TL “L9L) (8LL1'LEL) (LL'€T) (L€ L2) (8291 ‘0vcl) (L7S1 ‘GeS1L) (€82 "67¢-) (6€7 '98¢-)
8GLL LELL 79 79 €L6 86 Gy 62 xad) €eal 9z oy 77°LS Ll

(1902 "6LY1) (L¥781 '0291) (86 '8€) (£G°1LS) (GETL “6YL) (9LLL "E€L) (LL'€T) (L€ 'L2) (7€GL 'G9LL) (0671 ‘GeYL) (942 '972-) (827 '18¢-)
LSLL LELL 79 VL L6 66 Gy 62 evel vl €C 9¢ 0%°99 9l

(¢902 '0871) (781 '0291) (66 '8€) (£6°19) (GETL "6YL) (LLLL "EEL) (LL'€2) (L€ 'L2) (9€71 “L601) (6G€EL 'G7EL) (692 "06Z-) (17 '88¢-)
LSLL zeLL €9 VA GL6 66 Gy 62 86zl ZGelL 6l 62 695§ Gl
(%)
uneis unejs oN unels  unes oN uneys unejs oN uneys  unels oN uneis unjels oN IW 9jesspow (%) yyduaq  Msu
Xapul w.ey pajuanaid JPUO AN
Jasjue) jyuawiedwi jeuay Z adAy seyaqeiq Ayredolpy and -)jjauag 19N fniqeqoad  A-gL

(Panunuog) g dqeL

journals.sagepub.com/home/taj

14


https://journals.sagepub.com/home/taj

HG Yebyo, HE Aschmann et al.

Men 75-79 years

Men 80-84 years
60~

554

504

451

404

354 3

304 P 4

254

10-y CVD risk threshold in %

Py
g

20+ 4 1l

15 b =

10-

Women 75-79 years Women 80-84 years

r60

H .
. - k55
-
k50
-
7
——— ras <
—_— 3 Q
<
tao O
=
L (7]
=
3 9 F35 =
=0
- g
p 3 r30 =
3 3 =X
3 y o
r F2s 5
$ £
k20
1 1
b r15
.
-4 L10

Figure 1. The 10-year CVD risk threshold variation taking preferences of CVD and statin-related harm

outcomes taken from individuals.

A small fixed noise was added to the threshold points in the figure for visibility. CVD, cardiovascular disease.

and 32% for ages 75-79years and between 21%
and 32% for ages 80—-84years. A number of indi-
vidual’s preference values resulted in even higher
thresholds. For example, 10 out of 120 people in
each of the two age groups had very low prefer-
ence values for CVD but higher values for the
harm outcomes resulting in higher-risk thresholds
or no net benefit at all. In addition, the opposite
was true with individuals giving increased weight
to CVD than to harm outcomes, which resulted in
very low-risk thresholds.

Sensitivity analyses

In the main analysis, the estimates for the risk of
diabetes and cancer were consolidated from both
trials and observational studies. Rejecting the
treatment estimates for these two outcomes from
observational studies, statins showed net benefit
at 23% and 21% 10-year CVD risk thresholds for
men aged 75-79years and 80-84years, respec-
tively, and 21% and 19% 10-year CVD risk for
women aged 75-79 years and 80—84 years, respec-
tively. The thresholds were slightly lower than
those in the main analysis. This can be explained
because cancer incidence was dropped from this
analysis as a harm outcome as there was no treat-
ment effect in the included trial data. In addition,
the risk decreases for diabetes with age in the gen-
eral population, particularly over the age of
75years, resulted in lower absolute excess risk
and, therefore, affected the thresholds toward

lower values in the older age group (80-84 years)
than the younger age group (75-79 years), which
was in contrast to the main analysis.

In addition, another sensitivity analysis in which
we used combined effect estimates for CVD from
trials and observational studies, instead of from
trials only, revealed slightly higher thresholds
than the main analysis with 27% and 28% 10-year
CVD risk for men aged 75-79years and 80—
84years, respectively, and 24% for both age
groups in women. Risk thresholds remained pref-
erence-sensitive across all analyses.

Discussion

This study found that in a primary prevention
population aged 75 years or older and with mod-
erate baseline harm risks, statin use is more likely
to provide a net benefit if the baseline CVD risk is
at least 24% in men and 21% in women. However,
when taking into account variation in preferences
for benefit and harm outcomes between individu-
als, the thresholds for a net benefit may be signifi-
cantly increased or decreased on an individual
level. This indicates that the benefit-harm bal-
ance of statins is highly preference-sensitive and
that the average risk thresholds derived in this
study can only give a limited amount of guidance,
and patient-centered decision-making needs to
take individual preferences into account.
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Guideline developers have understandably been
hesitant to make recommendations on the pre-
scription of statins as a primary preventive meas-
ure for people over the age of 75 years because of
the limited number of randomized controlled trial
data available for this age group. With the recent
data from a meta-analysis of individual patient
data from trials and two large observational stud-
ies, there is now an increased amount of evidence
on the effects of statins on CVD in this popula-
tion.>7 The smaller observed treatment effect of
statins on CVD in people over the age of 75 years
of only 8% relative risk reduction, as compared
with 24-26% in younger adults,”!? is an impor-
tant reason why the 10-year CVD risk thresholds
for an overall beneficial effect is quite high and
well above risk thresholds recommended by a
number of guidelines.%3233

Despite the recently available evidence on the
effect of statins on CVD in older people,’ it is
probable that additional evidence will change the
current estimates of the benefit-harm balance
(e.g., the ongoing STAREE trial in the elderly
may provide further evidence).?* It is likely that
the thresholds could be even higher because we
did not include some of the harm outcomes in our
analysis owing to a lack of evidence (i.e., hepatic
dysfunction, cataracts, cognitive loss, and gastro-
intestinal problems).”13 To overcome the limited
amount of data, we combined evidence from
observational studies with the trial data on diabe-
tes and cancer.?? If only the trial data are relied
on and the observational data are excluded, the
thresholds showed slightly lower risk thresholds
because no effect of statins on cancer was observed
in the included trials. In addition, because the
absolute treatment effects as well as the benefit—
harm balance are highly dependent on the base-
line risks, using more valid and precise baseline
risks in the model could change the benefit-harm
balance estimates.!! Finally, it is also possible that
additional preference-elicitation surveys could
obtain different average weightings for older peo-
ple for the outcomes depending how the deci-
sional context is framed and depending on the
methods used to determine preferences and the
age of the population studied.

Our work demonstrates that individual prefer-
ences have a substantially greater effect on the
benefit-harm balance than specific additional
pieces of evidence. This has important implica-
tions for guideline developers. Despite the official

endorsement for considering patient preferences,
guidelines commonly issue only a single or few
recommendations that are independent of patient
preferences, values, and context.3> However, even
the most valid and largest trials or observational
studies will not be conclusive as to whether the
intervention will be worthwhile for an individual
patient unless the perspectives of patients are con-
sidered, including their preferences. We had the
opportunity to consider combinations of prefer-
ences from 120 people and estimate the benefit—
harm balance for each combination. As can be
expected, the benefit-harm balance of statins for
primary prevention in older people varied dramat-
ically across the combinations of preferences. As a
consequence, a one-size-fits-all recommendation
is not appropriate for such a preference-sensitive
decision, and according to the guidance of the
GRADE Working Group, strong recommenda-
tions should not be issued either for or against
statins in such a situation.?® Depending on the
context in which the recommendations are devel-
oped (i.e., considering specific population base-
line risks or other factors), weak recommendations
for statins could be issued for older people at
10-year CVD above 21% or 24%. These recom-
mendations should acknowledge that depending
on the individual’s preferences, this threshold
could be significantly lower or higher. Tailoring
recommendations to individual patients could be
supported by using decision aids that consider
individual patient baseline risks and preferences.

Prescribing statins to older people needs further
careful handling because simply focusing on the
total absolute risk could lead to overtreatment.
Older people could easily meet the risk thresholds
just because of their age, which is a strong inde-
pendent, but nonmodifiable risk factor.3” Instead,
it is important to assess the modifiability of the
underlying risk factors, including cholesterol lev-
els, diabetes, hypertension, smoking, and vascu-
lar inflammation because statins do not have any
benefit otherwise.® Nevertheless, how diabetes
predicts CVD in people taking statins is not clear
from the current literature; that is, studies show
that statin therapy reduces the risk for CVD but it
could increase blood sugar as an adverse effect
and, therefore, increase the risk for CVD where
the effects may cancel each other out.>%15 We did
not determine a risk threshold specifically for dia-
betes patients because considering such heteroge-
neous evidence in the analysis could be misleading.
Our findings could apply to all people regardless
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of whether they have diabetes. However, it should
be noted that patients with diabetes would still
have an increased chance of being recommended
for statins because diabetes strongly increases the
baseline CVD risk score.

An important limitation of this study was that we
could not consider all prespecified harm outcomes,
as noted previously. In addition, obtaining valid,
applicable, and precise effect estimates of the harm
outcomes that were included was a challenge.
Some of the estimates that were extrapolated from
trials could have included people younger than
75years. However, the extrapolation was more
likely to overestimate the net benefit in older people
because it is expected that the harm outcomes are
generally increased in older people because of
frailty, comorbidities, and polypharmacy and drug—
drug interactions. In addition, the generalizability
of the thresholds to other countries should be
further investigated taking into consideration
country-specific outcome risks. An additional limi-
tation is that we took the preferences from empiri-
cal research that included people mostly younger
than 75years.!? We can only speculate what the
results in this older age group would be but it is
possible that, as older people might not live long
enough to receive long-term benefits, they would
worry more about harm outcomes than younger
people since the harm outcomes could affect their
quality of life in the short term. This might have
overestimated the net benefit. However, in the
BWS survey there was no association between age
and preferences. A strength of the survey is that
preferences were elicited using lay descriptions that
were constructed based on the clinical features,
treatment options, and prognosis of the outcomes.
As a result, the preferences were similar across the
socioeconomically disparate environments of
Switzerland and Ethiopia.l? In addition, the GBD
study also found similar preferences across several,
quite different countries.?® However, treatment
preferences might vary depending on other factors
that were not captured in the lay descriptions of our
preference-eliciting survey, such as costs or access
to care. Therefore, country-specific preference val-
ues may be required if consideration of such factors
is warranted. However, it is probable that prefer-
ences vary between individuals in different coun-
tries and, most importantly, this study revealed that
individual treatment thresholds are preference-
sensitive and, thus, might differ notably from aver-
age population-level preferences

In conclusion, this study has demonstrated that the
benefits of statins would be more likely to outweigh
their harm in primary CVD prevention if the
10-year risk of people over the age of 75 years is
higher than 20%. However, these thresholds
assume average preferences in a population. This
study further demonstrated that the benefit-harm
balance is highly dependent on individual prefer-
ences for benefit and harm outcomes. As a conse-
quence, guidelines should continue to be cautious
when making population-level recommendations
and should support individual decision-making
taking into account individual modifiable risks and,
probably most importantly, individual preferences.
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