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Effectiveness and safety of using statin therapy for the primary
prevention of cardiovascular diseases in older patients with
chronic kidney disease who are hypercholesterolemic: a target
trial emulation study

Wanchun Xu, Yuk Kam Yau, Yanyu Pan, Emily Tsui Yee Tse, Cindy Lo Kuen Lam, Eric Yuk Fai Wan

Summary

Background There remains a scarcity of evidence on initiating statin therapy for the primary prevention of
cardiovascular diseases among older adults with chronic kidney disease due to the under-representation of this
population in randomised controlled trials. This study aimed to evaluate the effectiveness and safety of using statin
therapy for the primary prevention of cardiovascular diseases in older adults (aged 75-84 years) and very old adults
(aged >85 years) with chronic kidney disease.

Methods Using territory-wide public electronic health records in Hong Kong, patients older than 60 years with chronic
kidney disease and with hyperlipidaemia (defined as elevated LDL cholesterol of >2-6 mmol/L) were identified for
inclusion in the analyses and were included on a rolling basis in each calendar month from January, 2008, to
December, 2015. Patients were categorised into different age groups (ie, 60-74 years, 75-84 years, and >85 years)
for analysis, and the 60-74 years age group was used as a benchmark group to test the validity of our emulated
trial since the effect of statin therapy is well established in this age group. The framework of target trial emulation
was adopted to investigate the association between statin therapy and the risk of overall cardiovascular disease
incidence, specific cardiovascular disease subtypes (ie, myocardial infarction, heart failure, and stroke), and
all-cause mortality, as well as major adverse events (ie, myopathies and liver dysfunction). The primary outcome
was overall cardiovascular disease incidence. The hazard ratios for the outcomes were estimated by pooled logistic
models in the intention-to-treat analysis and the per-protocol analysis.

Findings 711 966 person-trials from 96 trials were eligible for inclusion in the study. 19423 unique individuals with
chronic kidney disease aged 60-74 years, 22 565 unique individuals with chronic kidney disease aged 75-84 years, and
8811 unique individuals with chronic kidney disease aged 85 years and older were identified for inclusion in the
analyses. In patients aged 75-84 years, a significant risk reduction was observed for overall cardiovascular disease
incidence in both the intention-to-treat analysis (hazard ratio [HR] 0-94 [95% CI 0-89-0-99]) and in the per-protocol
analysis (0-86 [0-80-0-92]) and for all-cause mortality (0-87 [0-82-0-91] in the intention-to-treat analysis and
0-78 [0-72-0-84] in the per-protocol analysis). This risk reduction was also observed among patients aged 85 years
and older for cardiovascular diseases (HR 0-88 [0-79-0-99] in the intention-to-treat analysis and 0-81 [0-71-0-92] in
the per-protocol analysis), and for all-cause mortality (0-89 [0-81-0-98] in the intention-to-treat analysis and
0-80 [0-71-0-91] in the per-protocol analysis). Substantial risk reduction for myocardial infarction, heart failure, and
stroke were also observed across all age groups. No significantly increased risk of myopathies or liver dysfunction
was observed in any of the age groups.

Interpretation Statin therapy is beneficial for hypercholesterolemic older patients with chronic kidney disease aged
75 years and older regarding the primary prevention against cardiovascular diseases and all-cause mortality, without
posing an increased risk of major adverse events. The benefits and safety persist in those aged 85 years and older.
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Introduction

Chronic kidney disease is a prevalent condition around the
world, and its prevalence is known to increase with age.! In
the UK, chronic kidney disease affects 32-7% of individuals
aged older than 75 years.? In the USA, chronic kidney
disease is common in people aged 65 years or older (34%).}

The prevalence of chronic kidney disease has been reported
to be 29-7% in patients with type 2 diabetes in Hong Kong,*
where the incidence rate of chronic kidney disease is around
22 per 1000 person-years among patients with hypertension.®
Patients with chronic kidney disease have a high risk of
cardiovascular disease.® Statins are extensively used to
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Research in context

Evidence before this study

We searched PubMed and Embase for articles published from
database inception to Jan 4, 2024, using the search terms “statin”,
“chronic kidney disease”, “primary prevention”, “old adults”, “very-
old adults”, and “cardiovascular diseases”. Despite the substantial
evidence on the benefits and safety of statin use in patients with
chronic kidney disease, there is a noticeable scarcity of studies
focusing on older patients with chronic kidney disease, particularly
those older than 75 years. Although a systematic review and meta-
analysis revealed that statin use reduced the risk of major
cardiovascular events in patients older than 65 years, the specific
effect of statins for primary prevention in individuals aged older
than 75 years remains unknown. In a cohort study, subgroup
analyses found that statin use was associated with a reduced risk of
all-cause mortality but not cardiovascular disease in patients with
chronic kidney disease who were older than 75 years. Regarding
the safety profile, two systematic reviews with meta-analyses have
provided evidence that the risks of liver dysfunction in patients
with chronic kidney disease treated with statins are comparable to
patients treated without statins. Additionally, a randomised
controlled trial reported similar results regarding the occurrence of
myopathy. However, these findings are limited due to small sample
sizes and strict eligibility criteria in the randomised controlled trials,
which often excluded patients older than 75 years or 85 years.

mitigate the risk of cardiovascular diseases in patients with
chronic kidney disease.” However, there is no consensus
regarding the use of statin therapy for primary prevention
in patients with chronic kidney disease aged 75 years and
older. The 2018 American College of Cardiology and the
American Heart Association guidelines recommend statin
use for adults aged 40-75 years with chronic kidney disease
and who have a 10-year cardiovascular disease risk of 7-5%
or higher, but these guidelines do not address adults aged
older than 75 years.* The 2023 National Institute for Health
and Care Excellence guideline recommends atorvastatin
20 mg daily for the primary prevention of cardiovascular
disease in people with chronic kidney disease, without age
restrictions.” The Kidney Disease: Improving Global
Outcomes clinical practice guideline also recommends
statin treatment in patients with chronic kidney disease
aged 50 years and older but lacks specific recom-
mendations on old patients (aged 75-84 years) and very old
patients (aged 85 years and older).'

The lack of consensus on statin therapy for primary pre-
vention in older people with chronic kidney disease could be
due to the inconclusive evidence in this population,
who have generally been under-represented in randomised
controlled trials (RCTs). Subgroup analyses from a
systematic review and meta-analysis of 48 429 patients with
chronic kidney disease reported that statin use reduced the
risk of major cardiovascular events in patients aged older
than 65 years (relative risk 0-78, 95% CI 0-61-0-99), whereas

Add value of this study

The potential benefits and safety of using statins for primary
prevention in patients with chronic kidney disease who are
hypercholesterolemic with advanced age remained inconclusive in
previous studies. Using population-based public electronic health
records in Hong Kong, we found statin therapy to be beneficial in
terms of reducing the risk of cardiovascular diseases and all-cause
mortality in older patients with chronic kidney disease who are
hypercholesterolemic, without posing any additional risk of major
adverse events. These findings extend the existing evidence on the
use of statins for primary prevention in patients with chronic
kidney disease aged 75 years and older, who are generally
underrepresented in randomised controlled trials.

Implications of all the available evidence

Patients with chronic kidney disease are typically at an elevated risk
of developing cardiovascular disease, especially those with
advanced age and with hypercholesteremia. Our study further
confirms the benefits and safety of statin use for primary
prevention in this population. The findings support the
prescription of statin use for primary prevention in older patients
with chronic kidney disease who are hypercholesterolemic. Further
studies across diverse ethnic groups are essential to inform clinical
practice worldwide.

the effect for primary prevention among those aged older
than 75 years remained unknown." A cohort study
including 14828 individuals aged older than 65 years
showed that statin initiation was significantly associated
with a reduction in all-cause mortality (hazard ratio [HR]
0-91, 95% CI 0-85-0-97) but not major adverse cardiovas-
cular events (0-96, 0-91-1-02), and a similar pattern was
observed in the subgroup analysis for adults aged older
than 75 years.”? More importantly, both advanced age
(ie, >75 years) and renal dysfunction have been shown to be
predisposing factors for the development of the adverse
event of myopathy.”® Previous RCTs have shown non-
significant differences in adverse events among statin
users and non-users with chronic kidney disease,™ but the
results might be limited by small sample sizes and strict
eligibility criteria. To the best of our knowledge, there
remains a lack of evidence on adverse outcomes of statin
therapy in patients with chronic kidney disease with
advanced age. The inconclusive evidence underscores the
need for additional studies to inform the guidelines
regarding the use of statins in older adults with chronic
kidney disease.

To address these gaps in knowledge, we used real-world
electronic health records to emulate a sequence of target
trials™¢ to investigate the long-term effectiveness and safety
of statin therapy for the primary prevention of cardiovascular
diseases in older patients with chronic kidney disease who are
hypercholesterolemic.
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Figure 1: lllustration of sequential trial emulation study

In total, there were 96 target trials emulated, where the same eligibility criteria were applied in each calendar month from January, 2008 to December, 2015. The data from these 96 trials were pooled into one
single model for each age group. Patients were followed up until the outcome of interest, death, or the administrative end of the study (Dec 31, 2018), whichever occurred first.

Method

Study design and participants

To examine the relationship between statin therapy and
the risk of cardiovascular disease incidence, a sequence of
nested target trials was emulated using -electronic
health records from the Hong Kong Hospital Authority
(appendix 2 p 1). The Hong Kong Hospital Authority
manages the majority of public clinics and hospitals in
Hong Kong. According to the Hong Kong Population
Census report, about 90% of the population is of Chinese
ethnicity, with the non-Chinese population primarily
including Filipinos, Indonesians, and South Asians.”'®
The electronic health record database used for data
retrieval has undergone validation in previous research,
showing high accuracy in diagnosing myocardial infarc-
tions and stroke, with reported positive predictive values of
85-4% (95% CI 78-8-90-6) and 91.1% (83-2-96-1),
respectively.” The framework of target trial emulation in
pharmacoepidemiology studies can help to mitigate the
potential immortal time bias and prevalent user bias by
aligning time zero with the point at which treatment eli-
gibility is met and treatment strategy is assigned, and can
account for time-varying confounding in estimating the
causal effect.’>* Figure 1 shows the study design of our
emulated target trials. Patients with chronic kidney disease
older than 60 years with hyperlipidaemia (defined as

www.thelancet.com/healthy-longevity Vol 6 March 2025

elevated LDL cholesterol of >2-6 mmol/L)* were eligible
to participate and were included on a rolling basis in each
calendar month from January, 2008, to December, 2015.
We included patients with a diagnosis of chronic kidney
disease (ICD-9 585-86) at or before baseline or with a
latest recorded estimated glomerular filtration rate of less
than 60 mL per min/1-73m” within 3 years before base- See Online for appendix 2
line. Eligible patients were required to have at least one
follow-up visit after baseline. For the treatment group, only
new users with statin prescription records were included
in the trial of each calendar month, whereas patients with
previous prescription records for statins were excluded.
The individuals who contributed to the treatment group
were no longer eligible for a subsequent trial. However,
the individuals who did not initiate statin therapy on a
given calendar month could be eligible for subsequent
trials. Patients were categorised into different age groups
(ie, 60-74 years, 75-84 years, and >85 years) for analysis,
and the group of adults aged 60-74 years was used as a
benchmark to test the validity of our emulated trial since
the effect of statin therapy is well established in this
age group.” In total, there were 96 emulated trials in each
age group.

Patients who had used statins before baseline or other
lipid drugs at or before baseline were excluded from the
analysis. Patients with a history of cardiovascular diseases
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and patients with contraindications (ie, myopathies and
liver dysfunction) at or before baseline were excluded.
Patients with acute kidney injury were also excluded to
minimise the risk of unmeasured confounding.*

The study was approved by the Institutional Review Board
of The University of Hong Kong—the HA Hong Kong West
Cluster (reference number UW 19-362) and conforms to the
principles outlined in the Declaration of Helsinki. Since all
data used in this study were anonymised and obtained from
the electronic health records from the Hong Kong Hospital
Authority, patients’ consent to participate was not required.

Definition of exposure, outcomes, and follow-up period

Statin therapy was defined as treatment with simvastatin,
atorvastatin, fluvastatin, rosuvastatin, lovastatin, pitavastatin,
or pravastatin. The date of dispensing in the prescription
record was used to define the start of statin treatment. The
outcomes of interest included the overall incidence of
cardiovascular diseases, specific cardiovascular disease
subtypes (ie, myocardial infarction, heart failure, and
stroke), all-cause mortality, and major adverse events
(ie, myopathies and liver dysfunction). Case definitions
were based on the International Classification of Primary
Care, 2nd edition (ICPC-2) and the ICD 9th revision,
Clinical Modification (ICD-9-CM) or on relevant clinical
parameters (appendix 2 p 2). Patients were followed up
until the outcome of interest, death, or the administrative
end of the study (Dec 31, 2018), whichever occurred first.

Statistical analysis
The intention-to-treat and per-protocol effects on the
prevention of cardiovascular diseases and all-cause mortality
were estimated in the emulated target trials in the three age
groups. The intention-to-treat HR was estimated by fitting
a pooled logistic model for the outcome incidence,
including the indicators of the assigned strategy (statin
initiation at baseline), follow-up period (linear and quad-
ratic terms), and the covariates at baseline. As the outcome
of the models is rare, the odds ratio from the pooled logistic
model approximates the HR.** Included covariates were
demographic characteristics (sex and age); clinical
parameters (fasting glucose, systolic blood pressure, dia-
stolic blood pressure, LDL cholesterol, HDL cholesterol,
total cholesterol, and estimated glomerular filtration rate);
the Charlson Comorbidity Index; the presence of comor-
bidities (yes or no; hypertension, diabetes, peripheral vas-
cular disease, chronic obstructive pulmonary disease, atrial
fibrillation, dementia, and obesity); medication use within
1year before baseline (yes or no) including aspirin, insulin,
oral antidiabetic drugs, angiotensin-converting enzyme
inhibitor and angiotensin receptor blocker, B-blocker, cal-
cium channel blockers, and diuretics; service use within
1 year before baseline (yes or no) including specialist out-
patient clinic attendance and hospitalisation admission
date; and smoking status (yes or no).

The per-protocol analysis compared risks for outcomes of
interest between continuous statin users and those who

never used statins during the follow-up period; the person-trials
were artificially censored when the patient deviated from
their assigned strategy unless the patient developed
an indication or contraindication for statin therapy
(appendix 2 pp 3—4). To ascertain continuous statin use, a
3-month period was used to confirm statin discontinuation,
whereby patients were censored 3 months after the end of
their statin prescription if it was not followed by another
refill prescription. To adjust for selection bias resulting
from the artificial censoring process, each person-trial was
weighted at each timepoint by the inverse probability of
receiving their assigned treatment strategy, conditional on
baseline and time-varying covariates. A pooled logistic
model was fitted to predict the probability of receiving
statin therapy at each timepoint. The time-varying
covariates used in this model included lifestyle behaviours,
clinical parameters, comorbidities, drug use, and service
use, as detailed above. The last observation carried forward
(LOCF) method was used to handle the missing values of
the time-varying clinical parameters during the follow-up
period.’** To adjust for potential bias arising from the
competing event (ie, death in the present study), competing
risk adjustment was performed in the per-protocol
analysis, in which each person-trial additionally received
a time-varying inverse probability weight of not dying. The
estimated weights were truncated at the 5th and 95th
percentile to avoid the influence of outliers. Finally, a
pooled logistic model was fitted to estimate the HR for the
outcomes between the continuous statin therapy and never
using statins during the follow-up period, which includes
the indicators of the assigned treatment strategy, month
of follow-up (linear and quadratic term), and baseline
covariates, with adjustment of stabilised weights.
Additional details regarding the per-protocol analysis can
be found in appendix 2 (pp 3—4). We estimated the absolute
risk of outcome incidence by fitting the aforementioned
pooled logistic model for the causal effect estimation,
incorporating the added product terms between treatment
indicator and time (linear and quadratic terms). The
number needed to treat to prevent one additional cardio-
vascular disease event was calculated based on the
estimated 5-year risk difference and 10-year risk difference
of overall cardiovascular disease. The number needed to
treat is calculated as the reciprocal of the estimated absolute
risk reduction.

A complete case analysis was conducted for the emulated
trials, for which patients with incomplete data for the study
variables were excluded. Subgroup analyses were conducted
based on sex, Charlson Comorbidity Index (<8 or >8), and
the chronic kidney disease stage at baseline (stage 1-3, stage 4,
and stage 5). An interaction term between the treatment
indicator and the subgroup identifier was fitted to test the
difference in outcomes across patient subgroups. Several
sensitivity analyses were conducted to test the robustness of
the results, including: (1) shortening the gap for the
ascertainment of statin discontinuation from 3 months to
1 month in the per-protocol analysis; (2) truncating the
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http://www.thelancet.com/healthy-longevity

Articles

4389338 potential person-trials
(189000 unique individuals)

Patients with chronic kidney disease for statin indications
identified between January, 2008 to December, 2015

A 4

A 4

711966 eligible person-trials
(45460 unique individuals)

3677372 excluded
1000709 aged <60 years or died at baseline
1552887 statin use before baseline
126185 fibrate use and other lipid drug use on or
before baseline
485276 cardiovascular disease diagnosis on or
before baseline
104149 myopathies or liver dysfunction on or
before baseline
28442 acute kidney injury on or before baseline
4094 no follow-up visit after baseline
375630 missing value at baseline

¢ A 4

Age 60-74 years

268452 person-trials
(19423 unique individuals)

Age 75-84 years

324674 person-trials
(22565 unique individuals)

v

Age 285 years

118840 person-trials
(8811 unique individuals)

v

v

v

v

v

v

Initiators

5081 person-trials
(5081 unique
individuals)

Non-initiators

263371 person-trials
(18626 unique
individuals)

Initiators

4700 person-trials
(4700 unique
individuals)

Non-initiators

319974 person-trials
(21822 unique
individuals)

Initiators

1004 person-trials
(1004 unique
individuals)

Non-initiators
117836 person-trials
(8623 unique
individuals)

Figure 2: Flowchart of person-trials in the analysis

The number of the individuals in the parentheses do not sum to the total number of unique individuals because some eligible individuals contributed to different groups in

different emulated trials.

weight at the 1st and 99th percentile in the per-protocol
analysis; (3) adopting propensity score matching for baseline
covariates, for which the initiators and non-initiators were
matched in a 1:1 ratio within each age group (nearest
neighbour propensity score matching without replacement,
caliper value 0-2 times the standard deviation of the
propensity score); (4) using the predicted 10-year cardio-
vascular disease risk score (>7-5%) by the Framingham
Risk Score when identifying the patients eligible for statin
therapy, instead of using the LDL-cholesterol threshold;*
(5) excluding participants who had the outcome within
the first year of follow-up to minimise the potential
unmeasured confounding by undiagnosed diseases;
(6) removing the exclusion criteria requiring at least one
follow-up visit during the follow-up period, and instead
censoring patients 2 years after their last visits to the local
health system and additionally applying the weights for
censoring due to the loss of follow-up; (7) conducting
competing risk adjustment in the intention-to-treat
analysis; and (8) performing multiple imputation using
chained equation? to handle missing data on the covariates
at baseline; estimates were then pooled using Rubin’s rule
across the five sets of imputations.?

All analyses were performed in Stata/MP 17.0. Statistical
significance was defined as a two-tailed p-value of <0-05.

www.thelancet.com/healthy-longevity Vol 6 March 2025

A post-hoc power analysis was performed in Power Analysis
& Sample Size software to test whether the sample size was
sufficient for the emulated target trial in each age group,
with a significance level set at 0-05 (appendix 2 p 4).”

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report.

Results

711966 person-trials from 96 trials were eligible for the
study, with 268 452 person-trials (19 423 unique individuals)
aged 60-74 years, 324 674 person-trials (22565 unique
individuals) aged 75-84 years and 118840 person-trials
(8811 unique individuals) 85 years or older (figure 2).
34-5% of person-trials were excluded from the analysis due
to the incomplete information on the baseline covariates.
The number of eligible person-trials and statin initiators in
each trial is shown in appendix 2 (pp 5-7). The mean
Charlson Comorbidity Index (initiators vs non-initiators)
was 63 (SD 1.9) versus 54 (2:1) in the patients
aged 60-74 years, 7-3 (2:0) versus 6-5 (2-0) in those
aged 75-84 years, and 7-7 (1-9) versus 6-8 (1-9) in those aged
85 years and older (table).
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Aged 60-74 years (N=268 452)

Aged 75-84 years (N=324 674)

Aged >85 years (N=118 840)

Initiator Non-initiator Initiator Non-initiator Initiator Non-initiator
(n=5081) (n=263371) (n=4700) (n=319974) (n=1004) (n=117836)
Age, years 686 (4-3) 68-9 (4-3) 79-6 (2:8) 79:9 (2:8) 88:1(25) 887 (3:0)
Sex
Male 2491 (49:0%) 119728 (45-5%) 1872 (39-8%) 121910 (38-1%) 307 (30-6%) 33970 (28-8%)
Female 2590 (51-0%) 143643 (54-5%) 2828 (60-2%) 198064 (61-9%) 697 (69-4%) 83866 (71-2%)
Smoking 258 (5-1%) 11353 (4-3%) 158 (3-4%) 9877 (3-1%) 21 (2-1%) 2174 (1-8%)
Blood pressure
Systolic 151-2 (18-8) 1497 (18-2) 153-0 (17-9) 1521 (17-6) 154-5 (18-9) 152-9 (17-9)
Diastolic 81-2 (10-7) 80-6 (10-4) 77-3 (10-0) 77 -1 (10-0) 75-6 (10-0) 75-0 (10-0)
Fasting glucose 7-3 (2:6) 65 (2-1) 6-8 (2-2) -2 (1-9) 65 (1-8) 5-9 (1-6)
Low density lipoprotein-cholesterol 3:9(0:9) 3-5(0-7) 3:9(0:9) 3- 4( 7) 3-9(0-9) 34 (0-6)
Low density lipoprotein-cholesterol concentration
<3-4 mmol/L 1611 (31-7%) 138899 (52-7%) 1546 (32-9%) 176 029 (55:0%) 317 (31-6%) 66 634 (56-5%)
3:4-4-0 mmol/L 1692 (33-3%) 79587 (30-2%) 1647 (35:0%) 95619 (29:9%) 327 (32:6%) 34710 (29-5%)
>4-1 mmol/L 1778 (35:0%) 44885 (17:0%) 1507 (32-1%) 48326 (15-1%) 360 (35:9%) 16492 (14-0%)
High density lipoprotein-cholesterol 1-3(0-3) 1-3(0-4) 1-3(0-4) 1-4 (0-4) 1-4 (0-4) 1-4 (0-4)
High density lipoprotein-cholesterol concentration
<1-3 mmol/L for females and <1 mmol/L for males 1834 (36-1%) 95784 (36-4%) 1611 (34-3%) 110893 (34-7%) 340 (33-9%) 37092 (31-5%)
>1-3 mmol/L for females and >1 mmol/L for males 3247 (63:9%) 167587 (63-6%) 3089 (65:7%) 209081 (65-3%) 664 (66:1%) 80744 (68-5%)
Total cholesterol 6-0 (1-1) 5-5(0-8) 5-9 (1-0) 5-5(0-8) 6-0 (1-0) 5-5(0-8)

Total cholesterol concentration
<5-2 mmol/L
5-2-6-1 mmol/L
>6-2 mmol/L
Estimated glomerular filtration rate
Chronic kidney disease stage
Stages 1-3
Stage 4
Stage 5
Comorbidities
Charlson Comorbidity Index
Hypertension
Diabetes
Peripheral vascular disease
Chronic obstructive pulmonary disease
Atrial fibrillation
Dementia
Obesity
Drug use
Long-term aspirin use
Insulin

Oral antidiabetic drugs

Angiotensin-converting enzyme inhibitor and angiotensin

receptor blocker
fB-blocker
Calcium channel blockers
Diuretic
Service use within 1 year before baseline
Specialist outpatient clinics attendance

Hospital admissions

1096 (21-6%) 102690 (39-0%)
2134 (42:0%) 110700 (42-0%)
1851 (36-4%) 49981 (19-0%)

51-6 (15-0) 532 (15-1)

4715 (92-8%) 247095 (93-8%)
287 (5:6%) 11847 (4-5%)
79 (1-6%) 4429 (1-7%)

6-3(1-9) 54(2:1)
4551 (89-6%) 236920 (90-0%)
3256 (64-1%) 105185 (39-9%)

41 (0-8%) 1402 (0-5%)
143 (2:8%) 9276 (3-5%)
9 (2 3%) 6155 (2:3%)

9 (0-6%) 1240 (0-5%)
2311 (45-5%) 103 071 (39-1%)

622 (12:2%) 18515 (7-0%)
684 (13-5%) 21470 (8-2%)
3076 (60-5%) 100199 (38-:0%)
3210 (63-2%) 130184 (49-4%)

2457 (48-4%) 124 821 (47-4%)
4001 (787%) 190223 (72-2%)
1418 (27-9%) 71618 (27-2%)

3590 (70-7%) 179526 (68-2%)
1372 (27-0%) 58440 (22:2%)

1089 (23-2%)
2013 (42-8%)
1598 (34-0%)

50-5 (13-3)

4382 (93-2%)
271 (5-8%)
47 (1-0%)

73 (2:0)
4412 (93-9%)
2853 (60-7%)

57 (1-2%)
244 (5-2%)
200 (4-3%)

89 (1-9%)

1831 (39-0%)

811 (17-3%)
413 (8-8%)
2539 (54-0%)
2770 (58-9%)

2128 (45-3%)
3803 (80-9%)
1345 (28-6%)

3234 (68-8%)
1418 (30-2%)

Data are n (%) or mean (SD). The initiators and non-initiators refer to the person-trials in the sequential target trial emulation.

129 813 (40-6%)
135241 (42-3%)
54920 (17-2%)
51-9 (14-7)

301497 (94-2%)
15160 (4-7%)
3317 (1-0%)

65 (2:0)
301807 (94-3%)
118 066 (36-9%)

2205 (0-7%)
18524 (5-8%)
12131 (3-8%)

7537 (2:4%)

104 456 (32-6%)

31030 (9:7%)
16590 (5:2%)
105420 (32:9%)
139 482 (43-6%)

136 699 (42:7%)
245515 (76-7%)
93471 (29-2%)

213 211 (66-6%)
83165 (26-0%)

212 (21-1%) 47784 (40-6%)
430 (42:8%) 50552 (42:9%)
362 (36:1%) 19500 (16:5%)

49-7 (13-3) 51-0 (12-9)

931(92:7%) 111304 (94-5%)
64 (6-4%) 5708 (4-8%)
9 (0-9%) 824 (0-7%)

77 (1:9) 6-8 (1-9)
945 (94-1%) 112783 (95:7%)
552 (55-0%) 34694 (29-4%)

16 (1-6%) 995 (0-8%)
69 (6:9%) 8315 (7-1%)
4 (5-4%) 5990 (5-1%)
( -1%) 6340 (5-4%)
310 (30-9%) 27139 (23-0%)
190 (18-9%) 13225 (11-2%)
54 (5-4%) 3351 (2:8%)
460 (45-8%) 28076 (23-8%)
517 (51:5%) 45251 (38:4%)

406 (40-4%) 43119 (36:6%)
861 (85-8%) 93456 (79:3%)
270 (26-9%) 35017 (29-7%)

675 (67-2%) 72606 (61-6%)
375 (37-4%) 37079 (31-5%)

Table: Baseline characteristics
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Intention-to-treat analysis Per-protocol analysis
Outcome incidence HRs Outcome incidence
Initiators Non-initiators Initiators Non-initiators
Overall cardiovascular disease
60-74 years 1106 55274 lel 0-92 (0-86-0-97) 929 39629 lef
75-84 years 1475 97878 0-94(0-89-0-99) 1242 79508 ol
=85 years 333 40662 e 0-88 (0-79-0-99) 284 37638 e
Myocardial infarction
60-74 years 416 18067 e 0-97 (0-88-1-07) 342 11885 e
75-84 years 449 28998 te 0-86 (0-78-0-94) 376 22848 e
=85 years 109 12057 e 0-88 (0-73-1.07) 84 10886 —eo—i
Heart failure
60-74 years 471 21058 3 ¢l 0-99 (0-90-1-09) 389 13815 Fe|
75-84 years 691 45451 tef 0-94(0-87-1:01) 579 34432 g}
=85 years 173 20353 e 0-94 (0-80-1.09) 152 18405
Stroke
60-74 years 526 29756 tol 0-82 (0-75-0-89) 445 21809 Fed
75-84 years 737 48961 le 0-97 (0-90-1:05) 607 39742 tef
=85 years 151 18693 e 0-87 (0-74-1-02) 124 17246 o
All-cause mortality
60-74 years 1050 55394 ol 0-89 (0-83-0-94) 803 35988 tei
75-84 years 1487 111161 L} 0-87(0-82-0-91) 1115 84496 L]
=85 years 460 58818 ted 0-89 (0-81-0-98) 345 52538 (]
Myopathies
60-74 years 67 3892 e 0-70 (0-54-0-89) 47 2706 —e—if
75-84 years 45 2498 1.07 (0-78-1-46) 35 1884 —et+—
>85* years 3 248 3 201
Liver dysfunction
60-74 years 648 31920 0-96 (0-89-1-04) 535 21300 tof
75-84 years 618 42034 tof 0-92 (0-85-1-00) 508 31942 red
=85 years 117 14546 e 0-92 (0-76-110) 96 12879 e
T 1 1
0-4 1 2:5 0-4 1
HR (95% CI) HR (95% Cl)

0-86 (0.78-0-93)
0-86 (0-80-0-92)
0-81(071-0-92)

0-90 (0-77-1:04)
0-87 (0-76-1-00)
0-73 (0:57-0-93)

085 (0.74-0-98)
0-80 (0-72-0-89)
0-86 (0-72-1-04)

0-80 (0-71-0-91)
0-89 (0-81-0-99)
075 (0-61-0-93)

075 (0-68-0-83)
078 (0-72-0-84)
0-80(0-71-0-91)

053 (0-35-0-80)
0-89 (0-54-1-47)

0-91(0-81-1:02)
0-97 (0-87-1-09)
0-89 (0-70-1-12)

Figure 3: Estimated HR (95% Cl) for outcomes of interest between statin initiators and non-initiators in the three age groups (ie, aged 60-74 years, 75-84 years, and >85 years)

The initiators and non-initiators refer to the person-trials in the sequential target trial emulation. The outcome incidence refers to the number of events during the follow-up period in the intention-to-treat
analysis and per-protocol analysis, respectively. The analysis was adjusted for sex, age, smoking status, fasting glucose, systolic blood pressure, diastolic blood pressure, LDL cholesterol, HDL cholesterol, total
cholesterol, estimated glomerular filtration rate, comorbidities (ie, Charlson Comorbidity Index, hypertension, diabetes, peripheral vascular disease, chronic obstructive pulmonary disease, atrial fibrillation,
dementia, and obesity), drug use (i, aspirin, insulin, oral antidiabetic drugs, angiotensin converting enzyme inhibitors, 3-blockers, calcium channel blockers, and diuretics), month of follow-up and its square
term, specialist outpatient clinics attendance (ie, within 1 year before baseline), and hospital admission (ie, within 1 year before baseline). HR=hazard ratio. *Estimates cannot be obtained due to small number

of events in treatment group (n=3).

The crude incidence rates of each outcome of interest over
the 11-year study period (median 5-3 years, IQR 3-8 to 7-1)
for the statin initiators and non-initiators are shown
in appendix 2 (p 8). In the intention-to-treat analysis
(figure 3), the estimated HR for overall cardiovascular
disease incidence associated with statin initiation was
0-92 (95% CI 0-86 to 0-97) in those aged 60-74 years
(the benchmark age group), 0-94 (0-89 to 0-99) in those aged
75-84 years, and 0-88 (0-79 to 0-99) in those 85 years and
older. The estimated HR for the all-cause mortality was
0-89 (0-83 10 0-94),0-87 (0-82t0 0-91), and 0-89 (0-81 t0 0-98)
in the three age groups respectively. The estimated HR for
the specific cardiovascular disease subtype is shown in
figure 3. No significantly increased risks of myopathies and
liver dysfunction were observed in any of the age groups,
with only three cases of myopathies being reported in
adults aged 85 years and older who initiated statins
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(appendix 2 p 8). The estimated 5-year absolute risk
difference for overall cardiovascular disease incidence in
the intention-to-treat analysis was —1-3% (95% CI -2-1 to
—0-4, statistical power 0-827) in those aged 60-74 years,
-1-5% (-2-7 to —0-4, 0-802) in those aged 75-84 years,
and —4-0% (-7-0 to —1-0, 0-846) in those aged 85 years and
older (figure 4). The number needed to treat to prevent one
cardiovascular disease incidence in the intention-to-treat
analysis was 77 (95% CI 46 to 224) in those aged
60-74 years, 67 (38 to 295) in those aged 75-84 years, and
25 (14 to 101) in those aged 85 years and older. The esti-
mated 5-year and 10-year standardised risk differences for
other outcomes of interest are presented in appendix 2 (p 9).

In the per-protocol analysis, the estimated HR for overall
cardiovascular disease was 0-86 (95% CI 0-78 to 0-93) in
patients aged 60-74 years, 0-86 (0-80 to 0-92) in those aged
75-84 years, and 0-81 (0-71 to 0-92) in those 85 years and
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Figure 4: Standardised cumulative incidence curve and 5-year and 10-year risk difference for cardiovascular diseases over the follow-up period between statin users

and non-users

(A) Intention-to-treat analysis. (B) Per-protocol analysis. Analyses were adjusted for sex, age, smoking status, fasting glucose, systolic blood pressure, diastolic blood
pressure, LDL cholesterol, HDL cholesterol, total cholesterol, estimated glomerular filtration rate, comorbidities (ie, Charlson Comorbidity Index, hypertension, diabetes,
peripheral vascular disease, chronic obstructive pulmonary disease, atrial fibrillation, dementia, and obesity), drug use (ie, aspirin, insulin, oral antidiabetic drugs,
angiotensin converting enzyme inhibitors, B-blockers, calcium channel blockers, and diuretics), month of follow-up and its square term, specialist outpatient clinics
attendance (ie, within 1 year before baseline) and hospital admission (ie, within 1 year before baseline), with the added product terms between treatment and time

(linear and quadratic term).

older, and the HR for all-cause mortality was 0-75 (0-68 to
0-83),0-78 (0-72 to 0-84), and 0-80 (0-71 to 0-91), respectively
for the three age groups. Substantial risk reduction was
also observed for all cardiovascular subtypes, including
myocardial infarction (HR in the three age groups 0-90
[95% CI 077 to 1.04], 0-87 [0-76 to 1-00], and 0-73 [0-57 to
0-93]), heart failure (0-85 [0-74 to 0-98], 0-80 [0-72 to 0-89],
and 0-86 [0-72 to 1-04]), and stroke (0-80 [0-71 to 0-91],
0-89 [0-81 to 0-99], and 0-75 [0-61 to 0-93]). No significant
risk increase in the myopathies or liver dysfunction was

found (figure 3). The estimated 5-year absolute risk differ-
ence in the per-protocol analysis was —2-5% (-3-7 to -1-2),
—4-4% (=5-9 to —2-9), and —8-2% (-11-7 to —4-7) respectively
ineach age group, and the corresponding number needed to
treat to prevent one cardiovascular disease event in 5 years
was 41 (95% CI 27 to 84) among those aged 60-74 years,
23 (17 to 35) in those aged 75-84 years, and 12 (9 to 21) in
those aged 85 years and older; the estimated 10-year
absolute risk difference for overall cardiovascular disease
incidence was —4-9% (-9-1 to —0-8), =6-:0% (-11-1 to —1.0),
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Intention-to-treat analysis

Per-protocol analysis

HRs (95% Cl) Pinteraction HRs (95% Cl) Prteacton
Aged 60-74 years
Sex
Female fof 0-93 (0-85-1-01) 0-66 [y 0-88 (0-78-1:00) 055
Male 0-90 (0-83-0-98) Fol 0-83 (0-74-0-94)
Charlson Comorbidity Index
<8 ol 0-93 (0-87-0-99) 016 o 0-89 (0-81-0-98) 0-066
>8 [ 078 (0-61-0-99) —e—i 0-64 (0-46-0-90)
Chronic kidney disease stages
Stages 1-3 of 0-93(0-87-0-99)  (Reference) tef 0-88(0-81-0-97)  (Reference)
Stage 4 et 0-90 (0-71-1-12) 077 e 0-92 (0-69-1-23) 0-80
Stage 5 —— 0-62 (0-40-0-97) 0080 —— 0-46 (0-23-0-93) 0-072
Aged 75-84 years
Sex
Female 0-94 (0-88-1-00) 096 ol 0-84 (0-77-0-92) 0-52
Male fo 0-94 (0-87-1:02) tod 0-88 (079-0-99)
Charlson Comorbidity Index
<8 o 0-96 (0-91-1-03) 014 te] 0-89 (0-81-0-97) 036
>8 o 0-89 (0-80-0-97) Fod 0-83(0-73-0-94)
Chronic kidney disease stages
Stages 1-3 | 0-94(0-89-0-99)  (Reference) lol 0-87 (0-81-0-94) (Reference)
Stage 4 [ 0-97 (0-80-1-18) 075 e 0-88 (0-68-1-15) 0-95
Stage 5 e 0-91(0-53-1-56) 0-92 1 0-76 (0-32-1-77) 0-74
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Female o 0-89 (0-78-1.01) 094 [ 079 (0-67-0-93) 057
Male et 0-88 (072-1.07) i 0-85 (0-68-1-08)
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<8 [ 0-90 (0-77-1-06) 085 o] 0-84 (0-68-1-02) 077
>8 [m 0-88 (0-75-103) [ 0-80 (0-67-0-96)
Chronic kidney disease stages
Stages 1-3 Fe 0-90 (0-80-1:01)  (Reference) e 0-81(0-70-0-93)  (Reference)
Stage 4 e 0-74 (0-47-1-15) 0-41 1 0-84 (0-50-1-43) 0-88
Stage 5 X E
025 1 4 025 1 4

Figure 5: Estimated HRs (95% Cls) for overall incidence of cardiovascular diseases between statin initiators in subgroup analyses

Analyses were adjusted for sex, age, smoking status, fasting glucose, systolic blood pressure, diastolic blood pressure, LDL cholesterol, HDL cholesterol, total cholesterol,
estimated glomerular filtration rate, comorbidities (ie, Charlson Comorbidity Index, hypertension, diabetes, peripheral vascular disease, chronic obstructive pulmonary
disease, atrial fibrillation, dementia, and obesity), drug use (ie, aspirin, insulin, oral antidiabetic drugs, angiotensin converting enzyme inhibitors, p-blockers, calcium
channel blockers, and diuretics), month of follow-up and its square term, specialist outpatient clinics attendance (ie, within 1 year before baseline), and hospital admission
(ie, within 1 year before baseline). An interaction term between the treatment indicator and the subgroup was fitted to test the difference in outcomes across patient
subgroups. For the chronic kidney disease stages, stages 1-3 were considered the reference group in the interaction test. *Robust estimates could not be obtained due to a

small number of events.

and —10-4% (-28.9 to 8-2) respectively in each age group in
the per-protocol analysis.

The HR estimates in the subgroup analyses are
presented in figure 5 and appendix 2 (pp 10-11).
Cardiovascular disease risk reduction associated with
statin initiation was consistently found in all patient
subgroups by sex and by Charlson Comorbidity Index
scores (<8 or >8) in each age group. Risk reduction of
overall cardiovascular disease associated with statin use
was found in patients with stage 1-3 chronic kidney disease
across all age groups; a directional but insignificant
association between statin treatment and cardiovascular
disease risk reduction was observed in the patients with
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stage 4 and stage 5 (HR <1). The test of interaction term
indicated no significant differences in the estimated effect
of statins between patients in stages 4 and 5 and those in
stages 1-3 (Pinteraction >0-05). Similar estimates for outcomes
were consistently observed in all sensitivity analyses
(appendix 2 pp 12-20).

Discussion

Our study suggests that statin therapy is effective in the
primary prevention of cardiovascular diseases and all-cause
mortality in older adults (ie, those aged >75) with chronic
kidney disease who are hypercholesterolemic. Moreover,
our findings also indicate that there is no significantly
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increased risk of major adverse events associated with statin
therapy in this population.

Our results in the reference age group (aged 60-74 years)
were similar to results from the JUPITER trial,
which showed risk reductions for cardiovascular disease
(0-55 [95% CI 0-38-0-82]) and all-cause mortality
(0-56 [0-37-0-85]) in older patients (median age of
70 years) with estimated glomerular filtration rates of
<60 ml per min/1-73 m?. The similarity in findings shows
the validity of our analysis and the reliability of the results.
To the best of our knowledge, our study is the first to
investigate the effectiveness of statin therapy for primary
prevention in two distinct age groups (ie, 75-84 years and
>85 years) of older patients with chronic kidney disease. In
a previous cohort study done in the USA that used a target
trial emulation, subgroup analyses of patients with chronic
kidney disease aged older than 75 years showed potential
association between statin use and incidence of major
cardiovascular diseases (HR 0-93, 0-86-1-01), and a signifi-
cant risk reduction in all-cause mortality (0-89, 0-82 -0-97)."2
The lack of a significant risk reduction for major cardio-
vascular events might be partly due to the small sample size
for this age subgroup. With a larger sample size, our study
was able to verify the effectiveness of statin use for primary
prevention with enhanced statistical power. Moreover, our
study also provided evidence on the effectiveness of statin
therapy in very old patients (>85 years) with chronic kidney
disease.

Notably, the estimated number needed to treat over
5 years to prevent one additional cardiovascular disease
event in older adults aged 75-84 years and in those aged
85 years and older in the per-protocol analysis in our study
was lower than the number needed to treat in the bench-
mark age group and lower than the estimated number
needed to treat shown in a meta-analysis, which showed that
the number needed to treat to prevent one additional car-
diovascular event was 32 (95% CI 23-50) in older patients
(mean or median age ranged from 50 to 70 years) with
chronic kidney disease (restricted to stages 1-3);* taken
together, these findings show the beneficial effects of statin
use in older people with chronic kidney disease. Older
adults inherently have a higher baseline risk of cardiovas-
cular diseases due to age-related physiological changes,*
and thus the absolute benefits from statin treatment also
increase, resulting in a lower number needed to treat. In
addition to improving the lipid profile, statins exert an anti-
inflammatory and anti-oxidative effect, which is clinically
important in slowing the progression of chronic kidney
disease and preventing complications.*>** Increased oxida-
tive stress and inflammation are important factors contrib-
uting to premature vascular ageing and progressive vascular
disease in patients with chronic kidney disease.** The
development and progression of chronic kidney disease is
associated with inflammation, and increased inflammatory
markers could be one of the contributors to various com-
plications of chronic kidney disease, including major
cardiovascular diseases and mortality.>*** Therefore, as

patients with chronic kidney disease reach advanced age,
they are more susceptible to vascular ageing. In light of this,
the anti-inflammatory property of statins could have a more
substantial effect for this particular population.

In a previous meta-analysis on patients with chronic
kidney disease with mean ages ranging between 42 years to
73 years, a significant risk reduction of cardiovascular events
was consistently observed across each stage of chronic
kidney disease (ie, stages 2-3, stage 4, and stage 5)."
Another cohort study in the USA found that the associ-
ation between elevated LDL cholesterol concentrations and a
higher risk of cardiovascular mortality attenuated as chronic
kidney disease progressed.’*® As the numbers of patients
with stage 4 and stage 5 chronic kidney disease who initiated
statins are relatively small, the effectiveness of statins in
these patients could not be verified in our study due
to inadequate statistical power in the subgroup analysis.
Further studies with larger sample sizes are needed to
investigate whether risk reduction associated with statin use
persists in older patients with stage 4 or stage 5 chronic
kidney disease.

Our study also confirmed the safety of statin therapy for
older adults and very old adults with regard to major adverse
events. The association between statin use and the adverse
events of myopathy and liver dysfunction has been observed
in previous studies.”’** Two systematic reviews with meta-
analyses have shown that the risks of liver dysfunction in
patients with chronic kidney disease treated with statins
were comparable to patients treated without statins.'**
Regarding myopathy, one large RCT assessing the
effectiveness of statins in patients with chronic kidney
disease showed no significant difference of reported cases of
myopathy in statin users and non-users.** Nevertheless, the
evidence from these studies might be limited by small
sample sizes and strict eligibility criteria. Using population-
based data from real-world practice, we verified the absence
of an increased risk of myopathy and liver dysfunction
in patients with chronic kidney disease who initiated
statins, and we expanded the existing body of evidence
regarding the safety of statin therapy in old adults and very
old adults.

One of the key strengths of our study is the use of
population-based data covering a span of more than
10 years, which allowed us to assess the long-term effec-
tiveness and safety of initiating statin therapy among older
patients with chronic kidney diseases in real-world settings.
Moreover, our per-protocol analysis of the emulated trials
carefully accounted for drug adherence by adjusting for
time-varying confounders when estimating the effect of
continuous statin use.

Our study has some limitations. First, our results could be
subject to unmeasured confounders, including lifestyle
factors such as diet and physical activity. Additionally, the
time since the first diagnosis of chronic kidney disease, as
well as age at diagnosis, could not be identified for each
individual and adjusted for in our study. However, in the
sequential target trial emulation, the eligibility criteria for
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statin therapy were assessed for each patient with chronic
kidney disease at each calendar month during the participant
inclusion period on a rolling basis, and our analysis in
the reference age group yielded consistent results with
randomised trials in younger patients with chronic
kidney disease, which suggests that any influence of
potential unmeasured confounding is limited. Second,
the identification of outcome events in our study was based
on the diagnostic coding of the ICPC-2 and the ICD-9-CM
in the electronic health records, which could cause mis-
classification bias. However, a high coding accuracy has
been reported for diagnosing myocardial infarctions and
stroke in the clinical management database used for data
extraction,' and it is highly unlikely that any measurement
error in the outcome would be differential with respect to
statin initiation. Third, data regarding statin dosage were
not available for analyses. Previous studies in Hong Kong
have found a notably low prescription prevalence of high-
intensity statins,* with only 6-2% of patients admitted to
hospital with acute coronary syndrome receiving high-
intensity statin therapy.” Thus, our findings primarily
pertain to the use of low-intensity and moderate-intensity
statin therapies. Further studies are needed to explore
the potential differences across various doses of statins.
Additionally, some important endpoints, such as percu-
taneous coronary intervention and coronary artery bypass
grafting,* could not be included in the analysis, as the
procedure codes were not included in the initial research
protocol for data extraction. This exclusion could result in
potential bias as patients with a history of percutaneous
coronary intervention or coronary artery bypass grafting
would not be identified at baseline and during the follow-
up period. Further research with additional data extrac-
tion for these two procedure codes is warranted to enhance
the comprehensiveness of the understanding of our
research question. Fourth, we adopted a complete case
analysis to address missing values for baseline covariates,
for which about 34-5% of person-trials were excluded from
the analysis (see appendix 2 p 21 for the data completion
rate of each covariate). This exclusion of person-trials
might introduce potential selection bias at baseline.
Nevertheless, our sensitivity analysis adopting multiple
imputations to handle missing data at baseline yielded
consistent findings, suggesting a small likelihood of sub-
stantial selection bias in the complete case analysis. Add-
itionally, LOCF was adopted to handle missing values for
the time-varying covariates in the weighting models.!**
This approach might affect the performance of the
weighting models, as it cannot account for any changes in
the confounders that occur between observations and thus
might influence the adjustment for the time-varying con-
founders in the causal estimates. Fifth, due to the granu-
larity of our available data (ie, monthly data), we are unable
to account for intermittent statin use in the present study.
Future research that uses data with greater granularity and a
tailored design is warranted to explore this important topic.
Sixth, our study results might not be generalisable to all
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populations. Further studies in different ethnicities and
health systems can better inform the benefits of statins in
older patients with chronic kidney disease.

Our results provided real-world evidence supporting the
effectiveness of statin therapy for the primary prevention of
cardiovascular diseases and all-cause mortality in older
adults and very old adults with chronic kidney disease. Our
study also provides reassurance regarding the safety of
statin therapy in this population, specifically in terms of the
risk of myopathies and liver dysfunction.
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