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Cardiovascular disease (CVD) is the biggest cause of death from non-communicable disease in the
world.! Clinical guidelines internationally recommend statin therapy for both primary and secondary
prevention of CVD, making statins one of the most frequently prescribed drugs in industrialised
countries.?”® These drugs are usually taken over long time periods to prevent cardiac events, yet little
is known about the long-term effects on all-cause mortality. This is because clinical trials are
expensive to carry out and therefore tend to be of relatively short duration, with statins trials having on
average two to five years of treatment exposure.t-8

Instead, observational studies could contribute to statin research by assessing the effects of
prolonged exposure.® The availability of electronic health records makes it easier to follow up on
patients’ health information for an extended period. A 20-year observational follow-up study of the
clinical trial WOSCOPS (West of Scotland Coronary Prevention Study) made use of national mortality
records and electronic health records to estimate the long-term survival effect of statins.1° The results,
however, were unreliable due to major cross-over of the treatment arms with the latest monitoring at
five years of follow-up, where more than half of the treatment group had stopped statin therapy while
a third of the control group had started the treatment.

In clinical practice, patients are not fixed on a certain treatment regime and can start and stop at any
time. Furthermore, clinical guidelines are regularly updated with new evidence from clinical trials and
meta-analyses, resulting in new eligibility criteria and treatment courses. This can also be seen in the
sequential treatment decisions in managing cardiac risk® and the alternating statin therapy usage.?
Therefore, there is a need for dynamic survival prediction of long-term time-varying statin therapy.

We previously studied the long-term effects of a history of statin prescription for primary!? and
secondary®? prevention of CVD on all-cause mortality using static models at ages 60, 65, 70 and 75
years which did not take account of time-varying covariates after those ages. Whereas a later study
showed that current but not former use of statins is effective for the prevention of CVD.4 Our latest
work, therefore, assessed whether current statin prescription for primary and secondary prevention of
CVD reduces mortality in the general population, with updated survival predictions every six months
from age 60 to 85 years reflecting fluid clinical practice.

In medicine, the Cox proportional hazard regression is the go-to method for time-to-event data, i.e.
survival analysis, because of not having to specify the baseline hazard, its transparency in regards to
what is being compared and therefore its simplicity in interpreting the findings. There are multiple
improved versions of this regression and the two main approaches that allow for time-dependent
covariates are time-dependent Cox regression and landmark analysis.'> In time-dependent Cox
regression, it is assumed that “the value for the time-dependent covariate is known for all subjects at
all event time points” such that valid inferences can be made,!® in our case that the presence or
absence of current statin prescription is known for the entire sample at any time death is experienced
in this population. This information might be available in electronic health records, however it is
extremely labour intensive to pull out the information when having a large sample size, in our case
over 110 000 patients.

In landmarking, the standard Cox regression model is fitted at a time called “landmark” using the
latest information of the covariate at that time to predict survival for a set length beyond that time
called “window”.1¢ This will be done multiple times at multiple landmarks, creating a sliding window of



updated survival predictions.*® For example, our study included people who turned 60 years old and
had no statin prescription, our first landmark point was at age 60.5 and the prediction window at 5
years. Then the presence or absence of current statin prescription at age 60.5 was used to predict
survival in the next 5 years until age 65.5 (see Figure 1). The next landmark was six months later at
age 61 years, and so statin prescription at age 61 was used to predict the 5-year survival until age 66.
The advantages of landmarking are that it allows for time-dependent covariates (i.e. current statins
prescription) as well as time-dependent effects (i.e. the survival benefit of being prescribed statins).
Furthermore, landmarking can predict beyond the study period given enough data, and is transparent
in what is being compared at each landmark. With landmark analysis, survival can be visualised by
plotting the Kaplan-Meier survival curves for the risk groups of interest to provide information about
the absolute and relative risks, whereas this is not straightforward for time-dependent Cox
regression.16

Figure 1. Landmarking process of 5-year survival predictions (“sliding window”) updated every six
months (“landmarks”).
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Although some landmark analyses can be accused of randomly chosen time points,' our study chose
landmarks every six months because NHS guidelines recommend reviewing repeat prescriptions
every six to 12 months.1” Another disadvantage of landmarking is the potential loss of statistical
power because events before the landmark time point or after the prediction window are excluded
from the analysis.’® However, that was not a concern in our study utilising 1.8 million person-years of
routinely collected primary care data.

We fitted Cox regression models to predict 5-, 10-, and 25-year survival associated with current statin
prescription at each landmark (every six months) from age 60 to 85 years, creating a sliding time
window at 51 landmarks. We then translated the 10-year survival predictions to absolute and relative
risk reduction at key ages by various risk profiles to inform decision making in clinical guidelines. The
profiles differentiated by sex, year of birth, cardiac risk, health status and deprivation. Our study found
that current statin prescription was associated with significant absolute and relative reductions in
mortality from age 65 onward, irrespective of sex and cardiac risk. The novelty of our findings is that
statins are not only beneficial at a static moment but can be initiated and continued at older ages with
long-term survival benefits. This supports the use of statins at older ages where clinically indicated
and after discussion of the potential risks and benefits with the patient.
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