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1. LDL-C missingness approach

To assess how LDL-C levels varied across time, 2 mutually exclusive time periods of
analysis were defined, selecting for each of these periods a corresponding lipid
measurement.

a) Period 1 (P1 or baseline) was defined with the closest LDL-C, total cholesterol (TC),
triglycerides (TG) and HDL-C measurements prior to FH diagnosis for the ‘newly
treated’ and ‘untreated’ subgroups, or prior to first prescription date for the ‘treatment
retainers’ subgroup.

b) Period 2 (P2) was defined as the period between 3 months and 2 years from FH
diagnosis for the ‘newly treated’ and ‘untreated’ subgroups (or first prescription for
the ‘treatment retainers’ subgroup), with the closest to 2 years LDL-C, TC, TG and
HDL-C measurements being selected.

The presence of lipid measurements with LDL-C missing was tackled through the use of the
Friedewald equation (1). This was possible given the availability of TC, TG and HDL-C
measurements, which enabled the use of this calculated method to obtain missing LDL-C
measurements. The Friedewald equation was initially applied to measurements collected on
the same date (that is, on day A and for FH patient i, LDL-Cx; was missing and was derived
through TC,;, TG and HDL-C, measured on that same day, A). Subsequently it was
applied according to time periods (that is, and for example, if no LDL-C measurement was
available for period 2 for FH patient i, this was derived through TC,;, TG, and HDL-C
selected for period 2 for patient i, if existing). A high level of missingness for LDL-C
measurements across the 2 periods was still observed after applying the Friedewald
equation.

To tackle this issue, and particularly for missing baseline LDL-C measurements, an
‘alternative’ Friedewald equation was developed that considers: a) the pre-treatment TC; b)
the lowest post-treatment HDL-C if pre-treatment HDL-C was not available (under the
assumption that FH patients have normal levels of HDL-C and that the effect of LLTs on
HDL-C is small (2)); and c) the highest post-treatment TG if pre-treatment TG was not
available (assuming that FH patients generally have normal levels of TG (3, 4) and that the
effect of LLTs on TG is modest (5, 6)). Thus, the bespoke “alternative” Friedewald equation
considers: [pre-treatment LDL-C] = [pre-treatment TC] - [post-treatment-lowest-HDL] - ([post-
treatment-highest-TG] / 2.19), for [post-treatment-highest-TG]>4.52 as per Friedewald
equation requirements.

A multivariate multiple imputation approach was considered in order to generate LDL-C
values (7). This approach allowed accounting for the uncertainty around the true LDL-C
values, and obtain approximately unbiased estimates. The key commonly applied
assumption for the application of this imputation approach is that the missingness is not
completely random, but that the propensity of missingness depends on the observed data,
not the missing data itself — the so called Missing at Random (MAR) assumption.

Following recent published recommendations on multiple imputation, the imputation process
for the LDL-C response analysis was carried out separately by patient’ subgroups, that is,
separately for the ‘untreated, the ‘newly treated’ and the ‘treatment retainers’ subgroups (8).
For the risk modelling analysis, imputation of LDL-C was only applied to the treated cohort
(i.e. ‘newly treated’ and the ‘treatment retainers’ subgroups combined). The number of
imputed datasets was estimated using a two-step approach, as recommended in recent
guidance (9), and set to 34 imputed datasets.



The covariate set considered for the multiple imputation modelling was selected according to
their use in key publications relating to: i) prediction of statin use (10); ii) predictors of statin
adherence (11, 12); and iii) predictors of LDL-C response to LLTs. The imputation model
considered: age at baseline (years), gender, history of CVD, post-baseline CVD, pre-
treatment LDL-C, ethnicity, deprivation index, body mass index, smoking, diabetes,
hypertension, systolic blood pressure, other comorbidities (includes: inflammatory disease,
HIV and chronic kidney disease), atrial fibrillation, family history of CHD, anti-hypertensive
medication, polypharmacy (patients getting more than one drug, considering: antipsychaotics,
corticosteroid, antihypertensives and immunosuppressants), post-baseline statin potency
(categorised into low, medium and high potency (13)), QRisk2 score and lipids
measurements (in mmol/l). We used Rubin’s rules (Rubin, 2004) to obtain combined
estimates from imputed datasets.

2. Validity of fitted survival models
i.Internal validity

Figure 3.1 shows the survival, hazard and cumulative hazard curves for each fitted survival
curve. Table 3.1 shows the AIC statistic for all fitted parametric survival models.

Table 3.1: AIC statistic for all fitted parametric survival models.

Parametric survival model AIC statistic
Exponential 1413.3
Weibull 1387.0
Gompertz 1405.0
Log-normal 1387.8
Log-logistic 1384.9
Generalised Gamma 1387.4
Royston Parmar spline with 5 knots 1380.9

Figure 3.1: (a) Survival curve; (b) Hazard rates; and (c) Cumulative hazard for each fitted
survival model.
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ii. External validity
The external validity of the fitted parametric models was assessed through the use of
external data from a recent publication by Perak et al (14). The authors looked at the long-
term risk of atherosclerotic cardiovascular disease in US adults with elevated LDL-C
(=2190mg/dL). The paper was selected as it provided a longer period of follow-up than the
data available from CPRD and represents a large cohort. This publication provided adjusted*
30-year survival free from CHD death or non-fatal Ml for different age groups of the cohort.
Please see Figure 3.2 for the digitised Perak study data. Across age groups event hazards
appear to be increasing over time.

Figure 3.2: (a) Perak study 30-year survival free from CHD death or non-fatal Ml for different
age groups; and (b) Perak study 30-year cumulative hazard for survival free from CHD death
or non-fatal Ml for different age groups.

! Adjusted for age, sex, race, body mass index, diabetes mellitus, smoking, systolic blood pressure,
antihypertensive therapy, HDL-C, cholesterol treatment, and cohort.
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Survival predictions for the covariate values in Perak were generated for each model. For
comparability reasons, these were then adjusted to Perak et al (14). The adjustment
involved removing the impact of TIA and stroke first events from the predicted CVD risks
obtained from applying different survival models to the CPRD data. Also, most patients in the
Perak et al (14) cohort were untreated at baseline, and treatment rates were assumed low
during the (up to) 30 year’s follow-up. Thus, the treatment effect from the predicted CVD
risks in CPRD was removed by considering an estimated LDL-C reduction from response to
LLT of 32.6% (see Table 3.3) and a rate ratio of 0.79 reduction in CVD per 1 mmol/L
reduction in LDL-C (15). These adjustments produced comparable parametric predictions for
the different survival models and for each age-related patient profile in Perak et al (14).
Figure 3.3 shows the survival and 1-year conditional survival curves for the 50-59 FH patient
profile, which matches the average FH patient age in the CPRD cohort. Overall the Perak
data suggested a higher event rate from year 10 onwards than all models fitted to CPRD
with the exception of the exponential model. Therefore, although the exponential model did
not provide a good fit to the observed data, it was selected for use within a sensitivity
analysis.



Figure 3.3: (a) Predicted CVD risk in the 50-59 age group for each fitted survival model,
overlaid by Perak et al (2016) Kaplan-Meier data for this age group; and (b) 1-year
conditional survival in the 50-59 age group for each fitted survival model, overlaid by 1-year
conditional survival Perak et al (2016) data for this age group.
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3. Mortality following non-fatal CVD events
Figure 3.4 (a) and (b) shows the Kaplan-Meier survival estimates for death for any reason
from relevant non-fatal CVD events, respectively.

Figure 3.4: (a) Kaplan-Meier of time to any death following ACS; and (b) Kaplan-Meier of
time to any death following TIA/Stroke.
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