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Supplementary Methods 

 

eAppendix 1: Evidence Before This Study 

Evidence from randomized trials of the effects of cardiovascular event prevention with blood-

pressure-lowering, lipid-lowering, or antiplatelet therapy on cognitive function or dementia 

was systematically reviewed.  Review was restricted to cardiovascular outcome trials that 

successfully prevented cardiovascular events, defined as having a statistically significant 

effect on their primary cardiovascular outcome or on non-fatal stroke or non-fatal myocardial 

infarction (MI) presented in the main report of the trial, and published before 30th August 

2017. Trials specifically in demented populations were excluded. For lipid-lowering and 

blood-pressure lowering, trials were identified from recent systematic reviews1-5 of the effects 

of such therapies on cognitive function, together with expert review by the authors to add any 

more recent such trials (which would be well known). For antiplatelet therapy, we undertook 

a search restricting to randomized trials, using the terms ‘aspirin’ or ‘antiplatelet*’  in titles or 

abstracts combined with cogniti*, dement* or memory in titles or abstracts or the MeSH term 

cognition. Relevant reports were searched for mention of additional studies before restricting 

to cardiovascular outcome studies as for the other therapies. For blood pressure-lowering 

therapy, from 11 trials in three reviews, seven met the outcome criteria; 6-20 for lipid lowering 

therapy from 15 trials in two reviews plus five trials from expert review, five met the 

outcome criteria;21-26 for antiplatelet therapy, from 43 initial hits, two trials met the outcome 

criteria.27-30 

Overall, most trials failed to show a benefit of therapy on cognition (eTable 1). The two 

largest trials of cognitive function (about 25 000 survivors in the REVEAL trial of 

anacetrapib and 15 926 survivors in the Heart Protection Study of statin therapy) failed to 

show such benefit, but reductions in non-fatal events were only 0·7% for MI and <0·1% for 

stroke in REVEAL, and 2·2 % for MI and 1·1 % for stroke in HPS. The greatest reductions in 

non-fatal events (4-5%) were observed in the blood pressure-lowering trials, some of which 

did observe a statistically significant effect on a cognitive measure. However, the evidence 

was inconclusive overall, as concluded in a recent review on the impact of hypertension on 

cognitive function.31 

 

 



© 2019 Offer A et al. JAMA Network Open. 

eAppendix 2: Further Details of the Study Design  

Full details of the designs of the Heart Protection Study (HPS), SEARCH, and HPS2-

THRIVE studies, including their protocols32-34, have been reported previously.21,22,34-37 

Patients were eligible for the HPS randomized trial if they had a non-fasting blood total 

cholesterol concentrations of at least 135mg/dL (3.5 mmol/L) and a history of coronary 

disease, ischemic stroke, other occlusive disease of the non-coronary arteries, diabetes 

mellitus, or (if men aged ≥65 years) treated hypertension, and were aged between 40 and 80 

at randomization. HPS randomized 20 536 participants in the UK to 40 mg simvastatin daily 

or placebo, and separately in a 2x2 factorial design to antioxidant vitamins or placebo. 

Patients were eligible for SEARCH if they had a history of myocardial infarction and were 

aged between 18 and 80 at randomization. SEARCH, randomized 12 064 participants in the 

UK to 80 versus 20 mg simvastatin daily, and separately in a 2x2 factorial design to folic acid 

plus vitamin B12 or placebo. Patients were eligible for HPS2-THRIVE if they had a history of 

MI, cerebrovascular disease, peripheral arterial disease, or diabetes mellitus with evidence of 

symptomatic coronary disease and were aged between 50 and 80 at randomization.  In HPS2-

THRIVE, 14 741 European and 10 932 Chinese participants were to receive 2 g niacin with 

40 mg  laropiprant daily versus placebo (on top of 40 mg simvastatin daily plus, when 

required, 10 mg ezetimibe) (eFigure 1). Baseline data recorded prior to randomization in 

each study included age, sex, smoking and alcohol use, history of prior disease, current 

medication use, height, weight, systolic and diastolic blood pressure and blood measurements 

of lipids, lipoproteins and creatinine. 

Participants in all three trials were followed up for the incidence of events with follow-up 

visits every six months after the first year, and more frequently during the first year. 

Participants in the HPS, SEARCH and HPS2-THRIVE were followed up for a mean of 5·0, 

6·7 and 3·9 years, respectively. Information was recorded at each visit about any serious 

adverse event. Where patients did not attend a follow-up visit they were followed up by 

telephone or through their general practitioners (GPs). Further information was sought from 

GPs or hospital records and events were coded by co-ordinating center clinicians blinded to 

the treatment allocation in the trial. Severity of stroke was classified as mild where there 

seemed to be no help needed with everyday activities. 21,22,34-37 For the analyses presented 

here, in HPS and SEARCH, onset of diabetes was defined as any hospitalisation for diabetes 

or taking oral hypoglycaemic mediation or insulin at any time during the trial (in SEARCH) 

or at the final visit (in HPS) in patients not diabetic at randomization. In HPS2-THRIVE, 
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diabetes at baseline was defined as: self-report or baseline plasma glucose ≥200 mg/dL if 

fasted <8 hours or ≥126 mg/dL if fasted ≥8 hours, or baseline HbA1c ≥48 mmol/mol, or use 

of hypoglycaemic medication at randomization. Self-reported diabetes and use of 

hypoglycaemic medications were recorded directly at each visit. Onset of diabetes was 

defined as self-report or new use of hypoglycaemic medication. 

 

Approval was obtained from the ethics committees of the participating institutions for each of 

the studies, and all participants gave written informed consent.  

 

eAppendix 3: Further Statistical Methods 

Expression of z-score differences as years of cognitive aging 

Cognitive measures typically decline steadily with age at least from about age 60 

onwards.38,39 At younger ages relationships are less consistent and may not reflect aging. In 

the present study, mean age at cognitive assessment was 64 years and 68% of participants 

were aged over 60 at cognitive assessment.  Therefore the slope of the relationship between 

the cognitive measures in different participants and their age in those above age 60 (which 

was linear) was used to express z-scores differences as years of cognitive aging. 

 

Comparisons between simvastatin versus placebo allocated survivors in HPS: The excess 

probability of surviving in the simvastatin arm compared to the placebo arm was greater in 

higher risk participants, resulting in an imbalance in baseline risk factors between the 

allocated treatment arms amongst survivors to the end of the study. Comparisons of incident 

events during the trial in survivors were therefore adjusted for age and baseline major 

vascular event risk (using a previously reported grouping40). Non-fatal events avoided per 

person with statin were estimated as (1/(odds ratio for the event in the statin versus placebo 

arm) -1) x proportion with event in the statin arm. In the main analyses in this report , the 

observed reduction in cognitive aging between the simvastatin and placebo allocated 

participants in HPS (Table 2) was adjusted for duration in trial, baseline predictors of 

cognitive function (for consistency with the analyses of the cognitive aging) and major 

vascular event risk (to allow for differences between the survivors in the two study arms). In 

supplementary analyses both unadjusted analyses (as in the original trial report) and adjusted 

analyses are presented. All analyses were conducted using SAS version 9.4. 
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Deductions from the Evolocumab trial 

In the Further Cardiovascular Outcomes Research with PCSK9 in Subjects with Elevated 

Risk (FOURIER)  report,42 the treatment difference in the change in z-score for the primary 

end point had a standard error of about 0.036 (taken from the confidence interval in Figure 2 

of the report) among the primary analysis population of 618 allocated placebo and 586 

allocated Evolocmab. This is 38% smaller than the expected standard error from the 

treatment difference in an end z-score  (which would be √[1/618+1/586]=0.058, assuming the 

z-score had standard deviation 1). 
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eTable 1. Randomized Clinical Trials of Therapy to Lower Blood Pressure or Lipid Levels, or Antiplatelet Therapy With Statistically 
Significant Effects on the Primary Cardiovascular End point, Nonfatal Stroke or Nonfatal Myocardial Infarction, That Also Report on 
Cognition 

Randomized trial 
Number 
in trial 

Primary 
outcome 

P value 
primary outcome/ non-fatal 

stroke / non-fatal MI 

Number 
in 

cognitive 
study 

Basis of cognitive 
assessment 

Cognitive 
follow up 
(years) 

Estimated % of active 
arm of cognitive 

study avoiding non-
fatal stroke / MIa 

Directionb 

of effect 
and p 
value 

Blood pressure lowering            
PROGRESS6,7 6105 Stroke <0.001 / <0.001 / 0.004 5888 MMSE  3.9 3.5 / 1.2 +0.01 

         Dementia  3.9 3.5 / 1.2 NS 

SHEP8,9 4736 Stroke <0.001 / <0.001 / 0.03 4608 Short-CARE 5.0 2.5 / 0.5 +0.05 

SCOPE10,11 4964 MVE NS / 0.04 / NS 4835 MMSE 3.7 1.1 /-0.3 NS 

SCOPE substudy12        228 CDR + 2 testsc 3.7 3.7 / 1.8 +0.04 

SYST-EUR13,14 4695 Stroke 0.003 / 0.007 / NS 2418 Dementia  2.0 1.0 / 0.3 +0.05 

         MMSE  2.0 1.0 / 0.3 NS 

MRC15,16 4396 Stroke 0.04 / 0.03 / NS 2564 2 tests 4.5 1.0 / 0.2 NS 

ACCORD17,18 4733 MVE NS / 0.03 / NS 1349 MMSE + 3 tests 3.3 0.7 / 0.4 NS 

HYVET19,20 3845 Stroke 0.009 / NS / NS 3336 MMSE, dementia 2.2 0.2 / 0.2 NS 

Lipid lowering   

HPS21 20536 MVE <0.001 / <0.001 / <0.001 15926 TICS-m + 1 test 5.3 1.1 / 2.2 NS 

SEARCH22 12064 MVE NS / NS / 0.02 8879 TICS-m + 1 test 7.1 0.4 / 1.0 NS 
FOURIER/ 
EBBINGHAUS23,24 27564 MVE <0.001 / <0.001d / <0.001d 1204 CANTAB 1.6 0.3 / 0.9 NS 

PROSPER25 5804 MVE 0.014 / NS / NS   survivors MMSE + 2 tests  3.2 0.1 / 1.0 NS 
REVEAL26 30449 MCE 0.004 / NS / 0.007d ~25000 TICS-m   4.1 <0.1 / 0.7 NS 

Antiplatelet             
MRC TPT27,28 5085 IHD 0.04e / NS / 0.004e 405 Global (5 tests) 5+ 0.4 / 1.7 NSe 
Womens Health 
Study29,30 

39876 MVE NS / 0.02 / NS 6377f Global (TICS + 2 tests) 4.0 −  /   − NSg 

MI=myocardial infarction, MVE=major vascular event (cardiovascular death, non-fatal myocardial infarction, non-fatal stroke  [in HPS, SEARCH and FOURIER it also includes revascularisation procedures, FOURIER also 
includes hospitilisation for angina]), MCE=major coronary event (coronary death, myocardial infarction, coronary revascularisation), IHD=ischemic heart disease, MMSE=mini mental state examination, CDR=cognitive drug 
research computerized assessment battery, TICS(-m)=(modified) telephone interview for cognitive status,  CANTAB=Cambridge neurolophysological test automated battery, NS=not significant. 
 
a Not directly reported, estimated from the absolute rate of non-fatal events in each arm and / or the overall risk reduction as available, except for HPS and SEARCH where data was available for direct calculation. Where 
results for non-fatal events were not available the results for non-fatal coronary events (MRC) or all MI (HYVET, REVEAL) were used in place of non-fatal MI, and all stroke (REVEAL) in place of non-fatal stroke. b + implies 
active treatment better. c Report presented results for five cognitive domains; two showed a significant effect.d p-values for fatal and non-fatal combined. e Results are shown for the aspirin versus placebo arm of the factorial 
stage. f Cognitive population limited to those aged over 65. g Significant decline in verbal fluency score (p=0.02, active arm better). 
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eTable 2. Baseline Factors Considered in Each Study 
 

Baseline factor 

How 
code

d 
HP
S 

SEARC
H 

HPS2-
THRIV

E 
%missin

g 
Comme

nt 
Age at entry (single year categories) G yes yes yes none F 
Sex D yes yes yes none AF 
Height C yes yes yes 0.04%  
Quintiles of height by sex G yes yes yes 0.04%  
Townsend deprivation index C yes yes  none  
Quintiles of Townsend deprivation index G yes yes  none  
Weight C yes yes yes 0.04%  
Quintiles of weight by sex G yes yes yes 0.04%  
Body mass index (BMI) C yes yes yes 0.07%  
Grouped BMI (<20,20-,22.5-,25-,27.5, ≥30 
kg/m2) G yes yes yes 0.07%  
Systolic blood pressure (SBP) C  yes yes 0.02%  
Grouped SBP (<120,120-,140-,160-,≥180 
mmHg) G yes yes yes 0.02%  
Diastolic blood pressure (DBP) C yes yes yes 0.03%  
Grouped DBP (<70,70-,80-,90-,≥100 mmHg) G yes yes yes 0.03%  
Pulse pressure (PP) C yes yes yes 0.03%  
Grouped PP (<40,40-,50-,60-,≥70 mmHg) G yes yes yes 0.03%  
Current smoker  D yes yes yes none  
Smoking status (current, ex-, never smoker) G yes yes yes none  
Drinks alcohol now  D yes yes yes none  
Alcohol units/week C yes yes yes none  
Grouped alcohol units/week (0,<20, ≥20) G yes yes yes none  
Prior disease at entry into trial 
  Coronary heart disease (MI, other, none) G yes yes yes none AF 
  Peripheral vascular disease D yes yes yes none AF 
  Cerebrovascular disease D yes yes yes none AF 
  Diabetes at entry D yes yes yes none AF 
  Hypertension treated with drugs D yes yes yes none AF 
  Heart failure indicator in HPS (N-BNP 
group) G yes   0.58% AF 
  Heart failure indicator in HPS2-THRIVE  
                                                (severity class) G   yes none AF 
  Hospitalisation for angina D yes yes yes none  
Blood measurements at entry into trial       
  Apolipoprotein A1 C yes yes yes 0.06%  
  Apolipoprotein B C yes yes yes 0.07%  
  LDL cholesterol C yes yes yes 0.06%  
  HDL cholesterol C yes yes yes 0.06%  
  Total cholesterol C yes yes yes 0.05%  
  Triglycerides C yes yes yes 0.05%  
  Creatinine C yes yes yes 0.06%  
  log(Creatinine) C yes yes yes 0.06%  
  Albumin C yes yes  0.01%  
  C-reactive protein C yes   10.10%  
  log(C-reactive protein) C yes   10.10%  
  Vitamin B12 C  yes  3.07%  
  Estimated glomular filtration rate C yes yes yes 0.06%  
  Folate C  yes  3.09%  
  Homocysteine at randomisation C  yes  1.26%  
  Mean corpuscular volume C  yes  0.87%  
  log(albumin/creatinine ratio) C   yes 6.47%  
  Glycated haemoglobin (HbA1c) C   yes 3.04%  
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eTable 2 (continued) 

Baseline factor 
How 

coded 
HP
S 

SEARC
H 

HPS2-
THRIV

E 
%missin

g Comment 
Medication at baseline       
  ACE inhibitors/ angiotensin receptor 
blocker D yes yes yes none  
  Aldosterone antagonist D yes yes yes none  
  Alpha blocker D yes yes yes none  
  Aspirin D yes yes yes none  
  Beta blocker D yes yes yes none  
  Bronchial dilator D yes yes yes none  
  Calcium channel blocker D yes yes yes none  
  Diuretic D yes yes yes none  
  Insulin D yes yes yes none  
  Nitrate D yes yes yes none  
  NSAID / COXIB D yes yes yes none  
  Warfarin D yes yes yes none  
  Other anti-platelet medication D yes yes yes none  
  Traditional chinese medicine D   yes none  
  Oral hypoglycaemics D yes yes yes none   
       

MI=myocardial infarction,  N-BNP=N-terminal Pro-B-type natriuretic peptide, ACE=angiotensin converting enzyme, NSAID/COXIB=Non-
steroidal anti-inflammatory drugs/COX-2 inhibitors, D=dichotomous variable, G=grouped (categorical) variable, C=continuous variable, 
A=included in adjustment of relationship of scores to age, F=forced into stepwise regression. 
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eTable 3. Baseline Characteristics and Incident Nonfatal In-Trial Events in the 45 029 
Participants With Cognitive Function Assessed at the Final Follow-up Visit and in 6944 
Participants Surviving to the End of the Trial but With no Cognitive Function Assessment 

Characteristic 
With cognitive 
assessment 

Without 
cognitive 

assessment All 
Participants surviving to the end of the trial 45029 6944 51973 
Age (years)    
  Age at entry  63.6 (7.96) 64.8 (8.87) 63.7 (8.10) 
  Grouped age at entry    
     < 60 14449 (32%) 2007 (29%) 16456 (32%) 
     60-70 19532 (43%) 2529 (36%) 22061 (42%) 
     ≥70  11048 (25%) 2408 (35%) 13456 (26%) 
  Age at end of trial 67.9 (8.03) 70.0 (8.21) 68.1 (8.07) 
Baseline characteristics    
  Female 8687 (19%) 1837 (26%) 10524 (20%) 
  Townsend deprivation indexa -0.65 (3.12)  0.20 (3.36) -0.56 (3.16) 
  Body mass index (kg/m2)  27.8 (4.31) 27.6 (5.00) 27.8 (4.41) 
  Systolic blood pressure (mm Hg)  142 (21.8) 144 (23.0) 142 (21.9) 
  Diastolic blood pressure (mm Hg)  81 (11.5) 80 (12.6) 80.7 (11.6) 
  Current smoker 6587 (15%) 1290 (19%) 7877 (15%) 
  Current alcohol drinker 24214 (54%) 2715 (39%) 26929 (52%) 
Prior disease at entry    
  Myocardial infarction 29530 (66%) 4060 (58%) 33590 (64%) 
  Other CHD and no myocardial infarction 10991 (24%) 1389 (20%) 12380 (24%) 
  Peripheral vascular disease 7531 (17%) 1120 (16%) 8651 (17%) 
  Cerebrovascular disease 8523 (19%) 2294 (33%) 10817 (21%) 
  Diabetes at entry 10991 (24%) 2048 (29%) 13039 (25%) 
Blood measurements at entry (on statinb) 
  LDL cholesterolb (mg/dL) 74.5 (24.3) 73.0 (26.3) 74.5 (24.3) 
Non-fatal in-trial events 
    Disabling Stroke 286 (0.6%) 232 (3.3%) 518 (1.0%) 
    Mild Stroke (and no disabling stroke) 911 (2.0%) 353 (5.1%) 1264 (2.4%) 

    Strokes per personc 1.14 (0.45) 1.22 (0.56) 1.16 (0.49) 

    Transient ischaemic attack 872 (1.9%) 165 (2.4%) 1037 (2.0%) 
    Myocardial infarction 1820 (4.0%) 355 (5.1%) 2175 (4.2%) 
    Coronary revascularisation  2955 (6.6%) 457 (6.6%) 3412 (6.6%) 
    Non-coronary revascularisation  1286 (2.9%) 228 (3.3%) 1514 (2.9%) 
    Heart failure 959 (2.1%) 293 (4.2%) 1252 (2.4%) 
    Onset of diabetesd 2585 (7.6%) 324 (6.6%) 2909 (7.5%) 
    Gastrointestinal bleed 436 (1.0%) 65 (0.9%) 501 (1.0%) 
    Other non-vascular eventse 22339 (49.6%) 3597 (51.8%) 25936 (49.9%) 

 

Data are mean (SD) or number (%) of patients. CHD=coronary heart disease. SI conversion factors: To convert LDL cholesterol to mmol/L, 
multiply values by 0.0259.  
a Only available in SEARCH  and HPS. b At randomisation in HPS (on 40 mg simvastatin) and SEARCH (on 20 mg simvastatin) and at the 
baseline visit in HPS2-THRIVE (on 40 mg simvastatin +/- ezetimibe).  c Mean (SD) number of events per person in participants who had at 
least one event.  d Percentage is among those at risk of the event. e Excluding diabetic complications and neurological and psychiatric 
events. 
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eTable 4. Independent Baseline Risk Factors Associated With Cognitive Function in Each 
Trial From Stepwise Regression 
  HPS SEARCH 

Baseline factor Effect (SE) 
Type I  

p value 

% 
total 
SS Stepa Effect (SE) 

Type I   
p value 

% 
total 
SS Stepa 

Factors forced in:         
Age at entry, per 10 yearsb   6x10-192 5.80% 0   5x10-177 9.96% 0 

Female (vs male) 0.21 (0.02) 9x10-20 0.45% 0 0.22 (0.03) 9x10-11 0.40% 0 

Prior disease  at entry         
  CHD: myocardial infarction 0.04 (0.02) 0.16 0.02% 0     
  CHD: other  0.01 (0.02)        
  CHD: none 0.00        
  Peripheral vascular disease -0.07 (0.02) 5x10-6 0.11% 0 0.01 (0.07) 0.9 0.00% 0 

  Cerebrovascular disease -0.22 (0.02) 7x10-24 0.55% 0 -0.15 (0.04) 5x10-4 0.11% 0 

  Diabetes  -0.09 (0.02) 1x10-5 0.10% 0 -0.17 (0.03) 1x10-6 0.23% 0 

  Treated hypertension -0.01 (0.02) 0.4 0.00% 0 -0.02 (0.02) 0.33 0.01% 0 

  Heart failure indicators:         
    N-BNP  > 5000 pg/mL -0.09 (0.03) 0.005 0.08% 0     
    N-BNP  2000-5000 pg/mL -0.07 (0.02)        
    N-BNP 1000-2000 pg/mL -0.02 (0.02)        
    N-BNP 400-1000 pg/mL -0.02 (0.02)        
    N-BNP <400 pg/mL 0.00        
    Severity class 3/4         
    Severity class 2         
    Severity  class 1         
    No heart failure 

Factors selected: 

Townsend deprivation index -0.05 (0.00) 7x10-93 2.27% 1 -0.03 (0.00) 1x10-17 0.70% 1 

Height, per 10 cm 0.13 (0.01) 3x10-30 0.70% 3 0.12 (0.02) 3x10-16 0.64% 3 

Current smoker (vs other)         
Smoking: Current         
Smoking: Ex-smoker         
Smoking: Never         
Current alcohol drinker         
Alcohol units / week:  > 20   0.27 (0.03) 2x10-32 0.79% 2 0.25 (0.03) 4x10-18 0.77% 2 

Alcohol units / week:  1 - 20 0.15 (0.02)    0.16 (0.02)    
Alcohol units / week:  none 0.00    0.00    
Blood measurements          
  LDL-cholesterol, per 20 mg/dL -0.06 (0.01) 5x10-7 0.14% 4     
  Homocysteine, per 0.15 mg/L     -0.01 (0.00) 6x10-5 0.15% 4 

  HbA1c, 1% total hemoglobin         
  Albumin, per 0.25 g/dL 0.01 (0.00) 5x10-4 0.06% 5     
Medication         
  ACE inhibitors / ARB         
  Aspirin 0.06 (0.02) 8x10-4 0.06% 6     
  Nitrate         

SS=sum of squares, DBP=diastolic blood pressure, CHD=coronary heart disease, N-BNP=N-terminal Pro-B-type natriuretic peptide, 
HbA1c=glycated haemoglobin, ACE=angiotensin converting enzyme, ARB=angiotensin receptor blocker. SI conversion factors: To convert LDL 
cholesterol to mmol/L, multiply values by 0.0259, to convert homocysteine to mol/L multiply by 7.40 
a Step=0 indicates the factor was forced into the model. bThe stepwise model included age in single years as a categorical variable.  The effect and 
SE for age in each study were obtained by running a further regression on the retained variables but with age as a continuous variable.  
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eTable 4 (continued) 
  HPS2-THRIVE (Europe) HPS2-THRIVE (China) 

Baseline factor 
Effect 
(SE) 

Type I   
p value 

% 
total 
SS 

Step
* Effect (SE) 

Type I   
p value 

% 
total 
SS 

Step
* 

Factors forced in:         

Age at entry, per 10 yearsb   1x10-165 
6.50
% 0   2x10-78 

5.16
% 0 

Female (vs male) 0.39 (0.03) 3x10-37 
1.16
% 0 

-0.17 
(0.04) 8x10-6 

0.22
% 0 

Prior disease  at entry         

  CHD: myocardial infarction 
-0.04 
(0.03) 0.46 

0.01
% 0 

-0.28 
(0.04) 5x10-14 

0.67
% 0 

  CHD: other  
-0.01 
(0.03)    0.02 (0.04)    

  CHD: none 0.00    0.00    

  Peripheral vascular disease 
-0.04 
(0.02) 0.08 

0.02
% 0 0.04 (0.05) 0.47 

0.01
% 0 

  Cerebrovascular disease 
-0.16 
(0.03) 3x10-10 

0.29
% 0 

-0.23 
(0.03) 8x10-16 

0.71
% 0 

  Diabetes  
-0.03 
(0.03) 0.36 

0.01
% 0 0.07 (0.03) 0.008 

0.08
% 0 

  Treated hypertension 
-0.03 
(0.02) 0.08 

0.02
% 0 

-0.02 
(0.02) 0.47 

0.01
% 0 

  Heart failure indicators:         
    N-BNP  > 5000 pg/mL         
    N-BNP  2000-5000 pg/mL         
    N-BNP 1000-2000 pg/mL         
    N-BNP 400-1000 pg/mL         
    N-BNP <400 pg/mL 

    Severity class 3/4 
-0.53 
(0.21) 0.06 

0.05
% 0 

-0.10 
(0.23) 0.06 

0.08
% 0 

    Severity class 2 
-0.06 
(0.06)    0.07 (0.08)    

    Severity  class 1 0.02 (0.04)    
-0.20 
(0.08)    

    No heart failure 0.00    0.00    
Factors selected:         
Townsend deprivation index         

Height, per 10 cm 0.14 (0.01) 2x10-28 
0.87
% 1 0.16 (0.02) 2x10-16 

0.74
% 1 

Current smoker (vs other) 
-0.09 
(0.03) 6x10-4 

0.08
% 7     

Smoking: Current     
-0.12 
(0.03) 4x10-5 

0.22
% 4 

Smoking: Ex-smoker     
-0.11 
(0.03)    

Smoking: Never     0.00    

Current alcohol drinker 0.16 (0.02) 1x10-17 
0.52
% 2     

Alcohol units / week:  > 20           
Alcohol units / week:  1 - 20         
Alcohol units / week:  none         
Blood measurements          
  LDL-cholesterol, per 20 mg/dL         
  Homocysteine, per 0.15 mg/L         
  HbA1c, per 1% total 
hemoglobin 

-0.06 
(0.01) 7x10-7 

0.17
% 5 

-0.05 
(0.01) 2x10-5 

0.20
% 2 

  Albumin, per 0.25 g/dL         
Medication         
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  ACE inhibitors / ARB 
-0.09 
(0.02) 1x10-5 

0.14
% 6     

  Aspirin 0.14 (0.03) 7x10-8 
0.21
% 4 0.13 (0.03) 10x10-5 

0.16
% 3 

  Nitrate 
-0.14 
(0.02) 9x10-11 

0.30
% 3 0.08 (0.02) 7x10-4 

0.12
% 5 

SS=sum of squares, DBP=diastolic blood pressure, CHD=coronary heart disease, N-BNP=N-terminal Pro-B-type natriuretic peptide, 
HbA1c=glycated haemoglobin, ACE=angiotensin converting enzyme, ARB=angiotensin receptor blocker. SI conversion factors: To convert LDL 
cholesterol to mmol/L, multiply values by 0.0259, to convert homocysteine to mol/L multiply by 7.40. 
a Step=0 indicates the factor was forced into the model. b The stepwise model included age in single years as a categorical variable.  The effect and 
SE for age in each study were obtained by running a further regression on the retained variables but with age as a continuous variable.  
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eTable 5. Cognitive Function z Score Differences and Cognitive Aging by Randomization to Simvastatin vs Placebo in the Heart 
Protection Study, Showing the Importance of Adjustment 

  All randomized   
Surviving to 

final follow-up   
With cognitive 
assessment 

Response 
ratea  

(p value) 

Mean (SE) 
cognitive 
function  
z-score   

Simvastatin 
minus placebo: 

  decrease in 
cognitive aging  

(95% CI) 

p value for 
difference in 

cognitive 
function   N 

Mean 
age at 
entry   N   N 

Mean age at 
cognitive 

assessment 

Active arm 10269 63.98  8941  8088 68·22 90.46% 0·0024   

Placebo arm 10267 63.95  8760  7838 68·10 89.49% -0·0025   

Difference using various 
adjustments 

           

  None -2 0.03  182  250 0.12 0.98% (0.03) 0·005 (0·016) 0.12 (-0.65, 0.90) 0.76 

  Age at assessment        0.98% (0.09) 0.009 (0.015) 0.23 (-0.51, 0.98) 0.53 

  Age + duration in trial and 
  baseline predictorsb 

       1.02% (0.08) 0.014 (0.015) 0.35 -0.37, 1.06) 0.35 

 
a Percentage of survivors with cognitive assessment. b Baseline predictors of cognitive function and major vascular event risk. The excess probability of surviving in the simvastatin arm compared to the placebo 
arm was greater at older ages, resulting in a 0.12 years higher mean age at cognitive assessment in the simvastatin arm. Unadjusted analyses (previously reported21) fail to allow for this, leading to an 
approximately similar underestimation of the decrease in cognitive aging with simvastatin.
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eTable 6. Sensitivity Analysis to Show the Effect of Assuming Different Rates of Declines in Cognitive Function With Age

  Reduction in years of cognitive aging with allocation to statin by 
assumed % SD decline in cognitive function by year of age 

  3% 4% 5% 

Per Event       

Stroke: disabling 12.4 9.3 7.5 

Stroke: mild or unknown disability 8.5 6.3 5.1 

Transient ischaemic attack 3.2 2.4 1.9 

Myocardial infarction 2.1 1.5 1.2 

Heart failure 2.6 2.0 1.6 

New onset diabetes 1.8 1.3 1.1 

Reduction in years of cognitive aging / person 
   

  All survivors: predicted effect from events avoided 0.20 0.15 0.12 

  Survivors with cognitive assessment: predicted effect from events 
avoided 

0.19 0.14 0.11 

Observed difference 0.46 (95%CI: -0.49, 1.41) 0.35 (95%CI: -0.37, 1.06) 0.28 (95%CI: -0.30, 0.85) 
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eFigure 1. Study Profiles of Cohorts Included in the First Stage of the Analysis 

HPS SEARCH HPS2-THRIVE (Europe)   HPS2-THRIVE (China) 

12064 randomised 

10 lost to mortality 
a 

1934 died 

10120 (84%) with 
complete follow-up 

9360 with final visit 
b 

8879 (88%
c
) with 

completed cognitive 
assessment 

10932 randomised 

20 lost to mortality 
a 

835 died 

10077 (92%) with 
complete follow-up 

9747 with final visit 
b 

7914 (78%
c
) with 

completed cognitive 
assessment 

20536 randomised 

7 lost to mortality 
a 

2835 died 

17694 (86%) with 
complete follow-up 

16600 with final visit 
b 

15926 (90%
c
)  with 

completed cognitive 
assessment 

14741 randomised 

37 lost to mortality 
a 

695 died 

14009 (95%) with 
complete follow-up 

13775 with final visit 
b 

12310 (88%
c
) with 

completed cognitive 
assessment 

45029 in meta-analysis 

a 
Numbers lost to follow-up relate to those without information to the end of the scheduled treatment period for mortality alone. 

b 
In person or by telephone.  

c 
Percentage of those not known to have died that completed the modified telephone interview for cognitive status and verbal fluency test. 
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a 
Including 3 participants lost to mortality. 

b 
Including 4 participants lost to mortality. 

c
 Percentage of those not known to 

have died that completed the modified telephone interview for cognitive status and verbal fluency test. 

HPS 

20536 randomized 

10269 40mg simvastatin 10267 placebo 

8760 not dead
 b
 8941 not dead

 a
 

1507 died 1328 died 

7838 (89.5%
 c
) with 

completed TICS-m 
measurement 

8088 (90.4%
 c
) with 

completed TICS-m 
measurement 

eFigure 2. Study Profile by Randomization Arm of HPS, the Only Study Eligible for 
the Second Stage of the Analysis 
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eFigure 3. Associations of the Components of the Global Cognitive Function 
Score With Age 
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Non-fatal incident event N

Cognitive function
z-score difference

(95%CI)
Equivalent years of cognitive ageing

(95% CI) p value

By event timing

Stroke

Over 2 years before assessment 686 -0.29 (-0.37, -0.20)
Within 2 years of assessment 543 -0.27 (-0.36, -0.17)

Transient ischaemic attack

Over 2 years before assessment 508 -0.08 (-0.18, 0.01)
Within 2 years of assessment 401 -0.10 (-0.19, 0.00)

By age at assessment

Stroke

<60 145 -0.26 (-0.44, -0.08)
60-70 443 -0.32 (-0.42, -0.22)
 70 609 -0.27 (-0.36, -0.18)

Transient ischaemic attack

<60 99 -0.09 (-0.29, 0.11)
60-70 287 -0.10 (-0.22, 0.02)
 70 496 -0.10 (-0.20, -0.01)

-4 0 4 8 12

Years (95%CI)

7.1 (5.1, 9.1)
6.7 (4.3, 9.0)

2.1 (-0.3, 4.5)
2.4 (-0.1, 4.8)

6.4 (1.9, 10.9)
7.9 (5.4, 10.4)
6.7 (4.5, 8.9)

2.3 (-2.8, 7.3)
2.6 (-0.5, 5.6)
2.6 (0.2, 5.0)

Decreased
 cognitive

 ageing

Increased
 cognitive
 ageing

<0.001
<0.001

0.09
0.06

0.005
<0.001
<0.001

0.38
0.10
0.03

Analysis details as for figure 2

eFigure 4. Cognitive Aging Associated With the Incidence of Nonfatal Cerebrovascular Events by Time From Event to 
Assessment and by Age at Assessment 
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