Supplementary Material

Validation of the Updated “LlIfestyle for BRAin health” (LIBRA) Index in the English
Longitudinal Study of Ageing and Maastricht Aging Study

Supplementary Table 1. Original weights of the factors included in the LIBRA index
Relative  Natural logarithm

Factor risk of the relative risk Weight
Low-to-moderate alcohol consumption 0.74 -0.30 -1.0
Coronary heart disease 1.36 0.31 +1.0
Physical inactivity 1.39 0,33 +1.1
Chronic kidney disease 1.39 0.33 +1.1
Diabetes 1.47 0.39 +1.3
Cholesterol 1.54 0.43 +1.4
Smoking 1.59 0.46 +1.5
Midlife obesity 1.60 0.47 +1.6
Midlife hypertension 1.61 0.48 +1.6
Healthy diet 0.60 -0.51 -1.7
Depression 1.85 0.62 +2.1
High cognitive activity 0.38 -0.97 -3.2

The weights for the factors in LIBRA were calculated by taking the natural logarithm of their
relative risks. Subsequently those were standardized by taking the lowest absolute value of the
natural logarithms as the reference value and dividing each natural logarithm by this value.
LIBRA, Llifestyle for BRAIn health



Supplementary Table 2. New weights of the factors included in the (rescaled) LIBRA and
LIBRAZ2 index

Old relative New *Weight "Weight  %Weight "Weight
Factor risk relative risk LIBRA LIBRA2 Res-LIBRA Res-LIBRA2
|_ow-to-moderate alcohol 0.741 NA -1.0 NA +5.4 NA
consumption
*“High alcohol consumption NA 1.182 NA +1.0 NA +3.1
Coronary heart disease 1.36° 1.55* +1.0 +2.6 +5.5 +8.3
physical inactivity 1.39° NA +1.1 NA +5.9 NA
*High physical activity NA 0.73° NA -1.9 NA +6.0
Chronic kidney disease 1.397 1.358 +1.1 +1.8 +5.9 +5.7
Diabetes 1.47° 1.43% +1.3 +2.2 +6.9 +6.8
Cholesterol 1.54 " 1.54 1 +1.4 +2.6 +7.7 +8.2
Smoking 1.59 ¥ 1.521 +1.5 +2.5 +8.3 +7.9
Midlife obesity 1.60 " 1.45% +1.6 +2.2 +8.4 +7.0
Midlife hypertension 1614 1.20° +1.6 +1.1 +8.5 +3.5
*Healthy diet 0.60 0.8218 -1.7 -1.2 +9.1 +3.8
Depression 1.85% 1.98 % +2.1 +4.1 +11.0 +13.0
*High cognitive activity 0.38 0.61% 3.2 -3.0 +17.3 +9.4
Hearing impairment NA 1.49 % NA +2.4 NA +7.6
Low social contact NA 1.41% NA +2.1 NA +6.5
Sleep disturbances NA 1.19% NA +1.1 NA +3.3

®For the calculation of the rescaled LIBRA(2) scores, a positive weight was given when the protective factors were
absent.

*The protective factor low-to-moderate alcohol consumption (as originally defined in LIBRA) was converted into a
risk factor defined as high alcohol intake for LIBRA2.

‘Low-to-moderate alcohol consumption was not simply inverted to identify individuals with high alcohol
consumption in ELSA as this would also include individuals that do not consume alcohol. Therefore, a separate
variable was calculated.

“The risk factor physical inactivity (as originally included in LIBRA) was inverted into a protective factor defined as
high physical activity for LIBRAZ2.

*The weights for the factors in LIBRA were calculated by taking the natural logarithms of their old relative risks.
Subsequently those were standardized by taking the lowest absolute value of the natural logarithms as the reference
value and dividing each natural logarithm by this value.

"The weights for the factors in LIBRA2 were calculated by taking the natural logarithms of their new relative risks.
Subsequently those were standardized by taking the lowest absolute value of the natural logarithms as the reference
value and dividing each natural logarithm by this value.

9The weights for the factors in Res-LIBRA were calculated by taking the natural logarithms of their old relative
risks. Subsequently, those were standardized by dividing the absolute value of the natural logarithms by the sum of
all absolute values of all natural logarithms. Positive weights were allocated whenever the risk factors were present
or the protective factors were absent.

"The weights for the factors in Res-LIBRA2 were calculated by taking the natural logarithms of their new relative
risks. Subsequently, those were standardized by dividing the absolute value of the natural logarithms by the sum of
all absolute values of all natural logarithms. Positive weights were allocated whenever the risk factors were present
or the protective factors were absent.



ELSA, English Longitudinal Study of Ageing; LIBRA, LlIfestyle for BRAIn health; LIBRA2, updated LIfestyle for
BRAIN health; Res-LIBRA, rescaled LlIfestyle for BRAIn health; RES-LIBRAZ2, rescaled and updated LIfestyle for
BRAIn health
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Supplementary Table 3. Operationalization of the (rescaled) LIBRA and LIBRAZ2 index risk and protective factors in ELSA and
MAAS

Weight  Weight Weight Weight
Factor Operationalization ELSA Operationalization MAAS LIBRA LIBRA2 Res-LIBRA Res-LIBRA2
®|_ow-to-moderate (1) Self-reported intake between >1 & (1) Self-reported intake <7 standard -1.0 NA +5.4 NA
alcohol consumption <14 standard units per week, average over units per week
last 12 months

‘High alcohol (1) "Self-reported intake >14 standard (1) Inverse of low-to-moderate NA +1.0 NA +3.1
consumption units per week alcohol consumption
Coronary heart (1) Self —reported diagnosis of angina or (1) Self-reported presence of +1.0 +2.6 +5.5 +8.3
disease Ml cardiovascular disease

(2) Self-reported diagnosis of cardiac

rhythm disorders, chest pain/angina

pectoris, heart attack, heart
insufficiency
9Physical inactivity (1) Self-reported sedentary or low (1) Self-reported hours up and about, +1.1 NA +5.9 NA
physical activity level on a 4-point scale divided in tertiles (lowest tertile)
(2) Self-reported hours spent weekly
on sports >2 hours
“High physical (1) Inverse of the risk factor physical (1) Inverse of the risk factor physical NA -1.9 NA +6.0
activity inactivity inactivity
Chronic kidney Missing (1) Self-reported diagnosis of kidney +1.1 +1.8 +5.9 +5.7
disease disease
Diabetes (1) HbAlc > 6.5%, following WHO (1) Self-reported presence of diabetes +1.3 +2.2 +6.9 +6.8
guidelines % (2) Self-reported diagnosis of
(2) Self-reported diagnosis of diabetes diabetes
(3) Diabetes medication use
Cholesterol (1) TC >5.0mmol/l and LDL >3.0mmol/I, (1) Self-reported presence of +1.4 +2.6 +7.7 +8.2
following NHS guidelines *° hypercholesterolemia or cholesterol
(2) Self-reported diagnosis of medication use
hypercholesterolemia

Smoking (1) Self-reported smoking (1) Self-reported smoking +1.5 +2.5 +8.3 +7.9
Midlife obesity (1) BMI >30 (1) BMI =30 +1.6 +2.2 +8.4 +7.0

(2) Waist circumference >102 cm (men) (2) Waist circumference >102 cm



Midlife
hypertension

®Healthy diet

Depression

®High cognitive

activity

Hearing impairment

Low social contact

Sleep disturbances

Theoretical range

Range ELSA

or >88 cm (women)
(3) waist-to-hip-ratio >0.9 (men)
or >0.85 (women), following WHO
guidelines %/

(1) Mean SBP >140 mmHg or
mean DBP >90 mmHg, following WHO
guidelines %

(2) Self-reported diagnosis of
hypertension

(1) Self-reported fruit and vegetable
consumption >5 portions/day

(1) Total 8-item CES-D score >3

(1) Self-reported number of intellectual
activities undertakes in last 12 months
(e.g., reading the newspaper, having a
hobby, going on holidays, ...), divided by
median split (upper half)

(1) Self-reported poor or fair hearing on a
5-point scale, following a recent ELSA
study *

(1) Self-reported number of social
memberships (e.g., charitable association,
church or other religious group. Political
party, ...), divided by median split (lower

half), following a recent ELSA study *

(1) Self-reported very bad or fairly bad
overall sleep quality on a 4-point scale
(2) Self-reported sleep duration <4 hours
or >10 hours, following a recent ELSA
study ¥

(men)
or >88 cm (women), following
WHO guidelines %

(1) Mean SBP >140 mmHg or
mean DBP >90 mmHg, following
WHO guidelines
(2) Antihypertensive medication use
(3) Self-reported hypertension

Missing

(1) Total SCL-90 depression subscale
score, divided in quartiles (highest
quartile)

(1) Self-reported hours spent weekly
on intellectual activities per week
(e.g., reading, mind games, ...),
divided in tertiles (highest tertile)

(1) Best-ear pure tone audiometry
threshold >20 dB

(1) Self-reported hours spent weekly
on activities in associations or clubs,
divided in tertiles (lowest tertile)

(1) Total SCL-90 sleep subscale
score, divided in tertiles (highest
tertile)

+1.6

-1.7

+2.0

NA

NA

NA

-5.9to
+12.6

-5.9to

+1.1

-1.2

+4.1

+2.4

+2.1

+1.1

-6.1to
+25.8

-6.1to

+8.5

+9.1

+11.0

+17.3

NA

NA

NA

0 to +100

Oto+94.1

+3.5

+3.8

+13.0

+9.4

+7.6

+6.5

+3.3

0 to +100

0to+94.3



+12.6 +24.0

Range MAAS -4.2to -49to 0to +90.9 0to +96.2
+12.6 +25.8

Data on chronic kidney disease and healthy diet were missing from ELSA and MAAS, respectively.

®For the calculation of the rescaled LIBRA and LIBRAZ2 scores, a positive weight was given when the protective factors were absent.

"The protective factor low-to-moderate alcohol consumption (as originally defined in LIBRA) was converted into a risk factor defined as high alcohol intake for
LIBRA2.

‘Low-to-moderate alcohol consumption was not simply inverted to identify individuals with high alcohol consumption in ELSA as this would also include
individuals that do not consume alcohol. Therefore, a separate variable was calculated.

%“The risk factor physical inactivity (as originally included in LIBRA) was converted into a protective factor defined as high physical activity for LIBRA2.

BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression Scale; DBP, diastolic blood pressure; ELSA, English Longitudinal Study of
Ageing; LDL, low-density lipoprotein; LIBRA, Lifestyle for BRAIn health; LIBRAZ2, updated LlIfestyle for BRAIn health; MAAS, Maastricht Aging Study; Res-
LIBRA, rescaled Llfestyle for BRAIn health; RES-LIBRAZ2, rescaled and updated Llifestyle for BRAIn health; SBP, systolic blood pressure; SCL, Symptom
Checklist 90; TC, total cholesterol
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Supplementary Table 4. Baseline characteristics of ELSA (Wave 4) and MAAS (Wave 0)
participants by incident dementia status for participants with a baseline age between 40 and 75
years old.

ELSA (n =6,307) MAAS (n = 946)
Variable Total Dementia No dementia p Total Dementia No dementia p
(n =6,307) (n=172) (n =6,135) (n = 946) (n =103) (n =843)

Demographics
Age, mean (SD) 62.9 (6.3) 68.6 (5.2) 62.7 (6.3) <0.001 57.2 (10.4) 64.7 (7.2) 56.3 (10.4) <0.001
Female, n (%) 3,447 (54.7) 96 (55.8) 3,355 (54.6) 0.757 454 (48.0) 54 (52.4) 400 (47.5) 0.340
Educational level, n (%) <0.001 0.034

Low 2,288 (36.3) 86 (50.0) 2,202 (35.9) 387 (40.9) 53 (51.5) 334 (39.6)

Medium 1,814 (28.8) 44 (25.6) 1,770 (28.9) 367 (38.8) 37(35.9) 330 (39.2)

High 2,205 (35.0) 42 (24.4) 2,163 (35.3) 192 (20.3) 13 (12.6) 179 (21.2)
Lifestyle factors
Diabetes, n (%) 583 (9.2) 32 (18.6) 551 (9.0) <0.001 42 (4.4) 5(4.9) 37 (4.4) 0.829
Heart disease, n (%) 476 (7.6) 30 (17.4) 446 (7.3) <0.001 126 (13.3) 17 (16.5) 109 (12.9) 0.313
®High physical activity, n (%) 4,879 (77.4) 102 (59.3) 4,777 (77.9) <0.001 584 (61.7) 62 (60.2) 522 (61.9) 0.733
Smoking, n (%) 887 (14.1) 22 (12.8) 865 (14.1) 0.626 249 (26.3) 18 (17.5) 231 (27.4) 0.031
Hypertension, n (%) 1,972 (31.3) 74 (43.0) 1,898 (30.9) 0.001 344 (36.4) 48 (46.6) 296 (35.1) 0.022
Hypercholesterolemia, n (%) 3,347 (53.1) 70 (40.7) 3,277 (53.4) 0.001 127 (13.4) 14 (13.6) 113 (13.4) 0.958
PHigh alcohol intake, n (%) 731 (11.6) 14 (8.1) 717 (11.7) 0.151 368 (38.9) 36 (35.0) 332 (39.4) 0.384
Depression, n (%) 1,192 (18.9) 59 (34.3) 1,113 (18.5) <0.001 220 (23.3) 35 (34.0) 185 (22.0) 0.006
High cognitive activity, n (%) 3,759 (59.6) 63 (36.6) 3,696 (60.2) <0.001 354 (37.4) 53 (51.4) 301 (35.7) 0.002
Obesity, n (%) 2,093 (33.2) 53 (30.8) 2,040 (33.3) 0.503 193 (20.4) 26 (25.2) 167 (19.8) 0.197
Healthy diet, n (%) 3,699 (58.7) 94 (54.7) 3,605 (58.8) 0.280 NA NA NA NA
Chronic kidney disease, n (%) NA NA NA NA 28 (3.0) 3(2.9) 25 (3.0) 0.976
Hearing impaired, n (%) 1,078 (17.1) 58 (33.8) 1,020 (16.6) <0.001 334 (35.3) 55 (53.4) 279 (33.1) <0.001
Low social participation, n (%) 3,724 (59.1) 117 (68.0) 3,607 (58.8) 0.015 384 (40.6) 41 (39.8) 343 (40.6) 0.863
Sleep disturbances, n (%) 1,382 (21.9) 35(20.4) 1,347 (22.0) 0.615 323 (34.1) 37(35.9) 286 (33.9) 0.687
LIBRA score, mean (SD) -0.7 (3.1) 0.9(3.2) -0.7 (3.1) <0.001 0.8 (2.4) 0.7 (2.6) 0.8(2.3) 0.619
LIBRAZ2 score, mean (SD) 2.0 (4.6) 45 (5.1) 2.0 (4.6) <0.001 35(3.9) 4.0 (4.0 3.4(3.9) 0.137
Res-LIBRA score, mean (SD) 28.2 (17.0) 36.9 (17.1) 28.0 (16.9) <0.001 27.0(12.8) 26.4(13.8) 27.1(12.7) 0.606
Res-LIBRA2 score, mean (SD) 25.5 (14.6) 33.2(16.0) 25.3(14.5) <0.001 26.3(12.3) 28.0 (12.5) 26.1 (12.3) 0.130

Data on chronic kidney disease and healthy diet were missing from ELSA and MAAS, respectively. An overview of how all factor were operationalized
can be found in Supplementary Table 3.

*The risk factor physical inactivity (as originally included in LIBRA) was converted into a protective factor defined as high physical activity.

PThe protective factor low-to-moderate alcohol consumption (as originally defined in LIBRA) was converted into a risk factor defined as high alcohol
intake.

ELSA, English Longitudinal Study of Ageing; LIBRA, LIfestyle for BRAIn health; LIBRA2, updated LIfestyle for BRAin health; MAAS. Maastricht
Aging Study; Res-LIBRA, rescaled LIfestyle for BRAIn health; RES-LIBRA2, rescaled and updated LIfestyle for BRAIn health



Supplementary Table 5. Performance of the (rescaled) LIBRA and LIBRAZ score in predicting incident dementia in ELSA and
MAAS for participants with a baseline age between 40 and 75 years old.

ELSA (n = 6,318) MAAS (n = 940)

HR 95% ClI AIC  Harrell’s C (SE) HR 95% CI AIC  Harrell’s C (SE)
LIBRA 117 1.12-1.23 2125 0.67 (0.020) 1.07 0.98-1.16 1085 0.52 (0.030)
Model 0 LIBRA2 113" 109-116 2112 0.67 (0.021) 1.06" 1.01-1.12 1081 0.61 (0.027)
Res-LIBRA  1.030° 1.021-1.039 2124 0.67 (0.020) 1.012  0.997-1.029 1085 0.52 (0.030)
Res-LIBRA2  1.039"  1.029-1.049 2112 0.67 (0.020) 1.020°  1.004-1.037 1081 0.61 (0.027)

HR 95% CI AIC  Harrell’s C (SE) HR 95% CI AIC  Harrell’s C (SE)
LIBRA 117 1.12-1.23 2128 0.80 (0.016) 1.06 0.96-1.16 1086 0.87 (0.007)
Model 1 LIBRA2 113" 109-117 2115 0.80 (0.016) 1.06" 1.00-1.12 1083 0.88 (0.007)
Res-LIBRA  1.030° 1.021-1.050 2128 0.80 (0.016) 1.010  0.993-1.028 1086 0.87 (0.007)
Res-LIBRA2  1.039°  1.029-1.050 2115 0.80 (0.016) 1.018"  1.000-1.036 1083 0.88 (0.007)

The hazard ratios are based on Cox proportional hazards regression models with age as the time scale and birthdate as origin. The
Harrell’s C concordance indices are based on models with survival time as the time scale. Model 0 is the crude model. Model 1 is
adjusted for age, sex and education.

AIC, Akaike information criterion; CI, confidence interval; ELSA, English Longitudinal Study of Ageing; HR, hazard ratio; LIBRA,
Lifestyle for BRAIN health; LIBRA2, updated LlIfestyle for BRAIn health; MAAS, Maastricht Aging Study; Res-LIBRA, rescaled
LIfestyle for BRAIN health; RES-LIBRAZ2, rescaled and updated LIfestyle for BRAIn health

*Values are statistically significant (p < 0.05)



Supplementary Table 6. Performance of the individual new LIBRAZ factors in predicting

incident dementia in ELSA and MAAS for participants with a baseline age between 40 and 75
years old.

ELSA (n =6,318) MAAS (n = 940)

HR 95% CI HR 95% ClI
Hearing impairment  2.16°  1.55-3.01 1.09  0.74-1.63
Model 0 Low social contact ~ 1.80"  1.29-2.50 1.29  0.86-1.95
Sleep disturbances 1.37 0.93-2.01 1.10 0.72-1.67

HR 95% CI HR 95% CI

Hearing impairment  1.95°  1.40-2.73 1.10  0.74-1.63

Model 1 Low social contact 1.30 0.91-1.84 1.26 0.83-1.92
Sleep disturbances 1.04 0.70-1.56 1.04 0.67-1.61

The hazard ratios are based on Cox proportional hazards regression models with age as the time
scale and birthdate as origin. Model 0 is the crude model. Model 1 is adjusted for baseline
LIBRA score.

Cl, confidence interval; ELSA, English Longitudinal Study of Ageing; HR, hazard ratio; LIBRA,
LIfestyle for BRAIN health; MAAS, Maastricht Aging Study

*Values are statistically significant (p < 0.05)
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Supplementary Table 7. Effect of reweighing and factor addition on model performance

ELSA (n = 7,587) MAAS (n = 1,417)
HR 95% Cl  AIC  Harrell’s C (SE) HR 95% Cl  AIC  Harrell’s C (SE)
LIBRA 1.13°  1.09-1.17 4485 0.67 (0.013) 1.07 0.99-1.16 1305 0.52 (0.030)
Model 0  Mod-LIBRA  1.09° 1.06-1.12 4495 0.65 (0.014) 1.07°  1.01-1.13 1302 0.55 (0.028)
LIBRA2 1.08" 1.06-1.11 4482 0.67 (0.014) 1.06" 1.01-1.12 1302 0..62 (0.027)
HR 95% ClI  AIC  Harrell’s C (SE) HR 95% Cl  AIC  Harrell’s C (SE)
LIBRA 1.13°  1.09-1.17 4489 0.80 (0.010) 1.07 0.98-1.16 1306 0.93 (0.007)
Model1  Mod-LIBRA  1.08" 1.05-1.11 4498 0.79 (0.010) 1.07°  1.01-1.13 1302 0.93 (0.007)
LIBRA2 1.08" 1.06-1.11 4486 0.80 (0.010) 1.06~ 1.01-1.11 1303 0.93 (0.007)

The hazard ratios are based on Cox proportional hazards regression models with age as the time scale and birthdate as origin. The
Harrell’s C concordance indices are based on models with survival time as the time scale. Model 0 is the crude model. Model 1 is
adjusted for age, sex and education. The modified version of LIBRA (mod-LIBRA) was calculated as LIBRA2 minus the weights for
the three newly added LIBRAZ factors (hearing impairment, social contact, sleep).

AIC, Akaike information criterion; ClI, confidence interval; ELSA, English Longitudinal Study of Ageing; HR, hazard ratio; LIBRA,
Lifestyle for BRAIN health; LIBRA2, updated LIfestyle for BRAIn health; MAAS, Maastricht Aging Study; mod-LIBRA, modified
LIBRA

*Values are statistically significant (p < 0.05)
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