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SUPPLEMENTARY METHODS AND RESULTS 
 

Supplementary Method 1: Dietary intake and other 

lifestyle factors 

 

The touchscreen questionnaire of the UKB main study 

included twenty-nine questions regarding diet and 

eighteen questions related to alcohol. The touchscreen 

questionnaire inquired about food consumption 

frequency and nature, over the past year of the 

following food groups: cooked vegetables, salad/raw 

vegetables, fresh fruit, dried fruit, oily fish, other fish, 

processed meats, poultry, beef, lamb, pork, cheese, salt 

added to food, tea, water, as well as questions on the 

type of milk most commonly consumed, type of spread 

most commonly consumed, number of slices and type 

of bread most commonly consumed, number of bowls 

and type of breakfast cereal most commonly consumed, 

cups of coffee and type most commonly consumed, as 

well as questions on the avoidance of specific foods and 

food groups (eggs, dairy products, wheat, sugar), age 

last ate meat (for participants who reported never 

consuming processed meats, poultry, beef, lamb or 

pork), temperature preference of hot drinks, changes in 

diet in the past 5 years, and variation in diet. Four of the 

dietary questions originally utilized in the pilot trial 

were slightly altered for the main assessment phase: 

these were the items related to avoiding specific foods 

and food groups; spread type; bread type; and variation 

in diet. 

 

The Healthy Diet Index (HDI) score combined several 

food groups in terms of quantity and frequency of 

consumption per week, when available to reflect the 

guidelines listed in Supplementary Table 2. However, 

those criteria were modified to fit the availability of 

data in the UK Biobank. Supplementary Table 3 

represents the food groups that were selected, their 

respective coding scheme and the scoring system to 

reflect better diet quality, approximating the criteria in 

Supplementary Table 2. The touchscreen questionnaire 

was later validated against the 24-hr recall that was 

administered over time to UK Biobank participants and 

has shown adequate agreement in terms of ranking for 

each food group of interest [1]. 
 
Smoking 

We utilized several fields of data to generate three 

tobacco exposure variables, based on the touchscreen 

questionnaire at the assessment centre visit, namely 

smoking status, environmental tobacco smoke and 

pack-years of smoking. Those three constructs were 

transformed into standardized z-scores which were then 

averaged into the latent construct SMOKING. 

Alcohol 

The touchscreen questionnaire also provided several 

questions related to alcohol consumption, which were 

quantity-frequency in nature. One question asked 

“About how often do you drink alcohol?” with 6 

possible responses that were reverse coded to the 

following: 0 “never” 1 “special occasions only” 2 “1–3 

times per month” 3 “1–3 times per week” 4 “3–4 times 

per week” 5 “daily or almost daily”. The construct 

ALCOHOL was the standardized z-score for this item. 

 

Physical activity 

Physical activity (PA) was operationalized using a set 

of self-reported responses that can be used to assess 

mild (i.e., walking), moderate and vigorous activities 

based on the short form of the International Physical 

Activity Questions [2] in terms of frequency (# of 

days) per week and number of minutes per day. 

Those were then combined to generate 

MET.min/week for each category of physical activity 

intensity. Finally, the MET.min/week values were 

added together. Given that missing data does exist, 

addition was made on the imputed data, whereby 

MET.min/week per intensity were imputed where 

missing using chained equations. This single 

measured variable reflecting total MET.min/week 

was transformed into a standardized z-score, labelled 

PA and used in our pathway analyses. 

 

Diet quality 

We utilized the dietary questionnaire data category, 

based on a set of questions administered at the 

assessment visit. A measure of diet quality was 

constructed to approximate dietary recommendations 

listed in Supplementary Table 2. The criteria applied 

to each food or nutrient item derived the food 

frequency questionnaire (FFQ) to obtain an overall 

measure of diet quality is described in Supplementary 

Table 3. The resulting z-score was used to obtain the 

DIET construct. 

 

Nutritional biomarkers 

Vitamin D was additionally selected from the list as a 

nutritional biomarker that was previously shown to be 

inversely associated with cognitive aging [3–6]. Of the 

long list of hematological factors, we selected red cell 

distribution width (RDW) as an additional nutritional 

biomarker, reflecting iron metabolism, as it was 

previously shown to be directly associated with 

cognitive aging [7–9]. Thus, the z-score of RDW was 

multiplied by -1. The average of the two z-scores was 

used reflect nutritional biomarkers, or NUTR. 
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Social support 

Three social support variables were used to 

operationalize SS standardized z-score. The first 

variable pertained to the question: “How often do you 

visit friends or family or have them visit you?”, with 

potential responses reverse coded to range from 1 = “No 

friends/family” to 7 = “Almost daily”. Intermediate 

responses were “Never or almost never”, “Once every 

few months”, “About once a month”, “About once a 

week” and “2–4 times a week”. Similarly, another 

question asked: “How often are you able to confide in 

someone close to you?” With no reverse coding 

necessary, the responses ranged from 0 = “Never or 

almost never” to 5 = “almost daily” and intermediate 

responses being “Once every few months”, “About once 

a month”, “About once a week” and “2–4 times a 

week”. Finally, a third question asked “Which of the 

following do you attend once a week or more often?” 

and was used to count leisure and social activities 

among “sports and club or gym”, “pub or social club”, 

“religious group”, “adult education class” and “other 

group activity”. These three measures were then 

transformed into a standardized z-score and averaged 

into the SS measure.  

 

Supplementary Method 2: Life’s Essential 8 

 

Life’s Essential 8 was computed using guidelines from 

Supplementary Table 4 and all available data fields that 

correspond to these guidelines, while ensuring maximal 

sample preservation. The HDI was used for the dietary 

quality component, while other criteria were used that fit 

the guidelines well. In order to further preserve the sample 

and increase statistical power, two methods were 

available. The first one was multiple imputations using 

chained equations. Given the large sample to be used, this 

method was deemed infeasible as a main tool for the 

analysis. Another method that is widely used in the social 

science is proration [10, 11], with general guidelines for 

large sample to allow for up to 50% of the items to be 

missing per observation, as shown in Supplementary 

Table 1. Beyond this threshold, the entire observation was 

dropped from analysis. For scales that relied on totals 

(e.g., LE8), the row means were multiplied by the total 

number of items (4 for the LE8 sub-scales and 8 for the 

total score). This method was also applied to SES, DIET, 

SMOKING, ALCOHOL, NUTR, SS and HEALTH. 

COGN score was obtained using principal components 

analysis with complete cases and thus proration was not 

needed. In the final sample, 99.9% of participants had 2 

items or less missing on the LE8 total score. 

 

Supplementary Method 3: Health-related factors 

 

Blood biochemistry was conducted at baseline 

assessment the full list of markers, included markers 

for liver and kidney function, systemic inflammation, 

lipid metabolism, glucose homeostasis and calcium 

metabolism among others. Some of these markers 

were included into the measure of allostatic load, 

including albumin, C-reactive protein, total cholesterol, 

HDL-cholesterol, and glycated hemoglobin (HbA1c). 

Clinical criteria summarized in Supplementary Table 5 

were used to obtain risk indicators. Glycosylated 

hemoglobin was measured in mmol/mol and converted 

to %, with a cutoff of 6.4% corresponding to 41.8 

mmol/mol, using high performance liquid 

chromatography, Bio-Rad Variant II. Nurses and 

phlebotomists collected blood and urine samples from 

participants at the assessment center after an overnight 

fast, which was determined largely compliant based on 

the pilot testing phase [14]. Among blood measures, 

we used total cholesterol (mg/dl), HDL-cholesterol 

(mg/dl), CRP (mg/dl), albumin (g/dl) and glycosylated 

hemoglobin (%) which were analyzed by contract 

laboratories [14]. Specifically, blood lipids were 

measured using direct enzymatic methods (Konelab, 

Thermo Fisher Scientific, Waltham, MA, USA). Using 

standard protocols, waist-to-hip ratio, radial pulse 

(beats/min), and systolic and diastolic blood pressure 

(mmHg) were measured by trained examiners. 

Specifically, both blood pressure and pulse rate were 

measured using the Omron HEM-7015IT digital blood 

pressure monitor [14].  

 

BMI 

The body mass index was computed at baseline 

assessment measured weight in kilograms divided by 

measured height-squared in squared-meters. 

 

Allostatic load (AL) 

Using a method described previously, [15] AL total 

score is an index that adds up with equal weighting 

(range: 0–9), cardiovascular (systolic and diastolic 

blood pressure, pulse rate), metabolic (total cholesterol, 

HDL-cholesterol, glycosylated Hb, sex-specific waist-

to-hip ratio) and inflammatory (albumin and C-reactive 

protein (CRP)) risk indicators.  

 

Co-morbidity index 

Two data fields (134 and 135) were used to construct a 

variable for cancer and non-cancer co-morbidity index 

at the baseline assessment. These are based on self-

reported data on pre-existing co-morbidities. 

 

Self-rated health 

Self-rated health (or overall health rating) was 

obtained as part of the touchscreen questionnaire at 

baseline assessment the UK Biobank. Possible 
responses were: 1. Excellent, 2. Good, 3. Fair, 4. Poor. 

The coding was left as is to reflect poorer health with 

higher score. 
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Supplementary Method 4: Cognitive test performance: 

assessment and scoring 

 

The UK Biobank performed touchscreen computer 

assessment of cognitive performance on all participants 

in the case of the pairs memory test and the reaction 

time test. A sub-sample also completed the numeric 

memory test, a prospective memory task and a numeric 

and verbal reasoning test [24, 25]. Those tests were 

shown to correlate with general cognitive ability (R2: 

0.3–0.6), though generally had a lower test-retest 

reliability compared to reference cognitive tasks (R2 

varied from 0.4 to 0.6) [24, 25]. For our purpose, we 

used a total of three cognitive test scores from the pairs 

memory test (two scores) the reaction time test (one 

score), to preserve the final sample size.  

 

Visual memory 

 

The visual memory task involved memorizing positions 

of pairs of cards, followed by successfully matching 

them after the cards have been turned face down on the 

screen. In the first round, participants had 3 pairs to 

remember, while in the second round, they were asked 

to remember 6 pairs. The number of incorrect matches 

were of interest and Cronbach α reliability = 0.62 [26]. 

We have focused on the 6 pair version due to its greater 

difficulty. In addition, the time to complete the visual 

memory test was also of interest in this study.  

 

Reaction time 

 

Participants completed a touch screen version of the 

game snap and the time to match each symbol was 

recorded. They completed twelve rounds with the 

reaction time averaged across rounds. Cronbach α 

reliability = 0.85 [26]. 

 

Supplementary Results 1 

 

The estimated incidence rate of all-cause dementia 

among men was 164 per 100,000 person-years (P-Y); 

among women it was 117 per 100,000 per year. For 

AD, incidence estimates were 63 per 100,000 P-Y 

among men and 54 per 100,000 P-Y among women. 

Dementia incidence rates for both sexes were greater 

among Black adults compared to White adults, which 

was the reverse for rates among SA and other ethnic 

groups. Racial/ethnic composition differed significantly 

across sexes, with greater percentage of Black adults 

among women compared to men (1.0% (F) vs. 0.8% 

(M)), coupled with a greater percentage SA among men 

vs. women (1.4% (M) vs. 1.0% (F)). Moreover, 
minority groups overall were younger than White adults 

in this sample (58.6 (NW) vs. 60.5 y (W), mean age). 

Household size was larger in the minority group 

compared to White adults (2.7 (NW) vs. 2.2 (W)) in 

both sexes. Importantly, non-White adults had lower 

SES compared to White adults (z-score: −0.28 (NW), 

−0.02 (W)). There were both sex and racial differences 

in the smoking construct. The SMOKING z-score was 

lower among minority groups compared to White adults 

(−0.025 (NW) vs. −0.004 (W)), and higher among men 

(−0.002) compared to women (−0.008). In contrast, men 

tended to consume alcohol more frequently than 

women, and non-White adults were less heavy 

consumers compared to their White counterparts. 

Physical activity measured in Met.min.wk-1 was lower 

among non-White adults vs. White adults, and among 

women compared to men. There were notable racial and 

ethnic differences in the NUTR z-score, owing mainly 

to reduced vitamin D level among non-White compared 

to White adults. Minority groups had poorer general and 

cardiometabolic health compared to White adults as did 

men compared with women. Minority groups combined 

and women performed worse on a set of cognitive test 

scores compared to their White and male counterparts. 

LE8 total, lifestyle and biological scores were markedly 

higher among White adults compared to non-White 

adults, and were also higher among women than men, 

suggesting a more optimal cardiovascular health among 

White adults and women. 

 

Supplementary Figure 2 illustrates the results of 

Supplementary Tables 7 and 8, which examined similar 

GSEM models by substituting LE8LIFESTYLE with other 

alternative LIFESTYLE factors (DIET, PA, SMOKING, 

ALCOHOL, NUTR and SS), and LE8BIOLOGICAL with the 

HEALTH score. The results were comparable to the LE8 

findings. Focusing on Model B, NUTR and SS were 

among the key antecedent mediators to HEALTH 

explaining racial/ethnic and SES disparities in all-cause 

dementia risk, both of which by being associated with 

reduced risk. More specifically, ‘RACE_ETHN(−) → 

SES(+) → NUTR(−) → DEMENTIA’ and 

‘RACE_ETHN(−) → SES(+) → SS(−) → DEMENTIA’ 

are pathways that explained 0.9% and 0.3% of the total 

effect RACE_ETHN → DEMENTIA, respectively. This 

is in contrast with ‘RACE_ETHN(−) → NUTR(−) → 

DEMENTIA’ and ‘RACE_ETHN(−) → SS(−) → 

DEMENTIA’, which explained about 25% and 17% of 

the total effect, respectively. Nevertheless, the residual 

pathway ‘RACE_ETHN → SES → DEMENTIA’ in these 

models explained around half of the RACE_ETHN → 

DEMENTIA total effect. Other notable pathways by 

which RACE_ETHN could adversely impact dementia 

risk included ‘RACE_ETHN(−) → SES(+)→ DIET(−) 

→ HEALTH(+) → DEMENTIA’; ‘RACE_ETHN(−) → 

PA(−) → HEALTH(+) → DEMENTIA’; ‘RACE_ 
ETHN(−) → SES(−) →SMOKING(+) → HEALTH(+) 

→ DEMENTIA’; and ‘RACE_ETHN(−) → SES(−) → 

HEALTH(+) → DEMENTIA’. 
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