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Assessment of Lifestyle Factors

Smoking status: Smoking status was assessed using a touchscreen questionnaire at baseline. Derived variables combining current and past smoking status were used for classification. Participants were classified as never smokers if current tobacco smoking was "no" and past tobacco smoking was "just tried once or twice" or "I have never smoked". Former smokers were defined as those with current smoking "no" and past smoking "smoked on most or all days" or "smoked occasionally". Current smokers were defined as those with current smoking "yes, on most or all days" or "only occasionally". For this study, smoking status was dichotomized into a healthy group (never smokers) and an unhealthy group (former and current smokers combined, reference group)., This classification was based on previous UK Biobank lifestyle studies and reflected long-term smoking exposure rather than experimental or minimal lifetime use.[1, 2]

Alcohol consumption: Alcohol consumption was assessed using a baseline touchscreen questionnaire. Participants were first asked: "About how often do you drink alcohol?" with response options including "daily or almost daily", "3 or 4 times a week", "once or twice weekly", "1 to 3 times monthly", "special occasions only", or "never". Participants who reported drinking alcohol were then asked about their average weekly intake of specific beverage types, including red wine, champagne/white wine, beer/cider, spirits, fortified wine, and other alcoholic drinks. For each beverage type, the number of glasses, pints, or measures consumed per week was recorded. Total weekly alcohol intake in grams was calculated by summing the intake of all beverage types and converting them to United Kingdom units. Detailed conversion criteria are as follows: red wine or champagne and white wine = 1.7 units; beer/cider = 2.4 units; spirits = 1 unit; fortified wine = 1.2 units; other = 1.2 units. Following UK dietary guidelines, moderate alcohol consumption (healthy) was defined as ≤14 g/day for women and ≤28 g/day for men[3]; consumption exceeding these thresholds was defined as excessive (unhealthy)[1]. In this study, excessive drinkers served as the reference category.

BMI: Height and weight were measured by trained staff during the baseline assessment centre visit using standard protocols. BMI was calculated as weight in kilograms divided by height in meters squared. When analyzing the association of individual BMI with outcomes, BMI was categorized into three groups to more precisely assess the dose-response relationship: obese (BMI ≥30 kg/m², reference), overweight (25 ≤ BMI < 30 kg/m²), and normal weight (18.5 ≤ BMI < 25 kg/m²). Underweight (BMI < 18.5 kg/m²) was not analyzed as a separate group due to the small sample size and was therefore included in the obese weight category. For the composite healthy lifestyle score, BMI was dichotomized: healthy was defined as normal weight (18.5 ≤ BMI < 25 kg/m²); unhealthy was defined as overweight (25 ≤ BMI < 30 kg/m²) or obese (BMI ≥30 kg/m²). In the analysis of the composite score, overweight/obese served as the reference category.

Dietary: Dietary quality were assessed using a baseline food frequency questionnaire (FFQ) administered via touchscreen. The FFQ collected data on the frequency and quantity of consumption of various food groups. Dietary quality was assessed based on the dietary recommendations of the American Heart Association, as applied in prior UK Biobank research[4]. Specific intake goals and the corresponding field IDs, and serving sizes for each dietary component are detailed in Supplementary Table 2. In take of fruits and vegetables was estimated using daily consumption of fresh and dried fruits, cooked vegetables, and raw salad (measured in pieces or tablespoons). Whole grain consumption was based on weekly intake of whole grain bread and cereals (e.g., bran, oats, muesli). Fish intake included frequency of oily and non-oily fish consumption. Dairy intake was assessed via cheese consumption frequency and milk use. Use of vegetable oils was inferred from spreads used on bread, including options such as olive oil–based, polyunsaturated, or plant sterol–enriched spreads. Refined grain intake included white, brown, or other bread and biscuit-type cereals. Processed and unprocessed meat consumption was assessed by frequency and whether the participant had ceased meat intake (based on reported age when last consumed). Sugar-sweetened beverage intake was inferred from self-reported avoidance of sugary foods or drinks. A healthy diet was defined as meeting ≥5 dietary recommendations (at least 5 items), reflecting adherence to the majority of dietary components rather than requiring fulfillment of all individual targets[5]. This approach was used to capture overall dietary quality while accounting for the multidimensional nature of diet. In this study, participants with an unhealthy diet (adherence to <5 dietary recommendations) served as the reference category.
Supplementary Table 2. Diet component definitions used in the UK Biobank study.
	[bookmark: OLE_LINK9]Diet component
	Intake goal
	Field lDs
	Amount per serving

	Fruit
	≥3 servings/day
	1309 (pieces fresh fruit/day)
1319 (pieces dried fruit/day)
	1309 - 1 piece
1319 - 5 pieces

	Vegetable
	≥3 servings/day
	1289 (tablespoons cooked vegetables/day)
1299 (salad/raw vegetables/day)
	3 heaped tablespoons

	Whole grains
	3 servings/day
	1438, 1448 (whole meal/whole grain bread
slices/week)
1458, 1468 (bran/oat/muesli cereal bowls/week)
	1438/1448 - 1 slice/day
1458/1468 - 1 bowl/day

	(Shell)fish
	≥2 servings/day
	1329 (oily fish/week)
1339 (non-oily fish/week)
	Once/week

	Vegetable oils
	2-6servings/day
	1428 (Flora Pro-Active/Benecol spread)
2654 (Flora Pro-Active/Benecol, soft margarine olive oil based -,
polyunsaturated/sunflower oil based -, other low/reduced fat spread)
1438 (bread slices/week)
	1 serving/day if in combination with eating at least 2 slices of bread (ID 1438)

	Dairy
	2-3 servings/day
	1408 (cheese/week)
1418 (milk type)
	1408 - 1 piece/day
1418 - 1 glass/day if consumption of anytype of milk

	Refined grains
	≤2 servings/day
	1438,1448 (white, brown, other bread slices/week)
1458,1468 (biscuit, other cereals/week)
	1438/1448 - 1 slice/day
1458/1468 - 1 bowl/day

	Processed meats
	≤1 servings/day
	1349 (processed meat/week or daily)
3680 (age when last ate meat)
	1349 - 1 piece/day
3680 - 0 pieces/day if indicated having
never eaten meat

	Unprocessed meats
	≤2 servings/day
	1359 (poultry/week or day)
1369 (beef/week or day)
1379 (lamb or mutton/week or day)
1389 (pork/week or day)
3680 (age when last ate meat)
	1359-1389 - once/week
3680 - 0 pieces/day if indicated having never eaten meat

	Sugar-sweetened
	Don't drink
	6144 (never consumes drinks containing sugar)
	Only 0 servings were possible here.



Physical activity: Physical activity was assessed using adapted questions from the short-form International Physical Activity Questionnaire[6]. Participants were asked to report the frequency and duration of walking, moderate physical activity, and vigorous physical activity during a typical week. Specifically, participants were asked: (1) "In a typical WEEK, on how many days did you walk for at least 10 minutes at a time?" and "How many minutes did you usually spend walking on a typical DAY?"; (2) "In a typical WEEK, on how many days did you do 10 minutes or more of moderate physical activities like carrying light loads, cycling at normal pace? (Do not include walking)" and "How many minutes did you usually spend doing moderate activities on a typical DAY?"; and (3) "In a typical WEEK, how many days did you do 10 minutes or more of vigorous physical activity? (These are activities that make you sweat or breathe hard such as fast cycling, aerobics, heavy lifting)" and "How many minutes did you usually spend doing vigorous activities on a typical DAY?". The total weekly minutes of moderate-to-vigorous physical activity were calculated, and metabolic equivalent of task (MET)-minutes/week were derived according to standard IPAQ scoring protocols. Participants with ≥600 MET-min/week of moderate-to-vigorous physical activity were considered to have sufficient physical activity (healthy); those with <600 MET-min/week were considered insufficient (unhealthy)[7]. In this study, participants with insufficient physical activity (unhealthy) served as the reference category.

Sleep duration: Sleep duration was assessed by asking participants: "About how many hours sleep do you get in every 24 hours? (including naps)", with responses recorded as integer values. Adequate sleep duration (6–8 hours/day) was defined as healthy sleep; short sleep (≤6 hours/day) or long sleep (>8 hours/day) was defined as unhealthy sleep[8]. In the analysis, short sleep (≤6 hours/day) served as the reference category.

Overall healthy lifestyle: Each lifestyle factor was classified as healthy (1 point) or unhealthy (0 points). The total healthy lifestyle score was derived by summing the scores of the six factors, with a possible range of 0 to 6; higher scores indicated a healthier lifestyle. Participants were further divided into three groups according to the total score: low (0–2 points), moderate (3 points) and high (4–6 points). The low-score group (0–2 points) was set as the reference category.


Assessment of Covariates

Race: Race was categorized as White (including British, Irish, and any other white background) or Other (including mixed, Asian or Asian British, Black or Black British, Chinese, and other ethnic groups).

Townsend Deprivation Index: served as a measure of area‑level socioeconomic deprivation, calculated from national census data based on participants‘ postcode of residence, with higher scores indicating greater deprivation[9].

Family history of diabetes: Participants were asked about diabetes history in first‑degree relatives (biological father, mother, or siblings). Family history of diabetes was recorded as a binary variable (present vs. absent).

Medication use: Medication use was determined from baseline touchscreen questionnaires and verbal interview. Antihypertensive medication use was defined as regular use of any antihypertensive drug class, including angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta‑blockers, calcium channel blockers, and diuretics. Insulin use was determined based on self‑reported insulin therapy and, where available, linked prescription records. Cholesterol‑lowering medication use (primarily statins) was similarly ascertained.

Blood pressure measurement: Blood pressure was measured at the baseline assessment centre by trained staff using a standardised protocol. Systolic and diastolic blood pressure were measured twice. The average of the two recorded readings was used in the analyses.

non‑HDL cholesterol (non-HDL-C): non-HDL-C was derived from standard lipid measurements obtained from non‑fasting blood samples collected during the baseline assessment centre visit. Total cholesterol(TC) and high‑density lipoprotein cholesterol (HDL-C) were measured using enzymatic selective protection assays on a Beckman Coulter AU5800 analyser. non-HDL-C was calculated as TCl minus HDL‑C, and expressed in mmol/L. This calculation‑based measure is considered a reliable index of cholesterol carried by all potentially atherogenic lipoprotein particles, including LDL, very‑low‑density lipoprotein (VLDL), intermediate‑density lipoprotein (IDL), and lipoprotein(a).

Glycated haemoglobin (HbA1c): HbA1c was measured in red blood cells from venous blood samples collected during the baseline assessment centre visit. High‑performance liquid chromatography was performed on a Bio‑Rad VARIANT II Turbo analyser, which is not affected by fasting status and provides information on glucose status over the preceding three months . HbA1c values were expressed in mmol/mol and, following standard conversion, as a percentage (DCCT‑aligned).

Diabetes duration: Diabetes duration was calculated as the difference between the baseline assessment centre visit date and the date of first diabetes diagnosis. The date of first diabetes diagnosis was derived from the UK Biobank's first occurrence data, primarily using the earliest recorded date across primary care records, hospital inpatient data, death register records, and self‑reported diagnoses. Where multiple sources provided discrepant dates, the earliest date was taken as the date of diagnosis. Diabetes duration was expressed in years.

Chronic diabetic complications: Baseline chronic diabetic complicationswere defined using the UK Biobank's first occurrence data, which integrates information from primary care records, hospital inpatient data, death register records, and sel-reported medical conditions. These complications included diabetic kidney disease, diabetic retinopathy, and diabetic peripheral neuropathy. DKD was identified using the ICD-10 code E10.2 (including subcategories E10.21 and E10.22) and ICD-9 code 250.3. DR was identified using the ICD-10 code E10.3. DPN was identified using the ICD-10 code E10.4. Participants with any of these conditions at baseline were considered to have pre-existing chronic diabetic complications.
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