Supplement
BOX 1: Baseline and follow-up measurements from Lifelines22 (see also Table S1 for more details)
	LIFESTYLE

	Diet quality: assessed using the 48-item Lifelines Diet Score (LLDS),23 and categorised into tertiles, with a higher score indicating a healthier diet.
Physical activity: defined using the Short Questionnaire to Assess Health-Enhancing Physical Activity24 and categorised by minutes of moderate-to-vigorous physical activity (MVPA) per week as low (˂150 min of MVPA/week), moderate (150–300 min of MVPA/week) and high (≥300 min of MVPA/week).25
TV watching (sedentary behaviour): average hours watching TV per day categorised as high (≥5), moderate (3–4) and low (≤2).26
Acute and chronic stress: reported using the Dutch version of the List of Threatening Experiences (LTE) and Long-term Difficulties Inventory (LDI), respectively.27 The 12-item LTE asks whether a stressful life event has occurred (yes/no) and was categorised as low (0 event), moderate (1 event) and high (≥2 events). The 12-item LDI rates family, work and health stressors (0=none, 1=slight, 2=very) and was categorised as low (0 score), moderate (1–2 scores) and high (≥3 scores).
Alcohol consumption: average daily drinks/day reported in the food frequency questionnaire and categorised as high (>1.5 and/or binge drinking), light-to-moderate (>0 but ≤1.5 drinks/d without binge drinking) or none.28,29
Smoking status: current, former (smoked for at least 1 y and not in last mo) or never smokers (smoked for <1 y and not in last mo). 
Sleep duration: categorised by age as adequate (18–64 = 7–9 h; 65+ y = 7–8 h), marginal (18–25 y = 6 or 10–11 h; 26–64 y = 6 or 10 h; 65+ y = 5–6 or 9 h) and inadequate (18–25 y = <6 or >11 h; 25–64 y = <6 or >10 hours; 65+ = <5 or >9 h).30
Sleep treatment: self-reported use of sleep medication and tranquillisers in the past year.
Number of social contacts (social connectedness): the average number of people with whom they had regular contact about personal aspects over 2 wk, categorised by tertile.
Marital status: categorised as no partner, relationship without cohabiting, and relationship with cohabiting (including being married).

	CHRONIC DISEASES

	Cardiovascular disease: self-reported myocardial infarction, stroke, heart failure, or balloon angioplasty and/or bypass surgery.
Cancer: self-reported solid (e.g. breast and endometrial), bone and soft tissue, haematological (e.g., lymphoma and leukaemia), and central nervous system cancers. Primary skin or pre-cancerous disease were not regarded as cancer.
Chronic respiratory disease: determined by self-report and spirometry. Incident cases had one of three phenotypes during follow-up (chronic bronchitis, asthma and airflow obstruction).
Type 2 diabetes (T2D): determined by self-report and/or blood sample measurements (fasting blood glucose ≥ 7.0 mmol/L and/or a HbA1c ≥ 48 mmol/mol [6.5%]) 




BOX 2: Equations for calculating the population attributable fraction
	PAF = [Pe * (RR - 1)] / [(Pe * (RR - 1) + 1)].
PAF = ∑[Pei * (RRi – 1)] / ∑[Pei * (RRi – 1) + 1], if >2 levels of lifestyle factors
PAFoverall = 1 – [(1 - PAF1) … *(1-PAFn)],32 to combine the different lifestyle factors
where PAF is the population attributable fraction, Pe is the population prevalence for an unhealthy lifestyle factor, RR is the relative risk (substituted for the adjusted HR from Cox regression), i is the exposure level and n is the number of lifestyle factors.32 
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Table S1 Definition of the social and lifestyle factors at baseline and chronic diseases at baseline and follow-up assessment
	
	Definition

	Socio-demographic factors and anthropometric measurements

	Educational level
	Elementary (none or primary), lower secondary (lower or preparatory vocational or lower general secondary), upper secondary (intermediate vocational, apprenticeship, higher general secondary, or pre-university secondary) and tertiary (higher vocational or university).

	Height and weight
	Collected at the research site to calculate body mass index (BMI; kg/m2), which we categorized as underweight (˂18.5), normal weight (18.5–25.0), overweight (25–30.0) and obese (≥30.0).

	Lifestyle factors at baseline 

	Diet quality
	Diet was assessed using the food frequency questionnaire (FFQ) assessing food intake over the previous month, developed by Wageningen University using the Dutch FFQTOOL™1. The LLDS ranks the relative intake of nine food groups with proven positive health effects and three food groups with proven negative health effects2. For the positive food groups, that is, vegetables, fruit, whole-grain products, legumes and nuts, fish, oils and soft margarines, unsweetened dairy, coffee, and tea, higher scores are awarded to higher quintiles of consumption. For the negative food groups, that is red and processed meat, butter and hard margarines, and sugar-sweetened beverages, higher scores are awarded to lower quintiles of consumption. 

	Physical activity
	For the assessment of physical activity, the Lifelines Physical Activity Score (LLPAS)3,4 was used. The LLPAS was based on the Short Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH)5, and indicated the minutes per week of moderate-to-vigorous physical activity (MVPA) during sports, leisure time and active commuting. 

	TV watching
	TV watching in average hours per day was categorized based on the thresholds for increased risk for negative health outcomes found in the study of Ekelund et al6. 

	Acute stress
	Information on acute stress was collected using the Dutch version of the List of Threatening Experiences (LTE)7. The LTE consists of twelve stressful life events in several domains including family, work and health. For each event, participants indicated whether it occurred in the past year (yes/no). The total LTE score is the sum of the 12 item scores (range 0-12) and was categorized into three groups: total LTE score = 0; total LTE score = 1; total LTE score ≥2.

	Chronic stress
	Information on chronic stress was collected using the Long-term Difficulties Inventory (LDI)7. The LDI consists of twelve items, evaluating the experienced chronic stress in several domains including family, work and health. Participants indicated for each item how much difficulty and stress they experienced in the last year on a three-point scale: 0=not stressful, 1=slightly stressful, 2=very stressful. The total LDI score is the sum of the 12 item scores (range 0-24) and was categorized into three groups: LDI sumscore = 0; LDI sumscore = 1-2; LDI sumscore ≥3).

	Alcohol consumption
	For the assessment of alcohol consumption, the average daily number of drinks consumed was calculated from the FFQ data1. Binge drinking was defined as consuming ≥4 drinks per drinking day for females and ≥5 drinks per drinking day for males8.

	Smoking
	Participants were classified as current smoker, former smoker or never smoker. Participants who reported to have smoked during the last month were classified as current smoker. Participants who had not smoked during the last month, but reported having smoked for a year or longer in total were classified as former smoker. Participants who had not smoked during the last month and had never smoked for longer than a year were classified as never smoker9. 

	Sleep quality
	Total self-reported sleep duration in hours per day (24 hours) was categorized according to the recommendations of the American National Sleep Foundation, which are age-specific: adequate sleep duration (7-9 hours for adults aged 18-64 and 7-8 hours for adults aged 65+); marginal sleep duration (6 hours or 10-11 hours for adults aged 18-25; 6 or 10 hours for adults aged 26-64; 5-6 or 9 hours for adults aged 65+); and inadequate sleep duration (<6 or >11 hours for adults aged 18-25; <6 or >10 hours for adults aged 25-64; <5 or >9 for adults aged 65+)10. Values ≤2 hours and values ≥20 hours were considered implausible and were therefore set to missing11 and excluded from the sample. The use of sleep medication was defined as the self-reported use of sleep medication and tranquillizers during the past year. 

	Number of social contacts
	Social connectedness was defined as the number of contacts, i.e. the average number of people with whom the participant had regular contact about personal aspects within a period of two weeks, and was categorized into three categories based on tertiles.

	Marital status
	Family support was defined by marital status and was categorized into three groups: no partner, relationship without cohabiting, and relationship with cohabiting, including being married. 

	Chronic disease at baseline and follow-up

	
	Baseline assessment
	Follow-up assessment

	CVD
	CVD was defined as myocardial infarction (MI), stroke, heart failure, or balloon angioplasty and/or bypass surgery; MI included unrecognized and recognized MI12. The operationalization methods developed by Van der Ende, et al.13 were used, in which the recognized MI was validated by antithrombotic drug therapy or ECG abnormalities, and the HF was validated by antihypertensive drug use or by pacemaker or ICD transplantation or by heart transplantation.
	Same definition with baseline assessment except that the recognized MI and the HF were self-reported without medication validation due to medication data was not available.

	Cancer
	The assessment of cancer was based on self-reported information. Participants with skin cancer as primary location, and pre-stage cancer were not regarded as the presence of cancer. Four clusters of chronic cancers were included: solid cancers (including breast cancer and endometrial cancer), bone cancers and soft tissue cancers, hematological cancers (including lymph cancer and leukaemia), and central nervous system cancers.
	Same definition with baseline assessment.

	CRD
	Three phenotypes were defined: airflow obstruction, chronic bronchitis and asthma. 
Airflow obstruction was assessed using pre-bronchodilator spirometry (measured using a Welch Allyn Version 1.6.0.489, PC-based SpiroPerfect with Ca Workstation software) and was defined as the ratio between forced expiratory volume in one second and forced vital capacity (FEV1/FVC) < Lower Limit of Normal (LLN)14. The LLN is a reference value that is based on individual characteristics including age, gender, height, and ethnicity, and was calculated as the lower fifth percentile of a healthy reference population15.
Chronic bronchitis: participants have the following two symptoms simultaneously: (i) cough in winter time (when getting up) almost daily for at least three months a year, and (ii) phlegm immediately after getting up or during daytime or at night in winter time almost daily for at least three months a year. 
Asthma: participants have any one of the following: (i) the reported asthma was doctor diagnosed or (ii) asthma medication was used and two or more of the following symptoms were reported: wheeze, attacks of dyspnoea at rest, woken by an attack of dyspnoea. 
	Three phenotypes were defined: airflow obstruction, chronic bronchitis and asthma. 
Airflow obstruction: the same definition with the baseline assessment. 
Chronic bronchitis: participants have the following self-reported two symptoms simultaneously: (i) cough almost every day for a period of three months a year, and (ii) bring up phlegm almost every day for a period of three months a year. 
Asthma: participants have any one of the following self-reported symptoms: (i) asthma since last time filling in the Lifelines questionnaire, or (ii) having asthma attack in the past 12 months, or (iii) using any medication for asthma (e.g. inhalers, aerosols, tablets) at the time of assessment. 


	T2D
	Participants were considered as prevalent cases for T2D if they (a) self-reported T2D or reported having diabetes but the self-reported type of diabetes (T1D or T2D) was missing or unknown, and (b) diabetes medication was used and/or fasting plasma glucose (FG) ≥7.0 mmol/L, and/ or haemoglobin A1c (HbA1c) ≥6.5%16. Pregnant women with fasting glucose ≥ 7.0 mmol/L or HbA1c ≥ 48 mmol/mol were not regarded as having T2D. To exclude (suspected) T1D, all participants with self-reported diabetes and age of onset < 30 years were not classified as T2D cases, unless they explicitly reported T2D and used diabetes medication other than insulin therapy.
	Participants were considered as having T2D if they met one of the following criteria: (i) self-reported T2D since last time filling in the Lifelines questionnaire, or (ii) fasting glucose ≥ 7.0 mmol/L, or (3) HbA1c ≥ 48 mmol/mol (6.5%). Pregnant women with fasting glucose ≥ 7.0 mmol/L or HbA1c ≥ 48 mmol/mol were not regarded as having T2D. 


CVD, cardiovascular disease; CRD, chronic respiratory disease; T2D, type II diabetes.

Table S2. Baseline characteristics of participants with and without chronic disease
	Baseline characteristics
	Participants with no chronic disease
	Participants with one chronic disease

	No. of participants
	104 174
	29 545

	Age, years (mean ± sd) 
	44.5 ± 12.6
	47.3 ± 13.7

	Age range, years
	18–93
	18–90

	Age group, n (%)
	
	

	<45
	53 411 (51.3)
	12 748 (43.1)

	≥45–55
	30 463 (29.2)
	8495 (28.8)

	≥55
	20 300 (19.5)
	8302 (28.1)

	Sex, n (%)
	
	

	Men
	42 134 (40.4)
	12 582 (42.6)

	Women
	62 040 (59.6)
	16 963 (57.4)

	Educational attainment, n (%)
	
	

	Elementary
	2156 (2.1)
	1068 (3.6)

	Lower secondary
	26 142 (25.1)
	9054 (30.6)

	Upper secondary
	41 024 (39.4)
	10 831 (36.7)

	Tertiary
	32 554 (31.2)
	7810 (26.4)

	Missing 
	2298 (2.2)
	782 (2.6)

	BMI, kg/m2 (mean ± sd)
	25.8 ± 4.1
	26.6 ± 4.6

	BMI category, n (%)
	
	

	Underweight 
	815 (0.8)
	185 (0.6)

	Normal weight 
	48 017 (46.1)
	11 651 (39.4)

	Overweight 
	40 916 (39.3)
	12 017 (40.7)

	Obesity 
	14 396 (13.8)
	5678 (19.2)

	Missing
	30 (<0.1)
	14 (<0.1)

	Diet quality (LLDS), n (%)
	
	

	High (T3, score 28–46)
	26 462 (25.4)
	7333 (24.8)

	Moderate (T2, score 22–27)
	33 631 (32.3)
	9544 (32.3)

	Low (T1, score 1–21)
	30 820 (29.6)
	8918 (30.2)

	Missing 
	13 261 (12.7)
	3750 (12.7)

	Physical activity, n (%)
	
	

	High (≥300 min/week)
	33 222 (31.9)
	9176 (31.1)

	Moderate (150–299 min/week)
	23 986 (23.0)
	6143 (20.8)

	Low (˂150 min/week)
	37 128 (35.6)
	11 134 (37.7)

	Missing
	9838 (9.4)
	3092 (10.5)

	TV watching time, n (%)
	
	

	Low (≤2 hrs/day)
	54 360 (52.2)
	13 726 (46.5)

	Moderate (3–4 hrs/day)
	42 527 (40.8)
	12 798 (43.3)

	High (≥5 hrs/day)
	5141 (4.9)
	2264 (7.7)

	Missing
	2146 (2.1)
	757 (2.6)

	Acute stress, n (%)
	
	

	Low (0 event)
	45 653 (43.8)
	11 483 (38.9)

	Moderate (1 event)
	27 484 (26.4)
	7697 (26.1)

	High (≥2 events)
	27 549 (26.4)
	9146 (31.0)

	Missing 
	3488 (3.3)
	1219 (4.1)

	Chronic stress, n (%)
	
	

	Low (0 factor)
	22 760 (21.8)
	6031 (20.4)

	Moderate (1 or 2 factors)
	38 143 (36.6)
	10 361 (35.1)

	High (≥3 factors)
	38 900 (37.3)
	11 699 (39.6)

	Missing 
	4371 (4.2)
	1454 (4.9)

	Alcohol consumption, n (%)
	
	

	No
	19 981 (19.2)
	6077 (20.6)

	Light/moderate
	61 296 (58.8)
	16 338 (55.3)

	High
	20 337 (19.5)
	6239 (21.1)

	Missing
	2560 (2.5)
	891 (3.0)

	Smoking status, n (%)
	
	

	Never smoker
	50 007 (48.0)
	11 682 (39.5)

	Former smoker
	33 520 (32.2)
	10 353 (35.0)

	Current smoker
	19 226 (18.5)
	7114 (24.1)

	Missing
	1421 (1.4)
	396 (1.3)

	Sleep duration, n (%)
	
	

	Adequate
	86 531(83.1)
	23 520 (79.6)

	Marginally too short/long
	13 798 (13.2)
	4559 (15.4)

	Inadequate (too short/long) 
	1750 (1.7)
	712 (2.4)

	Missing 
	2095 (2.0)
	754 (2.6)

	Sleep medication use, n (%)
	
	

	No
	92 730 (89.0)
	26 014 (88.0)

	Yes
	7582 (7.3)
	2365 (8.0)

	Missing 
	3862 (3.7)
	1166 (3.9)

	Number of contacts, n (%)
	
	

	High (>20)
	25 120 (24.1)
	7186 (24.3)

	Moderate (11–20) 
	29 267 (28.1)
	8031 (27.2)

	Low (≤10) 
	46 497 (44.6)
	13 184 (44.6)

	Missing 
	3290 (3.2)
	1144 (3.9)

	Marital status, n (%)
	
	

	Relationship with cohabiting
	83 540 (80.2)
	23 372 (79.1)

	Relationship with no cohabiting
	5367 (5.2)
	1430 (4.8)

	No partner
	14 100 (13.5)
	4441 (15.0)

	Missing 
	1167 (1.1)
	302 (1.0)



Table S3 Baseline characteristics of included and excluded participants 
	Baseline characteristics
	Included participants
	Excluded participants due to dropout after baseline assessment

	No. of participants
	133719
	15707

	Age, years (mean ± sd) 
	45.2±12.9
	41.1±13.3

	Sex
	
	

	Men
	54716 (40.9)
	6988 (44.5)

	Women
	79003 (59.1)
	8719 (55.5)

	Educational attainment 
	
	

	Elementary
	3224 (2.4)
	835 (5.3)

	Lower secondary
	35196 (26.3)
	4569 (29.1)

	Upper secondary
	51855 (38.8)
	6039 (38.4)

	Tertiary
	40364 (30.2)
	3586 (22.8)

	Missing 
	3080 (2.3)
	678 (4.3)

	BMI, kg/m2 (mean ± sd)
	26.0±4.3
	26.2±4.7




Table S4. Incidence of multimorbidity in people with no or one chronic disease at baseline
	
	No chronic disease at baseline
(N = 104 174)
	One chronic disease at baseline
(N = 29 545)

	
	Person-year
	Single disease
n (incidence)
	Multimorbidity
n (incidence)
	Person-year
	Multimorbidity
n (incidence)

	All participants
	353 066
	8126 (23.0)
	434 (1.2)
	98 411
	3687 (37.5)

	Age group
	
	
	
	
	

	<45
	182 651
	2851 (15.6)
	71 (0.4)
	43 025
	1079 (25.1)

	≥45–55
	104 905
	2514 (24.0)
	110 (1.0)
	29 034
	1087 (37.4)

	≥55
	65 510
	2761 (42.1)
	253 (3.9)
	26 353
	1521 (57.7)

	Sex
	
	
	
	
	

	Male
	142 669
	3549 (24.9)
	211 (1.5)
	42 002
	1644 (39.1)

	Female
	210 397
	4577 (21.8)
	223 (1.1)
	56 409
	2043 (36.2)

	[bookmark: _Hlk106268188]Educational attainment 
	
	
	
	
	

	Elementary
	6963
	278 (39.9)
	36 (5.2)
	3365
	181 (53.8)

	Lower secondary
	86 942
	2612 (30.0)
	181 (2.1)
	29 458
	1423 (48.3)

	Upper secondary
	138 453
	3023 (21.8)
	125 (0.9)
	36 282
	1207 (33.3)

	Tertiary
	112 898
	1973 (17.5)
	77 (0.7)
	26 741
	762 (28.5)

	Missing 
	7810
	240 (30.7)
	15 (1.9)
	2566
	114 (44.4)

	BMI category
	
	
	
	
	

	Underweight 
	2657
	38 (14.3)
	1 (0.4)
	637
	27 (42.4)

	Normal weight 
	165 156
	2880 (17.4)
	98 (0.6)
	39 744
	1187 (29.9)

	Overweight 
	138 405
	3463 (25.0)
	195 (1.4)
	39 801
	1582 (39.7)

	Obesity 
	46 756
	1743 (37.3)
	139 (3.0)
	18 187
	891 (49.0)

	Missing
	92
	2 (21.7)
	1 (10.9)
	43
	0 (0.0)

	Diet quality (LLDS)
	
	
	
	
	

	High (T3, score 28–46)
	84 682
	2060 (24.3)
	121 (1.4)
	23 126
	920 (39.8)

	Moderate (T2, score 22–27)
	107 062
	2511 (23.5)
	126 (1.2)
	30 182
	1196 (39.6)

	Low (T1, score 1–21)
	96 190
	2177 (22.6)
	115 (1.2)
	27 580
	1040 (37.7)

	Missing 
	65 132
	1378 (21.2)
	72 (1.1)
	17 524
	531 (30.3)

	Physical activity 
	
	
	
	
	

	High (≥300 min/week)
	113 223
	2596 (22.9)
	132 (1.2)
	30 658
	1134 (37.0)

	Moderate (150–299 min/week)
	82 277
	1722 (20.9)
	83 (1.0)
	20 702
	710 (34.3)

	Low (˂150 min/week)
	124 285
	2969 (23.9)
	174 (1.4)
	36 573
	1444 (39.5)

	Missing
	33 281
	839 (25.2)
	45 (1.4)
	10 479
	399 (38.1)

	TV watching time
	
	
	
	
	

	Low (≤2 hrs/day)
	188 159
	3696 (19.6)
	167 (0.9)
	46 799
	1445 (30.9)

	Moderate (3–4 hrs/day)
	140 685
	3607 (25.6)
	202 (1.4)
	41 913
	1754 (41.8)

	High (≥5 hrs/day)
	16 429
	598 (36.4)
	58 (3.5)
	7052
	396 (56.2)

	Missing
	7793
	225 (28.9)
	7 (0.9)
	2647
	92 (34.8)

	Acute stress
	
	
	
	
	

	Low (0 event)
	156 810
	3261 (20.8)
	152 (1.0)
	38 762
	1362 (35.1)

	Moderate (1 event)
	93 540
	2114 (22.6)
	118 (1.3)
	25 793
	949 (36.8)

	High (≥2 events)
	91 112
	2443 (26.8)
	145 (1.6)
	29 834
	1241 (41.6)

	Missing 
	11 605
	308 (26.5)
	19 (1.6)
	4022
	135 (33.6)

	Chronic stress
	
	
	
	
	

	Low (0 factor)
	76 315
	1822 (23.9)
	114 (1.5)
	19 749
	794 (40.2)

	Moderate (1 or 2 factors)
	130 397
	2975 (22.8)
	160 (1.2)
	34 930
	1336 (38.2)

	High (≥3 factors)
	131 862
	2953 (22.4)
	140 (1.1)
	38 945
	1384 (35.5)

	Missing 
	14 492
	376 (25.9)
	20 (1.4)
	4787
	173 (36.1)

	Alcohol consumption
	
	
	
	
	

	No
	73 275
	1777 (24.3)
	102 (1.4)
	21 317
	857 (40.2)

	Light/moderate
	206 569
	4491 (21.7)
	231 (1.1)
	54 221
	1878 (34.6)

	High
	64 708
	1641 (25.4)
	93 (1.4)
	19 903
	871 (43.8)

	Missing
	8514
	217 (25.5)
	8 (0.9)
	2971
	81 (27.3)

	Smoking habits
	
	
	
	
	

	Never smoker
	169 587
	3179 (18.7)
	119 (0.7)
	38 943
	1137 (29.2)

	Former smoker
	114 336
	3041 (26.6)
	211 (1.8)
	34 402
	1483 (43.1)

	Current smoker
	64 406
	1821 (28.3)
	100 (1.6)
	23 745
	1042 (43.9)

	Missing
	4737
	85 (17.9)
	4 (0.8)
	1321
	25 (18.9)

	Sleep duration
	
	
	
	
	

	Adequate
	293 095
	6468 (22.1)
	343 (1.2)
	78 206
	2843 (36.4)

	Marginally too short/long
	46 580
	1248 (26.8)
	74 (1.6)
	15 243
	620 (40.7)

	Inadequate (too short/long) 
	5824
	198 (34.0)
	11 (1.9)
	2331
	131 (56.2)

	Missing 
	7568
	212 (28.0)
	6 (0.8)
	2632
	93 (35.3)

	Sleep medication use
	
	
	
	
	

	No
	309 596
	7065 (22.8)
	367 (1.2)
	85 574
	3206 (37.5)

	Yes
	25 174
	644 (25.6)
	43 (1.7)
	7863
	309 (39.3)

	Missing 
	18 296
	417 (22.8)
	24 (1.3)
	4974
	172 (34.6)

	Number of contacts
	
	
	
	
	

	High (>20)
	88 641
	2049 (23.1)
	109 (1.2)
	24 762
	935 (37.8)

	Moderate (11–20) 
	98 608
	2138 (21.7)
	117 (1.2)
	26 524
	970 (36.6)

	Low (≤10) 
	154 531
	3655 (23.7)
	193 (1.2)
	43 149
	1660 (38.5)

	Missing 
	11 286
	284 (25.2)
	15 (1.3)
	3976
	122 (30.7)

	Marital status
	
	
	
	
	

	Relationship with cohabiting
	284 852
	6615 (23.2)
	366 (1.3)
	78 313
	2969 (37.9)

	Relationship with no cohabiting
	16 711
	309 (18.5)
	10 (0.6)
	4378
	127 (29.0)

	No partner
	47 509
	1134 (23.9)
	55 (1.2)
	14 674
	567 (38.6)

	Missing 
	3995
	68 (17.0)
	3 (0.8)
	1046
	24 (22.9)


Data are reported as number (incidence per 1000 person-years). Incidence of multimorbidity was defined as the development of ≥ 2 chronic diseases during follow-up in individuals with no chronic disease at baseline, or the development of ≥ 1 chronic disease during follow-up in individuals with one chronic disease at baseline.

Table S5 Lifestyle factors and risk of developing multimorbidity in participants with no and one chronic disease at baseline
(Data were reported as aHR (95%CI), aHR=adjusted hazard ratio from cox regression model adjusting for all the socio-demographics and lifestyle factors)
	Factors 
	Risk of multimorbidity in participants with no chronic disease at baseline (N=104,174)
	Risk of multimorbidity in participants with one chronic disease at baseline (N=29,545)
	Risk of single disease in participants with no chronic disease at baseline (N=103,740)

	Age (Years)
	1.10 (1.09-1.12)
	1.04 (1.03-1.04)
	1.04 (1.04-1.05)

	Sex
	
	
	

	Male
	Ref
	Ref
	Ref

	Female
	0.75 (0.61-0.93)
	1.00 (0.93-1.07)
	0.94 (0.89-0.98)

	Educational attainment 
	
	
	

	Elementary
	Ref
	Ref
	Ref

	Lower secondary
	0.75 (0.52-1.09)
	1.06 (0.91-1.24)
	0.94 (0.82-1.06)

	Upper secondary
	0.63 (0.42-0.94)
	0.95 (0.80-1.11)
	0.93 (0.81-1.05)

	Tertiary
	0.49 (0.32-0.75)
	0.84 (0.71-1.00)
	0.78 (0.68-0.89)

	BMI (kg/m2)
	1.11 (1.09-1.14)
	1.03 (1.02-1.04)
	1.05 (1.05-1.06)

	Diet quality (LLDS)
	
	
	

	High (T3, score 28-46)
	Ref
	Ref
	Ref

	Moderate (T2, score 22-27)
	1.00 (0.77-1.30)
	1.04 (0.95-1.15)
	1.03 (0.97-1.10)

	Low (T1, score 1-21)
	1.29 (0.97-1.71)
	1.07 (0.97-1.19)
	1.08 (1.01-1.16)

	Physical activity 
	
	
	

	High (≥300 min/week)
	Ref
	Ref
	Ref 

	Moderate (150-299 min/week)
	1.02 (0.78-1.34)
	0.96 (0.87-1.06)
	0.97 (0.91-1.03)

	Low (˂150 min/week)
	1.23 (0.97-1.57)
	1.03 (0.95-1.12)
	1.03 (0.98-1.09)

	TV watching time
	
	
	

	Low (≤2 hrs/day)
	Ref
	Ref
	Ref

	Moderate (3-4 hrs/day)
	1.07 (0.87-1.33)
	1.16 (1.08-1.25)
	1.13 (1.08-1.19)

	High (≥5 hrs/day)
	1.69 (1.23-2.33)
	1.33 (1.18-1.50)
	1.31 (1.20-1.44)

	Acute stress
	
	
	

	Low (0 event)
	Ref
	Ref
	Ref

	Moderate (1 event)
	1.19 (0.93-1.52)
	0.98 (0.91-1.07)
	1.03 (0.98-1.09)

	High (≥2 events)
	1.27 (1.00-1.62)
	1.09 (1.00-1.18)
	1.14 (1.08-1.20)

	Chronic stress
	
	
	

	Low (0 factor)
	Ref
	Ref
	Ref

	Moderate (1 or 2 factors)
	1.37 (1.07-1.76)
	1.11 (1.01-1.21)
	1.15 (1.08-1.23)

	High (≥3 factors)
	1.70 (1.28-2.24)
	1.20 (1.09-1.33)
	1.27 (1.19-1.35)

	Alcohol consumption 
	
	
	

	No
	Ref
	Ref
	Ref

	Light/moderate
	0.92 (0.72-1.18)
	1.01 (0.93-1.10)
	1.06 (1.00-1.12)

	High
	1.07 (0.79-1.45)
	1.27 (1.15-1.41)
	1.25 (1.16-1.34)

	Smoking habits
	
	
	

	Never smoker
	Ref
	Ref
	Ref

	Former smoker
	1.56 (1.24-1.97)
	1.13 (1.04-1.22)
	1.06 (1.01-1.12)

	Current smoker
	2.34 (1.77-3.10)
	1.34 (1.23-1.47)
	1.41 (1.33-1.49)

	Sleep duration
	
	
	

	Adequate
	Ref
	Ref
	Ref

	Marginally too short/long
	0.93 (0.72-1.21)
	0.96 (0.88-1.04)
	1.00 (0.94-1.07)

	Inadequate (too short/long) 
	0.94 (0.49-1.78)
	1.20 (1.01-1.43)
	1.16 (1.01-1.34)

	Sleep medication use
	
	
	

	No
	Ref
	Ref
	Ref

	Yes
	1.37 (0.99-1.89)
	0.97 (0.87-1.10)
	1.07 (0.99-1.16)

	Number of social contacts
	
	
	

	High (>20)
	Ref
	Ref
	Ref

	Moderate (11-20) 
	1.07 (0.82-1.40)
	1.06 (0.97-1.16)
	1.05 (0.98-1.11)

	Low (≤10) 
	1.06 (0.83-1.34)
	1.06 (0.98-1.15)
	1.10 (1.04-1.16)

	Marital Status
	
	
	

	Relationship with cohabiting
	Ref
	Ref
	Ref

	Relationship with no cohabiting
	1.04 (0.55-1.96)
	1.20 (1.00-1.44)
	1.29 (1.15-1.45)

	No partner
	0.87 (0.65-1.17)
	1.04 (0.95-1.15)
	1.08 (1.01-1.15)



Table S6 Population attributable fraction (PAF) of established lifestyle factors for multimorbidity
	Lifestyle factors
	For participants with no disease at baseline
	For participants with one disease at baseline

	
	Pe, %
	HR (95%CI)
	PAF, % (95%CI)
	Pe, %
	HR (95%CI)
	PAF, % (95%CI)

	TV watching time
	
	
	
	
	
	8.9 (4.8–13.2)

	Moderate (3–4 hrs/day)
	-
	-
	-
	44.6
	1.16 (1.08–1.25)
	6.7 (3.4–10.0)

	High (≥5 hrs/day)
	5.1
	1.69 (1.23–2.33)
	3.4 (1.2–6.4)
	8.1
	1.33 (1.18–1.50)
	2.6 (1.4–3.9)

	Acute stress
	
	
	
	
	
	

	High (≥2 events)
	27.3
	1.27 (1.00–1.62)
	6.9 (0.0–14.5)
	32.4
	1.09 (1.00–1.18)
	2.8 (0.0–5.5)

	Chronic stress
	
	
	29.2 (11.9–43.5)
	
	
	10.9 (3.9–17.6)

	Moderate (1 or 2 factors)
	38.1
	1.37 (1.07–1.76)
	12.4 (2.6–22.5)
	36.8
	1.11 (1.01–1.21)
	3.9 (0.4–7.2)

	High (≥3 factors)
	38.8
	1.70 (1.28–2.24)
	21.4 (9.8–32.5)
	41.2
	1.20 (1.09–1.33)
	7.6 (3.6–12.0)

	Alcohol consumption 
	
	
	
	
	
	

	High
	-
	-
	-
	21.6
	1.27 (1.15–1.41)
	5.5 (3.1–8.1)

	Smoking habits
	
	
	30.2 (18.2–41.5)
	
	
	11.4 (6.6–16.2)

	Former smoker
	32.6
	1.56 (1.24–1.97)
	15.4 (7.3–24.0)
	35.5
	1.13 (1.04–1.22)
	4.4 (1.4–7.2)

	Current smoker
	18.7
	2.34 (1.77–3.10)
	20.0 (12.6–28.2)
	24.4
	1.34 (1.23–1.47)
	7.7 (5.3–10.3)

	Sleep duration
	
	
	
	
	
	

	Inadequate (too short/long) 
	-
	-
	-
	2.5
	1.20 (1.01–1.43)
	0.5 (0.0–1.1)

	Overall
	
	
	55.6 (28.8–73.5)
	
	
	34.4 (17.2–48.5)


Pe: prevalence of exposure, HR: hazard ratio.


Table S7 Sensitivity analyses for the association between lifestyle factors and development of multimorbidity
	Factors
	Development of single disease in participants with no chronic disease
	Development of multimorbidity in participants with no chronic disease 
	Development of multimorbidity in participants with one chronic disease

	
	Complete-case analysis (N=78277), HR (95% CI)
	AFT model (N=103740), HR (95% CI)
	Complete-case analysis (N=72860), HR (95% CI)
	AFT model (N=96048), HR (95% CI)
	Complete-case analysis (N=21938), HR (95% CI)
	AFT model (N=29545), HR (95% CI)

	Age (Years)
	1.04 (1.04-1.04)
	1.04 (1.04-1.04)
	1.11 (1.10-1.12)
	1.10 (1.09-1.12)
	1.03 (1.03-1.04)
	1.03 (1.03-1.04)

	Sex
	
	
	
	
	
	

	Male
	Ref
	Ref
	Ref 
	Ref 
	Ref 
	Ref 

	Female
	0.87 (0.82-0.92)
	0.93 (0.89-0.98)
	0.74 (0.58-0.96)
	0.75 (0.61-0.93)
	0.96 (0.88-1.04)
	0.99 (0.92-1.07)

	Educational attainment 
	
	
	
	
	
	

	Elementary
	Ref
	Ref
	Ref 
	Ref 
	Ref 
	Ref 

	Lower secondary
	0.88 (0.75-1.02)
	0.93 (0.82-1.06)
	0.79 (0.48-1.29)
	0.75 (0.52-1.09)
	0.98 (0.81-1.20)
	1.05 (0.90-1.23)

	Upper secondary
	0.87 (0.74-1.02)
	0.92 (0.81-1.05)
	0.67 (0.40-1.13)
	0.63 (0.42-0.94)
	0.89 (0.72-1.08)
	0.94 (0.80-1.10)

	Tertiary
	0.72 (0.61-0.84)
	0.77 (0.67-0.88)
	0.59 (0.35-1.02)
	0.49 (0.32-0.74)
	0.80 (0.65-0.99)
	0.83 (0.70-0.98)

	BMI (kg/m2)
	1.06 (1.05-1.06)
	1.05 (1.05-1.06)
	1.12 (1.09-1.15)
	1.11 (1.09-1.14)
	1.03 (1.02-1.04)
	1.03 (1.02-1.04)

	Diet quality (LLDS)
	
	
	
	
	
	

	High (T3, score 28-46)
	Ref
	Ref
	Ref
	Ref 
	Ref 
	Ref 

	Moderate (T2, score 22-27)
	1.02 (0.96-1.09)
	1.03 (0.97-1.10)
	1.01 (0.76-1.33)
	1.00 (0.77-1.30)
	1.03 (0.93-1.13)
	1.05 (0.95-1.15)

	Low (T1, score 1-21)
	1.06 (0.99-1.14)
	1.08 (1.01-1.16)
	1.22 (0.89-1.66)
	1.30 (0.98-1.72)
	1.05 (0.94-1.16)
	1.07 (0.97-1.19)

	Physical activity 
	
	
	
	
	
	

	High (≥300 min/week)
	Ref
	Ref
	ref
	Ref 
	Ref 
	Ref 

	Moderate (150-299 min/week)
	0.97 (0.90-1.04)
	0.97 (0.91-1.03)
	1.23 (0.90-1.68)
	1.02 (0.78-1.34)
	0.95 (0.86-1.06)
	0.96 (0.87-1.06)

	Low (˂150 min/week)
	1.05 (0.99-1.12)
	1.03 (0.98-1.09)
	1.37 (1.04-1.79)
	1.24 (0.98-1.57)
	1.07 (0.97-1.17)
	1.03 (0.95-1.12)

	TV watching time
	
	
	
	
	
	

	Low (≤2 hrs/day)
	Ref
	Ref
	Ref 
	Ref 
	Ref 
	Ref 

	Moderate (3-4 hrs/day)
	1.09 (1.03-1.15)
	1.13 (1.08-1.18)
	0.99 (0.77-1.28)
	1.07 (0.87-1.33)
	1.17 (1.08-1.27)
	1.16 (1.08-1.25)

	High (≥5 hrs/day)
	1.27 (1.14-1.41)
	1.31 (1.20-1.44)
	1.66 (1.13-2.44)
	1.70 (1.23-2.34)
	1.27 (1.10-1.46)
	1.33 (1.18-1.50)

	Acute stress
	
	
	
	
	
	

	Low (0 event)
	Ref
	Ref
	Ref 
	Ref
	Ref
	Ref

	Moderate (1 event)
	1.02 (0.95-1.08)
	1.03 (0.98-1.09)
	1.12 (0.85-1.49)
	1.19 (0.93-1.51)
	0.99 (0.90-1.10)
	0.98 (0.91-1.07)

	High (≥2 events)
	1.13 (1.06-1.20)
	1.14 (1.08-1.20)
	1.07 (0.80-1.42)
	1.27 (1.00-1.62)
	1.07 (0.97-1.17)
	1.09 (1.00-1.18)

	Chronic stress
	
	
	
	
	
	

	Low (0 factor)
	Ref
	Ref
	Ref 
	Ref
	Ref 
	Ref

	Moderate (1 or 2 factors)
	1.15 (1.07-1.23)
	1.15 (1.08-1.23)
	1.49 (1.12-1.99)
	1.37 (1.07-1.76)
	1.11 (1.00-1.24)
	1.11 (1.01-1.21)

	High (≥3 factors)
	1.27 (1.18-1.37)
	1.27 (1.19-1.35)
	1.73 (1.23-2.43)
	1.69 (1.28-2.24)
	1.23 (1.10-1.38)
	1.21 (1.09-1.33)

	Alcohol consumption 
	
	
	
	
	
	

	No
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref 

	Light/moderate
	0.86 (0.80-0.92)
	1.04 (0.98-1.10)
	0.87 (0.63-1.21)
	0.91 (0.71-1.16)
	0.84 (0.76-0.94)
	0.99 (0.91-1.08)

	High
	0.92 (0.84-1.00)
	1.20 (1.12-1.29)
	0.93 (0.63-1.37)
	1.05 (0.77-1.42)
	0.98 (0.87-1.11)
	1.23 (1.11-1.36)

	Smoking habits
	
	
	
	
	
	

	Never smoker
	Ref
	Ref
	Ref
	Ref
	ref
	Ref

	Former smoker
	1.10 (1.03-1.16)
	1.07 (1.01-1.12)
	1.44 (1.09-1.89)
	1.56 (1.24-1.98)
	1.16 (1.06-1.28)
	1.13 (1.04-1.22)

	Current smoker
	1.53 (1.43-1.65)
	1.42 (1.34-1.51)
	2.31 (1.64-3.27)
	2.36 (1.77-3.15)
	1.44 (1.30-1.60)
	1.36 (1.24-1.49)

	Sleep duration
	
	
	
	
	
	

	Adequate
	Ref
	Ref
	Ref
	Ref
	ref
	ref

	Marginally too short/long
	0.97 (0.90-1.05)
	1.01 (0.95-1.07)
	0.96 (0.71-1.31)
	0.94 (0.73-1.21)
	0.99 (0.89-1.09)
	0.96 (0.88-1.05)

	Inadequate (too short/long) 
	1.18 (0.99-1.41)
	1.16 (1.01-1.34)
	0.94 (0.42-2.13)
	0.93 (0.49-1.77)
	1.30 (1.05-1.61)
	1.21 (1.02-1.45)

	Sleep medication use
	
	
	
	
	
	

	No
	Ref
	Ref
	Ref
	Ref
	ref
	Ref

	Yes
	1.13 (1.03-1.24)
	1.08 (0.99-1.17)
	1.26 (0.84-1.90)
	1.38 (0.99-1.90)
	1.02 (0.89-1.18)
	0.98 (0.87-1.10)

	Number of social contacts
	
	
	
	
	
	

	High (>20)
	Ref
	Ref
	ref
	Ref
	ref
	Ref

	Moderate (11-20) 
	0.97 (0.90-1.04)
	1.03 (0.97-1.10)
	0.95 (0.69-1.30)
	1.06 (0.82-1.38)
	1.00 (0.90-1.11)
	1.04 (0.95-1.14)

	Low (≤10) 
	1.00 (0.93-1.06)
	1.07 (1.02-1.14)
	0.89 (0.67-1.18)
	1.04 (0.82-1.32)
	0.95 (0.86-1.05)
	1.04 (0.96-1.13)

	Marital Status
	
	
	
	
	
	

	Relationship with cohabiting
	Ref
	Ref
	Ref
	Ref
	ref
	Ref

	Relationship with no cohabiting
	1.24 (1.09-1.42)
	1.27 (1.13-1.43)
	1.12 (0.55-2.28)
	1.03 (0.55-1.94)
	1.10 (0.89-1.35)
	1.18 (0.99-1.42)

	No partner
	1.14 (1.05-1.23)
	1.08 (1.01-1.15)
	0.97 (0.68-1.39)
	0.87 (0.65-1.17)
	1.05 (0.94-1.18)
	1.04 (0.94-1.14)
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