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Abstract 1 

In this community-based cohort study, we investigated the relationship between combinations 2 

of modifiable lifestyle risk factors and infectious disease mortality. Participants were 468,569 3 

men and women (56.5 ± 8.1, 54.6% women) residing in the United Kingdom. Lifestyle indexes 4 

included traditional and emerging lifestyle risk factors based on health guidelines and best 5 

practice recommendations for: physical activity, sedentary behaviour, sleep quality, diet 6 

quality, alcohol consumption, and smoking status. The main outcome was mortality from 7 

infectious diseases, including pneumonia, and coronavirus disease 2019 (COVID-19). Meeting 8 

public health guidelines or best practice recommendations among combinations of lifestyle risk 9 

factors was inversely associated with mortality. Hazard ratios ranged between 0.26 (0.23-0.30) 10 

to 0.69 (0.60-0.79) for infectious disease and pneumonia. Among participants with pre-existing 11 

cardiovascular disease or cancer, hazard ratios ranged between 0.30 (0.25-0.34) to 0.73 (0.60-12 

0.89). COVID-19 mortality risk ranged between 0.42 (0.28-0.63) to 0.75 (0.49-1.13).  We 13 

found a beneficial dose-response association with a higher lifestyle index against mortality that 14 

was consistent across sex, age, BMI, and socioeconomic status. There was limited evidence of 15 

synergistic interactions between most lifestyle behaviour pairs, suggesting that the dose-16 

response relationship among different lifestyle behaviours is not greater than the sum of the 17 

risk induced by each behaviour. Improvements in lifestyle risk factors and meeting public 18 

health guidelines or best practice recommendations could be used as an ancillary measure to 19 

ameliorate infectious disease mortality. 20 

Keywords: Physical activity, sedentary behaviour, sleep, diet, alcohol, smoking, population 21 

cohort  22 



1. Introduction 23 

The increase in annual infectious disease cases and the proliferation of resistant strains of 24 

pathogens threatens the successful treatment of community acquired infections (Cassini et al., 25 

2019; Marston et al., 2016; Tacconelli et al., 2018). An additional 60,900 deaths occur annually 26 

due to antimicrobial resistance across the United States and Europe, whilst the incidence of 27 

sepsis now exceeds 48 million cases worldwide (Gelband et al., 2015; Kadri, 2020; Rudd et 28 

al., 2020). Respiratory infections, such as pneumonia, are the leading cause of death in 29 

developing countries, and the largest contributor to the overall burden of disease in the world 30 

measured in disability adjusted life years (Ferkol and Schraufnagel, 2014; Nair et al., 2011). 31 

Among the detrimental effects of infectious diseases are significant decreases in quality of life 32 

for individuals, in addition to clinical and economic burden across communities. The direct 33 

costs of treating community acquired pneumonia is estimated to be between 3.7 to 12.1 billion 34 

USD annually, with an additional $1.8 to $3.6 USD billion in indirect costs of economic 35 

productivity losses (Song et al., 2011; Welte et al., 2012; Weycker et al., 2010). Most recently, 36 

severe acute respiratory syndrome coronavirus 2, which causes coronavirus disease 2019 37 

(COVID-19) has led to a global health pandemic.  38 

Severe progression of infectious diseases is associated with multiple lifestyle risk factors (Baik 39 

et al., 2000; Hamer et al., 2019). The role of lifestyle behaviours and risk of infectious disease 40 

mortality is becoming increasingly important. This requires a better understanding of the 41 

relationship between combinations of different lifestyle risk factors that may increase the risk 42 

of mortality. To date, studies have only examined the individual associations of lifestyle risk 43 

factors and infectious diseases (Hamer et al., 2019; Paulsen et al., 2017; Wang et al., 2017). 44 

For example, smokers have shown an increased risk of both bacterial and viral infection-related 45 

mortality (Carter et al., 2015; Huttunen et al., 2011), and poor diet quality has been associated 46 



with low resistance to infections (Ambrus and Ambrus, 2004; Gordon, 1968; Katona and 47 

Katona-Apte, 2008; Scrimshaw and SanGiovanni, 1997). Further, among individuals, who 48 

never drink alcohol or moderately drink, infectious disease risk does not differ; risk, however, 49 

increases substantially among heavy drinkers, leading to higher rates of morbidity and 50 

mortality (Rehm et al., 2010; Samokhvalov et al., 2010). Higher volumes of physical activity 51 

are associated with a lower incidence of infectious diseases and related mortality (Baik et al., 52 

2000; Hamer et al., 2019). Most recently, physical inactivity, a history of smoking, and 53 

excessive alcohol consumption have been identified as lifestyle risk factors that contribute to 54 

increased risk of hospitalizations due to COVID-19.  More than a 4-fold increase in 55 

hospitalisation was observed among participants engaging in all unfavourable behaviours 56 

(Hamer et al., 2020). The additive influence of multiple lifestyle behaviours against infection 57 

related mortality, remains unknown. 58 

Prior literature suggests different lifestyle behaviours may have synergistic effects (Stamatakis 59 

et al., 2015; Xiao et al., 2014). The risk of immune-suppressive effects from an unhealthy 60 

lifestyle behaviour, such as physical inactivity, may be amplified by unhealthy sleep habits and 61 

high sedentary time. Among the possible consequences is an increased risk of hospitalisations 62 

and mortality events caused by respiratory infections (Fletcher et al., 2018; Ibarra-Coronado et 63 

al., 2015; Nieman et al., 2011; Opp and Krueger, 2015; Sallis et al., 2020). Studies that have 64 

observed inconsistent relationships between inadequate sleep duration and respiratory 65 

infections did not consider the role of sleep quality or the influence of combined lifestyle 66 

behaviours (Irwin, 2015; Prather and Leung, 2016). Considering that individual lifestyle risk 67 

factors may have an additive influence on mortality risk, investigating combinations of lifestyle 68 

behaviours together will elucidate more clinically relevant information (Ding et al., 2015; 69 

Dunstan et al., 2012; Hamer et al., 2014; Hamilton et al., 2007; Stamatakis et al., 2015). 70 



To our knowledge, no studies have examined the associations between both established and 71 

emerging lifestyle risk factors, with infectious disease that include: physical activity, sedentary 72 

behaviour, sleep quality, diet quality, alcohol consumption, and smoking status. The aim of 73 

this study was to examine the association of combined lifestyle risk factor indexes and risk of 74 

infectious disease mortality, including mortality due to pneumonia and COVID-19. 75 

 2. Materials and Methods 76 

2.1 Participants 77 

The UK Biobank is a prospective cohort study which aims to investigate the genetic, lifestyle, 78 

and environmental causes of a range of diseases (Allen et al., 2012; Sudlow et al., 2015; UK 79 

Biobank, 2007). Between 2006 and 2010, 502,656 adults aged between 40 and 69 years 80 

(229,182 men and 273, 474 women) were recruited. All participants were registered with the 81 

UK National Health Service (NHS) and lived within ~40 km of 1 of the 22 study assessment 82 

centres. The UK Biobank invited ~9.2 million people to participate through postal invitation 83 

with a telephone follow-up, with a response rate of 5.7%. The UK Biobank has approval from 84 

the North West Multi-Centre Research Ethics Committee, the National Information 85 

Governance Board for Health and Social Care in England and Wales, and the Community 86 

Health Index Advisory Group in Scotland. In addition, an independent Ethics and 87 

Governance Council was formed in 2004 to oversee UK Biobank’s continuous adherence to 88 

the Ethics and Governance Framework, which were developed for the study (http://www.uk- 89 

biobank.ac.uk/ethics/). All participants provided written informed consent. 90 

Participants consented to the use of their de-identified data and access to their national health-91 

related hospital and death records. Exclusions prior to the onset of analyses included 92 

participants who did not have complete/usable physical activity, sedentary behaviour, sleep, 93 



diet, alcohol consumption, and smoking history information (n =20,144). We then excluded 94 

any remaining participants with an incomplete covariate profile (n = 13,903). 95 

 2.2 Measurements 96 

During the baseline recruitment visit, participants were asked to complete a self-administered 97 

touchscreen questionnaire, which included questions on socio-demographics and lifestyle 98 

exposures.    99 

2.2.1 Physical activity: Physical activity was measured using the International Physical 100 

Activity Questionnaire (IPAQ) short form (Craig et al., 2003) and included items on 101 

frequency and duration of walking, moderate intensity activity, and vigorous intensity 102 

activity. Missing values for a category were imputed using multivariate imputation by 103 

chained equations (Buuren and Groothuis-Oudshoorn, 2010). Physical activity was expressed 104 

as MET-hrs/week and based on the IPAQ scoring procedure, participants who attained 600 105 

MET-hrs/week met the physical activity guidelines of 150 minutes of moderate-vigorous 106 

physical activity a week (Bull et al., 2020). Participants were classified as inactive if they 107 

attained 0 MET-hrs/week, insufficiently active if they had less than 600 MET-hrs/week, and 108 

sufficiently active if they had at least 600 MET-hrs/week. 109 

2.2.2 Sedentary time: Total sedentary time was based on three questions enquiring about 110 

daily hours of TV, PC screen-based activities and driving. Sedentary time was classified as 111 

high (> 7 hours/d), medium (4 to 7 hours/d) , or low (>=4 hours/d).(Chau et al., 2015, 2013) 112 

2.2.3 Sleep quality: Sleep quality was assessed using five healthy sleep characteristics which 113 

included (Fan et al., 2020): Morning chronotype, sleep duration (7-9 hours), not usually 114 

insomnia, no snoring, and no frequent daytime sleepiness. Following the sleep quality scoring 115 

by Fan et al, participants were given a score of “1” for every question they answered “yes” 116 

(Fan et al., 2020). Component scores were summed and participants were classified as having 117 



poor sleep quality (score = 0 to 1), moderate sleep quality (score = 2 to 3), or good sleep 118 

quality (score = 4 to 5). 119 

 2.2.4 Diet Quality: Diet quality was assessed using a modified Alternate Healthy Eating 120 

Index (AHEI), which is based on foods and nutrients that have been shown to be predictive of 121 

disease (Chiuve et al., 2012). Participants are given a score of 0 to 10 for each food category 122 

and the scoring criteria for the AHEI is described in detail elsewhere (McCullough et al., 123 

2002). For the current study, participants reported their daily diet in four categories: fruits, 124 

vegetables, whole grains, and portions of red meat/ processed meat. All the component scores 125 

were summed and participants were classified as having poor diet quality (score = 0 to 10), 126 

moderate diet quality (score = 11 to 30), and good diet quality (score = 31 to 40). 127 

2.2.5 Alcohol consumption: Participants reported their alcohol drinking status as: Never 128 

drinker, ex-drinker, or current drinker. Participants who were current drinkers, were asked 129 

about average weekly consumption of wine, spirits, and beer intake. Based on current UK 130 

guidelines,  participants were categorised as never drinkers,   ex-drinkers,  within guideline 131 

drinkers (<14 UK units of alcohol/wk; 1 unit = 8g of alcohol), or above guideline drinkers 132 

(≥14 UK units of alcohol/wk).(Health, 2016; Rosenberg et al., 2018)   133 

2.2.6 Smoking status: Participants were asked to report their current smoking status. They 134 

were classified as never smokers, previous smokers, and current smokers.  135 

2.2.7 Healthy Lifestyle Index:  Each lifestyle behaviour, except for alcohol consumption, 136 

was assigned a score ranging from zero (least healthy behaviour) to two (most healthy 137 

behaviour). Alcohol consumption was categorized into four groups on the basis that ex-138 

alcohol drinkers are generally at a higher risk of all-cause mortality than lifelong never 139 

drinkers (Knott et al., 2015; Perreault et al., 2017). 140 



Table 1 describes the categorisation for all six lifestyle risk factors and the corresponding 141 

scores that were assigned to participants. All six individual lifestyle behaviour scores were 142 

added together to obtain a healthy lifestyle index score. Never drinkers and guideline drinkers 143 

were given the same index score because the behaviours have both been shown to have 144 

similar protective health benefits (Friedman and Klatsky, 1993). A lifestyle behaviour score 145 

of 0-4 represented the least healthy group and was an indication that participants had a score 146 

of 0 in multiple behaviour categories without a score of 2 in more than two categories. A 147 

score of 10-12 represented the healthiest group, and was an indication that participants had a 148 

score of 2 in at least four out of the six categories. 149 

--Insert Table 1 near here-- 150 

2.3 Outcomes 151 

Participant data was linked to the national datasets from the National Health Service (NHS) 152 

Information Centre (England and Wales) and the NHS Central Register Scotland (Scotland). 153 

Complete follow-up was available through June 28th, 2020. Mortality incidence data were 154 

coded using the 10th Revision of the International Classification of Diseases (ICD-10) and 155 

included if it was the underlying or contributory cause of death. Infectious disease mortality 156 

was identified using the following ICD-10 codes: A00-B99 and J09-J18 (pneumonia). 157 

COVID-19 mortality was identified using ICD-10 codes U07.1-U07.2. 158 

2.4 Statistical analyses 159 

Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated using Cox 160 

proportional hazards regression models for individual lifestyle risk factors and healthy 161 

lifestyle index with infectious disease outcome. The reference group for each individual 162 

lifestyle risk factor was the least favourable lifestyle behaviour. The timescale was in 163 

calendar time (months). Multivariable proportional regression models were adjusted for the 164 



following covariates: age at baseline, sex, socioeconomic status based on the Townsend 165 

deprivation index (Townsend et al., 1988), ethnicity (White, South Asian, Black, Chinese, 166 

and other), body mass index (weight divided by squared height), corticosteroid use, and 167 

comorbidities (cardiovascular diseases, cancers, diabetes, chronic respiratory disease [ICD-10 168 

codes J.40 to J.47], liver disease, end-stage renal disease, immune disorders/HIV, and 169 

hypertension defined as ≥140/90 mmHg)  170 

To examine the associations between individual lifestyle risk factors and healthy lifestyle 171 

index with COVID-19 mortality, we used binomial regression to account for all mortality 172 

events occurring only between March to June 2020. The adjusted risk ratio models included 173 

all the covariates previously listed. 174 

To evaluate the consistency of our findings in different population subgroups, we conducted a 175 

set of stratified analysis by: sex (male; female); age (< 50 years; < 60 years; and ≥ 60 years); 176 

body mass index (BMI) category (normal weight; overweight; obese); and socioeconomic 177 

status (Townsend index quintiles). In addition, we examined the associations among 178 

participants who had a history of cardiovascular disease and cancer. Three measures were 179 

used to investigate interaction between pairs of lifestyle behaviours: The relative excess risk 180 

due to interaction (RERI); attributable proportion due to interaction (AP); and the synergistic 181 

effects (S). RERI and AP would be equal to zero and S would be equal to 1 if there is no 182 

interaction present between pairs of behaviours (Andersson et al., 2005; Källberg et al., 183 

2006). To reduce the possibility of spurious associations due to reverse causation, we 184 

repeated analyses after excluding all participants who died in the first five years of follow-up. 185 

Sensitivity analysis was conducted for infectious disease mortality by excluding all infectious 186 

disease mortality due to pneumonia. In another set of sensitivity analyses, we excluded 187 

participants with a history of smoking, cardiovascular disease, and cancer and included self-188 

reported health as a covariate. We also assessed the associations of individual lifestyle risk 189 



factors with mortality among participants who had the least healthy lifestyle index score.  All 190 

analysis was performed using R software (version 4.0.2). 191 

3. Results 192 

3.1 Sample  193 

Our analysis included 468,569 participants. Supplemental Figure 1 provides a detailed 194 

flowchart of participants who were excluded due to missing or unusable data. The 195 

participants included in the study had a corresponding 4,176 deaths due to infectious diseases 196 

and 3,170 deaths due to pneumonia. There were an additional 387 deaths due to COVID-19. 197 

The number of participants with an event for each type of infectious disease is listed in 198 

Supplemental Table 1. The absolute risk and person-time rate for each healthy lifestyle index 199 

category is displayed in Supplemental Table 13. Table 2 presents the characteristics of the 200 

population at baseline. The median follow-up time was 11.3 years (IQR: 10.5 to 11.9 years) 201 

with a total of 5,166,793 person-years of follow-up before death or censoring, and 54.6% of 202 

the participants were female. The average age of participants at baseline was 56.5 (± 8.1) 203 

years. Among the 29,281 participants classified as having the lowest healthy lifestyle 204 

behaviour index score (0 to 5 score), 62.7% were inactive, 41.9% reported more than 7 hours 205 

per day in discretionary sedentary time, and 14.4% had poor sleep quality. Among these 206 

participants, 53.8% had poor diet quality, 45.8% were current smokers, and 87.3% were ex-207 

drinkers or consuming more than 14 units of alcohol per week. Healthy lifestyle behaviour 208 

index scores were more prevalent among females, those with lower body mass index, and 209 

higher socioeconomic status.  210 

--Insert Table 2 near here--  211 



 3.2 Individual lifestyle risk factors  212 

3.2.1 Infectious disease and pneumonia mortality: The hazard ratios of each individual 213 

lifestyle behaviour   for infectious disease and pneumonia mortality are provided in Tables 3 214 

and 4, respectively. In the fully adjusted models, we found a direct association between all 215 

three movement behaviours (physical activity, sedentary behaviour, sleep) and infectious 216 

disease mortality and pneumonia mortality. When individuals with good sleep quality were 217 

compared to individuals with poor sleep quality, we observed a 20% decrease in infectious 218 

disease mortality (HR [95%CIs]: 0.80 [0.70 to 0.92]) and pneumonia mortality (0.80 [0.68 to 219 

0.95]). The associations for sedentary time followed the same pattern, and when individuals 220 

with low sedentary time were compared to individuals with high sedentary time, we observed 221 

≈21% decrease in infectious disease mortality (0.78 [0.72 to 0.87]) and pneumonia mortality 222 

(0.79 [0.67 to 0.94]). Comparatively, when individuals who were sufficiently active were 223 

compared to those who were inactive, we observed a 37% decrease in infectious disease 224 

mortality (0.64 [0.59 to 0.69]) and pneumonia mortality (0.63 [0.58 to 0.69]) (Tables 3 and 225 

4). 226 

Individuals who were ex-smokers or had never smoked had a significantly lower risk for 227 

infectious disease mortality (ex-smokers: 0.50 [ 0.46 to 0.54]; never smokers: 0.37 [0.34 to 228 

0.41]) and pneumonia mortality (ex-smokers: 0.46 [0.42 to 0.51]; never smokers: 0.33 [0.30 229 

to 0.36]) compared to individuals who were current smokers. In contrast, there was weak 230 

evidence for an association of diet quality. Compared to those with the poorest diet quality 231 

(referent group), only participants with good diet quality had an attenuated risk for infectious 232 

disease mortality (0.85 [0.77 to 0.93]) and pneumonia mortality (0.82 [0.75 to 0.91]). When 233 

ex-drinkers (referent group) were compared to current drinkers we observed a 44% to 47% 234 

reduction in infectious disease mortality (within guideline drinkers: 0.56 [0.50 to 0.63]; above 235 

guideline drinkers: 0.53 [0.47 to 0.60]).  236 



--Insert Tables 3 and 4 near here-- 237 

3.2.2 COVID-19 mortality: Table 5 shows the risk ratio of each lifestyle behaviour category 238 

for COVID-19 mortality. In the fully adjusted models, individuals who were sufficiently 239 

active (RR [95%CIs]: 0.70 [0.54 to 0.89]), had never smoked (0.54 [0.39 to 0.74]), and were 240 

current drinkers (within guideline drinkers: 0.60 (0.40 to 0.89]; above guideline drinkers: 241 

0.62 [0.41 to 0.93]) had lower COVID-19 mortality risk compared to the referent groups of 242 

each lifestyle risk factor.  243 

--Insert Table 5 near here-- 244 

3.3 Healthy lifestyle index  245 

3.3.1 Infectious disease and pneumonia mortality: Figure 1 shows the healthy lifestyle 246 

index hazard ratios for infectious disease and pneumonia mortality. For both infectious 247 

disease and pneumonia, there was a dose-response association with higher lifestyle index 248 

scores. For example, there was a 34% (HR [95%CIs]: 0.66 [0.59 to 0.75]) to 71% (0.29 [0.26 249 

to 0.33]) reduction in infectious disease mortality for participants who were not classified in 250 

the least healthy behaviour group. Similarly, the pneumonia mortality risk was gradually 251 

attenuated with a higher lifestyle index; e.g. a 31% (0.69 [0.60 to 0.79]) to 74% (0.26 [0.23 to 252 

0.30]) lower pneumonia mortality risk for participants when compared to those in the least 253 

healthy behaviour group. Additional analysis for infectious disease and pneumonia among 254 

only participants with cancer or cardiovascular disease showed a dose-response association 255 

with higher lifestyle index scores (Supplemental Figure 2 and 3). For infectious disease, 256 

participants with cancer had a 28% (0.72 [0.60 to 0.86]) to 65% (0.35 [0.29 to 0.42]) 257 

reduction in mortality risk, whilst participants with cancer had a 30% (0.72 [0.61 to 0.79]) to 258 

68% (0.32 [0.28 to 0.37]) reduction compared to participants classified in the least healthy 259 

behaviour group. Likewise, the pneumonia mortality risk among was gradually attenuated 260 



with a higher lifestyle index; participants with cancer had a 27% (0.73 [0.60 to 0.89]) to 69% 261 

(0.31 [0.25 to 0.38]) reduction in mortality risk, and participants with cardiovascular disease 262 

had a 29% (0.71 [0.61 to 0.82]) to 70% (0.30 [0.25 to 0.34]) reduction. 263 

--Insert Figure 1 near here -- 264 

3.3.2 COVID-19 mortality: Figure 2 displays the healthy lifestyle index risk ratios for 265 

COVID-19 mortality. Across the lifestyle groupings, we observed a similar reduction for 266 

COVID-19 mortality risk as in infectious disease and pneumonia mortality above. Among the 267 

4th healthiest to healthiest lifestyle index, COVID-19 mortality risk was attenuated by 44% 268 

(RR [95% CIs]: 0.56 [0.38 to 0.82]) to 58% (0.42 [0.28 to 0.63]) for individuals who were 269 

not classified in the least healthy behaviour group. 270 

--Insert Figure 2 near here – 271 

3.3.3 Population impact: Supplemental Tables 2 to 11 and Supplemental Figures 2 to 3 272 

display results stratified by sex, age, body mass index, socioeconomic status, and participants 273 

diagnosed with cardiovascular disease or cancer. There were generally consistent dose-274 

response patterns with higher lifestyle indexes across all strata, including participants in the 275 

highest mortality risk groups. For example, participants in the lowest socioeconomic status 276 

quintile had an infectious disease mortality risk between 0.74 [0.59 to 0.92] to 0.31 [0.24 to 277 

0.40]. Mortality risk among participants who were obese or over 60 years, and not classified 278 

in the lowest lifestyle index category was markedly low; among these participants, hazard 279 

ratios were between 0.70 [0.57 to 0.86] to 0.31 [0.20 to 0.47] for infectious disease mortality. 280 

Likewise, participants diagnosed with cardiovascular disease or cancer had an incremental 281 

decrease for mortality risk as the healthy lifestyle index improved with hazard ratios between 282 

0.72 [ 0.60 to 0.85] to 0.32 [0.28 to 0.37]. The only pair of lifestyle behaviours that showed a 283 

statistically significant synergistic interaction (Supplemental Table 12) was not meeting 284 



physical activity guidelines and being a current smoker (RERI [95% CI] = 0.4 [0.06-0.8]; S = 285 

1.3 [1.1-1.5], attributable portion due to interaction= 14.0% (2.8%-25.2%)]. The lack of 286 

significant synergistic interactions among most lifestyle behaviour pairs suggests that the 287 

dose-response relationship among the different lifestyle behaviours is not greater than the 288 

sum of the risk induced by each behaviour.  289 

3.3.4 Sensitivity analysis: Removing participants with an event occurring in the first five 290 

years of follow-up, a history of smoking, cardiovascular disease, or cancer had no material 291 

impact on the dose-response associations with infectious disease mortality (Supplemental 292 

Tables 14 and 15, and Supplemental Figures 4 and 5). The associations of individual lifestyle 293 

risk factors with infectious disease mortality were not appreciably different when participants 294 

who had the least healthy lifestyle behaviour index score were analysed separately 295 

(Supplemental Tables 16 and 17). Three of the individual lifestyle risk factors showed 296 

beneficial associations against infectious disease mortality when pneumonia events were 297 

excluded: engaging in at least some physical activity; not being a current smoker; and 298 

consuming at least some alcohol (Supplemental Table 18). 299 

4. Discussion 300 

In this prospective cohort study, we examined the additive relationship between multiple 301 

lifestyle risk factors - physical activity, sedentary behaviour, sleeping quality, diet quality, 302 

alcohol consumption, and smoking. We found a clear beneficial dose response association 303 

with a healthier lifestyle index score against mortality from infectious disease, pneumonia, 304 

and COVID-19. These associations were independent of multiple markers of overall health 305 

status. We found limited evidence of synergistic interactions between pairs of behaviours, 306 

suggesting that any beneficial associations conferred by different lifestyle behaviours is not 307 

greater than the sum of the risk induced by each behaviour. This interpretation is supported 308 



by the results of the individual risk factors and outcomes. Results for COVID-19 mortality 309 

were consistent, although the low number of events made the statistical comparisons less 310 

clear. The patterns of attenuation, however, were comparable to infectious disease and 311 

pneumonia mortality. Our results are encouraging, not least for middle-aged and older adults 312 

who are at the highest risk of mortality from respiratory infections, who can potentially gain 313 

protection against the consequences of infectious disease through modifiable lifestyle 314 

behaviours.  315 

We observed a dose-response for infectious disease mortality with higher lifestyle index 316 

scores. Infectious disease mortality in a smaller analysis of the Health Survey for England 317 

and Scottish Health Survey examining traditional lifestyle behaviours- that included physical 318 

activity, smoking, and alcohol consumption- reported  protective associations against 319 

mortality among 97,844 participants if they engaged in at least some moderate to vigorous 320 

physical activity, and had never smoked (Hamer et al., 2019). The study did not examine the 321 

additive effects of lifestyle risk factors that led to a decrease in infectious disease mortality 322 

risk. Analysis of 64,027 HUNT Study participants showed that bloodstream-specific 323 

infectious disease mortality was associated with individual health behaviours, specifically 324 

moderate to vigorous physical activity levels and smoking status (Paulsen et al., 2017). Other 325 

epidemiological studies have assessed other traditional individual behaviours with infectious 326 

disease using various lifestyle behaviour measures (Almirall et al., 2008; Inoue et al., 2007; 327 

Wang et al., 2014).  The current study is the first to examine the protective benefits for a 328 

combined healthy lifestyle and among individuals with comorbidities, who are most at risk of 329 

infectious disease mortality. The health benefits were found to be additive and can be attained 330 

through a combination of lifestyle behaviours. The dose-response nature of the associations 331 

between healthy lifestyle indexes was consistent across infectious disease, pneumonia, and 332 

COVID-19 mortality. 333 



We found consistent beneficial associations for all six individual lifestyle behaviour 334 

categories with infectious disease and pneumonia mortality. With only one exception, 335 

however, there was no evidence of synergistic interactions between pairs of behaviours. 336 

Specifically, meeting physical activity guidelines and not being a current smoker were the 337 

only lifestyle behaviours to have a synergistic interaction against the risk of infectious disease 338 

mortality. Habitual moderate to vigorous physical activity enhances a number of immune 339 

parameters such as increasing natural killer cell activity, neutrophils, number of circulating 340 

lymphocytes, and cytokine production (Mackinnon, 1999; Matthews et al., 2002; Nieman, 341 

1994; Nieman et al., 1990). Conversely, smoking affects many of the same immune-342 

parameters but in the opposite direction (Hersey et al., 1983; Sopori, 2002).   343 

Meeting health guidelines or best practice recommendations in combinations of different 344 

lifestyle behaviours can significantly reduce the risk of infectious disease mortality among 345 

both the low and high risk segments of the population, regardless of sex, age, weight, or 346 

socioeconomic status. In addition to preventive immunology measures, public health efforts 347 

focused on improvements in meeting minimum lifestyle recommendations could be used as 348 

an ancillary measure to ameliorate the most severe health consequences of infectious disease, 349 

especially among middle aged and older adults. Participants with existing chronic conditions 350 

such as cardiovascular disease and cancer— for whom our study has also shown to gain 351 

health benefits—might choose to engage in a number of differing healthy lifestyle behaviours 352 

and can still attain protective benefits against infectious disease, pneumonia, and COVID-19 353 

mortality. These findings offer additional resources for primary care to prescribe 354 

improvements in lifestyle risk factors that can be used as a powerful ancillary measure 355 

against mortality from infectious disease. 356 

To our knowledge, this is the first study to examine a comprehensive lifestyle risk factor 357 

index score incorporating multiple modifiable behaviours (physical activity, sedentary 358 



behaviour, sleep quality, diet quality, alcohol consumption, and smoking status) in relation to 359 

infectious disease mortality risk. We were able to provide a comprehensive assessment for 360 

sleep quality that accounted for five sleep characteristics. We were, also, able to separate 361 

never drinkers from ex-drinkers who may have quit drinking due to prior alcohol-related 362 

problems. The dietary measure was comprehensive and included fruits, vegetables, grains, 363 

and red/processed meat. We also did not conflate the lifestyle behaviours with their 364 

outcomes, as some lifestyle behaviour indices have previously done by including weight 365 

status or other metabolic health indicators in the index (Bonaccio et al., 2019; Lee et al., 366 

2011). We examined modifiable lifestyle behaviours in a large cohort with more than 10 367 

years follow-up for mortality, and the longest person-years follow-up in the field, and 368 

quantified the population health impact from different lifestyle behaviour combinations and 369 

synergistic interactions. The use of lifestyle behaviour indices such as ours based on current 370 

guidelines and best practice category thresholds for risk allows for policy-relevant lifestyle 371 

behaviours to be easily translated and assessed across settings and populations. 372 

Opposing these strengths were several limitations. First, all lifestyle risk factors were 373 

measured with self-report questionnaires. Due to social desirability bias, misclassification is 374 

potentially non-random, and the results are most likely biased toward the null, with 375 

participants more likely to report desirable behaviours. Therefore, the preventable infectious 376 

disease mortality related to the healthy lifestyle indices is likely to be underestimated, as 377 

indicated by PF. Second, the sleep quality scoring included sleep chronotype, which might be 378 

influenced more by genetic traits than behavioural factors (Adan et al., 2012; Hur et al., 1998; 379 

Koskenvuo et al., 2007). Third, although the UK Biobank cohort is not representative of the 380 

general population (UK Biobank participants are healthier than the general population), prior 381 

epidemiological evidence has shown that there is little evidence for bias attributable to 382 

nonparticipation and exposure-disease relationships are widely generalizable (Fry et al., 383 



2017). This reinforces the epidemiological principle that associations are less dependent on 384 

the representativeness of the cohort, relative to prevalence (Galea et al., 2007). 385 

4.1 Conclusions 386 

This large prospective cohort study examined the additive impact of healthy lifestyle 387 

behaviour combinations, which included the analysis of traditional and emerging lifestyle 388 

factors. We found that in middle aged and older adults, including those with cardiovascular 389 

disease and cancer, healthier lifestyle behaviours may protect against the most severe 390 

consequences of infectious disease. The findings based on public health guidelines and best 391 

practice recommendations provides information that clinicians and researchers can readily 392 

translate into practice and future research.  393 
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Table 1: Lifestyle risk factor categories and index score 

Risk factor Category Definition Index score 

 Inactive 0 min 0 

Physical Insufficient 1-149 min 1 

Activity Sufficient ≥ 150 min 2 

 High SB > 7 hrs 0 

Sedentary 

behaviour   

Mod SB 4-7 hrs 1 

Behaviour Low SB < 4 hrs 2 

 Poor index ≤ 1 sleep score 0 

Sleep Moderate index 

slepattern 

2-3 sleep score 1 

 Good index > 3 sleep score 2 

 Poor quality 0 diet score 0 

Diet Moderate quality 1 diet score 1 

 Good quality 2 diet score 2 

 Ex-drinker * 0 

*Alcohol Above guideline * 1 

 Never drinker * 2 

 Within guideline * 2 

 Current  0 

Smoking Previous  1 

 Never  2 

*In the United Kindom, 1 unit = 8g of alcohol; Heavy drinker ≥14 units; To derive a 

combined lifestyle behaviour index score, ex-drinker and never drinkers were combined into 

the same category



Table 2: Study population characteristics at baseline. Values are means (SD) unless stated otherwise 

 Lifestyle Behaviour Index Score 

Characteristic 0-4 6 7 8 9 10 10-12 

Sample size (n) 29,281 33,641 54,524 75,083 84,975 80,357 110,582 

Follow-up duration (years) 10.7 (2.0) 10.9 (1.8) 11.0 (1.6) 11.0 (1.5) 11.0 (1.4) 11.1 (1.4) 11.1 (1.3) 

Age (years) 55.7 (8.0) 56.3 (7.9) 56.5 (8.0) 56.6 (8.0) 56.5 (8.1) 56.5 (8.1) 56.6 (8.3) 

Women (%) 33.9 38.1 42.3 47.8 54.2 61.8 71.0 

Physical activity, n (%)        

Inactive  18,355 (62.7) 14,267 (42.4) 17,485 (32.1) 18,280 (24.3) 15,400 (18.1) 8,859 (11.0) 2,575 (2.3) 

Insufficient 7935 (27.1) 11,830 (35.2) 19,565 (35.9) 25,525 (34.0) 27,763 (32.7) 25,445 (31.7) 22,546 (20.4) 

Sufficient 2991 (10.2) 7,544 (22.4) 17,474 (32.0) 31,278 (41.7) 41,812 (49.2) 46,053 (57.3) 85,461 (77.3) 

Sedentary         

High 12,280 (41.9) 9,328 (27.7) 10,976 (20.1 10,513 (14.0) 7,917 (9.3) 4,778 (5.9) 1,693 (1.5) 

Mod 14,857 (50.7) 19,861 (59.0) 33,738 (61.9) 46,350 (61.7) 50,083 (58.9) 43,161 (53.7) 41,879 (37.9) 

Low 2,144 (7.3) 4,452 (13.2) 9,810 (18.0) 18,220 (24.3) 26,975 (31.7) 32,418 (40.3) 67,010 (60.6) 

Sleep        

Poor quality (0-1) 4,223 (14.4) 2,618 (7.8) 2,702 (5.0) 2,319 (3.1) 1,614 (1.9) 831 (1.0) 213 (0.2) 

Moderate quality (2-3) 19,984 (68.2) 21,595 (64.2) 32,430 (59.5) 39,146 (52.1) 37,002 (43.5) 28,627 (35.6) 22,351 (20.2) 

Good quality (4-5) 5,074 (17.3) 9,428 (28.0) 19,392 (35.6) 33,618 (44.8) 46,359 (54.6) 50,899 (63.3) 88,018 (79.6) 

Diet        

Poor quality 15,755 (53.8) 11,986 (35.6) 14,254 (26.1) 13,914 (18.5) 10,843 (12.8) 6,407 (8.0) 2,105 (1.9) 

Moderate quality 11,110 (37.9) 15,717 (46.7) 26,137 (47.9) 34,933 (46.5) 36,892 (43.4) 32,400 (40.3) 29,704 (26.9) 

Good quality 2,416 (8.3) 5,938 (17.7) 14,133 (25.9) 26,236 (34.9) 37,240 (43.8) 41,550 (51.7) 78,773 (71.2) 

Alcohol*        

Ex-drinker 5,378 (18.4) 3,074 (9.1) 3,318 (6.1) 2,761 (3.7) 1,432 (1.7) 395 (0.5) 0 (0) 

Above guideline 20,170 (68.9) 22,511 (66.9) 33,212 (60.9) 38,912 (51.8) 32,824 (38.6) 17,903 (22.3) 4,450 (4.0) 

Non-drinker 662 (2.3) 1,116 (3.3) 2,251 (4.1) 3,565 (4.7) 4,390 (5.2) 3,981 (5.0) 3,625 (3.3) 

Within guideline 3,071 (10.5) 6,940 (20.6) 15,743 (28.9) 29,845 (39.7) 46,329 (54.5) 58,078 (72.3) 102,507 (92.7) 

Smoking        

Current 13,416 (45.8) 9,168 (27.3) 9,691 (17.8) 8,091 (10.8) 5,057 (6.0) 2,466 (3.1) 692 (0.6) 

Previous 12,131 (41.4) 16,390 (48.7) 26,429 (48.5) 33,555 (44.7) 32,164 (37.9) 23,784 (29.6) 18,537 (16.8) 



Never 3,734 (12.8) 8,083 (24.0) 18,404 (33.8) 33,437 (44.5) 47,754 (56.2) 54,107 (67.3) 91,353 (82.6) 
Townsend deprivation index [median (IQR)] -0.9 (-3.0, 2.4) -1.7 (-3.4, 1.3) -2.0 (-3.5, 0.9) -2.1 (-3.6, 0.5) -2.3 (-3.7, 0.2) -2.4 (-3.7, 0.0) -2.5 (-3.8, -0.3) 

Body Mass Index 28.8 (5.3) 28.6 (5.1) 28.2 (4.9) 27.9 (4.8) 27.5 (4.7) 27.0 (4.6) 26.1 (4.3) 

Ethnicity (%)        

White 95.8 95.9 95.5 95.2 94.8 94.5 94.9 

South Asian 1.3 1.4 1.6 1.8 2.0 2.0 1.7 

Black 1.3 1.2 1.4 1.4 1.4 1.6 1.6 

Chinese 0.1 0.2 0.2 0.3 0.3 0.4 0.4 

Other 1.5 1.4 1.3 1.3 1.4 1.5 1.4 

Comorbidities (%)        

Cancer  8.2 7.9 8.3 8.1 8.3 8.4 8.5 

Cardiovascular disease 38.3 35.8 33.9 31.4 29.0 27.0 23.7 

Diabetes 8.0 7.0 6.1 5.4 4.8 4.1 3.1 

Chronic respiratory illness 16.4 14.6 13.6 13.2 12.6 12.2 11.3 

Liver disease 0.6 0.4 0.3 0.3 0.2 0.2 0.2 

End-stage renal disease 0.2 0.1 0.1 0.1 <0.1 <0.1 <0.1 

Immune disorders/HIV 0.5 0.4 0.4 0.4 0.4 0.3 0.3 

* In the United Kingdom, 1 unit = 8g of alcohol; Heavy drinker ≥14 units; Physical activity was classified based on MET-min/week where 

inactive = 0 MET-min/week, insufficient < 600 MET-min/week (<150 min of mvpa), sufficient ≥ 600 MET-min/week (≥ 150 min of mvpa); 

Sedentary was classified as High >7 hrs, Mod ≥4 hrs;, Low <4 hrs; Sleep quality was based on five sleep characteristics which included: 

morning chronotype, sleep duration, insomnia, snoring, and daytime sleepiness; Diet was based on the Alternative Healthy Eating Index; 

Townsend deprivation index scores ranged from -6 to 11. Scores were derived from national census data. Each participant was assigned a score 

relative to the output area in which their postcode was located. Higher scores reflect a higher degree of socioeconomic deprivation; Body mass 

index = weight (kg) / height (m2) 



Table 3: Lifestyle risk factors and infectious disease mortality hazard ratio 

Risk factor  N Events Model 1 Model 2 

HR (95% CI) HR (95% CI) 

Physical         

Activity Inactive 95,221 1288 1.00  (ref) 1.00 (ref) 

 Insufficient 140,609 1173 0.65  (0.60, 0.70) 0.77 (0.71, 0.83) 

 Sufficient 232,613 1715 0.52 (0.48, 0.56) 0.64 (0.59, 0.69) 

        

Sedentary 

Behaviour 

       

Behaviour High 57,485 748 1.00  (ref) 1.00 (ref) 

 Moderate 249,929 2354 0.70 (0.65, 0.76) 0.86 (0.79, 0.93) 

 Low 161,029 1074 0.60 (0.55, 0.66) 0.79 (0.72, 0.87) 

        

Sleep        

 Poor 14,520 212 1.00  (ref) 1.00 (ref) 

 Moderate 201,135 2004 0.66 (0.57, 0.76) 0.83 (0.72, 0.97) 

 Good 252,788 1960 0.54 (0.47, 0.62) 0.80 (0.70, 0.92) 

        

Diet        

 Poor  75,264 750 1.00  (ref) 1.00 (ref) 

 Moderate 186,893 1668 0.82 (0.75, 0.89) 0.94 (0.87, 1.03) 

 Good 206,286 1758 0.67 (0.62, 0.73) 0.85 (0.77, 0.93) 

        

Alcohol        

 Ex-drinker 16,257 340 1.00  (ref) 1.00 (ref) 

 Above guideline 169,542 1584 0.39 (0.35, 0.44) 0.53 (0.47, 0.60) 

 Never drinker   19,522 211 0.55 (0.46, 0.65) 0.76 (0.64, 0.91) 

 Within guideline 261,842 2041 0.40 (0.35, 0.45) 0.56 (0.50, 0.63) 

        

Smoking        

 Current 48,581 905 1.00  (ref) 1.00 (ref) 

 Previous 162,990 1814 0.42 (0.39, 0.45) 0.50 (0.46, 0.54) 

 Never 256,872 1457 0.28 (0.26, 0.30) 0.37 (0.34, 0.41) 

Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, socioeconomic status, 

ethnicity, BMI, cardiovascular disease, cancer, diabetes, hypertension, use of anti-

hypertensive medication, use of corticosteroids, chronic lung/respiratory disease, liver 

diseases, diabetes, end-stage renal disease, and immune disorders/HIV and mutually adjusted 

for each lifestyle risk factor; Physical Activity = [Inactive = 0 min of moderate to vigorous 

physical activity (mvpa)]; Insufficient = 1-149 min of mvpa; Sufficient ≥ 150 min of mvpa; 

Sedentary Behaviour = [High > 7 hrs; Moderate = 4-7 hrs; Low <4 hrs]; Sleep = [Poor index 

≤ 1 sleep score; Moderate index 2-3 sleep score; Good index > 3 sleep score]; Diet = [Poor 

quality = 0 diet score; Moderate quality = 1 diet score; Good quality = 2 diet score]. Alcohol 

= [Above guideline ≥14 units; 1 unit = 8 g of alcohol]. 

  



Table 4: Lifestyle risk factors and pneumonia mortality hazard ratio 

Risk factor  N Events Model 1 Model 2 

HR (95% CI) HR (95% CI) 

Physical         

Activity Inactive 95,221 984 1.00  (ref) 1.00 (ref) 

 Insufficient 140,609 893 0.64 (0.59, 0.71) 0.77 (0.70, 0.84) 

 Sufficient 232,613 1293 0.51 (0.47, 0.55) 0.63 (0.58, 0.69) 

        

Sedentary         

Behaviour High 57,485 583 1.00  (ref) 1.00 (ref) 

 Moderate 249,929 1773 0.68 (0.62, 0.75) 0.83 (0.76, 0.92) 

 Low 161,029 814 0.60 (0.53, 0.66) 0.78 (0.70, 0.87) 

        

Sleep        

 Poor 14,520 160 1.00  (ref) 1.00 (ref) 

 Moderate 201,135 1521 0.66 (0.56, 0.78) 0.83 (0.70, 0.98) 

 Good 252,788 1489 0.54 (0.46, 0.63) 0.80 (0.68, 0.95) 

        

Diet        

 Poor  75,264 584 1.00  (ref) 1.00 (ref) 

 Moderate 186,893 1278 0.80 (0.73, 0.88) 0.94 (0.85, 1.03) 

 Good 206,286 1308 0.64 (0.58, 0.70) 0.82 (0.75, 0.91) 

        

Alcohol        

 Ex-drinker 16,257 261 1.00  (ref) 1.00 (ref) 

 Above guideline 169,542 1240 0.39 (0.34, 0.45) 0.54 (0.47, 0.61) 

 Never drinker 19,522 156 0.53 (0.43, 0.65) 0.75 (0.61, 0.92) 

 Within guideline 261,842 1513 0.38 (0.34, 0.44) 0.55 (0.48, 0.63) 

        

Smoking        

 Current 48,581 727 1.00  (ref) 1.00 (ref) 

 Previous 162,990 1393 0.39 (0.36, 0.43) 0.46 (0.42, 0.51) 

 Never 256,872 1050 0.25 (0.23, 0.28) 0.33 (0.30, 0.36) 

Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, socioeconomic status, 

ethnicity, BMI, cardiovascular disease, cancer, diabetes, hypertension, use of anti-hypertensive 

medication, use of corticosteroids, chronic lung/respiratory disease, liver diseases, diabetes, 

end-stage renal disease, and immune disorders/HIV and mutually adjusted for each lifestyle 

risk factor; Physical Activity = [Inactive = 0 min of moderate to vigorous physical activity 

(mvpa)]; Insufficient = 1-149 min of mvpa; Sufficient ≥ 150 min of mvpa; Sedentary Behaviour 

= [High > 7 hrs; Moderate = 4-7 hrs; Low <4 hrs]; Sleep = [Poor index ≤ 1 sleep score; 

Moderate index 2-3 sleep score; Good index > 3 sleep score]; Diet = [Poor quality = 0 diet 

score; Moderate quality = 1 diet score; Good quality = 2 diet score]. Alcohol = [Above 

guideline ≥14 units; 1 unit = 8 g of alcohol]. 

  



Table 5: Lifestyle risk factors and COVID-19 mortality risk ratio 

Risk factor  N Events Model 1 Model 2 

RR (95% CI) RR (95% CI) 

Physical         

Activity Inactive 95,221 112 1.00  (ref) 1.00 (ref) 

 Insufficient 140,609 115 0.75 (0.58, 0.97) 0.87 (0.67, 1.14) 

 Sufficient 232,613 160 0.57 (0.44, 0.72) 0.70 (0.54, 0.89) 

        

Sedentary         

Behaviour High 57,485 68 1.00  (ref) 1.00 (ref) 

 Moderate 249,929 217 0.72 (0.55, 0.95) 0.90 (0.68, 1.90) 

 Low 161,029 102 0.65 (0.48, 0.89) 0.87 (0.64, 1.20) 

        

Sleep        

 Poor 14,520 17 1.00  (ref) 1.00 (ref) 

 Moderate 201,135 181 0.75 (0.46, 1.24) 0.96 (0.58, 1.58) 

 Good 252,788 189 0.66 (0.40, 1.08) 0.97 (0.59, 1.61) 

        

Diet        

 Poor  75,264 62 1.00  (ref) 1.00 (ref) 

 Moderate 186,893 140 0.83 (0.61, 1.12) 0.92 (0.68, 1.25) 

 Good 206,286 185 0.85 (0.64, 1.14) 1.03 (0.77, 1.39) 

        

Alcohol        

 Ex-drinker 16,257 29 1.00  (ref) 1.00 (ref) 

 Above guideline 169,542 150 0.46 (0.31, 0.69) 0.62 (0.41, 0.93) 

 Never drinker 19,522 25 0.79 (0.46, 1.35) 0.87 (0.50, 1.50) 

 Within guideline 261,842 183 0.44 (0.30, 0.69) 0.60 (0.40, 0.89) 

        

Smoking        

 Current 48,581 59 1.00  (ref) 1.00 (ref) 

 Previous 162,990 183 0.66 (0.49, 0.89) 0.75 (0.55, 1.02) 

 Never 256,872 145 0.45 (0.33, 0.61) 0.54 (0.39, 0.74) 

Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, socioeconomic status, 

ethnicity, BMI, cardiovascular disease, cancer, diabetes, hypertension, use of anti-hypertensive 

medication, use of corticosteroids, chronic lung/respiratory disease, liver diseases, diabetes, 

end-stage renal disease, and immune disorders/HIV and mutually adjusted for each lifestyle 

risk factor; Physical Activity = [Inactive = 0 min of moderate to vigorous physical activity 

(mvpa)]; Insufficient = 1-149 min of mvpa; Sufficient ≥ 150 min of mvpa; Sedentary Behaviour 

= [High > 7 hrs; Moderate = 4-7 hrs; Low <4 hrs]; Sleep = [Poor index ≤ 1 sleep score; 

Moderate index 2-3 sleep score; Good index > 3 sleep score]; Diet = [Poor quality = 0 diet 

score; Moderate quality = 1 diet score; Good quality = 2 diet score]. Alcohol = [Above 

guideline ≥14 units; 1 unit = 8 g of alcohol]. 

  



Figure 1 caption: Healthy lifestyle index hazard ratio for infectious diseases and pneumonia 

mortality. Models are adjusted for age, sex, socioeconomic status, ethnicity, BMI, 

cardiovascular disease, cancer, diabetes, hypertension, use of anti-hypertensive medication, use 

of corticosteroids, chronic lung/respiratory disease, liver diseases, diabetes, end-stage renal 

disease, and immune disorders/HIV. The original combined lifestyle behaviour scores ranged 

from 0-12. This score has been re-classified as follows: scores 0 to 4 = least Healthy group; 

score of 5 = 6th Healthiest group; score of 6 = 5th Healthiest group; score of 7 = 4th Healthiest 

group; score of 8 = 3rd Healthiest group; score of 9 = 2nd Healthiest group; scores 10 to 12 = 

Healthiest group.   

 

Figure 2 caption: Healthy lifestyle index risk ratio for COVID-19 mortality. Models are 

adjusted for age, sex, socioeconomic status, ethnicity, BMI, cardiovascular disease, cancer, 

diabetes, hypertension, use of anti-hypertensive medication, use of corticosteroids, chronic 

lung/respiratory disease, liver diseases, diabetes, end-stage renal disease, and immune 

disorders/HIV. The original combined lifestyle behaviour scores ranged from 0-12. This score 

has been re-classified as follows: scores 0 to 4 = least Healthy group; score of 5 = 6th Healthiest 

group; score of 6 = 5th Healthiest group; score of 7 = 4th Healthiest group; score of 8 = 3rd 

Healthiest group; score of 9 = 2nd Healthiest group; scores 10 to 12 = Healthiest group.  
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