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ABSTRACT 

 

Background. It is widely believed that persons employed in jobs demanding long working 

hours are at greater risk of physical inactivity than other workers, primarily because they 

have less leisure time available to undertake such activity. The aim of this study was to test 

this hypothesis using prospective data obtained from a nationally representative sample of 

employed persons. 

Methods. Longitudinal data from the Household, Income and Labour Dynamics in Australia 

Survey (93367 observations from 17893 individuals) were used to estimate conditional fixed 

effects logistic regression models of the likelihood of moderate or vigorous physical exercise 

for at least 30 minutes at least 4 times are week.  

Results. No significant associations between long working hours and the incidence of healthy 

levels of physical activity were uncovered once other exogenous influences on activity levels 

were controlled for. The odds of men or women who usually work 60 or more hours per week 

exercising at healthy levels were 6% and 11% less, respectively, than those of comparable 

persons working a more standard 35 to 40 hour week, but neither estimate was significantly 

different from zero at the 95% confidence level. 

Conclusions. The findings suggest that there is no trade-off between long working hours and 

physical activity in Australia. It is argued that these findings are broadly consistent with 

previous research studies from Anglo-Saxon countries (where long work hours are pervasive) 

that employed large nationally representative samples.  
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INTRODUCTION 

Marked changes in both technology and in the way work is organised have been linked to a 

rise in obesogenic behaviours, including both increased sedentariness in the workplace and 

reductions in leisure time spent in physical activity.1 One possible contributing factor here is 

long work hours, something that is characteristic of labour markets in Anglo-Saxon countries. 

For example, in the UK the Office of National Statistics reports that 19.7% of all employed 

persons in 2013 usually worked more than 45 hours per week.2 While in Australia, estimates 

from the monthly Labour Force Survey reveal that, on average, 15.4% of employed persons 

in 2013 usually worked 50 hours or more per week.3  

Previous research has often reported significant negative associations between working 

hours and the incidence of regular physical activity,4-11 with one review concluding that there 

is “convincing evidence” to support the “premise that those employed in occupations 

demanding long work hours … are at risk of inactivity”.1 Our own reading of the evidence is 

rather different. First, the evidence is more mixed than suggested by this review, with a 

number of studies unable to detect any significant negative associations.12-15 Second, within 

the body of supportive evidence, relationships are often small,4,5,7 only significant for certain 

sub-groups, such as men4,6,9,11 or white-collar workers,5 and sometimes driven by differences 

between full-time workers and part-time workers, rather than by working hours patterns that 

could be regarded as unreasonable or excessive.4,10 A serious weakness of much of the 

literature is the predominance of cross-sectional data. Only two relevant prior studies have 

employed prospective data, and one of those only had observations at two points in time,12 

while the other employed a random effects model, which will deliver biased results if the 

individual-specific error component is correlated with other covariates.10  

To overcome these weaknesses, we re-examined the association between physical activity 

and working time using data that were both representative of a national population of workers 
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and prospective. The key feature of the analysis is the estimation of conditional fixed effects 

logistic regression models where the estimated parameters are identified by within-person 

differences. In this approach, all time-invariant influences on the outcome variable were held 

constant and thus the likelihood of omitted variables bias much reduced. Our study also 

included more detailed measures of working time and a broader measure of physical activity 

than previous studies.  

 

METHODS 

Data and sample 

The data used in this analysis were participants in waves 1 to 12 of the Household, Income 

and Labour Dynamics in Australia (HILDA) Survey, a longitudinal survey following 

members of a nationally representative sample of Australian households.16,17 Funded by the 

Australian Government but managed by the Melbourne Institute of Applied Economic and 

Social Research, all data collection protocols and materials used in the HILDA Survey have 

been approved by the University of Melbourne Human Research Ethics Committee and 

verified as consistent with the National Statement on Ethical Conduct in Human Research.18 

It commenced in 2001 with an initial responding sample of 13969 persons, aged 15 years 

or older, from 7682 households. Further interviews were sought every subsequent year with 

all of these persons, along with any other adult household members. Annual re-interview 

rates were high, rising from 87% in wave 2 to over 94% by wave 5 (and remaining above that 

level ever since).  

While the principal mode of data collection was personal interview, the information about 

physical activity came from a self-administered questionnaire, which was often collected 

from interview respondents at a later date, and hence associated with additional non-
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response; on average, about 90% of interviewees completed and returned the self-

administered questionnaire each year. The sample was restricted to persons in paid 

employment during the week prior to interview. The final sample used in the analysis 

comprised 93367 observations from 17893 individuals. 

 

Measures 

The outcome of interest, the frequency of physical exercise, is derived from answers to the 

question: “In general, how often do you participate in moderate or intensive physical activity 

for at least 30 minutes?” Moderate level activity is defined within the survey instrument as 

activity that “will cause a slight increase in breathing and heart rate”, with “brisk walking” 

provided as an example. Six pre-coded response categories are provided: “Not at all”, “Less 

than once a week”, “One to two times a week”, “Three times a week”, “More than 3 times a 

week (but not every day)”, and “Every day”. While providing only a crude measure of 

physical activity, the use of similar single-item questions is very prevalent in this 

literature.5,6,8-10,12-13  

The unweighted distribution of responses within the pooled sample of employed persons, 

disaggregated by sex, is reported in Table 1. While comparisons with other (cross-sectional) 

sources are complicated by differences in definitions and measurement, it has been reported 

that the levels of physical activity recorded in the HILDA Survey are comparable to that 

recorded in other Australian samples.19 

In the analyses reported here, a binary variable was constructed that distinguishes those 

that exercise more than three times a week from those that exercise less frequently. The 

implicit assumption is that exercising for at least 30 minutes on at least four occasions during 

a week represents a healthy level of exercise. This choice of cut-off is close to the minimum 



6 
 

recommended by the American College of Sports Medicine and the American Heart 

Association: 30 minutes of at least moderate exercise on 5 days a week.20 It has also been 

used in other research (examining the impact of physical exercise on life satisfaction) 

utilising the HILDA Survey data.21 

The main explanatory variable of interest is usual hours of work per week in paid 

employment, in all jobs, and including any paid or unpaid overtime. If a respondent indicated 

that their hours of work varied, they were asked to estimate the number of hours typically 

worked over a 4-week period, which was then averaged. The distribution of hours worked, 

within bands, is provided in Table 1. As can be seen, a sizeable proportion of the sample 

reported usually working in excess of 50 hours per week (27% of male workers and 8% of 

female workers). This is broadly consistent with official estimates from the Australian 

Labour Force Survey over the period covered by these data.22 

Previous research suggests that other job characteristics may also influence physical 

activity levels. It has, for example, been hypothesised that features of work associated with 

employment status or specific occupations may help explain variations across individuals in 

exercise time.1 We might also expect negative associations with shift work given other 

evidence demonstrating negative associations between shift work and the quality and quantity 

of sleep.23 We thus included dummy variables identifying shift workers, the self-employed, 

and eight broad occupation groups.  

Finally, a large range of other controls were included that might be expected to influence 

physical activity levels. These were: age (dummy variables defining 10-year age bands); 

marital status; the number of dependent children within two separate age categories (<5 years 

and 5-18 years); highest level of education attainment (two dummies identifying obtaining a 

university-level qualification and completing high school); the presence of a long-term health 

condition or disability that is work limiting; self-rated health (four dummies defining five 
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different health states); whether any other household member regularly exercised at least 4 

times per week; usual weekly hours of commuting; real disposable household income, 

adjusted for household size and composition using the OECD modified equivalence scale24 

(with missing values imputed25); whether residing in a major Australian city; the level of 

relative socio-economic deprivation of the local area (two dummies, identifying high and 

medium deprivation areas, derived from the Index of Relative Socio-economic Advantage / 

Disadvantage constructed by the Australian Bureau of Statistics26); and year dummies. 

 

Estimation methods 

Given a binary outcome variable, logistic regression methods were employed. Three types of 

logistic models were estimated: (i) simple models using the pooled data set (but which 

allowed for the clustering of observations within individuals); (ii) panel data models 

assuming an individual-specific random disturbance (random effects); and (iii) panel data 

models assuming an individual-specific constant (conditional fixed effects).27 The latter two 

models are designed to both account for the interdependence of observations given the 

repeated measurement of individuals, and control for unobserved heterogeneity. The random 

effects model assumes the individual-specific effects are independent of the set of 

explanatory variables (i.e., that time-invariant personality traits and genetic characteristics do 

not influence choice of occupation, working time, etc.), whereas the fixed effects model 

makes no such assumption. Ex ante, we strongly preferred the conditional fixed effects 

specification given it holds constant all time-invariant influences on the outcome variable; but 

whether it is the more appropriate estimator was tested formally through the use of a 

Hausman test.28 Note the use of fixed effects implies a decline in effective sample size given 

that only observations where the outcome variable changes from the preceding period are 

used. 
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Men and women are expected to face different time constraints,19 and hence separate 

models were estimated for men and women. All analyses were undertaken using the Stata 

(Release 13) software package. 

 

RESULTS 

Selected estimates (odds ratios plus 95% confidence intervals) from logistic regression 

models of exercising at ‘healthy’ levels (i.e., at least four times are week) are presented in 

Table 2. The parameters of most interest are those on the hours of work dummies. Focussing 

first on males, the simple ‘unadjusted’ logit results, where the sample is pooled and 

effectively treated as a cross-section and where no control variables are included (column 1), 

suggests an inverse relationship between hours of work and physical activity. The likelihood 

of exercising at healthy frequency levels is greatest for men who work part-time hours and 

lowest for those working quite long hours each week (between 50 and 59). Once we include 

controls for other individual and job characteristics, however, this relationship disappears 

(column 2). In the presence of other controls there are no significant differences in the 

likelihood of healthy exercise between male workers on a (standard) 35 to 40 hour week (the 

reference group) and those working different hours (either more or less). Moving to a random 

effects specification saw a large increase in the pseudo R-squared statistic, reflecting the 

importance of unobserved individual effects. Nevertheless, the estimated odds ratios on the 

different hours of work dummies were little affected. Results from a fixed effects 

specification are presented in column 4. The pseudo R-squared is even larger, but more 

importantly, a large value on the Hausman test (χ2=286.7) indicated that the assumption that 

the covariates are uncorrelated with the individual-specific effects should be rejected, and 

hence the fixed effects estimates were preferred. In these results, there is some evidence that 

it is actually men who usually work hours longer than the standard 35 to 40 hour work week 
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who are the most physically active; those in the 41 to 49 hour a week range. For men who 

work more hours than this the likelihood of healthy activity levels declines, but the difference 

between them and otherwise comparable men working a 35 to 40 hour week is still not 

statistically significant. 

Turning to female workers, estimates from the same four specifications are presented. Test 

statistics both strongly augured for the presence of individual-specific effects and favoured 

the fixed effects specification over random effects. In this case, however, there was no 

evidence (in any of the specifications) that long-hours workers were any less likely to engage 

in healthy levels of physical exercise than those working a more conventional 35 to 40 hour 

week. Indeed, it was women who worked part-time hours, and more specifically 21 to 34 

hours each week, who were the least likely to exercise at healthy levels.  

Of the other job characteristics reported in Table 2, we can see that self-employment is 

consistently associated with a higher likelihood of frequent physical activity. This most likely 

reflects the greater autonomy and discretion the self-employed have over their working time. 

As expected, shift work is negatively associated with physical activity frequency, but the 

differences with other workers are only statistically significant for women. Finally, the 

patterns in the estimated odds ratios on the occupation dummies indicate higher levels of 

physical activity, all other things equal, among workers in blue-collar dominated occupations. 

In part, this reflects the use of an activity measure that is not restricted to physical activity 

that only occurs during leisure time, and in part the possibility that workers who are more 

physically active at work are also more physically active during leisure. Certainly previous 

research has more often than not reported that occupation physical activity and leisure time 

physical activity are positively correlated.1 

We next tested whether our results are sensitive to the way we specify hours of work. We 

thus re-estimated each of our four models after replacing the hours dummies with: (i) a 
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continuous hours variable; (ii) a quadratic hours function; and (iii) the natural log of hours. 

This gives us 12 different model specifications. The estimated odds ratios for the key hours 

variable(s) from each of these 12 specifications, again for both men and women, are reported 

in Table 3. In virtually all cases, the parameter estimates are not significantly different from 

zero once controls for other covariates are included.  

Finally, like all studies that use longitudinal data, it is possible that the results are affected 

by selective attrition. Following previous research using these data,19,29 we tested for this by 

repeating the estimations after including an additional variable indicating whether the 

individual responded at the next survey wave. If attrition bias is not present then there should 

be no significant association between the outcome at time t and survey participation at t+1. In 

all models the null hypothesis of random non-response could not be rejected.  

 

DISCUSSION 

The results of the analyses presented here challenge the conventional wisdom that persons 

who regularly work long hours are necessarily at greater risk of low levels of physical 

activity. Using nationally representative longitudinal survey data from Australia, we could 

find little evidence of statistically important associations between physical activity levels and 

the length of the usual work week once other individual and job characteristics were 

controlled for. Indeed, among men there was some evidence that the likelihood of exercising 

4 times a week or more was highest among those working between 41 and 49 hours per week, 

and hence longer than a standard length work week. 

Such findings may seem counter-intuitive given that at some point there must be a trade-

off between time spent on one activity (e.g., paid work) and the time spent on another (e.g., 

physical exercise). However, in the case of the physical activity measure employed here, the 
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minimum time requirement is just two hours per week. This leaves ample scope for increases 

in working time to be accommodated by reductions in other activity, such as more sedentary 

leisure activity, rather than through reductions in physical activity.  

Also, despite claims to the contrary,1 the results presented are broadly consistent with 

other findings from studies using relatively large samples of employed persons in other 

predominantly Anglo-Saxon countries (Australia, Canada, the UK, and the US), which have 

reported either no significant associations,12-13 or at least no significant differences between 

the physical activity levels of long hours workers and that of other full-time workers.4,10 It is 

thus possible that differences across countries in work cultures and in the acceptance of long 

working hours regimes may help explain differences across studies.  

This study also found evidence that women who worked 21 to 34 hours a week were less 

likely to exercise 4 times a week or more. This result appears to contradict previous research 

based on the same data source,19 which we believe may be due to the more detailed measures 

of hours and other job characteristics used in this study. We can only speculate as to the 

reasons for this significant negative coefficient. It may be that women who work part-time 

are more sensitive to time constraints imposed by changes to working time because of the 

need to balance paid and unpaid work within a rigid household division of labour. Many 

women who enter the 21 to 34 hours category are increasing their hours, so may find the time 

available to exercise constrained by the increase in work time. Among those reducing their 

hours, there may be parallel and unobserved change in life circumstances (for example, 

increased caring responsibilities) which reduces the time available for both work and 

exercise. 

One possibly important difference with this study and some previous studies is the use of 

an outcome measure that includes all forms of physical activity, rather than one restricted to 

physical activity that occurs during leisure time. The outcome used here thus includes 
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physical activity that occurs as a by-product of work. This is controlled for, in part, through 

the inclusion of occupation-specific dummy variables. Nevertheless, it remains the case that 

some of the variation in the outcome variable will be driven by changes in activity levels 

within the workplace. Another limitation is the crude nature of the outcome measure. It only 

provides a count of the number of days each week people exercise for at least 30 minutes, and 

even then answers are banded.  

Against these limitations must be set the strength of longitudinal data that is nationally 

representative. The overwhelming majority of studies into the relationship between work and 

physical activity are based on cross-sectional data. In this context, the differences in results 

between our pooled cross-sectional models and our fixed effects models are instructive. In the 

light of our results, it seems likely that studies based on cross-sectional data will mislead, 

with results biased by omitted variables (time invariant aspects of genetic and personality 

traits) correlated with observed characteristics. Fixed effects specifications are necessary to 

adequately control for these characteristics. In future, researchers concerned with the 

relationship between work and health risk behaviours should focus their efforts on 

prospective research designs. 

 

What is already known on this subject 

It is widely assumed that persons employed in jobs demanding long work hours are at greater 

risk of physical inactivity than other workers. The evidence in support of such claims, 

however, is far from convincing. A particular weakness is that most prior research has 

employed cross-sectional data sources, and thus not been able to adequately control for the 

many unobserved factors that influence activity levels. 
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What this study adds 

This study is one of only three that has employed longitudinal data drawn from a nationally 

representative sample to examine the association between working time (and especially long 

work hours regimes) and physical activity levels, and the first to utilise methods that 

adequately control for (time-invariant) individual-specific characteristics and traits. Little 

supporting evidence could be found for the claim that average physical activity levels are 

adversely affected by the time demands of employment.  
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Table 1 Incidence of Physical Activity and Usual Weekly Work Hours among Employed 
Persons in Australia: HILDA Survey Waves 1 to 12 (%) 

 Males Females Persons 

Frequency of physical activity    

 Not at all 6.6 8.2 7.4 

 Less than once a week 14.5 18.5 16.5 

 One to 2 times a week 23.8 26.2 25.0 

 3 times a week 15.6 17.2 16.4 

 More than 3 times a week 23.2 20.4 21.8 

 Every day 16.3 9.5 12.9 

 Total 100.0 100.0 100.0 

Usual weekly hours of paid work    

 Less than 20 9.1 24.1 16.6 

 21-34 9.6 26.4 18.0 

 35-40 36.1 32.7 33.4 

 41-49 18.1 8.6 13.4 

 50-59 16.6 5.6 11.1 

 60+ 10.6 2.7 6.5 

 Total 100.0 100.0 100.0 
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Table 2 Associations between Job Characteristics and Exercising 4 or More Times a Week: Odds Ratios 

 Males Females 

 Pooled (no 
controls) 

(1) 

Pooled (with 
controls) 

(2) 

Random 
effects 

(3) 

Fixed 
effects 

(4) 

Pooled (no 
controls) 

(5) 

Pooled (with 
controls) 

(6) 

Random 
effects 

(7) 

Fixed 
effects 

(8) 

Usual weekly hours of paid 
work 

        

 Less than 20 1.36** 1.00 1.00 1.05 0.95 0.99 0.93 0.94 
 (1.24,1.49) (0.89,1.12) (0.88,1.14) (0.90,1.22) (0.88,1.03) (0.90,1.09) (0.84,1.04) (0.83,1.06) 
 21-34 1.20** 1.07 1.06 1.06 0.91* 0.96 0.88** 0.88* 
 (1.10,1.31) (0.97,1.18) (0.95,1.18) (0.94,1.19) (0.85,0.99) (0.88,1.04) (0.80,0.96) (0.79,0.97) 
 35-40 1 1 1 1 1 1 1 1 
 (Ref. cat.) (Ref. cat.) (Ref. cat.) (Ref. cat.) (Ref. cat.) (Ref. cat.) (Ref. cat.) (Ref. cat.) 
 41-49 0.95 1.00 1.08 1.12* 1.04 1.01 1.00 1.00 
 (0.89,1.02) (0.93,1.08) (1.00,1.18) (1.02,1.23) (0.94,1.14) (0.92,1.11) (0.89,1.13) (0.88,1.13) 
 50-59 0.86** 0.94 0.94 0.95 1.03 0.92 0.99 1.05 
 (0.80,0.93) (0.86,1.02) (0.85,1.03) (0.86,1.05) (0.90,1.17) (0.80,1.06) (0.85,1.15) (0.89,1.24) 
 60+ 0.99 1.03 0.99 0.93 1.05 0.93 0.89 0.89 
 (0.90,1.10) (0.93,1.15) (0.88,1.11) (0.81,1.06) (0.86,1.28) (0.76,1.15) (0.72,1.11) (0.69,1.14) 
Self-employed  1.17** 1.24** 1.14*  1.33** 1.56** 1.54** 
  (1.06,1.28) (1.12,1.36) (1.00,1.30)  (1.18,1.50) (1.37,1.79) (1.29,1.84) 
Shift worker  0.97 0.97 0.98  0.95 0.90** 0.86** 
  (0.91,1.05) (0.90,1.05) (0.90,1.06)  (0.88,1.02) (0.83,0.97) (0.78,0.94) 

Occupation         

 Managers  1 1 1  1 1 1 
  (Ref. cat.) (Ref. cat.) (Ref. cat.)  (Ref. cat.) (Ref. cat.) (Ref. cat.) 
 Professionals  0.99 1.09 1.16  0.98 1.03 1.06 
  (0.90,1.11) (0.97,1.22) (1.01,1.32)  (0.86,1.12) (0.90,1.19) (0.90,1.26) 
 Technicians and trades 

workers 
 1.36** 1.42** 1.22**  1.23* 1.35** 1.37* 

  (1.22,1.51) (1.27,1.60) (1.06,1.41)  (1.02,1.47) (1.09,1.66) (1.07,1.74) 
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 Community and personal 
service workers 

 1.34** 1.37** 1.21  1.31** 1.36** 1.23* 
 (1.15,1.56) (1.16,1.62) (0.99,1.48)  (1.14,1.51) (1.16,1.60) (1.02,1.48) 

 Clerical and 
administrative workers 

 1.00 1.08 1.14  1.02 1.07 1.10 
 (0.87,1.14) (0.94,1.25) (0.97,1.34)  (0.90,1.16) (0.93,1.24) (0.93,1.30) 

 Sales workers  0.97 1.13 1.23*  1.00 1.08 1.14 
  (0.84,1.12) (0.97,1.32) (1.03,1.46)  (0.86,1.15) (0.92,1.28) (0.95,1.38) 
 Machinery operators and 

drivers 
 1.40** 1.45** 1.16  1.28 1.72** 1.60* 

  (1.24,1.60) (1.26,1.67) (0.98,1.38)  (0.97,1.70) (1.23,2.39) (1.10,2.33) 
 Labourers  1.79** 1.92** 1.55**  1.68** 1.63** 1.27* 
  (1.59,2.02) (1.69,2.19) (1.33,1.80)  (1.43,1.98) (1.36,1.95) (1.02,1.58) 
         
N (observations) 48,297 45,384 45,384 29,321 45,070 42,610 42,610 24,284 
N (individuals) 9,032 9,032 9,032 3,878 8,861 8,861 8,861 3,317 
Likelihood ratio (chi-

squared) 186.26** 3316.49** 1577.51** 691.37** 191.17** 2503.11** 1149.52** 588.03** 

Pseudo R-squared 0.01 0.05 0.41 0.54 0.00 0.05 0.40 0.48 
Hausman test (chi-squared)    286.7**    164.4** 

Notes. 95% confidence intervals are presented in parentheses. ** p<0.01, * p<0.05. 

Models 2 through 4 and 6 through 8 also controlled for: the presence of another household member who exercised four or more times a week; age; marital 
status; number of children (by age of child); real disposable equivalized household income; educational level; disability, self-rated health; commuting hours; 
residence in a major city; relative socio-economic deprivation of the local area; and year. 
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Table 3 Associations between Usual Hours of Work and Exercising 4 or More Times a Week (Odds Ratios): Alternative Specifications 

 (I) (II) (III)   

Sample /  
Model 

Usual weekly 
hours of paid 

work 

Usual weekly 
hours of paid 

work 

Usual weekly 
hours of paid 
work squared 

Ln usual weekly 
hours of paid 

work 
N 

(observations) 
N 

(individuals) 

Males       
 Pooled (no controls) 0.99*** 0.98*** 1.00*** 0.82*** 48,297 9,032 
 (0.99,1.00) (0.97,0.98) (1.00,1.00) (0.78,0.86)   
 Pooled (with controls) 1.00 0.99 1.00* 1.02 45,384 9,032 
 (1.00,1.00) (0.99,1.00) (1.00,1.00) (0.96,1.08)   
 Random effects 1.00 1.00 1.00 1.00 45,384 9,032 
 (1.00,1.00) (0.99,1.00) (1.00,1.00) (0.94,1.08)   
 Fixed effects 1.00 0.99 1.00 0.95 29,332 3,879 
 (1.00,1.00) (0.99,1.00) (1.00,1.00) (0.87,1.04)   
Females       
 Pooled (no controls) 1.00* 1.00 1.00* 1.03 45,070 8,861 
 (1.00,1.00) (0.99,1.00) (1.00,1.00) (0.98,1.08)   
 Pooled (with controls) 1.00 1.00 1.00 0.99 42,610 8,861 
 (1.00,1.00) (0.99,1.00) (1.00,1.00) (0.94,1.05)   
 Random effects 1.00 1.00 1.00 1.00 42,610 8,861 
 (1.00,1.00) (0.99,1.01) (1.00,1.00) (0.94,1.06)   
 Fixed effects 1.00 1.00 1.00 0.99 24,296 3,319 
 (1.00,1.00) (0.99,1.01) (1.00,1.00) (0.92,1.07)   

Notes. 95% confidence intervals are presented in parentheses. ** p<0.01, * p<0.05. 

All models also controlled for: self-employment; shift work; occupation; the presence of another household member who exercised four or more times a 
week; age; marital status; number of children (by age of child); real disposable equivalized household income; educational level; disability, self-rated health; 
commuting hours; residence in a major city; relative socio-economic deprivation of the local area; and year. 

 


