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Background: Disease incidence and premature deaths tend to be influenced by multiple health risky behaviours, including smoking, excessive alcohol consumption and unhealthy diet. Risky behaviours tend not to be independent and may have a multiplicative effect on disease incidence and healthcare cost. Thus, understanding the interrelationship between health behaviours and their effect on health outcomes is crucial in designing behavioural intervention programmes.

Objective: To examine the interrelationship between health risky behaviours and associated disease outcomes amongst Scottish adults.

Methods: We use hospitalisation episode data from the Scottish Morbidity Records, (SMR), that have been administratively linked to Scottish Health Surveys (SHeS) respondents with target disease defined by relevant ICD9 and 10 codes. We apply a recursive multivariate probit model to jointly estimate the health risky behaviours and disease incidence to adequately control for unobserved heterogeneity. The model is estimated separately by gender.

Results: Modelling health risk behaviours and disease incidence equations independently rather than jointly may be misleading. We find a clear socioeconomic gradient predicting health risky behaviours and the results differ by gender. Specifically, smoking appears to be a key driver of other health risky behaviours. Current smokers are more likely to be drinking above the recommended limit, physically inactive, and eating inadequate diet.

Conclusions: Interventions targeting current smokers to quit could spillover to other behaviours by reducing excessive drinking, improve physical activity and adequate diet. Thus, improvements in one behaviour may increase the likelihood of adopting other healthier lifestyle behaviours.
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INTRODUCTION

Health risky behaviours, including smoking, excessive alcohol consumption, physical inactivity and inadequate diet have a direct impact on hospital care demand. These risky behaviours are major factors associated with chronic disease incidence, including heart diseases, stroke, type 2 diabetes, obesity, and certain types of cancer; and a major cause of death. For example, 1.7 million or 2.8% of total number of deaths worldwide are attributable to low fruit and vegetable consumption, and considered amongst the top 10 risk factors for global mortality. Low fruit and vegetable intake was associated with around 14% of cancer and gastrointestinal related deaths and about 9% of stroke related deaths (1). In 2009, smoking attributable admissions in Scotland amounted to 56,153 and 13,044 deaths (2), whilst the prevalence rate was 24% on average between 2009/2010 amongst 16–64 year olds based on self-reported smoking status (3).

Chronic disease incidence resulting from risky behaviours presents a significant economic burden to health care systems and greater costs to the society. Scarborough et al. (4) estimated the economic burden of ill health due to diet, physical inactivity, smoking, alcohol and obesity individually in the UK. The study found that in 2006/07, the cost of ill health associated with poor diet amounted to £5.8 billion, physical inactivity £0.9b, smoking £3.3b and alcohol-related £3.3b, whilst overweight and obesity was £5.1b.

Previous studies examining links between these behavioural risk factors and subsequent hospital admissions and death tend to assume an independence relationship between the health risky behaviours. Using a unique Scottish data resource (linked Scottish health survey), Hanlon et al. (5) used the 1998 version of the linked data to analyse the independent association between each behavioural factor and subsequent hospital admissions. In Lawder et al. (6), the same authors retrospectively extended their analysis by including the 1995 linked data to also predict deaths. Both studies found that each health behaviour was independently associated (positively or negatively) with the probability of subsequent hospital admissions and death. For example, not meeting the daily fruit and vegetable five-a-day recommendation was associated with increased risk of admissions and death. Smoking was found to have the highest hazard ratio of all the behavioural factors. In their study limitations however, the authors suggested that future research should investigate associations between risk factors and hospital admissions that are disease-specific diagnoses.

Multiple health risky behaviours tend to occur concurrently or complement each other [e.g., (7, 8)], implying a multiplication of associated disease burdens on health and productivity, pressure on health care systems both in terms of disease incidence and associated costs of hospitalisation (9–11). Moreover, cardiovascular diseases tend to be associated with more than a single health behaviour, suggesting potential intercorrelation between these risky behaviours. However, few studies have been undertaken to understand the patterns that such interactions between health risky behaviours and associated health outcomes might take.

This study examined the interrelationships between risky health behaviours and associated disease outcomes, using large linked health care data on Scottish adults (the linked Scottish health survey). The linked Scottish health survey (linked SheS) links the baseline information on risky behaviours and other characteristics in three waves of the Scottish Health Survey [i.e., (12–14)] to subsequent hospital admissions that were behaviour-specific diagnoses up to 2013. Linking behaviour-specific diagnoses provided a way to approximate causality between health behaviours and disease incidence.

To consistently examine the interrelationships, a recursive multivariate probability (probit) model was adopted. This model jointly estimated a disease incidence equation and a reduced form equation for each of the health risky behaviours; smoking, excess alcohol consumption, physical inactivity, and inadequate diet. The model enabled us to assess the association of demographic, socioeconomic, and other factors with risky lifestyle choices, and investigated their influence on the probability of having a related disease incidence. The modelling approach also allowed us to account for (i) the correlation of unobserved characteristics that may impact both disease risk and risky health behaviours, and (ii) the potential endogeneity of the risky health behaviours to disease incidence. The model was estimated separately for female and male samples.

The model statistic showed that modelling health risk behaviours and disease incidence equations independently rather than jointly may be misleading. The estimation results showed a clear socioeconomic gradient predicting health risky behaviours. Specifically, smoking appeared to be a key driver of other health risky behaviours. Current smokers were more likely to be drinking above the recommended limit, physically inactive, and eating inadequate diet. These results differ by age and gender. Undertaking health risky behaviours decreases with age. Also, males were more likely than females to undertake health risky behaviours: smoking, excessive drinking and inadequate diet, longer in their lives.

The findings suggest that targeting current smokers to quit in interventions to promote multiple healthier lifestyles may spill over to other lifestyles by reducing excessive drinking, improve physical activity and adequate diet amongst individuals with multiple health risky behaviours. This implies that, improvements in one behaviour may increase the likelihood of adopting other healthier lifestyles.

The remainder of the paper is organised as follows. Section on Materials and Methods provides a data description and outlines the estimation model. Results are presented next followed by the Discussion.



MATERIALS AND METHODS


Data
 
The Linked Scottish Health Survey Dataset

The hospitalisation episodes data used in this study were sourced from the Scottish Morbidity Records (SMR) that were administratively linked to respondents to Scottish Health Surveys (SHeS) by the Information Services Division (ISD) of the National Health Services (NHS) Scotland. The SHeS is a national representative survey of individuals living in private households in Scotland. It collects a wide range of information on individual respondents, including demographic, socioeconomic, environmental, self-reported health, and health behaviours.

The SMR system other the other hand, records details of all hospitalisation episodes in Scottish NHS hospitals for each respondent in the SHeS who consented to having their information passed onto the ISD. Each episode record contains primary and secondary diagnoses identified by disease-specific International Classification of Diseases ICD9 and ICD10 codes, date of admission and discharge. The SMR is routinely linked to cancer and death registrations, covering the period 1981 to the present. Permission from the Privacy Advisory Committee of the ISD was granted to access the linked SHeS datasets.



Health Risky Behaviours and Associated Disease Outcome Variables

The health risky behaviours considered were smoking, alcohol consumption over the limit, physical inactivity, and inadequate diet. All were measured as binary variables in this study. The surveys collected a comprehensive range of data pertaining to alcohol consumption from respondents aged 16 and older, allowing the derivation of weekly units of alcohol consumption. From this, we derived an indicator variable taking a value of one if the individual reported drinking regularly over the moderate limit, and zero otherwise. The drinking limits at the time of the survey were 1 to 14 units for women and 21 units for men (15)1.

For smoking, individual respondents aged 16 and older were asked if they “smoke cigarettes regularly nowadays”. Respondents answered either “Yes” or “No”. Thus, the binary “Smoking” variable took a value of one if respondents answered “Yes”; and zero otherwise. For physical inactivity we generated the binary variable “Inactive” taking a value of one if the individual indicated to have spent no time in sporting activities 28 days prior to interview; and zero otherwise.

We proxy diet by use of the number of portions of fruit and vegetables consumed by each respondent over the 24 h period prior to interview. Information on fruit and vegetables include the following food types: fresh, frozen and canned vegetables; vegetables in composites (vegetable lasagne); pulses; salads; fresh, frozen or canned fruit; dried fruit; and fruit in composites (apple pie). Portion size was defined as 80 g and visualised to respondents in tablespoons, cereal bowls and slices. The number of portions of fruits and vegetables were then summed for each respondent to estimate the number of portions of fruits and vegetables consumed in the day prior to interview. The policy recommendation at the time of the survey was five fruit or vegetable portions for adults per day (16) and this has not changed. We derived a binary indicator variable taking the value of one if the individual did not meet the recommended portion size per day; and zero otherwise.

Diseases associated with these health behaviours include cancers, heart diseases, stroke, hypertension, asthma, obesity as a disease, peripheral vascular diseases (PVC), and others identified by the relevant ICD9 and ICD10 codes defining the obesity-, smoking-, and alcohol-related diseases.

Previous evidence showed obesity-related diseases to be associated with diet and physical inactivity [e.g., (16–18)]. We observed the ICD9 and ICD10 codes identifying important diseases such as cancers, stroke and heart diseases tend to overlap, as the same codes identify different behaviour-related diseases. Therefore, disease incidence was defined as the presence of any disease-specific ICD9 and ICD10 codes in any of the diagnosis codes recorded in the data, either as primary diagnosis or cause of death. We used the survey interview date, hospital admission date for an episode, and discharge date to determine when a behaviour-related disease incidence occurred, either pre-survey, post-survey, or both.

A pre-survey incidence occurred if the individual was discharged on or before the interview date, whilst an incidence occurred post-survey if the individual was admitted on or after the survey interview date. We focus on the first incidence of a disease post-survey to derive the binary disease outcome variable (SMRpost), taking the value one if the individual had the first incidence of a behaviour-related disease post-survey; and zero otherwise. We expected each of the risk behaviours to be positively associated with post survey disease incidence.



Other Variables

Other variables included in the model as determinants of risky health behaviour and disease incidence are individual demographic, socioeconomic, environment, and self-reported health-related factors and disease history as measured by the presence of a disease incidence pre-survey (SMRpre). Demographic factors include gender, age and marital status. Age enters the model non-linearly via a squared age term in addition to age. Marital status was categorised into three binary variables: Single; Married or co-habiting; and Divorced, widowed, or separated.

The socio-economic characteristics were educational attainment and occupational status. Educational attainment was categorised into 5 groups; no educational qualifications; O-level or equivalent; A-level or equivalent; Further education or equivalent; and University degree or equivalent professional qualifications. Occupational status was categorised into Unskilled; Partly-skilled manual; Skilled manual; Skilled non-manual; Intermediate/managerial; and professional. We used area deprivation to proxy the individual's living environment, measured by the Scottish Index of Multiple Deprivation (SIMD) which is the Scottish Executive's official measure for identifying small area concentrations of multiple deprivations across Scotland (19). SIMD was categorised into ordered quintiles where SIMD51 = 1 indicated the least deprived and SIMD55 = 1 indicated the most deprived quintile.

Self-reported general health was categorised into three binaries: “Very good” (reference group), “Good”, “Fair”; and “Bad/Very bad” health. The remaining self-reported health related factors were binary variables capturing “precondition” including; presence of a medical pre-condition (e.g., IHD, Type 2 diabetes, treatment for high blood pressure, limiting and non-limiting long-standing illness, hospital attendance for a cardiovascular disease (CVD), etc.,), and the presence of the first incidence of a behaviour-related disease incidence pre-survey. Both variables were intended to capture the effect of medical history including pre-survey hospitalisations.



Patterns of Risky Behaviours, Disease Incidence and Individual Characteristics

Restricting attention to adults aged 16 years and older, and excluding respondents whose status within the SMR was unknown at the end of the study period, our final sample consisted of N = 20,751 individuals. Descriptive statistics in Table 1 showed health risk behaviours patterns and disease incidence. Figures were presented for the whole sample (ALL) and each risky behaviour separately:


Table 1. Descriptive statistics of risky behaviours, disease outcome, and other characteristics (N = 20,751).

[image: Table 1]

At the time of interview, 50% of the total sample were physically inactive (N = 10,157), 36.5% reported to be current smokers (N = 7,581), 90.7% were failing the recommended five a day (inadequate diet) (N = 18,829), and 24.1% were drinking above moderate alcohol limits (N = 4,991). Cross-tabulations across risky behaviours (not in Table 1 but available from the authors) show that 9.6% of respondents had at least one other risky behaviour (N = 1,997), whilst 4.7% had all the four health risky behaviours considered in this study (N = 980). Moreover, 28.5% of the sample experienced a behaviour-related disease incidence post-survey (N = 5,903). Within this sub-sample, 65% were physically inactive, 42% were smokers, 93% had an inadequate diet, and 21% consumed alcohol regularly above the moderate limit.

The average age in the sample was 46 years. However, current smokers, excessive drinkers, and individuals taking inadequate diet were slightly younger whilst the physically inactive were on average older. Those who experienced a disease incidence were on average 56 years old. Thus, we expected age to impact differentially across risk behaviours and disease incidence. In terms of gender, 46% percent of the whole sample were men. The proportion of males undertaking at least one risky behaviour was generally above 42% in the risk behaviour sub-groups, with the highest being drinking above the recommended limit (63%). Within the groups of individuals with a disease incidence 47% were men.

Regarding marital status, 58.5% of the sample were married or cohabiting. Across the health risk behaviours, married and cohabiting individuals were in the majority, and similarly for those with a disease incidence. Over a third (36%) of the sample had no formal educational qualification. Within the risk behaviour sub-groups, respondents with no educational qualification were more likely to undertake each of the risky behaviours: smoking (40.5%), excessive drinking (26.4%), physically inactive (50.6%), and inadequate diet (36.7%), and to have a disease incidence (54.2%). Thus, we expected the probability of undertaking a risky behaviour to decrease with education level.

With respect to occupational social status, a greater proportion of the total sample were in skilled manual and intermediate/managerial occupations, whilst individuals in the unskilled and professional categories were generally <10%. We observe this pattern across all risk behaviours and disease incidence. Regarding deprivation quintiles, we expected the probability of undertaking each of the risky behaviours to decrease with lower levels of deprivation. This was largely because, individuals in the most deprived group were generally lower than a third of the total sample. In the most deprived group were; almost a third (30.3%) of smokers, almost a quarter (24.5%) of physically inactive, more than one-in-five (22%) of those taking inadequate diet, and over a quarter (27.1%) of those with a disease incidence.

For health-related characteristics, 37.9% reported a health-related pre-condition. Around a third of current smokers (33.4%) and excessive drinkers (34%) reported a pre-condition. respectively Almost two-in-five (37%) as well as over half (52%) of the total sample of those with a pre-condition were undertaking inadequate diet, and physically inactive, respectively. Furthermore, a majority of respondents with a pre-condition (60%) experienced a disease incidence. Therefore, we expected pre-condition to increase the probability of disease incidence but might decrease the probability of undertaking risky behaviours. The majority of respondents in the total sample reported their general health to be “Very good” (33.8%) or “Good” (39.3%), and a similar pattern prevailed across the risky behaviour and disease incidence sub-samples.

Finally, 7.2% of the total sample experienced a disease incidence pre-survey; 6% of current smokers; 5% of excessive drinkers; 11% of the inactive; and 7% of those with inadequate diet. Of those with a disease incidence post-survey, 19% also reported a pre-survey disease incidence. Thus, we expected the probability of a disease incidence post-survey to increase with health-related respondent characteristics.




Model

The multivariate probit model with endogenous variables belongs to the general class of simultaneous equations system and a generalisation of the bivariate probit model [e.g. (20, 21)]. Previous studies that applied the recursive multivariate probit model in health economics include Contoyannis and Jones (22), Balia and Jones (23), Di Novi (24) and Schneider and Schneider (25, 26). We also considered this model as appropriate to address our study objective. Firstly, the model explicitly accounts for correlations between unobserved characteristics that may determine both health risky behaviours and disease incidence. That is, the random components in the health risky behaviour equations were allowed to be freely correlated with the random component in the structural disease incidence equation. Secondly, the approach accounted for the potential endogeneity bias between health risk behaviours and disease incidence.

In our application, the recursive structure of the model was built around four reduced-form risk behaviour equations and a disease incidence structural equation with risk behaviour variables as predictors. For each latent dependent variable [image: image] for the ith individual and kth health risk behaviours [k = smoking (smk), excessive drinking (drk), physical inactivity (inact), inadequate diet (diet) and disease incidence (dis)];

[image: image]

Let [image: image], the corresponding binary observed outcome y for each of the kth health risk behaviours and disease incidence can be stated as:

[image: image]

where εikwere the error terms distributed as multivariate normal, each with a mean of zero and a variance-covariance matrix of the cross-equation error terms, V, which has values of 1 on the leading diagonal; and correlations ρjk = ρkj off-diagonal elements for j, k = 1, …, M and j ≠ k. The parameter ρjk to be estimated, provides the correlations between the error terms of equations j and k, measuring the extent to which unobserved characteristics of individuals influence their risky behaviour and associated disease incidence. Xik and Zi, dis were vectors of explanatory variables in each of the risky behaviour equations and the disease incidence equation, respectively, whilst βk and θk were parameter vectors to be estimated.

In application, the vector of explanatory variables in X differed from those in vector Z (i.e., X ≠ Z) due to exclusion restrictions on the structural equation. Equation (2) has the structure of a Zellner (27) Seemingly Unrelated Regression model, except that the dependent variables yik, are binaries and the explanatory variables need not be the same in all equations. The parameter vectors, θsmk, θdrk, θinact, θdiet, βdis and ρ were estimated using the MVPROBIT programme developed by Capellari and Jenkins (28) and implemented in STATA.

Finally, in addition to the non-linear functional form of the model, identification of the parameters was achieved by imposing excluded restrictions on the structural equations. Madalla (21) suggested omission of at least one explanatory variable in the reduced-form equations from the structural equation as a predictor variable. Previous applications of this model to health, commonly excluded socioeconomic indicators from the structural equation [e.g., (22–24, 26)]. We follow this approach, assuming that socioeconomic characteristics only indirectly affect disease incidence through lifestyles.




RESULTS

Tables 2–4 present estimation results from the multivariate probit specifications of the full recursive model in Equation (2) for the whole sample, female and male sub-samples, respectively. We tested the null hypothesis Ho: ρ = 0 via likelihood ratio test, that the error terms of the equations were jointly statistically equal to zero. This test rejected the null hypothesis of exogeneity, suggesting that estimation of the equations independently of one another would be inefficient.


Table 2. Recursive multivariate probit regression: Whole sample.
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Table 3. Recursive multivariate probit regression: Females.
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Table 4. Recursive multivariate probit regression: Males.
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The first four columns in Tables 2–4 present the partial effects for the reduced form risk behaviour equations. In Table 2 for the whole sample, males were strongly more likely than females to undertake risky behaviours; smoking, excessive drinking and inadequate diet. These results agree with the findings from German data by Schneider and Schneider (26). However, males were less likely than females to be physically inactive.

The age effect differed across health risky behaviours and between the estimated models. Generally, age had a quadratic effect on the probability of smoking and excessive drinking. Here, the function was inverted U-shaped, suggesting that the probability of smoking and drinking excessively was increasing with age initially, and then decreased. The critical age (in years) at which this change occurred differed across the estimated models, but was statistically significant at 5% or better. For the whole sample, the critical age at which the probability of smoking began to diminish was 34.5 years, compared to 30.8 years for excessive drinking. However, the diminishing smoking and excessive drinking probabilities occurred at a relatively higher age for males (Table 4) than for females (Table 3). For males, the diminishing effect occurred at around aged 35 years on average, compared to aged 33 years and ~22 years for females, respectively.

The age effect for physical inactivity and inadequate diet differed between the whole sample and by gender. For the whole sample, the probability of inactivity and inadequate diet was increasing monotonically and the critical ages were statistically insignificant (Table 2). The functional form of the effect of age on physical inactivity and inadequate diet differed markedly between females (Table 3) and males (Table 4). For the female sample, the functional forms for physical inactivity and inadequate diet were U-shaped, respectively. This suggests an increasing effect of age on these health risky behaviours. Thus, the critical age at which physical inactivity increased amongst females was strongly statistically significant at ~18 years, but insignificant for inadequate diet. For the male sample however, age has a diminishing effect on inadequate diet with an inverted U-shaped function and the critical age at which inadequate diet decreased amongst males was statistically significant at ~37 years, but insignificant for physical inactivity.

Regarding marital status, married or cohabiting individuals were less likely than singles to undertake all the health risky behaviours across all models, except physical inactivity and inadequate diet, in which the negative effect was statistically insignificant (Table 2). Divorced, separated or widowed women were more likely to be smokers than singles and less likely to drink excessively (Table 3). For men however, being divorced, separated or widowed was positively associated with smoking, excessive drinking and inadequate diet (Table 4). For both females and males, marital status had no effect on physical inactivity.

For education, the results suggested that whilst the more educated were less likely than those with no education to be smoking, physically inactive and taking inadequate diet, they were also more likely to drink excessively. The result on drinking is consistent with findings by Schneider and Schneider (26), in which the result was associated with social acceptance of alcohol consumption amongst the more educated. The results for education attainment were consistent across all estimated models.

The effect of occupational social status also differed across the health risky behaviours and by gender. Generally, and particularly for the whole and female sample, smoking and inadequate diet probability decreased progressively with higher occupation levels, whilst the probability of excessive drinking and physical inactivity increased generally with higher occupational status (Tables 2, 3).2

Similarly for males (Table 4), the probability of smoking and inadequate diet decreased progressively with higher occupational status, whilst the probability of being physical inactive increased. In contrast to females, the effect of occupational status on the probability of excessive drinking was not statistically different from zero. Overall, these results suggested that whilst the more skilled individuals were less likely to smoke or have an inadequate diet, they were more likely than those with no skills to be physically inactive, particular females. Results for excessive drinking were less clear-cut.

The deprivation effect also differed across health risky behaviours and by gender. The most deprived females (SIMD55) were more likely than females in the least deprived quintile (SIMD51) to be smoking, physically inactive, and had an inadequate diet, but were less likely to drink excessively.3 Males in the most deprived quintile were also more likely than males in the least deprived quintile to be smoking, physically inactive, and taking inadequate diet. There was no statistical evidence supporting the influence of deprivation on excessive drinking.4, 5

Generally, the probability of smoking, physical inactivity, and inadequate diet was positively associated with worse self-assessed general health (Table 2). However, the relationship between health risky behaviours and self-assessed general health also differed by gender. For females, the probability of smoking, physical inactivity, and inadequate diet was positively associated with worse self-assessed general health, whilst the probability of excessive drinking was negatively associated with worse self-assessed general health.

Further, having a self-reported precondition decreased the probability of smoking and inadequate diet, but increased the probability of physical inactivity in all samples. However, females who reported a precondition were also more likely to drink excessively whilst for males, a precondition reduced the likelihood of excess drinking. Additionally, a pre-survey disease incidence (SMRpre) decreased smoking and drinking probability in the whole sample and for males. For females however, a pre-survey disease incidence was only statistically associated with physical inactivity.

The last columns in Tables 2–4 present results for the structural disease incidence equation. For the whole sample, there was no statistical evidence of gender differences in the probability of a behaviour related disease incidence. As expected, the probability of a behaviour-related disease incidence increased monotonically with age across all estimated models, but the critical age was only statistically significant for the whole sample.

For the health-related characteristics, those in worse self-assessed health were strongly more likely than those assessing their heath as “Very Good”, to suffer a behaviour-related disease incidence post-survey. The probability of a disease incidence increased progressively with worsening self-assessed health. Experiencing a behaviour-related disease incidence pre-survey or self-reported pre-condition was positively associated with experiencing a disease incidence post-survey.

For endogenous risk behaviour variables, it should be noted that the estimates were conditional on the individual characteristics influencing each of the health risk behaviours. Therefore, the estimates were the direct and indirect effects on disease incidence. There was a gender difference in the impact of excessive drinking on the probability of a disease incidence post-survey, which was negatively associated for females and insignificant for males. For males and females, smoking and inadequate diet showed a positive statistically significant effect on the probability of disease incidence post-survey whilst physical inactivity was statistically insignificant.

Finally, we assessed dependency between the estimated equations and tested whether the health risky behaviours were endogenous to disease incidence. Table 5 presents the results. Each sub-table reports the pairwise correlations between the health behaviours and disease incidence and the correlation coefficients ρjk.6 The results showed that most health risk behaviours were positively correlated and coefficients were highly statistically significant, except in the males sample, where the correlation between smoking and inactivity (ρsmoking * inactive) and between drinking and inadequate diet were insignificant.


Table 5. Correlation matrices for the restricted and the full modela.

[image: Table 5]

These results suggested that unobserved factors influencing the likelihood of one risky health behaviour also contribute positively to the likelihood of other health risky behaviours and disease incidence. Secondly, only smoking and unhealthy diet were significantly negatively correlated with a disease incidence. This suggested that these healthy risky behaviours were endogenous to disease risk and should be modelled jointly with disease incidence. These general patterns of correlation were observed across all estimated models.

However, this study is without limitations. Firstly, our modelling approach did not account for potential sources of endogeneity bias. Specifically, self-assessed general health included as an explanatory variable may be jointly determined with the health outcomes. Also, the exclusion of year dummies from the model constrained an understanding of whether the year of survey predicted the outcomes. Future research should consider these limitations in modelling approach.



DISCUSSION

This study was motivated by the need to understand the interrelationships between health risky behaviours and their effect on related health outcomes such as disease incidence. This was considered crucial in designing behaviour intervention programmes. Incidence of many of the main diseases and premature deaths tend to be influenced by multiple health risky behaviours, such as those considered in this study. Risky behaviours tend to be dependent and they may have a multiplicative effect on disease incidence and healthcare cost.

We examined interrelationships between health risky behaviours smoking, excessive drinking, physical inactivity and inadequate diet and associated disease outcomes, using linked healthcare data on Scottish adults aged 16 and above. Specifically, we sought to assess the demographic, socioeconomic, and other factors associated with health risky lifestyle choices and to investigate whether or not these risky lifestyle choices have a significant influence on the probability of having a behaviour-specific disease incidence.

The study adds to the literature on the modelling of the determinants of multiple health behaviours, particularly risky behaviours, and how these determinants might differ by gender. This was made possible by use of a unique data set linking individual characteristics directly to their hospitalisation episodes. This avoided biases often associated with wholly self-reported data.

A key advantage of using linked healthcare dataset was that the record linkage provided a way to approximate causality since the health outcome was behaviour-specific. Also, the modelling strategy employed enabled examination of associations between respondent characteristics and each health risky behaviour, and the overall direct and indirect effects they have on disease incidence. Moreover, focusing on health risky behaviours rather than health protective behaviours was premised on the growing evidence that targeting multiple risky behaviours rather than a single risky behaviour at a time, offers the potential for maximising health promotion and intervention benefit, and reducing costs associated with behaviour-related disease outcomes [e.g., (9, 29)].

Understanding the interrelationships between risky health behaviours and associated disease outcomes is useful for intervention design aiming to promote multiple risky behaviour change at a time. This understanding is based on potential spillover effects arising when improvement in one behaviour increases the likelihood of adopting other healthier lifestyle behaviours.7 That is; a beneficial single behaviour change may incentivize adoption of another healthy behaviour (30).

The results showed clear demographic and socioeconomic gradients in the risky behaviour determinants, particularly smoking, excessive drinking and inadequate diet, but are less clear cut for physical inactivity. Gender differences in the observed characteristics influencing risky behaviours and disease outcome were found. Undertaking risky behaviours increased generally at younger ages and tended to decrease as one becomes older. However, males were more likely than females to undertake risky behaviours longer in their lives, such as smoking, excessive drinking and inadequate diet. The estimate of the critical ages suggested that physical inactivity amongst females could begin as early as <13 years of age.

Our findings also support education as a key driver of better health behaviour irrespective of gender. A social gradient in healthy risk behaviours was also found in the analysis given that our findings suggested that a lower social standing, as measured by deprivation, induced health risky behaviour which increased the probability of associated disease incidence.

Moreover, we found that disease incidence was positively correlated with smoking and inadequate diet, whilst these same lifestyles were negatively correlated with having a precondition. This an important result suggesting that having a pre-condition may motivate healthier lifestyles (in terms of reduction in smoking and inadequate diet) in the future. It would be of interest to understand how these results generalise into other populations. In summary, demographic and socioeconomic characteristics such as age, gender, marital status, education, the environment, and having a precondition were some of the key elements influencing health risky behaviours and indirectly behaviour-related health outcome. Hence, designing intervention programmes targeting health risky behaviours may be more beneficial by greater investments in education and improving the environment to be more conducive for the younger age groups. Improvement in the modelling approach in future research will address the limitations.
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FOOTNOTES

1The limit for men has since been reduced to the same level as for women.

2Statistically insignificance was based on joint tests post-estimation, which gave Chi squared estimates and associated p-value.

3For inadequate diet, the coefficient were statistically significant only at the 4th and the 5th quintiles. However, they were jointly significant: Chi2(4) = 14.08, p-value = 0.007.

4For excessive drinking, only the coefficient on the 2nd quintile is statistically significant and a joint significance test of the quintiles cannot reject the null hypothesis that the effect of deprivation on excessive drinking is not different from zero: Chi2(4) = 13.16, p-value = 0.105.

5For inadequate diet, only the coefficient on the 5th quintile is statistically significant and a joint significance test suggests that the quintiles are jointly significant: Chi2(4) = 16.66, p-value= 0.0023.

6In estimation, the statistic [image: image] was computed, where was the asymptotic standard error of [image: image].

7The idea of spillover effect here is synonymous with the concept of co-variation amongst multiple health behaviours in the literature on preventive medicine [e.g. (29)].
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