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Abstract 1 

Background: Exercise is increasingly understood as an important resource for people with harmful 2 

substance use, including those in prison. Little is known about how inmates adopt various health 3 

behaviors during incarceration, without interventions. Methods: This study analyzed self-reports from 4 

1,468 inmates in Norwegian prisons, compared them according to harmful substance use pre-5 

incarceration, and explored changes in exercise and nicotine use during incarceration. Results were 6 

presented in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology 7 

(STROBE) guidelines. Results: Inmates with harmful substance use reported higher rates of smoking, 8 

smokeless tobacco, and physical inactivity pre-incarceration than inmates without harmful use. 9 

However, inmates with harmful use also exhibited more behavioral changes: they adopted exercise, 10 

ceased smoking, and adopted smokeless tobacco at higher rates during incarceration than the non-11 

harmful group.  Conclusions: Exercise is being taken up by a significant proportion of inmates, and may 12 

in particular be a replacement behavior for substance use. However, unhealthy behaviors are also begun 13 

or maintained. If prisons were used as an arena to facilitate healthy behaviors, the public health benefits 14 

to a marginalized group such as substance-using inmates could be substantial. 15 

 16 

Keywords: exercise, cigarette, smokeless tobacco, substance use, health behavior 17 

 18 

1. Introduction 19 

Exercise – defined as any planned, structured, or repetitive physical activities, often with the 20 

goal of increased fitness [1] – is increasingly understood as an important resource for people struggling 21 

with harmful substance use. Harmful substance use is indicated by damage to physical health, mental 22 

health, or social functioning due to drug or alcohol use, and the danger of repeated use (in addition to 23 

these harms) is the individual’s physiological adaptation to substances [2]. A recent meta-analysis 24 

reported that participation in an exercise intervention significantly increased the abstinences rate of 25 

substance use disorder patients [3]. Numerous reviews have proffered clinical and theoretical 26 

mechanisms for this efficacy, including less severe withdrawal symptoms during detoxification [3], 27 

reduction in craving [4], lessened co-morbid anxiety and depression [3-5], improvement of positive 28 
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affect and mood [5], and reduction in stress reactivity [6] - overall reducing the chance of relapse among 1 

people in treatment and afterwards. Exercise can also serve as an important alternative behavior, an 2 

activity that takes up the time and energy otherwise consumed by substance use [7], and a majority of 3 

people with substance use disorders are interested in assistance beginning or maintaining an exercise 4 

regime [8].  5 

The Norwegian health authorities [9] recommend exercise as an adjunct treatment for substance 6 

use disorders because, in addition to clinical benefits, it is cost-effective and accessible after the formal 7 

treatment system. Importantly, exercise reduces the risk of numerous preventable chronic diseases [10, 8 

11], of which people with substance use disorders already experience earlier and with more fatal 9 

consequences [12-15]. 10 

Despite this consensus, people with harmful substance use typically report far lower rates of 11 

exercise than the general population [8]. This is true for out-of-treatment users, inpatients [16, 17], and 12 

outpatients [16], with mixed evidence from inmates [18, 19]. Substance use disorders are the most 13 

common mental disorders among inmates, with pooled estimates of a 51% prevalence of drug use 14 

disorders worldwide, and a 24% prevalence of alcohol use disorder [20]. The restricted prison 15 

environment and reduced access to illicit substances may spark a need to develop new coping 16 

mechanisms and stress management techniques [21-23].  17 

Prison can provide an ideal setting for exercise and other health behavior interventions, as the 18 

inmates’ exposure to interventions can be controlled [24, 25]. Many of the barriers to exercise identified 19 

by substance users, such as a lack of time, transportation, or finances [8, 26] can be easily removed in 20 

incarceration settings. Exercise interventions among inmates have increased fitness and functional 21 

cardiorespiratory capacity [27-30], improved psychological well-being [21, 28, 31, 32], and reduced 22 

aggression [33]. Only two of these studies reported on inmates with some sort of harmful substance use:  23 

105 inmates with “substance abuse problems” pre-incarceration, no diagnosis reported, self-reported 24 

improved physical fitness and alleviated anxiety, stress, and depression [28], and 19 inmates in 25 

methadone maintenance treatment improved strength and cardiorespiratory capacity [30]. Few studies 26 

have examined inmates’ capacities to adopt exercise without interventions. Substance users in the UK 27 

reported reductions in physical activity during the first week of incarceration [19], while cross-sectional 28 
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studies from Italy and Nigeria found both positive and negative relationships, respectively, between 1 

exercise frequency and length of incarceration [34, 35]. 2 

In other naturalistic studies of incarceration settings, prisons are not realizing their health-3 

promotion potential as weight gain [36], and unhealthy diets are commonly reported [18, 37]. 4 

Furthermore, smoking is more prevalent among prisoners than the general populations in 35 of 36 5 

countries [38], which one qualitative study suggests may be because smoking is perceived as one of the 6 

few freedoms allotted to inmates [39]. A limitation of these studies is that they do not tell us how diets 7 

and smoking behaviors changed during incarceration.  8 

Data from the 1,499 inmates participating in the Norwegian Offender Mental Health and 9 

Addiction (NorMA) study showed that 47% reported daily substance use in the six months prior to 10 

incarceration, an important indicator of potentially problematic substance use [40]. Prisons may have 11 

different health effects for substance-using and non-using inmates. In one study, inmates who used drugs 12 

before incarceration are twice as likely to self-report better health after incarceration than inmates 13 

without pre-incarceration drug use. For alcohol users, the pattern was reversed: the majority report 14 

worsened self-rated health after incarceration [18].  15 

Little research has been conducted that explores substance-using inmates’ changes in multiple 16 

health behaviors during incarceration, without interventions. This analysis therefore aims to answer the 17 

following questions:  18 

1. What is the prevalence of exercise and nicotine use among inmates with and without harmful 19 

substance use?  20 

2. How do exercise and nicotine use change over time?  21 

3. Which variables, individual and system-related, are associated with increased exercise 22 

frequency during incarceration?  23 

 24 

2. Materials and Methods 25 

2.1 Setting 26 

Norway has some of the lowest incarceration rates in the world: 74 incarcerated persons per 27 

100,000 residents, compared to 666 per 100,000 in the United States and 114 in Canada [41]. There are 28 
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63 prison locations, about two-thirds of which are high-security; capacity ranges from 13-400 cells, with 1 

an average of 70 [42]. The Norwegian prison system is characterized by a rehabilitative perspective of 2 

incarceration, in which incarceration should help individuals re-integrate into society by equipping them 3 

with the tools to be participating citizens and to not re-offend [42, 43]. The loss of liberty shall be the 4 

only deprived right, and incarcerated life should mirror life outside prison to as great as an extent 5 

possible, which means that incarceration does not have a goal of making prisoners suffer [42]. Norway 6 

also has a lower recidivism rate than most countries, estimated at 20% after two years [44]. 7 

Despite this success, the disproportionate burdens of mental and somatic multi-morbidities 8 

borne by Norwegian inmates mirror those in the rest of the world  [25, 45], and Norwegian inmates enter 9 

with lower education levels and higher rates of unemployment than the general population [46]. In-10 

prison health care services do not seem to be available to all prisoners equally, according to an earlier 11 

study including half of Norwegian prisons [47]. As an example, only thirteen prisons have specialized 12 

SUD treatment units [42].  13 

There is no national health promotion strategy for Norwegian prisons. Inmates are obliged to 14 

engage in work and daily activities, such as school and other forms of education. However, they are not 15 

obliged to exercise. Most prisons provide a gym, but exercise is usually based on the inmates’ own 16 

initiative. Only two prisons require light exercise, and only one has a complete cigarette ban. Cigarettes 17 

and smokeless tobacco are typically available for purchase at prison commissaries, although cigarette 18 

smoking has been banned in common areas in prisons since 2006 [42]. 19 

2.2 Study design 20 

This cross-sectional analysis used a large cohort study of prisoners in Norway, the Norwegian 21 

Offender Mental Health and Addiction (NorMA) study, the methodology of which has been described 22 

in Bukten, Lund [48]. In the NorMA study, study investigators distributed questionnaires to 57 of 63 23 

Norwegian prisons in 2013 and 2014, and collected self-reported survey data from 1,499 inmates of 24 

high security units, low security units, and transitional facilities. There were no exclusion criteria, and 25 

inmates participated based on their interest and availability. Figure 1 displays a flow chart of 26 

participation. 27 
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The NorMA study received ethical approval by the Regional Committees for Medical and 1 

Health Research Ethics, the Norwegian Social Science Data Services, and the Directorate of Norwegian 2 

Correctional Service. Each prison’s management approved all visits by researchers. 3 

Figure 1 4 

 

NorMA: Norwegian Offender Mental Health and Addiction Study. 
AUDIT: Alcohol Use Disorders Identification Test.   
DUDIT: Drug Use Disorders Identification Test. 

Figure 1 title: Flow chart of participation in the NorMA study 5 

 6 

2.3 Measures 7 

The questionnaire included a total of 116 items and was available in Norwegian, English, 8 

German, French, and Russian.  9 
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 1 

Six-month pre-incarceration variables 2 

Participants were asked to answer the Alcohol Use Disorders Identification Test (AUDIT) and 3 

Drug Use Disorders Identification Test (DUDIT) by reflecting on their substance use in the twelve 4 

months prior to incarceration. Harmful alcohol use was indicated by a score of ≥8 or men and ≥6 for 5 

women on the AUDIT-10, according to Norwegian guidelines [49, 50]. Harmful drug use was indicated 6 

by ≥6 or men and ≥2 for women on the DUDIT [51]. Both the AUDIT and DUDIT were scored for 7 

those who answered at least five items in each, and these individuals’ missing items were replaced by 8 

the individual means, following the recommendations of Hawthorne and Elliot [52]. Those who 9 

indicated through other questions that they had no experience with substances were instructed to skip 10 

the AUDIT and DUDIT, and were coded into the “no harmful use” group. Current psychological distress 11 

was measured by the ten-item Hopkins Symptom Checklist 10 (SCL10) on a 1-4 scale [53], in which 12 

scores ≥1.85 indicate clinical concern [54]. Due to missing data for the SCL10 (only 70.0% answered 13 

all ten items), the mean score was calculated with three missing values allowed, capturing an additional 14 

10.1% of participants than if only participants with zero missing were assigned mean scores. Participants 15 

also reported if they exercised, the amount of exercise sessions per week, if they smoked cigarettes, and 16 

if they used smokeless tobacco in the six months prior to incarceration.  17 

 18 

During incarceration variables 19 

Participants were then asked to report the substances they had used during their current 20 

incarceration, and overall frequency of substance use. They also reported current exercise, cigarette use, 21 

and smokeless tobacco use. The smokeless tobacco products used in Scandinavia, “snus”, have lower 22 

levels of nitrosamine than smokeless tobacco products sold in the United States and than in cigarettes 23 

[55].  Cigarette and smokeless tobacco reduction variables were created that captured changes in these 24 

behaviors over time while incarcerated, and coded on a scale from adoption to cessation: 0=began 25 

cigarette/smokeless tobacco use, 1=maintained, 2=stopped, and 3=never. Current self-rated physical 26 

health was reported on a 1-5 Likert type scale from 1=very poor to 5=very good, with 3 as a neutral 27 

option.  28 
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 1 

2.4 Analysis 2 

For this analysis, participants with harmful use of alcohol and/or drugs in the six months before 3 

incarceration were compared to those without harmful use. The two groups’ independent variables 4 

displayed in Table 1 were compared by chi-squares, independent sample t-tests, and Mann U-Whitney 5 

tests, according to distribution and type of variable. All analyses were conducted with complete cases. 6 

Several sets of chi-squares were then conducted to compare rates of pre-incarceration and during 7 

incarceration exercise, smokeless tobacco, and cigarette use between the two groups. To examine 8 

whether the two groups changed exercise, smokeless tobacco, or cigarette use behavior pre-incarceration 9 

to during incarceration, paired samples t-tests were conducted within each group to compare these 10 

dichotomous variables before and during incarceration. Changes in exercise frequency were explored 11 

further as the dependent outcome of a general linear model with repeated measures. Harmful substance 12 

use pre-incarceration was the between-subject factor and time the within-subject factor, accounting for 13 

individual variation in EX frequency from “pre-incarceration” to “during incarceration”. Correlations 14 

with variables previously identified as influential were tested, including age, length of incarceration, and 15 

mental distress. Only mental distress had a weak relationship to current exercise frequency (r= -.21, 16 

p<0.001), and was therefore not added as a covariate to the general linear model.  17 

To explore potential factors associated with increased exercise frequency during incarceration, 18 

hierarchical multiple linear regression analyses were run separately for the harmful and non-harmful 19 

substance use groups. All bivariate relationships between exercise during incarceration and participant 20 

characteristics primarily describing current health states and behavior during incarceration (Table 1) 21 

were tested, as well as the relationships between reductions in cigarette smoking and smokeless tobacco 22 

use during incarceration. Pre-incarceration exercise frequency was entered in the first stage, followed 23 

stepwise by variables with significant bivariate relationships. Adjusted R2 of each adjusted model are 24 

reported.  25 

Results were presented in accordance with the Strengthening the Reporting of Observational 26 

Studies in Epidemiology (STROBE) guidelines [56]. 27 

 28 
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3. Results 1 

3.1 Sample description 2 

Women comprised 6.4% (N=96) of the 1,468 participants. 73.7% (N=1,082) reported harmful 3 

substance use pre-incarceration, of which 63.6% reported daily use of at least one substance in the six 4 

months prior to incarceration. 26.3% (N=386) reported no harmful use before incarceration, of which 5 

2.3% (N=11) reported daily use. These two groups differed in most sociodemographic and substance 6 

use variables during incarceration (Table 1). Harmful substance users were on average five years 7 

younger and more likely to be single, were more often Nordic-born, and had lower rates of completed 8 

education and of employment or studying. They were also serving shorter sentences, and had been 9 

incarcerated for less time. Health variables during incarceration, however, did not differ; 66.2% of the 10 

harmful use group and 57.0% of the no harmful use group reported “good” or “very good” physical 11 

health, with 17.7% and 22.5% respectively, reporting “poor” or “very poor”. The average mental distress 12 

score was 1.93 in the harmful use group, with 45.0% scoring above the cut-off of 1.85, indicating 13 

clinically concerning symptoms. The average score in the no harmful use was below this threshold, and 14 

only 36.7% had clinically concerning symptoms. 15 

Table 1: Description of 1,499 inmates, by pre-incarceration harmful substance use  
 Harmful  

substance use, 
N=1,802 
N (%) 

No harmful 
substance use, 
N=386 
N (%) 

Test statistic N missing 

Women 65(6.0) 29 (7.5) X2
(1)=1.08 0 

Age [mean (SD)] 32.8 (10.1) 38.8 (12.8) z=-9.04*** 124 
Nordic-born 837 (79.1) 201 (54.9) X2

(1)= 80.56*** 44 
Secondary school or more 618 (57.8) 285 (74.8) X2

(1)= 34.52*** 18 
Single 792 (73.9) 196 (52.0)  

X2
(1)= 61.20*** 

18 

Working or studying before 
incarceration 

468 (43.3) 276 (71.5) X2
(1)=90.83**** 0 

     
Incarceration     
Months of sentence (median, 
IQR) 

13.0 (28.0) 27.9 (42.7) z=-4.15*** 275 

Months served (median, IQR) 4.5 (11.1) 6.0 (19.3) z=-2.67** 112 
Security level   X2

(2)=4.48 12 
High-security 662 (61.5) 210 (55.3)   
Low-security 420 (39.0) 149 (39.2)   
Transitional housing 34 (3.2) 21 (5.5)   

     
Health during incarceration     
SCL10 score [mean (SD)] 1.93 (.79) 1.76 (.75) t(1189)=-3.14** 277 
Self-rated physical health   X2=-.26 21 

Very poor 53 (5.0) 34 (9.0)   
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Poor 136 (12.7) 51 (13.5)   
Neither poor nor good 279 (26.1) 77 (20.4)   
Good 354 (33.1) 118 (31.3)   
Very good 229 (33.1) 97 (25.7)   

     
Substance and unprescribed medication use during incarceration  0 
Frequency   z=-7.06***  

None 750 (69.3) 378 (97.9)   
Once 60 (5.5) 4 (1.0)   
2-3 times 72 (6.7) 2 (0.5)   
4+ times 200 (18.5) 2 (0.5)   

Cannabis 234 (21.6) 2 (0.5) X2
(1)=93.96***  

OMT medicine, e.g. methadone 168 (15.5) 2 (0.5) X2
(1)=62.56***  

Benzodiazepines or sedatives 123 (11.4) 1 (0.3) X2
(1)= 45.40***  

Meth/amphetamines 69 (6.4) 0 (0) X2
(1)= 25.83***  

Synthetic cannabis 43 (4.0) 0 (0) X2
(1)=15.80*  

Methylphenidatea, e.g. ritalin 39 (3.6) 0 (0) X2
(1)=14.29***  

Heroin 29 (2.7) 1 (0.3) X2
(1)=8.33**  

Cocaine 26 (2.4) 0 (0) X2
(1)=9.44**  

Gamma-hydroxybutyric acid 
(GHB) 

20 (1.8) 0 (0) X2
(1)=7.23**  

Anabolic steroids 17 (1.6) 0 (0= X2
(1)=6.14*  

Inhalants 11 (1.0) 0 (0) X2
(1)=3.95*  

Ecstasy 9 (0.8) 0 (0) X2
(1)=3.23  

LSD, PCP, or ketamine 7 (0.6) 0 (0) X2
(1)=2.51  

 2 refers to chi-square for nominal dependent variables. z refers to Mann–Whitney U test for nonparametric 
variables. OMT: opioid maintenance treatment.   aA central nervous system stimulant prescribed for attention-
deficit hyperactivity disorder.  

Table 1 legend: Inmates with harmful substance use before incarceration were younger, more likely to 1 

be single, had lower rates of completed education and of employment or studying, and had a higher 2 

prevalence of mental distress compared to inmates without harmful substance use. 3 

 4 

3.2 Prevalence of exercise and nicotine use 5 

Figure 1 displays prevalence rates of the various health behaviors both pre-incarceration and 6 

during incarceration. Prevalence of all three behaviors differed pre-incarceration (all p-values <0.001). 7 

Harmful substance users were more likely to use both types of nicotine and less likely to exercise before 8 

being incarcerated. 9 

During incarceration (when interviewed), exercise rates increased among both groups, and the 10 

increase in the harmful use group was so great that about two-thirds of both groups exercised, evening 11 

out the pre-incarceration difference (p=0.123). Twice as many harmful substance users used smokeless 12 

tobacco than the no harmful use group (p<0.001). Three quarters of harmful substance users smoked 13 

cigarettes, while only one half of the no harmful use smoked (p<0.001).  14 

 15 
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Figure 2 1 

 2 
Figure 2 title: Exercise and nicotine use changes of inmates during incarceration 3 

 4 

3.3. Changes in exercise and nicotine use during incarceration 5 

Figure 1 also displays changes in these behaviors during incarceration. Rates of exercise 6 

increased for both groups. Cigarette use decreased only among harmful substance users, while 7 

smokeless tobacco rates increased significantly for both groups.  8 

The non-harmful use group reported pre-incarceration exercise at higher frequencies (1.9 9 

days/week) than the harmful use group (1.4 days/week); Figure 2. During incarceration, the cohort as a 10 

whole did not increase exercise frequency, with a non-significant main effect of time for the entire 11 

sample (F[1, 1245]=97.2, p=0.072). This increase was larger for the harmful substance use group, which 12 

increased from 1.4 to 2.7 days/week (significant interaction effect of group*time, F[1, 1245]=20.4, 13 

p=0.016). 14 

  15 
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Figure 3 1 

 2 
 3 
Figure 3 title: Changes in exercise frequency (sessions/week) of inmates during incarceration 4 

 5 

3.4  Factors related to increased exercise frequency  6 

Table 2 displays the results of the regression model explaining variance in exercise frequency 7 

for the harmful substance use group. The regression equation was significant, F(4, 563) = 34.9, p<0.001. 8 

Four variables explained 19.0% of the variance in exercise frequency during incarceration, and the most 9 

explanatory variable was self-rated physical health (β=0.299). Pre-incarceration exercise frequency, 10 

added with forced entry into the model, was the next most important predictor (β=0.189), while older 11 

age (β= -0.141) was a negative predictor. Having at least a secondary school education was also a 12 

positive predictor of higher exercise frequency (β= 0.094).  13 

Anabolic androgenic steroid use, mental distress, reduction in cigarette use, and reduction in 14 

smokeless tobacco were not significant predictors in the adjusted models. None of the other substances 15 

used under incarceration had significant bivariate relationships exercise frequency.  16 

  17 

 18 
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Table 2: Adjusted models explaining variance in exercise frequency during incarceration of inmates 
with harmful substance use  
 Modela 
 1 2 3 4 
(Constant) --- --- --- --- 
Pre-incarceration exercise frequency .251*** 0.204*** 0.190*** 0.184*** 
Self-rated physical health   0.332*** 0.304*** 0.299*** 
Age 

 
 -0.132** -0.141*** 

Secondary school education or higher 
   

0.094** 
     
Adjusted R2 6.1% 16.8% 18.3% 19.0% 
*p<0.05, **p<0.01, ***p<0.001.   
N=595. aSignificant bivariate variables not included in adjusted models: mental distress, reduction in 
cigarettes, reduction in smokeless tobacco, anabolic androgenic steroid use during incarceration, Nordic birth, 
months of sentence.  

 1 

For the non-harmful use group, five variables explained 22.7% of the variance of exercise 2 

frequency during incarceration, in a significant regression equation (F(3, 248) = 25.52, p<0.001). Pre-3 

incarceration exercise frequency was more important than for the harmful group (β=0.355), while 4 

satisfaction with physical health was nearly as important, and explained a stable amount of variance 5 

with the inclusion of each new predictor variable (β=0.274). Nordic birth was the only other positive 6 

predictor (β=0.140).  7 

 8 

Table 3: Adjusted models explaining variance in exercise frequency during incarceration of inmates 
with no harmful substance use  
 Modela  
 1 2 3   
(Constant) --- --- ---   
Pre-incarceration exercise frequency  0.387*** 0.357*** 0.355***   
Self-rated physical health  0.260*** 0.274***   
Nordic birth 

 
 0.140*   

      
Adjusted R2 14.6% 21.0% 22.7% 20.1% 21.1% 
*p<0.05, **p<0.01, ***p<0.001.  
N=252. aSignificant bivariate variables not included in adjusted models: age, gender, smokeless tobacco 
reduction, cigarette reduction.  

 9 

4. Discussion 10 

Inmates with harmful substance use entered prison with higher rates of negative health behaviors 11 

than inmates without problematic use, including 81.3% who smoked cigarettes, 61.4% who were 12 

physically inactive, and 25.8% who used smokeless tobacco. However, inmates with harmful use also 13 

exhibited more behavioral changes during incarceration: they adopted exercise, ceased smoking, and 14 

adopted smokeless tobacco at higher rates during incarceration than the non-harmful group. 15 
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The significant positive change in exercise behavior among inmates with harmful substance use, 1 

both in the amount of inmates beginning to exercise and in frequency, suggests that exercise may be an 2 

important replacement behavior for substance use under incarceration. This replacement mechanism 3 

could be a de facto replacement, as inmates have reduced access to substances: 18.5% of this group 4 

reported substance use at least four times during incarceration, which is a clear decline from the 63.6% 5 

daily use reported pre-incarceration. Exercise likely also induces neurological adaptations in reward-, 6 

inhibition-, and stress-related systems that directly counter and compete with the effects of substances 7 

in these same systems [57, 58].   8 

Pre-incarceration exercise was found to predict current exercise and this was expected, as 9 

exercise is a behavior in which within-person variation is decisive in predicting change. The low 10 

correlation of current mental distress to current exercise frequency is promising, as it suggests that 11 

mental health concerns need not be assumed prohibitive to inmate exercise. Muller and Clausen [59] 12 

were similarly able to engage residential SUD patients with the highest mental distress in a pilot group 13 

exercise program. Age negatively predicted exercise frequency for harmful substance users, but was 14 

unrelated to non-harmful users’ exercise. Mannocci, Mipatrini [35] also found exercise frequency in 15 

Italian prisons to be negatively related to age, and positively related to physical health-related quality of 16 

life and non-Italian nationality, with no relationship between exercise and amount of cigarettes or 17 

education level. Furthermore, sentence duration was not an important predictor of exercise frequency in 18 

our analysis, in line with Manocci et al.’s findings but not those of Olaitan, Shmaila [34] in Nigeria.  19 

Previous longitudinal, population-based studies have found exercise uptake to result in 20 

improved self-rated health [60], and exercise reductions in worsened self-rated health [61]. Similarly, 21 

we found strong correlations of current exercise and current self-rated health among both inmate groups. 22 

As with non-exercisers, inmates with poor health could be targeted as having potentially more to gain. 23 

Exercise cannot change incarceration itself or elements such as overcrowding or a lack of healthcare, 24 

but it could change the experience of incarceration, such as by providing a sense of autonomy, a 25 

challenge to boredom, and a relief against stress, elements which have been identified as reasons for the 26 

poor health of inmates [62]. Helping inmates exercise can also be seen as a way to equip them with an 27 

anti-depressive and stress-reducing tool that they can continue to use post-release [63, 64]. One third of 28 
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inmates in a previous American study experienced an increase in depression and stress after release, 1 

probably reflecting the environmental stressors of community living and the difficulties of post-release 2 

reintegration [65]. Exercise could thus be a tool used not only during, but also after, incarceration.  3 

It is important to emphasize that exercise should not be uncritically assumed a positive behavior. 4 

Exercise will necessarily increase the risk for exercise-related physical injuries, for example, and health 5 

screening may be necessary to identify prisoners with circulatory or heart problems who would benefit 6 

more from low-intensity or otherwise modified exercise [66]. Meek and Lewis also speculate that some 7 

prisoners with low self-esteem, eating disorders, or body disorders may be more predisposed to anabolic 8 

steroid use if they begin exercising. Steroid use is associated with a range of adverse health 9 

consequences, including cardiovascular effects and mental health problems [67-70], and lifetime 10 

anabolic steroid use is already found to be many times higher among prisoners [71, 72] than the general 11 

population [73]. These individuals could greatly benefit from learning that the positive effects of 12 

exercise can be reached without steroids.  13 

 14 

4.1 Limitations and strengths 15 

Some of the limitations of this analysis arise from the data collected in the questionnaire, most 16 

obviously that causation cannot be concluded from cross-sectional data. The cigarette and smokeless 17 

tobacco variables were dichotomous, therefore we were not able to differentiate between casual smokers 18 

or smokeless tobacco users from daily users. Similarly, lacking a standard definition of exercise, 19 

participants’ reports may not represent recommended amounts of exercise. Somatic health problems 20 

were outside the scope of the NorMA study, and while the self-rated health question was likely a strong 21 

proxy for health limitations, it was not possible to identify whether certain problems – for example, 22 

cardiovascular disease or obesity – particularly inhibited the adoption of exercise. 23 

The intention of this study was to collect participant-reported information. It is difficult to 24 

predict whether a population will over- or under-report current exercise, according to a meta-analysis 25 

[74], but self-reports of historical exercise, from 24 hours to 10 years earlier, have been reported to be 26 

valid in numerous countries, although currently overweight individuals may over-report historical 27 

exercise [75-77]. If certain groups over-reported pre-incarceration exercise, then exercise may have been 28 
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adopted during incarceration to an even greater extent than reported here. In general, participants in the 1 

NorMA study were representative of the national prison population in terms of gender, citizenship, and 2 

country of birth [48]. 3 

 4 

4.2 Clinical implications 5 

An array of earlier literature has revealed the large health burden of substance users, such as 6 

early onset cardiovascular disease and hypertension [78, 79]. The negative health behaviors documented 7 

in this paper can, if modified, reduce many future health risks. Our findings strengthen the argument for 8 

prisons to enable exercise as a public health intervention. Incarceration should be seen as an opportunity 9 

for positive behavior change, and it is encouraging that inmates with pre-incarceration harmful substance 10 

use seem particularly able to adopt such changes. Given that inmates’ need for substance treatment far 11 

outpaces access to treatment, actively facilitating exercise among inmates even without instituting 12 

formal interventions – e.g. by increasing the amount of time available for exercise, preventing inmate 13 

exclusion from facilities by other inmates, or resisting the revocation of exercise privileges as a 14 

punishment measure – could be a cost-effective method to provide substance-using inmates with a 15 

healthy alternative to substances. It may be particularly important to facilitate exercise among non-16 

exercisers entering prison, as this group may not have the health knowledge or self-efficacy to begin 17 

independently, or may have health needs that require tailored or facilitative programs [66]. Prison staff 18 

should be aware of lifetime steroid use and current steroid risk, such as harmful substance use and being 19 

underweight [80], and future qualitative research among inmates should aim to understand the meanings 20 

of steroid use, exercise, and other health behaviors explored in this article.    21 

 22 

5. Conclusion 23 

Overall, our results support the health-promoting potential and necessity of prisons: inmates 24 

entered with high rates of negative health behaviors, and substance-using inmates were particularly 25 

burdened. Behavioral change was common during incarceration, specifically the adoption of exercise 26 

among inmates with problematic substance use, which may have been related to being deprived of 27 

substances. Future research should explore the meaning of exercise for inmates and its potential to act 28 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2018                   doi:10.20944/preprints201810.0348.v1

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2018, 15, 2663; doi:10.3390/ijerph15122663

http://dx.doi.org/10.20944/preprints201810.0348.v1
http://dx.doi.org/10.3390/ijerph15122663


17 
 

as a substitute behavior for substance use, while prisons themselves should facilitate a range of exercise 1 

options, and institute nicotine cessation programs.  2 

 3 

Authors' contributions: AEM conceived of the manuscript. EBR and AB collected the data. AB was 4 

the project manager. All authors contributed to the analysis strategy, variable selection, and discussion, 5 

and approved the final manuscript. 6 

Funding: No funding was received for this article.  7 

Acknowledgements: The authors wish to think all inmates for their time in completing the 8 

questionnaire, and prison staff for their assistance in data collection. 9 

Conflicts of interest: None.  10 

List of abbreviations: NorMA: Norwegian Offender Mental Health and Addiction Study. AUDIT: 11 

Alcohol Use Disorders Identification Test. DUDIT: Drug Use Disorders Identification Test. SCL10: 12 

Hopkins Symptom Checklist 10. OMT: opioid maintenance treatment.13 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2018                   doi:10.20944/preprints201810.0348.v1

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2018, 15, 2663; doi:10.3390/ijerph15122663

http://dx.doi.org/10.20944/preprints201810.0348.v1
http://dx.doi.org/10.3390/ijerph15122663


18 
 

References 

1. Caspersen, C., K. Powell, and G. Christenson, Physical Activity, Exercise, and Physical Fitness: 
Definitions and Distinctions for Health-Related Research. Public Health Reports, 1985. 100(2): 
p. 6. 

2. World Health Organization, F10 - F19: Mental and behavioural disorders due to psychoactive 
substance use, in The ICD-10 Classification of Mental and Behavioural Disorders: Clinical 
descriptions and diagnostic guidelines. 1992: Geneva. 

3. Wang, D., et al., Impact of physical exercise on substance use disorders: a meta-analysis. PLoS 
One, 2014. 9(10): p. e110728. 

4. Linke, S.E. and M. Ussher, Exercise-based treatments for substance use disorders: evidence, 
theory, and practicality. The American journal of drug and alcohol abuse, 2015. 41(1): p. 7-15. 

5. Zschucke, E., A. Heinz, and A. Strohle, Exercise and physical activity in the therapy of substance 
use disorders. Scientific World Journal, 2012: p. 901741. 

6. Weinstock, J., H.K. Wadeson, and J.L. VanHeest, Exercise as an adjunct treatment for opiate 
agonist treatment: review of the current research and implementation strategies. Subst Abus, 
2012. 33(4): p. 350-60. 

7. Correia, C.J., T.A. Benson, and K.B. Carey, Decreased substance use following increases in 
alternative behaviors: a preliminary investigation. Addict Behav, 2005. 30(1): p. 19-27. 

8. Simonton, A.J., C.C. Young, and R.A. Brown, Physical Activity Preferences and Attitudes of 
Individuals with Substance Use Disorders: A Review of the Literature. Issues Ment Health Nurs, 
2018: p. 1-10. 

9. Directorate of Health, FYSISK AKTIVITET OG PSYKISK HELSE - et tipshefte for helsepersonell om 
tilrettelegging og planlegging av fysisk aktivitet for mennesker med psykiske lidelser og 
problemer, in Tipshefte, D.o. Health, Editor. 2010, Directorate of Health: Oslo. p. 16. 

10. Warburton, D.E., C.W. Nicol, and S.S. Bredin, Health benefits of physical activity: the evidence. 
CMAJ, 2006. 174(6): p. 801-9. 

11. Booth, F.W., C.K. Roberts, and M.J. Laye, Lack of exercise is a major cause of chronic diseases. 
Compr Physiol, 2012. 2(2): p. 1143-211. 

12. Thylstrup, B., T. Clausen, and M. Hesse, Cardiovascular disease among people with drug use 
disorders. Int J Public Health, 2015. 60(6): p. 659-68. 

13. Clausen, T., et al., Mortality among opiate users: opioid maintenance therapy, age and causes 
of death. Addiction, 2009. 104(8): p. 1356-62. 

14. Evans, E., et al., Mortality among individuals accessing pharmacological treatment for opioid 
dependence in California, 2006-10. Addiction, 2015. 110(6): p. 996-1005. 

15. Chesher, N.J., et al., Chronic illness histories of adults entering treatment for co-occurring 
substance abuse and other mental health disorders. Am J Addict, 2012. 21(1): p. 1-4. 

16. Caviness, C.M., et al., Minimum recommended physical activity, and perceived barriers and 
benefits of exercise in methadone maintained persons. J Subst Abuse Treat, 2013. 44(4): p. 457-
62. 

17. Muller, A., S. Skurtveit, and T. Clausen, Many correlates of poor quality of life among substance 
users entering treatment are not addiction-specific. Health Qual Life Outcomes, 2016. 14(1): p. 
1-10. 

18. Lester, C., L. Hamilton-Kirkwood, and N.K. Jones, Health indicators in a prison population: 
Asking prisoners. Health Education Journal, 2003. 62(4): p. 341-349. 

19. Fischer, J., et al., Fitness levels and physical activity among class A drug users entering prison. 
Br J Sports Med, 2012. 46(16): p. 1142-4. 

20. Fazel, S., I.A. Yoon, and A.J. Hayes, Substance use disorders in prisoners: an updated systematic 
review and meta-regression analysis in recently incarcerated men and women. Addiction, 2017. 
112(10): p. 1725-1739. 

21. Buckaloo, B.J., K.S. Krug, and K.B. Nelson, Exercise and the Low-Security Inmate:Changes in 
Depression, Stress, and Anxiety. The Prison Journal, 2009. 89(3): p. 328-343. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2018                   doi:10.20944/preprints201810.0348.v1

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2018, 15, 2663; doi:10.3390/ijerph15122663

http://dx.doi.org/10.20944/preprints201810.0348.v1
http://dx.doi.org/10.3390/ijerph15122663


19 
 

22. Cooper, C. and S. Berwick, Factors affecting psychological well-being of three groups of suicide-
prone prisoners. Current Psychology, 2001. 20(2): p. 169-182. 

23. Martos-García, D., J. Devís-Devís, and A.C. Sparkes, Sport and physical activity in a high security 
Spanish prison: an ethnographic study of multiple meanings. Sport, Education and Society, 
2009. 14(1): p. 77-96. 

24. Firth, C.L., et al., Lack of Healthier Food Alternatives Can Compromise Inmate Health. American 
Journal of Public Health, 2015. 105(6): p. e4-e5. 

25. Fazel, S. and J. Baillargeon, The health of prisoners. The Lancet, 2010. 377(9769): p. 956-965. 
26. Sari, S., A.E. Muller, and K.K. Roessler, Exercising alcohol patients don’t lack motivation but 

struggle with structures, emotions and social context - a qualitative dropout study. BMC Family 
Practice, 2017. 18(1). 

27. Battaglia, C., et al., Benefits of selected physical exercise programs in detention: a randomized 
controlled study. Int J Environ Res Public Health, 2013. 10(11): p. 5683-96. 

28. Nelson, M., et al., The Effects of Moderate Physical Activity on Offenders in a Rehabilitative 
Program. Journal of Correctional Education, 2006. 57(4): p. 276-285. 

29. Cashin, A., et al., Fit for prison: special population health and fitness programme evaluation. 
Int J Prison Health, 2008. 4(4): p. 208-16. 

30. Perez-Moreno, F., et al., Benefits of exercise training in Spanish prison inmates. Int J Sports 
Med, 2007. 28(12): p. 1046-52. 

31. Battaglia, C., et al., Participation in a 9-month selected physical exercise programme enhances 
psychological well-being in a prison population. Crim Behav Ment Health, 2015. 25(5): p. 343-
54. 

32. Genovese, J., M. Libbus, and M. Poole, Organized Aerobic Exercise and Depression in Male 
County Jail Inmates. J Correct Health Care, 1995. 2(1): p. 12. 

33. Wagner, M., R. McBride, and S. Crouse, THE EFFECTS OF WEIGHT-TRAINING EXERCISE ON 
AGGRESSION VARIABLES IN ADULT MALE INMATES. The Prison Journal, 1999. 79(1): p. 17. 

34. Olaitan, S.A., et al., Correlates of Selected Indices of Physical Fitness And Duration of 
Incarceration among Inmates in Some Selected Nigeria Prisons. Ethiopian Journal of Health 
Sciences, 2010. 20(1): p. 65-69. 

35. Mannocci, A., et al., Health related quality of life and physical activity in prison: a multicenter 
observational study in Italy. Eur J Public Health, 2017. 

36. Gebremariam, M.K., R.A. Nianogo, and O.A. Arah, Weight gain during incarceration: systematic 
review and meta-analysis. Obes Rev, 2018. 19(1): p. 98-110. 

37. Herbert, K., et al., Prevalence of risk factors for non-communicable diseases in prison 
populations worldwide: a systematic review. The Lancet, 2012. 379(9830): p. 1975-1982. 

38. Spaulding, A.C., et al., Smoking in Correctional Settings Worldwide: Prevalence, Bans, and 
Interventions. Epidemiol Rev, 2018. 40(1): p. 82-95. 

39. van den Berg, J.J., et al., Cigarette smoking as an expression of independence and freedom 
among inmates in a tobacco-free prison in the United States. Nicotine Tob Res, 2014. 16(2): p. 
238-42. 

40. Bukten, A., et al., [Substance use and health status among incarcerated individuals in Norway: 
results from the Norwegian Offender Mental Health and Addiction Study]. 2016, University of 
Oslo: Oslo. 

41. ICPR. International Centre of Prison Studies. The World Prison Brief 2018  [cited 2018 
05.02.2018]; Available from: http://www.prisonstudies.org/. 

42. NCS. About the Norwegian Correctional Service. 2017  7.2.2018]; Available from: 
http://www.kriminalomsorgen.no/information-in-english.265199.no.html. 

43. Dore, G., Health-Related Quality of Life in Prisoners, in Handbook of Disease Burdens and 
Quality of Life Measures, P. V.R. and W. R.R., Editors. 2010, Springer: New York, NY. 

44. Kristoffersen, R., Relapse Study in the Correctional Services of the Nordic Countries : Key Results 
and Perspectives. EuroVista, 2013. 2(3): p. 9. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2018                   doi:10.20944/preprints201810.0348.v1

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2018, 15, 2663; doi:10.3390/ijerph15122663

http://dx.doi.org/10.20944/preprints201810.0348.v1
http://dx.doi.org/10.3390/ijerph15122663


20 
 

45. Cramer, V., The prevalence of mental disorders among convicted inmates in Norwegian prisons. 
2014, Southeastern Regional Health Authority: Oslo. 

46. Friestad, C. and I.L.S. Hansen, Levekår blant innsatte (Living condtions among inmates). 2014, 
Fafo Institute for Labour and Social Research: Oslo. 

47. Nesset, M.B., et al., Health care help seeking behaviour among prisoners in Norway. BMC 
Health Serv Res, 2011. 11: p. 301. 

48. Bukten, A., et al., The Norwegian Offender Mental Health and Addiction Study - Design and 
Implementation of a National Survey and Prospective Cohort Study. Subst Abuse, 2015. 9(Suppl 
2): p. 59-66. 

49. Babor, T.F., et al., AUDIT: the Alcohol Use Disorders Identification Test : guidelines for use in 
primary health care, 2nd ed. 2001, World Health Organization: Geneva. 

50. ROP. Guide for beregning av poengsum AUDIT ("AUDIT scoring instructions"). 
Kartleggingsverktøy ("Assessment instruments") 2018  11.6.18]; Available from: 
https://rop.no/globalassets/snakkomrus/utskrifter/audit/audit-scoringsguide.pdf. 

51. Berman, A.H., et al., The self-report Drug Use Disorders Identification Test: Extended (DUDIT-
E): reliability, validity, and motivational index. J Subst Abuse Treat, 2007. 32(4): p. 357-69. 

52. Hawthorne, G., G. Hawthorne, and P. Elliott, Imputing cross-sectional missing data: 
comparison of common techniques. Australian and New Zealand Journal of Psychiatry, 2005. 
39(7): p. 583-590. 

53. Derogatis, L.R., et al., Hopkins Symptom Checklist (HSCL) : a self report symptom inventory. 
Behavioral Science, 1974. 1: p. 15. 

54. Strand, B.H., et al., Measuring the mental health status of the Norwegian population: a 
comparison of the instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-36). Nord J Psychiatry, 
2003. 57(2): p. 113-8. 

55. Natvig Norderhaug, I., et al., NIPH Systematic Reviews: Executive Summaries, in Health Effects 
and Dependency Associated with Snuff Consumption. 2005, Knowledge Centre for the Health 
Services at The Norwegian Institute of Public Health (NIPH): Oslo, Norway. 

56. von Elm, E., et al., The Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement: guidelines for reporting observational studies. Ann Intern Med, 2007. 
147(8): p. 573-7. 

57. Bardo, M.T. and W.M. Compton, Does physical activity protect against drug abuse vulnerability? 
Drug Alcohol Depend, 2015. 153: p. 3-13. 

58. Lynch, W.J., et al., Exercise as a novel treatment for drug addiction: a neurobiological and 
stage-dependent hypothesis. Neurosci Biobehav Rev, 2013. 37(8): p. 1622-44. 

59. Muller, A. and T. Clausen, Group exercise to improve quality of life among substance use 
disorder patients. Scand. J. Public Health, 2015. 43(2): p. 6. 

60. Midlöv, P., et al., The longitudinal exercise trend among older Swedes aged 53–84 years – a 16-
year follow-up study. BMC Public Health, 2014. 14: p. 1327. 

61. Brenowitz, W.D., et al., Longitudinal associations between self-rated health and performance-
based physical function in a population-based cohort of older adults. PLoS One, 2014. 9(11): p. 
e111761. 

62. De Viggiani, N., A new approach to prison public health? Challenging and advancing the agenda 
for prison health. Critical Public Health, 2006. 16(4): p. 307-316. 

63. Gordon, B.R., et al., Association of Efficacy of Resistance Exercise Training With Depressive 
Symptoms: Meta-analysis and Meta-regression Analysis of Randomized Clinical Trials. JAMA 
Psychiatry, 2018. 75(6): p. 566-576. 

64. Schuch, F.B., et al., Exercise as a treatment for depression: A meta-analysis adjusting for 
publication bias. J Psychiatr Res, 2016. 77: p. 42-51. 

65. van den Berg, J.J., et al., Changes in Depression and Stress after Release from a Tobacco-Free 
Prison in the United States. Int J Environ Res Public Health, 2016. 13(1). 

66. Meek, R. and G. Lewis, The role of sport in promoting prisoner health. Int J Prison Health, 2012. 
8(3-4): p. 117-30. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2018                   doi:10.20944/preprints201810.0348.v1

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2018, 15, 2663; doi:10.3390/ijerph15122663

http://dx.doi.org/10.20944/preprints201810.0348.v1
http://dx.doi.org/10.3390/ijerph15122663


21 
 

67. Pope, H.G., Jr., et al., The lifetime prevalence of anabolic-androgenic steroid use and 
dependence in Americans: current best estimates. Am J Addict, 2014. 23(4): p. 371-7. 

68. Garner, O., et al., Cardiomyopathy induced by anabolic-androgenic steroid abuse. BMJ Case 
Rep, 2018. 2018. 

69. Baggish, A.L., et al., Cardiovascular Toxicity of Illicit Anabolic-Androgenic Steroid Use. 
Circulation, 2017. 135(21): p. 1991-2002. 

70. Smit, D.L. and W. de Ronde, Outpatient clinic for users of anabolic androgenic steroids: an 
overview. Neth J Med, 2018. 76(4): p. 167. 

71. Lundholm, L., et al., Use of anabolic androgenic steroids in substance abusers arrested for crime. 
Drug Alcohol Depend, 2010. 111(3): p. 222-6. 

72. Klötz, F., et al., The significance of anabolic androgenic steroids in a Swedish prison population. 
Comprehensive Psychiatry, 2010. 51(3): p. 312-318. 

73. Sagoe, D., et al., The global epidemiology of anabolic-androgenic steroid use: a meta-analysis 
and meta-regression analysis. Ann Epidemiol, 2014. 24(5): p. 383-98. 

74. Prince, S.A., et al., A comparison of direct versus self-report measures for assessing physical 
activity in adults: a systematic review. Int J Behav Nutr Phys Act, 2008. 5: p. 56. 

75. Bowles, H.R., et al., Construct validity of self-reported historical physical activity. Am J 
Epidemiol, 2004. 160(3): p. 279-86. 

76. Timperio, A., J. Salmon, and D. Crawford, Validity and reliability of a physical activity recall 
instrument among overweight and non-overweight men and women. Journal of Science and 
Medicine in Sport, 2003. 6(4): p. 477-491. 

77. Zuazagoitia, A., et al., Reliability and validity of the 7-day Physical Activity Recall interview in a 
Spanish population. Eur J Sport Sci, 2014. 14 Suppl 1: p. S361-8. 

78. Schulte, M. and Y. Hser, Substance Use and Associated Health Conditions throughout the 
Lifespan. Public Health Reviews, 2014. 35(2): p. 17. 

79. Degenhardt, L., et al., Global burden of disease attributable to illicit drug use and dependence: 
findings from the Global Burden of Disease Study 2010. The Lancet, 2013. 382(9904): p. 1564-
1574. 

80. Nøkleby, H., Use of doping agents and symptoms of eating disorders among male and female 
patients in drug addiction treatment. Nordic Studies on Alcohol and Drugs, 2013. 30(4): p. 331-
346. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 October 2018                   doi:10.20944/preprints201810.0348.v1

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2018, 15, 2663; doi:10.3390/ijerph15122663

http://dx.doi.org/10.20944/preprints201810.0348.v1
http://dx.doi.org/10.3390/ijerph15122663

