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Medical Group

Abstract

Background: An examination of the relationship between social factors and positive workplace drug 
tests has heuristic value for understanding population vulnerability to subsequent employment disruption.

Methods: This is a retrospective analysis using multiple linear regression comparing annual U.S. 
rates of marriage, divorce, birth, death, mortgage delinquency, disposable income, property crime, violent 
crime to annual U.S. workplace drug positivity rates (marijuana, opiates, amphetamines, phencyclidine, 
cocaine) from 1990 to 2012. 

Results: Signifi cant regression coeffi  cients were demonstrated between several of the dependent 
and independent variables after adhering to strict inclusion criteria and ruling out multicollinearity and 
fi rst order linear auto-correlation. United States mortgage delinquency rates correlate with high urine 
marijuana (β = -0.309, p ≤ 0.05) and cocaine positivity rates (β = -0.732, p ≤ 0.05) for the employed segment 
of the population. Higher U.S. property crime rates correlate with higher workplace urine amphetamine 
positivity rates (β = 0.429, p ≤ 0.01). Relatively high national violent crime rates correlate with high urine 
cocaine positivity rates (β = 0.419, p ≤ 0.05) and low urine amphetamine positivity rates β = -0.929, p ≤ 
0.05). High marriage rates correlate with high workplace urine marijuana positivity rates (β = 0.760, p ≤ 
0.01) and high U.S birth rates correlate with high workplace urine cocaine positivity rates (β = 0.209, p ≤ 
0.05).

Conclusions: This study has demonstrated positive and negative associations between the U.S. 
mortgage delinquency rate, property crime rate, violent crime rate, marriage rate and birth rate with U.S 
urine drug test positivity rates..
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Introduction

Approximately 16% of the U.S. workforce reported using 
illicit drugs at least once over a twelve month period, and 
9.4% report doing so at least once per month [1]. Evidence is 
mounting that worker substance abuse may be responsible 
for productivity losses including increased absenteeism 
and short-term disability, higher turnover, and suboptimal 
performance at work. Full-time workers that reported using 
illicit drugs were more likely to report missing two or more 
workdays in the past month due to illness or injury (16.4 vs. 
11.0 percent) and were more likely to have skipped one or 
more days of work in the past month (16.3 vs. 8.2 percent) [2]. 
Robert DuPont, MD, former Director of the National Institute 
on Drug Abuse is quoted as saying “the increases in illicit drug 
positivity in employment drug testing should get employers 

and policymakers to take notice of the serious risks these drugs 
create for productivity, health and safety” [3].

The etiology of substance use and abuse is multifactorial 
with genetic, psychological, and social determinants. Human 
beings are communal creatures, and few biologic processes 
or behaviors are unmediated by their social context [4]. 
Examination of the features of the “risk environment” and 
how they may infl uence substance use fall within the realm 
of social epidemiologic research [5]. Social epidemiologic 
observations help to empiricize the relationship between social 
context and substance use behavior [5]. The contextual nature 
of external infl uences provides a useful structure for building 
and sustaining effective programs targeting workforce drug 
test positivity rates [6]. 

An examination of the social epidemiology of workplace drug 
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test positivity rates, a surrogate for workforce drug use, has 
heuristic value for understanding population vulnerability to 
disrupted employment as a consequence of positive workplace 
drug tests. Knowledge of the relationship between drug test 
positivity rates and external infl uences, however, is lacking. 
To address the paucity of information, this study explores 
the longitudinal relationship between U.S. workplace drug 
test positivity rates with U.S. crime rates, vital statistics and 
income measures and provides the fi rst empirical assessment 
for potential relationships.

Methods and Analysis

I selected 9 independent variables representing 3 
experiential domains [7]. First is the family domain, consisting 
of annual divorce rates, marriage rates, death rates and birth 
rates. Each rate is based on 1,000 persons. This information 
was obtained from the Centers for Disease Control National 
Vital Statistics System [8]. Second is the fi nancial domain 
which consists of disposable per capita income (chained 2009 
dollars), mortgage delinquency rate, and spending per poverty 
person (infl ation adjusted). The ladder variable represents 
welfare spending including fi nancial support, medical coverage 
and housing assistance. The mortgage delinquency rates, 
expressed as a percentage value, were gathered from the U.S. 
Federal Reserve Bank as quarterly reports which were used to 
generate the mean value for each year being studied [9]. The 
remaining information came from the U.S. Bureau of Economic 
Analysis [10]. Finally we have the crime domain represented 
by the annual violent crime rates and property crime rates 
per 100,000 persons. This information was acquired from FBI, 
Uniform Crime Reports, prepared by the National Archive of 
Criminal Justice Data [11].

I utilized 5 dependent variables which were obtained from 
the Quest Diagnostics Drug Testing Index™ [12]. The variables 
being the annual marijuana positivity rates, opiate positivity 
rates, amphetamine positivity rates, phencyclidine positivity 

rates and cocaine positivity rates. Annual data for the positivity 
rates of each individual drug were available back to 1996. Each 
rate was expressed as the percentage of positive samples.

The natural logarithm of each variable was calculated to 
account for lack of normality [13,14]. Listwise deletion was 
used to remove all data for a case with one or more missing 
values. Stepwise multiple-regression was performed for each 
dependent variable. The stepping method entry criterion was 
0.05, and the removal criterion was 0.10 for the probability of 
F. The Durbin-Watson statistic was generated to identify fi rst 
order linear auto-correlation in the multiple linear regression 
data. A value between 1 and 3 was considered acceptable. 
Lagging procedure was used on the dependent variable to 
attempt remediation for instances of identifi ed fi rst order 
linear auto-correlation. The adjusted R2 of the model was used 
to explain the percentage of the variance in the data. ANOVA 
testing was executed to categorize the presence or absence of a 
linear relationship between remaining variables in the models. 
Regression coeffi cients for the independent variables were 
evaluated for statistical signifi cance. The beta-coeffi cients 
were used to assess each independent variable’s impact upon 
the dependent variable. Tolerance and variance infl ation 
factor (VIF) values were used to screen for multicollinearity. 
Multicollinearity was suggested by tolerance values ≤ 0.1 or VIF 
values > 10.

Results

Descriptive statistics were generated and were indeed 
non-normally distributed confi rming the need for natural 
logarithmic transformation prior to regression analysis (Table 
1). 

Marriage rate and mortgage delinquency rate met stepping 
method criteria for inclusion in the marijuana urine test 
positivity rate model (Table 2). The adjusted R2 of the model 
was 0.908 explaining 90.8% of the variance in the data. The 

Table 1: Descriptive statistics prior to natural logarithmic transformation

N Minimum Maximum Mean Std. Deviation Skewness Std. Error Kurtosis Std. Error

Marijuana Positive Rate 17 2.00 3.40 2.6153 .53109 .077 .550 -1.787 1.063

Opiate Positive Rate 17 .26 .50 .3694 .08043 .278 .550 -1.220 1.063

Amphetamine Positive Rate 17 .20 .97 .4841 .22727 .758 .550 -.094 1.063

PCP Positive Rate 17 .01 .03 .0165 .00606 .310 .550 -.479 1.063

Cocaine Positive Rate 17 .21 .91 .5794 .24684 -.438 .550 -1.411 1.063

Divorce Rate 22 3.5 4.8 4.055 .4383 .326 .491 -1.332 .953

Marriage Rate 19 7.1 9.8 8.389 .7859 -.015 .524 -1.084 1.014

Birth Rate 19 13.9 16.7 14.621 .8169 1.526 .524 1.342 1.014

Death Rate 19 8.00 8.80 8.4632 .22903 -.608 .524 -.284 1.014

Mortgage Delinquency Rate 23 1.55 10.84 4.0326 3.28337 1.361 .481 .111 .935

Disposable per capita income 
(chained 2009 dollars)

24 25395.00 37156.00 31692.0833 4140.22930 -.251 .472 -1.548 .918

Spending per poverty person
 (infl ation adjusted)

24 6372.68 14474.02 11374.2867 2488.52211 -.656 .472 -.853 .918

Violent Crime Rate 23 386.9 758.2 550.539 125.9649 .538 .481 -1.158 .935

Property Crime Rate 23 2859.2 5140.2 3856.709 729.9679 .392 .481 -1.155 .935
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Durbin-Watson statistic was acceptable (1.172), indicative 
of a limited possibility of fi rst order linear auto-correlation 
in the multiple linear regression data. The F-test was highly 
signifi cant, indicating a linear relationship between variables 
in the model. The coeffi cients for the included independent 
variables were statistically signifi cant. The beta-coeffi cient 
weights indicated that the marriage rates (0.823) had a greater 
infl uence then the mortgage delinquency rates (-0.309). The 
tolerance and VIP values for the marriage rate and divorce rate 
were not consistent with multicollinearity.

The divorce rates, violent crime rates, and the property 
crime rates met stepping method criteria for inclusion in 
the amphetamine urine test positivity rate model (Table 
3). First order linear auto-correlation of the multiple linear 
regression data was suspected according to the Durbin-Watson 
statistic which was 0.310. The Lagged natural logarithm of 
the amphetamine positivity rate was added as an additional 
independent variable and the divorce rate no longer met 
stepping criteria. The fi nal adjusted R2 of the model showed 
the linear regression model explained 95.2% of the variance in 
the data. The Durbin-Watson statistic was 1.041 indicating that 
the lagging procedure was an adequate remedy and fi rst order 
linear auto-correlation was less likely to be present. The F-test 
is highly signifi cant, consistent with a linear relationship 
between variables in the model. Regression coeffi cients for the 
independent variables were also highly signifi cant. The beta-
coeffi cients by order of weighted impact were violent crime 
rates (-0.929), the lagged amphetamine variable (0.486), and 
property crime rates (0.429). The tolerance and VIP values did 
not identify multicollinearity.

Violent crime rates, mortgage delinquency rates and 
birth rates met stepping method criteria for inclusion in the 
cocaine urine test positivity rate regression model (Table 4). 
The adjusted R2 of the model was 0.956. The Durbin-Watson 
statistic was 1.535 and we can accept there was no fi rst order 
linear auto-correlation in the regression data. The F-test was 
highly signifi cant indicating a linear relationship between 
variables in the model. The remaining independent variables 
were each highly statistically signifi cant. The beta-coeffi cients 
indicate the mortgage delinquency rates (-0.732) had the 
greatest infl uence, then the violent crime rates (0.419) and 
fi nally the birth rates (0.209). The tolerance and VIP values did 
not indicate the presence of multicollinearity. 

Stepwise multiple-regression was performed and spending 
per poverty person was the only variable that met stepping 
method criteria for inclusion in the phencyclidine urine test 
positivity rate model (Table 5). The Durbin-Watson statistic 
was 0.739, consistent with fi rst order linear auto-correlation in 
the data. Lagging of the natural logarithm of the phencyclidine 
positivity rate failed to remedy the fi rst order auto-correlation 
and further analysis was stopped. None of the variables met 
criteria for inclusion in the opiate urine test positivity rate 
stepwise multiple regression model and analysis could go no 
further. It should be noted that the two models that failed 
to produce usable outcomes were for the two drugs with the 
lowest urine test positivity rates. 

Discussion

This study presents a novel examination of the relationship 
between social context and workplace drug test positivity 

Table 2: Summary of Multiple Linear Regression Analysis for Variables Predicting Urine Marijuana Positivity Rate (M=1.041; SD=0.1569; N=12)

Variable Mean (SD)
Model 1 Model 2

B B SE β Tolerance VIF B B SE β Tolerance VIF

LN Marriage rate 2.068 (0.0697) 2.084 0.270 0.925 1.000 1.000 1.711 0.244 0.760** 0.713 1.403

LN Mortgage delinquency rate 0.881 (0.5195) -0.093 0.033 -0.309* 0.713 1.403

Adjusted R2 0.842 0.908

F for change in R2 59.685** 55.225**

Durbin-Watson 1.172

*p ≤ 0.05; **p ≤ 0.01

Table 3: Summary of Final Multiple Linear Regression Analysis for Variables Predicting Urine Amphetamine Positivity Rate (M=0.375; SD=0.1189; N=11)

Variable
Mean 
(SD)

Model 1 Model 2 Model 3

B SE B β Tolerance VIP B SE B β Tolerance VIP B SE B β Tolerance VIP

LN Violent 
crime rate

6.20
 (0.063)

-1.730 0.243 -0.921** 1.000 1.000 -1.072 0.277 -0.571 0.399 2.507 -1.744 0.322 -0.929** 0.165 6.077

LAG
LN 
Amphetamine
positivity rate

-1.09 
(0.347)

0.155 0.051 0.452 0.399 2.507 0.166 0.038 0.486* 0.394 2.539

LN Property 
crime rate

8.173 
(0.0658)

0.776 0.284 0.429* 0.195 5.134

Adjusted R2 0.832 0.913 0.952

F for change 
in R2 50.526** 5 3.410** 66.744**

Durbin-Watson 1.041

*p ≤ 0.05; **p ≤ 0.01
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rates on a national level. Low U. S. mortgage delinquency 
rates, an indicator of a strong economy, correlate with high 
urine marijuana and cocaine positivity rates for the employed 
segment of the population. This fi nding is consistent with a 
cross-sectional study of 23,482 Swedish men that found lower 
socioeconomic status was associated with a lower likelihood 
of marijuana use [15]. A possible explanation for the cocaine 
fi nding may be that neighborhoods become blighted as 
foreclosures occur. Neighborhood disadvantage is moderately 
correlated with substance use behaviors even when controlling 
for individual socioeconomic status [16]. In fact, research 
suggests that neighborhood income and income distribution 
may play more important roles in determining population use 
of marijuana than individual income [17].

This study determined that higher U.S. property crime rates 
correlate with higher workplace urine amphetamine positivity 
rates. The relationships among drug offenses, property crime, 
and the allocation of police resources were explored in a 
structural model using data from Florida counties. The data 
suggested that rising property crimes in Florida were at least 
partly the result of diverting resources from fi ghting property 
crime to combating drug related crime [18]. 

Relatively high national violent crime rates correlate with 
high urine cocaine positivity rates and low urine amphetamine 
positivity rates for the workforce. Illicit drugs are often present 
in both offenders and victims of violent crimes. In addition to 
psychopharmacological effects of the abused drug, substance 
use may lead to violence through related social practices such as 
drug traffi cking and dealing, as well as, violence used to obtain 
drugs or money to purchase drugs [19]. There is considerable 
economic research suggesting a stronger causal relationship 

between drug enforcement, control and prohibition with 
violent crime, than drug use with criminal violence [20].

High marriage rates correlate with high workplace urine 
marijuana positivity rates and high U.S birth rates correlate 
with high workplace urine cocaine positivity rates. These 
fi ndings contradict previous studies. For example, more stable 
family connections have been shown to be associated with a 
lower likelihood of marijuana use [21]. Also, the assumption of 
greater family responsibilities most notably becoming a parent 
for the fi rst time has been linked with cessation of marijuana 
use [22]. 

Opiate positivity rates did not correlate with any of the 
variables examined from within the family, fi nancial or crime 
domains. These fi ndings agree with a recent investigation that 
determined a greater association between major adverse life 
events and stimulate use but not and little to no association 
with opiate use [23]. In addition, the relationship between 
opiate use and non-violent crime has not well established [24]. 
Also, this study failed to provide evidence for a relationship 
between phencyclidine positivity rates and violence which has 
been established in past work [25]. I found no recent work 
linking phencyclidine use to fi nancial or family status. 

The models used in this study support the existence of 
associations between several of the independent variables and 
three of the dependent variables. Nonetheless this study does 
have limitations. Residual confounding may be an issue with 
some of the independent variable data sources as reporting 
mechanisms vary amongst law enforcement agencies and 
fi nancial institutions. The sample size was suboptimal but 
this could not be helped due to the limited number of years for 

Table 4: Summary of Multiple Linear Regression Analysis for Variables Predicting Urine Cocaine Positivity Rate (M=-0.350; SD=0.2084; N=12)

Variable Mean (SD)
Model 1 Model 2 Model 3

B SE B β Tolerance VIP B SE B β Tolerance VIP B SE B β Tolerance VIP

LN Mortgage 
delinquency 
rate

0.881 
(0.0846)

-0.331 0.072 -0.826** 1.000 1.000 -0.275 0.035 -0.687** 0.929 1.076 -0.294 0.027 -0.732** 0.880 1.137

LN Violent 
crime rate

6.215 
(0.872)

1.247 0.211 0.522** 0.929 1.076 1.001 0.177 0.419** 0.719 1.391

LN Birth rate
2.649 

(0.0106)
4.098 1.407 0.209** 0.768 1.302

Adjusted R2 0.650 0.920 0.956

F for change 
in R2 21.405** 64.403** 81.468**

Durbin-
Watson

1.535

*p ≤ 0.05; **p ≤ 0.01

Table 5: Summary of Linear Regression Analysis for Variables Predicting Urine Phencyclidine Positivity Rate (M=-4.051; SD=0.3532; N=12)

Variable Mean (SD) B SE B β Tolerance VIP

LN Spending per poverty person 9.404 (0.1045) 2.025 0.855 0.599* 1.000 1.000

Adjusted R2 0.295

F for change in R2 5.606*

Durbin-Watson 0.739

** p ≤ 0.001; * p ≤ 0.05
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which workplace drug testing has been reported. At fi rst glance 
covariate imbalance between the dependent and independent 
variable populations appear to be a concern. However, this was 
necessary for the purpose of this study which was to examine the 
relationship between demographic and social characteristics of 
the U.S. general population and the rate of positive drug tests 
for the working sub-population of the U.S. general population. 
Lastly, I was not able to control for race, education, type of 
employment or gender, thereby failing to address the potential 
impact of confounding or effect modifi cation.

Associations observed between variables on an aggregate 
level may not refl ect associations that exist on an individual 
level and no direct or indirect causal inference can be made 
with these results. Regression models do not take into account 
the interrelated, dynamic factors across different levels of 
infl uence that shape health related behavior [5]. The results 
are meant to provide information to occupational health 
professionals and policy makers regarding tailoring programs 
designed to decrease workplace drug positivity rates. 

Summary

This study has demonstrated positive and negative 
associations between the U.S. mortgage delinquency rate, 
property crime rate, violent crime rate, marriage rate and birth 
rate with U.S urine drug test positivity rates. This appears to be 
the fi rst study revealing such a relationship. This information 
can be used to customize prevention programs relative to the 
studied external correlates. A direction for future research 
is to determine whether directed workplace substance use 
prevention program changes, based on evolving social 
characteristics, positively affect urine drug test positivity rates.
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