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We examined the effects of ana-

bolic-androgenic steroid use on se-

rious violent behavior. Multivariate

models based on data from the Na-

tional Longitudinal Study of

Adolescent Health (N=6823) were

used to examine the association

between lifetime and past-year

self-reported anabolic-androgenic

steroid use and involvement in vio-

lent acts. Compared with individ-

uals who did not use steroids,

young adult males who used ana-

bolic-androgenic steroids reported

greater involvement in violent be-

haviors after we controlled for the

effects of key demographic varia-

bles, previous violent behavior,

and polydrug use. (Am J Public

Health. 2008;98:2185–2187. doi:

10.2105/AJPH.2008.137018)

Anabolic-androgenic steroids are muscle-
building synthetic compounds closely related
to male sex hormones and legally available
only by prescription. Although attention has
focused on professional athletes, evidence from
national surveys indicates that adolescents and
young adults also are using these substances.1

The dramatic physical changes and resultant
consequences of anabolic-androgenic steroid
use are well documented; however, the behav-
ioral and emotional effects of steroid use, al-
though of interest,2–6 have not been as thor-
oughly researched. Elevations in testosterone

stemming from anabolic-androgenic steroid
abuse have led researchers to examine purported
links to aggressive and violent behaviors, and
several studies have shown an association be-
tween anabolic-androgenic steroid use and in-
creased aggression and violence4,5,7–12 including
homicide.13 Some reports, however, have failed
to identify links to aggressive behavior.14–16

We examined the empirical relation be-
tween anabolic-androgenic steroid use and in-
volvement in different types of violent behav-
ior (e.g., shooting or stabbing someone) in a
nationally representative sample of young
adult males. We hypothesized that respondents
who used anabolic-androgenic steroids would
self-report greater involvement in a variety of
violent acts after we controlled for substance
use and demographic factors.

METHODS

We analyzed data from the National Longi-
tudinal Study of Adolescent Health (Add
Health). Detailed information about the Add
Health data and the sampling design is avail-
able elsewhere.17,18 Briefly, the Add Health is a
nationally representative sample of American
students who were enrolled in 7th through
12th grade in 1994. Three waves of data were
collected (2 in adolescence and 1 in early
adulthood) on more than 20000 participants.
In total, the data span nearly 7 years of human
development.

We measured anabolic-androgenic steroid
use in 2 ways. First, during wave 3 interviews,

respondents were asked whether they had ever
used anabolic-androgenic steroids during their
life (0=no; 1=yes). Second, during wave 3
interviews, respondents were asked whether
they had used anabolic-androgenic steroids or
other performance-enhancing drugs during
the previous 12 months (0=no; 1=yes). Over-
all, 2.6% of the males had used anabolic-
androgenic steroids at least once in their life,
and 2.3% had used anabolic-androgenic ste-
roids in the previous year. The prevalence rates
were much lower for females (0.9% for lifetime
use and 0.4% for previous year); thus, we
restricted the analyses to males only.

The dependent variable was self-reported
violent behavior assessed through 8 questions
asked at wave 3. This scale is similar to vio-
lence measures used previously19 and captures
involvement in acts of serious violence, such as
physical fighting (a=.67). Three sets of control
variables were also included. First, a 7-item
wave-2 violent behavior scale (a=.74) was
included to help control for underlying antiso-
cial propensities. Second, a wave-3 polydrug-
use scale was included to help isolate the effect
of steroids from that of other drugs (a=.61).
Third, models also were adjusted for age
(measured in years) and race (0=White;
1=minority).

We examined the association between
anabolic-androgenic steroid use and violent
delinquency by estimating negative binomial
regression equations to take into account the
severe skewness of the dependent variable
(skewness statistic=4.56).

TABLE 1—Effect of Lifetime Anabolic-Androgenic Steroid Use on Violent Behavior Among

Young Adult Males: National Longitudinal Study of Adolescent Health, United States,

1994–2002

Model 1 (n = 6823) Model 2 (n = 5158) Model 3 (n = 6789) Model 4 (n = 5134)

b (SE) z b (SE) z b (SE) z b (SE) z

Lifetime steroid user 1.12* (0.16) 6.96 1.19* (0.17) 6.91 0.87* (0.16) 5.58 0.98* (0.17) 5.86

Age –0.15* (0.02) –9.72 –0.15* (0.02) –7.99 –0.13* (0.02) –8.21 –0.13* (0.02) –7.19

Race 0.20* (0.06) 3.39 0.15 (0.05) 2.30 0.36* (0.06) 6.31 0.31* (0.06) 4.79

Previous violent behavior 0.17* (0.01) 12.51 0.15* (0.01) 11.72

Polydrug use 0.35* (0.02) 14.80 0.29* (0.03) 11.15

Note. Model 1 estimated the baseline effect that steroid use has on wave-3 violence. Model 2 introduced a measure of
previous violent behavior (measured at wave 2) as a statistical control. Model 3 introduced a measure of polydrug use as a
statistical control. Model 4 estimated the effect of steroid use on wave-3 violence after we controlled for both previous violent
behavior (measured at wave 2) and polydrug use.
* P £.001.
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RESULTS

Table 1 provides estimates of the relation
between lifetime anabolic-androgenic steroid
use and violence. Model 1 shows that males
who had used anabolic-androgenic steroids
at least once in their life reported greater
involvement in violent behavior compared
with males who reported never using anabolic-
androgenic steroids. This association remained
even after we controlled for violence at wave
2 (model 2), polydrug use at wave 3 (model 3),
and the combined effect of both measures
(model 4).

Table 2 provides estimates of the relation
between past-year anabolic-androgenic steroid
use and violence. Males who used anabolic-
androgenic steroids in the previous year scored
significantly higher on the violence scale in
comparison with males who had not used
anabolic-androgenic steroids in the previous
year, after the effects of wave-2 violence
(model 2), polydrug use at wave 3 (model 3),
and the combined effect of both measures
(model 4) were controlled.

DISCUSSION

Our results suggest that the use of anabolic-
androgenic steroids is related to heightened
levels of violent behaviors. However, limita-
tions must be considered. First, the measures of
anabolic-androgenic steroid use were based on
self-reports, not on direct measures as have

been used by previous researchers.8 Another
limitation of our study was that the measures of
violent behavior were drawn from self-reports,
which necessarily raises the question of whether
the reports were reliable and accurate. With
these limitations in mind, the current research
suggests that the media attention and public
concern surrounding anabolic-androgenic steroid
use may be justified given its association with
violence among males in the United States. j
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Examining the Lag Time
Between State-Level
Income Inequality and
Individual Disabilities: A
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State-level income inequality

has been found to have an effect

on individual health outcomes,

even when controlled for important

individual-level variables such as

income, education, age, and gen-

der. The effect of income inequality

on health may not be immediate

and may, in fact, have a substantial

lag time between exposure to in-

equality and eventual health out-

come. We used the 2006 American

Community Survey to examine the

association of state-level income

inequality and 2 types of physical

disabilities. We used 6 different lag

times, ranging between 0 and 25

years, on the total sample and on

those who resided in their state of

birth. Income inequality in 1986 had

the strongest correlation with 2006

disability levels. Odds ratios were

consistently 10% higher for those

born in the same state compared

withthe total population. (Am J

Public Health. 2008;98:2187–2190.

doi:10.2105/AJPH.2008.134940)

In the United States, studies using multilevel
statistical techniques have found a relation
between state-level income inequality and
individual health outcomes, including self-
reported health1,2 and limitations in activities of
daily living (ADLs).3 This relation remained
even when important individual-level vari-
ables such as income, education, age, and
gender, were controlled for in the analysis.

The majority of studies on the income in-
equality–health relation have used current
measures of both inequality and health. The 3
proposed mechanisms through which income
inequality could affect individual health are as
follows: systematic underinvestment in a wide
range of health and social infrastructure,4,5

unfavorable social comparison,6,7 and lower
levels of social cohesion and social capital.8

Each of these potential mechanisms suggests
the effect of income inequality on health would
not be immediate and may, in fact, have a
substantial lag time between exposure to in-
equality and eventual health outcome.

A few multilevel studies that have examined
the ‘‘lag effect’’ of income inequality on indi-
vidual health outcomes9–11 have suggested that
self-reported health was more strongly associ-
ated with income inequality from 15 years
previous than from shorter or longer time lags.
There is a clear need for additional use of
multilevel modeling to explore individual
health outcomes other than self-reported
health and to consider outcomes at time pe-
riods other than the late 1990s10,12 and differ-
ent sources of data. Furthermore, all of these
studies were limited by potential misclassifica-
tion of exposure because they did not control
for movements between states during the lag
time period.9 Finally, these studies were based
on the Current Population Survey,13 which
does not include individuals in nursing homes
and other institutions, who represent a sig-
nificant portion of the seriously ill in this
country.

To address these concerns, we used multi-
level analysis techniques to examine the asso-
ciation of state-level income inequality and
2 types of disabilities measured in 2006 us-
ing 6 different lag times ranging between 0
and 25 years. Disability is an excellent predic-
tor of medical and social service need, and it
greatly influences quality of life and produc-
tivity.14

METHODS

Data

The 2006 American Community Survey
(ACS) was a representative nationwide sur-
vey of more than 3 million people from house-
holds and group quarters, including nursing
homes.13 It had a response rate of 97.5%.15

The sample of ACS respondents we used
included 1973766 people 25 years or older,
1021095 of whom currently lived in their
state of birth.

Measures

Individual-level variables. Two disability in-
dicators were used1: limitations in activities
of daily living (ADLs; i.e., having had a phys-
ical, mental, or emotional condition lasting 6
months or more that made it difficult to ‘‘dress,
bathe, or get around inside the home’’)2 and
functional limitations (i.e., having had a condi-
tion that substantially limits 1 or more basic
physical activities such as walking, climbing
stairs, reaching, lifting, or carrying).

There are conceptual differences between
these 2 disability measures. Functional limita-
tions are less likely to be improved through
environmental modifications than are ADL
limitations and are therefore less vulnerable to
variations in household income.16 For example,
acquiring an environmental modification such
as an elevator in one’s home may result in a
change in ADL limitations (e.g., difficulty get-
ting around inside the home) but would not
substantially alter the response to the ability to
climb stairs, which is 1 of the functional limi-
tations.

Demographic variables included gender,
age, education, race/ethnicity, and marital sta-
tus. The poverty index expresses total family
income as a percentage of the federal poverty
threshold for a household of the same size and
composition. These poverty thresholds are de-
termined and published by the US govern-
ment.17 The poverty index was divided into 6
categories.

State level variables. State income inequality
was measured using the Gini coefficient for
each state.10 This coefficient ranges from 0 to 1,
with 0 indicating complete equality of income
distribution (e.g., everyone has the same in-
come) and1indicating complete inequality (e.g.,
1 person has all the income in the region).18 In
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