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Background: Anabolic androgenic steroid (AAS) is the fa-
miliar name for synthetic derivatives of the male sex hormone,
testosterone. A large number of young adults abuse AAS to
enhance performance and physical appearance. The aim of
this study was to evaluate the effects of AAS abuse on the
gingival tissues in a group of bodybuilders and weight lifters.

Methods: The test group was composed of 24 athletes aged
between 17 and 29 years who had been using AAS for >1 year.
All subjects were clinically examined for plaque levels (plaque
index), gingival inflammation (gingival index), and gingival
enlargement. The results were compared to a control group
of 20 bodybuilders who had never used AAS drugs and who
matched for age, educational level, and oral habits according
to the data obtained from the test group.

Results: Although there were no statistical differences
between the plaque index (P >0.05) and gingival index
(P >0.05) scores of the study group and the control group,
the AAS abusers had statistically higher scores of gingival
thickness, extent of gingival encroachment, and total gingival
enlargement scores (P <0.001 each) compared to non-users.

Conclusions: The results of this study have revealed that
the prolonged use of AAS is closely associated with significant
levels of gingival enlargement. Because recreational abuse
and abuse in non-competitive sports seem to increase despite
legislation, dentists and periodontists should be familiar with
the adverse effects of these synthetic derivatives of tes-
tosterone on the gingival tissues. J Periodontol 2006;
77:1104-1109.
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A
nabolic androgenic steroid
(AAS) is the familiar name for
synthetic derivatives of the male

sex hormone, testosterone.1,2 These
drugs have two effects on human me-
tabolism: 1) the anabolic effects pro-
mote the growth of skeletal muscle; and
2) the androgenic effects are responsi-
ble for the development of male sexual
characteristics. All tissues have andro-
gen receptors and therefore are suscep-
tible to both anabolic and androgenic
action.2-4

The primary medical uses of these
steroids are to treat delayed puberty,
some types of impotence, and wasting
of the body caused by human immuno-
deficiency virus infection.4-8 On the other
hand, AAS is among the most abused
drugs by athletes throughout the
world.9-13 The main reasons for abusing
AAS are to increase the muscle size
and/or to reduce the body fat, to perform
frequent, high-intensity, and long-
duration workouts, and to improve the
performance in sports.9,13-15 Abuse of
AAS is not limited to professional ath-
letes but is also very common among
many amateur and recreational athletes,
for esthetic reasons and for looking good,
being big, being admired and looked at,
or just for ego.11,13,16 Although AAS
abuse is endemic in power sports (up to
95% of professional football players and
80% to 99% of male bodybuilders), it
has been estimated that 4% to 6% of
American young adults have used or
currently are using AAS.11,14,15,17 The
adverse effects of AAS abuse depend
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on the age and gender of the individual, duration of
use, dose, and type of steroid or precursor used,
and include liver toxicity, elevation of low-density lip-
oprotein plasma levels, arrest of growth, hirsutism,
acne, emotional changes such as aggressive behavior
and depression, decreased endogenous testosterone
and sperm counts, and gynecomastia in men and
disruption of the menstrual cycle in women.17-21

The physiology of the periodontium and oral tis-
sues is controlled by sex steroid hormones by main-
taining equilibrium between anabolic and catabolic
functions in connective tissue matrix and bone.22,23

Although many studies have been conducted about
the effects of the alterations of female sex hormone
levels on the periodontium, there are limited in vitro
studies that investigate the influences of AAS on peri-
odontal tissues.23-27 These studies have shown that
AAS is actively metabolized in gingival tissues of
humans and animals, and a significant degree of ex-
pression of androgen receptors has been detected in
gingival fibroblasts. The enhancement of the conver-
sion of testosterone to dihydroxytestosterone (DHT),
which is the most abundant metabolite in peripheral
tissues, and an increase in the number of DHT recep-
tors, have been reported in inflamed and hyperplasic
gingival tissue, implying increased synthetic activity
characteristic of androgen target tissue under these
conditions.23-27

The aim of this study was to evaluate the effects
of AAS abuse on the gingival tissues in a group of
bodybuilders and weight lifters.

MATERIALS AND METHODS

All volunteers who participated in the study gave
informed consent on the condition that their identities
would be kept confidential, and the protocol of the
study was approved by the institutional review board.

Study Population
Individuals who were bodybuilders and weight lifters
and who were using AAS comprised the test group
of this study. These athletes were examined between
May and October 2005 in the Faculty of Dentistry,
Cukurova University. Subjects were excluded if one
or more of the following conditions were observed:
1) complicating systemic condition (e.g., diabetes);
2) use of systemic antibiotic or non-steroidal anti-in-
flammatory drugs in the past 3 months; 3) smoking;
and 4) periodontal treatment undertaken within the
previous 6 months. Subjects with severe forms of gin-
givitis or periodontitis, spontaneous bleeding, gingival
ulcerations, orperiodontal abscesswere also excluded.

Twenty-four male athletes aged between 17 and 29
years who had been using AAS for >1 year were in-
cluded in this study. These non-professional athletes
were currently using the oral and injectable forms of

winobanin, mesterdone, testosterone undecanoate,
oxymethalone, oxandrolone, methandrostenolone,
stanozolol, quinbolone, testosterone cypionate, tes-
tosterone propionate, and nandrolone phenylpropio-
nate in varying doses and regimens.

Analysis of Socioeconomic Level
At the first visit, the test group was interviewed about
socioeconomic level, including age, educational
level, and frequency of toothbrushing. The age cate-
gories were defined as 17 to 25 and 26 to 30 years.
Educational categories were defined as follows: illiter-
ate, primary, secondary, high school, and university.
Toothbrushing frequency was grouped as frequent
(once a day or more) and infrequent (no brushing
on a daily basis). A control group with the same inclu-
sion and exclusion criteria was then constituted from
20 bodybuilders and weight lifters who had never used
AAS drugs and who matched for age, educational
level, and oral habits according to the data obtained
from the test group.

Collection of Clinical Data
The test and control groups were examined for plaque
level (plaque index),28 gingival inflammation (gingi-
val index),29 and gingival enlargement. All the teeth
were recorded except third molars. The measure-
ments were taken from six sites of each tooth. Gingival
enlargement was recorded using Oettinger-Barak’s30

modification of the method of Seymour et al.31 All
measurements were performed at chair side. The
degree of gingival thickness was graded as follows:
0 = normal (up to 1 mm); 1 = thickness up to 2 mm;
and 2 = >2 mm. The extent of encroachment of the
gingival tissue onto the adjacent crowns was also
graded 0, 1, 2, or 3. The 2 scores were added, giving
the enlargement site score. Measurements were made
clinically at six sites per tooth and averaged to give a
tooth score. Tooth scores for each individual were
then averaged to give a subject score.

All measurements were performed with a manual
periodontal probe by the same examiner who was
blinded to the control and study groups. The examiner
was calibrated and standardized in the use of the
mentioned measurements with previous examination
of 10 patients. Calibration was accepted if the mea-
surements of these patients were similar at a ‡90%
level on two separate occasions.

Statistical Analysis
Statistical analysis was performed using a computer
program.‡ For each continuous variable, normality was
checked by Shapiro-Wilk test. Comparisons between
groups were applied using the Student t test. For de-
tailed comparison of gingival enlargement, the gingi-
val thickness, extent of gingival encroachment, and

‡ SPSS version 12.0, SPSS, Chicago, IL.
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total enlargement scores were each analyzed sepa-
rately. Data were expressed as mean – SD, and a
P value <0.05 was considered significant.

RESULTS

The results of the study are summarized in Table 1.
Although there was no statistical difference between
the plaque index and gingival index scores of the
study group and the control group, the AAS abusers
had statistically higher scores of gingival thickness,
extent of gingival encroachment, and total gingival
enlargement compared to non-users.

DISCUSSION

The objective of this case-controlled study was to de-
termine the effects of AAS on the gingival tissues. The
level of AAS abuse, especially among adolescents,
appears to have increased significantly over the past
three decades.11-14,17,32 Concurrent with the in-
creased misuse of AAS for non-medical reasons,
more attention is being paid to the adverse effects,
which has led to numerous studies with large method-
ological and qualitative differences. These studies are
mainly based on animal experiments and case re-
ports, and only a few meet current standards of ran-
domized, double-blind, placebo-controlled study
design due to inevitable limitations in AAS studies.32

Due to the secretive nature of anabolic substance
abuse and for ethical reasons, conducting a study that
would fulfill all of the criteria of a good clinical trial is
difficult. To gain more profound knowledge of the
health risks of using AAS, certain study limitations
must be known and accepted.

The first major limitation of AAS studies is to find a
sufficient number of subjects to participate in the stud-
ies. Because AAS abuse is illegal in many countries,
people do not easily admit that they use these drugs.
On the other hand, some studies have chosen to study
volunteers who had decided to self-administer AAS for
the first time and subjects who were not willing to take
AAS at all, which caused serious ethical problems.14,32

Other limitations of AAS studies include varying
types, dosages, durations, and regimens of AAS

drugs.17,18,32 Anabolic steroids can be taken orally,
parenterally, and topically, in injectable, tablet, and
gel forms. Athletes frequently use combinations of
both oral and injectable steroids at doses much
higher than their therapeutic dosage. Doses taken
by abusers can be 10 to 100 times higher than the
doses used for medical conditions. Because of the
varying doses, most previous studies are without dos-
age controls, and the monthly or annual average
doses cannot be known exactly.17,18

AAS studies are also confronted with the regimens
used by athletes. Anabolic steroids often are taken in
combination in a practice called stacking, in which the
abuser mixes oral and/or injectable types of anabolic
steroids. This type of poly-drug use excludes the pos-
sibility of attributing the observed effects to a single
drug. Steroid abusers often also ‘‘pyramid stack’’
compounds in cycles of 6 to 12 weeks, meaning that
they gradually increase doses, then slowly decrease
them to zero.32 Because of the administration of dif-
ferent steroids, which are used during different phases
of the cycle, it is hard to detect the duration of usage
of AAS.13,18,32

Another serious problem associated with AAS
studies is that because the substances are obtained
from the black market, quality is not guaranteed.
Counterfeit products are often purchased that are of
indeterminate dosage without quality control, which
in and of itself constitutes a health risk.18,32 On the
other hand, these individuals use illegal methods for
acquiring AAS on the black markets, whenever they
have got enough money, which may cause irregular
patterns causing another problem for the studies. With
all these limitations in mind, athletes who have admit-
ted that they have used oral and injectable forms of
AAS for >1 year participated in this study.

Because the gingiva is a target tissue for the actions
of steroid hormones, clinical changes in the tissues of
the periodontium have been identified during periods
of hormonal fluctuations, such as puberty, menstrual
cycle, pregnancy, and menopause, and with the use
of oral contraceptives and ovulation induction drugs
in women.22,23,33,34 However, to the best of our

Table 1.

Comparison of Clinical Data of AAS Users and Non-Users

Plaque Index Gingival Index Gingival Thickness Gingival Encroachment Total Gingival Enlargement

AAS users 1.1 – 0.4 1.2 – 0.5 1.0 – 0.5 0.9 – 0.4 0.9 – 0.4

Non-users 1.0 – 0.4 1.2 – 0.4 0.3 – 0.2 0.2 – 0.1 0.3 – 0.1

P value 0.18 0.52 0.000* 0.000* 0.000*

Data are mean – SD.
* Statistically significant.
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knowledge, no clinical research has been performed
about the effects of AAS abuse on gingival tissues.
It was found that despite similar plaque and gingival
inflammation scores, the AAS abusers had statisti-
cally significant levels of gingival enlargement com-
pared to non-users, and this enlargement was
clinically significant, requiring gingivectomy in many
cases.

Testosterone is the most quantitatively important
androgen in the systemic circulation, whereas DHT
is the most abundant and potent cellular androgen
metabolite in the susceptible tissues.23,35 The ana-
bolic effects of the androgen testosterone and DHT
on bone and matrix tissue have been well docu-
mented.23,24,36-40 Some in vitro studies have demon-
strated increased formation of the DHT in response to
stimulants that increase protein turnover, such as
growth factors and drugs implicated in causing gingi-
val enlargement,37-42 indicating a link between bio-
logically active androgens and anabolic effects on
the connective tissue matrices.22,40-42 In addition,
castration prevents calcium channel blocker–induced
gingival enlargement in beagle dogs.43 Gingival fibro-
blasts from drug-induced gingival enlargement me-
tabolize testosterone at levels significantly higher
than gingival fibroblasts derived from normal tis-
sues.39-41,44,45 Although the molecular basis of these
interactions remainspoorlyunderstood,Parkaretal.46

have shown that the androgen receptors, but not the
estrogen receptors, are expressed by gingival fibro-
blasts. In Parkar et al.’s in vitro study,46 the findings
have suggested that DHT upregulates the prolifera-
tion of gingival fibroblasts possibly mediated by the
coordination of interleukin-6.47-49

The conversion of testosterone to DHT is enhanced
in cells derived from an inflamed source.23,24 The
presence of inflammation can alter the expression
of steroid hormone receptors, partly mediated by in-
flammatory cytokines, which can modulate the me-
tabolism of circulating steroids and their effects on
target tissues. Some microorganisms that have been
frequently cultured in the inflamed gingival tissues are
known to synthesize steroid metabolizing enzymes
needed for steroid synthesis and catabolism. This
has been shown with cultures of Actinobacillus actino-
mycetemcomitans, Porphyromonas gingivalis, and
Prevotella intermedia.50 Culture supernatants of these
microorganisms have been shown to enhance the
expression of 5a-reductase activity in human gingiva
and in cultured gingival fibroblasts, which result in the
formation of DHT from androgen substrates.23 Medi-
ation of 5a-reductase activity in fibroblasts by compo-
nents of bacterial culture supernatants23,50 may be
partly responsible for enhanced protein formation.
On the other hand, 5a-reductase activity is more
increased in mixed subgingival plaque samples com-

pared to the more virulent periodontal pathogens A.
actinomycetemcomitans, P. gingivalis, and P. inter-
media,50 indicating that Gram-positive and Gram-
negative bacteria may be involved in synthetic
activity in fibroblasts. These interactions are of rele-
vance in the duration of disease and healing during al-
tered hormonal states and in the chronically inflamed
periodontal lesion. In our study (although not statisti-
cally significant), gingival inflammation was higher in
the androgen-user group compared to the controls. At
this point, it is not known if a preexisting gingival in-
flammation in AAS abusers would increase the risk
of developing gingival enlargement. Further studies
are required to find out if the higher gingival index
scores in the study group is a direct effect of AAS
or if the inflammation is a result of constrained-
ineffective oral hygiene due to gingival enlargement.

Although it has been reported that many of the ad-
verse effects of AAS abuse are fully reversible within
several months after the cessation of the drug, it is
not known if the gingival enlargement would also
regress after the withdrawal of AAS. In addition,
AAS abuse is also associated with various psychiatric
and behavioral effects, such as depression, mania,
psychosis, and aggression.51-54 These psychosocial
circumstances have been suggested to be significant
risk indicators for periodontal disease,55 and the
relationship of these factors and periodontal disease
in AAS abusers should be analyzed in further studies.

CONCLUSIONS

The findings of this study have revealed that the
prolonged use of AAS is closely associated with signif-
icant levels of gingival enlargement. Because the non-
medical use of AAS remains prevalent and seems to
increase despite legislation, dentists and periodon-
tists should be familiar with the adverse effects of
these synthetic derivatives of testosterone on the gin-
gival tissues.
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