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ABSTRACT

ANGELL, P. J., N. CHESTER, D. J. GREEN, R. SHAH, J. SOMAUROO, G. WHYTE, and K. GEORGE. Anabolic Steroid Use and

Longitudinal, Radial, and Circumferential Cardiac Motion. Med. Sci. Sports Exerc., Vol. 44, No. 4, pp. 583–590, 2012. Purpose: The

purpose of this study was to investigate the effect of anabolic steroid (AS) use on cardiac structure and function and cardiovascular risk

factors.Methods: We recruited 47 strength-trained individuals (male = 46, female = 1), with 28 self-reporting regular AS use and 19 self-

reporting never taking AS. Participants underwent assessment of body composition, lipid profiles, blood pressure, 12-lead ECG, and a

comprehensive echocardiographic examination incorporating speckle tracking of longitudinal, radial, and circumferential left ventricular

(LV) motion. A subgroup of AS users (n = 4) were tested during periods of AS use and abstinence. Results: AS users were heavier

(96 T 15 vs 81 T 9 kg, P G 0.05), had higher LDL (3.68 T 0.47 vs 2.41 T 0.49 mmolILj1, P G 0.05), and had higher resting HR (79 T 12 vs

64 T 13 beatsIminj1), although blood pressures did not differ significantly between groups. In AS, LV wall thickness and mass were

significantly greater (12 T 2 vs 11 T 1 mm and 280 T 60 vs 231 T 44 g, respectively, P G 0.05), whereas ejection fractions and peak

longitudinal strain (?) were significantly lower (58% T 8% vs 63% T 6% and j14.6% T 2.3% vs j16.9% T 2.2%, P G 0.05). Indices

of global diastolic function were reduced in AS users (E/A, E ¶/A¶). Some diastolic strain rates (ESR and ASR) were altered in AS users. The

E/A SR ratio was reduced in the longitudinal plane as well as in the circumferential and radial plane at the basal level (P G 0.05). Basal

LV E/A rotation rate was also decreased in AS users (P G 0.05). Conclusions: AS use is associated with alterations in cardiac struc-

ture and function that, allied to poor lipid profiles, represent an increased cardiovascular risk profile. Key Words: ?, DOPPLER,

ECHOCARDIOGRAPHY, LEFT VENTRICULAR

A
nabolic steroids (AS) are synthetic derivatives of
the male hormone testosterone. It has long been
established that AS increase skeletal muscular size

and strength through an up-regulation of protein synthesis
(18). These effects have led to the increasing trend of AS use
for both performance and image enhancement (4). The exact
number of current AS users in the United Kingdom and
worldwide is difficult to gauge because of the legal issues
surrounding their possession and use. Despite this, reports
from needle and syringe programs (NEPs) have pointed to a
large and continual growth of AS use in the United King-
dom, with the number of AS-injecting individuals attending
the NEPs increasing 2000% from 1991 to 2006 (34).

Because of this trend for increasing AS use, there is a
growing concern about the cardiovascular (CV) health con-
sequences of AS use. This is because empirical evidence of
increased CV risk is often equivocal. Concerns about CV
health have been prompted by substantial case study data
that have linked AS use with CV end points such as myo-
cardial infarction, (32) stroke (44), and cardiomyopathies
(8). Establishing a causal relationship from case studies is
difficult, and thus, several traditional and new CV risk fac-
tors, such as blood pressure, blood lipid profiles, as well
as homocysteine and C-reactive protein (CRP), have been
studied in case–control studies of AS users (20,21,40), again
with equivocal results. Other tools have been used to as-
sess CV health including ECG, but data are limited, al-
though a recent study linked AS use to shortened ventricular
repolarization (7).

Some studies have suggested that left ventricular (LV)
morphology and function may be negatively altered with
AS use, but data are not consistent (13,36). With continuing
developments in noninvasive imaging, recent studies have
assessed LV function at a regional level and measured global
function (3,11). Using tissue Doppler and cardiac strain (?)
assessment, both D’Andrea et al. (11) and Baggish et al. (3)
observed reduced LV function in AS users. D’Andrea et al.
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(11) reported only longitudinal ?, and Baggish et al. (3) pre-
sented data only for longitudinal and radial ? in a small
number of AS users. A comprehensive evaluation of cardiac ?
in all three planes of motion (longitudinal, radial, and cir-
cumferential), as well as assessment of rotation and torsion,
would provide a significant addition to our understanding of
the CV consequences of AS use. The determination of strain
rate (SR) to provide peak SR in both systole and diastole
provides added subtlety to functional cardiac measures.

The aim of the current study, therefore, was to assess
traditional CV risk factors as well as to develop a more
comprehensive assessment of LV structure and function
using state-of-the-art noninvasive imaging tools. We hy-
pothesized that there would be a significant effect of AS use
on traditional risk factors as well as LV systolic and diastolic
cardiac function at global and regional levels. We also in-
vestigated the short-term effect of a small number of case
studies after brief removal from AS.

METHODS

Subjects

Strength-training individuals (n = 47, male = 46, female =
1 (AS)) were recruited through local gyms, personal con-
tacts, and local syringe exchange programs. Posters and in-
formation sheets were placed in various locations and also
distributed by hand to individuals. The posters stated that
there was a study investigating the effects of strength/resis-
tance training, either with or without the use of AS, on CV
health. Inclusion criteria were age between 18 and 50 yr and
resistance training history of minimum of 3 yr with three to
four training sessions per week. Exclusion criterion for the
study was the presence of known respiratory, CV, or mus-
culoskeletal disease. A specific inclusion criterion for the
AS-using group (AS: n = 28, age = 31 T 7 yr) was a docu-
mented self-reported history of AS use for at least 2 yr
(including on- and off-cycles). An inclusion criterion for the
non-AS (NAS) group (n = 19, age = 28 T 8 yr) was self-
reported history of never taking AS. Before taking part in the
study, details of each part of the testing were described to
each of the participants. The study was granted ethics ap-
proval from the Liverpool John Moores Ethics Committee,
and participants provided written informed consent.

Design

A cross-sectional cohort design was used for the study,
with participants required to make a single visit to our labo-
ratory. Initially, subjects completed self-report questionnaires
related to general health, training status, and history as well
as detailed accounts of AS use. This was followed by as-
sessment of body composition, a venous blood sample, and a
comprehensive CV evaluation including brachial artery blood
pressure, a resting 12-lead ECG, and an echocardiogram. All
tests were conducted on the participants after an overnight
fast, as well as a 24-h abstention from resistance training.

Protocols

Participant history and AS use. Training history in-
cluded data on years of training, the average number and
length of sessions per week, as well as self-reported one-
repetition maximums for the bench press and squat (Table 1).
Those in the AS group provided a detailed history of AS
use including names, dosage, and cycling information, and
none of the participants self-reported coabuse of any other
illicit substances. For simplicity, we provide a list of ex-
emplar AS used but note that all subjects used multiple AS
in various stacking procedures with varied periods of absti-
nence or ‘‘off-cycles.’’ The types of AS currently being
used by some of the AS participants included trenbolone
(n = 15), testosterone (n = 13), sustanon (n = 9), boldenone
(n = 7), nandrolone (n = 10), meathandrostenolone (n = 8),
drostanolone propionate (n = 3), oxandrolone (n = 4), and
stanozolol (n = 3). Of those in the AS group who provided
sufficient information to perform an analysis of their daily
usage (n = 14), we found that the mean AS dose was
232 mgIdj1 with a SD of 208 mg (range = 35–707 mgIdj1).
To give an indication of an AS regimen, we include a case
exemplar of a participants’ AS use: testosterone propionate =
800 mgIwkj1, testosterone cypionate = 500 mgIwkj1,
stanozolol = 350 mgIwkj1, and nandrolone decanoate =
600 mgIwkj1. This was broken down into three injections of
testosterone propionate (one 400 mg and two 200 mg per
injection), two of cypionate (250 mg per injection), and two
of nandrolone decanoate (300 mg per injection) per week and
25 mg of oral stanozolol twice a day. This was repeated for
8 wk.

Body composition. Height and body mass were re-
corded using standard scales allowing the calculation of
body mass index (BMI) and body surface area (BSA) (17).
In a subsample from both groups, body composition, in-
cluding lean mass, fat mass, and body fat percentage, was
measured using dual-energy x-ray absorptiometry (QDR
Discovery A, Hologic, MA; AS n = 22, NAS n = 15).

Lipid profile. Venous blood samples were taken from
the antecubital vein directly into serum gel (serum) and
lithium heparin vacutainers (plasma) (BD, Oxford, United
Kingdom). Samples were centrifuged for 10 min at 3000
rpm, after which plasma and serum were placed into aliquots

TABLE 1. Body composition data and training history in AS and NAS groups (data are
mean T SD).

AS (n = 28) NAS (n = 19) P

Height (cm) 178 T 8 178 T 7 0.98
Weight (kg) 96 T 15 81 T 9 0.01
BSA (m2) 2.18 T 0.21 1.99 T 0.14 0.01
BMI (kgImj2) 30.23 T 4.23 25.32 T 2.92 0.01
Lean body mass (kg) 81.1 T 13.3 (n = 22) 70.7 T 6.5 (n = 15) 0.01
Fat mass (kg) 14.4 T 7.7 (n = 22) 9.9 T 7.7 (n = 15) 0.04
% body fat 14.6 T 6.5 (n = 22) 11.9 T 3.3 (n = 15) 0.15
Training duration (yr) 7 T 5 11 T 9 0.16
Sessions per week (n) 5 T 1 4 T 1 0.03
Average session length (min) 75 T 26 64 T16 0.12
Bench press 1RM (kg) 143 T 36 113 T 26 0.01
Squat 1RM (kg) 194 T 39 145 T 59 0.01

1RM, one-repetition maximum.
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for immediate assessment of total cholesterol (AS n = 19,
NAS n = 9), HDL (AS n = 20, NAS n = 12), LDL (AS n = 6,
NAS n = 4), and triglycerides (AS n = 15, NAS n = 6) using
the Daytona RS blood analysis machine (Randox, Co.,
Antrim, N. Ireland).

Blood pressure and ECG. At the end of a 10-min
resting supine period, repeated resting brachial artery blood
pressures were recorded from the left arm via an automated
blood pressure monitor (AS n = 17, NAS n = 18) (Dinamap,
GE Pro 300V2; GE Healthcare Systems, Waukesha, WI).
A resting 12-lead ECG was performed (Mac 1200; GE
Healthcare Systems) after this supine rest (AS n = 26,
NAS n = 19). Key parameters assessed included rate, QRS
complex voltages, and QTc duration (Bazett correction).

Echocardiography. For the assessment of global and
segmental cardiac structure and function, ultrasound echo-
cardiography (Vivid Q; GE Healthcare, Oslo, Norway) was
used to gather images of the LV in multiple planes from
parasternal and apical acoustic windows (AS n = 37, NAS
n = 19). A single experienced echocardiographer performed
all imaging with the subject in the left lateral decubitus posi-
tion. Intraobserver reliability was assessed through intraclass
correlations for 2D, Doppler, tissue Doppler imaging, and
?/SR data (9,10) with a range of 0.693–0.993 (P G 0.05).

Parasternal long-axis views allowed the collection of
M-mode images at the tips of the mitral valve leaflets per-
pendicular to the septal and posterior walls, taking care to
ensure clear endocardial definition. From M-mode traces,
septal (IVSd) and LV posterior wall thickness (LVPWd) in
diastole as well as LV chamber dimensions at end-diastole
and end-systole (LVIDd, LVIDs) were assessed following
American Society of Echocardiography guidelines (29). We
estimated LV mass using a regression-corrected cube for-
mula (15). An LV mass index was constructed by scaling
allometrically for height raised to the power 2.7 because this
is the technique most often used in a clinical setting. (14). In
a subsample (n = 37, AS = 22, NAS = 15), we scaled LV
mass for individual differences in lean body mass derived
from dual-energy x-ray absorptiometry.

Apical two- and four-chamber views were digitized to
assess LV end-diastolic and end-systolic volumes, which
then allowed the estimation of stroke volume and ejection
fraction (EF) using the Simpsons biplane method. The four-
chamber color Doppler and then pulse-wave Doppler were
used to assess peak flow velocities across the mitral valve.
Using a 4-mm sample volume in the area of peak flow LV,
early (E) and late (A) diastolic in-flow inflow velocities were
recorded. In combination with LV outflow spectral Doppler
envelopes, we also measured the isovolumetric relaxation
time (IVRT) from closure of the aortic valve to opening of
the mitral valve. From the same view, tissue Doppler mea-
sures of myocardial wall velocities were recorded. Taking
care to adjust filters and scale and with the septal wall par-
allel to the ultrasound beam, we interrogated the mitral
annulus at the septal wall, recording peak systolic (S¶) as
well as early (E¶) and atrial (A¶) diastolic tissue velocities.

This also allowed the production of the E/E¶ ratio that has
been shown to estimate left atrial pressure (35).

Segmental and global ? and SR data were obtained from
parasternal short-axis views at the base (just below mitral
valve) and apex (1–2 cm above LV cavity obliteration) as
well as via a four-chamber apical view. Cine loops of LV
motion were captured for offline analysis (Echopac; GE
Healthcare, Oslo, Norway). Specific speckle-tracking soft-
ware that tracks natural acoustic markers or ‘‘kernals’’
facilitated the estimation of ? and SR in six wall segments
in all views. In short-axis views, the LV was split into
septal, anteroseptal, inferior, posterior, anterior, and lateral
wall segments. Radial, circumferential, and rotational data
from these segments were averaged to provide global ?, SR,
rotation (Rot), and rotation rate (RotR) data. Comparison of
basal and apical rotation facilitated the calculation of LV
torsion (19,37,38). In the long-axis view, the LV was split
into basal, midwall, and apical septal wall segments as well
as basal, midwall, and apical lateral wall segments. Again,
these were averaged to provide global measures of longitu-
dinal ? and SR. SR data were recorded in systole (SSR) and
early diastole (ESR). Two-dimensional image optimization
was performed including maintaining frame rate between
40 and 90 fps. For all measurements, images were analyzed
offline by a single experienced technician with no knowl-
edge of group allocation. Data reflect the average of three to
five continuous cardiac cycles.

Case studies of ‘‘on’’- and ‘‘off’’-cycle assess-
ments. A subgroup of AS users (n = 4, male = 3, fe-
male = 1) were tested during both a period of AS use (‘‘on’’
cycle) and a period of abstinence (‘‘off’’ cycle). The same
experimental measures were taken at both testing points.
To make the study as relevant to ‘‘real-world’’ scenarios, we
aimed to test participants at the end of an ‘‘on’’ and an ‘‘off’’
cycle. The ‘‘on/off’’-cycle durations ranged from 8 to 12 wk.

Statistical Analysis

Statistical analysis of data was performed using statistical
software package SPSS Version 17 (SPSS, Inc., Chicago,
IL). All data were subjected to tests of normality. Differ-
ences between AS and NAS participants were analyzed
using paired t-tests if normally distributed or the Mann–
Whitney U test if not normally distributed (e.g., E/A ratio
data). P G 0.05 was considered significant.

RESULTS

Participant history and AS use. The AS group per-
formed, on average, one more training session per week than
the NAS group did, whereas the NAS had a longer (yr)
history of training. There was little difference in the average
session length between the two groups. Maximal bench
press and squat were also significantly higher in the AS
group (Table 1).

Body composition. Although height did not differ be-
tween groups, participants in the AS group were significantly
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heavier, which resulted in a significantly elevated BSA and
BMI (Table 1). Lean mass and fat mass (81.1 T 13.3 vs 70.7 T
6.5 and 14.4 T 7.7 vs 9.9 T 7.7 kg, respectively, P G 0.05)
were both significantly elevated in the AS users, whereas
body fat percentage (14.6% T 6.5% vs 11.9% T 3.3%) was
not significantly different between groups.

Lipid profile. LDL and HDL were significantly elevated
and reduced, respectively, in the AS group, which led to a
significantly greater total cholesterol-to-HDL ratio in the AS
group (Table 2). Total cholesterol was elevated in the AS
group, although this was not statistically significant. There
was little difference in triglyceride levels between groups
(0.84 T 0.28 vs 0.82 T 0.28 mmol/l).

Blood pressure and ECG. Mean systolic pressures
were elevated but not significantly higher; although mean
diastolic pressures were lower in AS users, they did not
reach statistical significance (systolic blood pressure = 133 T
15 vs 126 T 12 mm Hg, P = 0.11; diastolic blood pressure =
67 T 7 vs 73 T 10 mm Hg, P = 0.07). Resting HR was
significantly higher in AS users (79 T 12 vs 64 T
13 beatsIminj1, P = 0.01). Fourteen AS users and eight
NAS met the voltage criteria for LV hypertrophy, but volt-
age data for R waves in V5 and V6, as well as S waves in V1
and V2, were not different between groups. R-R-corrected
QT interval (QTc) was also not significantly different be-
tween AS users (409 T 20 ms) and NAS (401 T 23 ms).

Three members of each group had a QTc marginally below
the 380-ms cutoff for short QT.

Cardiac structure and function. Thickness of the
IVSd, LVPWd, as well as LV mass were significantly higher
in the AS group (Table 2). LV mass index, when scaled for
height, remained significantly higher in the AS group;
however, when scaled for lean body mass in a subsample, it
was no longer significant (P = 0.13). There was no signifi-
cant difference between groups for LV internal dimensions
or volumes in systole or diastole, yet there was significantly
reduced EF in the AS group. In diastole, significant re-
ductions in E/A, E¶, A¶, and E¶/A¶ were observed in the AS
group. A was significantly elevated in the AS group. There
was no significant difference between groups in isovol-
umetric relaxation time (103 T 14 vs 103 T 15 ms) and
E wave deceleration time (182 T 37 vs 202 T 40 ms).

Myocardial ? and SR (longitudinal, circumferen-
tial, and radial). In the longitudinal plane, peak ? was
significantly reduced in the AS group (Table 3). There was
no significant difference in peak SSR, although peak ESR was
significantly reduced and peak ASR significantly elevated in

TABLE 2. Structural and functional data for the LV, and lipid profiles in AS and NAS
groups (data are mean T SD).

AS (n = 28) NAS (n = 19) P Value

IVSd (mm) 13 T 2 12 T 2 0.01
LVPWd (mm) 12 T 2 11 T 1 0.01
LVIDd (mm) 53 T 5 52 T 4 0.49
LV mass (g) 280 T 60 231 T 44 0.01
LVMI (gIhtj2.7) 59 T 13 49 T 11 0.01
LVMI (gIffmj1.0) 3.57 T 0.53 (n = 22) 3.27 T 0.66 (n = 15) 0.13
EF (%) 59 T 8 63 T 6 0.04
E (cmIsj1) 72 T 14 77 T 15 0.27
A (cmIsj1) 54 T 11 39 T 12 0.01
E/A 1.36 T 0.29 2.04 T 0.59 0.01
E ¶ (cmIsj1) 10 T 2 12 T 2 0.01
A¶ (cmIsj1) 9 T 2 7 T 2 0.01
E ¶/A¶ 1.16 T 0.35 1.91 T 0.56 0.01
E /E ¶ 7.44 T 1.67 6.05 T 1.20 0.01
Total cholesterol (TC) 4.78 T 1.53 (n = 19) 4.04 T 0.69 (n = 10) 0.18
LDL 3.68 T 0.47 (n = 6) 2.41 T 0.49 (n = 4) 0.01
HDL 0.69 T 0.26 (n = 20) 1.21 T 0.31 (n = 12) 0.01
TC/HDL 8.21 T 4.72 (n = 19) 3.11 T 0.47 (n = 8) 0.01

LV, left ventricle; LVMI, left ventricular mass index (gIhtj2.7); LVMi, left ventricular
mass index (gIffmj1.0); E, early diastolic flow; A, late diastolic flow; E ¶, early diastolic
tissue velocity; A¶, late diastolic tissue velocity.

TABLE 3. Longitudinal ? and SR data for AS and NAS groups (data are mean T SD
unless otherwise stated).

Measure AS (n = 25) NAS (n = 19) P

? (%) j14.6 T 2.3 j16.9 T 2.2 0.01
Peak SSR (sj1) j1.09 T 0.23 j1.09 T 0.18 0.97
Peak ESR (sj1) 1.45. T 0.31 1.65 T 0.23 0.02
Peak ASR (sj1) 1.12 T 0.60 0.80 T 0.25 0.04
E/A SR ratioa 1.63 2.41 0.02

a Data given as median.
?, peak strain.

TABLE 4. Circumferential ?, SR, rotation, rotation rate, and torsion in AS and NAS
groups (data are mean T SD unless otherwise stated).

Measure AS (n = 26) NAS (n = 18) P

Basal level ? (%) j11.8 T 7.2 j13.2 T 8.5 0.57
Peak SSR (sj1) j1.49 T 0.42 j1.20 T 0.81 0.13
Peak ESR (sj1) 1.52 T 0.47 1.39 T 0.81 0.49
Peak ASR (sj1) 0.90 T 0.41 0.59 T 0.60 0.05
E/A SR ratioa 1.99 3.37 0.03
Rotation (-) j3.52 T 5.42 j3.75 T 4.12 0.88

Peak SRotR (sj1) j69.3 T 35.2 j63.8 T 19.6 0.55
Peak ERotR (sj1) 64.5 T 27.5 64.43 T 28.7 0.99
Peak ARotR (sj1) 47.9 T 21.1 34.0 T 15.3 0.02
E/A RotR ratioa 1.52 2.25 0.03

Apical level ? (%) j20.6 T 5.8 j24.6 T 6.0 0.04
Peak SSR (sj1) j1.82 T 0.58 j1.62 T 0.45 0.28
Peak ESR (sj1) 1.99 T 0.64 2.71 T 1.04 0.01
Peak ASR (sj1) 1.12 T 0.54 0.83 T 0.38 0.08
E/A SR ratioa 2.19 3.94 0.01
Rotation (-) 3.62 T 4.31 6.84 T 4.57 0.04

Peak SRotR (sj1) j49.6 T 19.3 j52.8 T 36.7 0.74
Peak ERotR (sj1) 58.3 T 34.6 30.2 T 32.5 0.02
Peak ARotR (sj1) 34.6 T 14.1 22.5 T 25.0 0.08
E/A RotR ratioa 1.66 1.74 0.79

Torsion 6.30 T 5.27 (n = 21) 9.86 T 6.44 (n = 15) 0.07
a Data given as median.
?, circumferential strain; SR, circumferential strain rate; RotR, rotation rate; S, systole;
E, early diastole; A, late diastole.

TABLE 5. Radial plane ? and SR in AS and NAS groups (data are mean T SD unless
otherwise stated).

Measure AS (n = 26) NAS (n = 18) P

Basal level ? (%) 25.5 T 11.6 30.7 T 14.5 0.20
Peak SSR 2.13 T 0.96 1.99 T 1.41 0.69
Peak ESR j1.72 T 0.66 j1.64 T 0.49 0.66
Peak ASR j1.34 T 0.57 j0.88 T 0.54 0.01

E/A SR ratioa 1.48 2.99 0.01
Apical level ? (%) 34.3 T 14.5 22.2 T 12.8 0.01

Peak SSR 2.00 T 0.53 1.40 T 0.76 0.01
Peak ESR j2.48 T 1.06 j2.45 T 1.17 0.94
Peak ASR j1.06 T 0.57 j0.79 T j0.48 0.14

E/A SR ratioa 2.78 3.23 0.22
a Data given as median.
?, radial strain; SR, radial strain rate; S, systole; E, early diastole; A, late diastole.
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the AS group. This led to a significantly reduced E/A SR
ratio in the AS users.

In the circumferential plane, peak ? and SSR did not differ
between groups at the basal level (P 9 0.05), whereas peak ?

was significantly reduced in the AS group at the apical level
(P G 0.05; Table 4). Peak ESR was significantly reduced in the
AS users at the apical level, and E/A SR was significantly
reduced in the AS group at both basal and apical levels. At the
apical level, peak ERotR was significantly elevated and peak
rotation was significantly reduced in the AS group. Peak ASR
was significantly elevated in the AS users at the basal level.
Peak ARotR was significantly elevated in AS users at the basal
level, which also lead to a significantly reduced E/A RotR. All
other data were similar between groups (Table 4). Torsion
was not different between the two groups.

In the radial plane, there was no difference in peak ? and
SSR at the basal levels, whereas peak ? and SSR were signif-
icantly elevated in the AS group at the apical level (Table 5).
Peak ESR were similar in AS and NAS groups at both levels,
but ASR was significantly elevated in the AS group at the
basal level, which led to a significant depression in the basal
E/A radial SR ratio.

Case studies of AS users ‘‘on’’ and ‘‘off’’ cycle.
Moderate changes were seen in mass from ‘‘on’’ to ‘‘off’’
cycle with only a significant change seen in one subject
(Table 6). HDL levels increased in all the three subjects when
‘‘off’’ cycle where data were available. Minimal differences
in structure were seen at the different points of the AS cycles,
with the greatest changes seen in diastolic function with two
subjects showing improved E/A values when ‘‘off’’ cycle and
all those tested at both time points exhibiting improved E/A
SR values.

DISCUSSION

The unique contribution of this study is that it builds on
the recent work of D’Andrea et al. (11) and Baggish et al.
(3) by providing a comprehensive profile of cardiac ? and
SR data in multiple planes of LV motion. Specifically, the
current study observed decreased longitudinal peak ? as
well as well as some evidence of decreased diastolic SR in
the circumferential (apical) and radial planes (basal). Fur-
ther, we provide data consistent with previous findings that

AS use is associated with significant alterations in lipid
profiles (23,28) as well as left ventricular concentric hyper-
trophy and diastolic impairment (25,36). Taken together,
these data suggest that an increased CV risk profile exists
in AS users.

Initially, we observed alterations in body composition,
lipid parameters, and resting HR in AS users. The significant
increases in weight, BSA, and BMI seen in the AS users
were somewhat predictable (6) because AS have been
shown to upregulate protein synthesis, thereby increasing
the amount of lean muscle that can be developed when used
in conjunction with intense resistance training (39). It is
unlikely that the significant differences in body size and
composition can be explained solely by small differences in
the training exposure of the two groups.

In addition, we observed an altered lipid profile in AS users.
Although mean total cholesterol was higher in AS users, the
difference between groups was not statistically significant,
which supports data from Sader et al. (43) but contradicts
Baldo-Enzi et al. (5). It can be argued that lipid profiles are
more important than overall cholesterol when determining
CV and atherosclerotic risk (41). The decrease in HDL in AS
users in the present study agrees with past research (5,22,
28,43). Likewise, an increase in LDL in the current study also
supports previous data (22). Supraphysiological doses of
AS lead to high hepatic androgen exposure, and high andro-
gen levels can alter levels of lipoprotein (a), which directly
affects the formation of HDL (24).

The AS user group had a significantly elevated resting
HR compared to NAS users. Although increased HRs in AS
users have been shown in previous studies (11), these dif-
ferences have not been significant. Case studies have ob-
served increased HRs in AS users (45), but the present study
is the first to report a significant difference in resting HR in a
cohort study. An elevated resting HR in AS users could be
due to mechanism(s) including a relative lack of aerobic/
endurance training in AS users, an indirect effect of the in-
creased atherosclerotic risk, or a direct effect of steroids on
cardiac pace making. Although resting systolic and diastolic
blood pressures observed in the present study did not differ
significantly between the two groups, systolic blood pres-
sure was elevated, whereas diastolic blood pressure was re-
duced in the AS group (7 and 6 mm Hg). Blood pressure
data were highly variable between individuals, and a lack of
between-group significance may be due to low power with
respect to these data.

Larger LV wall thicknesses observed in the AS users in
the present study confirm data reported in previous studies
(3,36,42). It is also important to note that these data con-
tradict other studies. Specifically, D’Andrea et al. (11) and
Hartgens et al. (22) reported no increased wall thickness
in AS users. Comparisons between AS user studies can
be complicated by between-subject differences in training
history, AS use history, and others, which may explain
variable outcomes. The increase in LV wall thickness and
LV mass may be expected because the receptor mechanisms

TABLE 6. Cardiac structure, function, and HDL data from AS users when ‘‘on’’ and ‘‘off’’
cycle.

Subject and
On/Off Mass HR HDL LVMi E/A Long ? E/A SR

1 On 80.4 68 0.64 3.77 1.39 j14.03 0.93
Off 79.4 63 1.05 3.58 1.22 j14.03 1.69

2 On 126 73 0.44 3.35 1.83 j12.57 0.69
Off 118.3 56 0.58 3.60 1.85 j12.24 1.57

3 On 105.3 70 — 3.64 1.49 j18.39 1.29
Off 106.6 70 — 3.68 1.76 j19.29 1.45

4a On 69.4 60 1.04 2.88 1.85 j15.72 1.60
Off 70.3 59 1.56 3.03 2.1 j21.02 4.28

a Female subject.
LVMi, left ventricular mass (gIffmj1.0); E/A, early–atrial diastolic filling ratio; E ¶/A¶, early–
atrial diastolic tissue velocity ratio; TC, total cholesterol; ?, peak strain; SR, strain rate.
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that result in an increase in skeletal muscle protein up-
regulation with AS use are present within the myocardium
(33). In the current study, the increased LV wall thickness
contributed to an elevated LV mass that remained even after
scaling for between-subject differences in height (16). When
LV mass was scaled for lean mass in a subsample (n = 37,
AS = 22, NAS = 15), the difference between groups was no
longer statistically significant (P = 0.13). This suggests that
some, but likely not all, of the LV hypertrophy could be
explained by an increase in whole body lean tissue. Whether
there is cardiac tissue hypertrophy in excess of body size,
suggesting a possible increased anabolic effect of AS in
cardiac tissue over skeletal muscle, requires verification.
Although we cannot exclude small between-group differ-
ences in training stimulus as a potential mediator of LV
morphology, it is unlikely to underpin all of the observed
variation between groups.

The increased LV morphology in AS users was also as-
sociated with significant between-group differences in LV
function. Notably, the AS users had a reduced EF. The EF,
however, remained within the normal range, which contra-
dicts a recent report (3) but confirms other studies (22).
The lack of difference in S¶ between groups also supports
previous studies (25,36). Although myocardial ? and SSR
assessments have become increasingly useful in quantifying
regional myocardial function in individuals, from both a
clinical (1) and a research perspective (30), their application
in AS users has, to this point, been incomplete (3,11). We
observed a significant reduction in peak longitudinal ? in AS
users, similar to that reported previously (3,11), as well as a
significant reduction in circumferential ? at the apical level.
A small nonsignificant reduction in radial ? at the basal level
along with an increase in radial ? at the apical level in AS
users was observed in the current study, yet greater, and
significant, decreases in AS users were reported by Baggish
et al. (3). The absolute values of radial strain were lower in
the AS users in the current study compared with the AS
users assessed by Baggish et al. (3). Circumferential ? as
well as SSR in both apical and basal LV levels has not been
reported in previous literature. Our observations of these
parameters in AS users suggest that there is no consistent
change in indices of LV motion/contraction between planes
of motion and that these data should be confirmed in on-
going studies. Similarly, peak rotation and peak systolic
rotation rates have not been reported previously in AS users
and, in the current study, excluding peak rotation at the
apical level, were largely unaltered by a history of AS use.
Consequently, LV torsion although reduced in AS users was
not significantly different between groups.

Whereas evidence of impairment of global diastolic
function was observed in AS users, it is interesting to note
that E and IVRT were not altered in the AS group. A
lengthened IVRT has been reported before in AS users (36).
Other alterations observed in the AS users were a decreased
E¶, suggestive of early relaxation impairment and increased
A and A¶, suggesting altered atrial contraction or LV com-

pliance. Both E/A and E¶/A¶ ratios were reduced in AS users,
which is suggestive of an overall reduction in ‘‘efficiency’’
of LV motion/filling, and again, these changes parallel
published data (25). The lack of significant change in E in
the current study is somewhat surprising, but given a re-
duction in E¶, this may reflect pseudonormalization (26),
which is supported by an increase in left atrial driving
pressure as estimated by E/E¶. An increased E/E¶ has also
been noted in past studies and was present in the present
findings (25,27).

Previous studies using ? and SR analysis have not as-
sessed diastolic function (3,11). Although not consistent in
all planes, levels, and segments, evidence of significant
alterations in ESR, ASR, as well as E and A rotation rates
provides new evidence for altered diastolic function in AS
users. A reduction in ESR likely reflect alterations in early
relaxation/elastic recoil of LV wall segments and any alter-
ation in ASR or A rotation rate likely reflect changes in atrial
contraction or LV compliance. Overall changes in filling or
tissue movement during atrial diastole probably represent an
increased reliance on atrial filling in the AS users as the LV
adjusts to a reduction in early filling. The diastolic impair-
ment observed in AS users could occur through possible
impaired LV relaxation, increased LV diastolic pressure,
and/or elevated left atrial pressure (31). However, the spe-
cific mechanisms underpinning altered early or atrial dia-
stolic function cannot be directly determined from the
current noninvasive study. Altered loading and rate may be
considered, but the HR difference is small, and available
data suggest that parameters such as E, E¶, ?, and SR would
increase with HR, not decline. Altered preload is difficult to
assess in a cross-sectional design, and although some dif-
ferences in blood pressure were apparent, it is problematic to
link this to LV function in the current research design. The
mechanism(s) by which AS could have a direct effect on LV
diastolic relaxation and/or compliance are not fully under-
stood, but some pathways have been postulated. D’Ascenzo
et al. (12) speculated that AS negatively alter endothelial cell
growth, promote apoptosis, and increase collagen cross-
links in LV walls. Human data to support this specula-
tion are currently limited but worth pursuing. Whether the
changes in LV function are a direct consequence of long-
term AS use or an indirect effect of AS, via altered lipid
profiles or blood pressure, is worthy of further study.

Despite only a small number of AS subjects being tested
when both ‘‘on’’ and ‘‘off’’ cycles, the results start to give
an indication of changes in CV parameters that can occur
after a relatively short period, 8–12 wk, of abstinence from
AS use. These data also prompt ongoing studies in this area.
Our data suggest some improvement in the lipid profiles
of those tested, with decreases in overall total cholesterol
and LDL and increases in HDL levels, thereby showing an
improvement in perceived CV risk. Although strain and
SR data from the different cycles were somewhat inconclu-
sive, the increase in E/A SR in the radial plane seen in
all users when ‘‘off’’ cycle, in conjunction with an increase
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in E/A ratios in three of the subjects, gives an indication of a
potential improvement in ventricular relaxation after cessa-
tion of AS use for a relatively short period. It is important to
note, however, that despite an improvement in ventricular
filling ratios in three of the subjects, the values seen were
still below the average of the NAS group, indicating that
some restriction in ventricular relaxation remained.

The implications of the data presented in this study and in
other studies are that AS use is associated with multiple
changes in CV structure, function, health, and thus risk. This
provides some potential links to case studies reporting sig-
nificant CV events in AS users. Large epidemiological
studies, although difficult in this type of cohort, should
provide further insights into the ‘‘real’’ risk of AS use. What
implications the current data have at an individual level is
hard to discern. Overall, the increase in ventricular mass,
decreased cardiac function (in particular, diastolic impair-
ment) as well as marginal changes in blood pressure and
alterations in blood lipid profiles point to an increased CV
disease risk associated with AS use. The small sample of
data from ‘‘on’’ and ‘‘off’’ cycles in AS users points to a
possible, if limited, reversal of some of the negative CV
effects seen in AS users.

As with any study of AS use, there are some inherent
limitations that are important to note. Investigating AS use is
complicated by the heterogeneity in subject-specific details
(age, training status, diet, etc.) that were either not controlled
or not assessed in the current study. Obviously, interindi-
vidual and intraindividual differences in AS dose (volume,
drug type, veracity, or authenticity), self-report details of
history, as well as variations in ‘‘stacking’’ and ‘‘cycling’’
approach can occur within the AS-using population. We
made no a priori attempt to control these parameters to re-
flect the reality of AS use. Further to this, the differing types
of AS use, which are used for differing outcome, i.e., for
bulking or for ‘‘cutting’’ to potentiate lean mass, could have
a confounding effect on the results, but we did not account
for this in our analysis. We present some case studies of the
effect of ‘‘cycling’’ of AS use, but this should be addressed
in a larger study.

It is also pertinent to mention that all of the LV structural
and functional measures in the present study were obtained

through noninvasive techniques, thereby limiting the ability
of the researchers to confirm the mechanistic reasons for any
changes observed. Although we present what we consider is
a comprehensive look at AS and their CV effects, the addi-
tion of radial and circumferential data at the mid-LV level
may provide additional insight into global systolic func-
tioning. The low number of participants in certain aspects of
the data, such as aspects of the lipid profiles we present,
does limit their interpretation to a wider group. An important
and often overlooked area is the effect of AS on hematocrit
levels. There are limited data concerning this area of re-
search, but some results have demonstrated a negative effect
(2,28). Further research could help to explain certain CV
events and changes to LV geometry and function (e.g., strain
and SR) that have been observed in AS users. Specifically,
although we have confirmed increased CV risk in AS users
by adding new data in relation to cardiac function in AS
users at rest, it would make sense to assess cardiac func-
tional responses to exercise stress because this may be an
important adjunct to risk and the onset of events seen in case
study reports in AS users. Although we document gross
structural alterations in the LV of AS users, limited data are
available for the right ventricle and the left atria. Further
study using magnetic resonance imaging techniques may
interrogate the effect of AS use on LV perfusion and/or the
potential presence of fibrosis.

In conclusion, the present study has reported a range of
negative CV consequence of AS use in conjunction with
resistance training that is in agreement with recent findings
(3,25). We have developed the available database by indi-
cating an association between AS use and some evidence of
impaired ? and SR data, largely reflecting altered diastolic
cardiac motion. Combined with altered LV mass, lipid pro-
file changes in cardiac function with AS use likely increase
the CV risk in AS-using subjects.
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