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Evolution of serum lipids in two male bodybuilders
using anabolic steroids

Fi.cisco LAJARIN, ROGELIO ZARAGOZA, ISABEL TOVAR, and PEDRO MARTINEZHERNANDEZ*

We followed weekly the evolution of serum lipid concen-
trations in two bodybuilders undergoing a cycle of treat-

ment with anabolic steroids. These drugs caused maximum
depression of high-density lipoprotein cholesterol concen-
trations by 69.1% in the fifth week after the beginning of

the cycle for subject 1, and by 72.4% in the fourth week for

subject 2. Maximum increases in low-density lipoprotein

cholesterol concentrations were 144% and 156%, respec-
tively. Total cholesterol and apolipoprotein (apo) B were

highly increased with anabolic steroid use. We also saw
depression of apo A-I by 84% and 91%, and lipoprotein(a)

decreased to undetectable amounts in both cases. These
effects were reversed 10 weeks after the end of the steroid

cycle in subject 1, but subject 2 still presented abnormal

concentrations of serum lipids 13 weeks after drug cessa-
tion. The periods until reversibility of anabolic steroid

effects on lipids were longer than those reported in previ-

ous studies.

INDEXING ThRMS: cholesterol . lipoproteins #{149}apolipoprotemns.

risk factors #{149}testosterone

The first study about the effects of anabolic steroids (AS) on
plasma lipid values, done in 1980 [1],showed that oxandrolone

reduced high-density lipoprotein cholesterol (HDL-C) concen-

trations in hyperlipidemic subjects.’ In 1982, Taggart et al.

presented the first study involving normolipidemic subjects [2].

The postulated mechanism to explain AS-induced changes in

HDL-C concentrations is an increase in hepatic triglyceride

lipase activities [3]. This enzyme, localized to the luminal surface

of hepatic endothelium, catabolizes HDL with its phospholipase

activity. l7a-Alkylated AS produce a bigger depression of

HDL-C than do 17-esterified AS or testosterone esters, but it
still is not clear whether the route of administration influences
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this effect [4]. Increases of low-density lipoprotein cholesterol

(LDL-C) attributable to AS are thought to be caused by
increased \TLDL catabolism and decreased activity of lecithin-

cholesterol acyltransferase [5].

We monitored two nonprofessional bodybuilders to investi-

gate alterations in their serum lipid concentrations during AS

use. On the basis of a single HDL-C determination we had

made in subject 2 a year before the beginning of this study, we

had reason to think that the time until reversibility of AS effects

on serum lipids could be longer than previously reported.

Matenais and Methods
SUBJECTS

Subject 1, a 25-year-old man, underwent four anabolic cycles in

the 2 years preceding this study, the last one ending 9 months

earlier. Subject 2, a 29-year-old man, had undergone - 18-20

anabolic cycles in the previous 8 years, the last one ending 5

months before the beginning of this study. Both subjects were

nonsmokers and did not consume any alcohol. They presented

with normal liver, kidney, and hematologic function. During

our study, subjects 1 and 2 followed AS cycles of 7 and 8 weeks,

respectively. We informed them of all the risks they were taking

by using these drugs. As reported in a written protocol by both

subjects, the drugs they used were:

week 1-stanozolol 50 mg on Monday, methenolone enan-

thate 100 mg on Wednesday, and methandrostenolone (orally) 5

mg daily

week 2-stanozolol 50 mg on Monday; testosterone propi-

onate (30 mg), phenylpropionate (60 mg), isocaprionate (60
mg), and decanoate (100 mg) on Wednesday; methenolone

enanthate 100 mg on Friday; and methandrostenolone (orally)

10 mg daily

week 3-same as week 2 but with stanozolol 100 mg on

Monday
week 4-stanozolol 100mg on Monday, nandrolone decano-

ate 50 mg on Tuesday, testosterone esters (same as in weeks 2

and 3) on Thursday, and methandrostenolone (orally) 10 mg
daily

weeks 5, 6, and 7-stanozolol 100 mg on Monday; nan-

drolone decanoate 50 mg on Tuesday and Thursday; testoster-

one propionate (60 mg), phenylpropionate (120 mg), isocap-

roate (120 mg), and decanoate (200 mg) on Wednesday;
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Fig. 2. Evolution of apo B (squares) and apo A-I (circles) in subject 1
(open symbols) and subject 2 (solid symbols).
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Fig. 1. Evolution of total cholesterol (circles), LDL-C (squares),and
HDL-C (triangles) in subject 1 (open symbols) and subject 2 (solid
symbols).
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methenolone enanthate 100 mg on Friday; and methandro-

stenolone (orally) 15 mg daily

week 8 (subject 2 only)-same as week 4.

Serum samples from the subjects were analyzed weekly on

Wednesday; the cycles began on Monday. Fasting time before

analysis was between 8 and 9 h; longer fasting times were not

possible because of the feeding schedules of these bodybuilders.

Subjects 1 and 2 were monitored from 1 week before the
beginning of the cycle until 10 and 15 weeks, respectively, after

its end. Diets, unchanged throughout the study, were high in

protein, --300 g/day, and low in fat, -60 g/day (-5000 kcal/day

for subject 1 and 6500 kcal/day for subject 2). Subject 2 began

another steroid cycle on week 14 after the end of his preceding

cycle, though he was strongly advised not to do so.

PROCEDURES

Serum aliquots (1 mL) from each subject were processed as

indicated by Bachorik [6]. For sequential ultracentrifugation of
lipoprotein [7, 8] to separate lipoproteins VLDL, LDL, and

HDL, we used a Beckman 50.3 Ti fixed-angle rotor (Beckman

Instruments, Palo Alto, CA). Cholesterol, apolipoprotein (apo)

A-I, apo B, and triglycerides in every fraction and in total serum

were analyzed with a Hitachi 747 and Boehringer Mann-

heim reagents (all from Boehringer Mannheim, Mannheim,

Germany).

Lipoprotein(a) [Lp(a)] was measured in duplicate with an

ELISA, TintElize#{174}(Biopool, Umea, Sweden). Phospholipids

were analyzed with the kit Phospholipides enzymatiques PAP
150 (bioM#{232}rieux,Marcy L’Etoile, France).

This study was approved by the Ethical Committee of our

Hospital.

Results
Figure 1 shows the evolution of total cholesterol, HDL-C, and

LDL-C concentrations in subjects I and 2. In both cases,

maximum concentrations of total cholesterol [7.31 mmol/L

(2825 mg/L) and 6.81 mmol/L (2631 mg/L), respectively] and

LDL-C [6.30 mmol/L (2436 mgfL) and 6.03 mmoVL (2330

mgfL)] were reached in week 5. In subject 1, the minimum
HDL-C concentration [0.36 mmol/L (140 mg/L)] was reached

in week 4, but was similar to that of week 5 [0.37 mmol/L (143

mgfL)]. The concentration of apo A in the HDL fraction,
however, was lowest in week 5: 65 mg/L, compared with 110

mg/L in week 4 and 117 mg/L in week 6. In subject 2, the lowest

HDL-C concentration was seen in week 5, 0.34 mmol/L (134

mg/L), along with the lowest value of apo A-I in the HDL

fraction (81 mg/L).

The evolution of apo A-I and apo B concentrations is shown

in Fig. 2. In both subjects, the greatest concentrations of apo B

(2.16 and 2.07 g/L) and the least concentrations of apo A-I (0.2

and 0.11 g/L) were reached in week 5. Total triglycerides and
phospholipids increased with steroid use, but did not correlate

well with the other analytes measured (not shown).

Concentrations of Lp(a) before the anabolic cycle were 40

mg/L for subject 1 and 61 mgfL for subject 2. In subject 1, the

Lp(a) evolution was: 32 mgfL in week 1, 5 mg/L in week 2, and

8 mg/L in week 3; in week 4, Lp(a) concentrations became

undetectable, not increasing to 6 mg/L until week 13 (6 weeks

after the end of AS use) and eventually reaching 82 mg/L in
week 17. In subject 2, the Lp(a) evolution was: 46 mg/L in week

1, 21 mg/L in week 2, undetectable between weeks 3 and 16, 7

mg/L in week 17 (9 weeks after the end of the AS cycle), 16

mgfL in week 18, 12 mg/L in week 19, 15 mg/L in week 20, and

12 mg/L in week 21.

Discussion
These drugs, AS, are the ones that cause the most severe

alterations in lipid profiles [9]. Decreases of HDL-C because of

AS use ranged from 39% to 70% in 15 studies [31-which, as

Glazer points out, is a narrow range, taking into consideration
the variations in drug schedules and variability in lipid measure-
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ments. Our two subjects, who showed maximum decreases of

69% and 72%, are in the upper part of this range. We did not

measure HDL subfractions but, according to the literature

[2, 10-16], AS cause mainly HDL2-C depression. It is not clear

whether there is a dose relationship between AS and the

decrease of HDL-C [3].

The maximum increases of LDL-C in our two cases, 144%

and 156%, are far greater than the ones described previously.

Only two studies [12, 15] of subjects with high total AS dose

regiments presented LDL-C increases close to ours; in one [12],

although the mean increase was 61%, one of their figures

showed four subjects whose LDL-C values were comparable

with those in our study. In four studies with low AS doses, their

weighted average increase in LDL-C was 20% (range, 11-29%)

[3]. These facts suggest that a dose relationship between AS and

LDL-C concentrations may be possible, but no study has

seriously addressed this question.

In five previous studies, the apo A-I decreased between 33%

and 41% [3],whereas our two cases showed maximum decreases

of 84% and 91%. The difference in HDL-C decrease between

these studies and ours was similar but smaller. Only two studies

have reported changes in apo B, one noting a 35% increase [10]

and the other a 24% decrease [17]. In the former, although the

mean increase is very far from our maximum increases (134%

and 156%), the SD for the apo B measurements is considerable,

and probably the results for some of their cases are closer to

ours.

Lp(a) decreases associated with stanozolol [17] and danazol

[5] have been previously described. The mechanism for this

decrease is unknown. Carlson et al. [18] reported that nicotinic

acid produces a decrease in Lp(a) that is strongly correlated with

a reduction in LDL-C. Obviously, this parallel course does not

happen with AS, which suggests the action of different mecha-
nisms in the metabolic control of these lipoproteins.

The main goal of our work was to investigate the time to

normalization of HDL-C concentrations after an AS cycle. Data

in previous studies reported that HDL-C concentrations fell

near the minimum value in the first week after the beginning of

AS use and returned to pretreatment values 3 to 5 weeks after

stopping the drug use [3].Our two cases suggest, at leastfor

subjects taking high AS doses, a much longer time for revers-

ibility of AS effects on serum lipids. Glazer and Suchman also

suggested this in a recent study but showed no data [4].

Although subject 1 returned to pretreatment concentrations of

lipids 10 weeks after the end of AS use, subject 2 was very far

from his pretreatment values 13 weeks after the end of drug

cessation; however, subject 2 had been an AS user for 6 years
more than subject 1. It would be interesting to investigate

whether prolonged AS use has any residual effect on the capacity

to reverse the lipid alterations induced by these drugs. After the

end of the AS cycle, subject 2 needed 3 more weeks than subject

1 to recover measurable Lp(a) concentrations; we do not know

whether this slower regaining is associated with a slower recov-

ery of HDL-C in other persons using AS.

One point that remains unclear is why the HDL-C decrease

and LDL-C increase were greatest in our cases at about week 5

of the cycle, when the highest AS doses are just beginning.

Evaluating the contribution of AS use to coronary heart

disease risk is very complicated [3]but must be considered very

seriously. Most AS users, unfortunately, are not aware of this
potential risk. If the time to recover pretreatment concentra-

tions of serum lipids is longer than previously thought, this
might imply a greaterAS-associated risk of coronary heart

disease.

References
1. Cheung MC, Albers JJ, WahI PW, Hazzard WR. High density

lipoproteins during hypolipidemic therapy. Atherosclerosis 1980:
35:215-28.

2. Taggart NM, Applebaum-Bowden D, Haffner 5, Warnick GR,
Cheung MC, Albers Ji, et al. Reduction in high density lipoproteins
by anabolic steroid (stanozolol) therapy for postmenopausal osteo-
porosis. Metabolism 1982;31:1147-52.

3. Glazer G. Atherogenic effects of anabolic steroids on serum lipids
levels. A literature review. Arch Intern Med 1991;151:1925-33.

4. Glazer G, Suchman AL. Lack of demonstrated effect of nandrolone
on serum lipids. Metabolism 1994:43:204-10.

5. Crook D, Sidhu M, Seed M, O’DoneIl M, Stevenson JC. Lipoprotein
Lp(a) levels are reduced by danazol, an anabolic steroid. Athero-
sclerosis 1992;92:41-7.

6. Bachorik PS. Collection of blood samples for lipoprotein analysis.
Clin Chem 1982:28:1375-8.

7. Navel Ri, Eder HA, Bragdon JH. The distribution and chemical
composition of ultracentrifugally separated lipoproteins in human
serum. J Clin Invest 1955;34:1345-53.

8. Kupke lR, Worz-Zeugner S. Sequential microultracentrifugation of
lipoproteins in 100 ,tl of serum. J Lipid Res 1986;27:988-95.

9. Henkin Y, Jackson AC, Oberman A. Secondary dyslipidemia.
Inadvertent effects of drugs in clinical practice. JAMA 1992:267:
961-8.

10. Thompson PD, Cullinane EM, Sady SP, Chenevert C, Saritelli AL,
Sady MA, Herbert PN. Contrasting effects of testosterone and
stanozolol on serum lipoprotein levels. JAMA 1989:261:1165-8.

11. Applebaum-Bowden D, Haffner SM, Hazzard WR. The dyslipopro-
teinemia of anabolic steroid therapy: increase in hepatic triglycer-
ide Iipase precedes the decrease in high density lipoprotein
cholesterol. Metabolism 1987:36:949-52.

12. Hurley BE, Seals DR, Hagberg JM, Goldberg AC, Ostrove SM,
Holloszy JO, et al. High-density-lipoprotein cholesterol in body-
builders v powerlifters. JAMA 1984;252:507-13.

13. Kleiner SM, Calabresse LH, Fielder KM, Naito HK, Skibinski MS.
Dietary influences on cardiovascular disease risk in anabolic
steroid-using and nonusing bodybuilders. J Am Coil Nutr 1989:8:
109-19.

14. Kantor MA, Bianchini A, Bernier D, Sady SP, Thompson PD.
Androgens reduce HDL2-cholesterol and increase hepatic triglyc-
eride lipase activity. Med Sci Sports Exerc 1985:17:462-5.

15. McKiIIop G, Ballantyne D. Lipoprotein analysis in bodybuilders. Int

I Cardiol 1987;17:281-6.

16. Cohen IC, Faber WM, Benade AJS, Noakes TD. Altered serum
lipoprotein profiles in male and female power lifters ingesting
anabolic steroids. Phys Sports Med 1986;14:131-6.

17. Albers ii, Taggart HM, Applebaum-Bowden D, Haffner S, Chesnut
CH, Hazzard WR. Reduction of lecithin-cholesterol acyltrans-
ferase, apolipoprotein D and the Lp(a) Iipoprotein with the ana-
bolic steroid stanozolol. Biochim Biophys Acta 1984;795:293-6.

18. Carlson LE, Hamsten A, Asplund A. Pronounced lowering of serum
levels of lipoprotein Lp(a) in hyperlipidaemic subjects treated with
nicotinic acid. J Intern Med 1989:226:271-6.




