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ABSTRACT
SCHILLING, B. K., M. H. STONE, A. UTTER, J. T. KEARNEY, M. JOHNSON, R. COGLIANESE, L. SMITH, H. S. O’BRYANT,
A. C. FRY, M. STARKS, R. KEITH, and M. E. STONE. Creatine supplementation and health variables: a retrospective study. Med.
Sci. Sports Exerc., Vol. 33, No. 2, 2001, pp. 183–188. Purpose: Long-term safety of creatine supplementation has been questioned.
This retrospective study was performed to examine markers related to health, the incidence of reported side effects and the perceived
training benefits in athletes supplementing with creatine monohydrate. Methods: Twenty-six athletes (18 M and 8 F, 24.7 ⫾ 9.2 y;
82.4 ⫾ 20.0 kg; 176.5 ⫾ 8.8 cm) from various sports were used as subjects. Blood was collected between 7:00 and 8:30 a.m. after a
12-h fast. Standard clinical examination was performed for CBC and 27 blood chemistries. Testosterone, cortisol, and growth hormone
were analyzed using an ELISA. Subjects answered a questionnaire on dietary habits, creatine supplementation, medical history, training
history, and perceived effects of supplementation. Body mass was measured using a medical scale, body composition was estimated
using skinfolds, and resting heart rate and blood pressure were recorded. Subjects were grouped by supplementation length or no use:
Gp1 (control) ⫽ no use (N ⫽ 7; 3 F, 4 M); Gp2 ⫽ 0.8 –1.0 yr (N ⫽ 9; 2 F, 7 M); and Gp3 ⫽ 1⫹ (N ⫽ 10; 3 F, 7 M). Results: Creatine
supplementation ranged from 0.8 – 4 yr. Mean loading dose for Gp2 and Gp3 was 13.7 ⫾ 10.0 and the maintenance dose was 9.7 ⫾
5.7 g䡠d-1. Group differences were analyzed using one-way ANOVA. Conclusions: Expected gender differences were observed. Of the
comparisons made among supplementation groups, only two differences for creatinine and total protein (P ⬍ 0.05) were noted. All
group means fell within normal clinical ranges. There were no differences in the reported incidence of muscle injury, cramps, or other
side effects. These data suggest that long-term creatine supplementation does not result in adverse health effects. Key Words:
SUPPLEMENTATION, NUTRITION, SPORTS

C

reatine supplementation is currently used as a nutritional ergogenic aid among various athletes, particularly strength/power athletes. A number of recent
studies and reviews have examined the efficacy of creatine
as an ergogenic aid (14,17,18,20 –23). Generally, data indicate that creatine supplementation has its greatest effect on
high-intensity performance lasting 30 s or less, especially if
performance is repeated a number of times. Additionally,
data (4,20,21) suggest that maximum isometric and dynamic
strength can be markedly enhanced over short-term supplementation periods (5 d–10 wk), particularly in large muscle
mass exercises (21).
Although the underlying mechanisms supporting the ergogenic effects of creatine supplementation are not completely understood, possibilities include (1,18,22): increased
muscular concentrations of creatine phosphate (PCr), improved buffering effects, and possibly the enhancement of

mitochondrial creatine kinase activity. These mechanisms
would potentially affect the rate of ATP resynthesis and
enhance recovery resulting in improved performance and
training adaptations. Furthermore, some evidence indicates
that creatine supplementation can either directly (11) or
indirectly (7,8,21,22) stimulate protein synthesis, resulting
in enhanced rates of muscle hypertrophy associated with
training.
To date, the only documented side effect resulting from
creatine supplementation has been weight gain, which may
be partially associated with a gain in water (2,18,20,22).
However, few controlled studies have directly examined
side effects. Anecdotal evidence and hearsay have associated creatine supplementation with a variety of side effects
including muscle cramps, tears, and gastrointestinal disturbances. As with any supplement, questions concerning longterm health effects have arisen (13,18). Presently, few longterm studies are available which address health and safety
aspects of creatine supplementation. One method of addressing long-term health concerns is through retrospective
studies of creatine users. The purpose of this study was to
retrospectively examine markers of health, the incidence of
side effects, and perceived benefits in athletes using creatine
supplementation over a long term (up to 4 yr).
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METHODS
The subjects were 26 current or former competitive athletes (18 M and 8 F, 24.7 ⫾ 9.2 yr; 82.4 ⫾ 20.0 kg; 176.5
⫾ 8.8 cm). The subjects included national and international
level sprinters, throwers, weightlifters, and football players.
The subjects were recruited by contacting (with the consent
of the coach) collegiate varsity sports teams and sports
clubs. General guidelines, objectives, and procedures were
provided orally to each group. All subjects volunteering for
the study signed informed consents according to ACSM
guidelines. Subjects answered a questionnaire dealing with
dietary habits, creatine supplementation, medical history,
training history, and perceived effects of supplementation.
The test-retest reliability of the questionnaire was r ⫽ 0.88
(N ⫽ 13). The questionnaire is shown in Appendix 1.
Based on the questionnaire, subjects were grouped by
supplementation length: Gp1 (control) ⫽ no use (N ⫽ 7; 3
F, 4 M); Gp2 ⫽ 0.8 –1.0 yr (N ⫽ 9; 2 F, 7 M); and Gp3 ⫽
1⫹ (N ⫽ 10; 3 F, 7 M). Creatine supplementation ranged
from 0.8 to 4 yr. All subjects in groups 2 and 3 supplemented in a cyclical fashion, typically 4 wk on then 1– 4 wk
off. Mean loading doses for Gp2 and Gp3 were 13.7 ⫾ 10.0,
and the maintenance dose was 9.7 ⫾ 5.7 g䡠d-1. All subjects
in groups 2 and 3 were in a maintenance phase at the time
of data collection and were actively training. None of the
subjects reported being vegetarians.
Blood was collected after a 12-h fast between 7:00 and
8:30 a.m. Standard clinical analyses were performed for
CBC and 27 blood chemistries (Labcorp, Charlotte, NC).
Testosterone (T), cortisol (CORT), and growth hormone
(hGH) were analyzed using an ELISA (Diagnostics Systems, Webster, TX) at Memphis University. Coefficient of
variations for the hormone analyses were less than 4%.
Body mass was measured using a medical scale; body
composition was estimated using a seven-site skin-fold
technique (17,20). Test-retest reliability for this skin-fold
technique has been consistently r ⬎ 0.9 in our laboratory.
After 10 min of quiet sitting, resting heart rate was measured
using a Polar heart rate monitor (Polar Electro, Kempele,
Finland) and blood pressure was measured by auscultation.
A total of 65 variables were analyzed (Appendix 2). Due
to the large amount of data, only selected variables were
reported here; complete data groupings and methodologies
can be obtained by contacting the authors. Preliminary analyses using one-way ANOVA revealed no differences in
physical characteristics between supplementation groups
(Table 1). Preliminary analyses using one-way ANOVA on
gender revealed no unexpected statistical differences; for
example, height, weight, testosterone, etc. Due to the expected direction of the gender differences and small number
of female subjects per group, the second step in analyses
was to compute one-way ANOVAs to examine differences
among supplementation groups. Although not statistically
different, there were substantial differences in mean body
mass among the three groups (Table 1). Where significant
differences were found between groups ANCOVA using
indices of body size (body mass, height or % fat) as a
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TABLE 1. Measured variables.
Supplementation History
Parameter
Anthropometry

Serum Enzymes

Blood

Hormones

Lipids

Variable

No use

0–1 yr

1–4 yr

Age (yr)
26.0 ⫾ 10.4 19.8 ⫾ 1.2
28.1 ⫾ 11.1
Height (cm)
171.6 ⫾ 6.9 177.0 ⫾ 8.6 179.6 ⫾ 9.3
Mass (kg)
72.8 ⫾ 12.1 80.5 ⫾ 20.5 90.8 ⫾ 21.9
% Fat
11.9 ⫾ 6.8
11.0 ⫾ 4.7
15.3 ⫾ 6.3
ALK PHOS
74 ⫾ 13
83 ⫾ 19
81 ⫾ 19
LDH
200 ⫾ 66
165 ⫾ 39
155 ⫾ 20
SGOT
25 ⫾ 17
28 ⫾ 9
32 ⫾ 13
SGPT
24 ⫾ 13
21 ⫾ 15
29 ⫾ 15
GGT
27 ⫾ 14
25 ⫾ 21
21 ⫾ 9
CRTE
0.9 ⫾ 0.3
1.0 ⫾ 0.1
1.3 ⫾ 0.3*
TP
7.1 ⫾ 0.3
7.4 ⫾ 0.2*
7.2 ⫾ 0.2
UA
4.8 ⫾ 1.5
5.8 ⫾ 1.4
5.3 ⫾ 1.9
BUN
12.0 ⫾ 1.8
13.6 ⫾ 2.9
15.4 ⫾ 3.4
BUN/CRTE
13.7 ⫾ 4.6
12.9 ⫾ 2.4
12.1 ⫾ 3.4
T (nmol䡠L⫺1)
17 ⫾ 15
19 ⫾ 14
26 ⫾ 28
CORT (nmol䡠L⫺1)
610 ⫾ 39
634 ⫾ 34
608 ⫾ 33
⫺1
T/C (nmol䡠L )
2.8 ⫾ 2.4
3.0 ⫾ 1.9
4.1 ⫾ 4.2
hGH (g䡠L⫺1)
1.7 ⫾ 2.3
0.9 ⫾ 1.9
1.9 ⫾ 4.4
TC (MG%)
175 ⫾ 34
167 ⫾ 52
158 ⫾ 26
HDL-C (MG%)
50 ⫾ 8
53 ⫾ 15
45 ⫾ 13
LDL-C (MG%)
97 ⫾ 28
91 ⫾ 45
91 ⫾ 21
RATIO
3.5 ⫾ 0.8
3.3 ⫾ 1.6
3.6 ⫾ 1.0
TRI (MG%)
136 ⫾ 101
119 ⫾ 78
107 ⫾ 49

* P ⱕ 0.05 CRTE: GP3 ⬎ GP1; TP: GP2 ⬎ GP1.
ALK PHOS, alkaline phosphotase; LDH, lactate dehydrogenase; SGOT, serum
glutamic oxalactic transaminase; SGPT, serum glutamic pyruvic transaminase;
GGT, gamma glutamyl transpeptidase.
CRTE, creatinine; TP, total protein; UA, uric acid.
T, testosterone; CORT, cortisol; hGH, growth hormone; BUN, blood urea nitrogen.
TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; RATIO:, HDL-C/TC; TRI:, triglycerides.

covariate was used. Dunnet’s t-tests were used as followups. The alpha level was P ⬍ 0.05. The authors recognize
the shortcomings of a small sample size. However, due to
the availability of high level current and former athletes and
the nature of the study with the emphasis on health parameters, a less conservative approach was deemed appropriate.

RESULTS
The results of the study are shown in Table 1. Physical
characteristics of the groups were not statistically different;
however, there are large absolute differences between the
groups that may have biological significance. Expected gender differences occurred in a number of variables. For example males had greater values for height, body mass, lean
body mass (LBM), HCT, Hb, T, hGH, etc. All group means
for physiological/health related parameters were within normal clinical ranges. One-way ANOVA indicated two supplementation level differences: creatinine (F(2,23) ⫽ 4.982,
P ⫽ 0.016; 95% confidence interval ⫽ 0.1– 0.7)), and total
serum protein (F(2,23) ⫽ 3.689, P ⫽ 0.04; 95% confidence
interval ⫽ 0.0 – 0.6). These differences were obviated with
ANCOVA. Several individuals showed variables slightly
outside the normal range. However, there were no common
trends for any variable. Selected individual variables are
shown in Table 2.
Perceived side-effects were reported by questionnaire;
subjects chose possible side-effects from a list and were free
to comment on other possible side-effects and outcomes
(Appendix 1). Based on the questionnaire, two subjects in
GP3, one subject in GP2, and four subjects from group 1
http://www.acsm-msse.org

TABLE 2. Examples: individual variables outside normal ranges.
Variable

Norm

Group

Creatinine

(0.5–1.5 mg%)

Gp3

LDH

(100–250 IU䡠L⫺1)

SGOT

(0–45 IU䡠L⫺1)

SGPT

(0–50 IU䡠L⫺1)

Gp2
Gp1
Gp3
Gp1
Gp3
Gp2

Value
Male (1.6)
Male (1.6)
Male (267)
2 Female (361, 381)
Male (62)
Male (51)
Male (59)
Male (52)

reported having experienced occasional muscle cramps.
None of the subjects reported that they believed creatine
supplementation was responsible for the cramps. The only
reported side effects attributed to creatine ingestion were
occasional gastrointestinal upset during the loading phase in
two male subjects in GP3 and one male subject in GP2.
Sixteen of 19 supplementing subjects (84%) believed that
creatine supplementation provided noticeable ergogenic
benefits.

DISCUSSION
Sixty-five variables were investigated, including blood
analyses and perceived side effects. The results of this
retrospective study indicate that long-term creatine supplementation (up to 4 yr) does not result in any apparent
untoward health effects or produce side effects such as
muscle cramps or shin splints. The only reported side effect
attributed to creatine was occasional gastrointestinal (GI)
upset during the loading phase (N ⫽ 3). The reported GI
disturbances ranged from “gas” to mild diarrhea.
The efflux of serum enzymes can be related to pathological conditions such as liver disease and muscle degeneration and can also be related to physical exercise (18). Kidney pathology can produce a number clinically observable
effects including alterations in serum concentrations of
BUN, total protein, creatine, and creatinine. Thus, the expectation was that adverse creatine effects would produce
some type of clinical marker. In the present observation, no
aberrant alterations in serum enzymes were noted.
Long-term effects of creatine supplementation on the
liver, heart, and kidneys have been a concern (13,18). From
a health standpoint, both abnormally high values for serum
creatinine and total protein have been weakly correlated
with the development of hypertension (12,16) and with
kidney dysfunction. Although within normal values, creatinine was higher in GP3 compared to Gp1 (no use) and Gp2
was higher than Gp1 for total protein. A small increase in
serum creatinine concentration may be related to the ingestion of supplementary creatine (10) and could also be related
to an increased training volume or intensity, particularly if
training promoted a net protein degradation (18). It should
also be noted that measures of body mass/LBM are positively related to the total creatine content and can influence
both urinary and serum creatinine concentrations
(3,9,23,24). It is possible that differences in body mass/
LBM among the groups were related to the differences in
creatinine and total protein. Interestingly, adjusting these
CREATINE: A RETROSPECTIVE STUDY

values according to indices of body size (as covariates) and
using ANCOVA for analysis obviated the significant differences between groups for both creatinine and total
protein.
Alterations in T, hGH, and CORT can alter the anabolic/
catabolic environment of an organism. Creatine may have
anabolic properties promoting protein synthesis (18,20).
The enhanced protein synthesis may be a direct result of the
action of creatine on the cell (11), an indirect effect resulting
from water retention and cellular hydration (7,8) or an
indirect effect from enhance training capabilities (i.e., using
higher training intensities or volumes) (4,22). The interaction of anabolic and catabolic hormones could play an
integral role in muscle hypertrophy, strength, and power
adaptations to training. It is possible that part of the effect of
creatine on protein synthesis could be mediated by alterations in these hormones (23). In the present study, resting
concentrations of hormones were not different among the
groups. This observation is in agreement with a previous
longitudinal study indicating no changes in hormonal milieu
resulting from creatine supplementation (23).
Previous longitudinal studies have indicated that creatine
supplementation may effect positive alterations in blood
lipids (5,15). In the present observation, although there were
no statistically significant group effects, it is interesting to
note that serum lipids tended to decrease with supplementation length.
Although all group means were within normal clinical
ranges and there were no differences among groups, it is
possible that an individual may be showing adverse effects.
Although some values outside the normal ranges were noted
(Table 2), there were no consistent aberrant observations.
Based on the questionnaire, other than occasional gastrointestinal complaints, no side effects including muscle
cramps, tears, or shin splints were attributed to creatine.
Although anecdotal claims of muscle cramps are likely the
most common complaint, no study, including the present
observation, has demonstrated an increased incidence in
muscle cramps as a result of creatine ingestion (6,18). Interestingly, more subjects in the control group (Gp1) experienced muscle cramps; this represents an incidence of 57%
in the controls, 11% in Gp2, and 20% in Gp3 (combined
creatine Gps2 ⫹ 3 ⫽ 16%). It is possible that the muscle
cramps experienced by the athletes in this study were associated with hydration or dietary problems (1); indeed, one
subject reported considerable alcohol consumption the previous night before experiencing muscle cramps. Thus, there
is little evidence from the present retrospective study to
support claims of increased incidence of muscle cramps as
a result of creatine supplementation.
Perceptions of the ergogenic efficacy of creatine supplementation were positive. Sixteen of 19 supplementing subjects believed that creatine supplementation provided noticeable ergogenic benefits. All 19 stated they would
continue creatine supplementation. These data suggest that
creatine supplementation does not result in adverse health
effects or side effects and is in agreement with previous
short-term (15) and retrospective studies (19). However, it
Medicine & Science in Sports & Exercise姞
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should be noted that the number of athletes participating (N
⫽ 26) was small and observations were limited to clinical
measures and subject recollection; thus, further observation
and longitudinal study is necessary.
The subjects in this study were all currently engaged in
strength/power training and included several current and
former national and international level athletes. The results
of this study suggest that long term (up to 4 yr) creatine
supplementation does not cause adverse effects. This is of
particular importance considering the loading dose and the
relatively high average maintenance dose used by these
subjects. This does not mean that creatine supplementation
should be used indiscriminately with no regard for dosage,
etc. (18). Potentially, the same beneficial effects can be
achieved by using lower doses of creatine, especially during
the maintenance phase (1,18). Generally, a loading phase (5
or 6 d) should use a dose value of 0.3 g䡠kg-1䡠d-1 and during
the maintenance phase a dose of 0.03 g䡠kg-1䡠d-1 is sufficient
(20). Although a loading phase may accelerate the increased
muscle PCr content, loading can be accomplished with

lower doses (i.e., of 0.03 g䡠kg-1䡠d-1). It is likely that these
lower doses reduce the potential of developing side effects.
In this context, proper education on the part of the coaching/
sports medicine staff is paramount in reducing the side
effects of this or any other potential ergogenic aid. Educational information should include discussions of ergogenic
properties, mechanisms potential side effects and proper
dosages (1,18).
Although this retrospective study indicates few side effects occur as a result of creatine supplementation, to an
extent it depends upon athlete recollection and perception.
Long-term double-blind studies that actually monitor supplement adherence and carefully examine incidence of side
effects are needed for this and all potential ergogenic aids.
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APPENDIX 2: Variables.
Gender: 18 male, 8 female
Creatine supplementation
Dose
Dosing period
Loading dose
Maintenance dose
Cycling pattern
Time off supplementation
Positive and negative effects
Anthropometry
Age
Body mass
Height
Body fat
Heart rate
Systolic blood pressure
Diastolic blood pressure
BLOOD CHEMISTRY/CBCa
Glucose
Uric acid
Blood urea nitrogen (BUN)
Creatinine
BUN/creatinine
Sodium
Potassium
Chloride
Calcium
Phosphorus
Protein
Albumin
Globulin
Albumin/globulin (A/G) ratio
Bilirubin
Alkaline phosphatase

Lactate dehydrogenase (LDH)
Serum glutamic oxalactic transaminase (SGOT)
Serum glutamic pyruvic transaminase (SGPT)
Gamma glutamyl transpeptidase (GGT)
Total iron
Total cholesterol (TC)
Triglycerides (TRI)
High density lipoprotein cholesterol (HDL-C)
Low density lipoprotein cholesterol (LDL-C)
Very low density lipoprotein cholesterol (VLDL-C)
TC/HDL ratio
WBC
RBC
Hemoglobin
Hematocrit
Blood chemistry/CBCa
MCV
MCH
MCHC
Platelets
Polys
Lymphocytes
Monocytes
Eosinophils
Basophils
Polys (Absolute)
Monocytes (Absolute)
Eosinophils (Absolute)
Basophils (Absolute)
HORMONESa
Testosterone (T)
Corticol (CORT)
T/CORT ratio
Human growth hormone (hGH)

a
All blood chemistry/CBC profiles were carried out by Labcorp, Charlotte, NC. Blood for the CBC was collected by venepuncture in 5-mL EDTA treated vacutainers. Blood for serum
hormones and blood chemistries were collected in two 10-mL serum separator vacutainers allow to stand for 10 min and then centrifuged at 22°C (2000 rpms). for 20 min. Serum
was frozen at ⫺80°C before transfer to Memphis University. Serum samples (3, 1-mL microcentrifuge tubes) were packed in dry ice and shipped to Memphis University by 24-h express
delivery 1 wk after collection.
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