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Abstract
Background: The effects of creatine supplementation in older 
people are dubious.

Aim: To assess the effects of creatine supplementation in older 
women subjected to resistance training.

Material and Methods: Older women aged between 60 and 75 years 
without chronic debilitating diseases, living in the community were 
invited to participate. All were subjected to supervised resistance 
training using elastic bands, three times per week during 12 weeks 
and were randomized to receive, in a double blind fashion, 5 g/day 
of creatine monohydrate or maltodextrin, during the same period. 
At baseline and the end of the intervention period, blood pressure 
was measured, body composition was evaluated by double energy 
X-ray absorptiometry (DEXA), quadriceps torque was assessed in 
a quadriceps table, timed up and go (TUG) and the 12 minutes’ 
walk tests were carried out. Compliance with the supplement 
and training sessions was evaluated periodically recording the 
attendance to training sessions, evaluating subjective effort during 
exercise sessions using the OMNI-Resistance Exercise Scale and 
counting the leftover sachets of creatine or placebo.

Results: Fifty participants were randomized and 39 (17 in the 
placebo and 22 in the creatine group), completed the intervention. 
Among the latter, compliance with training and the supplement 
was over 80%. After the intervention period, total and appendicular 
fat free mass, right quadriceps torque and twelve minutes test 
increased significantly in all participants. Significant reductions in 
diastolic blood pressure and hip circumference were also observed. 
No significant differences were observed in the change of these 
parameters between participants receiving the active supplement 
or placebo.

Conclusions: Creatine supplementation had no effect on muscle 
mass or function in these women.
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Introduction
Sarcopenia or the loss of muscle mass and function with age is 

associated with a higher risk of dependence, worst prognosis during 
hospitalizations and lower survival. Exercise training is one of the 
few effective interventions for sarcopenia. However, the positive 
effects of exercise training in older people are hampered by the lack 
of compliance with training sessions and their short duration. The 
experience in community-based training programs, lasting one to 
three years is that the Attendance is approximately 50% and that the 
attrition rate at one year is approximately 30% [1,2]. In addition, the 
positive results of training wane in approximately one month after 
stopping the intervention [3]. Therefore, the exploration of other 
therapeutic options for sarcopenia is worthwhile. One of these is 
the use of ergogenic compounds such as creatine. The use of whey 
protein or leucine supplementation also increases muscle mass, when 
combined with vitamin D [4]. Beta-hydroxy-beta-methylbutyrate 
(HMB) supplementation could also exert a positive effect but good 
quality evidence is lacking [5].

In young people, a meta-analysis showed that creatine 
supplementation has a minimal potentiating effect on resistance 
training, increasing muscle mass and strength [6]. However, the 
effects of creatine supplementation in people aged 50 years or more 
are dubious. While some studies show improvements in muscle 
mass, strength and functional tests [7-10], other studies fail to show 
such benefit [11-14].

Thus, the aim of this study was to evaluate the effects on fat free 
mass and muscle strength of a creatine monohydrate supplementation 
during 12 weeks, in women aged 60-years-old or older, subjected to 
resistance training, in a double blind trial.

Methods
Fifty women of middle and low socioeconomic level defined 

according to their monthly income and the commune where they 
reside, living in the community and aged between 60 and 75 years, 
were invited to participate in the study. They were recruited in a 
period of three months immediately before starting the intervention. 
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Exclusion criteria were smoking ever or excessive consumption 
of alcohol (defined as more than 15 g of alcohol per day), use of 
medications that could limit exercise capacity such as steroids, muscle 
relaxants or statins in high doses, having a clinically evident hepatic, 
cardiac or renal disease, having a severe osteoarticular disease, being 
engaged in an active exercise training program in the last six months 
and having a cognitive dysfunction or physical disability.

At baseline, the following assessments were carried out:

1. A complete medical history including use of medications, 
previous diseases and surgical procedures.

2. Evaluation of usual physical activity using the International 
Physical Activity Questionnaire (IPAQ) [15].

3. Mini nutritional assessment [16]. The 2013 version available in 
internet was used (www.mna-elderly.com/forms/MNA_spanish.pdf) 
and the total score was calculated.

4. Measurement of weight, height, waist and hip circumference.

5. Measurement of body composition by double energy X-ray 
absorptiometry in a General Electric iDEXA equipment. The 
variability of the measurement is less than 3% [17].

6. Measurement of rectus femoris cross sectional height using 
a General Electric LogiQ ultra sonographer with the participant in 
supine position and the thigh muscles relaxed. Measurements were 
made using a GE 12L-RS 14.2 × 47 mm linear array ultrasound 
transducer probe. The mid-point between the superior anterior 
iliac spine and the superior border to the patella was set as the 
measurement point.

7. Measurement of quadriceps isometric strength as previously 
described [18]. A quadriceps table equipped with an isometric force 
transducer, connected to a computer to register the maximal strength 
achieved in one repetition was used. Three consecutive measurements 
were done and the best value was registered. Strength was expressed 
in Newtons (N).

8. Measurement of hand grip strength using a hand grip 
dynamometer T-18 (Country Technology, Inc.) with a precision of 
0.1 kg, in both hands. The handle of the dynamometer was regulated 
to accommodate the hand size of participants, who were requested 
to squeeze the dynamometer as hard as they could, while standing. 
Three measurements were made and the higher value was recorded.

9. Measurement of 12 minutes walking capacity [19].

10. Measurement of Timed Up and Go. (TUG) [20]. Three 
attempts were made and the lower time required was recorded in 
seconds (s).

Intervention and Randomization
After performing the baseline assessment, participants were 

randomized in one of two groups, balancing by age and nutritional 
status, using a double blind design. A specially designed software 
randomly allocated participants to each group. An iteration of the 
software randomly allocated the participants to each group repeatedly 
until no significant differences in age or body mass index between 
groups were detected.

a. The active group received creatine 5 g/day in one dose as a 
powder packed in a sachet to be dissolved in water.

b. The control group received a placebo (maltodextrin) of similar 
aspect and taste as creatine, packed in an identical sachet.

The active prescription and the placebo were identified by a unique 
numeric code. The codes were known by an external professional, not 
involved in the research. Every two weeks, a new supply of creatine or 
placebo was delivered and the participants were requested to return 
the unused sachets.

All participants were incorporated to a supervised exercise 
training program, which lasted 12 weeks, with three sessions of 

45 minutes per week. All training sessions were carried out at the 
Institute of Nutrition and Food Technology facilities, under the 
supervision of four of the authors (MJP, MC, GA, NG). Each exercise 
session consisted of:

a. A warm-up period of 15 minutes, consisting in brisk walking.

b. A resistance training program, based on progressive overload 
using Thera-Band® elastic bands.  Chair stands, modified squats, 
step-ups in a stair and arm pull-ups were performed. The training 
protocol started performing one set of each exercise at 60-80% of 
their 1 Repetition Maximum (RM) and progressed thereafter. For 
each muscle group, three sets of repetitions were carried out. All 
exercises were calibrated to be of high intensity according to the 
OMNI-Resistance Exercise Scale values during the training period 
[21]. Intensity was progressively increased by 10%, every two weeks 
until the sixth week. Afterwards, it remained at 80% of a RM.

c. An elongation exercise period lasting 10 minutes that included 
elongation in Thera-Band® mats and exercise balls.

The attendance of participants to each session, was recorded. All 
adverse events reported by participants, were also recorded following 
good clinical practice guidelines [22].

At the end of 12 weeks of intervention, all the assessments done 
at baseline, except the IPAQ questionnaire, were repeated within one 
week after the last training session.

The main outcome was an increase in fat free mass. The secondary 
outcomes were increases in quadriceps torque or walking capacity 
with creatine supplementation, compared to placebo.

The study was approved by the Institute of Nutrition and Food 
Technology of the University of Chile ethics committee and all 
participants signed a written informed consent to participate in the 
study

Statistics
All analyzes were done blinded to the allocation of participants 

(placebo or creatine group), using Stata 12 for Windows (Statacorp, 
College Station, Texas 77845, USA). The compliance with the 
creatine or placebo supplement was determined counting the 
number of unused sachets returned by participants. The compliance 
with exercise sessions was determined calculating the percentage 
of programmed training sessions that each participant attended. 
Normality of variable distribution was determined using the Shapiro-
Wilk test. Normally distributed variables are expressed as mean ± 
standard deviation, otherwise as median (range). Differences between 
normally distributed variables were analyzed using Student’s t-test. 
Changes in parameters were assessed using a repeated measures 
ANOVA to find possible significant effects of the intervention and 
possible interactions between groups. A probability of 5% or less to 
reject the null hypothesis, was considered significant. An intention to 
treat analysis was performed

The number of participants was calculated to provide a power 
of 0.8 to detect a 17% difference in appendicular fat free mass and 
a 15% difference in quadriceps torque between groups. These cutoff 
points were based on previous reports on the effects of creatine 
supplementation.

Results
Participant flow is shown in figure 1. Fifty participants were 

randomized and 39 completed the three months intervention period 
(17 in group placebo and 22 in group creatine). Among participants 
dropping out, seven decided not to continue after being randomized 
for personal reasons, three abandoned due to prolonged holidays 
and one lost interest in the protocol. The baseline features of all 
participants randomized is shown in table 1. The medical background 
and medications used by participants is shown in table 2. Among 
those who completed the intervention period, the compliance 
with the supplement was 88.9 (67-100) and 91.1 (51-99) % among 

http://www.mna-elderly.com/forms/MNA_spanish.pdf
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circumference, was observed in both groups with no differences 
between treatment groups. Significant reductions in diastolic blood 
pressure and hip circumference were also observed with no differences 
between groups. These results do not change if only participants with 
a compliance greater than 80% with training or the supplement, are 
analyzed.

Discussion
In this study, performed in healthy elderly women, resistance 

training increased muscle mass and strength, but creatine 
supplementation had no additional effect on these parameters.

As outcomes, we measured body composition, muscle strength and 

participants in groups placebo and creatine, respectively. The figures 
for attendance to training sessions were 85 (75-85) and 85 (77-85) 
% among participants in groups placebo and creatine, respectively. 
During the intervention period, adverse events were reported by 10 
and 11 participants of group’s placebo and creatine, respectively. Five 
and nine of these events were qualified as moderate in group’s placebo 
and creatine respectively. The rest of the events were qualified as mild. 
Five events in each group were considered as related or possibly 
related with the exercise intervention (Table 3).

The evolution of parameters after the intervention is shown 
in table 4. A significant increase in right quadriceps torque, twelve 
minutes’ walk, total and appendicular fat free mass and waist 

58 participants
screened

8 participants did not
meet inclusion

criteria

50 participants  were randomly
assigned to two treatment groups
balancing by age and body mass

index

Group placebo:
25

participants

Group creatine:
25

participants

2 participants
withdrew before

baseline assessment

23 participants
were assessed at

baseline

25 participants
were assessed at

baseline

1 participant had a gastric
ulcer and withdrew

5 participants withdrew for
personal reasons

3 participant withdrew
for personal reasons

17 participant completed
the follow up period and

attended the final
assessment

22 participant completed
the follow up period and

attended the final
assessment

Intervention:
Three months of resistance

training plug
Creatine 5 g/day or
placebo in a double

blind fashion

Figure 1: Participant flow chart.
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overall functional tests. These are commonly used in clinical trials with 
resistance exercise and nutritional supplements. DEXA is the current 
gold standard to measure fat free body mass. It has the limitation of being 
influenced by the hydration status of individuals [23]. This problem was 
not an issue among these women who did not have severe cardiac or renal 
diseases that could cause hydration disturbances. Hand grip strength and 
quadriceps torque were used to assess muscle function. Mobility was 
assessed with the Timed Up and Go, a commonly use functional test in 
older people. Twelve minutes walking is an endurance test, which could 
also improve along with lean body mass and strength [24,25].

We observed that blood pressure decreased after the intervention. 
The blood pressure reduction effects of exercise are well known and 
do not deserve further discussion [26] and are probably related to the 
benefits of exercise on cardiovascular health and survival [27].

The lack of effects of creatine supplementation on muscle mass or 
strength is in accordance with many, but not all, previous reports [13]. 
It may be due to a real lack of effect of the supplement or to design 
limitations of the present intervention. This last possibility is unlikely 
since we tried to avoid most confounding factors in the protocol 
design. We chose participants of one gender since it influences body 
composition and response to training [25]. We excluded participants 
with diseases such as clinically evident hepatic, cardiac or renal 
failure that could influence the results and most importantly, we used 
a strict double blind design, even during data analysis to avoid any 
bias caused by preconceptions. Our results are in contradiction with 
other reports showing a positive effect of creatine supplementation 
[7,28]. The discrepancies with our study may be due to several factors 

¶ = Significance of difference between group placebo and creatine. NS means non-significant, § = Calculated using the international physical activity questionnaire 
(IPAQ).

Table 1: Baseline features of all patients evaluated at baseline (mean ± standard deviation).

Group
Placebo (n = 23)  Creatine (n = 25)

Clinical and anthropometric variables
Age (years) 68.1 ± 4.9 67.5 ± 4.5 NS¶

Systolic blood pressure (mm Hg) 131.0 ± 15.8 128.7 ± 15.4 NS
Diastolic blood pressure (mm Hg) 74.1 ± 6.5 74.2 ± 8.1 NS
Usual physical activity (MET-min/week)§ 1,170.5 ± 1,113.2 1,233.4 ± 1,075.0 NS
Mini nutritional assessment 26.2 ± 2.6 26.3 ± 2.6 NS
Body mass index (kg/m2) 29.5 ± 3.9 29.2 ± 4.2 NS
Waist circumference (cm) 96.3 ± 8.7 97.4 ± 10.7 NS
Hip circumference (cm) 104.6 ± 7.9 104.6 ± 8.7 NS
Muscle strength and functional variables
Right hand grip strength (kg) 22.8 ± 4.2 22.1 ± 4.3 NS
Left hand grip strength (kg) 22.2 ± 3.7 20.2 ± 3.4 NS
Right quadriceps torque (N) 233.6 ± 46.2 252.5 ± 63.4 NS
Left quadriceps torque (N) 245.7 ± 70.3 262.6 ± 69.4 NS
Timed up and go (sec) 7.1 ± 0.8 7.2 ± 0.9 NS
12 minutes’ walk (m) 944.4 ± 128.4 1,009.8 ± 95.0 NS
Body composition
Total fat free mass (kg) 35.4 ± 4.5 36.0 ± 4.2 NS
Total fat mass (kg) 31.6 ± 7.3 31.0 ± 7.6 NS
Appendicular fat free mass (kg) 14.3 ± 2.3 14.3 ± 2.3 NS
Appendicular fat mass (kg) 12.6 ± 3.2 12.4 ± 2.8 NS
Rectus femoris ultrasound
Right rectus femoris thickness (cm) 17.1 ± 2.8 17.3 ± 2.1 NS
Left rectus femoris thickness (cm) 16.0 ± 3.0 16.2 ± 2.2 NS

Table 2: Number of participants with concomitant medical conditions and med-
ication use.

Group
Placebo (n = 23) Creatine (n = 25)

Medical conditions
Hypertension 13 14
Osteoarthritis 5 4
Type 2 diabetes mellitus 3 3
Depression 1 3
Medications
Number of participants using medications 23 22
Antihypertensive medications
Angiotensin II Receptor Blocker 9 9
Angiotensin converting enzyme inhibitors 2 4
Beta blockers 6 3
Calcium channel blockers 3 2
Diuretics 3 4
Antidiabetics
Metformin 6 4
Other medications
Benzodiazepines 4 0
Biphosphonates 2 1
Serotonin reuptake inhibitors 2 2
Statins 2 6

§ = Defined according to good clinical practice guidelines.

Table 3: Details of adverse events reported by participant.

Event Intensity§ Relationship with intervention§

Group: placebo
Allergic reaction Moderate Unrelated
Headache Mild Possible
Herpes zoster Moderate Possible
Bloating Mild Unrelated
Bloating Mild Unrelated
Gastric ulcer Mild Unrelated
Vaginal pain Moderate Unrelated
Pain in right hip and knee Mild Possible
Lumbago Moderate Probable
Falls while training Moderate Definite
Group: creatine
Pain in right leg Mild Unrelated
Constipation Moderate Possible
Transient fever Moderate Unrelated
Fall during training Moderate Definite
Heartburn Moderate Possible
Fall in her house Moderate Unrelated
Falls while shopping Moderate Unrelated
Lumbago Moderate Probable
Vaginal pain Moderate Unrelated
Depression Moderate Unrelated
Heartburn Mild Probable
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Table 4: Changes in clinical and laboratory parameters during the intervention. Results are expressed as mean ± standard deviation.

Group
Placebo (n = 17)  Creatine  (n = 22) Repeated series ANOVA

Anthropometric and clinical variables
Body mass index (kg/m2) Baseline 30.1 ± 3.9 29.3 ± 4.5

End 30.3 ± 4.0 29.5 ± 4.7 No significant effect
Delta -0.1 ± 0.4† -0.2 ± 0.9

Systolic blood pressure (mm Hg) Baseline 133.6 ± 15.1 129.1 ± 16.0
End 126.5 ± 12.5 127.8 ± 11.9 No significant effect
Delta 7.2 ± 11.3 1.4 ± 14.6

Diastolic blood pressure (mm Hg) Baseline 75.8 ± 5.8 74.1 ± 8.1
End 71.1 ± 6.6 73.5 ± 7.3 Intervention effect p = 0.03
Delta 4.7 ± 5.3 0.6 ± 7.3 No significant group effect

Mini nutritional assessment Baseline 26.3 ± 2.7 26.4 ± 2.8
(total score) End 26.2 ± 2.2 26.9 ± 2.3 No significant effect

Delta 0.1 ± 2.2 -0.5 ± 2.1

Waist circumference (cm) Baseline 96.4 ± 7.9 97.9 ± 11.2
End 98.8 ± 7.4 99.2 ± 11.3 Intervention effect p < 0.01
Delta -2.4 ± 3.0 -1.3 ± 2.8 No significant group effect

Hip circumference (cm) Baseline 105.5 ± 8.0 105.1 ± 9.1
End 105.1 ± 8.2 103.5 ± 8.7 Intervention effect p = 0.02
Delta 0.4 ± 2.7 1.6 ± 2.5 No significant group effect

Muscle strength and functional variables
Right quadriceps torque (N) Baseline 225.4 ± 35.1 255.7 ± 65.6

End 255.3 ± 50.6 278.6 ± 53.9 Intervention effect p < 0.01
Delta -29.9 ± 40.9 -22.9 ± 45.8 No significant group effect

Left quadriceps torque (N) Baseline 232.8 ± 56.9 274.1 ± 64.1¶

End 248.4 ± 45.5 285.6 ± 69.6 No significant effect
Delta -15.6 ± 35.6 -11.5 ± 58.2

Right hand grip strength (kg) Baseline 22.6 ± 4.3 22.4 ± 4.5
End 22.4 ± 4.2 22.2 ± 3.5 No significant effect
Delta 0.2 ± 3.7 0.2 ± 2.9

Left hand grip strength (kg) Baseline 22.2 ± 3.6 20.4 ± 3.1
End 21.6 ± 4.2 20.5 ± 2.8 No significant effect
Delta 0.6 ± 3.5 -0.1 ± 2.1 NS

Timed up and go (sec) Baseline 7.1 ± 0.8 7.2 ± 0.8
End 7.2 ± 0.9 6.9 ± 0.8 No significant effect
Delta -0.1 ± 0.7 0.3 ± 0.5

Twelve minutes’ walk (m) Baseline 943.4 ± 135.5 1009.6 ± 99.4
End 1087.5 ± 108.0 1091.4 ± 101.1 Intervention effect p < 0.01§

Delta -144.1 ± 98.5 -81.8 ± 128.6 No significant group effect
Body composition
Total fat free mass (kg) Baseline 35.4 ± 4.8 36.3 ± 4.3

End 35.9 ± 5.2 37.0 ± 4.3 Intervention effect p < 0.01
Delta -0.5 ± 0.7 -0-6 ± 0.9 No significant group effect

Appendicular fat free mass (kg) Baseline 14.3 ± 2.5 14.5 ± 2.4
End 14.9 ± 2.5 15.1 ± 2.2 Intervention effect p < 0.01
Delta -0.5 ± 0.4 -0.5 ± 0.5 No significant group effect

Total fat mass (kg) Baseline 32.1 ± 7.3 31.4 8.0
End 31.8 ± 7.2 31.2 8.7 No significant effect
Delta 0.3 ± 0.6 -0.1 1.7

Appendicular fat mass (kg) Baseline 12.8 ± 3.5 12.6 2.9
End 12.6 ± 3.5 12.3 3 Intervention effect p < 0.01
Delta 0.2 ± 0.4 0.3 0.5 No significant group effect

Muscle ultrasound
Right rectus femoris thickness (cm) Baseline 17.7 ± 2.9 17.5 ± 2.0

End 17.6 ± 2.8 17.5 ± 2.0 No significant effect
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such as the age and gender of participants and timing of creatine 
supplementation. The age of participants in previous studies was lower 
and in general, both genders were studied simultaneously. If creatine 
is provided immediately before the training session, the increase in 
muscle blood flow during exercise should enhance creatine uptake by 
skeletal muscle [29]. However, creatine levels remain elevated in the 
blood for approximately 6 hours after ingestion, refuting the argument 
that a strict dosing timing in relation to exercise is necessary [28]. 
Therefore, albeit timing of creatine ingestion could be important, it 
does not seem to be a limiting factor in its possible beneficial effects, 
especially considering the steady increases in plasma, red blood cell 
and muscle creatine concentrations observed after repetitive dosing 
of the supplement [30,31]. Moreover, the dose used in the present 
study allows to maintain, in the long term, steadily increased muscle 
concentrations [32]. However, we used a fixed dose of creatinine for 
all patients and other authors calculate the dose per kg of body weight 
[11,14]. We cannot exclude this fact as a cause for not finding an effect 
of the supplement.

Conclusions
No effect of creatine supplementation was observed in this group 

of older women subjected to resistance training.
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