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Abstract 

Current guidelines recommend statin use for cardiovascular risk management in adults as well as older people but in many 
situations these recommendations feature individualized drug management decisions. Statin induced myalgia and muscular 
toxicity syndrome are gaining more and more attention especially in older patients with sarcopenia. In this case-control study 
we investigated the association between long term statin use and risk of sarcopenia. A total number of 368 patients with a 
mean age of 76.43 met the eligibility criteria and were included in the study. Statin treatment significantly increased the odds 
of patients’ being at high risk for sarcopenia by a factor of 2.62 (OR = 2.62, 95%CI: 1.53 - 4.46; p < 0.001). The enhanced 
risk of sarcopenia was associated with lipophilic statins use and positively correlated with the dosage. When correlating the 
education level, area of residence, income and living arrangements, statin administration remained significantly associated 
with a high risk for sarcopenia. 
 
Rezumat 

Ghidurile clinice actuale recomandă folosirea statinelor pentru managementul riscului cardiovascular atât la adulți, precum și 
la persoanele în vârstă, dar în multe situații recomandările specifică decizii terapeutice individualizate. Mialgia şi sindromul 
de toxicitate musculară induse de statine câștigă din ce în ce mai multă atenție, în special la pacienții vârstnici cu sarcopenie. 
În acest studiu caz-martor a fost investigată asocierea dintre utilizarea statinelor pe termen lung și riscul de sarcopenie la 
vârstnici. Ȋn studiu au fost incluşi un număr total de 368 pacienți cu vârsta medie de 76,43 ani care au îndeplinit criteriile de 
eligibilitate. Tratamentul de lungă durată cu statine a crescut semnificativ cotele de risc pentru sarcopenie cu un factor de 
2,62 (OR = 2,62, IC 95%: 1,53 - 4,46, p < 0,001). Riscul crescut de sarcopenie a fost asociat cu utilizarea statinelor lipofile și 
a fost corelat pozitiv cu doza administrată. Asocierea dintre administrarea de statine şi riscul crescut de sarcopenie s-a 
menţinut semnificativă şi atunci când factori precum nivelul de educaţie, venitul, precum şi mediul de viață au fost luate în 
considerare. 
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Introduction 

Sarcopenia is considered a geriatric syndrome 
characterized by a progressive decline in skeletal 
muscle mass, muscle strength and performance [1, 2]. 
It is thought to affect approximately 10 percent of 
people aged 60 - 70 years and its prevalence 
increases with age reaching up to 50 percent in 
people over 80 years [3, 4]. A global consensus on 
the use of the term sarcopenia and its clinical 
outcomes has not yet been reached although there is 
evidence that the decline in the overall performance 
of skeletal muscle contributes to the loss of 
independence and frailty and increases the risk of 
falls [2, 5-7]. The presence of sarcopenia has been 
associated with an increased risk of incident 
disability and mortality [8-10]. 

The impairment of skeletal muscle functioning in 
older age is determined not only by the decrement 
in muscle mass but by alterations in muscle 
composition and remodelling and by age related 
changes in the nervous system at multiple levels [11-
13]. The aetiology of sarcopenia is certainly 
multifactorial nonetheless suboptimal physical 
activity and poor nutritional intake are among the 
most cited associated modifiable risk factors [14-
16]. 
Statins are widely used drugs for cardiovascular 
risk management, often administered on long term 
basis [17-19]. Common side effects of statins are 
myalgia and exercise induced myalgia, muscle 
weakness and/or rhabdomyolysis with or without 
creatine kinase elevation [20-22]. The statin induced 
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muscular toxicity syndrome is gaining more and 
more attention and is even more prevalent than 
previously thought, reaching up to 29%, even 
though there is no recommended standardized 
evaluation method [23, 24]. Statin induced myalgia 
represents a limiting factor for physical activity and 
thus potentially contributing to an increased risk for 
sarcopenia. Statins not only reduce the production 
of endogenous cholesterol, but of other products of 
the mevalonate pathway involved in structural 
protein formation and regulation, oxidative 
phosphorylation, cell growth, mitochondrial 
function and gene transcription but the molecular 
mechanisms of statin induced myopathy are not yet 
fully elucidated [25, 26]. Statin toxicity also 
depends on factors involved in drug metabolism 
such as cytochrome P450s and CYP3A4 subfamily 
enzymes.  
Studies on the association between statin use and 
muscle quality and function have generated 
contradictory results [23, 24, 26]. We hypothesized 
that statin administration could contribute to an 
enhanced risk of sarcopenia in older people. The 
aim of this study was to evaluate the relationship 
between statin use and the risk of sarcopenia. A 
secondary objective was to assess the association 
between the gait speed test and risk of falls in 
community dwelling older adults. 
 
Materials and Methods 

Study design 
The present study was carried out at the National 
Institute of Gerontology and Geriatrics “Ana 
Aslan” between 2015 - 2016. All procedures and 
experimental protocols employed in this study were 
in compliance with the ethical principles stated in 
the World Medical Association Declaration of 
Helsinki. All participants included in this study 
have signed an informed consent to use their 
medical data for research purposes and without 
disclosure of personal identification information to 
third parties. The approval of the Ethics Committee 
of the National Institute of Gerontology and 
Geriatrics “Ana Aslan” was obtained before study 
commencement. 
Subject’s selection 
Participants were recruited from patients referred to 
the National Institute of Gerontology and Geriatrics 
“Ana Aslan” for various chronic conditions by general 
practitioners or other specialists. All consecutive 
patients were assessed for compliance to the 
eligibility criteria. Subjects 65 years of age and 
older, who were independently living in their 
communities were evaluated for study inclusion. 
Patients with a high risk for sarcopenia were 
considered potential participants in the “case” group 
and were evaluated against exclusion criteria. As age 

and sex are among the most cited risk factors for 
sarcopenia [14, 27], to increase the power of test, 
each case was matched for age (± 1 year) and sex 
with three controls who were not at risk for 
sarcopenia. Exclusion criteria were: acute or subacute 
disorders as reasons for admittance, supported 
walking, medium and severe neurocognitive 
disorders, Parkinson’s disease and syndromes, 
stable angina Canadian Cardiovascular Society 
grades III and IV, heart failure New York Heart 
Association (NYHA) III and IV, peripheral artery 
disease Fontaine class II, III and IV, treatment with 
sulfonylureas or glinides, body mass index (BMI) < 
18.5 kg/m2 and > 30 Kg/m2. Patients who were 
receiving statin treatment were selected only if the 
statin administration had been continuous for at 
least one year prior to study initiation.  
Variables definition and data collection 
The European Working Group on Sarcopenia in 
Older People (EWGSOP) recommends the gait 
speed test to identify patients at risk of sarcopenia 
(a cut-off point of < 0.8 m/s) [28]. In our study the 
gait speed was measured over a distance of 4 
meters while the patients were instructed to “walk 
at a comfortable or usual pace”. The average speed 
was calculated for 3 walking repetitions [29, 30]. 
Risk of falls was assessed with the Hendrich II Fall 
Risk ModelTM. This falls risk assessment 
instrument has been validated in different health 
care settings and is considered one of the most 
reliable tools among its kind [31, 32]. It attributes 
risk points for each of the following factors: 
confusion, disorientation and/or impulsivity, 
symptomatic depression, altered elimination, dizziness 
or vertigo, male sex, administration of 
antiepileptics (or dosage changes or cessation), 
administration of benzodiazepines and poor 
performance in the “Get-Up-and-Go” test of rising 
from a seated position [33]. Scores of > 5 identify a 
patient as high risk for falls [33]. Statin use (type, 
dosage and duration of administration) was 
documented from medical charts, history taking and 
by inspecting the medication bag at hospital 
admittance. The exclusion criteria and socio 
demographic characteristics were documented from 
patients’ medical charts and medical history. The 
following socio demographic characteristics were 
recorded: age, sex, area of residence, income (lower or 
higher than the national average monthly pension) [34], 
living arrangements (alone or with a relative/friend) 
and level of formal education (primary school, high 
school and college or university). 
Statistical analysis  
The estimated sample size to detect an odds ratio 
(OR) of 2.00 or greater was 92 cases and 276 
controls based on a two-sided alpha of 0.05, a 
power of 80%, and a 30% exposed proportion in 
the control group. Data features are depicted with 
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descriptive statistics. Conditional logistic regression 
analyses were performed to ascertain the effects of 
statin use, type of statin, dose of statin, area of 
residence, living arrangements, income level and 
level of education on the likelihood that participants 
are at high risk of sarcopenia [34]. We reported 
odds ratios as a measure of effect size with a 95% 
confidence interval (CI). We reported the logistic 
regression Wald chi square test for independence 
for falls risk variable in cases and control groups. 
All p-values are two-sided and p < 0.05 was 
considered statistically significant. Statistical analyses 
were performed in SPSS. 
 

Results and Discussion 

A total number of 368 patients met the eligibility 
criteria and were included in the study. The mean 
age of study participants was 76.43 years and the 
majority of them were females (62.77%). The 
relative number of persons living in urban areas 
was similar in both cases and control groups (Table 
I). Compared to controls, the group at high risk of 
sarcopenia was characterized by lower levels of 
education and lower income. Most of the study 
participants were living with a spouse/partner/family 
member although the percentage was higher in the 
control group (Table I). 

Table I 
Socio demographic characteristics of the study group 

Characteristics Cases (N = 92) 
Mean (SD)/% 

Controls (N = 276) 
Mean (SD)/% 

Sample (N = 368) 
Mean (SD)/% 

Age 76.62 (4.74) 76.37 (4.58) 76.43 (4.6) 
Female  62.77 
Living in rural area 25 21 22 
Living alone 20.65 14.85 16.3 

4 - 8 years of formal education 27.2 14.9 17.9 
9 - 12 years of formal education 54.3 39.9 43.5 

> 12 years of formal education 18.5 45.3 38.6 
Low income* 28.3 14.1 17.7 

SD = standard deviation; * low income = under the medium pension/month expressed in local currency RON: in 2015 was 892 RON, in 
2016 948 RON [35]. 
 
The mean gait speed in the entire study sample was 
0.94 ± 0.22 m/s with a minimum of 0.5 m/s and a 
maximum of 1.38 m/s. In the overall sample 46.7% 
of the patients were taking statins, mostly 
atorvastatinum, while the proportion in cases group 
was almost twice as that in the controls. The 
proportion of subjects treated with simvastatinum 
was slightly higher in the control group compared 
to cases (Table II). According to their individual 

cardiovascular risk, most patients required a 
moderate intensity statin treatment [17] while 
10.9% of cases received a high drug dose [17] as 
compared to only 1.4% in controls. Approximately 
one in five patients at high risk for sarcopenia were 
also considered to have a high risk for falls (Table 
II). Indeed, the association between high risk for 
sarcopenia and high risk for falls was statistically 
significant (Wald χ2 = 5.48; p = 0.03). 

Table II 
Gait speed, risk of falls and statin use in study group of patients 

Characteristic Cases (N = 92) 
Mean (SD)/% 

Controls (N = 276) 
Mean (SD)/% 

Sample (N = 368) 
Mean (SD; min - max)/% 

Gait speed (m/s) 0.67 (0.085) 1.08 (0.16) 0.94 (.22; 0.5 - 1.38) 
Risk of falls  23.9 15.2 17.4 
Statin use 62 41.7 46.7 

atorvastatinum 39.1 22.5 26.6 
simvastatinum 8.7 10.9 10.3 

rosuvastatinum 14.1 8.3 9.8 
Statin dosage* 

moderate doses 51.1 40.2 42.9 
high doses 10.9 1.4 3.8 

SD = standard deviation; *high dose statin treatment: atorvastatinum 40 - 80 mg/rosuvastatinum 20 - 40 mg; moderate intensity statin 
treatment: atorvastatinum 10 - 20 mg/rosuvastatinum 5 - 10mg/simvastatinum 20 - 40mg [17]. 

 
Statin treatment significantly increased the odds of 
patients’ being at high risk for sarcopenia by a 
factor of 2.62 (OR = 2.62, 95%CI: 1.53 - 4.46; p < 
0.001). Simvastatinum and atorvastatinum 
treatment was significantly associated with 
sarcopenia risk as opposed to rosuvastatinum and 

the likelihood of sarcopenia risk increased with 
statin dose (Table III). The association between the 
socio-economic factors and the high risk of 
sarcopenia was statistically significant for low 
income, low levels of formal education and living 
alone variables (Table III). 
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Table III 
Association between predictors and sarcopenia risk 

Predictor B SE OR (95% CI) p value 
Statin use 0.96 0.27 2.62 (1.53 - 4.46) < 0.001 
Statin type* - - - 0.001 

rosuvastatinum 0.22 0.52 1.24 (.44 - 3.48) 0.67 
atorvastatinum 1.05 0.4 2.86 (1.28 - 6.36) 0.01 
simvastatinum 1.13 0.31 3.09 (1.66 - 5.75) < 0.001 

Statin dose 0.12 0.01 1.13 (1.09 - 1.17) < 0.001 
Rural residence 0.11 0.16 1.11 (0.8 - 1.54) 0.5 
Living alone 1.08 0.18 2.95 (2.06 - 4.21) < 0.001 
Education** - - - < 0.001 

4-8 years of formal educationa 1.92 0.42 6.85 (2.96 - 15.82) < 0.001 
9-12 years of formal educationa 1.51 0.34 4.54 (2.33 - 8.85) < 0.001 

Low income*** 0.9 0.31 2.47 (1.33 - 4.57) 0.004 
B = regression coefficient; SE = standard error; * with 3 degrees of freedom (df); ** with 2 df; a reference category = university/>12 years of 
formal education; *** low income = under the medium pension/month expressed in local currency RON: in 2015 was 892 RON, in 2016, 
948 RON [35]; values in bold are statistically significant (p < 0.05) 

 
When controlling for all other features, statin 
administration remained significantly associated 
with a high risk for sarcopenia (Table IV). Moreover, 
when tested for independency, the factors: living 
alone, low income, low levels of education and 

simvastatinum and atorvastatinum administration 
increased the odds of high risk of sarcopenia were 
greater. In contrast, persons living in urban areas 
were 4.76 times more likely to have a high risk for 
sarcopenia (Table IV).  

Table IV 
Logistic regression model for factors’ associations with sarcopenia risk 

Factors B SE Odds Ratio 95%CI for OR p value 
Statin type* - - - - < 0.001 

atorvastatinum 1.26 0.38 3.54 1.67 - 7.48 0.001 
rosuvastatinum -0.09 0.63 0.91 0.26 - 3.19 0.88 
simvastatinum 1.71 0.51 5.54 2.03 - 15.06 0.001 

Rural residence -1.52 0.62 0.21 0.06 - 0.74 0.01 
Living alone 2.2 0.43 9.09 3.88 - 21.28 < 0.001 
Education** - - - - 0.003 

4 - 8 years of formal educationa 2.08 0.66 8.06 2.17 - 29.82 0.002 
10 - 12 years of formal educationa 1.14 0.39 3.13 1.44 - 6.79 0.004 

Low income*** 1.11 0.49 3.04 1.16 - 7.95 0.02 
B = regression coefficient; SE = standard error; * with 3 df; ** with 2df; areference category = university/>12 years of formal education; *** 
low income = under the medium pension/month expressed in local currency RON: in 2015 was 892 RON, in 2016, 948 RON [35]; values in 
bold are statistically significant (p < 0.05); all predictors were entered in the model in a single step. 
 
We designed several logistic regression models to 
evaluate the interaction between factors when 
tested for association with high risk for sarcopenia 
(data not shown). Because we found collinearity 
between income, residence and education level 
(95.83% of people with low income were also 
living in rural areas and had low levels of 
education) we used a stepwise logistic regression 
analysis to identify the model that best fits the data. 
The chi square test of independence of the stepwise 
regression showed that living alone, statin use and 
low levels of formal education were features 
significantly associated with a high risk for 
sarcopenia (χ2 = 45.05, p < 0.001; χ2 = 12.83, p < 
0.001 respectively χ2 = 15.74, p < 0.001). In our 
sample, statin administration increased the 
likelihood of being at risk for sarcopenia by a factor 
of 3.21 (OR = 3.21; 95%CI = 1.7 - 6.06; p < 0.001), 
living alone by a factor of 7.83 (OR = 7.83; 95%CI 

= 3.47 - 17.65; p < 0.001) and 4 to 8 years of 
formal education by a factor of 5.72 (OR = 5.72; 
95%CI = 2.25 - 14.55; p < 0.001). 
In our sample, almost half of the patients have been 
taking statins continuously for more than one year, 
mostly atorvastatinum and simvastatinum. Statin 
administration was independently associated with a 
high risk for sarcopenia. This effect was detected 
only for lipophilic statins, as opposed to rosuvastatinum 
which seemed to have a positive influence on gait 
speed even though not statistically significant. This 
observation might be explained by a superior 
penetration into muscle cells of the lipophilic drugs 
resulting in higher toxic effects [36, 37]. Similar 
findings on the protective effects of hydrophilic but 
not lipophilic statins were described by an 
interventional study on factors associated with an 
increase in lean body mass after resisting training 
exercises [38]. 
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Table V 
Predictors model that best fits the data 

Factors B SE Odds Ratio 95%CI for OR p value 
Statin use 1.16 0.32 3.21 1.7-6.06 < 0.001 
Living alone 2.05 0.41 7.83 3.47-17.65 < 0.001 
Education* - - - - 0.001 

4 - 8 years of formal educationa 1.74 0.47 5.72 2.25-14.55 < 0.001 
10 - 12 years of formal educationa 1.14 0.37 3.13 1.51-6.52 < 0.001 

B = regression coefficient; SE = standard error; * with 2 df; areference category = university/>12 years of formal education; values in bold 
are statistically significant (p < 0.05); model was generated with a stepwise forward conditional method 
 
However, simvastatinum and atorvastatinum are 
the drugs of choice in clinical trial based guidelines 
endorsements. Another prospective cohort study 
reported that statin use augments muscle performance 
decline and risk of falls in older age without a 
decrease in muscle mass [39]. In our group of 
study, patients at high risk for sarcopenia also had a 
high risk of falls. Persons living alone, in urban 
areas, with low income and lower levels of 
education were at high risk for sarcopenia. 
Nevertheless, these results might not be extrapolated 
to other populations as in our Romanian study 
sample we found that these factors were not 
independent of each other. The strongest predictors 
for high risk of sarcopenia, were statin use, low 
levels of education and living alone. We can 
speculate that these social factors have a negative 
impact on diet and physical activity levels thus 
increasing the risk of sarcopenia but future larger 
longitudinal studies are needed to establish how 
sociocultural and economic features influence 
muscle functioning in older age. Due to the small 
sample size, we could not evaluate the relationship 
between statin type and individual dosage with 
regard to sarcopenia risk.  
 
Conclusions 

Long term statin administration to older patients 
has to be carefully considered and managed given 
the likely increase in sarcopenia risk. Therapeutic 
decision should be individualized and based on 
patient’s cardiovascular risk as well as other 
circumstantial factors such as education level and 
living arrangements as these features could 
potentially play a role in patient’s lifestyle 
determinants of muscle function.  
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