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Introduction
Geriatric syndromes are clinical conditions and symptoms 
with common risk factors that mostly occur in the elderly 
with atypical symptoms and cannot be fully explained by 
the definition of “disease” (1). Geriatric syndromes, such as 
malnutrition, cognitive impairment, depression, sarcopenia and 
polypharmacy causes increased mortality, morbidity and health 
care costs (2).

Sarcopenia is a medical condition that increases in frequency 
with aging and was defined in the European working group on 
sarcopenia in older people 2 (EWGSOP2) as a decrease in both 

muscle strength and muscle mass. It may occur due to secondary 
reasons or may occur due to aging on its own (3). Decreased 
appetite and inadequate food intake that occur with aging can 
cause malnutrition and subsequently sarcopenia (4). Sarcopenia 
is accepted as one of the pathophysiological causes of frailty 
and may cause adverse outcomes such as the increased risk of 
falling, dependency, disability, poor quality of life and death (5). 
EWGSOP2 recommends screening for sarcopenia with the 5-item 
SARC-F questionnaire, which has been translated and validated 
into many different languages (6). Since the pathophysiology, 
diagnosis and treatment methods are still not clear, studies on 
sarcopenia are going on. The concept of sarcopenia still contains 
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Abstract
Objective: Folates are essential for healthy cell division, growth and function. With the discovery that folate provides the proliferation and 
differentiation of muscle cells, the relationship between folate and sarcopenia has attracted the curiosity of researchers. Geriatric syndromes may 
have a common pathogenesis, as they are considered clinical conditions with common risk factors. Our aim in this study was to investigate the 
relationship of sarcopenia with geriatric syndromes and serum folate level. 

Materials and Methods: The study population consisted of 287 patients (202 female) who were admitted to our geriatrics outpatient clinic for the 
first time and underwent a comprehensive geriatric assessment (CGA) during the one year between January 2018 and January 2019. Demographic 
information, chronic diseases, drugs used by the participants and their current chronic diseases, CGA results and laboratory findings of patients were 
recorded. Diagnosis of sarcopenia was made under the guidance of the European working group on sarcopenia in older people 2.

Results: Eighty-eight (31%) of the 287 patients were sarcopenic. While age, number of drugs, the frequency of chronic kidney disease and 
malnutrition were statistically significantly higher in patients with sarcopenia, mini-mental state examination score and serum folate levels were 
significantly lower (p=0.001, p<0.001, p=0.040, p<0.001, p=0.001, p=0.028; respectively). The result of univariate logistic regression analysis showed 
that sarcopenia was independently associated with folate [odds ratio: 0.926 (95%) confidence interval: 0.864-0.993, p=0.031]. Serum folate level in 
patients with malnutrition was also significantly lower (7.12±4.39, p=0.008).

Conclusion: Since sarcopenia is associated with malnutrition, they should be evaluated together. As we found that serum folate levels were lower in 
patients with both sarcopenia and malnutrition, we recommend that risky groups be supported with folate-rich foods or folic acid supplementation.
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uncertainties. Sarcopenia, which is considered a geriatric 
syndrome by some, is placed in a separate class by others. 
Geriatric syndromes may have a common pathogenesis, as they 
are considered clinical conditions with common risk factors. 
If the relationship between sarcopenia and other geriatric 
syndromes can be found, common pathophysiological pathways 
can be revealed and existing uncertainties can be clarified. 

Folate is one of the water-soluble vitamins that are necessary for 
life. Folate, also known as vitamin B9 and folacin, has a critical 
role in the metabolism of nucleic acid  precursors and several 
amino acids. Folate cannot be synthesized in humans and is 
present in many foods such as green leafy vegetables, fruits, 
beans, eggs, meat, and dairy products. The synthetic form, which 
is better absorbed, is folic acid (7). Folate is necessary for cell 
division, growth and function. It is vital for the musculoskeletal 
system as well as for all tissue and organ systems. Studies in the 
literature have shown that folic acid has an important role in 
myogenesis and promotes skeletal muscle development through 
the protein kinase B (Akt) signaling pathway (8). Folate deficiency 
is common, especially in the elderly and the most common 
causes of folate deficiency are decreased intake, decreased 
absorption, increased demand, congenital disorders and certain 
medications (9). With the discovery of the important effects of 
folate on the musculoskeletal system, the relationship between 
sarcopenia and folate has been a subject of interest. Our aim in 
this study was to investigate the association of sarcopenia with 
chronic diseases, geriatric syndromes and folate. 

Materials and Methods

Study Population

Our study is a retrospective cross-sectional study. The study 
population consisted of 287 patients (202 female) who were 
admitted to our geriatrics outpatient clinic for the first time 
and underwent CGA during the one-year between January 2018 
and January 2019. Demographic information, drugs used by the 
participants and their current chronic diseases, CGA results and 
laboratory findings of patients were recorded. The data of the 
patients were obtained from the patient files.

Ethics

Ethical approval was obtained from the Ethics Committee of 
İstanbul University-Cerrahpaşa, Cerrahpaşa Faculty of Medicine 
(date: 09.09.2020-number: 117344).

Comprehensive Geriatric Assessment

The number of drugs used by the patients was recorded. 
Nutritional status was evaluated with mini-nutritional 
assessment (MNA) long form and patients with a score of less 
than 23.5 of 30 points were considered risky for malnutrition (10). 
The group named “with malnutrition” in the study corresponded 

to being at risk of malnutrition. Functional levels of the patients 
were evaluated with the Katz basic activities of daily living scale 
and the Lawton & Brody instrumental activities of daily living 
scale (11,12). Mini-mental state examination (MMSE) scale was 
used to determine cognitive impairment (13). The possibility of 
depression was evaluated with the short form of the geriatric 
depression scale (GDS) (14). Urinary incontinence was defined 
as any involuntary urinary incontinence complaint within the 
last one year (15).

Laboratory Findings 

Folate, total protein, albumin, hemoglobin and creatinine values   
of the patients at admission were recorded from the patient files. 
The blood taken for the biochemical parameters we examined in 
our study was taken into a gel tube in the morning after 8 hours 
of fasting and analyzed by ELISA method ng/mL for folate, g/dL 
for total protein, g/dL for albumin, mg/dL for creatinine, pg/mL 
for vitamin B12, ng/dL for vitamin D and g/dL for hemoglobin 
were used as units.

Diagnosis of Sarcopenia

In clinical practice, handgrip and bioelectrical impedance 
analysis (BIA) measurements are made for all patients who 
admit to our geriatrics outpatient clinic for the first time. 
The diagnosis of sarcopenia was made under the guidance of 
EWGSOP2 and patients with low muscle strength and muscle 
mass were included in the sarcopenia group (3). Skeletal muscle 
strength was evaluated with a hand dynamometer (Takei® TKK 
5401 model, Takei Scientific Instruments Co., Tokyo, Japan). 
Both of the hands were measured 3 times with a 1-minute rest 
period and the greatest value was recorded. Cut-off value for 
the handgrip test was considered as 27 kg for men and 16 kg 
for women. A BIA device (Tanita Body Composition Analyzer® 
TBF-300 model, Tanita Co., Tokyo, Japan) was used to evaluate 
skeletal muscle mass. Skeletal muscle mass index (SMMI) was 
calculated with SMM/height2 (kg/m2) formula. As specified in 
EWGSOP2, SMMI cut-off value was considered as 7.0 kg/m² for 
men and 5.5 kg/m² for women. 

Only the data of the patients who were able to cooperate 
with the tests and who completed the BIA and hand grip 
measurement were included in the study. Patients under 65 
years of age, with a history of trauma and infection in the last 
month, with a diagnosis of any terminal disease or malignancy 
were not included in the study in order to exclude acute events 
as they may reduce the reliability of the tests. Since steroid 
use can lead to myopathy, it was among the exclusion criteria. 
Patients with stage 3, 4 or end-stage chronic kidney disease and 
receiving a folic acid replacement were excluded from the study 
because it could affect serum folate levels, also patients with 
joint amputation were not included because it would affect the 
result of BIA.



Eur J Geriatr Gerontol 2023;5(1):22-28

24

Bektan Kanat and Yavuzer. Sarcopenia and Folate

Statistics

Demographic information, comprehensive geriatric assessment 
results and chronic diseases were summarized with descriptive 
statistics. Categorical variables were expressed as numbers and 
percentages. Normally distributed continuous variables were 
presented as mean ± standard deviation, and skewed distributed 
continuous variables were presented as median and interquartile 
ranges. The chi-square test was used for comparing categorical 
variables. The Student’s t-test was used for normally distributed 
continuous variables and Mann-Whitney U test was used for 
continuous variables that did not show normal distribution. The 
relationship between sarcopenia and folic acid was analyzed with 
the univariate logistic regression (LR) method. The Spearman 
correlation coefficient was used to assess the correlation 
between folate, muscle strength, muscle mass and MNA. The 
Spearman correlation coefficient was interpreted according to 
r level as follows: <0.19 (very weak), 0.2-0.39 (weak), 0.4-0.59 
(moderate), 0.6-0.79 (strong), and >0.8 (very strong). P-value 
less than 0.05 was considered as statistically significant. SPSS-
22 statistical program was used for the statistical analysis.

Results
Eighty-eight (31%) of the 287 patients were sarcopenic. 67% of 
patients with sarcopenia and 72% of patients without sarcopenia 
were female (p=0.410). Age, a number of drugs, number of 
chronic diseases, the frequency of chronic kidney disease, atrial 
fibrillation and malnutrition were statistically significantly 
higher (p=0.001, p<0.001, p<0.001, p=0.040, p=0.18, p<0.001; 
respectively), MNA and MMSE score was significantly lower in 
patients with sarcopenia (p<0.001, p=0.001; respectively). While 
serum folate level was 7.01±4.63 in patients with sarcopenia, it 
was 8.34±4.25 in patients without sarcopenia, and this difference 
was statistically significant (p=0.028). Demographic data, chronic 
diseases, geriatric assessment scores and laboratory findings of 
patients with/without sarcopenia are given in Table 1.

As a result of univariate LR analysis, a significant association 
was found between sarcopenia and folate [odds ratio (OR) 0.926 
(95%) confidence interval 0.864-0.993, p=0.031]. Correlation 
analysis showed a very weak correlation between folate and 
muscle strength (p=0.005, r=0.175), and a significantly weak 
correlation between folate and muscle mass and MNA (p<0.001, 
r=0.285; p<0.001, r=0.256, respectively).

Serum folate level (7.12±4.39) in patients with malnutrition 
was statistically significantly lower than in patients without 
malnutrition (8.57±4.29) (p=0.008) (Table 2).

Discussion
Our study revealed the relationship between sarcopenia 
and folate, pointing to the trial of folate replacement in the 
prevention or treatment of sarcopenia, which is still uncertain 

in many respects. In our study, besides the relationship between 
sarcopenia and folate, the relationship between sarcopenia and 
other geriatric syndromes was also investigated. While there 
are many studies in the literature investigating the relationship 
between sarcopenia and only one geriatric syndrome, we wanted 
to plan a more comprehensive study examining several geriatric 
syndromes that we frequently encounter in clinical practice.

There are many studies in the literature showing that folic 
acid has an important role in myogenesis, especially in the 
proliferation and differentiation of muscle cells (16). Hwang et 
al. (17) examined the effects of folic acid on myogenesis with a 
cell study and found that folic acid induces the differentiation 
of myoblasts to multinucleated myotubes by activating the Akt 
signaling pathway. In another study by again Hwang et al. (17), 
it was emphasized that folate has an important role in both 
myoblast proliferation and differentiation and revealed that 
in folate deficiency, the cell cycle was interrupted, the number 
and length of myotubes were reduced and the differentiation 
phase was strongly affected due to genotoxic stress, so they 
concluded that folic acid is necessary for normal skeletal muscle 
development. 

Revealing the positive effects of folate on muscle cells has 
brought a new perspective to sarcopenia. The relationship 
between sarcopenia and folate has been the focus of attention 
of many researchers and many studies have been published on 
this subject. In a cross-sectional study including 56 primary care 
patients (>65 years old) with diabetes mellitus folate levels were 
found to be significantly correlated with grip and leg strength 
(18). When we examined more recent studies examining 
the relationship between sarcopenia and sarcopenia-related 
nutrients, including folate, low serum folate level or folate intake 
was found to be associated with sarcopenia or its components, 
again in line with our study. In Yeung et al.’s (19) study higher 
folate intake was associated with both higher muscle mass 
and muscle strength. Greater intake of folate was correlated 
with improved functional outcome measurements in Behrouzi 
et al.’s (20) study. In a study conducted with 432 hospitalized 
patients (44 with sarcopenia), it was observed that red cell 
folate was significantly lower in patients with sarcopenia at 
admission (during acute illness) and at 6 weeks (recovery period) 
compared to the group without sarcopenia (21). In another 
study conducted with 1.606 community-dwelling older adult 
dietary pattern with high folate content (rich in fish, soybean 
products, potatoes, most vegetables, mushrooms, seaweeds, and 
fruits) has been clearly shown to be inversely associated with 
sarcopenia (22). Likewise in our study, serum folate level was 
significantly lower in the sarcopenia group (p=0.028). There was 
also a significant relationship between folate and hand grip 
strength and muscle mass, which are components of sarcopenia. 
On the contrary, in a Taiwan study involving 731 adults aged 65 
and over, serum levels of vitamin D, vitamin B12 and folic acid, 
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Table 1. Demographic data, chronic diseases, comprehensive geriatric assessment scores and laboratory findings of patients with/
without sarcopenia

Total
(n=287)

With sarcopenia
(n=88)

Without sarcopenia
(n=199)

p

Gender (female/male) 202/85 59 (67%) 143 (72%) 0.410

Age* 76.78±7.78 79.04±7.51 75.87±7.78 0.001

Number of drugs* 6.41±3.80 7.64±4.03 5.90±3.59 <0.001

Number of chronic diseases* 2.42±1.47 3.20±1.50 2.09±1.34 <0.001

Hypertension 210 (73%) 61 (69%) 149 (75%) 0.327

Diabetes mellitus 121 (42%) 44 (50%) 77 (39%) 0.074

Osteoporosis 81 (28%) 26 (30%) 55 (28%) 0.741

Chronic obstructive pulmonary disease 26 (9%) 10 (11%) 16 (8%) 0.366

Chronic kidney disease 17 (6%) 9 (10%) 8 (4%) 0.040

Cerebrovascular disease 32 (11%) 13 (15%) 19 (9%) 0.195

Ischemic heart disease 25 (8%) 6 (7%) 19 (9%) 0.450

Chronic heart failure 22 (7%) 7 (8%) 15(7%) 0.903

Atrial fibrillation 33 (11%) 16 (18%) 17 (8%) 0.018

Malnutrition 126 (44%) 63 (71%) 63 (31%) <0.001

Urinary incontinence 44 (15%) 17 (19%) 27 (13%) 0.212

BADLs** 0 (0-2) 0 (0-2.5) 0 (0-2) 0.284

IADLs** 14 (10-17) 14 (10-17) 13 (9-16) 0.704

MNA* 20.69±5.93 22.03±7.80 27.5±6.41 <0.001

MMSE* 24.68±5.07 22.8±5.9 25.4±4.4 0.001

GDS** 4 (2-8) 5 (2-9) 4 (1-7) 0.127

Handgrip* 20.03±9.89 13.29±5.32 23.11±10.06 0.001

Muscle mass* 6.11±0.71 5.87±0.84 6.23±0.66 0.016

Folate (ng/mL)* 7.92±4.38 7.01±4.63 8.34±4.25 0.028

Vitamin B12 (pg/mL)* 436.6±198.4 457.4±220.3 430.5±189.9 0.601

Vitamin D (ng/dL)** 18.75 (6.08-29) 19 (8-29) 17 (4.8-29) 0.522

Total protein (g/dL)* 6.96±0.58 6.99±0.50 6.94±0.62 0.562

Albumin (g/dL)* 4.22±0.44 4.23±0.37 4.21±0.46 0.761

Hemoglobin (g/dL)* 12.16±2.25 11.96±1.54 12.56±1.57 0.003

Creatinine (mg/dL)* 0.93±0.36 0.93±0.35 0.94±0.35 0.872

BADLs: Basic activities of daily living, IADLs: Instrumental activities of daily living, MMSE: Mini mental state examination, GDS: Geriatric depression scale, Data are shown as *mean ± 
standard deviation (SD) or **median (interquartile intervals), significant p-values are bolded

Table 2. Laboratory findings of patients with/without malnutrition

With malnutrition
(n=126)

Without malnutrition
(n=161)

p

Folate (ng/mL) 7.12±4.39 8.57±4.29 0.008

Total protein (g/dL) 6.98±0.58 6.94±0.59 0.525

Albumin (gr/dL) 4.20±0.46 4.24±0.41 0.465

Hemoglobin (g/dL) 12.08±1.85 12.23±2.51 0.594

Creatinine (mg/dL) 0.94±0.39 0.92±0.33 0.510

Data are shown as *mean ± standard deviation (SD), significant p-values are bolded
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biochemical markers of nutritional status, were not significantly 
associated with sarcopenia (23). In our study, although a 
significant relationship was found between sarcopenia and 
folate, the OR for folate was found to be 0.926, that is, a value 
close to 1. For this reason, it would be appropriate to conduct 
studies with a larger number of patients in order to put forward 
this relationship more concretely. 

The second mechanism in sarcopenia that occurs in folate 
deficiency can be considered as hyperhomocysteinemia due 
to folate deficiency. Since folate is involved in one-carbon 
metabolism as a precursor of cofactors, its deficiency causes 
increased homocysteine   levels in plasma. Studies have shown 
that hyperhomocysteinemia causes many diseases, such as 
cardiovascular and neurodegenerative diseases, stroke and 
cancer by triggering oxidative stress and inflammation (24,25). 
Skeletal muscle weakness has also been implicated as one of the 
consequences of hyperhomocysteinemia. In the study of Veeranki 
et al. (26) on mice, it was shown that hyperhomocysteinemia 
causes skeletal muscle weakness by causing mitochondrial 
dysfunction. Swart et al. (27) found an association between 
high plasma homocysteine levels and reduced muscle strength 
and physical performance in older women. Homocysteine   levels 
of the patients were not measured in our study, but folate 
deficiency induced hyperhomocysteinemia may be one of the 
contributors to sarcopenia in our study patients.

Malnutrition is a clinical condition defined as an imbalance in 
nutrient and/or energy intake and its frequency increases with 
aging (28). Malnutrition is found in the pathophysiology of 
sarcopenia and causes adverse outcomes similar to sarcopenia. 
Malnutrition and sarcopenia are in such a close relationship 
with each other that the clinical presentation that emerged in 
their association has begun to be called malnutrition-sarcopenia 
syndrome (29). In a 4-year follow-up study of 336 patients, 
it was shown that the risk of developing sarcopenia/severe 
sarcopenia is approximately fourfold higher in malnutrition 
and the researchers emphasized that malnutrition can be a 
strong predictor of the onset of sarcopenia (30). We also found 
a significant relationship between malnutrition and sarcopenia 
(p<0.001). 

Researchers looking for an answer to the question of whether 
folate could be an indicator of malnutrition found different 
results in their studies. While Kozman et al. (31) reported that 
serum folate of less than 7.0 ng/mL indicates malnutrition, Soysal 
et al. (32) emphasized that folate levels are not associated with 
nutritional status. In our study, serum folate levels were found 
to be significantly lower in malnourished patients (7.12±4.39, 
p=0.008). 

Sarcopenia is common in patients with chronic kidney disease 
and many different mechanisms are implicated in sarcopenia in 
renal failure. These are chronic inflammation, metabolic acidosis, 

stimulation of the ubiquitin-proteasome system and hormones 
such as parathyroid hormone, glucocorticoid and angiotensin 
II (33,34). The uremic environment in chronic renal failure also 
disrupts the balance between skeletal muscle regeneration and 
catabolism (35). In a study including patients with chronic kidney 
disease stages 3-5 (not on renal replacement therapy), loss of 
appendicular skeletal muscle mass was found to be significantly 
related to the decline in glomerular filtration rate (36). Since 
folate metabolism may be affected in renal failure, we only 
included patients with stage 1 and 2 chronic kidney disease in 
our study. Despite the small sample size and only early-stage 
chronic kidney disease patients were included, the significant 
association we found between sarcopenia and chronic kidney 
disease is remarkable.

Studies have frequently revealed the association between 
sarcopenia and cognitive impairment. In a systematic review 
and meta-analysis in which Peng et al. (37) examined 15 studies, 
sarcopenia was found to be associated with an increased risk of 
cognitive impairment, thus they emphasized the importance of 
early diagnosis of sarcopenia to prevent cognitive impairment. 
Also in a cross-sectional study of 619 patients, the frequency 
of cognitive impairment was found to be significantly higher 
in patients with both possible and definitive sarcopenia (38). 
Likewise in our study MMSE score was statistically significantly 
lower in patients with sarcopenia. In the present study, sarcopenia 
was found to be associated with the number of medications. 
Likewise, in a study involving 1.502 participants from the Berlin 
aging study II, polypharmacy (use of 5 or more drugs daily) was 
found to be associated with sarcopenia (39). Researchers of a 
systematic review also found an association between sarcopenia 
and polypharmacy and the number of drugs in community-
dwelling older adults, but not in hospitalized patients or nursing 
home residents (40). Studies have shown that the frequency 
of atrial fibrillation is increased in sarcopenic individuals, and 
the presence of sarcopenia increases 1-year mortality in atrial 
fibrillation. In our study, the frequency of atrial fibrillation 
was higher in sarcopenic individuals in line with the literature 
(41,42).

Diabetes mellitus can cause sarcopenia by accelerating the 
loss of muscle mass and strength and increasing the levels 
of inflammatory cytokines (43). In our study, the presence of 
diabetes mellitus was not found to be associated with sarcopenia 
(p=0.074). This may be due to the fact that the duration of 
diabetes mellitus and hemoglobin A1c levels of the patients 
we included in the study were not examined. The relationship 
between depression and sarcopenia has also been examined 
many times in the literature, and it has been concluded that 
sarcopenia is more common in depressive individuals due to 
physical inactivity and deterioration in oral intake, seen in 
depression. When viewed backward, sarcopenia may also cause 
depression by causing physical decline (44). We also found a 
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higher GDS score, which indicates the possibility of depression, 
in sarcopenic individuals, but we could not detect a significant 
difference between the two groups (p=0.127). This may be 
because the GDS indicates the possibility of depression and that 
clinical evaluation is essential for the diagnosis of depression. 
The relationship between sarcopenia and hypertension is still 
an issue that has not been clarified. While there are studies that 
found a relationship between sarcopenia and hypertension, 
there are also studies that did not find a relationship between 
them (45,46). When studies on this subject were examined, it 
was noticed that hypertension was associated with sarcopenic 
obesity rather than sarcopenia (47). In our study, the frequency 
of hypertension was not found to be increased in sarcopenic 
individuals, which is consistent with many studies (p=0.327). 
Although we expect sarcopenic patients to be affected in 
their daily and instrumental living activities, we did not find 
a significant difference between patients with and without 
sarcopenia in our study. This may be attributed to the fact that 
the study participants were clinically stable patients without 
advanced comorbidities.

Our study is important because we investigated the relationship 
of sarcopenia with several chronic diseases and geriatric 
syndromes. We showed that the frequency of malnutrition is 
increased in sarcopenic patients, and that serum folate levels 
are lower in both malnourished and sarcopenic individuals. 
This brought to mind the idea of   folate supplementation in 
individuals at risk for malnutrition and sarcopenia. 

Study Limitations

This study has some limitations. First, this study had a retrospective 
cross-sectional design, so it is not possible to determine 
causal relationships. And second, the fragility associated with 
sarcopenia was not among the geriatric syndromes evaluated in 
our study. This was because the study was retrospective and the 
fragility status was not recorded in the patients’ files. 

Conclusion
Since sarcopenia is associated with malnutrition, these two 
conditions should be evaluated together and when one of them 
is detected, the patient should be screened for the other. As 
we found that folate levels were lower in patients with both 
sarcopenia and malnutrition in our study, we recommend that 
risky groups be supported with folate-rich foods or folic acid 
supplementation. 

Ethics

Ethics Committee Approval: Ethical approval was obtained 
from the Ethics Committee of İstanbul University-Cerrahpaşa, 
Cerrahpaşa Faculty of Medicine (date: 09.09.2020-number: 
117344).

Informed Consent: Informed consent was obtained from all 
participants included in the study. 

Peer-review: Internally and externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices:  B.B.K., Concept:  H.Y., 
Design: B.B.K., Data Collection or Processing: B.B.K., Analysis or 
Interpretation: H.Y., Literature Search: H.Y., B.B.K., Writing: H.Y.

Conflict of Interest:  No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1. Ates Bulut E, Soysal P, Isik AT. Frequency and coincidence of geriatric 

syndromes according to age groups: single-center experience in Turkey 
between 2013 and 2017. Clin Interv Aging 2018;13:1899-1905. 

2. Inouye SK, Studenski S, Tinetti ME, Kuchel GA. Geriatric syndromes: clinical, 
research, and policy implications of a core geriatric concept. J Am Geriatr 
Soc 2007;55:780-791. 

3. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, Cooper 
C, Landi F, Rolland Y, Sayer AA, Schneider SM, Sieber CC, Topinkova E, 
Vandewoude M, Visser M, Zamboni M; Writing Group for the European 
Working Group on Sarcopenia in Older People 2 (EWGSOP2), and the 
Extended Group for EWGSOP2. Sarcopenia: revised European consensus on 
definition and diagnosis. Age Ageing 2019;48:16-31. 

4. Sieber CC. Malnutrition and sarcopenia. Aging Clin Exp Res 2019;31:793-
798. 

5. Woo J. Sarcopenia. Clin Geriatr Med 2017;33:305-314. 

6. Sánchez-Rodríguez D, Marco E, Dávalos-Yerovi V, López-Escobar J, Messaggi-
Sartor M, Barrera C, Ronquillo-Moreno N, Vázquez-Ibar O, Calle A, Inzitari 
M, Piotrowicz K, Duran X, Escalada F, Muniesa JM, Duarte E. Translation and 
Validation of the Spanish Version of the SARC-F Questionnaire to Assess 
Sarcopenia in Older People. J Nutr Health Aging 2019;23:518-524. 

7. Scaglione F, Panzavolta G. Folate, folic acid and 5-methyltetrahydrofolate 
are not the same thing. Xenobiotica 2014;44:480-488. 

8. Hwang SY, Kang YJ, Sung B, Kim M, Kim DH, Lee Y, Yoo MA, Kim CM, 
Chung HY, Kim ND. Folic acid promotes the myogenic differentiation of 
C2C12 murine myoblasts through the Akt signaling pathway. Int J Mol Med 
2015;36:1073-1080. 

9. Green R, Datta Mitra A. Megaloblastic Anemias: Nutritional and Other 
Causes. Med Clin North Am 2017;101:297-317. 

10. Sarikaya D, Halil M, Kuyumcu ME, Kilic MK, Yesil Y, Kara O, Ozturk S, Gungor 
E, Karabulut E, Balam Yavuz B, Cankurtaran M, Ariogul S. Mini nutritional 
assessment test long and short form are valid screening tools in Turkish 
older adults. Arch Gerontol Geriatr 2015;61:56-60. 

11. Arik G, Varan HD, Yavuz BB, Karabulut E, Kara O, Kilic MK, Kizilarslanoglu 
MC, Sumer F, Kuyumcu ME, Yesil Y, Halil M, Cankurtaran M. Validation of 
Katz index of independence in activities of daily living in Turkish older 
adults. Arch Gerontol Geriatr 2015;61:344-350. 

12. Isik EI, Yilmaz S, Uysal I, Basar S. Adaptation of the Lawton Instrumental 
Activities of Daily Living Scale to Turkish: Validity and Reliability Study. Ann 
Geriatr Med Res 2020;24:35-40. 

13. Güngen C, Ertan T, Eker E, Yaşar R, Engin F. [Reliability and validity of 
the standardized Mini Mental State Examination in the diagnosis of mild 
dementia in Turkish population]. Turk Psikiyatri Derg 2002;13:273-281. 



Eur J Geriatr Gerontol 2023;5(1):22-28

28

Bektan Kanat and Yavuzer. Sarcopenia and Folate

14. Durmaz B, Soysal P, Ellidokuz H, Isik AT. Validity and reliability of geriatric 
depression scale-15 (short form) in Turkish older adults. North Clin Istanb 
2018;5:216‐220. 

15. Abrams P, Andersson KE, Birder L, Brubaker L, Cardozo L, Chapple C, Cottenden 
A, Davila W, de Ridder D, Dmochowski R, Drake M, Dubeau C, Fry C, Hanno 
P, Smith JH, Herschorn S, Hosker G, Kelleher C, Koelbl H, Khoury S, Madoff R, 
Milsom I, Moore K, Newman D, Nitti V, Norton C, Nygaard I, Payne C, Smith 
A, Staskin D, Tekgul S, Thuroff J, Tubaro A, Vodusek D, Wein A, Wyndaele JJ; 
Members of Committees; Fourth International Consultation on Incontinence. 
Fourth International Consultation on Incontinence Recommendations of the 
International Scientific Committee: Evaluation and treatment of urinary 
incontinence, pelvic organ prolapse, and fecal incontinence. Neurourol 
Urodyn 2010;29:213-240.

16. Linhart HG, Troen A, Bell GW, Cantu E, Chao WH, Moran E, Steine E, He T, 
Jaenisch R. Folate deficiency induces genomic uracil misincorporation 
and hypomethylation but does not increase DNA point mutations. 
Gastroenterology 2009;136:227-235.e3. 

17. Hwang SY, Kang YJ, Sung B, Jang JY, Hwang NL, Oh HJ, Ahn YR, Kim HJ, Shin JH, 
Yoo MA, Kim CM, Chung HY, Kim ND. Folic acid is necessary for proliferation 
and differentiation of C2C12 myoblasts. J Cell Physiol 2018;233:736-747. 

18. Wee AK. Serum folate predicts muscle strength: a pilot cross-sectional study 
of the association between serum vitamin levels and muscle strength and 
gait measures in patients >65 years old with diabetes mellitus in a primary 
care setting. Nutr J 2016;15:89. 

19. Yeung SSY, Reijnierse EM, Deen PJJF, Trappenburg MC, Meskers CGM, Maier 
AB. Nutrient Intake and Muscle Measures in Geriatric Outpatients. J Am Coll 
Nutr 2021;40:589-597.

20. Behrouzi P, Grootswagers P, Keizer PLC, Smeets ETHC, Feskens EJM, de Groot 
LCPGM, van Eeuwijk FA. Dietary Intakes of Vegetable Protein, Folate, and 
Vitamins B-6 and B-12 Are Partially Correlated with Physical Functioning of 
Dutch Older Adults Using Copula Graphical Models. J Nutr 2020;150:634-
643. 

21. Gariballa S, Alessa A. Association between nutritional blood-based biomarkers 
and clinical outcome in sarcopenia patients. Clin Nutr ESPEN 2018;25:145-
148. 

22. Yokoyama Y, Kitamura A, Seino S, Kim H, Obuchi S, Kawai H, Hirano H, 
Watanabe Y, Motokawa K, Narita M, Shinkai S. Association of nutrient-
derived dietary patterns with sarcopenia and its components in community-
dwelling older Japanese: a cross-sectional study. Nutr J 2021;20:7. 

23. Kuo YH, Wang TF, Liu LK, Lee WJ, Peng LN, Chen LK. Epidemiology of 
Sarcopenia and Factors Associated With It Among Community-Dwelling 
Older Adults in Taiwan. Am J Med Sci 2019;357:124-133. 

24. Kaplan P, Tatarkova Z, Sivonova MK, Racay P, Lehotsky J. Homocysteine and 
Mitochondria in Cardiovascular and Cerebrovascular Systems. Int J Mol Sci 
2020;21:7698. 

25. Chiang FF, Wang HM, Lan YC, Yang MH, Huang SC, Huang YC. High 
homocysteine is associated with increased risk of colorectal cancer 
independently of oxidative stress and antioxidant capacities. Clin Nutr 
2014;33:1054-1060. 

26. Veeranki S, Winchester LJ, Tyagi SC. Hyperhomocysteinemia associated 
skeletal muscle weakness involves mitochondrial dysfunction and epigenetic 
modifications. Biochim Biophys Acta 2015;1852:732-741. 

27. Swart KM, Enneman AW, van Wijngaarden JP, van Dijk SC, Brouwer-Brolsma 
EM, Ham AC, Dhonukshe-Rutten RA, van der Velde N, Brug J, van Meurs JB, 
de Groot LC, Uitterlinden AG, Lips P, van Schoor NM. Homocysteine and the 
methylenetetrahydrofolate reductase 677C-->T polymorphism in relation to 
muscle mass and strength, physical performance and postural sway. Eur J Clin 
Nutr 2013;67:743-748.

28. White JV, Guenter P, Jensen G, Malone A, Schofield M; Academy Malnutrition 
Work Group; A.S.P.E.N. Malnutrition Task Force; A.S.P.E.N. Board of Directors. 
Consensus statement: Academy of Nutrition and Dietetics and American 
Society for Parenteral and Enteral Nutrition: characteristics recommended for 

the identification and documentation of adult malnutrition (undernutrition). 
JPEN J Parenter Enteral Nutr 2012;36:275-283. 

29. Vandewoude MF, Alish CJ, Sauer AC, Hegazi RA. Malnutrition-sarcopenia 
syndrome: is this the future of nutrition screening and assessment for older 
adults? J Aging Res 2012;2012:651570. 

30. Beaudart C, Sanchez-Rodriguez D, Locquet M, Reginster JY, Lengelé L, 
Bruyère O. Malnutrition as a Strong Predictor of the Onset of Sarcopenia. 
Nutrients 2019;11:2883.

31. Kozman D, Mattox S, Singh G. Serum Folate of Less than 7.0 ng/mL is a 
Marker of Malnutrition. Lab Med 2020;51:507-511. 

32. Soysal P, Smith L, Capar E, Kalan U, Arik F, Isik AT. Vitamin B12 and folate 
deficiencies are not associated with nutritional or weight status in older 
adults. Exp Gerontol 2019;116:1-6. 

33. Souza VA, Oliveira Dd, Mansur HN, Fernandes NM, Bastos MG. Sarcopenia in 
chronic kidney disease. J Bras Nefrol 2015;37:98-105. 

34. Watanabe H, Enoki Y, Maruyama T. Sarcopenia in Chronic Kidney Disease: 
Factors, Mechanisms, and Therapeutic Interventions. Biol Pharm Bull 
2019;42:1437-1445. 

35. Moorthi RN, Avin KG. Clinical relevance of sarcopenia in chronic kidney 
disease. Curr Opin Nephrol Hypertens 2017;26:219-228. 

36. Zhou Y, Hellberg M, Svensson P, Höglund P, Clyne N. Sarcopenia and 
relationships between muscle mass, measured glomerular filtration rate and 
physical function in patients with chronic kidney disease stages 3-5. Nephrol 
Dial Transplant 2018;33:342-348. 

37. Peng TC, Chen WL, Wu LW, Chang YW, Kao TW. Sarcopenia and cognitive 
impairment: A systematic review and meta-analysis. Clin Nutr 2020;39:2695-
2701. 

38. Maeda K, Akagi J. Cognitive impairment is independently associated with 
definitive and possible sarcopenia in hospitalized older adults: The prevalence 
and impact of comorbidities. Geriatr Gerontol Int 2017;17:1048-1056. 

39. König M, Spira D, Demuth I, Steinhagen-Thiessen E, Norman K. Polypharmacy 
as a Risk Factor for Clinically Relevant Sarcopenia: Results From the Berlin 
Aging Study II. J Gerontol A Biol Sci Med Sci 2017;73:117-122. 

40. Pana A, Sourtzi P, Kalokairinou A, Velonaki VS. Sarcopenia and polypharmacy 
among older adults: A scoping review of the literature. Arch Gerontol Geriatr 
2021;98:104520. 

41. Xia MF, Chen LY, Wu L, Ma H, Li XM, Li Q, Aleteng Q, Hu Y, He WY, Gao 
J, Lin HD, Gao X. Sarcopenia, sarcopenic overweight/obesity and risk of 
cardiovascular disease and cardiac arrhythmia: A cross-sectional study. Clin 
Nutr 2021;40:571-580. 

42. Requena Calleja MA, Arenas Miquélez A, Díez-Manglano J, Gullón A, Pose A, 
Formiga F, Mostaza JM, Cepeda JM, Suárez C; en nombre de los investigadores 
del estudio NONAVASC; Grupo de Riesgo Vascular de la Sociedad Española 
de Medicina Interna. Sarcopenia, frailty, cognitive impairment and mortality 
in elderly patients with non-valvular atrial fibrillation. Rev Clin Esp (Barc) 
2019;219:424-432. 

43. Han P, Yu H, Ma Y, Kang L, Fu L, Jia L, Chen X, Yu X, Hou L, Wang L, Zhang 
W, Yin H, Niu K, Guo Q. The increased risk of sarcopenia in patients with 
cardiovascular risk factors in Suburb-Dwelling older Chinese using the AWGS 
definition. Sci Rep 2017;7:9592.

44. Chang KV, Hsu TH, Wu WT, Huang KC, Han DS. Is sarcopenia associated with 
depression? A systematic review and meta-analysis of observational studies. 
Age Ageing 2017;46:738-746. 

45. Gao Q, Hu K, Yan C, Zhao B, Mei F, Chen F, Zhao L, Shang Y, Ma Y, Ma B. 
Associated Factors of Sarcopenia in Community-Dwelling Older Adults: A 
Systematic Review and Meta-Analysis. Nutrients 2021;13:4291. 

46. Coelho Júnior HJ, Aguiar Sda S, Gonçalves Ide O, Sampaio RA, Uchida MC, 
Moraes MR, Asano RY. Sarcopenia Is Associated with High Pulse Pressure in 
Older Women. J Aging Res 2015;2015:109824. 

47. Park SH, Park JH, Song PS, Kim DK, Kim KH, Seol SH, Kim HK, Jang HJ, Lee 
JG, Park HY, Park J, Shin KJ, Kim Di, Moon YS. Sarcopenic obesity as an 
independent risk factor of hypertension. J Am Soc Hypertens 2013;7:420-425. 


