Prevalence of sarcopenia in Parkinson’s disease: A systematic review and meta-analysis

ABSTRACT
We meta-analysed the sarcopenia prevalence among patients with Parkinson´s disease (PD) in comparison to a control group and tested the effects of age, sex, sarcopenia assessments, and PD progression in the sarcopenia prevalence. The literature search was performed using five databases in March 2022. The prevalence of sarcopenia in patients with PD was 3 times higher than in the control group (OR 3.98). Subgroup analyses showed that among individuals aged ≥ 71 years the higher prevalence of sarcopenia in PD compared to controls (OR 5.32, P=0.08) tended to be higher (P=0.08) than the group <70 years. Regarding PD progression, the prevalence of sarcopenia was not different between individuals scoring <2.5 and >2.5 in the Hoehn and Yahr scale. Patients with PD have a higher probability of developing sarcopenia when compared with the control group and older PD patients trended to have even higher chance of sarcopenia than their older controls.
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 Introduction

Parkinson's disease (PD) is a progressive neurodegenerative movement disorder characterized by the death of dopaminergic neurons in the substantia nigra (SN). 1,2 Overall, PD's prevalence increases with age. The prevalence rate is 41 per 100,000 within individuals aged 40–49 years, 107 per 100,000 within 50–59 years, 173 per 100,000 within 55–64 years, 428 per 100,000 within 60–69 years, 1087 per 100,000 within 70–79 years, 3  and there is 2:1 higher incidence of PD in males than in females. 4,5
The diagnosis of PD is essentially clinical, 6,7 through the identification of motor disorders such as resting tremor, bradykinesia, rigidity, and postural instability. 8 In addition, secondary symptoms may also be present, such as olfactory dysfunction, depression, sleep disorder, cognitive decline, hyponymy, dysarthria, sialorrhea, micrography, freezing festination, 9 dystonia, and dysphagia. 10 Disease progression is evaluated by motor impairment and postural instability, from unilateral and bilateral inability to ambulate, until bed restriction that is usually assessed by Hohen and Yahr scale (H&Y). 11–13
PD progression leads to reduced motor capacity, changes in body composition, decreased physical performance, and an impact on vitality. 14 These factors have also been observed in sarcopenia following aging. 15 According to the latest review by the European Working Group on Sarcopenia in Older Persons (EWGSOP) performed in 2018, sarcopenia is characterized by a reduction in muscle mass and consequent loss of strength.15 The causes of sarcopenia are multifactorial, and the normal aging process increases the risk of sarcopenia. 15 The prevalence of sarcopenia is approximately 20% in individuals over 70 years of age, while this percentage increases to 50% in people over 80 years of age. 16 The factors that cause sarcopenia are diverse, and include aging, cognitive decline, lung, cardiac and neurodegenerative diseases. 17
The prevalence of sarcopenia combined with PD is controversial, varying from 17.2 to 55.7%. 18–22 The main reason for this discrepancy might be linked to the different patients’ age in previous studies. A previous systematic review and meta-analysis reported high heterogeneity among studies that evaluated sarcopenia in PD. 23 These authors verified that the prevalence of sarcopenia in PD was 29%, although this percentage dropped to 17% when only considering studies with a low risk of bias. 23 Nevertheless, meta-analyses performed by these authors did not consider age as a confounding variable.
Considering that PD preferentially affects older adults, 3,24 it is crucial to develop strategies to meet their needs and provide care strategies of individuals with the disease.4 However, it is not clear whether the high incidence of sarcopenia among PD patients is caused by the neurodegenerative process, or due to aging which is coincidently more evident as PD aggravates. 1,2
Therefore, our main goal was to determine the prevalence of sarcopenia in patients with PD compared to healthy participants through a meta-analysis of previous studies in the literature. The secondary aim was to analyze the effect of age, the instruments used to identify sarcopenia, and confounding factors such as sex and disease progression, on the prevalence of sarcopenia in PD patients.
 
Methods

The present systematic review and meta-analysis followed state-of-the-art literature and the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA). 25

Selection criteria

 The studies selected in the meta-analysis met the following criteria: (1) original studies; (2) studies assessing humans; (3) sarcopenia assessment; (4) studies with patients diagnosed with PD or Parkinsonism; and (5) studies with a control group (non-PD patients). The exclusion criteria were the following: (1) duplicated studies; (2) systematic reviews; letters to the editors, case reports, or conference abstracts; and (3) studies not written in the English language.
 
Information source

The studies were retrieved from electronic database searches as well as by screening the reference list of the retrieved studies. The studies were searched on PubMed, Scopus, Web of Science, CINAHL, and Embase in January to March 2022.

Search strategy

 The search was designed to identify studies that tested the prevalence of sarcopenia in patients with and without Parkinson’s disease. The search strategy combined the following descriptors and boolean operators (AND/OR): (“Parkinson Disease” OR “Parkinsonian Disorders” OR “Parkinsonian Syndrome” OR “Parkinsonian Syndromes” OR “Parkinsonism” OR “Parkinsonian Diseases” OR “Idiopathic Parkinson's Disease” OR “Parkinson's Disease Idiopathic” OR “Parkinson Disease, Idiopathic” OR “Parkinson's Disease”) AND (“Sarcopenia”).

Study selection 

The selected studies were combined using Mendeley software, through which duplicates were removed. Two researchers independently evaluated the eligibility criteria of titles and abstracts, while conflicts were resolved by a third researcher. If the abstracts did not present complete information, the studies were entirely inspected.
 
Data collection process

 Data were extracted from former studies following a previously structured protocol through which information such as sample size, age, and sex from participants with PD and the control group were forwarded to a database. The protocol also guided the identification of sarcopenia measurements, and determined the presence or absence of sarcopenia in the PD and control groups. In addition, different instruments for assessing sarcopenia (dual-energy X-ray absorptiometry [DXA] versus bioimpedance analysis [BIA], handgrip dynamo, walking speed, Sarc-F) are listed.
When the required information was not described in the text of the different studies but presented in figures, the data were directly extracted from the respective charts using WebPlotDigitizer software, version 4.2 (San Francisco, CA, USA). The data were extracted independently by two researchers, and divergences were analyzed by a third researcher.
 
Risk of bias in the included studies 

The risk of bias was assessed using the Newcastle–Ottawa Scale 26, which was adapted, with an overall quality score ranging from 0 (minimum) to 9 (maximum). For each article, the following aspects of the risk of bias were considered: 1) selection, 2) comparability, and 3) exposure. Articles with scores of > 7 represented a low risk of bias.26    
 
Statistical analysis

 The meta-analysis was performed using the Comprehensive Meta-Analysis (CMA) software, version 3.3.070. The main meta-analysis tested the odds ratios (OR), based on the prevalence of sarcopenia in a given sample of PD patients compared with a control group.
A random-effects model was used when there was significant heterogeneity (P ≤ 0.05), and a fixed-effects model was used when there was no heterogeneity (P > 0.05). Publication bias were analyzed using the Egger test, and a P-value of ≤ 0.05 was considered significant. Subgroup analysis was performed to identify the cause of heterogeneity and inconsistency between studies. For subgroup analyses, we compared age (< 70 versus 71 years), sex (men versus women) and type of sarcopenia assessment (multiple assessments [more than one assessment for sarcopenia] versus single assessments [only one assessment for sarcopenia]). Studies which did not report the type of muscle mass assessment were excluded from this specific subgroup analysis, and studies that included men and women in the same analysis were excluded from the sex subgroup analysis. A second meta-analysis was performed to test the sarcopenia OR comparing the prevalence of sarcopenia in PD patients with < 2.5 versus > 2.5 points on the Hohen and Yahr scale (H&Y). 27 
Results 

The flow diagram of the literature search is shown in Fig. 1. In total, 9 18–22,28–31 of 296 studies were selected for the meta-analysis. Details of the included studies are presented in Table 1, and all of them scoreed at least 7 in the Newcastle–Ottawa Scale, suggesting low risk of bias (Table 2). Together, these studies had a total of 1015 participants with PD. Of these, 266 were diagnosed with sarcopenia, and 749 were not. The mean age of the participants was 67.8 years with a standard deviation of 4 years. The control group was composed of 1009 healthy individuals with a mean age of 67.3 years and a standard deviation of 4.7 years, in which, 116 had sarcopenia (Table 1). The studies included different instruments for diagnosing sarcopenia, such as BIA, DXA, handgrip dynamometer, walking speed, and Sarc-F. Seven studies 20–22,28–31 used multiple instruments for sarcopenia evaluation (BIA, DXA, handgrip dynamometer, walking speed, Sarc-F), one study only used BIA, 18 and another only used DXA. 19 The risk of images in the articles included in the meta-analysis range. 

Please insert figure 1 here
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Sacopenia comparison between Parkinson’s and control groups

The meta-analysis showed three times higher prevalence of sarcopenia in PD patients than in controls [OR 3.98 [95% confidence interval (CI): 2.2–7.1] (Fig. 2). 

Please insert figure 2 here

To explore the causes of heterogeneity between the studies, we compared the subgroup categories of the main confounding factors. However, no significant difference between any subgroups was found, and there was a significantly higher sarcopenia OR for Parkinson’s disease compared to the control groups within any category tested (Table 3).

Age

There was tendency to higher chance of developing sarcopenia in in patients aged > 71 years compared to ≥ 71 years(P-value = 0.08). The older group has a four-fold higher probability of developing sarcopenia (Table 3).

Please insert table 3 here

Instruments of sarcopenia

In the present meta-analysis, we investigated whether different instruments used to measure sarcopenia could have an impact on the prevalence of sarcopenia. The results revealed no significant difference between multiple versus single assessments of sarcopenia (P = 0.45), with OR of 2.3 (1.6; 3.27) and 3.1 (1.5; 6.24), respectively (Table 3).

Sex

Sex subgroup analysis, did not reveal differences between sarcopenia prevalence in men and women with PD (P = 0.63). The prevalence of sarcopenia in men with PD was 3.66 (2.49–5.38) compared to that in control men, while the equivalent PD for women was 3.82 (2.29–6.36) (Table 3). 

Disease progression

There was no significant difference (P = 0.38) in sarcopenia OR between PD patients below 2.5 and above 2.5 on H&Y scale [OR 1.52 (0.59–3.95) ] (Fig. 3). 

Please insert figure 3 here

Discussion	

The present meta-analysis showed PD patients had three times more chance of being sarcopenic than control individuals. Similarly, the meta-analysis performed by Cai et al. 23 identified an estimated prevalence of sarcopenia in PD of 29% (95% CI: 0.18–0.40). However, when the authors only analyzed studies with a low risk of bias, the combined prevalence decreased to 17% (95% CI: 0.02–0.33). 
The main reason of higher prevalence of sarcopenia in PD is not clear, but some PD symptoms might explain this result. The progression of symptoms such as tremor, rigidity and dyskinesias, contribute to higher energetic expenditure that would ultimately lead to body weight reduction and loss of muscle mass. 32 However, it is also known that PD patients can be undernutrition, 33 due to metabolic complications and  the oropharyngeal dysphagia  that reaches 80% of the PD patients. 34
Both the present and previous meta-analysis found high heterogeneity in the results that might be correlated with the pathophysiology of the disease or with aging.
A meta-analysis performed by Shafiee et al. 35 found that inherent aging process without neurological diseases increased the prevalence of sarcopenia from 10% in the age of 40 years, to 20% over 70 years and 50% over 80 years, 16 contributing to the loss of muscle strength. 36 Thus, we hypothesized that these two factors (ageing and neurological diseases) increase prevalence of sarcopenia in patients with PD, and would result in a vicious cycle that can accelerate neurodegenerative processes in PD. 37 Both aging and PD cause several body and neurological changes that favor an increased risk of sarcopenia, disability, and mortality in old age. 38 For example, changes in body composition that cause a reduction in the physical performance, as well as development of changes in cortical structures that may be associated with increased fat percentage and reduction of thigh muscle mass in patients with PD. 36,39 	Comment by Amanda Veiga Sardeli (Inflammation and Ageing): Por favor, confirma se estes valores sao realemnte prevalencia d sarcopenia em cada faixa etaria pois como tava antes parecia q aumentava 10% e nao q pessoas acima d 40 tinham 10%
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Some authors have correlated the increased prevalence of sarcopenia with a worsening score on  H&Y, 20,21 suggesting that H&Y level does not explain the increase in sarcopenia. Although no difference was found between the scores on the scale and increase in sarcopenia, stage 3 was the highest stage evaluated in studies. Thus, it is important to conduct future studies to analyze this correlation and verify whether different H&Y scores may impact the prevalence of sarcopenia in PD.    
This study had a few limitations. Considering higher sarcopenia OR among the older group could be explained by the expected longer time of disease, the effect of time of disease in our results should have been tested. However, since the studies did not presented time of PD, we could not test the effect of this confounding factor directly. 
In regards to sex difference, it is known that PD affects more men than women 4,5 and the incidence of sarcopenia is higher in women, but it is not clear how this disproportion between the groups may have interfered the present results. Althought, we did not find any significant difference between sexes the results could be influenced by ageing in this analysis. Unfortunately, the small number of studies in our analysis did not allow us to run a multivariate analysis, included age as a covariate in sex comparisons. 
There are several risks of sarcopenia, such as increased falls, fractures, 40 mobility disorders, 41 difficulty in performing activities of daily living, decreased quality of life with loss of independence or need for long-term care. 42 Fortunatly, different exercise training interventions, have been shown to reduce sarcopenia and other symptoms in PD patients. 43–45In this way, assessment of sarcopenia, as well as interventions to prevent and treat PD should be encouraged to improve the prognostic of the disease in these patients. 	Comment by Amanda Veiga Sardeli (Inflammation and Ageing): Veja se a ref 16 poderia ser adicionada em uma destas duas frases
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Conclusion

It is clear now, that PD patients have higher probability of developing sarcopenia when compared with the control group and older PD patients trend to have even higher chance of sarcopenia than their older controls. Thus, strategies to support its assessment, prevention and treatment might be offered to these patients in order to improve the prognostic of the disease. 
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Fig. 1. PRISMA flow diagram for the study selection. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.	Comment by Adriana: Modifiquei o prisma porque modificamos a metodologia












Table 1 
Characterization of the studies.
	Studies
	PD Group
	GC
	Age (years)
	Sarcopenia assessment

	
	Pdnsa             (n =809)
	Pdsa  (n=266)
	Nsa (n=893)
	Sa (n=116 )
	PD (Md±SD) 
	GC (Md±DP)  
	

	Karim et al. 30
	69
	46
	73
	35
	61.2 (±6.5)
	68.3 (±6.4)
	BIA, handgrip dynamometer, walking speed

	Krenovsky et al. 29
	53
	4
	30
	0
	70 (± 10.1)
	70.8 (±2)
	BIA, handgrip dynamometer, walking speed

	Küsbeci et al.  17
	100
	30
	95
	13
	63.35 (± 9.01) * 67.37 (±8.47)**
	61.63 (±5.22)* 65.27 (±8.72)**
	BIA

	Lee et al.  18
	52
	21
	19
	0
	63. 7 (±11. 6)
	60.3 (± 7.6)
	DXA

	Ozer et al. 28
	70
	22
	85
	15
	68    (±5,1)
	67.4 (±5.1)
	BIA, DXA, handgrip dynamometer, walking speed, Sarc-F

	Peball et al.  19
	104
	58
	330
	27
	73.8 (±5.2) 
	75.3 (±7.3) 
	Handgrip dynam meter, walking speed, Sarc-F

	Tan et al. 20
	93
	16
	78
	8
	66.0       (± 8.5)
	62.4 (± 8.4)
	DXA, handgrip dynamometer, walking speed

	Tan et al.  27
	102
	26
	54
	2
	68.2 (± 8.8)
	66.5 (± 7.5) 
	DXA, handgrip dynamometer, walking speed

	Yazar et al.  21
	166
	43
	129
	16
	71.5 (± 5.2)* 72.7 (± 4.4)**  
	71.0 (± 3.7) *
71.8 (± 3.1)**
	BIA, handgrip dynamometer, walking speed



Legend: Parkinson’s disease (PD), number total (n); GC (Group Control); mean (Md); standard deviation (SD), bioelectrical impedance analysis (BIA), dual-energy X-ray absorptiometry (DXA); (*) women; (**) men; Parkinson’s disease sarcopenia (Pdsa); Parkinson’s disease not sarcopenia (Pdnsa); not sarcopenia (Nsa); Sarcopenia (Sa). 




Table 2  	
Risk of bias in the studies assessed by Newcastle–Ottawa Scale.
	
	Karim et al31
	Krenovsky et al. 30 
	Küsbeci et al. 18
	Lee et al. 19
	Ozer et al. 29
	Peball et al. 20
	Tan et al.21
	Tan et al.28
	Yazar et al. 22

	Selection
	
	
	
	
	
	
	
	
	

	1) Is the case definition adequate?
	a
	a
	a
	a
	a
	a
	a
	a
	a

	2) Representativeness of the cases
	a
	a
	a
	a
	a
	a
	a
	a
	a

	3) Selection of Controls
	c
	b
	a
	b
	c
	c
	a
	a
	c

	4) Definition of Controls
	a
	a
	a
	a
	a
	b
	a
	a
	a

	Comparability
	
	
	
	
	
	
	
	
	

	5) Comparability of cases and controls on the basis of the design or analysis
	a
	ab
	a
	a
	ab
	ab
	a
	a
	a

	Exposure
	
	
	
	
	
	
	
	
	

	6) Ascertainment of exposure
	a
	a
	a
	a
	a
	a
	a
	a
	a

	7) Same method of ascertainment for cases and controls
	a
	a
	a
	a
	a
	a
	a
	a
	a

	8) Non-Response rate
	a
	a
	a
	a
	a
	a
	a
	a
	a

	Sum
	7
	8
	8
	7
	8
	7
	8
	8
	8


Legend: *one point for low risk of bias; 1a) Yes, with independente*; 2 a) obviously representive series of cases*; 2 b) potential for selection biases or not stated; 3 a) comunity controls*; 3b) hospital controls; 3c) no description; 4 a) no history of disease (enpoint)*; 5 a) study controls for environmental temperature*; 5b) study controls for any additional fator*; 6 a) secure record*; 7 a) yes*; 7b) no; 8 a) Same raye for boht groups*
[image: ]
Fig. 2. Forest plot of sarcopenia OR between the Parkinson’s disease and control groups. OR: Odds ratio; LL: 95% confidence interval lower limit; UL: 95% confidence interval upper limit.; df: degrees of freedom; P-value of hypothesis heterogeneity test; I²:  inconsistency between studies.









Table 3
 Comparison of sarcopenia prevalence in patients with PD regarding age, sex, and sarcopenia assessments.
	Subgroup
	 K
	 OR [LL; UL]
	 P-value
	 P-difference

	 Overall
	13
	3.98 [2.23; 7.11]
	<0.001
	<0.001

	 Age
	
	
	
	

	<70yr
	8
	2.83 [1.76; 4.21]
	<0.001
	0.08

	≥71yr
	5
	5.32 [3.14; 6.61]
	<0.001
	

	 Sex
	
	
	
	

	 Men
	5
	3.66 [2.49; 5.38]
	<0.001
	0.63

	 Women
	4
	3.82 [2.29; 6.36]
	<0.001
	

	Sarcopenia Assessment

	 Multiple assessments
	10
	2.3 [1.6; 3.27]
	<0.001
	0.45

	Single assessment
	3
	3.1 [1.5; 6.24]
	<0.001
	


Legend: K: number of trials in each subgroup category; OR: odds ratio; LL: lower limit of the 95% confidence interval; UL: upper limit of the 95% confidence interval; P-value ≤ 0.05 represents a significant OR within the subgroup category; P-difference ≤ 0.05 represents a significant difference between subgroups categories.







[image: ]
Fig. 3.  Forest plot of sarcopenia OR between the Parkinson’s disease in scale H&Y < 2.5 and > 2.5. OR: Odds ratio; LL: 95% confidence interval lower limit; UL: 95% confidence interval upper limit.; df: degrees of freedom; P-value of hypothesis heterogeneity test; I²:  inconsistency between studies.
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