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A B S T R A C T

Introduction: Patients with Parkinson's disease (PD) frequently lose weight, even in the early stages of the dis-
ease. Our objective was to clarify the association between low body mass index (BMI) and life prognosis in PD.
Methods: We conducted a retrospective cohort study of 651 PD patients (380 females), with a primary endpoint
of survival. Because of sex differences in BMI, male and female data were separated. We compared survival times
between underweight (BMI < 18.5) and non-underweight (BMI≥ 18.5) patients and calculated hazard ratios
(HRs) adjusted for other relevant factors. To investigate the semi-quantitative relationship between relative risk
of death and BMI, we divided patients into lower, middle, and upper thirds of BMI and calculated the HRs of the
lower and upper thirds, with reference to the middle third.
Results: Seventy-nine patients (41 females) died over a mean (standard deviation) observation period of 39 (26)
months. Underweight patients had poorer life prognosis than non-underweight patients and the difference was
larger in males than in females (adjusted HR 3.8 (95% confidence interval 1.9–7.9) in males and 1.8 (0.9–3.5) in
females). In males, the relationship between survival and BMI was much poorer in the bottom third and slightly
poorer in the top third compared with the middle third. In females, the higher the BMI, the better the survival
prognosis; however, the difference was not statistically significant.
Conclusion: Low BMI had a significant impact on the life prognosis of PD patients, especially males.

1. Introduction

Weight loss is one of the common non-motor complications of
Parkinson's disease (PD). It often precedes motor symptoms by years
[1–3] and continues throughout the course of the disease [4]. Although
the causes of weight loss in PD have not been identified, potential
contributors may include perturbation of hypothalamic metabolic reg-
ulation, alteration of energy expenditure and food intake, and gastro-
intestinal dysfunction [5–8].

Body mass index (BMI) is a widely used measure of relative body
weight and is the gold standard of general nutritional status. Its re-
duction is directly related to health risks and increased rates of death in
populations with and without various diseases. In patients with de-
mentia, a low BMI is associated with reduced survival and is an in-
dependent predictor of mortality, regardless of cognitive impairment
severity [9]. In patients with amyotrophic lateral sclerosis, a BMI<
18.5 is associated with reduced survival, while a BMI of 30–35 is as-
sociated with increased survival [10].

Previous studies in PD demonstrated that nutritional status is as-
sociated with disease severity [11] and a reduced BMI may be a clinical
marker of rapid worsening of motor symptoms [12]; however, the

impact of BMI on survival rates has not been fully clarified. The hy-
pothesis of the current study was that a low BMI could be an important
predictor not only for disease progression, but also for poor survival in
PD. To investigate the hypothesis, we conducted a retrospective cohort
study of 651 patients with PD. In the analysis, the data were separated
into females and males because life-span and BMI distributions differ
between the sexes [13].

2. Methods

2.1. Study design

To investigate the impact of BMI on life prognosis in patients with
PD, we conducted a retrospective cohort study. Survival time was de-
fined as the number of days from the date of study enrollment to the
date of death, and patients who were lost to follow-up were regarded as
censored. The patients were followed up until the date of death, cen-
sored date, or April 30, 2014.
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2.2. Subjects

Consecutive PD patients who were treated at the National Regional
Center for Neurological Disorders at Utano National Hospital in Kyoto,
Japan, from January 5, 2006 to April 18, 2013, were screened for
eligibility. We defined the index date (i.e., the moment when follow up
began) as the day that the patient's body weight and height were re-
corded for the first time. A diagnosis of PD was made according to the
United Kingdom Parkinson's Disease Brain Bank Diagnostic Criteria.
Patients with dementia with Lewy bodies (DLB) were excluded ac-
cording to the one-year rule in the third report of the DLB Consortium.
All patients underwent 1.5-T brain magnetic resonance imaging (MRI),
and patients with MRI findings suggesting multiple system atrophy,
progressive supranuclear palsy or vascular parkinsonism were ex-
cluded.

2.3. Clinical factors

We collected data for age, BMI (kg/m2), PD duration (years), and
modified Hoehn and Yahr (mH-Y) stages, dementia (defined by the
Diagnostic and Statistical Manual of Mental Disorders, fourth edition),
history of psychosis, wearing-off, dyskinesia, and levodopa dose at
study enrollment. Underweight status was defined as a BMI of< 18.5 in
either sex, according to the World Health Organization (WHO) defini-
tion. Vascular risk factors such as hypertension (HT), dyslipidemia
(DL), diabetes mellitus (DM), and smoking history were also collected
because of their associations with mortality. These vascular risk factors
were defined as follows: HT, current or previous antihypertensive
medications; DM, current or previous hyper-hemoglobin A1c or hy-
poglycemic medications; and DL, low-density lipoprotein cholesterol
≥140mg/dl or hypolipidemic medications. We also determined the
date and cause of death in deceased patients from clinical records.

2.4. Statistical analysis

Clinical features at study enrollment were compared between de-
ceased and non-deceased patients. Categorical data were compared
using Fisher's exact test, and scale data were compared using the

Mann–Whitney U-test or Student's t-test according to the distribution of
data. Factors that differed with a p-value of less than 0.1 between de-
ceased and non-deceased patients were treated as possible predictive
factors for survival time analyses; i.e., Kaplan–Meier curves were ob-
tained and compared between the two groups, categorized by possible
predictive factors. Statistical differences were examined by a log-rank
test and factors that were significantly associated with survival were
incorporated into a Cox proportional hazard model. We calculated the
adjusted hazard ratios (HRs) of death for low BMI (< 18.5) using a Cox
proportional hazard model adjusted for these factors. The hazard pro-
portionality of the model was confirmed using the log-minus-log sur-
vival plot.

It is well known that BMI has a J- or U-shaped correlation with
mortality, which is lowest in the middle category of BMI, particularly
among elderly people and in Asian populations [14,15]. Therefore, we
divided patients into three groups, bottom, middle, and top thirds, ac-
cording to BMI, and investigated the survival rates of the bottom and
top thirds using a Cox proportional hazard model adjusted for the other
significant predictive factors.

P values of< 0.05 were considered statistically significant.
Statistical analyses were performed using the statistical software pro-
grams SPSS Statistics version 18.0 (PAWS Statistics, Armonk, NY, USA)
and GraphPad Prism version 5.02 (GraphPad Software Inc., CA, USA).

2.5. Ethics

The study was designed and performed according to the principles
of the Declaration of Helsinki. The study protocol, which was consistent
with ethical guidelines for clinical studies in Japan, was approved by
the Ethics Committee of Utano National Hospital (No. 26–37).

3. Results

A total of 889 consecutive PD patients were screened and 238 pa-
tients were excluded. Seventy-three patients were excluded because
they had no BMI data and 165 patients lacked clinical data on at least
one of the following at the entry date: mH-Y stage, dementia, psychosis,
wearing off, or dyskinesia (Fig. S1). Finally, 651 patients with PD (271

Table 1
Baseline clinical features between deceased and non-deceased patients (males and females).

Males Females

Non-deceased
(n=233)

Deceased
(n=38)

p value Non-deceased
(n=339)

Deceased
(n=41)

p value

Age, mean ± SD 68.8 ± 8.7 74.5 ± 7.5 < 0.001b 70.3 ± 8.8 75.3 ± 6.5 < 0.001b

Duration (years), mean ± SD 6.7 ± 5.7 10.8 ± 6.6 < 0.001b 7.2 ± 5.8 12.3 ± 7.1 < 0.001b

mH–Y, mean ± SD 2.7 ± 0.7 3.5 ± 0.9 < 0.001b 2.8 ± 0.8 3.7 ± 0.9 < 0.001b

mH–Y 4–5, n (%) 22 (9.4) 17 (44.7) < 0.001a 46 (13.6) 21 (51.2) < 0.001a

Dementia, n (%) 46 (19.7) 23 (60.5) < 0.001a 85 (25.1) 16 (39.0) 0.063a

Psychosis, n (%) 77 (33) 23 (60.5) 0.002a 108 (31.9) 24 (58.5) 0.002a

Dyskinesia, n (%) 33 (14.2) 10 (26.3) 0.090a 99 (29.2) 17 (41.4) 0.110a

Wearing off, n (%) 63 (27.0) 11 (28.9) 0.845a 137 (40.4) 23 (56.1) 0.066a

BMI (kg/m2), mean ± SD 22.4 ± 3.3 19.4 ± 3.3 < 0.001c 20.8 ± 3.7 19.0 ± 3.4 < 0.001b

BMI < 18.5, n (%) 23 (9.9) 17 (44.7) < 0.001a 89 (26.3) 23 (56.1) < 0.001a

Levodopa (mg), mean ± SD 270.3 ± 208.2 403.9 ± 191.1 < 0.001b 259.8 ± 218.1 404.3 ± 177.3 < 0.001b

Levodopa/BW (mg), mean ± SD 4.6 ± 3.7 8.1 ± 4.1 < 0.001b 5.9 ± 5.2 10.2 ± 4.5 < 0.001b

Dopamine agonist use, n (%) 111 (47.6) 15 (39.5) 0.384a 160 (47.2) 19 (46.3) 1.000a

Hypertension, n (%) 72 (30.9) 6 (15.8) 0.080a 109 (32.2) 15 (36.6) 0.599a

Hyperlipidemia, n (%) 52 (22.3) 8 (21.1) 1.000a 125 (36.9) 10 (24.4) 0.124a

Diabetes mellitus, n (%) 31 (13.3) 3 (7.9) 1.000a 26 (7.7) 5 (12.2) 0.359a

Gastrostomy, n (%) 5 (2.1) 3 (7.9) 0.086a 2 (0.6) 4 (9.8) 0.002a

Deep brain stimulation, n (%) 5 (2.1) 1 (2.6) 1.000a 10 (2.9) 1 (2.4) 1.000a

Untreated patients, n (%) 52 (22.3) 3 (7.9) 0.049a 78 (23.0) 3 (7.3) 0.024a

SD, standard deviation; mH–Y, modified Hoehn–Yahr scale; BMI, body mass index; LED, levodopa equivalent dose; BW, body weight, PD, Parkinson's disease.
a Fisher's exact test.
b Mann–Whitney U test.
c t-test.
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males and 380 females) were enrolled and followed up for a mean (SD)
observation period of 39 (26) months. The mean (SD) BMI was 22.0
(3.4) in males and 20.6 (3.7) in females. The female BMI distribution
histogram was bell-shaped and left-shifted (downward-shifted) com-
pared with that of males (Fig. S2). Demographic characteristics are
shown in Table S1. There were 38 (14.0%) male and 41 (10.8%) female
deaths during the observation period. The most common cause of death
was pneumonia in both males (n=20 (52.6%)) and females (n=11
(26.8%)), mostly due to aspiration (Table S2).

Baseline clinical feature comparisons between deceased and non-
deceased patients are shown in Table 1. In male subjects, deceased
patients showed statistically significant differences from non-deceased
patients in terms of age (deceased patients were older), PD duration
(longer durations), severity (higher mH–Y stages), BMI (lower), history
of dementia and psychosis, and levodopa and levodopa/body weight
(BW; larger). There were similar significant differences between de-
ceased and non-deceased female patients, except for dementia, which
was more prevalent in deceased patients but not significantly
(p=0.063). In both sexes, dyskinesias and wearing-off phenomena
were more frequent in deceased than non-deceased patients, but the
results were not statistically significant. There were no significant dif-
ferences in the percentages of deceased and non-deceased patients
taking dopamine agonists, in either sex. The prevalence of vascular risk
factors (HT, HL, and DM) and deep brain stimulation did not differ
between deceased and non-deceased patients for either sex. In females,
significantly more deceased patients had gastrostomies compared with
non-deceased patients. The number of patients who had not been pre-
viously treated with any anti-parkinsonian drug was significantly

higher in deceased than non-deceased patients in both sexes (Table 1).
Smoking history data were available for 72.0% (n=195) of males and
75.5% (n=287) of females. We confirmed that the missing smoking
data were randomly distributed among the groups; there were no dif-
ferences in smoking frequency between the two groups in either sex.
Because dementia increases the risk of mortality in patients with PD
[16,17], we regarded BMI, age, PD duration, mH-Y stage, dementia,
psychosis, levodopa, levodopa/BW, wearing-off, and dyskinesia as
possible predictive factors. We obtained Kaplan-Meier curves of cu-
mulative survival rates using these factors. The factors significantly
related to survival time were BMI (< 18.5 vs≥ 18.5), mH-Y stage (4–5
vs 1–3), dementia (Y/N), psychosis (Y/N), and levodopa/BW (divided
at the median) in both males and females (log-rank tests, p < 0.01;
Fig. 1A, B and S3A, B). Similar results were obtained when we excluded
gastrostomy patients from both males and females (data not shown).
We excluded levodopa/BW because both variables show strong colli-
nearity with disease duration, and excluded dementia and psychosis
because of their strong relationship with age. As a result, we regarded
the following as predictive factors for survival and incorporated them
into the Cox proportional hazard model: age, PD duration, and mH-Y
stage.

In the Cox proportional hazard model, a BMI of< 18.5 was sig-
nificantly associated with reduced survival in males (HR 3.8 (1.9–7.9),
p < 0.001; Fig. 1C), but was not significantly associated in females (HR
1.8 (0.9–3.5), p=0.084; Fig. 1D). Similar results were obtained in Cox
proportional hazard models that used psychosis and dementia as ad-
justing factors (data not shown).

Dividing patients into three groups according to BMI (lower

Fig. 1. Survival curves by BMI groups and hazard ratios for death. Kaplan–Meier curves (BMI < 18.5 vs BMI≥ 18.5) in male (A) and female (B) patients. Adjusted
hazard ratios for death in male (C) and female (D) patients. Hazard ratios were calculated adjusting for age, disease duration, and mH–Y stage. BMI, body mass index;
mH-Y, modified Hoehn and Yahr scale.
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third≤ 20.64, 20.64 < middle third < 23.4, 23.4≤ upper third)
showed that survival was significantly reduced in male PD patients
within the lower third compared with the middle third. In males, the
HRs of the lower third and upper third were 3.9 (1.4–10.6; p=0.009)
and 1.3 (0.38–4.2; p=0.717), respectively, adjusted for age, PD
duration, and mH-Y (Fig. 2).

In contrast to males, the impact of low BMI on survival was not
statistically significant in females (Fig. 2), even though the distribution
of BMI in females exhibited a left-shift (lower-shift) compared with that
in males (Fig. S2). The log-minus-log survival plot confirmed pro-
portionality in the models.

4. Discussion

The mean BMI of patients with PD in the current study was lower
than that of healthy controls in Japan, particularly in females (the mean
BMI is 23.6 in men and 23.2 in women aged 70–74, according to the
National Health and Nutrition Survey in Japan, 2013). As shown in
Table S1, levodopa dosage by body weight was significantly higher in
females than in males, and dyskinesias were much more prevalent in
females than males, consistent with a previous report [18]. In this
context, a lower BMI in female PD patients may be associated with
larger doses of levodopa per body weight [19], which induces more
frequent dyskinesias and leads to weight loss [20,21]. However, we
found that low BMI was associated with poor life prognosis, even after
adjustment for dyskinesia and after exclusion of patients with dyski-
nesia, suggesting that the relationship was independent of dyskinesia.

Generally, a low BMI or weight loss is closely related to malnutrition
[22]. Malnutrition is an imbalance between nutritional intake and nu-
tritional needs that results in altered metabolism of carbohydrates,
proteins and lipids, and impaired energy homeostasis. As malnutrition
progresses, fat-free mass loss and decreased protein synthesis are
thought to lead to infection-prone conditions via bacterial translocation

from the gastrointestinal tract to the mesenteric lymph nodes, and in-
sufficient immune responses [22,23]. In conditions involving serious
infections, pro-inflammatory cytokines are released that elicit systemic
inflammatory responses, which require energy and can exhaust nutri-
tional reserves in elderly people with malnutrition [23]. Thus, a vicious
cycle of malnutrition development and progression can leave patients
increasingly vulnerable to infections [22,24]. The most common cause
of death in both sexes in our study was aspiration pneumonia, con-
sistent with a previous report stating that an estimated 45% of patients
with PD succumb to pneumonia [25]. Poor immune responses might
also affect the clinical course of PD after aspiration pneumonia or other
infectious diseases that progress to an advanced stage.

In the present study, low BMI was significantly associated with re-
duced survival time in PD. The association was statistically significant
in males but not in females, even though low BMI was more prominent
in females with PD compared with the general population. Dividing
patients into three groups according to BMI showed the relationship
between BMI and survival, and those with the lowest BMI had the
lowest survival rates. These data demonstrate a sex difference in the
impact of BMI on survival. Although the reason for the sex difference is
unknown, males usually have less body fat and more muscle than fe-
males of the same age and BMI, and males also need to burn more
calories. As skeletal muscle has a high mitochondrial density and
oxygen flux, it is potentially exposed to higher amounts of oxidative
stress. Therefore, males potentially require a greater metabolic flux of
oxygen and electrons. In fact, age-related loss of muscle mass is more
common in males than females [26]. In the elderly, the more lean
muscle mass that is retained, the longer the life expectancy [27,28], and
a loss of muscle mass increases mortality [29]. A low fat-free mass index
predicts mortality in older males but not in older females [30]. Taken
together, severe weight loss may lead to the loss of lean muscle mass
and increase mortality in male patients, whereas in females it may not
lead to muscle loss but rather to loss of fatty tissue. Further research
should therefore focus on sex differences to better understand the in-
fluence of body composition on mortality in patients with PD.

There are several limitations to the current study. This was a ret-
rospective cohort study and PD diagnosis was based on diagnostic cri-
teria. All clinical information was derived from clinical records, al-
though we rigorously applied our predetermined definitions of various
clinical factors. The number of subjects and the observation period were
also limited. Prospective and large cohort studies are needed to resolve
questions that remain regarding the mechanisms of weight loss in pa-
tients with PD.

In conclusion, a low BMI (< 18.5) was related to reduced survival in
male patients with PD and there was a sex-based difference in the im-
pact of BMI on survival. Regular monitoring of BMI is thus important
for patients with PD, particularly male patients.

Authors' roles

Kwiyoung Park: the conception and design of the study, acquisition
of data, analysis, manuscript writing, and editing.

Tomoko Oeda: the conception and design of the study, and critical
revision for important intellectual content.

Masayuki Kohsaka, Satoshi Tomita, Atsushi Umemura: the concep-
tion and design of the study, and interpretation of the data.

Hideyuki Sawada: the conception and design of the study, critical
revision for important intellectual content, and final approval of the
version to be submitted.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Fig. 2. Hazard ratio for death in patients with a BMI in the lower and upper
thirds, relative to patients in the middle third. Males: lower third ≤20.64,
20.64 < middle third< 24.0, 24.0≤ upper third. Females: lower third
≤18.85, 18.85 < middle third< 21.79, 21.79≤ upper third). Hazard ratios
were calculated adjusting for age, disease duration, and modified Hoehn and
Yahr stage. BMI, body mass index.

K. Park et al. Parkinsonism and Related Disorders 55 (2018) 81–85

84



Financial disclosures/declarations of interest for all authors

None.

Acknowledgments

We thank Ann Turnley, PhD, from Edanz Group (www.
edanzediting.com/ac) for editing a draft of this manuscript.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.
doi.org/10.1016/j.parkreldis.2018.05.011.

References

[1] H. Chen, S.M. Zhang, M.A. Hernan, W.C. Willett, A. Ascherio, Weight loss in
Parkinson's disease, Ann. Neurol. 53 (5) (2003) 676–679.

[2] W.P. Cheshire Jr., Z.K. Wszolek, Body mass index is reduced early in Parkinson's
disease, Park. Relat. Disord. 11 (1) (2005) 35–38.

[3] S. Palhagen, B. Lorefalt, M. Carlsson, W. Ganowiak, G. Toss, M. Unosson,
A.K. Granerus, Does L-dopa treatment contribute to reduction in body weight in
elderly patients with Parkinson's disease? Acta Neurol. Scand. 111 (1) (2005)
12–20.

[4] E.Y. Uc, L.K. Struck, R.L. Rodnitzky, B. Zimmerman, J. Dobson, W.J. Evans,
Predictors of weight loss in Parkinson's disease, Mov. Disord. 21 (7) (2006)
930–936.

[5] A. Kistner, E. Lhommee, P. Krack, Mechanisms of body weight fluctuations in
Parkinson's disease, Front. Neurol. 5 (2014) 84.

[6] J.C. Sharma, J. Turton, Olfaction, dyskinesia and profile of weight change in
Parkinson's disease: identifying neurodegenerative phenotypes, Park. Relat. Disord.
18 (8) (2012) 964–970.

[7] A. Fasano, N.P. Visanji, L.W.C. Liu, A.E. Lang, R.F. Pfeiffer, Gastrointestinal dys-
function in Parkinson's disease, Lancet Neurol. 14 (6) (2015) 625–639.

[8] E. Delikanaki-Skaribas, M. Trail, W.W. Wong, E.C. Lai, Daily energy expenditure,
physical activity, and weight loss in Parkinson's disease patients, Mov. Disord. 24
(5) (2009) 667–671.

[9] S. Garcia-Ptacek, I. Kareholt, B. Farahmand, M.L. Cuadrado, D. Religa,
M. Eriksdotter, Body-mass index and mortality in incident dementia: a cohort study
on 11,398 patients from SveDem, the Swedish Dementia Registry, J. Am. Med. Dir.
Assoc. 15 (6) (2014) 447 e1–7.

[10] S. Paganoni, J. Deng, M. Jaffa, M.E. Cudkowicz, A.M. Wills, Body mass index, not
dyslipidemia, is an independent predictor of survival in amyotrophic lateral
sclerosis, Muscle Nerve 44 (1) (2011) 20–24.

[11] J.M. Sheard, S. Ash, G.D. Mellick, P.A. Silburn, G.K. Kerr, Markers of disease se-
verity are associated with malnutrition in Parkinson's disease, PLoS One 8 (3)
(2013) e57986.

[12] A.A. Wills, A. Perez, J. Wang, X. Su, J. Morgan, S.S. Rajan, M.A. Leehey,
G.M. Pontone, K.L. Chou, C. Umeh, Z. Mari, J. Boyd, N.E.T.i.P.D. Investigators,
association between change in body mass index, unified Parkinson's disease rating
scale scores, and survival among persons with Parkinson disease: secondary analysis

of longitudinal data from NINDS exploratory trials in Parkinson disease long-term
study 1, JAMA Neurol (2016) 1–8.

[13] B. Lorefalt, W. Ganowiak, S. Palhagen, G. Toss, M. Unosson, A.K. Granerus, Factors
of importance for weight loss in elderly patients with Parkinson's disease, Acta
Neurol. Scand. 110 (3) (2004) 180–187.

[14] L. Flicker, K.A. McCaul, G.J. Hankey, K. Jamrozik, W.J. Brown, J.E. Byles,
O.P. Almeida, Body mass index and survival in men and women aged 70 to 75, J.
Am. Geriatr. Soc. 58 (2) (2010) 234–241.

[15] W. Zheng, D.F. McLerran, B. Rolland, X. Zhang, M. Inoue, K. Matsuo, J. He,
P.C. Gupta, K. Ramadas, S. Tsugane, F. Irie, A. Tamakoshi, Y.-T. Gao, R. Wang, X.-
O. Shu, I. Tsuji, S. Kuriyama, H. Tanaka, H. Satoh, C.-J. Chen, J.-M. Yuan, K.-Y. Yoo,
H. Ahsan, W.-H. Pan, D. Gu, M.S. Pednekar, C. Sauvaget, S. Sasazuki, T. Sairenchi,
G. Yang, Y.-B. Xiang, M. Nagai, T. Suzuki, Y. Nishino, S.-L. You, W.-P. Koh,
S.K. Park, Y. Chen, C.-Y. Shen, M. Thornquist, Z. Feng, D. Kang, P. Boffetta,
J.D. Potter, Association between body-mass index and risk of death in more than 1
million asians, N. Engl. J. Med. 364 (8) (2011) 719–729.

[16] A.D. Macleod, K.S. Taylor, C.E. Counsell, Mortality in Parkinson's disease: a sys-
tematic review and meta-analysis, Mov. Disord. 29 (13) (2014) 1615–1622.

[17] J. Xu, D.D. Gong, C.F. Man, Y. Fan, Parkinson's disease and risk of mortality: meta-
analysis and systematic review, Acta Neurol. Scand. 129 (2) (2014) 71–79.

[18] C. Warren Olanow, K. Kieburtz, O. Rascol, W. Poewe, A.H. Schapira, M. Emre,
H. Nissinen, M. Leinonen, F. Stocchi, I. Stalevo, Reduction in dyskinesia evaluation
in Parkinson's disease, factors predictive of the development of levodopa-induced
dyskinesia and wearing-off in Parkinson's disease, Mov. Disord. 28 (8) (2013)
1064–1071.

[19] T. Muller, D. Woitalla, C. Saft, W. Kuhn, Levodopa in plasma correlates with body
weight of parkinsonian patients, Park. Relat. Disord. 6 (3) (2000) 171–173.

[20] B. Lorefalt, G. Toss, A.K. Granerus, Weight loss, body fat mass, and leptin in
Parkinson's disease, Mov. Disord. 24 (6) (2009) 885–890.

[21] C.G. Bachmann, A. Zapf, E. Brunner, C. Trenkwalder, Dopaminergic treatment is
associated with decreased body weight in patients with Parkinson's disease and
dyskinesias, Eur. J. Neurol. 16 (8) (2009) 895–901.

[22] K. Norman, C. Pichard, H. Lochs, M. Pirlich, Prognostic impact of disease-related
malnutrition, Clin. Nutr. 27 (1) (2008) 5–15.

[23] B. Lesourd, Nutritional factors and immunological ageing, Proc. Nutr. Soc. 65 (03)
(2007) 319–325.

[24] K. Kalantar-Zadeh, C. Rhee, J.J. Sim, P. Stenvinkel, S.D. Anker, C.P. Kovesdy, Why
cachexia kills: examining the causality of poor outcomes in wasting conditions, J
Cachexia Sarcopenia Muscle (2013) 89–94.

[25] S. Pennington, K. Snell, M. Lee, R. Walker, The cause of death in idiopathic
Parkinson's disease, Park. Relat. Disord. 16 (7) (2010) 434–437.

[26] J.E. Seifarth, C.L. McGowan, K.J. Milne, Sex and life expectancy, Gend. Med. 9 (6)
(2012) 390–401.

[27] S.S. Han, K.W. Kim, K.I. Kim, K.Y. Na, D.W. Chae, S. Kim, H.J. Chin, Lean mass
index: a better predictor of mortality than body mass index in elderly Asians, J. Am.
Geriatr. Soc. 58 (2) (2010) 312–317.

[28] F. Toss, P. Wiklund, P. Nordstrom, A. Nordstrom, Body composition and mortality
risk in later life, Age Ageing 41 (5) (2012) 677–681.

[29] C. Drescher, M. Konishi, N. Ebner, J. Springer, Loss of muscle mass: current de-
velopments in cachexia and sarcopenia focused on biomarkers and treatment, J
Cachexia Sarcopenia Muscle 6 (4) (2015) 303–311.

[30] C.E. Graf, V.L. Karsegard, A. Spoerri, A.M. Makhlouf, S. Ho, F.R. Herrmann,
L. Genton, Body composition and all-cause mortality in subjects older than 65 y,
Am. J. Clin. Nutr. 101 (4) (2015) 760–767.

K. Park et al. Parkinsonism and Related Disorders 55 (2018) 81–85

85

http://www.edanzediting.com/ac
http://www.edanzediting.com/ac
http://dx.doi.org/10.1016/j.parkreldis.2018.05.011
http://dx.doi.org/10.1016/j.parkreldis.2018.05.011
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref1
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref1
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref2
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref2
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref3
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref3
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref3
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref3
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref4
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref4
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref4
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref5
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref5
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref6
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref6
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref6
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref7
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref7
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref8
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref8
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref8
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref9
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref9
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref9
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref9
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref10
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref10
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref10
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref11
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref11
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref11
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref12
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref12
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref12
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref12
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref12
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref12
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref13
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref13
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref13
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref14
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref14
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref14
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref15
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref16
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref16
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref17
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref17
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref18
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref18
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref18
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref18
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref18
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref19
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref19
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref20
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref20
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref21
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref21
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref21
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref22
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref22
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref23
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref23
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref24
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref24
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref24
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref25
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref25
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref26
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref26
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref27
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref27
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref27
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref28
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref28
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref29
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref29
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref29
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref30
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref30
http://refhub.elsevier.com/S1353-8020(18)30241-4/sref30

	Low body mass index and life prognosis in Parkinson's disease
	Introduction
	Methods
	Study design
	Subjects
	Clinical factors
	Statistical analysis
	Ethics

	Results
	Discussion
	Authors' roles
	Funding
	Financial disclosures/declarations of interest for all authors
	Acknowledgments
	Supplementary data
	References




