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Abstract

Background: Parkinson's disease (PD), the second
most prevalent neurodegenerative disorder, has
been related with weight loss and energy balance.
Some studies showed that leptin might be playing an
important role in satiety, energy balance and
immune response. The aim of this study was to
evaluate serum leptin level in patients with PD and its
association with clinical severity.

Methods: In this cross-sectional study, 35 patients
with PD and 51 healthy controls (HCs), matched for
age, sex and body mass index (BMI), were recruited.
Serum leptin level was measured and clinical
characteristics and demographic data of patients
were recorded.

Results: The mean age of patients with PD and HCs
were 5980 + 1140 and 62.18 = 11.60 years,
respectively. Serum leptin concentration was not
statistically different between patients with PD and
HCs (21.1 £23.1 ng/ml vs 25.9 = 21.8 ng/ml, P = 0.280).
There was no relation between plasma level of leptin
and clinical severity of patients with PD.

Conclusion: Our findings suggest that serum level of
leptin is neither implicated in the pathogenesis of PD,
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nor decreases as disease progresses.

Introduction

Parkinson’s disease (PD) is the most frequent
movement disorder that commonly affects elderly
people.! Initially, PD was known as a motor
disorder =~ with  principal symptoms  of
bradykinesia, resting tremor, rigidity and postural
instability.? In the last decade, several studies
have emphasized on impact of non-motor
symptoms (NMS) such as  depression,
constipation, pain and sexual difficulties in
progression of disease and patient’s quality of life
(QOL).3¢ Some studies demonstrated that patients
with PD have weight loss and reduced body mass
index (BMI).”8 Nevertheless, the cause of these
events is not clear.

Leptin is a long acting endocrine peptide
hormone produced by adipose tissue. Moreover, a
small amount of leptin secretes from brain. Leptin
controls energy balance through suppression of
food intake, glucose metabolism and energy
expenditure.” Leptin crosses the blood-brain
barrier (BBB) and stimulates hypothalamic
receptor and sympathetic pathway, resulting in
controlling  energy intake and  energy
expenditure.’® Previous studies found leptin
serum levels in patients with PD lower than that
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in healthy controls (HCs), though the correlation
of weight loss and leptin levels was not
confirmed.”?  Furthermore, previous studies
revealed that patients with PD have lower BMI
and lower serum concentrations of leptin
compared with HCs. Nevertheless, there is not
significant association between serum
concentrations of leptin and BMI, and this
correlation is not clear exactly.1213

Animal and human studies demonstrated the
regulatory function of leptin in nervous system and
showed that non-motor manifestations such as
cognitive dysfunction of patients with PD as well as
mesostriatal and  mesolimbic  dopaminergic
pathways are affected by serum and cerebrospinal
fluid (CSF) level of leptin.#18 On the other hand,
both motor symptoms and NMS influence the
energy intake and energy expenditure.

We preformed the present study to evaluate
leptin profile in patients with PD and assess the
possible relation between motor symptoms and
NMS of patients with serum level of leptin.

Materials and Methods

We enrolled thirty five eligible patients (25 men
and 10 women) with idiopathic PD (IPD) who
were admitted to Al-Zahra hospital, Isfahan,
Iran. Fifty one healthy people (28 men and 23
women), matched for sex and age, were studied
as control group. The study was approved by the
regional  bioethics committee of Isfahan
University of Medical Sciences, and written
informed consents were obtained from all patients
prior to enrollment.

All patients were visited by a neurology
specialist in movement disorders, and diagnosis
of PD was stablished based on United Kingdom
Parkinson Disease Society Brain Bank (UK-PDS-
BB) criteria.’” The subjects who were unable to
ambulate, patients with systemic diseases
including endocrine and malignant diseases, and

those with psychiatric disorders (psychosis and
severe depression) were excluded. Moreover,
patients treated with medications influencing
nutritional state and/or BMI such as
corticosteroids, antihistamines and antipsychotic
at least for six month, were excluded. None of the
patients had nausea or anorexia due to
dopaminergic medication and their dietary habits
did not alter during the study.

Motor symptoms and NMS of patients with
PD were assessed using unified Parkinson’s
disease rating scale (UPDRS) parts I, II, II and 1V.
Clinical status of the patients was evaluated by
Hoehn and Yahr scale (HY scale). Cognitive state
of patients was surveyed using Mini Mental State
Examination (MMSE). In addition, BMI of
patients and HCs were calculated.

A single 3ml venous blood sample was collected
from all patients. Serum was separated within
30 minutes and sorted at -80 °C until analysis for
leptin. Serum leptin levels were measured by a
leptin radioimmunoassay (RIA) (Linco Research
Ltd., St. Charles, MO, USA) and all samples were
analyzed in duplicates in the same assay.

All statistical calculations were done using SPSS
software (version 20, IBM Corporation, Armonk,
NY, USA). Data were expressed as means =+
standard deviation (SD), median, and frequency.
The one-sample Kolmogorov-Smirnov test was
performed for checking variables normality. The
between group differences and correlation were
assessed using independent sample t-test, Mann-
Whitney U test, Spearman and Pearson’s
correlation, respectively. Statistical significance
(P value) was set at the level up to 0.05.

Results

Table 1 demonstrates demographic features and
clinical characteristics in patients with PD and HCs.
The one-sample Kolmogorov-Smirnov test showed
normality of variables (K-S =1.354, P = 0.051).

Table 1. Demographic profiles and clinical characteristics of patients with Parkinson’s disease (PD) and the healthy

controls (HCs)

. Patients with PD Controls

Variables Total Men Women Total Men Women
Age (year) (mean + SD) 5980+ 1140 61.30+11.10 56.20+£1240 62.18+11.60 63.50+ 12.30 58.90 £10.10
Weight (kg) (mean + SD) 66.10+870 66.50+9.20 65.20+8.10 67.10+10.10 79.10+13.20 71.80+11.50
BMI (kg/m?) (mean + SD) 2480+340 2440+350 2580+350 2500+3.20 27.00+490 27.70+5.10
MMSE (mean + SD) 26.80 + 3.30 27.1+3.60 24.80 +4.00 - - -
Duration (year) (mean £ SD)  4.20 + 3.60 3.75+£4.14 3.60+£151 - - -

HY scale (mean + SD) 1.80 +0.90 1.75+0.80 1.80+0.80 - - -

UPDRS total (mean £SD) ~ 49.10+26.80 51.10+25.80 39.80+17.00 - - -

PD: Parkinson’s disease; BMI: Body mass index; MMSE: Mini Mental State Examination; HY scale: Hoehn and Yahr scale;

UPDRS: Unified Parkinson’s Disease Rating Scale
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Figure 1. Patients with Parkinson’s disease (PD) and controls participants presented similar

body mass index (BMI)
Figure shows mean and standard error of mean.

46.2% of patients with PD were at stage 2 of
HY scale, and 26.9% and 15.4% of patients were at
stages 1 and 3, respectively. The mean scores of
UPDRS parts I, IT and III were 3.5 £3.7,13.1 £ 8.1,
and 30.5 £ 17.7, respectively. No patient suffered
from severe disability and nobody were bed
ridden. Moreover, patients with PD had similar
BMI index to HCs (Figure 1).

In Figure 2, frequency distributions were
shown. Serum concentration of leptin in patients
with PD and HCs were 21.1 £ 23.1 and 25.9 + 21.8,
respectively.

Although serum level of leptin in patients with
PD was lower than that in HCs, it was not
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statistically significant (Figure 3). Male patients
had  significant lower  plasma  leptin
concentrations compared with female patients.

Among patients with PD, correlation of leptin
level with age, weight and duration of disease
was analyzed. The leptin levels in male patients
was significantly correlated with duration of
disease (r = -0.481, P = 0.043). Moreover, leptin
levels had significance correlation with BMI in all
participants (r = 0.326, P = 0.017).

The correlation between leptin, BMI and
clinical features, including HY scale, UPDRS parts
I, II, 111, IV, and total score, MMSE, and duration
of disease was evaluated.
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Figure 2. Histogram of leptin levels in patients with Parkinson’s disease (PD) and healthy
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Figure 3. Patients with Parkinson’s disease (PD) and healthy control participants had similar leptin levels. Figure shows

mean and standard error of mean.

The UPDRS part I had significant correlation
with leptin level in male patients (r = -0.625,
P = 0.050) and female patients (r = -0.817,
P = 0.023). In contrast, UPDRS part II correlated
with leptin in female patients only (r = -0.725,
P = 0.042). Moreover, leptin levels had significant
relationship negatively (r = -0.489, P = 0.010)
with duration of disease in male patients. The
total UPDRS score and UPDRS part II were
significantly higher in patients with low BMI
(P=0.031 and P = 0.041).

Discussion

This study examined leptin serum levels in
patients with PD comparing with HCs. To the
best of our knowledge, it is the first study to
investigate leptin levels in Iranian population
with PD. Our results showed no significant
difference of serum leptin levels among patients
with PD compared to HCs. However, leptin levels
associated with sex and BMI.

Such results support other studies which
showed that serum level of leptin in patients with
PD was not different from controls.11.20-22 Rocha,
et al reported that adipokine levels in advanced
PD patients were not different with age-gender-
BMI-matched controls and had no association
with clinical findings in patients with PD.2 These
finding were consistent with results of another
study with limited sample size (eight PD patients
and eight controls) that authors assessed
adipokine levels in early PD patients. They found
no difference in levels and diurnal rhythm of
leptin in patients with PD and concluded that
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weight loss and neurodegenerative pathways in
PD have no association with adipokine
secretion.?!’ Ozdilek and Kenangil showed that
leptin levels correlated with age, gender, and
BMI, but disease duration and clinical severity
had no effect in leptin concentration. They
suggested that leptin levels have no role in
progression of disease.?2 In our study, we found
no significant difference between plasma leptin
levels in patients with PD and HCs.

Previous studies surveyed leptin levels in PD
patients and its relation with unintended weight
loss. They reported that serum levels of leptin
were lower in PD patients compared to HCs.
Furthermore, they found that PD patients with
unintended weight loss had lower leptin
levels.1213 Serum leptin concentrations correlate to
body fat mass in PD patients with and without
decreased weight and HCs.112 Moreover,
Pelleymounter, et al revealed that Ieptin
associates with body fat and weight loss by
decreasing food intake and increasing energy
expenditure.* These results express the
hypothesis that the cause of leptin levels
abnormality in PD patients maybe reduction of
body fat mass.

Several studies surveyed the correlation of
patients” age with serum leptin levels and
demonstrated that elderly PD patients have
higher leptin levels, especially men.?>2 There is
no exact reason for this finding. Soluble leptin
receptor (Ob-Re) level does not depend on gender
and this data support that leptin axis in healthy
population associated only with aging.?’ Our
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results confirm previous findings regarding leptin
association with age in PD patients.

In agreement with previous studies, gender
differences relate to leptin levels. Several studies
in recent years have shown that leptin levels are
lower in male PD patients in comparison with
female ones. There was abundant evidence to
prove roles of increased proportion of adipose
tissue and increased production of leptin per
body fat mass unit in this correlation.1128
Moreover, such studies suggest association
between androgenicity in individuals with leptin
levels that support gender differences in serum
leptin level 2930

The present results remain in agreement with
the majority of published data showing a
progressive increase in the leptin serum levels
with an increase in BMI in participants.222 In
these studies, a leptin level was not different
between PD patients and HCs, but leptin level
correlated with BML

Association of leptin with BMI is reported in
healthy population and other disorders including
polycystic ovarian disease (PCOD) and
rheumatoid arthritis (RA).313> Investigation on
patients with PCOS reported that Ileptin
concentration associated with BMI, and was not
correlated with hormonal indices in PCOD
patients. Moreover, leptin level was different
between obese and non-obese women.3233 In RA
patients without any inflammatory disorders,
leptin level correlated with BMI, although its
levels were similar between patients and HCs.3435
Deep brain stimulation (DBS) in the subthalamic
nucleus (STN) caused weight gain in PD patients,
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but leptin levels did not change after surgery.3
These findings reinforce the hypotheses that
leptin level alterations in some disorders such as
PD associates with BMI and fat mass rather than
disorder. The results and characteristics of all
previous studies that investigated leptin levels in
PD patients are summarized in table 2.

A limitation of our study and previous studies
was the small sample size. We did not evaluate fat
mass of participants, while it can affect circulatory
leptin levels and clarify relation of leptin levels
with PD.

Conclusion

In the light of all previously stated facts, we can
conclude that circulating leptin level in patients
with PD is not different from healthy population
and is not associated with disease severity,
duration of disease, and clinical status.
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Table 2. Studies that reported the leptin levels of patients with Parkinson’s disease (PD)

Study

Patients
(n) (M/F)

Controls
(n) (M/F)

Participants’ age (year)
(mean + SD)

Disease characteristics

Leptin patients
(mean + SD)

Leptin
controls
(mean + SD)

Outcomes

Fiszer,
et al.l?

Evidente,
etal.l®

Rocha, et
al.®

Aziz,
etal.2

Ozdilek
and
Kenangil??

Kenangil
and
Ozdilek.?

Lorefalt,
etall!

27 (13/14)

36 (WL:
18, WS:
18)

40 (27/13)

40 (28/12)

30 (25/5)

26 (9/17)

12 (319)

25 (19/6)

25
(14/11)

30 (22/8)

26 (9/17)

Patients: 61.70 + 8.74

Controls: 58.58 + 8.60

WL:70+2
WS:64+3

Patients: 68.70 + 10.00

Controls: 65.20 + 8.70

Patients: 60.80 + 9.40

Controls: 61.80 + 5.80

Patients: 59.37 £9.21

Controls:58.50 + 9.85

All participants were
older than 60

UPDRS: 40.00 £ 20.10
MMSE: 27.40 £ 2.40
Duration of PD (year):
7.20+£4.10
MADRS: 8.40 £ 7.10

83% of WL and 72% of WS
were on L-dopa, perception
of hunger and thirst and the
sensation of fullness were
similar in both groups
UPDRS: 51.80 £ 25.20
MMSE: 24.00 + 3.90
HY:2.44+0.69
SE-ADL.: 77.95 + 11.96%
De novo patients

UPDRS: 25.80 + 15.60
HY 1 (35%), Il (35%), IlI
(35%), IV (35%)
Duration of PD: 6.30 + 4.50
LEDD: 714 + 409
UPDRS total: 28.20 + 18.40
UPDRS 1II: 13.6 +8.10
HY:2.20 +£0.90
LEDD: 777 £+ 408 mg

UPDRS: 26.70 + 17.90
14 patients newly diagnosed,
12 patients treated 5.00 +
2.70 years with L-dopa

6.10+5.30

WL:4.70 £1.20
WS:6.30+1.90

1420.53 + 469.29

12.40+12.20

6.80 +£6.90

4.13+3.61

1470 £9.20

13.69 £ 10.05

147219 +
341.83

1510+ 11.50

3.90+3.80

3.12+243

18.70 +13.40

leptin levels were lower in PD patients
compared to controls, patients with weight
loss had lower leptin in comparison to
patients without weight loss, positive
correlation between leptin and adipose
content in all individuals

Weight is unlikely to be due to abnormal
Leptin levels in PD, leptin levels had
correlation with BMI in WL and WS

patients

PD patients and controls had similar leptin
levels, leptin levels associated with BMI,
no correlation between leptin levels and
clinical or demographic data was found
Leptin levels in PD patients and controls
were similar, Levels of leptin were not
associated with disease severity, positive
correlation between leptin levels and fat
mass in patients and controls
Leptin levels in PD patients and controls
were similar, leptin levels had no
correlation with disease severity, positive
correlation between leptin levels and BMI,
WC and BW in PD patients
PD patients and controls had similar leptin
levels, no association between leptin levels
and motor or functional impairment in PD,
leptin levels had correlation with BMI, WC
and BW in PD patients
Leptin levels in PD patients and controls
were similar, levels of leptin correlated to
body fat mass in patients and controls

Numerical outcomes are expressed as means * standard deviation (SD).

M/F: Male/Female; PD: Parkinson's disease; BMI: Body mass index; HY scale: Hoehn and Yahr scale; MMSE: Mini Mental State Examination; UPDRS: Unified Parkinson’s Disease Rating Scale;
LEDD: Levodopa equivalent daily dose; MADRS: Montgomery-Asberg Depression Rating Scale; WL: Weight loss; WS: Weight stable; SE-ADL: Schwab and England Activities of Daily Living scale

76 Iran ] Neurol, Vol. 17, No. 2 (2018)

http:/fijnl.tums.ac.ir

4 April



References
1. Samii A, Nutt JG, Ransom BR.
Parkinson's  disease. Lancet 2004,

10.

11.

12.

13.

14.

363(9423): 1783-93.

Burch D, Sheerin F. Parkinson's disease.
Lancet 2005; 365(9459): 622-7.
Chaudhuri KR, Healy DG, Schapira AH.
Non-motor symptoms of Parkinson's
disease: Diagnosis and management.
Lancet Neurol 2006; 5(3): 235-45.

Poewe W. Non-motor symptoms in
Parkinson's disease. Eur J Neurol 2008;
15(Suppl 1): 14-20.

Chaudhuri KR, Schapira AH. Non-motor
symptoms of Parkinson's  disease:
Dopaminergic  pathophysiology  and
treatment. Lancet Neurol 2009; 8(5):
464-74.

Prakash KM, Nadkarni NV, Lye WK,
Yong MH, Tan EK. The impact of non-
motor symptoms on the quality of life of
Parkinson's  disease  patients: A
longitudinal study. Eur J Neurol 2016;
23(5): 854-60.

Morales-Briceno H, Cervantes-Arriaga A,
Rodriguez-Violante M, Calleja-Castillo J,
Corona T. Overweight is more prevalent
in patients with Parkinson's disease. Arq
Neuropsiquiatr 2012; 70(11): 843-6.
Beyer PL, Palarino MY, Michalek D,
Busenbark K, Koller WC. Weight change
and body composition in patients with
Parkinson's disease. J Am Diet Assoc
1995; 95(9): 979-83.

Li XM, Yan HJ, Guo YS, Wang D. The
role of leptin in central nervous system
diseases. Neuroreport 2016; 27(5): 350-5.
Jequier E. Leptin signaling, adiposity, and
energy balance. Ann N Y Acad Sci 2002;
967: 379-88.

Lorefalt B, Toss G, Granerus AK. Weight
loss, body fat mass, and leptin in
Parkinson's disease. Mov Disord 2009;
24(6): 885-90.

Fiszer U, Michalowska M, Baranowska
B, Wolinska-Witort E, Jeske W, Jethon
M, et al. Leptin and ghrelin
concentrations and weight loss in
Parkinson's disease. Acta Neurol Scand
2010; 121(4): 230-6.

Evidente VG, Caviness JN, Adler CH,
Gwinn-Hardy KA, Pratley RE. Serum
leptin  concentrations and satiety in
Parkinson's disease patients with and
without weight loss. Mov Disord 2001;
16(5): 924-7.

Harvey J. Leptin: A diverse regulator of
neuronal function. J Neurochem 2007;
100(2): 307-13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Harvey J. Leptin regulation of neuronal
morphology and hippocampal synaptic
function. Front Synaptic Neurosci 2013;
5:3.

Harvey J, Shanley LJ, O'Malley D, Irving
AJ. Leptin: A potential cognitive
enhancer? Biochem Soc Trans 2005;
33(Pt 5): 1029-32.

Udagawa J, Hashimoto R, Suzuki H,
Hatta T, Sotomaru Y, Hioki K, et al. The
role of leptin in the development of the
cerebral cortex in mouse embryos.
Endocrinology 2006; 147(2): 647-58.
Munshi S, Khemka VK, Banerjee K,
Chakrabarti S. Clinicotherapeutic
potential of leptin in Alzheimer's disease
and Parkinson's disease. J Clin Neurosci
2014; 2014: 181325.

Hughes AJ, Daniel SE, Kilford L, Lees
AJ. Accuracy of clinical diagnosis of
idiopathic Parkinson's disease: A clinico-
pathological study of 100 cases. J Neurol
Neurosurg Psychiatry 1992; 55(3): 181-4.
Rocha NP, Scalzo PL, Barbosa IG, de
Sousa MS, Morato IB, Vieira EL, et al.
Circulating levels of adipokines in
Parkinson's disease. J Neurol Sci 2014,
339(1-2): 64-8.

Aziz NA, Pijl H, Frolich M, Roelfsema F,
Roos RA. Leptin, adiponectin, and
resistin secretion and diurnal rhythmicity
are unaltered in Parkinson's disease. Mov
Disord 2011; 26(4): 760-1.

Ozdilek B, Kenangil G. Serum leptin
concentrations in  Turkish Parkinson's
disease population. Parkinsons Dis 2014;
2014: 576020.

Kenangil G, Ozdilek B. Serum leptin
levels and cognition in Parkinson's
disease patients. Noro Psikiyatr Ars 2016;
53(3): 241-4.

Pelleymounter MA, Cullen MJ, Baker
MB, Hecht R, Winters D, Boone T, et al.
Effects of the obese gene product on body
weight regulation in ob/ob mice. Science
1995; 269(5223): 540-3.

Fulda S, Linseisen J, Wolfram G,
Himmerich S, Gedrich K, Pollmacher T,
et al. Leptin plasma levels in the general
population: Influence of age, gender,
body weight and medical history. Protein
Pept Lett 2010; 17(11): 1436-40.

Cnop M, Havel PJ, Utzschneider KM,
Carr DB, Sinha MK, Boyko EJ, et al.
Relationship of adiponectin to body fat

distribution, insulin  sensitivity and
plasma lipoproteins:  Evidence for
independent roles of age and sex.

http:/fijnl.tums.ac.ir 4 April

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

M. Salari, et al.

Diabetologia 2003; 46(4): 459-69.
Roszkowska-Gancarz M, Jonas M,
Owczarz M, Kurylowicz A, Polosak J,
Franek E, et al. Age-related changes of
leptin and leptin receptor variants in
healthy elderly and long-lived adults.
Geriatr Gerontol Int 2015; 15(3): 365-71.
Hellstrom L, Wahrenberg H, Hruska K,
Reynisdottir S, Arner P. Mechanisms
behind gender differences in circulating
leptin levels. J Intern Med 2000; 247(4):
457-62.

Soderberg S, Olsson T, Eliasson M,
Johnson O, Brismar K, Carlstrom K, et al.
A strong association between biologically
active  testosterone and leptin in
non-obese men and women is lost with
increasing (central) adiposity. Int J Obes
Relat Metab Disord 2001; 25(1): 98-105.
Casabiell X, Pineiro V, Peino R, Lage M,
Camina J, Gallego R, et al. Gender
differences in both spontaneous and

stimulated leptin secretion by human
omental adipose  tissue in  vitro:
Dexamethasone and estradiol stimulate

leptin release in women, but not in men. J
Clin Endocrinol Metab 1998; 83(6): 2149-55.
Paul RF, Hassan M, Nazar HS, Gillani S,
Afzal N, Qayyum I. Effect of body mass
index on serum leptin levels. J Ayub Med
Coll Abbottabad 2011; 23(3): 40-3.
Mantzoros CS, Dunaif A, Flier JS. Leptin
concentrations in the polycystic ovary
syndrome. J Clin Endocrinol Metab 1997;
82(6): 1687-91.

Saleh HA, EI-Nwaem MA, El-Bordiny
MM, Maglad HM, EI-Mohandes AA,
Eldagag EM. Serum leptin elevation in
obese women with PCOs: A continuing
controversy. J Assist Reprod Genet 2004;
21(10): 361-6.

Nishiya K, Nishiyama M, Chang A,
Shinto A, Hashimoto K. Serum leptin
levels in patients with rheumatoid
arthritis are correlated with body mass
index. Rinsho Byori 2002; 50(5): 524-7.
Popa C, Netea MG, Radstake TR, van
Riel PL, Barrera P, van der Meer JW.
Markers of inflammation are negatively
correlated  with  serum leptin in
rheumatoid arthritis. Ann Rheum Dis
2005; 64(8): 1195-8.

Novakova L, Haluzik M, Jech R, Urgosik
D, Ruzicka F, Ruzicka E. Hormonal
regulators of food intake and weight gain
in Parkinson's disease after subthalamic
nucleus stimulation. Neuro Endocrinol
Lett 2011; 32(4): 437-41.

Iran ] Neurol, Vol. 172, No. 2 (2018)) 77



