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lower serum vitamin B12 than the other two 
groups (219±79.06 pg/mL, 268.63±80.75 pg/
mL, and 278.46±65.23 in levodopa exposure, 
levodopa-naïve and control groups, respec-
tively, P=0.06). Vitamin B12 deficiency was 
detected in 36.6% of patients in the levodo-
pa group, which was significantly higher than 
other groups (23.3% in the levodopa-naïve 
and 6.6% in the control groups, P=0.02). 
Moreover, a significant negative correlation 
was detected between the duration of levodo-
pa exposure and serum vitamin B12 level (r=-
0.31, P=0.016). The prevalence of vitamin 
B12 insufficiency was considerably higher in 
the levodopa group than in other groups when 
assessed separately among those with or with-

out PN (P=0.01 for both, Figure-2). 

Discussion

In the current study, a considerable propor-
tion of PD patients with long-term levodopa 
exposure had PN. They also had a lower level 
of serum vitamin B12. The higher prevalence 
of PN in PD patients was consistent with pre-
vious reports [3, 7]. Mancini et al. also re-
ported that PD patients under treatment with 
intestinal or oral levodopa are at higher risk 
of PN development than other dopaminergic 
medications [3]. PD patients with short-term 
levodopa exposure had higher vitamin B12 
levels and lower PD rates than long-term 

Table 2.  TNS Characteristics Among Three Study Groups 

Groups
Sensory 

Symptoms 
(0-4)

Motor 
Symptoms

(0-4)

Pin 
Sensibility

(0-4)

Strength
(0-4)

DTR
(0-4)

QST 
Vibration 
Threshold

(0-4)

TNS
(0-24)

Levodopa 
(n=30)

Median 0 2 1 1 1 1 3
Range 0-3 0-3 0-3 0-3 0-3 0-3 0-16
Mean 0.7±1.5 1.03±1.09 0.96±0.88 0.66±0.84 1.1±1.02 0.86±0.86 5.33±4.95

Levodopa-naïve 
(n=30)

Median 0 1 1 1 0 0 2
Range 0-2 0-3 0-2 0-2 0-2 0-2 0-13
Mean 0.06±0.361 0.73±0.69 0.63±0.55 0.4±0.56 0.23±0.56 0.16±0.46 2.23±2.23

Control (n=30)
Median 0 0 1 0 0 0 1.5
Range 0-3 0-3 0-2 0-3 0-3 0-2 0-16
Mean 0.16±0.59 0.4±0.72 0.6±0.56 0.36±0.66 0.2±0.61 0.46±0.57 2.2±3.85

P-value ANOVA 0.002* 0.020* 0.79 0.19 0.001* 0.001* 0.001*

*Significant difference between mean results (P<0.05)
**Higher scores are representative of poorer function in each test. 

DTR: Deep tendon reflex; TNS: Total neuropathy score
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levodopa users. One of the possible mecha-
nisms for PN in long-term levodopa takers 
could be its effect on the metabolism of vi-
tamin B12. Some studies have suggested that 
PN in levodopa treated patients may be due to 
the neurotoxic accumulation of homocysteine 
and nitrite along with the vitamin B12 defi-
ciency [8, 9]. There is no definite physiolog-
ic explanation for the association of vitamin 
B12 and levodopa metabolism. There is also 
some evidence that advocates the role of some 
genetic variations in PN progression in PD 
patients [8]. The levodopa-related metabolic 
toxicity is also associated with the depletion 
of vitamin B6 and elevation of methylmalonic 
acid [10-13]. 
Moreover, our study results demonstrated that 
the duration of levodopa administration was 
correlated with both severity of PN and low-
er vitamin B12 levels. Thus, levodopa accu-
mulation seems to have a role in vitamin B12 
derangement in PD patients. Toth et al. have 
shown that intramuscular injection of vitamin 
B12 can improve PN symptoms in PD pa-
tients with long-term levodopa exposure [5]. 
Mancini et al. suggested that vitamin B12/ho-
mocysteine level as a predictor of the devel-
opment of PN in levodopa-user PD patients 
[3]. They indicated that the vitamin-associ-
ated axonal degeneration and the chronic in-
flammatory process might interplay with PN 
progression [7]. Ceravelo et al. also suggested 
the possible role of aging in PN development 
in PD patients [2]. In our study, even after the 
correlation for age, levodopa exposure in-
creased PN chance in PD patients. However, 
the findings of Panagiotis et al. are inconsis-
tent with our findings. They suggested that the 
increased prevalence of PN in PD patients is 
directly linked to vitamins and MMA rather 
than levodopa intake [14]. 
In this study, we used TNS for the evaluation 
of PN severity. This was the first study to use 
TNS for the evaluation of PN in PD patients. 
The findings of TNS were in line with EMG/
NCV diagnosis; however, it provided a better 
quantification of the PN severity. EMG/NCV 
is a valuable tool for studying sensory and 
motor conduction and amplification in large 
myelinated nerves [15]. While nerve conduct-
ing studies are more subjective rather than 
objective. TNS provides a more precise eval-

uation of PN and is an appropriate modality 
for the classification of neuropathy severity 
[16]. It was first introduced to evaluate PN in 
chemotherapy-induced PNs but then became 
more popular in other fields, too [16-18]. Sa-
jdyk et al. evaluated vincristine-induced PN 
in patients with leukemia using TNS [19]. 
Moreover, in the study of Ghoeishi et al., pa-
clitaxel-induced PN was assessed in patients 
with breast cancer using TNS [20].
Nerve conduction studies are representative of 
the involvement of large sensory nerves in PD 
patients [21]. However, among TNS parame-
ters in our study, DTR and motor symptoms 
were more affected by the levodopa adminis-
tration. Romagnolo et al. reported small-fiber 
neuropathy in skin biopsy of PD patients sug-
gesting the presence of PN before its detection 
by nerve conduction test [22]. 
Our study had several limitations. Due to the 
relatively small sample size, the prevalence of 
PN in PD patients cannot be generalized to the 
population of PD patients. The unblinded as-
sessment for neuropathy could be considered 
as a source of bias. However, true blinding 
was not feasible in this setting because of the 
clinically obvious appearance of PD. More-
over, a longitudinal study design could be 
more helpful for enabling us to comment with 
more certainty on the causative relationship 
between levodopa, vitamin B12 deficiency, 
and PN in PD patients.

Conclusion

PN was more prevalent among patients who 
are suffering from PD and under long-term 
treatment with levodopa. Moreover, our re-
sults advocate the idea that one of the possible 
mechanisms underlying the levodopa-induced 
PN could occur through the deregulation of 
vitamin B12.
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