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Abstract
Background As evidence continues to accumulate regarding the multi-organ dysfunction associated with Parkinson’s disease 
(PD), it is still unclear as to whether PD increases the risk of hematological pathology. In this study, the authors investigate 
the association between PD and hematological pathology risk factors.
Methods This retrospective cohort analysis was conducted using 8 years of the National Readmission Database. All indi-
viduals diagnosed with PD were queried at the time of primary admission. Readmissions, complications, and risk factors 
were analyzed at 30-, 90-, 180-, and 300-day intervals. Statistical analysis included multivariate Gaussian-fitted modeling 
using age, sex, comorbidities, and discharge weights as covariates. Coefficients of model variables were exponentiated and 
interpreted as odds ratios.
Results The database query yielded 1,765,800 PD patients (mean age: 76.3 ± 10.4; 44.1% female). Rates of percutaneous 
blood transfusion in readmitted patients at 30, 90, 180, and 300 days were found to be 8.7%, 8.6%, 8.3%, and 8.3% respec-
tively. Those with anti-parkinsonism medication side effects at the primary admission had increased rates of gastrointestinal 
(GI) hemorrhage (OR: 1.02; 95%CI: 1.01–1.03, p < 0.0001) and blood transfusion (OR: 1.06; 95%CI: 1.05–1.08, p < 0.0001) 
at all timepoints after readmission. PD patients who experienced GI hemorrhage of any etiology, including as a side effect 
of anti-parkinsonism medication, were found to have significantly higher rates of blood transfusion at all timepoints (OR: 
1.14; 95%CI: 1.13–1.16, p < 0.0001).

Key points  
 
Question

Do patients with Parkinson’s disease (PD) have an increased risk 
of developing hematological pathologies?

Findings 

In this 8-year retrospective analysis of 1,765,800 PD patients, 
we find that many patients were readmitted within one calendar 
year for percutaneous transfusion of nonautologous packed red 
blood cells (RBCs). Transfusion was significantly correlated with 
anti-parkinsonism drug side effects, including gastrointestinal (GI) 
hemorrhage.

 
Meaning 

Long-term management of PD should include both neurological 
and non-neurological multi-system complications. The high 
incidence of hematological abnormalities in PD patients suggests 
that frequent screening for anti-parkinsonism side effects and GI 
pathology is necessary and may prevent unnecessary readmission.

 * Nolan J. Brown 
 Nolanb@uci.edu
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Conclusions Blood transfusions were found to be significantly associated with anti-parkinsonism drug side effects and GI 
hemorrhage of any etiology.

Keywords Parkinson’s disease · Hematology · Blood Transfusion · Gastrointestinal bleeding

Introduction

Parkinson’s disease (PD) is the second most common neuro-
degenerative disease and affects almost one million people 
in the USA; approximately 315 out of every 100,000 people 
are diagnosed with PD [1–4]. PD is a recognizable syndrome 
diagnosed clinically with a variety of different symptoms and 
ancillary testing available for patients with atypical presen-
tation [5]. Motor symptoms include akinesia, bradykinesia, 
tremor, rigidity, deficits of gait, deficits of speech, and defi-
cits of handwriting [6]. Variables that are found to protect 
against this disease have been shown to include coffee con-
sumption, smoking, and physical activity [7]. Risk factors 
for the syndrome include family history, dyspepsia, pesti-
cide exposure, oils, and general anesthesia [7]. Non-motor 
symptoms include hyposmia, sleep disorders, depression, 
constipation, and olfactory hallucinations [8–10]. In addition, 
most patients with PD suffer from other comorbidities such 
as diabetes, ischemic and congestive heart diseases, COPD, 
and malignancies [11–13]. Eventually, many of these comor-
bidities can lead to hospital admission and even mortality in 
PD patients. In addition to the aforementioned comorbidities, 
hematological disorders have been documented as a reason 
for hospital admission among patients with PD [14, 15]. 
However, there is no large-scale investigation of the rela-
tionship between hemopathy and PD, and the direction of 
causality and predictive factors remain unknown.

Recent clinical studies have identified a range of blood 
disorders associated with PD as well as abnormalities 
induced by PD treatment [16–18]. In particular, anti-par-
kinsonian medications themselves have been associated 
with coagulation-fibrinolysis marker derangements, but their 
clinical importance has not yet been investigated thoroughly 
[16]. Cases of thrombocytopenia have been reported in PD 
patients undergoing treatment with levodopa, and this has 
been posited as a risk factor for GI bleeding [17, 18] The 
mechanism of the platelet dysfunction is thought to be auto-
immune in nature, but has not been tested in a controlled 
fashion [18].

Gut pathology has been broadly associated with PD, and 
an increased prevalence of constipation and gastroparesis 
in PD patients has been described in prior studies [19–21]. 
Others have demonstrated the expression and pathology of 
α-synuclein in the gut, presenting a possible mechanistic 
model for the development of GI disturbance in PD [20, 22, 
23]. Studies of PD models have demonstrated the connection 

of synucleinopathy in the gut to that in the brain including migra-
tion of pathology to the brain and protein misfolding in the gut 
that mirrors that in the brain, including a connection between PD 
and bowel inflammation [24–26]. The clinical manifestations and 
relevance to management of these significant findings are not yet 
clear in humans but are the topic of active investigation.

The exact causative mechanisms of this hemopathy and 
increased bleeding risk are not understood and are chal-
lenging to investigate. As evidence grows for the role of 
the multi-organ involvement associated with the develop-
ment of neurodegenerative diseases, an understanding of 
the relationship between PD and hemopathy is of particular 
contemporary relevance for patient management [27, 28]. 
In this study, we use a nationally representative database to 
describe the high prevalence of blood transfusion among PD 
patients. Using this data, we develop predictive models and 
survival curves for the hematological disturbances seen in 
PD and present a framework for understanding its causes.

Methods

Data source

In this study, we use the Healthcare Cost and Utilization Project 
(HCUP) National Readmission Database (NRD) from the years 
2010 to 2017. The NRD is a large yearly database that publishes 
national information regarding inpatient demographics, diagno-
ses, procedures, and readmissions. Patient hospital admissions 
are de-identified and are each represented as unique patient 
linkages to allow for accurate patient tracking throughout the 
calendar year. The NRD is publicly available for purchase and 
has been designed to allow for nationally representative readmis-
sion analysis when used in conjunction with the provided NRD 
discharge weights. Between all years of NRD included in this 
study, we identified more than 100 million patient discharges, 
and all data regarding patient diagnoses and procedures were 
queried using International Classification of Diseases, Ninth 
Revision (ICD-9) and International Classification of Diseases, 
Tenth Revision (ICD-10) codes in all patient admissions and 
readmissions. Using relevant cost-to-charge ratios (CCR) pro-
vided with the NRD, which are imputed from national hospital-
specific or hospital group averaged all-payer inpatient cost data, 
we converted hospital charges to inpatient costs. Institutional 
Review Board (IRB) approval and informed consent were not 
required as we used a de-identified publicly available database.
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Patient selection and analysis

All patients with a diagnosis of PD on primary admission 
from 2010 to 2017 were queried using relevant ICD-9 and 
ICD-10 coding (Supplementary Information 1) and appro-
priate NRD weighting, from which we identified 1,765,800 
unique PD patients. These patients were pooled and the most 
common procedure for all patients at primary and readmis-
sion was found to be percutaneous transfusion of nonautolo-
gous packed red blood cells (RBCs) into a peripheral vein. 
Multi-organ conditions were queried, including Crohn’s 
disease, ulcerative colitis, constipation, irritable bowel syn-
drome (IBS), gastrointestinal (GI) bleeding, urinary tract 
infection (UTI), and urinary retention. Side effects of anti-
parkinsonism medications (including carbidopa/levodopa 
and dopamine agonists) were also queried using appropri-
ate ICD-9 and ICD-10 coding outlined in Supplementary 
Information 1. Charlson Comorbidity Index (CCI) scores 
were collected for each patient and used to develop 10-year 
survival estimates for all patients [29–31]. Both CCI and 
10-year survival were developed by Charlson et al. in his 
1987 publication and have since been validated through sev-
eral studies that followed [29–33]. Readmissions and rel-
evant complications at readmission were queried at 30-, 90-, 
180-, and 300-day intervals. Patients without full follow-up 
were excluded at all timepoints (i.e., patients admitted in 
December were excluded for 30-day follow-up calculations). 
Patients were stratified by income quartiles based on esti-
mated median household income by ZIP code, insurance 
type, hospital type, and discharge status. The Kaplan–Meier 
survival curves were developed to visualize the effects of 
patient factors on relevant complications in those readmitted 
within one calendar year.

Statistical analysis

All statistics included in this analysis were conducted 
in RStudio (Version 1.2.5042). All statistical tests were 
two-sided and used an α = 0.05 level of significance. The 
Kaplan–Meier estimation with log-rank test was used to 
assess for blood transfusion at readmission in patients with 
gastrointestinal hemorrhage and drug complications.

Multivariate analysis

Gaussian-fitted generalized regression modeling was used 
to determine the effect of patient characteristics at primary 
admission on blood transfusion requiring or at the time of 
readmission. The Wald testing was performed to evaluate the 
effect of the weighted distance between the estimated value 
and the hypothesized true value under the null hypothesis 
on statistical parameters within each model. Coefficients 
of continuous variables analyzed within the multivariate 

models were exponentiated and interpreted as odds ratios. 
Independent covariates for all analyses were age, sex, CCI, 
and discharge weights.

Predictive models

Univariate predictive models were developed for risk factors 
that were found to be significant on multivariate analysis. 
All predictive algorithms were developed using generalized 
Gaussian linear regression models and plotted to visualize 
the dose–response relationship between the independent var-
iable (blood transfusion) and dependent variables of interest.

Results

Demographics

A total of 1,765,800 PD patients were identified at primary 
admission. The average age of PD patients included in this 
study was 76.3 ± 10.4 years, 44.1% were female, and the 
average CCI was 5.9 ± 2.3. Predicted average 10-year sur-
vival was found to be 19.6% in our PD cohort. The mean 
hospital length of stay (LOS) during primary admission 
was 6.3 ± 9.1 days, and the average all-payer hospital cost 
associated with admission in PD patients was found to be 
$13,256.66 ± $17,282.44. With regard to insurance type, 
1,531,990 (86.8%) patients had Medicare, 54,322 (3.1%) 
patients had Medicaid, 139,254 (7.9%) had private insur-
ance, and 8,318 (0.5%) were self-payers. Patients were also 
stratified into quartiles based on median household income 
by ZIP code, with 462,416 (26.2%) patients in the first (high-
est) quartile, 450,083 (25.5%) patients in the second quartile, 
427,258 (24.2%) patients in the third quartile, and 402,208 
(22.8%) patients in the fourth (lowest) quartile. Most patients 
were admitted to metropolitan hospitals, with 906,308 
(51.3%) patients being admitted to a metropolitan teaching 
hospital, 628,000 (35.6%) being admitted to a metropolitan 
non-teaching hospital, and 231,493 (13.1%) being admit-
ted to a non-metropolitan hospital. Within all discharges, 
577,040 (32.7%) were considered routine with the remain-
ing 1,188,760 (67.3%) being non-routine discharges includ-
ing transfers to short-term hospitals, skilled nursing facili-
ties, home healthcare facilities, discharges against medical 
advice, and patient death.

Complications

Within 30, 90, 180, and 300 days of discharge, the read-
mission rate of PD patients was found to be 12.3%, 25.5%, 
36.3%, and 45.8% respectively. The rate of percutaneous 
transfusion of nonautologous packed RBCs in readmit-
ted patients at 30, 90, 180, and 300 days was found to be 
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8.7%, 8.6%, 8.3%, and 8.3% respectively (Table 1). At all 
timepoints, multivariate analysis controlling for age, sex, 
and comorbidities revealed that PD patients experienc-
ing side effects from anti-parkinsonism medications had 
increased rates of GI hemorrhage (average OR: 1.02; 95%CI: 
1.01–1.03, p < 0.0001) and blood transfusion (average OR: 
1.06; 95%CI: 1.05–1.08, p < 0.0001) at readmission. PD 
patients who experienced GI hemorrhage of any etiology, 
including as a side effect of anti-parkinsonism medica-
tion, were found to have significantly higher rates of blood 
transfusion at all timepoints (average OR: 1.14; 95%CI: 
1.13–1.16, p < 0.0001) (Table 2). Furthermore, PD patients 
who received blood transfusion procedures during readmis-
sion were found to have significantly higher readmission 
rates at all timepoints compared to patients readmitted for 
any other indication (average p = 0.0014).

Several individual GI disorders were found to be signifi-
cantly related with blood transfusion rates at readmission, 
but none of them had consistent trends at all readmission 
time intervals. PD patients with ulcerative colitis were found 
to have a higher odds of blood transfusion at only 90-day 
readmission (OR: 1.02; 95%CI: 1.01–1.05, p = 0.046) and 
those with Crohn’s disease were found to have a higher 
odds of blood transfusion at 90, 180, and 300 days (aver-
age OR: 1.04; 95%CI: 1.01–1.07, p = 0.02). Conversely, 
PD patients with constipation were found to have a lower 
odds of blood transfusion at 90 days (OR: 0.993; 95%CI: 
0.989–0.998, p = 0.005) and 300 days (OR: 0.991; 95%CI: 
0.985–0.998, p = 0.008), and those with IBS were found to 
have a lower odds of blood transfusion at only 180 days (OR: 
0.983; 95%CI: 0.970–0.997, p = 0.02). Multivariate analysis 
revealed no significant relationship between genitourinary 
(GU) complications, including urinary retention and UTI, 
and blood transfusion at all timepoints.

Predictive models

Predictive regression models were developed for compli-
cations found to be significantly associated with higher 
rates of blood transfusion at all readmission timepoints on 
multivariate analysis. PD patients with ICD coding for anti-
parkinsonism drug side effects on primary admission were 
found to have an attributable 7.7%, 8.9%, 7.0%, and 7.4% 
increase in blood transfusion rates at 30-, 90-, 180-, and 300-
day readmission respectively compared to patients without 
drug effects (p < 0.0001 for all) (Supplementary Information 
2). Furthermore, patients with GI hemorrhage on primary 
admission were found to have an attributable 14.2%, 15.1%, 
14.1%, and 12.4% increase in blood transfusion rates at 30-, 
90-, 180-, and 300-day readmission respectively compared 
to patients without GI hemorrhage on primary admission 
(p < 0.0001 for all) (Supplementary Information 2).

Survival analysis

The Kaplan–Meier curves were developed to visualize the 
trends in blood transfusion at readmission in patients with 
GI hemorrhage and anti-parkinsonism drug complications at 
primary admission. Risk tables are included for each respec-
tive condition to demonstrate the number of PD patients at 
risk. Overall, patients with both GI hemorrhage and anti-
parkinsonism drug side effects at primary admission had 
significantly higher rates of blood transfusion within one 
calendar year compared to patients without each respective 
risk factor (for both) (Fig. 1).

Table 1  Complication rates for PD readmission cohorts

30-day readmission 
(n = 1,630,578)

90-day readmission 
(n = 1,367,850)

180-day readmission 
(n = 979,040)

300-day 
readmission 
(n = 371,804)

Primary
  Constipation 157,852 (9.7%) 131,477 (9.6%) 92,266 (9.4%) 34,555 (9.3%)
  IBS 16,655 (1.0%) 13,973 (1.0%) 9,736 (1.0%) 3,741 (1.0%)
  Crohn’s disease 4,860 (0.3%) 4,153 (0.3%) 2,934 (0.3%) 1,141 (0.3%)
  Ulcerative colitis 5,121 (0.3%) 4,262 (0.3%) 2,995 (0.3%) 1,179 (0.3%)
  Gastrointestinal hemorrhage 20,931 (1.3%) 17,593 (1.3%) 13,065 (1.3%) 5,084 (1.4%)
  UTI 335,252 (20.6%) 280,983 (20.5%) 201,352 (20.6%) 78,874 (21.2%)
  Urinary retention 83,905 (5.1%) 69,216 (5.1%) 48,509 (5.0%) 18,248 (5.0%)
  Anti-parkinsonism drug effect 20,534 (1.3%) 17,800 (1.3%) 12,945 (1.3%) 5,194 (1.4%)

Readmission
  Readmission rate 200,078 (12.3%) 349,007 (25.5%) 355,591 (36.3%) 170,424 (45.8%)
  Blood transfusion 17,315 (8.7%) 30,110 (8.6%) 29,571 (8.3%) 14,146 (8.3%)
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Discussion

In this 8-year retrospective cohort study of patients diagnosed 
with PD, we describe high rates of percutaneous transfusion 
of nonautologous packed RBCs at readmission. Because of the 
multi-system effects of PD, we investigated several GI and GU 
patient conditions that may influence the high rates of blood 
transfusion seen in our PD cohort. GI hemorrhage was found 
to be the best predictor of blood transfusion at all readmission 
timepoints, and inflammatory bowel diseases (IBDs) were found 

to increase the risk of blood transfusion at several, but not all, 
readmission timepoints.

The high rates of blood transfusion may be expected in 
PD patients with GI pathology. Albeit at varying time inter-
vals, we describe higher rates of blood transfusion in the PD 
population with GI pathologies such as IBD, which them-
selves are associated with increased risk of bleeding [34]. 
The direction of causality between PD and IBD is currently 
unknown, but the association presents an apparent theory 
for the etiology of the increased need for blood transfusion 
in PD patients.

Table 2  Odds ratios for blood 
transfusion at readmission 
obtained from multivariate 
models

* denotes statistically significant value

Odds ratio 95% confidence interval p-value

30-day readmission
  Constipation 0.99 0.99–1.00 0.09
  IBS 0.99 0.98–1.01 0.55
  Crohn’s disease 1.03 0.99–1.06 0.10
  Ulcerative colitis 1.02 0.99–1.05 0.21
  Gastrointestinal hemorrhage 1.14 1.13–1.16  < 0.0001*
  UTI 1.00 0.99–1.00 0.74
  Urinary retention 1.00 1.00–1.01 0.25
  Anti-parkinsonism drug effect 1.06 1.04–1.08  < 0.0001*

90-day readmission
  Constipation 0.99 0.989–0.999 0.0045*
  IBS 0.99 0.97–1.00 0.07
  rohn’s disease 1.04 1.01–1.06 0.008*
  Ulcerative colitis 1.02 1.01–1.05 0.046*
  Gastrointestinal hemorrhage 1.16 1.14–1.17  < 0.0001*
  UTI 1.00 1.00–1.01 0.14
  Urinary retention 1.00 0.99–1.00 0.57
  Anti-parkinsonism drug effect 1.07 1.06–1.09  < 0.0001*

180-day readmission
  Constipation 1.00 0.99–1.00 0.08
  IBS 0.98 0.970–0.997 0.02*
  Crohn’s disease 1.03 1.01–1.06 0.009*
  Ulcerative colitis 1.02 0.99–1.04 0.20
  Gastrointestinal hemorrhage 1.14 1.13–1.16  < 0.0001*
  UTI 1.00 1.00–1.01 0.12
  Urinary retention 1.00 0.99–1.00 0.27
  Anti-parkinsonism drug effect 1.05 1.04–1.07  < 0.0001*

300-day readmission
  Constipation 0.99 0.985–0.998 0.008*
  IBS 0.99 0.97–1.01 0.18
  Crohn’s disease 1.04 1.01–1.08 0.04*
  Ulcerative colitis 1.02 0.99–1.06 0.21
  Gastrointestinal hemorrhage 1.12 1.11–1.14  < 0.0001*
  UTI 1.00 1.00–1.01 0.66
  Urinary retention 1.00 0.99–1.01 0.54
  Anti-parkinsonism drug effect 1.06 1.04–1.08  < 0.0001*
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Literature outlining hematological complications in 
patients with PD is currently limited [35–37]. A recent study 
found that PD patients may have lower concentrations of 
iron in cerebrospinal fluid, suggesting that iron homeostasis 
may be partially disturbed in PD patients [38]. In addition, 
a review of neurosurgical literature revealed that PD has 
been associated with increased rates of acute posthemor-
rhagic anemia and blood loss following spine surgery [39, 
40]. Although the etiology of this finding is not known, it 
may be explained by changes in hemostasis primarily in 

PD or secondary to PD medications. Reports showed that 
PD patients who use anti-parkinsonism medications have 
increased markers of fibrinolysis, including D-dimer, pro-
thrombin time, creatine kinase, and E-selectin, compared 
to normal control patients [16, 39]. Other studies have 
described increases in inflammation and a resultant hyper-
coagulative state in PD [40–43]. Accordingly, we described 
that PD patients experiencing complications from their 
medications were at increased risk of needing blood trans-
fusion within one calendar year. Although the biochemical 

Fig. 1  Kaplan–Meier estima-
tion with log-rank test for blood 
transfusion at readmission. 
Increased blood transfusion was 
associated with gastrointestinal 
hemorrhage and increased drug 
complications (p < 0.0001)
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abnormalities associated with PD medications could influ-
ence factors such as postoperative bleeding, further stud-
ies are needed to determine the cause of increased rates of 
transfusion or GI bleeding.

Lastly, the findings of this study may have significant 
implications for the management of patients diagnosed with 
PD. We find multiple comorbidities such as GI pathologies 
within PD patient cohorts that act as risk factors for read-
mission and blood transfusion. As a result, frequent GI and 
hematological screening in PD patients should be employed 
with hopes of reducing further complications. Further, fre-
quent screening may allow physicians to gauge how PD 
patients respond to anti-parkinsonism medications, allowing 
for early interventions (such as lowering drug dosages) to 
prevent unnecessary patient readmissions. Targeted medi-
cal management and preventive counseling of PD patients 
can help prevent or mitigate complications from medica-
tion side effects or comorbidities which may lead to blood 
transfusion.

Limitations

There are several limitations to this study. First, the retro-
spective nature of this database study is limited by the qual-
ity of medical coding. This is especially true as the ICD 
coding for anti-parkinsonism was not specific to individual 
medications and thus grouped all medications used for PD 
treatment together in one group. This limited conclusion 
could have been made for individual medications. Second, 
this study included NRD years from 2010 to 2017, during 
which hospital coding changed from ICD-9 to ICD-10. 
Although this paradigm shift in coding may introduce poten-
tial coding errors, this time span was chosen to maximize the 
size of our patient cohort, allowing for broad trend analysis.

Conclusion

As more data regarding the multi-system effects of PD 
emerges, little is known about its clinically relevant hema-
tological effects and GI pathologies. Further, predictive 
models demonstrate that PD patients with GI hemorrhage 
require the highest rates of blood transfusion. Additional 
longitudinal studies evaluating the interaction between PD, 
GI pathologies, and hematological pathologies are neces-
sary to understand the association between PD and blood 
transfusion.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10072- 022- 06097-6.

Declarations 

Ethical approval and Informed consent This study did not involve 
research with human subjects, so ethical approval and informed con-
sent were not required.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Elbaz A, Carcaillon L, Kab S, Moisan F (2016) Epidemiology of 
Parkinson’s disease. Rev Neurol 172(1):14–26

 2. Pringsheim T, Jette N, Frolkis A, Steeves TDL (2014) The preva-
lence of Parkinson’s disease: a systematic review and meta-anal-
ysis. Mov Disord 29(13):1583–1590

 3. Olanow CW, Stern MB, Sethi K (2009) The scientific and clinical 
basis for the treatment of Parkinson disease (2009). Neurology 
72(21 Suppl 4):S1–S136

 4. Marras C, Beck JC, Bower JH et al (2018) Prevalence of Parkin-
son’s disease across North America. NPJ Parkinsons Dis 4:21

 5. Bloem BR et  al (2021) Parkinson’s disease. Lancet 
397(10291):2284–2303

 6. Moustafa AA et al (2016) Motor symptoms in Parkinson’s disease: 
a unified framework. ____Neurosci Biobehav Rev 68:727–740

 7. Belvisi D et al (2020) Risk factors of Parkinson disease: simul-
taneous assessment, interactions, ____and etiologic subtypes. 
Neurology 95(18):e2500–e2508

 8. Schapira AHV et al (2017) Non-motor features of Parkinson dis-
ease. Nat Rev Neurosci 18(7):435–450

 9. Solla P et al (2021) Frequency and determinants of olfactory 
hallucinations in Parkinson’s ____disease patients. Brain Sci 
11(7):841. https:// doi. org/ 10. 3390/ brain sci11 070841

 10. Titova N, Chaudhuri KR (2018) Non-motor Parkinson dis-
ease: new concepts and personalised management. Med J Aust 
208(9):404–409

 11. Yang Y-W, Hsieh T-F, Li C-I et al (2017) Increased risk of Par-
kinson disease with diabetes mellitus in a population-based study. 
Medicine 96(3):e5921

 12. Santiago JA, Bottero V, Potashkin JA (2017) Biological and clini-
cal implications of comorbidities in Parkinson’s disease. Front 
Aging Neurosci 9:394

 13. Visser M, Marinus J, van Hilten JJ, Schipper RGB, Stiggelbout 
AM (2004) Assessing comorbidity in patients with Parkinson’s 
disease. Mov Disord 19(7):824–828

 14. Guneysel O, Onultan O, Onur O (2008) Parkinson’s disease and 
the frequent reasons for emergency admission. Neuropsychiatr Dis 
Treat. https:// www. ncbi. nlm. nih. gov/ pmc/ artic les/ pmc25 36537/.

 15. Woodford H, Walker R (2005) Emergency hospital admissions in 
idiopathic Parkinson’s disease. Mov Disord 20(9):1104–1108

4767Neurological Sciences (2022) 43:4761–4768

https://doi.org/10.1007/s10072-022-06097-6
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/brainsci11070841
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc2536537/


1 3

 16. Sato Y, Kaji M, Metoki N, Yoshida H, Satoh K (2003) Coagula-
tion-fibrinolysis abnormalities in patients receiving antiparkinso-
nian agents. J Neurol Sci 212(1–2):55–58

 17. Lee K-E, Kang HS, Yu H-J, Roh SY (2013) Thrombocytopenia 
associated with levodopa treatment. J Mov Disord 6(1):21–22

 18. Giner V, Rueda D, Salvador A, Hernández JC, Esteban MJ, Redón 
J (2003) Thrombocytopenia associated with levodopa treatment. 
Arch Intern Med 163(6):735–736

 19. Chaudhuri KR, Healy DG, Schapira AHV (2006) National Insti-
tute for Clinical Excellence Non-motor symptoms of Parkinson’s 
disease: diagnosis and management. Lancet Neurol 5(3):235–245

 20. Mukherjee A, Biswas A, Das SK (2016) Gut dysfunction in Par-
kinson’s disease. World J Gastroenterol 22(25):5742–5752

 21. Jain S (2011) Multi-organ autonomic dysfunction in Parkinson 
disease. Parkinsonism Relat Disord 17(2):77–83

 22. Chandra R, Hiniker A, Kuo Y-M, Nussbaum RL, Liddle RA 2017 
α-Synuclein in gut endocrine cells and its implications for Parkin-
son’s disease. JCI Insight. 2(12). https:// doi. org/ 10. 1172/ jci. insig 
ht. 92295

 23. Liddle RA (2018) Parkinson’s disease from the gut. Brain Res 
1693(Pt B):201–206

 24. Sampson TR, Challis C, Jain N, et al 2020 A gut bacterial amyloid 
promotes α-synuclein aggregation and motor impairment in mice. 
Elife. 9. https:// doi. org/ 10. 7554/ eLife. 53111

 25. Kim S, Kwon S-H, Kam T-I et al (2019) Transneuronal propaga-
tion of pathologic α-synuclein from the gut to the brain models 
Parkinson’s disease. Neuron 103(4):627-641.e7

 26. Kishimoto Y, Zhu W, Hosoda W, Sen JM, Mattson MP (2019) 
Chronic mild gut inflammation accelerates brain neuropathology 
and motor dysfunction in α-synuclein mutant mice. Neuromolecu-
lar Med 21(3):239–249

 27. Quigley EMM (2017) Microbiota-brain-gut axis and neurodegen-
erative diseases. Curr Neurol Neurosci Rep 17(12):94

 28. Westfall S, Lomis N, Kahouli I, Dia SY, Singh SP, Prakash S 
(2017) Microbiome, probiotics and neurodegenerative dis-
eases: deciphering the gut brain axis. Cell Mol Life Sci 
74(20):3769–3787

 29. Ciorniciuc V. Charlson Comorbidity Index (CCI) Calculator 
2020. https:// www. theca lcula tor. co. https:// www. theca lcula tor. 
co/ health/ Charl son- Comor bidity- Index- (CCI)- Calcu lator- 765. 
html. Accessed April 17, 2020.

 30. Charlson M, Szatrowski TP, Peterson J, Gold J (1994) Vali-
dation of a combined comorbidity index. J Clin Epidemiol 
47(11):1245–1251

 31. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373–383

 32. Quan H, Li B, Couris CM et al (2011) Updating and validating 
the Charlson comorbidity index and score for risk adjustment in 
hospital discharge abstracts using data from 6 countries. Am J 
Epidemiol 173(6):676–682

 33. Radovanovic D, Seifert B, Urban P et al (2014) Validity of Charl-
son Comorbidity Index in patients hospitalised with acute coro-
nary syndrome. Insights from the nationwide AMIS Plus registry 
2002–2012. Heart 100(4):288–294

 34. Pardi DS, Loftus EV Jr, Tremaine WJ et al (1999) Acute major 
gastrointestinal hemorrhage in inflammatory bowel disease. Gas-
trointest Endosc 49(2):153–157

 35. Struck LK, Rodnitzky RL, Dobson JK (1990) Stroke and its modi-
fication in Parkinson’s disease. Stroke 21(10):1395–1399

 36. Lim K-M, Kim H-H, Bae O-N et al (2009) Inhibition of plate-
let aggregation by 1-methyl-4-phenyl pyridinium ion (MPP+) 
through ATP depletion: evidence for the reduced platelet activi-
ties in Parkinson’s disease. Platelets 20(3):163–170

 37. Sharma P, Nag D, Atam V, Seth PK, Khanna VK (1991) Plate-
let aggregation in patients with Parkinson’s disease. Stroke 
22(12):1607–1608

 38. Shen X, Yang H, Zhang D, Jiang H (2019) Iron concentration does 
not differ in blood but tends to decrease in cerebrospinal fluid in 
Parkinson’s disease. Front Neurosci 13:939

 39. Baker JF, McClelland S 3rd, Line BG et al (2017) In-hospital 
complications and resource utilization following lumbar spine sur-
gery in patients with parkinson disease: evaluation of the National 
Inpatient Sample database. World Neurosurg 106:470–476

 40. Oichi T, Chikuda H, Ohya J et al (2017) Mortality and morbidity 
after spinal surgery in patients with Parkinson’s disease: a retro-
spective matched-pair cohort study. Spine J 17(4):531–537

 41. Tana C, Lauretani F, Ticinesi A et al (2018) Molecular and clini-
cal issues about the risk of venous thromboembolism in older 
patients: a focus on Parkinson’s disease and parkinsonism. Int J 
Mol Sci 19(5):1299

 42. Adams B, Nunes JM, Page MJ et al (2019) Parkinson’s disease: a 
systemic inflammatory disease accompanied by bacterial inflam-
magens. Front Aging Neurosci 11:210

 43. Rosenbaum H, Aharon-Peretz J, Brenner B (2013) Hypercoagula-
bility, parkinsonism, and Gaucher disease. Semin Thromb Hemost 
39(8):928–934

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Shane Shahrestani1,2 · Julian Gendreau3 · Ali R. Tafreshi4 · Nolan J. Brown5 · Khashayar Dashtipour6

1 Keck School of Medicine, University of Southern California, 
Los Angeles, CA, USA

2 Department of Medical Engineering, California Institute 
of Technology, Pasadena, CA, USA

3 Department of Biomedical Engineering, Johns Hopkins 
Whiting School of Engineering, Baltimore, MD, USA

4 Department of Neurological Surgery, Geisinger Health 
System, Danville, PA, USA

5 School of Medicine, University of California, Irvine, Irvine, 
CA, USA

6 Department of Neurology, Loma Linda University, 
Loma Linda, CA, USA

4768 Neurological Sciences (2022) 43:4761–4768

https://doi.org/10.1172/jci.insight.92295
https://doi.org/10.1172/jci.insight.92295
https://doi.org/10.7554/eLife.53111
https://www.thecalculator.co
https://www.thecalculator.co/health/Charlson-Comorbidity-Index-(CCI)-Calculator-765.html
https://www.thecalculator.co/health/Charlson-Comorbidity-Index-(CCI)-Calculator-765.html
https://www.thecalculator.co/health/Charlson-Comorbidity-Index-(CCI)-Calculator-765.html

	High rates of blood transfusion associated with Parkinson’s disease
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data source
	Patient selection and analysis
	Statistical analysis

	Multivariate analysis
	Predictive models

	Results
	Demographics
	Complications
	Predictive models
	Survival analysis

	Discussion
	Limitations

	Conclusion
	References




