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AbstrACt
Objectives Previous research has shown that patients 
with nephrotic syndrome (NS) have a higher risk of 
cognitive impairment, dementia or neurodegenerative 
disorder. The present study aimed to examine a 
relationship, if any exists between NS and Parkinson’s 
disease (PD), a neurodegenerative disorder and secondary 
parkinsonism (sPS).
Methods A nationwide retrospective observational 
study conducted using data from the 2000–2010 Taiwan 
National Health Insurance Research Database. This study 
included 3663 patients with NS and 14 652 randomly 
selected, age-matched and sex-matched patients without 
NS. A Cox multivariable proportional hazards model was 
used to evaluate the risk of PD and sPS (PDsPS) in the NS 
cohort.
results This study identified a positive association 
between NS and the risk of PDsPS in both men and 
women and in all age groups (adjusted HR 1.51; 95% 
CI 1.37 to 1.66). Compared with patients without NS 
and comorbidities, those with NS with two or more 
comorbidities exhibited an 8.23-fold higher risk of PDsPS 
(95% CI 6.22 to 10.9) and patients with NS and one 
comorbidity exhibited a 2.93-fold higher risk of PDsPS 
(95% CI 2.37 to 3.63).
Conclusions Patients with NS have an increased risk 
of PDsPS. This increased risk may be related to brain 
vascular damage or blood–brain barrier impairment. 
Further research is necessary to explore the underlying 
relationship between NS and PDsPS.

IntrOduCtIOn 
Parkinsonism (PS) is a common move-
ment disorder and prominent bradyki-
nesia with extrapyramidal symptoms. It 
is most commonly caused by Parkinson’s 
disease (PD),1 also known as idiopathic PD. 
Secondary PS (sPS) is a form of PS caused 
by trauma, vascular damage, genetic factors, 
pharmaceutical drugs, infections or other 
underlying diseases.2–4 Although PD is idio-
pathic, ageing, genetic factors and numerous 

environmental factors might play a role in 
the pathogenesis of PD.5 The prevalence 
of PD is approximately 0.3% in the general 
population and approximately 1% in people 
older than 60 years.6 The average incidence 
of PD in Taiwan is approximately 28.8–35.3 
per 100 000 persons, and the incidence rate 
is higher in men and the elderly.7 However, 
despite the information available on PD, 
there are limited data on the prevalence of 
PS in Taiwan. Epidemiological studies have 
shown that chronic kidney disease (CKD),8 
head injury,9 depression,10 dementia,11 
stroke,12 chronic obstructive pulmonary 
disease (COPD),13 diabetes14 and hyperten-
sion15 are associated with PD and likely also 
with PS. Increased inflammation has been 
associated with the degeneration of dopami-
nergic neurons in patients with PD.16 

Nephrotic syndrome (NS) is character-
ised by heavy proteinuria (protein excre-
tion >3.5 g/24 hours), hypoalbuminaemia 
and peripheral oedema. Altered urinary 
protein levels are a marker of kidney damage 
and impaired renal function,17 which has been 
associated with cognitive problems.18 19 Simi-
larly, proteinuria is considered a predictor 

strengths and limitations of this study

 ► We used a large sample size that spanned over 10 
years.

 ► Data were from Taiwan’s National Health Insurance 
Research Database (NHIRD) with about 99% of the 
Taiwanese population (around 23 million people) 
enrolled.

 ► The NHIRD lacks information on patient behaviours 
and other risk factors, and the disease diagno-
ses might not accurately reflect patients’ medical 
conditions.
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of organ damage and a risk factor for brain, renal and 
cardiovascular diseases.20 Furthermore, community-based 
studies have demonstrated that proteinuria can increase 
the risk of dementia.21 22 Most notably, proteinuria with 
CKD may be associated with the incidence of PD.8

The mechanism by which NS leads to central nervous 
system (CNS) involvement in the development of PD and 
sPS (PDsPS) remains unclear. However, the impairment of 
the blood–brain barrier and proteinuria-related vascular 
brain damage might play a key role.23 24 We hypothesise 
that NS, which may present with normal renal function 
or early-stage renal disease, also plays a role in PDsPS 
development. To our knowledge, no study has yet identi-
fied a correlation between NS and PDsPS. Therefore, we 
conducted this study to determine the risk of PDsPS in 
patients with NS and to identify related risk factors.

MethOds
data source
Data analysed in this retrospective cohort study were 
retrieved from the Longitudinal Health Insurance Data-
base 2000 (LHID2000). Taiwan established a compulsory 
insurance programme, the National Health Insurance 
(NHI) programme, in March 1995, to provide health-
care to nearly 99% of the 23.74 million residents.25 The 
details of the LHID2000 and NHI programme have 
been provided in previous studies.26 27 In brief, the 
LHID2000 contains 1 000 000 randomly selected indi-
viduals from the year 2000 registry for beneficiaries, 
and the data are renewed annually. Disease criteria 
were defined according to the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM). This study was approved and the manu-
script was written according to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
recommendations.

study population
Patients aged ≥20 years with a new diagnosis of NS 
(ICD-9-CM code 581) from 2000 to 2010 were selected 
from the LHID2000. The index date was defined as the 
date of NS diagnosis. NS patients with a history of PDsPS 
(ICD-9-CM code 332 PD, including ICD-9-CM 332.0 
Paralysis agitans and 332.1 sPS) before the index date 
and CKD (ICD-9-CM code 585) before the end date were 
excluded. The non-NS cohort was constructed for the 
same 2000–2010 period, by applying the same exclusion 
criteria as that of the NS cohort. The index dates for the 
patients in the non-NS cohort were randomly assigned. 
Four non-NS controls were frequency-matched to each 
NS patient according to age (5-year span), sex and index 
year (table 1).

Patient and public involvement
Patients and/or the public were not involved in this study.

Outcome, comorbidities and medications
Both the NS and non-NS cohorts were followed up from 
the index date until the PDsPS onset date, withdrawal 
from the NHI programme or the end of 2011, whichever 
occurred first. The possible reasons for the discontinuity 
of NHI include death, withdrawal of insurance, immigra-
tion or prison sentence. Baseline comorbidities consid-
ered in this study were diabetes (ICD-9-CM code 250), 
hypertension (ICD-9-CM codes 401–405), hyperlipi-
daemia (ICD-9-CM code 272), coronary artery disease 
(ICD-9-CM codes 410–414), head injury (ICD-9-CM 
codes 310.2, 800, 801, 803, 804, 850, 851, 853 and 
854), depression (ICD-9-CM codes 296.2, 296.3, 296.82, 
300.4 and 311), stroke (ICD-9-CM codes 430–438), 
COPD (ICD-9-CM codes 491, 492 and 496), dementia 
(ICD-9-CM codes 290, 294.1 and 331.0) and epilepsy 
(ICD-9-CM code 345). The use of immunosuppressant 

Table 1 Characteristics of patients between patients with/
without nephrotic syndrome

Nephrotic syndrome

P values

Yes No

(n=3663) (n=14 652)

n % n %

Age, year 0.99

  20–49 1890 51.6 7560 51.6

  50–64 1043 28.5 4172 28.5

  ≥65 730 19.9 2920 19.9

  Mean (SD)* 50.2 15.8 49.7 16.0 0.14

Gender 0.99

  Female 1525 41.6 6100 41.6

  Male 2138 58.4 8552 58.4

Comorbidity

  Diabetes 472 12.9 980 6.69 <0.001

  Hypertension 1251 34.2 3625 24.7 <0.001

  Hyperlipidaemia 1057 28.9 2305 15.7 <0.001

  Coronary artery 
disease

636 17.4 1742 11.9 <0.001

  Head injury 117 3.19 368 2.51 0.02

  COPD 449 12.3 1259 8.59 <0.001

  Depression 190 5.19 531 3.62 <0.001

  Stroke 89 2.43 429 2.93 0.10

  Dementia 37 1.01 147 1.00 0.97

  Epilepsy 31 0.85 96 0.66 0.21

Medication

  Immunosuppressant 
therapies

95 2.59 138 0.94 <0.001

  Biological therapy 
rituximab with 
prednisolone†

2 0.05 6 0.04 0.66

Χ2 test.
*t-test. 
†Fisher exact test.
COPD, chronic obstructive pulmonary disease.
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therapies and biological therapy rituximab with prednis-
olone was also analysed in the NS and non-NS cohorts 
(table 2).

statistical analysis
The χ2 test and Student’s t-test were used to compare the 
NS and non-NS cohorts for categorical and continuous 
variables, respectively. The cumulative incidence curves of 
PDsPS for the NS and non-NS cohorts were plotted using 
the Kaplan-Meier method, and the difference was tested 
using a log-rank test (figure 1). The incidence density 
rates (per 1000 person-years) for PDsPS were calculated 
in both cohorts and stratified by sex, age, medication 
and follow-up period. Univariable and multivariable Cox 
proportional hazards regression analyses were used to 
assess the HR and 95% CI of PDsPS associated with NS, 
compared with non-NS controls. Moreover, we assessed 
the joint effect of NS and number of comorbidities on 
PDsPS. All statistical analyses were performed using SAS 
V.9.4 software (SAS Institute, Cary, North Carolina, USA) 
for Windows. All p values were two-tailed, and p<0.05 was 
considered significant.

results
The study included an NS cohort of 3663 patients and 
a non-NS cohort of 14 652 patients (table 1). The mean 
age of participants in the NS and non-NS cohorts were 
50.2 (SD=15.8) and 49.7 (SD=16.0) years, respectively. 
Both cohorts had similar distributions of age and sex, 
and most people were aged ≤49 years (51.6%) and were 
men (approximately 58.4%). Comorbidities of diabetes, 
hypertension, hyperlipidaemia, coronary artery disease, 
head injury, COPD, depression, stroke, dementia and 
epilepsy were more prevalent in the NS cohort than in the 
non-NS cohort (all p<0.05). Compared with the non-NS 
patients, those with NS exhibited a higher prevalence of 
immunosuppressant therapy use (2.59% vs 0.94%). The 
mean follow-up period was 6.64 years in the NS cohort 
and 6.62 years in the non-NS cohort. The Kaplan-Meier 
plot revealed that the NS cohort exhibited a higher cumu-
lative incidence of PDsPS than did the non-NS cohort 
(log-rank test, p<0.001; figure 1).

The incidence density rates were 2.38 and 1.49 per 
1000 person-years in the NS and non-NS cohorts, respec-
tively (table 2). The multivariable Cox model estimated 

Table 2 Nephrotic syndrome increased the incidence and HR of Parkinson’s disease and secondary parkinsonism among 
different gender, age, medication and following duration

Outcome

Nephrotic syndrome

Crude HR (95% CI)

Adjusted HRYes No

Event PY Rate Event PY Rate (95% CI)

All 58 24 335 2.38 145 97 065 1.49 1.60 (1.44 to 1.77)*** 1.51 (1.37 to 1.66)***

Excluded patients of 
stroke and dementia

51 23 875 2.14 121 94 635 1.28 1.67 (1.50 to 1.86)*** 1.58 (1.43 to 1.74)***

Gender

  Female 23 10 319 2.23 58 41 198 1.41 1.58 (1.34 to 1.87)*** 1.50 (1.28 to 1.75)***

  Male 35 14 016 2.50 87 55 867 1.56 1.60 (1.40 to 1.84)*** 1.54 (1.35 to 1.75)***

Age to year

  20–49 10 13 584 0.74 7 53 391 0.13 5.61 (4.80 to 6.57)*** 4.75 (4.06 to 5.56)***

  50–64 16 6745 2.37 31 27 233 1.14 2.08 (1.73 to 2.51)*** 2.00 (1.66 to 2.40)***

  ≥65 32 4005 7.99 107 16 441 6.51 1.23 (0.98 to 1.53) 1.15 (0.92 to 1.43)

Medication

  Immunosuppressant therapies

    No 57 23 674 2.41 142 96 005 1.48 1.63 (1.46 to 1.81)*** 1.53 (1.38 to 1.68)***

    Yes 1 660 1.51 3 1060 2.83 0.53 (0.21 to 1.38) – 

  Biological therapy as rituximab with prednisolone

    No 58 24 312 2.39 145 97 016 1.49 1.60 (1.44 to 1.77)*** 1.51 (1.37 to 1.66)***

    Yes 0 22 0.00 0 49 0.00 – – 

  Follow time to years

    ≤2 13 3734 3.48 54 14 989 3.60 0.97 (0.85 to 1.10) 0.85 (0.75 to 1.00)

    >2 45 17 263 2.61 91 68 723 1.32 1.97 (1.77 to 2.19)*** 1.92 (1.74 to 2.13)***

*p<0.05, **p<0.01, ***p<0.001.
Adjusted HR, HR adjusted for age; comorbidities of diabetes, hypertension, hyperlipidaemia, coronary artery disease, head injury, COPD, 
depression, stroke, dementia and epilepsy; and immunosuppressant therapy and the biological therapy as rituximab with prednisolone; crude 
HR, relative HR; PY, person-years; rate, incidence rate per 1000 person-years. 
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that the adjusted HR (aHR) of PDsPS was 1.51 (95% CI 
1.37 to 1.66) in the NS cohort compared with the non-NS 
cohort. We also performed multivariable Cox analyses 
while excluding patients with stroke or dementia (3552 
patients with NS and 14 126 without NS were analysed), 
in an attempt to more precisely target PD groups. In this 
additional analysis, the aHR of PDsPS was 1.58 (95% CI 
1.43 to 1.74; p<0.001). The sex-specific relative risk of 
PDsPS was significantly higher in both women (aHR=1.50, 
95% CI 1.28 to 1.75) and men (aHR=1.54, 95% CI 1.35 
to 1.75) in the NS cohort than in the non-NS cohort. 
An age-specific analysis revealed that NS patients exhib-
ited a higher risk of PDsPS than did non-NS patients if 
patients were aged 20–49 years (aHR=4.75, 95% CI 4.06 
to 5.56) and 50–64 years (aHR=2.00, 95% CI 1.66 to 2.40). 
However, this increased risk of PDsPS was not apparent 
for patients in the ≥65 age group (aHR=1.15, 95% CI 0.92 
to 1.43). The aHR of PDsPS was significantly higher in the 

NS cohort than in the non-NS cohort for patients without 
immunosuppressant therapy use (aHR=1.53, 95% CI 1.38 
to 1.68). The relative risk of PDsPS was higher in the 
NS cohort than in the non-NS cohort for patients who 
did not undergo rituximab and prednisolone biolog-
ical therapy (aHR=1.51, 95% CI 1.37 to 1.66). The risk 
of PDsPS in the NS cohort was significantly higher than 
that in the non-NS cohort when assessed at >2 years of 
follow-up (aHR=1.92, 95% CI 1.74 to 2.13). To address 
the concern of constant proportionality, we examined 
the proportional hazard model assumption using a test 
of scaled Schoenfeld residuals. The results revealed no 
significant relationship between Schoenfeld residuals for 
NS and follow-up time (p=0.29) in the model evaluating 
PDsPS risk.

The incidence rates of PDsPS were 0.75/0.56 per 1000 
person-years without comorbidities, 2.03/1.57 per 1000 
person-years with one comorbidity and 5.23/4.60 per 
1000 person-years with more than two comorbidities in 
the combined NS and non-NS cohorts. The multivariable 
Cox model estimated the aHR of PDsPS to be 1.66 (95% 
CI 1.43 to 1.94) without comorbidities, 1.63 (95% CI 1.28 
to 2.08) with one comorbidity and 1.35 (95% CI 1.12 to 
1.63) with more than two comorbidities in the NS cohort 
compared with the non-NS cohort (table 3).

dIsCussIOn
This is the first nationwide and population-based cohort 
study to investigate the association between NS and PDsPS. 
After adjustment for sex, age and comorbidities, patients 
with NS were 1.51 times more likely to be diagnosed with 
PDsPS than were those without NS. Cases of a PDsPS diag-
nosis with immunosuppressant therapy or rituximab and 
prednisolone biological therapy were rare in our study, 
and we considered only the HR in patients who did not 
undergo these treatments to prevent the confounding 
effects of immunotherapy on PDsPS risk.28 Although cases 
in which the onset of PDsPS occurred at an age younger 
than 40 were less than 5% and PDsPS in such patients 
might be associated with genetic defects,29 the mean age 

Figure 1 Comparison of cumulative incidence of 
Parkinson's disease and secondary parkinsonism between 
patients with and without nephrotic syndrome (NS). The 
Kaplan-Meier plot revealed that the NS cohort exhibited a 
higher cumulative incidence of PD than the non-NS cohort 
did (log-rank test, p<0.001).

Table 3 Nephrotic syndrome accompanied with different amounts of comorbidities all increased the incidence and HR of 
Parkinson’s disease and secondary parkinsonism

Variable

Nephrotic syndrome

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Yes No

Event PY Rate Event PY Rate

Number of comorbidities† 

0 9 11 967 0.75 35 62 251 0.56 1.34 (1.13 to 1.58)*** 1.66 (1.43 to 1.94)***

1 10 4917 2.03 26 16 535 1.57 1.29 (1.01 to 1.66)* 1.63 (1.28 to 2.08)***

2+ 39 7450 5.23 84 18 278 4.60 1.14 (0.94 to 1.38) 1.35 (1.12 to 1.63)**

†Patients with any one of the comorbidities (diabetes, hypertension, hyperlipidaemia, coronary artery disease, head injury, COPD, depression, 
stroke, dementia and epilepsy).
Adjusted HR, HR adjusted for age and immunosuppressant therapy and the biological therapy rituximab with prednisolone; crude HR, relative 
HR; PY, person-years; rate, incidence rate per 1000 person-years. 
* P < .05, ** P < .01, *** P < .001 
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in this study was only 50.2 years. One possible explanation 
for this was that the current study was designed to target 
NS patients without CKD, and these patients were seldom 
the elderly because the prevalence of CKD increases with 
age. Stroke and dementia can cause sPS; however, when 
we excluded patients with these conditions, significant 
correlations between NS and PDsPS remained. In addi-
tion, although uncommon, epilepsy in comorbidities with 
PD might influence the progression of PD.30 We found 
that patients with a poor control of epilepsy had a higher 
risk of PD, and therefore listed epilepsy as a potential 
comorbidity. We observed that patients with NS exhibited 
a significantly higher risk of PDsPS incidence than did 
those without NS, irrespective of sex, age (<65 years) and 
comorbidities. These results support our observation that 
NS independently influences PDsPS.

PD is a progressive neurodegenerative disorder charac-
terised by both motor and non-motor manifestations such 
as bradykinesia, resting tremor, rigidity, neuropsychiatric 
symptoms, postural instability, autonomic dysfunction and 
sleep difficulties.31 Pathogenesis of PD is associated with a 
loss of dopaminergic neurons in the substantia nigra pars 
compacta, which can be affected by intracranial inflamma-
tion.18 It has been hypothesised that patients with NS have 
an increased risk of PDsPS. Furthermore, the aetiology 
of PDsPS may be associated with a blood–brain barrier 
impairment-related increase in neuroinflammation in 
the brain. Viruses can invade the impaired blood–brain 
barrier to reach the substantia nigra, which can directly 
cause cell death and possibly induce a cytokine imbalance 
in the brain resulting in microglia activation and neuron 
apoptosis.32 A study has indicated that neuroinflammation 
can be also caused by non-CNS infections.33 Tuberculosis, 
a common chronic infection of the lung that induces 
proinflammatory responses, also increases the risk of PD. 
It is possible that tuberculosis increases sPS risk, as similar 
diagnostic criteria were used (ICD-9 code 332).34 Chronic 
inflammation of the brain could elevate the risk of PDsPS, 
and blood–brain barrier impairment might allow more 
inflammatory cytokines, proinflammatory factors or 
viruses to enter the brain and cause inflammation.

In a previous study, the Alzheimer’s disease risk factor 
CD2-associated protein (CD2AP) was shown to play a 
role in maintaining glomerular integrity in the kidney.35 
Immune-histochemical studies have revealed that CD2AP 
was localised primarily in cerebrovascular endothelial 
cells in the brain.36 37 We determined the association 
among the CD2AP, blood–brain barrier integrity, NS and 
Alzheimer’s disease risk. Previous studies have proposed 
that inflammation plays a role in the pathogenesis of PD, 
and we posit that this is also likely to be the case in sPS.38 39 
In previous studies, risk factors for late-onset Alzheimer’s 
disease have been implicated in blood–brain barrier 
integrity or pathways, including APOE, PICALM, INPP5D 
and CLU.40 The relationship between PDsPS and NS must 
be clarified in the future.

In another study of 186 patients, impaired renal func-
tion and proteinuria, which are major characteristics 

of NS, were associated with cognitive impairment and 
dementia. The urinary protein:creatinine ratio was 
significantly higher in patients with PD dementia and 
dementia with Lewy bodies than in healthy controls or in 
those with PD and mild impairment or normal cognition. 
The urinary protein:creatinine ratio was also correlated 
with white matter hyperintensities on MRI scans and 
abnormal neuropsychological test results.19 The Lewy 
bodies dementia could be characterised by PS.41 There-
fore, the higher urinary protein:creatinine ratio might 
elevate the risk of PD and PS. Proteinuria can cause hypo-
proteinemia, reduce the cytokine level or impair related 
pathways leading to the degeneration of dopaminergic 
neurons. In previous studies, proteinuria was associated 
with cognitive impairment and an increased volume of 
white matter hyperintensities, which are both associated 
with vascular brain injury.21 Both neuron degeneration 
and vascular damage in the brain have been associated 
with several neurodegenerative diseases, such as PD or 
PS.2 42 Our results reveal that NS not only causes protein-
uria to increase the risk of dementia but also elevates the 
risk of PDsPS.

This study has several potential limitations. First, 
the National Health Insurance Research Database 
(NHIRD) lacks information on patient behaviours and 
other risk factors, such as smoking, obesity, alcoholism, 
family history, exercise, occupation and lifestyle. There-
fore, we could not ensure the possible pathogenesis 
of NS in patients with PDsPS. In addition, medica-
tions being used by patients might also contribute to 
parkinsonism43; however, details regarding prescribed 
medications were not included in the NHIRD. Second, 
because several clinical variables, such as laboratory 
data, imaging results, urine protein and creatinine 
levels, and protein loss reports were unavailable in our 
study, we could not assess the severity of NS in the study 
patients. Third, the diagnosis of PDsPS was based on 
clinical presentation, because neuroimaging findings 
are not available in the NHIRD. Fourth, the patients 
of PDsPS were primarily diagnosed by neurologists 
in Taiwan, but we cannot confirm how many patients 
were diagnosed by general physicians. Fifth, because 
our study included predominantly Asian patients, the 
results may not be generalisable to other ethnic popu-
lations. Sixth, PD and sPS diagnoses sometimes overlap 
due to possible diagnostic bias towards PD in certain 
clinics and the inability to confirm the underlying cause 
of the disease. Finally, as is common with a retrospective 
cohort study, compared with a randomised trial, there is 
an increased risk of potential bias after adjustment for 
confounding variables.

COnClusIOns
This study demonstrated that patients with NS exhibited 
a 1.51-fold increase in the risk of PDsPS compared with 
those without NS in a nationwide, population-based 
database. Although evidence of the association between 
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NS and PDsPS is limited, our results demonstrated 
that the patients with NS exhibited an increased risk 
of PDsPS. NS appeared to coexist with CKD in some 
patients, but this occurred more often in the patients 
without kidney disease or with early-stage renal disease 
and normal creatinine levels. CKD elevates the risk of 
PD in the presence of uraemia, similar to the effects on 
PDsPS exerted by NS in our study. Based on these find-
ings, physicians should begin the management of renal 
injury early, and not delay medical care until chronic 
renal failure status, due to the possibility that NS might 
cause brain damage. The risk of PDsPS in patients with 
NS must be considered and adequate treatment must be 
prescribed to prevent PDsPS development.
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