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ARTICLE INFO ABSTRACT
Keywords: Background: At present, many studies have confirmed that inflammation plays a central role in
Parkinson’s disease Parkinson’s disease (PD). The inflammatory index is related to the prognosis of the disease, but a

C-reactive protein-albumin ratio
Biomarker

Prognosis

Overall survival

single inflammatory index has some limitations. The C-reactive protein-albumin ratio (CAR) is a
better marker of inflammation or nutritional status than C-reactive protein (CRP) or albumin
(Alb), but there is limited study on the association between CAR and the overall survival (OS) of
PD.

Object: To study the association between CAR and OS in PD patients.

Methods: All of these data were obtained from the Dryad Digital Repository, based on which we
conducted a secondary analysis. The study was conducted by the Department of Neurology, the
National Regional Center for Neurological Disorders, and the National Hospital of Utano study
between March 2004 to November 2007. The final analytic sample included 235 PD patients with
the outcome of survival or all-cause death from the study registration to the endpoint. In this
study, univariate and multivariate COX regression analyses were used to calculate the adjusted
hazard ratio (HR), with a 95% confidence interval (CI). In addition, the association between CAR
and OS in PD patients was explored by Kaplan-Meier curve and subgroup analysis.

Results: This study included 235 PD patients with an average age of 62.25 years, including 135
females and 100 males, and 45 died during the follow-up period. CAR was associated with gender,
modified Hoehn-Yahr stages (mH-Y), and Mini-Mental State Examination (MMSE) of PD patients.
In the COX multivariate regression model, after adjusting the age, gender, PD duration, mH-Y,
MMSE, and the non-steroidal anti-inflammatory drugs, CAR was found to be associated with
the OS in PD (HR = 1.54, 95% CI = 1.01-2.34, p = 0.044). Subgroup analysis showed that the

Abbreviations: PD, Parkinson’s disease; CRP, C-reactive protein-albumin ratio; Alb, albumin; CAR, C-reactive protein; HR, Hazard ratio; CI,
Confidence interval; mH-Y, Modified Hoehn-Yahr stages; MMSE, Mini-Mental State Examination; NSAIDs, Non-steroidal anti-inflammatory drugs;
IQR, Interquartile range.
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subgroup did not play an interactive role in the association between the prognosis of patients with
CAR and PD (p for interaction >0.05), and the results remained stable.

Conclusions: The all-cause mortality of PD patients with a high level of CAR is higher, which
indicates that the poor overall survival of PD patients is associated with the increase of CAR. The
CAR may be a reliable prognostic biomarker for PD patients.

1. Introduction

Parkinson’s disease (PD) is the second neurodegenerative disease, accounting for 2-3% of the 65-year-old population [1]. With the
increase of age, the mortality rate of PD did not increase in the first decade, but doubled since then [2], seriously affecting people’s
quality of life and bringing a huge burden to society and families. McGeer found the association between inflammation and PD by
autopsy for the first time, and activated microglia appeared in the dense part of the substantia nigra of the midbrain [3], which was
proved by subsequent clinical studies [4,5]. Recent studies have further shown that neuritis is closely associated with the poor
prognosis of PD [6, 7, 8].

It is well known that C-reactive protein (CRP) is a biomarker reflecting the inflammatory state of the body, and it has been reported
to be associated with the progress of PD [9]. Recent reports support the association between inflammation and PD and have found that
hypersensitive CRP is associated with an increased risk of PD, especially in the elderly population [10]. In addition, albumin (Alb) can
reflect the nutritional status of the body, and it has also been reported that the Alb in patients with advanced PD is higher than that in
early patients, and the difference is significant [9]. C-reactive protein-albumin ratio (CAR) is based on CRP and Alb and is considered a
better marker of inflammation than CRP [11], reflecting the balance between CRP and Alb levels and prognostic significance based on
systemic inflammation [12]. The current studies showed that CAR can be used as a better predictive marker of tumor, cardiovascular
and severe burn sepsis [11,13, 14, 15], but the association between CAR and overall survival (OS) in PD has not been studied in the
existing literature. Therefore, the objective of this cohort study is to examine the association between CAR and OS in PD patients.

2. Methods
2.1. Data source

All of this data is obtained from Dryad Digital Repository (https://datadryad.org/). This website permitted users to freely download
the raw data. According to Dryad Terms of Service, we cited the Dryad data package (Data from Baseline C-reactive protein level and
life prognosis in PD, Dryad, Dataset, https://doi.org/10.5061/dryad.63Vc5) in the present study. Their results were published in 2015
[16].

2.2. Study design and participants

This is a retrospective cohort study. Data were drawn from the Department of Neurology, the National Regional Center for
Neurological Disorders, and the National Hospital of Utano, which is located in Kyoto, Japan. The enrollment time of this study is
March 2004 and the endpoint is May 2014. 313 PD patients who were not infected at the time of enrollment were included. The
definition of “free of infection” included no use of antibiotics, no fever (body temperature >37.5 °C), and no findings of pneumonia
upon chest X-ray. PD diagnosis was based on the United Kingdom PD Brain Bank Diagnostic Criteria.

2.3. Data collection and measurements

The baseline data included age, gender, observation time, PD duration, modified Hoehn-Yahr (mH-Y) stages, Mini-Mental State
Examination (MMSE) scores, and non-steroidal anti-inflammatory drug (NSAIDs). The source of the variable in this article is referred to
in the article of Hideyuki Sawada [16]. The registration date for this study is the date on which the blood was first collected for CRP and
Alb measurement. There was no infection before and 28 days after blood collection. In the survival time analysis, the observation
period represented the time from study enrollment to the endpoint (date of death or May 16, 2014). In this study, the calculation
formula of CAR is CAR = CRP/Alb. According to the CAR level at the time of registration, the patients were divided into three groups
[G1 (<£0.0714), G2 (0.0714-0.1951), and G3 (>0.1952)] on average.

According to previous literature, aging in PD patients is likely to accelerate after the age of 70, regardless of the duration of the
disease or the age of onset [17]. Therefore, we divided the age into two groups based on the age of 70 (<70 years or > 70 years). It is
well known that mH-Y and MMSE are important scores for evaluating the severity of motor and cognitive impairment in patients,
respectively. Studies have shown that progression to higher H-Y stage 4 or above is associated with dyskinesia and deterioration of
quality of life [18,19]. Traditionally, cognitive impairment has been defined as an MMSE score of <24 [20,21]. Therefore, the mH-Y
was divided into two groups (1-3 or 4-5), and the MMSE was also divided into two groups (<24 or > 24). Meanwhile, it has been
reported that the use of ibuprofen is associated with a reduced risk of PD [22,23]. Therefore, the use of NSAIDs at study enrollment was
also collected in the current analysis. Those who did not use NSAIDs at enrollment are marked as “No”, and those who were using
NSAIDs and frequently used NSAIDs are marked as “Yes”. All-cause death of PD was defined as pneumonia, asphyxia, fall fracture,
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dehydration, accidental sudden death, vascular death, and cancer death.

2.4. Statistical analysis

For continuous variables, the data is represented as the median (interquartile range [IQR]); for classification variables, the data is
expressed as a frequency or percentage. For the analysis of baseline characteristics, the continuous variables were analyzed by one-way
ANOVA, and the classified variables were tested by chi-square test to test the statistical differences between the CAR tertiles. Hazard
ratio (HR) and 95% confidence interval (CI) were calculated for OS in PD patients associated with CAR by using Cox proportional
hazards models. Both the unadjusted model and the multivariable adjustment model are used. We input the covariates into the Cox
proportional hazard model in the basic model and compare the regression coefficients to evaluate the confusion. The Cox proportional
hazard model was adjusted according to age, gender, PD duration, mH-Y, MMSE, and NSAIDs. A stratified Cox proportional hazard
model was used to analyze the gender, mH-Y, MMSE, and NSAIDs. Survival curves were plotted by Kaplan-Meier and log-rank an-
alyses. The interaction between subgroups was tested by the likelihood ratio test. All the analyses were performed with the statistical
software packages R (http://www.R-project.org) and Free Statistics software versions 1.2. P-value <0.05 (two-sided) was considered
statistically significant.

3. Result
3.1. Population

In this study, 313 PD patients were screened, and the final analysis samples included 235 PD patients. Another 78 participants were
excluded because of missing data of covariates. We strictly excluded the following participants: 35 cases with missing Alb, 4 cases with
missing mH-Y, 36 cases with missing MMSE, and 3 cases with missing NSAIDs. The flow chart of the study patients’ selection is
presented in Fig. 1.

3.2. Baseline characteristics

The baseline characteristics of all participants are shown in Table 1. A total of 135 female and 100 male PD patients were enrolled.
The median PD duration was 7 years (4—10). The majority of PD patients with mH-Y 1-3 were 148 (63.0%), while those with mH-Y
4-5 were 87 (37.0%). There were 100 (42.6%) PD patients with MMSE <24 and 135 (57.4%) PD patients with MMSE <24. In addition,
40 (17.0%) PD patients used NSAIDs, while the remaining 198 (83.0%) did not. The level of CAR was associated with gender, mH-Y,
and MMSE of PD patients (p < 0.05), but not with age, PD duration, and NSAIDs (p > 0.05).

3.3. Univariate and multivariate Cox regression analyses of PD

The results of the univariate and multivariate Cox proportional hazards regression analyses are summarized in Table 2. In the
univariate analysis, age (HR = 1.06, 95% CI = 1.02-1.10, p < 0.001), PD duration (HR = 1.09, 95% CI = 1.04-1.14, p < 0.001), mH-Y
(HR =5.10, 95% CI = 2.68-9.69, p < 0.001) and G3 group (HR = 3.20, 95% CI = 1.48-692, p = 0.003) had associated on the OS in PD
patients. The HR of PD patients was a positive association with gender, MMSE, and NSAIDs (all p < 0.05).

In the multivariate analysis, HR is obtained after eliminating the interaction among the factors and correcting the confounders.

313 patients extracted

from Dryad database

Lost to albumin:n=35
miss data: n=35
Lost to modified

Hoehn-Yahr stage:n=4 (<€
miss data: n=4

Lost to MMSE
> scores:n=36
miss data: n=36

Lost to NSAIDs:n=3 |,
miss data: n=3

235 patients were

included in this study

Fig. 1. Flow chart of the screening of study participants. MMSE Mini-Mental Status Examination; NSAIDs non-steroidal anti-inflammatory drugs.
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Table 1
Baseline characteristics of patients.
Variables All participants CAR Tertiles P
G1 (<£0.0714) G2 (0.0714-0.1951) G3 (>0.1952)
Participants n =235 n=78 n=78 n=79
Age, n (%) 0.773
<70 (year) 114 (48.5) 38 (48.7) 40 (51.3) 36 (45.6)
>70 (year) 121 (51.5) 40 (51.3) 38 (48.7) 43 (54.4)
Gender, n (%) 0.040
Female 135 (57.4) 52 (66.7) 46 (59) 37 (46.8)
Male 100 (42.6) 26 (33.3) 32 (41) 42 (53.2)
PD duration (year) 7.0 (4.0, 10.0) 6.5 (3.2, 10.0) 7.0 (3.0, 10.0) 8.0 (4.5, 11.5) 0.425
mH-Y stage, n (%) <0.001
1-3 148 (63.0) 63 (80.8) 52 (66.7) 33 (41.8)
4-5 87 (37.0) 15 (19.2) 26 (33.3) 46 (58.2)
MMSE score, n (%) 0.017
<24 100 (42.6) 32 (41) 25(32.1) 43 54.4)
>24 135 (57.4) 46 (59) 53 (67.9) 36 (45.6)
NSAIDs use, n (%) 0.895
No 195 (83.0) 64 (82.1) 66 (84.6) 65 (82.3)
Yes 40 (17.0) 14 (17.9) 12 (15.4) 14 (17.7)

Abbreviations: mH-Y modified Hoehn and Yahr classification, MMSE Mini-Mental Status Examination, NSAIDs non-steroidal anti-inflammatory drugs.

Table 2

Univariate and Multivariate Cox regression analyses of PD.

Characteristics Univariate analyses Multivariate analyses

HR (95% CI) P value HR (95% CI adjusted) P value adjusted
Age 1.06 (1.02-1.10) 0.005 1.05 (1.01-1.10) 0.042
Male 1.33 (0.73-2.41) 0.360 1.34 (0.72-2.50) 0.377
PD duration 1.09 (1.04-1.14) <0.001 1.07 (1.01-1.12) 0.043
mH-Y (4-5) 5.10 (2.68-9.69) <0.001 3.05 (1.47-6.33) 0.004
MMSE>24 0.70 (0.38-1.28) 0.254 1.94 (0.97-3.88) 0.135
NSAIDs (use) 1.01 (0.45-2.26) 0.989 0.85 (0.36-2.02) 0.920
CAR
G1 (<0.0714) 1 1
G2 (0.0714-0.1951) 1.11 (0.45-2.73) 0.826 1.03 (0.42-2.57) 0.943
G3 (>0.1952) 3.20 (1.48-6.92) 0.003 2.17 (0.96-4.91) 0.062
Trend test 1.54 (1.01-2.34) 0.044

Abbreviations: mH-Y modified Hoehn and Yahr classification, MMSE Mini-Mental Status Examination, NSAIDs non-steroidal anti-inflammatory drugs,
HR hazard ratio, 95% CI Confidence Interval.

Multivariate analysis showed that age (HR = 1.05, 95% CI = 1.01-1.10, p = 0.042), PD duration (HR = 1.07, 95% CI = 1.01-1.12,p =
0.043), mH-Y (HR = 3.05, 95% CI = 1.47-6.33, p = 0.004), and CAR (HR = 1.54, 95% CI = 1.01-2.34, p for trend = 0.044) were
independently associated with OS in PD patients. There was no association between gender, MMSE, NSAIDs, and OS in PD patients (all

p > 0.05).

3.4. The association between the level of CAR and OS of PD

Table 3 showed the HRs and 95% ClIs for risk of all-cause death in PD by CAR levels. In the unadjusted model, the risk of all-cause
death in PD patients increased with the increase of CAR (HR = 1.93, 95% CI = 1.29-2.89, p for trend = 0.001). The G3 group had a

Table 3

Association between CAR and OS in PD.

Non adjusted

Adjust I

Adjust II

Adjust 111

CAR
CAR Tertiles
G1 (<0.0714)

G2 (0.0714-0.1951)

G3 (>0.1952)
P for trend

1.93 (1.29-2.89)

1

1.11 (0.45-2.73)
3.20 (1.48-6.92)
0.001

1.92 (1.28-2.87)

1

1.09 (0.44-2.69)
3.15 (1.45-6.83)
0.002

1.71 (1.13-2.59)

1

1.05 (0.42-2.61)
2.59 (1.16-5.74)

0.011

1.54 (1.01-2.34)

1

1.03 (0.42-2.57)
2.17 (0.96-4.91)
0.044

Data presented are HRs and 95% CIs. Adjust I model adjusts for age and gender; adjust II model adjusts for adjust I + PD duration, NSAIDs; adjust III
model adjusts for adjust II + mH-Y, MMSE.
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threefold increase in the risk of all-cause death from PD compared with the G1 group. After adjustment in multivariable analyses, CAR
was significantly associated with all-cause death of PD, so that all-cause death of PD was 0.03 or 1.17 higher with each 1 unit increase
in the G2 group or G3 group compared with the G1 group. Kaplan-Meier curve showed there was higher all-cause death in PD patients
with a high level of CAR (Log-rank test: p < 0.001, Fig. 2).

3.5. Subgroup analyses

To understand whether the association between CAR level and OS of PD is stable, we performed subgroup analysis and interaction
analysis (Fig. 3). According to the median (7 years), the PD duration is divided into two groups. The trend test was carried out for
people under 70 years old. In addition, the study found that the HR of PD duration less than 7 years group (HR = 0.64, 95% CI =
0.19-2.21) and G3 group (HR = 0.40, 95% CI = 0.03-5.85) was lower. However, the results showed that the effect of CAR on the OS of
PD was stable in the subgroup, while the multiplicative interaction of CAR x age (p for interaction = 0.392), CAR x PD duration (p for
interaction = 0.424), and CAR x mH-Y (p for interaction = 0.644) on the OS of PD was not significant.

4. Discussion

Through a literature search, we have not found any research on the association between CAR and OS in PD patients. In this
retrospective cohort study, the high level of CAR indicates poor OS in PD patients. After subgroup analysis, the results were still stable.

In the previous literature, it is still controversial whether the use of NSAIDs can reduce the incidence and progression of Parkinson’s
disease [24, 25, 26, 27, 28]. However, we found that CAR levels were not associated with NSAIDs (Table 1), although they may change
and affect inflammatory levels in the long-term clinical course, further studies are needed to find conclusions. In this study, COX
univariate analysis showed that age, PD duration, mH-Y, and CAR were independently associated with OS in PD patients (p < 0.05)
(Table 2). This result is consistent with previous reports, as it has been confirmed that age [17,29], PD duration [30], and mH-Y [19]
are associated with PD progression. In addition, the survival curve showed that there was a significant difference in mortality among
the three CAR groups (p < 0.001), and the OS in PD patients with high levels of CAR was lower (Fig. 2).

Subgroup analysis showed that except for the age <70 years old group, there was a stable interlayer association between CAR and
OS in PD patients (Fig. 3). The results showed that CAR concentration was positively associated with OS in PD patients in the age <70
years old group (HR = 2.19, 95% CI = 1.06-4.52, p for trend = 0.034). Simultaneously, we noted that the HR of the G3 group under the
age <70 years old was 4.34 times higher than that of the G1 group (HR = 4. 34, 95% CI = 0.90-20.91). However, the result is not
statistically significant. Previous studies have shown that the effect of age on the progression of PD is significant [17,29], so the age
variable may have an impact on the value of CAR in PD patients, which still needs to be studied with a larger sample size. Moreover, the
study found that HR was lower in the PD duration <7 years group (HR = 0.64, 95% CI = 0.19-2.21), which may suggest that PD
duration <7 years is a protective factor for all-cause death of PD, but the results are not statistically significant.

Recent clinical studies have found that higher levels of CAR are also associated with poor OS of other diseases, and CAR may be
used as a better prognostic marker than single inflammatory markers such as CRP [31, 32, 33, 34]. CAR is not a simple addition of CRP
or Alb. A study shows that CAR can reflect the dynamic changes of systemic inflammation and identify slight differences between

CAR group — G1=—G2—G3
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G3 79 46 29 12

Fig. 2. Kaplan-Meier curves of survival time of PD patients during follow-up. G1, G2, G3: Kaplan-Meier curves of different groups in PD patients
grouped by CRA level. The shadow area represents the 95% CI.
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CAR Tertil
Subgroup SEHeS Adj HR 95%CI P fortrend P for interaction
G1(<0.714) G2(0.714-1.951) G3(=1.952)

Age(year)
<70 1 (reference) 1.74 (0.29—10.53) 4.34 (0.90—20.91) [ - { 2.19(1.06—452) 0.034
0.392
>70 1 (reference) 0.92 (0.30—2.82)  1.22 (0.45—3.29) [ | 1.12 (0.68—1.85) 0.668
PD duration(year)
<7 1 (reference) 1.19 (0.17—8.32)  0.40 (0.03—5.85) il 0.64 (0.19—2.21) 0.480
0.424
>7 1 (reference) 0.73 (0.24—2.25)  1.98 (0.80—4.90) [ i | 1.54 (0.96—2.48) 0.075
mH-Y
1-3 1 (reference) 1.26 (0.29—5.55)  2.67 (0.71—10.04) [ i —) 1.66 (0.85—3.27) 0.141
0.644
4-5 1 (reference) 1.17 (0.33—4.16)  1.61 (0.57—4.60) | i i | 1.29 (0.78—2.12) 0.320
1 1 1
0.19 1 5

Effect(95%Cl)

Fig. 3. Association between CAR and OS in PD according to baseline characteristics. Each stratification adjusted for all the factors (age, gender, PD
duration, mH-Y, MMSE, and NSAIDs).

patients [35], which suggests that CAR is likely to be more sensitive to predicting systemic [32]. As a marker of an acute reaction, CRP
is widely used in the clinic. Similarly, the level of Alb is also an effective marker of mortality in many diseases [36]. Interestingly, the
CRP response increased in the acute phase, while Alb decreased in both acute and chronic inflammatory conditions [37, 38, 39]. This
suggests that CAR may increase both acute and chronic inflammation, which further reflects the advantage of CAR.

Although there is a certain understanding of the etiology of PD, and there are many efficient treatments, PD is still a refractory
progressive disease that can lead to disability [1]. If the prognosis of PD patients can be predicted earlier and more accurately, it may
provide a certain possibility for delaying the progress of PD and improving the life quality of patients. Most of the current studies on PD
and inflammation focus on neuroinflammation [40]. Our results provide a good reference for clinical doctors to remind them that it is
necessary to control systemic inflammation and ensure adequate nutrition in patients with PD. CAR can be used as a good indicator of
prognosis. To some extent, this also guides the lives of PD patients. The strength of our study included the cohort study based on
publicly available data, which provides a certain degree of data credibility. In addition, we strictly excluded the participants with
missing covariates, and after adjusting the important variables associated with the progress of PD, such as age, PD duration, and mH-Y,
we still obtained a stable association between CAR and the OS in PD.

Our study also has some limitations. Some studies have reported that PD may be affected by races, nationalities, genotypes, or
environments [1,41, 42, 43], while our participants are from Japan in Asia. In addition, diseases with CRP, Alb, or CAR changes should
also be considered to ensure the adequacy of baseline data. Thus, to exclude the influence of race on this study, the conclusions need to
be further explored in a large multicentric clinical trial. However, the plasma values of Alb are 5000 to 10 000 times higher than those
of CRP. The biological disproportion between these two proteins limits the importance of their ratio. And there is no cut-off value for
“high-level CAR”, suggesting that more research may be needed to explore the definition of “high-level CAR” which can be widely used
in the future.

5. Conclusion

The all-cause mortality of PD patients with a high level of CAR is higher, which indicates that the poor overall survival of PD
patients is associated with the increase of CAR. The CAR may be a reliable prognostic biomarker for PD patients. This association is
worthy of further study.
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