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Background: Parkinson’s disease (PD) is a neurological condition that typically shows up with aging. It is characterized by generalized slowness of movement, resting tremor or stiffness, and bradykinesia. PD patients’ brains mostly exhibit an increase in inflammatory mediators and microglial response. Nevertheless, a variety of non-steroidal anti-inflammatory medications (NSAIDS) offered neuroprotection in animal models and preclinical trials.
Aim: The current systematic review and meta-analysis were designed to try to resolve the debate over the association of NSAID use with the development of PD because the results of several studies were somehow contradictory.
Methods: An intense search was performed on Scopus, PubMed, and Web of Science databases for articles relating the incidence of PD to the use of NSAIDs. Statistical analysis of the included studies was carried out using Review Manager version 5.4.1 by random effect model. The outcome was identified as the development of PD in patients who were on NSAIDs, ibuprofen only, aspirin only, and non-aspirin NSAIDs. This was analyzed using pooled analysis of odds ratio (OR) at a significance level of ≤0.05 and a confidence level of 95%. A statistically significant decreased risk of PD was observed in patients taking NSAIDs, Ibuprofen, and non-aspirin NSAIDs.
Results: The ORs of PD occurrence in patients who took NSAIDs, Ibuprofen, and non-aspirin NSAIDs were 0.88 [95% CI (0.8–0.97), p = 0.01], 0.73 [95% CI (0.53–1), p = 0.05] and 0.85 [95% CI (0.75–0.97), p = 0.01]. Meanwhile, the risk of PD in patients who took aspirin was not statistically significant.
Conclusion: In conclusion, Ibuprofen, non-aspirin NSAIDs, and other types of NSAIDs could be associated with a reduction in PD risk. However, there was no association between aspirin intake and the development of PD.
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1 INTRODUCTION
Parkinson’s disease (PD) is a neurological condition that typically shows up with aging or longevity. In addition to generalized slowness of movement (bradykinesia), there are at least two other symptoms of resting tremor or stiffness. Other signs include loss of smell, difficulty sleeping, mood swings, excessive salivation, constipation, and irregular, frequent limb movements during sleep (REM behavior disorder). The prevalence of PD among those aged 60 years and older is 1%. The disease is associated with the presence of Lewy bodies and the degeneration of dopaminergic neurons in the substantia nigra. Most of these diseases are idiopathic. Only 10% of cases especially in children have a genetic component (Alexoudi et al., 2018; Kabra et al., 2018; Mirpour et al., 2018; Zafar and Yaddanapudi, 2022).
Inflammation may play a role in the development of PD, as was earlier mentioned, according to a considerable body of evidence from both human samples and animal models. However, the precise cause of this reaction is still unknown. It’s possible that continuing neuronal cell death in PD leads to inflammation, but it’s also possible that misfolded—synuclein (Syn) has a direct impact. Peripheral inflammation and genes linked to PD risk suggest a crucial role in the chronic inflammatory response at the onset of this neurodegenerative condition, in addition to the well-known microgliosis and astrogliosis in PD brains (Pajares et al., 2020).
Nonsteroidal anti-inflammatory medicines (NSAIDs) are commonly used to alleviate pain, reduce swelling, relieve stiffness, and treat inflammation in the limbs (Driver et al., 2011). These drugs have extensive clinical usage. Besides their anti-inflammatory properties, NSAIDs have also garnered interest for their potential in preventing and treating Parkinson’s disease (Bornebroek et al., 2007). The usage of NSAIDs is associated with Parkinson’s disease and can be explained from a biological perspective. Neuroinflammation has been found to be associated with the development of Parkinson’s disease, and NSAIDs have been shown to offer neuroprotection in animal models (Herna et al., 2006). In animal models, a variety of NSAIDS offer neuroprotection, while PD patients’ brains exhibit an increase in inflammatory mediators and microglial response. The relationship between NSAID use and the risk of PD has gotten very little attention in observational research, despite a plethora of epidemiological evidence supporting their protective benefits in the development of Alzheimer’s disease. A reduction in the risk of PD has been linked by the majority of these studies to the use of non-aspirin NSAIDs. However, studies on animal models have demonstrated that mice can be protected from MPTP-induced striatal dopamine depletion by taking acetylsalicylic acid (aspirin) (Herna et al., 2006; Ton et al., 2006; Bornebroek et al., 2007; Driver et al., 2011; Manthripragada et al., 2011).
Contradictory findings were observed regarding the association between NSAIDs and PD disease development. For example, Gagne and Power (2010) showed that there was an association between the use of non-aspirin NSAIDs and the reduction of PD risk. This study also showed that there was no association between aspirin use and PD development. On the other hand, a study was conducted by Samii et al. (2009) on 11 observational studies and showed no effect of NSAIDs on developing PD. Due to the conflicting literature and the gap of knowledge, this systematic review/meta-analysis was designed to try to resolve the debate over the association of NSAID use with the development of PD as the results of several studies were somehow contradictory.
2 MATERIALS AND METHODS
2.1 Search strategy
Scopus, PubMed, and Web of Science databases were employed to search for articles relating to the risk of PD to the use of NSAIDs from inception till February 2024. The search strategy was by title, abstract, and keywords as follows: (non-steroidal anti-inflammatory OR NSAIDS OR Aspirin OR Ibuprofen OR Naproxen OR Diclofenac AND Parkinson*)
2.2 Eligibility criteria and screening
All studies describing the risk between NSAIDS and PD were included. Randomized controlled trials, case-control, and cohort studies were included in this study. We identified the PICO of the study. We included a population of any age and any follow-up time taking any NSAID as an intervention. We didn't put a restriction on the duration of aspirin intake, types of NSAIDs, or language of the study. The comparison group was the group who didn’t take any NSAID, and the outcome was the incidence of PD. We excluded case reports, case series, narrative or systematic reviews, and meta-analyses. In addition, we excluded conference abstracts and unpublished manuscripts to prevent the bias of results. We also excluded studies describing the risk of neurodegenerative disease other than PD or describing the risk of PD in drugs other than NSAIDs because they didn’t fit into the outcome of interest. Screening was done by 2 authors independently and any difference between them was referred to a third author. Title and abstract screening were done first, and eligible articles were screened by full text thereafter.
2.3 Data extraction
Two authors carried out data extraction independently using Excel sheets and any difference was resolved by a third author. We extracted main baseline data as study design, sample size, age and gender of cases and controls, duration of NSAID use, duration of PD, type of NSAID, and effect sizes whether odds ratio or risk ratio.
2.4 Quality assessment
Quality assessment of the included studies was done independently by 2 authors as well with a third author to revise it. We carried out the process using the Newcastle-Ottawa Scale for case-control, and cohort studies. It is a tool made of 8 questions as presented in Tables 1, 2, each of them can take a star except one question of comparability that can take 2 stars, so the maximum score is 9. A score of 0–3 means low quality, 4–6 means moderate quality and 7–9 means high quality.
TABLE 1 | Newcastle-Ottawa scale for quality assessment of case-control studies.
[image: Table 1]TABLE 2 | New-Castle Ottawa scale for cohort studies.
[image: Table 2]2.5 Statistical analysis
We carried out statistical analysis of the included studies using Review Manager version 5.4.1 by random effect model. The outcome was the PD onset in patients taking NSAIDs, ibuprofen only, aspirin only, and non-aspirin NSAIDs. This was analyzed using pooled analysis of odds ratio at a significance level of 0.05 and confidence level of 95%. We assessed the heterogeneity using the I2 value and Q statistics with the p-value assessing the significance of present heterogeneity at 0.05.
2.6 Publication bias assessment
The publication bias assessment was checked for pooled studies according to Egger et al. (1997) Funnel plots were constructed to present the relationship between effect size and standard error.
3 RESULTS
3.1 Database searching and screening
Our search methodology resulted in 287 articles from the searched databases. After the removal of duplicates, 197 articles entered the screening process. By title and abstract screening, 23 articles were eligible for full-text screening which resulted in 14 articles entering our systematic review and meta-analysis (Figure 1).
[image: Figure 1]FIGURE 1 | PRISMA flow diagram of database searching and screening.
3.2 Quality assessment
Of the 14 included studies, 11 were case-control, and 3 were cohort studies. Five case controls were of high quality and 6 were of moderate quality. Regarding cohort studies, 2 studies were of high quality and 1 was of moderate quality. This is shown in Tables 1, 2.
3.3 Baseline characteristics
Baseline data related to the included studies are summarized in the Table 3. We reported the adjustment done when calculating the odds ratio of PD occurrence and the lag time between NSAID and PD occurrence. We also reported the frequency of NSAID intake if mentioned.
TABLE 3 | Baseline Characteristics of the included studies.
[image: Table 3]3.4 Statistical analysis
Statistical tests were classified into 4 categories: NSAIDs, ibuprofen, Aspirin, and Non-aspirin NSAIDs. We calculated the odds ratio of PD occurrence in each case using the random effect model. Regarding NSAID use, the odds ratio of PD occurrence in patients who took NSAIDs was 0.89 (95% CI: 0.82–0.97, p = 0.005) (Figure 2). This shows a statistically significant decreased risk of PD in patients taking NSAIDs.
[image: Figure 2]FIGURE 2 | Forest plot of PD risk in patients who took NSAIDs.
Regarding the use of ibuprofen, it is shown in Figure 3 that there was no statistically significant association between ibuprofen intake and risk of PD [OR 0.9, 95% CI (0.7–1.17), p = 0.44] with heterogeneity measured by I2 = 45%, p = 0.16.
[image: Figure 3]FIGURE 3 | Forest plot of PD risk in patients who took Ibuprofen.
Non-aspirin NSAIDs were associated with a lower risk of PD. [OR 0.83, 95% CI (0.72–0.94), p = 0.005] Heterogeneity was of I2 = 58%, p = 0.01 (Figure 4). Sensitivity analysis by leave one out method was done and heterogeneity became insignificant (I2 = 47%, p = 0.07) after removing Becker et al. (2011). Odds ratio became 0.77, 95% CI [0.66–0.91], p = 0.001 (Figure 5).
[image: Figure 4]FIGURE 4 | Forest plot of PD risk in patients who took Non-aspirin NSAIDs.
[image: Figure 5]FIGURE 5 | Leave one out, a meta-analysis of PD risk in Non-aspirin NSAIDs use.
The association between aspirin and PD risk was null as shown in the Figure 6.
[image: Figure 6]FIGURE 6 | Forest plot of PD risk in patients who took Aspirin.
3.5 Risk of publication bias assessment using Egger’s test and funnel plots
Regarding the risk of publication bias assessed by Egger’s test and funnel plots, it is seen to be low in NSAIDs and aspirin while it is moderate in non-aspirin NSAIDs and ibuprofen. A low risk of bias in NSAIDs and aspirin is associated with low heterogeneity in both, while a moderate risk of bias in non-aspirin NSAIDs is associated with moderate heterogeneity, however, the funnel plot isn't extremely accurate in the ibuprofen analysis due to a low number of included studies (Figures 7–10).
[image: Figure 7]FIGURE 7 | Funnel plot for risk of bias in NSAID users.
[image: Figure 8]FIGURE 8 | Funnel plot for risk of bias in ibuprofen users.
[image: Figure 9]FIGURE 9 | Funnel plot for risk of bias in non-aspirin-NSAIDs users.
[image: Figure 10]FIGURE 10 | Funnel plot for risk of bias in aspirin users.
4 DISCUSSION
Several studies including observational or systematic reviews and meta-analyses addressed the association between NSAIDs and the development of PD. Our study is considered among the most comprehensive since we targeted all available recent evidence and because of the categories we made. Our study included 17 studies which will be published until January 2024.
Our findings showed that there is a statistically significant reduction of PD risk in patients taking non-aspirin NSAIDs, and NSAIDS other than aspirin and ibuprofen. However, there was no statistically significant association between aspirin, and ibuprofen and the development of PD. Our findings are consistent with a meta-analysis conducted by Gagne and Power (2010) which showed the association between the use of non-aspirin NSAIDs and the reduction of PD risk. This study also showed that there is no association between aspirin use and PD development as shown by our findings. This study was conducted on 6 observational studies, so our study included more studies and in contrast to our analysis method by odds ratio, it was conducted using risk ratio. A similar inclusion of studies that observed the occurrence of PD some years after NSAID use was applied in this study as our inclusion criteria. This was done since it is improbable that exposures discovered within a year of PD diagnosis have an impact on disease incidence because PD initiation likely occurs long before the onset of symptoms (Rathore et al., 2009).
Another study done by Samii et al. (2009) on 11 observational studies showed that no effect of NSAIDs on developing PD which is inconsistent with our studies. It was also shown by 4 studies that risk reduction of PD had been observed in 4 studies in men compared to women, however, this is not enough to produce an evident protective role of NSAIDs from PD. This study also showed that ibuprofen is associated with a reduction of PD risk with a pooled risk ratio of 0.76 (95% CI 0.65, 0.89) through data from 3 studies. This study also showed that there was no statistically significant association between aspirin use and the development of PD through pooled analysis of six studies with a risk ratio of 1.08 (95% CI 0.93, 1.26) (Samii et al., 2009). This shows similar findings to our study as we found no statistically significant association between aspirin use and the development of PD. [OR 1.05. 95% CI (0.93–1.18)], p = 0.42.
Another systematic review by Alharbi et al. (2020) was conducted using 5 observational studies. It compared PD risk in aspirin users and non-users in addition to a comparison between PD risk in NSAID users and non-users. Findings regarding aspirin were different from our findings and those of other mentioned studies. A statistically significant rise in PD prevalence was observed among aspirin users compared to aspirin non-users with OR = 5.98 (95% CI = 1.743–20.547), p = 0.004. This is inconsistent with our study which showed no association between aspirin use and risk of PD. This study used the same effect estimate used by us (odds ratio), however the difference in results can be attributed to a greater number of studies involved in our systematic review and meta-analysis as we used a total of 10 studies to determine the relation between aspirin and PD while Alharbi et al. (2020) used only 5 studies so we provide more comprehensive and more up to date evidence. Alharbi et al. (2020) observed no statistically significant association between NSAID use and the development of PD using 5 studies as well with OR = 1.18 (95% CI = 0.580–2.436), p > 0.05 (Alharbi et al., 2020). This is inconsistent with our findings as we observed a statistically significant association between the use of NSAIDs and non-aspirin NSAIDs and the development of PD with an odds ratio of 0.89 (95 CI: 0.82–0.97, p = 0.005) and OR 0.83, 95% CI [0.72–0.94], p = 0.005 respectively.
The previous three meta-analyses had various limitations that should be addressed, and this supports the need for a further meta-analysis. Gagne and Power (2010) and Samii et al. (2009) were published in 2010 and 2009, respectively so they included a limited number of studies. Due to the recently published articles, a new meta-analysis should be done to include further findings.
Alharbi et al. (2020) showed an increased risk of PD in people taking aspirin however, many limitations exist in this meta-analysis such as incorrect OR estimates in addition to missing the inclusion of many studies investigating the risk of PD in people taking aspirin such as Chen et al. (2005), Driver et al. (2011), Wahner et al. (2007), Manthripragada et al. (2011), and Ton et al. (2006).
A study done by Poly et al. (2019) on 17 observational studies found that no statistically significant association exists between the use of NSAIDs and the development of PD with a risk ratio of 0.95 (95% CI 0.860–1.048), p = 0.304. This is inconsistent with our findings, and this can be attributed to various reasons. Firstly, in our analysis, we included studies that used adjusted effect estimates to lessen the risk of confounding bias associated with various factors in the primary studies such as age, gender, other comorbidities, disease duration, duration of NSAID use, etc. Secondly, in the part of NSAIDs analysis, we included studies that mentioned NSAIDs as a whole without the inclusion of studies investigating aspirin alone, ibuprofen alone, or non-aspirin NSAIDs alone. Thirdly, there is a major limitation in Poly et al. (2019)’s analysis as they included the hazard ratio and odds ratio in the same meta-analysis to produce risk ratio which is not appropriate statistically and could produce inaccurate results. Moreover, this study is entitled with elderly population, however, it included patients older than 18 years of age which is another major limitation. Furthermore, there exist other factors that may cause differences in results such as the difference in the used effect estimate as they used risk ratio not odds ratio. In addition to this, the risk ratio is less than 1 and the upper interval approaches 1 (Poly et al., 2019).
This study also showed that aspirin use is slightly associated with an increased risk of PD with RR 1.10, 95% CI 1.004–1.218, p = 0.04 which is inconsistent with our findings (no association) but consistent with the findings of Alharbi et al. (2020); Poly et al. (2019). Different from Poly et al. (2019), our study included a subgroup of non-aspirin NSAIDs which was observed to be associated with a decreased risk of PD exposure. Moreover, we included aspirin as a subgroup and the association was null. However, Poly et al. (2019) found an increased risk. Although the two studies included ten studies, we did n’t include Bower et al. (2006) as we excluded conference abstracts to include the high-quality peer-reviewed papers which increases the quality of the meta-analysis as well as that the full-text of the abstract wasn’t accessible. Moreover, there exist other factors that lead to differences in findings between us and Poly et al. (2019) as mentioned earlier.
Our results come in agreement with in vitro and in vivo studies. Several animal studies reported the efficacy of NSAIDs’ ability to reduce the risk of PD (Sánchez-pernaute et al., 2004; Wang et al., 2005; Parepally et al., 2006). The mechanism of NSAIDs regarding PD risk is not obvious till now. NSAIDs are frequently employed as the initial therapy option for inflammatory conditions and pain management. Recent research has demonstrated that the pharmacological benefits of NSAIDs are attributed to the inhibition of COX, and these medications have positive impacts in managing several neurological conditions (Sánchez-pernaute et al., 2004). Indomethacin removes nitric oxide free radicals, fenamate NSAIDs enhance GABA-A receptor function, and acetylsalicylic acid prevents the movement of NF-kB. Microglia, being a significant producer of prostaglandins (PGs), are thus seen as a suitable focus for neurological processes in the central nervous system (Terzi et al., 2018). The activation of PGE2 takes place during inflammation. Inflammatory activation by tumor necrosis factor (TNF)-α and interleukin (IL)-1β induces the production of COX-2 and membrane-associated PGES-1. Furthermore, cytosolic PGES is consistently linked with COX-1 (Terzi et al., 2018). COX-2 is the main factor responsible for the synthesis of PG in both acute and chronic inflammation. Selective COX-2 inhibitors are frequently employed to inhibit the production of PGE2 in microglial cells. Furthermore, COX-2 is stimulated in excitatory forebrain neurons within the brain. However, it is primarily increased in microglial cells both in laboratory settings (in vitro) and in living organisms (in vivo), and it is also influenced by the expression of mPGES-1 by microglia. Peroxisome proliferator-activated receptor-gamma (PPAR-γ) belongs to a set of nuclear receptors that can be activated by synthetic agonists, including NSAIDs such as indomethacin, ibuprofen, and diclofenac (Parepally et al., 2006). PPAR-γ synthetic agonists regulate brain inflammation and the viability of other neural cells. Additionally, they are involved in many pathways related to microglia, peripheral macrophages, and lymphocytes. Research indicates that NSAIDs have neuroprotective properties via inhibiting microglia in brain illnesses through a PPAR-γ-dependent mechanism (Terzi et al., 2018).
Our study provides comprehensive evidence with a large number of participants from different observational studies. Adjustment to different factors such as age, gender, smoking, and comorbidities was done so confounding is controlled with a large percentage. We defined NSAIDs into different categories including aspirin, ibuprofen, and non-aspirin NSAIDs.
Some limitations include the use of observational studies and the absence of experimental ones due to limited available data. Some studies reported a lag time of 5 years and some of less years between PD and NSAID use so this can result in bias. Moreover, PD can develop through a variety of mechanisms. But the focus of this study is solely on the inflammation-related mechanism.
We recommend future experimental studies defining the period between drug intake, its dose, and its type. Population should also be defined to explain the main risk.
5 CONCLUSION
Ibuprofen, non-aspirin NSAIDs, and other types of NSAIDs are associated with a reduction in PD risk, however, there was no association between aspirin intake and the development of PD.
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