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Abstract

:

This study aimed to investigate the effects of statin use on the incidence of brain tumors. The Korean National Health Insurance Service—National Sample Cohort from 2005 to 2019 was used. The 1893 patients who were diagnosed with brain tumors were matched with 7572 control patients for demographic variables. The history of dyslipidemia was collected, and their history of prescription of statins before diagnosis of brain tumor was examined. The participants without dyslipidemia were set as a reference population. Then, the odds for brain tumors were analyzed in dyslipidemia patients without statin use, dyslipidemia patients who were prescribed statins for less than 365 days, and dyslipidemia patients who were prescribed statins for 365 days or more. Propensity score overlap weighted multivariable logistic regression analysis was used and adjusted for demographics and comorbidities. Secondary analyses were conducted according to types of statins, malignancy of brain tumors, and histories of demographics or comorbidities. A total of 11.78% of brain tumor patients and 10.95% of control participants had histories of statin use for 365 days or more. Dyslipidemia patients with 365 days or more duration of statin use demonstrated 1.22 times higher odds for brain tumors than normal participants (95% confidence intervals [CI] = 1.06–1.14, p = 0.007). Dyslipidemia patients with less than 365 days of statin use had higher odds of brain tumors than other groups (odds ratio = 1.60, 95% CI = 1.36–1.87, p < 0.001). The higher odds for brain tumors in short-term statin users (<365 days) than in long-term statin users (≥365 days) were consistent in secondary analyses according to types of statins, malignancy of brain tumors, and histories of demographics or comorbidities. Long-term statin use in dyslipidemia patients was related to a lower risk of brain tumors than short-term statin use in patients with dyslipidemia.
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1. Introduction


Statins are widely prescribed drugs for lowering cholesterol. They repress the function of HMG-CoA reductase, which is known as a rate-limiting step for synthesizing cholesterol. In addition to regulating cholesterol levels, statins have a role in the cardiovascular system via anti-inflammatory effects and immune modulation [1,2,3]. Statins inhibit mevalonate pathway, in that reducing the prenylation of Rho proteins which activate nitric oxide synthase expression [3]. In addition, statins inhibit the expression of Major histocompatibility complex class II molecules, which mediate the T-cell activation [3]. The regulatory effects on inflammation and immune responses may have effects on other diseases. Indeed, in addition to the cardiovascular system, statins have been suggested to have beneficial effects on a variety of diseases, including endocrine diseases such as thyroid disease and polycystic ovarian syndrome and neurological disorders such as Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, and primary brain tumors [4,5]. A number of previous studies have suggested the anticancer effects of statins [6,7]. In particular, a number of previous studies have suggested the anticancer effects of statins in brain tumor patients [8]. However, clinical studies on the anticancer effects of statins on cancer are still controversial. Moreover, the detrimental effects of statins on cancer cells have been suggested to elevate the risk of cancer cell seeding by inducing epithelial-to-mesenchymal transition and heterogeneous responses [9]. This discrepancy may originate from different pathophysiologic mechanisms according to the specific types of cancer. For instance, brain tumors mainly are not of epithelial origin. Thus, the impact of statins may be different from other types of tumors.



Brain tumors are one of the most fatal malignancies and cause considerable morbidity and mortality. According to a survey from the Central Brain Tumor Registry of the United States, the incidence of malignant brain tumors was estimated to be approximately 0.8% per year in all age populations, and the 5-year survival rate was calculated to be approximately 36% [10]. Research on the risk factors for brain tumors has been limited due to the rarity and heterogeneity of brain tumors. A history of ionizing radiation is a well-known risk factor for primary brain tumors, which were mainly meningiomas and gliomas in both adults and children [11]. In these histologic types of brain tumors, nutritional and environmental factors, such as nitrosamines, protein intake, and hyperlipidemia, have been proposed to increase the risk of brain tumors [12,13]. Nitrosamine was supposed to interact with the protein intake, which was suggested to increase the risk of meningiomas and gliomas [12]. In patients with high-grade glioma, high level of serum cholesterol and increase of LDL level were associated with poor survival outcomes [13]. The most common types of brain tumors are known as intracranial metastases from other primary malignancies, followed by meningiomas and gliomas [14]. Glioblastoma is the most prevalent malignant primary brain tumor and requires concurrent chemoradiation due to its aggressive progression. Several previous studies have suggested the therapeutic effects of statins in brain tumors, such as glioblastoma [15]. However, there has been no consensus on the clinical evidence for the effects of statins on brain tumors.



We hypothesized that statins could attenuate the risk of brain tumors in patients with dyslipidemia. To test this hypothesis, we compared the rates of brain tumors according to the history of statin use in dyslipidemia patients. The duration of statin use was divided into short-term (<365 days) and long-term (≥365 days) user groups, and the rates of brain tumors were estimated in each group. Although the pathophysiologic mechanisms need to be elucidated, dyslipidemia was suggested to be related to the incidence of brain tumors [13]. One of the reasons for this may be the abnormal lipid metabolism and high level of cholesterol in glioma patients [13]. Thus, the presence of dyslipidemia was included and analyzed for its association with the incidence of brain tumors.




2. Methods


2.1. Exposure (Dyslipidemia and Statin)


Dyslipidemia (ICD-10 codes: E78) was defined for the participants who visited clinics with diagnosis of dyslipidemia ≥ 2 times. Statin use was defined as prescription within 2 years before the index dates in both brain tumor and control participants. The participants were grouped into four groups: (1) normal (which is reference), (2) dyslipidemia without statin, (3) dyslipidemia with statin prescription dates < 365 days, and (4) dyslipidemia with 365 days ≤ statin prescription dates.




2.2. Outcome (Brain Tumors)


Brain tumors were defined as malignant brain tumors (Korean Standard Classification of Diseases [KCD] codes: C71, C75.1) and benign brain tumors (KCD codes: D33.0, D33.1, D33.2, D33.3, D35.2, and D35.3). Among them, we selected participants who had a special claim code for cancer (V193 and V194).




2.3. Participant Selection


The Korean National Health Insurance Service—National Sample Cohort (NHIS-NSC, from 2002 to 2019) was used for this study [16,17].



Brain tumor participants were selected from 1,137,861 participants with 219,673,817 medical claim codes from 2005 through 2019 (n = 1893). The control group was included if participants were not defined as having brain tumors from 2005 through 2019 (n = 1,135,968). The participants who were diagnosed with brain tumors at least once (n = 3602) were excluded for controls. Brain tumor participants and control participants were equalized for age, sex, income, and region of residence. The initial diagnosed date of each brain tumor participant was set as the index date. The matched control participants were set as the identical index date of the paired brain tumor participants. The 1,124,794 control participants were excluded due to no matched brain tumor participants. Finally, 1893 brain tumor participants and 7572 control participants were included in the analyses (Figure 1).




2.4. Covariates


Age groups were classified as 0–4, 5–9, 10–14, …, and 85+ years old. Income groups were divided into classes 1 (lowest income) to 5 (highest income). The urban and rural areas were grouped [18,19].



The Charlson Comorbidity Index (CCI) measures disease burden based on the medical histories of 17 comorbidities. Depending on the number of comorbidities, CCI was estimated as the continuous variable [20,21]. Diabetes was excluded from the calculation of CCI score.



Diabetes (claim codes: E10–E14) was separately assessed based on ≥2 clinical visits.




2.5. Statistical Analyses


Propensity score overlap weighting was conducted to balance the covariate and effective sample size. The propensity score (PS) was estimated by multivariable logistic regression. To compute overlap weighting, case participants were weighted by the probability of 1–PS and control participants were weighted by the probability of PS. Overlap weighting was applied between 0 and 1 [22,23,24]. The general characteristics were compared between the brain tumor and control groups using standardized difference (sd).



Propensity score overlap weighted multivariable logistic regression analysis was used and calculated the overlap weighted odds ratios (ORs) of statin prescriptions for any brain tumor, malignant brain tumors, and benign brain tumors. In these analyses, crude and overlap weighted models were applied. Additionally, statin prescriptions were analyzed by dividing the patients into any statin, lipophilic statin, and hydrophilic statin groups. In addition, subgroup analyses according to age, sex, income, region of residence, CCI, and diabetes were performed.



The 95% confidence interval (CI) was calculated. Two-tailed analyses were performed. p values less than 0.05 were set as statistical significance. SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for statistical analyses.





3. Results


The rates of statin use were higher in patients with brain tumors than in control participants (Table 1). A total of 13.42% (254/1893) and 11.78% (223/1893) of patients with brain tumors and 7.82% (592/7572) and 10.95% (829/7572) of control participants had histories of <365 days and ≥365 days of statin use, respectively (sd = 0.19). When classifying the history of statin use according to the presence of dyslipidemia, 18.44% (349/1893), 9.72% (184/1893), and 10.57% (200/1893) of brain tumor patients with dyslipidemia had none, <365 days, and ≥365 days of statin use, respectively. In control participants, 24.56% (1860/7572), 6.72% (509/7572), and 9.85% (746/7572) of brain tumor patients with dyslipidemia had none, <365 days, and ≥365 days of statin use, respectively. The CCI score and diabetes history were different between the brain tumor and control groups. After PS overlap weighting adjustment, there was no difference in these variables between the two groups (sd = 0.00).



Compared to the participants without dyslipidemia, the dyslipidemia patients without statins demonstrated low odds for brain tumors (OR = 0.81, 95% CI = 0.73–0.90, p < 0.001, Table 2). According to the types of statins, dyslipidemia patients without lipophilic statins showed low odds for brain tumors (OR = 0.86, 95% CI = 0.77–0.95, p = 0.002). On the other hand, dyslipidemia patients with <365 days of statin use had ORs as high as 1.60 for brain tumors (95% CI = 1.36–1.87, p < 0.001). A longer duration (≥365 days) of statin use in dyslipidemia patients was related to lower odds for brain tumors than a short duration of statin use (OR = 1.22, 95% CI = 1.06–1.14, p = 0.007). Both lipophilic and hydrophilic statin use for <365 days were associated with high odds for brain tumors. The long duration of lipophilic or hydrophilic statin use reduced the odds for brain tumors.



Both malignant and benign brain tumors demonstrated similar associations between the incidence of brain tumors and statin use in dyslipidemia. Dyslipidemia patients without statins showed an OR of 0.65 for malignant brain tumors (95% CI = 0.56–0.75, p < 0.001, Table 3). The <365 days of statin use in dyslipidemia patients was related to 1.61 times higher odds for malignant brain tumors (95% CI = 1.29–2.00, p < 0.001). In contrast, in dyslipidemia patients with ≥365 days of statin use, the odds for malignant brain tumors were not different from those in the participants without dyslipidemia. Both lipophilic and hydrophilic statins showed comparable results.



For benign brain tumors, the odds for benign brain tumors in dyslipidemia patients without statins were not different from those in the participants without dyslipidemia (Table 4). The odds for benign brain tumors were highest in dyslipidemia patients with <365 days of statin use (OR = 1.75, 95% CI = 1.39–2.21, p < 0.001).



The secondary groups according to age, sex, income, region of residence, CCI score, and history of diabetes demonstrated a consistent association of statin use in dyslipidemia patients with the incidence of brain tumors (Figure 2 and Tables S1–S9).




4. Discussion


The incidence of brain tumors was high in dyslipidemia patients with a short duration of statin use in the present study. A longer duration of statin use also demonstrated high odds for brain tumors compared to the participants without dyslipidemia. However, the dyslipidemia patients with longer duration of statin use showed lower odds of brain tumors than patients with shorter duration of statin use. The current results implied the protective effects of long-term statin medication for the development of brain tumors. Interestingly, dyslipidemia patients without statin use did not show a high rate of brain tumors in this study. This phenomenon can be partially explained by the fact that these dyslipidemia patients may have mild dyslipidemia and do not need prescriptions for statin medication; thus, their dyslipidemia did not add to the risk of brain tumors. In addition, among normal participants, some may have undiagnosed dyslipidemia, which may increase the risk of brain tumors.



A few prior studies have suggested the protective effects of statins against brain tumors. Statins may exert multiple cascades that suppress brain cancer cells [15]. Preclinical studies have demonstrated that statins seize the cell cycle and result in apoptosis of cancer cells by activation of Bax and deactivation of BCL-2 [25]. In addition, statins deplete isoprenoids, which are required for the prenylation of small Rho GTPases in cancer cells [26]. For instance, lovastatin was reported to inhibit brain tumor stem cells, which may suppress brain tumors [27]. By interfering with the mevalonate pathway, statins were supposed to reduce the proliferation and differentiation of cancer stem cells and accelerate apoptosis [28,29,30]. Moreover, statins suppressed the metastasis of breast cancers [31,32]. Therefore, it can be presumed that statins can improve the prognosis of brain tumors.



However, the clinical effects of statins on brain tumors have been controversial. A number of previous studies have demonstrated an equivocal relationship between statin use and the incidence of brain tumors [33]. A meta-analysis examined 51 preclinical studies that addressed the effects of statins on the proliferation, migration, and invasion of gliomas [34]. However, 13 clinical studies, which were analyzed by meta-analysis, did not show a relationship between statin use and the incidence and survival rate of glioma [34].



The patients with dyslipidemia, except for the patients without statins, in the current study demonstrated higher odds for brain tumors. A few clinical studies have reported that dyslipidemia may increase the risk of brain tumors. In a prospective cohort study using the UK Biobank, total cholesterol levels were related to an increased risk of glioma in men [35]. Moreover, a retrospective study demonstrated that high-grade glioma patients with high serum levels of cholesterol before treatment had a lower 5-year survival rate and median survival time than those with low levels of cholesterol (4.9% and 23.6 months vs. 19.6% and 24.5 months) [13]. A preclinical study reported that cholesterol is crucial for the survival of glioblastoma cells [36]. Indirectly, metabolic complications in dyslipidemia patients may have adverse consequences that make them susceptible to brain tumors. Our results indicated that long-term statin use in these dyslipidemia patients can alleviate vulnerability to brain tumors.



The present study analyzed huge, nationwide population data in Korea. Due to the large size of the study population, we can achieve a sufficient number of control participants with PS overlap weighting adjustment. Because all Koreans are legally registered in the national healthcare system, there was little concern about missing data or selection bias. All diagnostic codes were registered by a physician; thus, the reliability of the medical history was fairly sound. However, because the data stemmed from health claim codes, there may have been some variations on the accuracy of diagnostic coding and some patients could be missed if they did not visit clinics. In addition, the absence of clinical data, including radiologic or pathologic findings of brain tumors, can influence the current findings. Although we classified types of brain tumors as malignant and benign brain tumors, the histologic types and stages of brain tumors were heterogeneous. Brain tumors are a diverse group of diseases with varying etiologies, prognoses, and responses to treatment. Thus, combining them into a single category might dilute the specific associations between statin use and particular types or stages of brain tumors. For statin medication, because this study analyzed the prescription history of statins, the compliance of patients with statin prescriptions can influence the relationship with the incidence of brain tumors. Patients with dyslipidemia may not adhere to a statin prescription due to a number of reasons, such as side effects, cost, or personal beliefs, which can impact the association between statin use and brain tumor in this study. Although this study matched and adjusted both demographic and lifestyle factors and comorbidities to minimize the potential confounding effects, the possibility of confounding effects cannot be completely excluded in the present study. The observational nature of this study could leave room for unmeasured confounders. For example, variables such as a history of ionizing radiation, dietary patterns, physical activity, or genetic predispositions could impact both the use of statins and the risk of brain tumors [13]. Because the study population of this study was Korean, there may be some ethnic differences in the association of statin use with the incidence of brain tumors, in that this can limit the generalizability of the association between statin use and brain tumors in the present study. Finally, because this study had a retrospective study design, the causality between statin use and brain tumors cannot be concluded.




5. Conclusions


The presence of dyslipidemia with short-term statin use was related to the 1.6 times higher incidence of brain tumors. However, long-term statin use in dyslipidemia patients was associated with a lower odds of brain tumors (1.22) than short-term statin use in patients with dyslipidemia. This study is a pioneering study that analyzed the association of statin use with the incidence of brain tumors in a large, nationwide cohort population. Moreover, types of statins were considered, and numerous comorbidities were adjusted and grouped to minimize the potential bias from these confounders. The present findings imply the potential role of management of dyslipidemia for development of brain tumors.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/biomedicines11082247/s1, Table S1: Crude and overlap propensity score weighted odds ratios of dates of any statin prescription for any brain tumor, Table S2: Crude and overlap propensity score weighted odds ratios of dates of Lipophilic statin prescription for any brain tumor, Table S3: Crude and overlap propensity score weighted odds ratios of dates of Hydrophilic statin prescription for any brain tumor, Table S4: Crude and overlap propensity score weighted odds ratios of dates of any statin prescription for malignant brain tumors, Table S5: Crude and overlap propensity score weighted odds ratios of dates of Lipophilic statin prescription for malignant brain tumors, Table S6: Crude and overlap propensity score weighted odds ratios of dates of Hydrophilic statin prescription for malignant brain tumors, Table S7: Crude and overlap propensity score weighted odds ratios of dates of any statin prescription for benign brain tumors, Table S8: Crude and overlap propensity score weighted odds ratios of dates of Lipophilic statin prescription for benign brain tumors, Table S9: Crude and overlap propensity score weighted odds ratios of dates of Hydrophilic statin prescription for benign brain tumors.





Author Contributions


H.G.C. designed the study; M.J.K., J.H.K., J.-H.K. and H.G.C. analyzed the data; S.Y.K., S.J., M.J.K., J.H.K., J.-H.K. and H.G.C. drafted and revised the paper; and H.G.C. drew the figures. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported in part by a research grant (RS-2023-00208042) from the National Research Foundation (NRF) grant funded by the Korean government (MSIT).




Institutional Review Board Statement


The ethics committee of Hallym University (2019-10-023) permitted this study following the guidelines and regulations.




Informed Consent Statement


Written informed consent was waived by the Institutional Review Board.




Data Availability Statement


Data are contained within the article and Supplementary Materials.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Oesterle, A.; Laufs, U.; Liao, J.K. Pleiotropic Effects of Statins on the Cardiovascular System. Circ. Res. 2017, 120, 229–243. [Google Scholar] [CrossRef]

	



Koushki, K.; Shahbaz, S.K.; Mashayekhi, K.; Sadeghi, M.; Zayeri, Z.D.; Taba, M.Y.; Banach, M.; Al-Rasadi, K.; Johnston, T.P.; Sahebkar, A. Anti-inflammatory Action of Statins in Cardiovascular Disease: The Role of Inflammasome and Toll-Like Receptor Pathways. Clin. Rev. Allergy Immunol. 2021, 60, 175–199. [Google Scholar] [CrossRef] [PubMed]

	



Blum, A.; Shamburek, R. The pleiotropic effects of statins on endothelial function, vascular inflammation, immunomodulation and thrombogenesis. Atherosclerosis 2009, 203, 325–330. [Google Scholar] [CrossRef] [PubMed]

	



De La Cruz, J.A.; Mihos, C.G.; Horvath, S.A.; Santana, O. The Pleiotropic Effects of Statins in Endocrine Disorders. Endocrine, Metab. Immune Disord. Drug Targets 2019, 19, 787–793. [Google Scholar] [CrossRef] [PubMed]

	



Malfitano, A.M.; Marasco, G.; Proto, M.C.; Laezza, C.; Gazzerro, P.; Bifulco, M. Statins in neurological disorders: An overview and update. Pharmacol. Res. 2014, 88, 74–83. [Google Scholar] [CrossRef] [PubMed]

	



Jiang, W.; Hu, J.-W.; He, X.-R.; Jin, W.-L.; He, X.-Y. Statins: A repurposed drug to fight cancer. J. Exp. Clin. Cancer Res. 2021, 40, 241. [Google Scholar] [CrossRef]

	



Ahmadi, M.; Amiri, S.; Pecic, S.; Machaj, F.; Rosik, J.; Łos, M.J.; Alizadeh, J.; Mahdian, R.; da Silva Rosa, S.C.; Schaafsma, D.; et al. Pleiotropic effects of statins: A focus on cancer. Biochim. Biophys. Acta (BBA)—Mol. Basis Dis. 2020, 1866, 165968. [Google Scholar] [CrossRef]

	



Afshari, A.R.; Mollazadeh, H.; Henney, N.C.; Jamialahmad, T.; Sahebkar, A. Effects of statins on brain tumors: A review. Semin. Cancer Biol. 2021, 73, 116–133. [Google Scholar] [CrossRef]

	



Dorsch, M.; Kowalczyk, M.; Planque, M.; Heilmann, G.; Urban, S.; Dujardin, P.; Forster, J.; Ueffing, K.; Nothdurft, S.; Oeck, S.; et al. Statins affect cancer cell plasticity with distinct consequences for tumor progression and metastasis. Cell Rep. 2021, 37, 110056. [Google Scholar] [CrossRef] [PubMed]

	



Miller, K.D.; Ostrom, Q.T.; Kruchko, C.; Patil, N.; Tihan, T.; Cioffi, G.; Bs, H.E.F.; Waite, K.A.; Jemal, A.; Siegel, R.L.; et al. Brain and other central nervous system tumor statistics, 2021. CA Cancer J. Clin. 2021, 71, 381–406. [Google Scholar] [CrossRef] [PubMed]

	



Ostrom, Q.T.; Fahmideh, M.A.; Cote, D.J.; Muskens, I.S.; Schraw, J.; Scheurer, M.; Bondy, M.L. Risk factors for childhood and adult primary brain tumors. Neuro Oncol. 2019, 21, 1357–1375. [Google Scholar] [CrossRef] [PubMed]

	



Kaplan, S.; Novikov, L.; Modan, B. Nutritional Factors in the Etiology of Brain Tumors Potential Role of Nitrosamines, Fat, and Cholesterol. Am. J. Epidemiol. 1997, 146, 832–841. [Google Scholar] [CrossRef] [PubMed]

	



Huang, F.; Li, S.; Wang, X.; Wang, C.; Pan, X.; Chen, X.; Zhang, W.; Hong, J. Serum lipids concentration on prognosis of high-grade glioma. Cancer Causes Control. 2023, 34, 801–811. [Google Scholar] [CrossRef] [PubMed]

	



McFaline-Figueroa, J.R.; Lee, E.Q. Brain Tumors. Am. J. Med. 2018, 131, 874–882. [Google Scholar] [CrossRef]

	



Shojaei, S.; Alizadeh, J.; Thliveris, J.; Koleini, N.; Kardami, E.; Hatch, G.M.; Xu, F.; Hombach-Klonisch, S.; Klonisch, T.; Ghavami, S. Statins: A New Approach to Combat Temozolomide Chemoresistance in Glioblastoma. J. Investig. Med. 2018, 66, 1083–1087. [Google Scholar] [CrossRef] [PubMed]

	



Lee, J.; Lee, J.S.; Park, S.-H.; Shin, S.A.; Kim, K. Cohort Profile: The National Health Insurance Service–National Sample Cohort (NHIS-NSC), South Korea. Leuk. Res. 2017, 46, dyv319. [Google Scholar] [CrossRef] [PubMed]

	



Service WNHI. National Health Insurance Service. National Health Insurance Sharing Service 2019. Available online: https://nhiss.nhis.or.kr/bd/ab/bdaba002cv.do (accessed on 3 July 2022).

	



Kim, S.Y.; Min, C.; Oh, D.J.; Choi, H.G. Bidirectional Association between GERD and Asthma: Two Longitudinal Follow-Up Studies Using a National Sample Cohort. J. Allergy Clin. Immunol. Pract. 2020, 8, 1005–1013.e9. [Google Scholar] [CrossRef]

	



Kim, S.Y.; Min, C.; Yoo, D.M.; Chang, J.; Lee, H.-J.; Park, B.; Choi, H.G. Hearing Impairment Increases Economic Inequality. Clin. Exp. Otorhinolaryngol. 2021, 14, 278–286. [Google Scholar] [CrossRef] [PubMed]

	



Quan, H.; Li, B.; Couris, C.M.; Fushimi, K.; Graham, P.; Hider, P.; Januel, J.-M.; Sundararajan, V. Updating and Validating the Charlson Comorbidity Index and Score for Risk Adjustment in Hospital Discharge Abstracts Using Data From 6 Countries. Am. J. Epidemiol. 2011, 173, 676–682. [Google Scholar] [CrossRef] [PubMed]

	



Quan, H.; Sundararajan, V.; Halfon, P.; Fong, A.; Burnand, B.; Luthi, J.-C.; Saunders, L.D.; Beck, C.A.; Feasby, T.E.; Ghali, W.A. Coding Algorithms for Defining Comorbidities in ICD-9-CM and ICD-10 Administrative Data. Med. Care 2005, 43, 1130–1139. [Google Scholar] [CrossRef]

	



Li, F.; Thomas, L.E. Addressing Extreme Propensity Scores via the Overlap Weights. Am. J. Epidemiol. 2019, 188, 250–257. [Google Scholar] [CrossRef] [PubMed]

	



Thomas, L.E.; Li, F.; Pencina, M.J. Overlap Weighting: A Propensity Score Method That Mimics Attributes of a Randomized Clinical Trial. JAMA 2020, 323, 2417–2418. [Google Scholar] [CrossRef] [PubMed]

	



Zhu, Y.; Schonbach, M.; Coffman, D.L.; Williams, J.S. Variable Selection for Propensity Score Estimation via Balancing Covariates. Epidemiology 2015, 26, e14–e15. [Google Scholar] [CrossRef]

	



Spampanato, C.; DE Maria, S.; Sarnataro, M.; Giordano, E.; Zanfardino, M.; Baiano, S.; Cartenì, M.; Morelli, F. Simvastatin inhibits cancer cell growth by inducing apoptosis correlated to activation of Bax and down-regulation of BCL-2 gene expression. Int. J. Oncol. 2012, 40, 935–941. [Google Scholar] [CrossRef]

	



Alizadeh, J.; Zeki, A.A.; Mirzaei, N.; Tewary, S.; Moghadam, A.R.; Glogowska, A.; Nagakannan, P.; Eftekharpour, E.; Wiechec, E.; Gordon, J.W.; et al. Mevalonate Cascade Inhibition by Simvastatin Induces the Intrinsic Apoptosis Pathway via Depletion of Isoprenoids in Tumor Cells. Sci. Rep. 2017, 7, 44841. [Google Scholar] [CrossRef]

	



Amadasu, E.; Kang, R.; Usmani, A.; Borlongan, C.V. Effects of Lovastatin on Brain Cancer Cells. Cell Transplant. 2022, 31, 9636897221102903. [Google Scholar] [CrossRef] [PubMed]

	



Izadpanah, R.; Schächtele, D.J.; Pfnür, A.B.; Lin, D.; Slakey, D.P.; Kadowitz, P.J.; Alt, E.U. The impact of statins on biological characteristics of stem cells provides a novel explanation for their pleiotropic beneficial and adverse clinical effects. Am. J. Physiol. Physiol. 2015, 309, C522–C531. [Google Scholar] [CrossRef] [PubMed]

	



Gauthaman, K.; Fong, C.-Y.; Bongso, A. Statins, stem cells, and cancer. J. Cell. Biochem. 2009, 106, 975–983. [Google Scholar] [CrossRef] [PubMed]

	



Xu, H.; Yang, Y.-J.; Yang, T.; Qian, H.-Y. Statins and stem cell modulation. Ageing Res. Rev. 2013, 12, 1–7. [Google Scholar] [CrossRef]

	



Yi, H.; Wu, M.; Zhang, Q.; Lu, L.; Yao, H.; Chen, S.; Li, Y.; Zheng, C.; He, G.; Deng, X. Reversal of HER2 Negativity: An Unexpected Role for Lovastatin in Triple-Negative Breast Cancer Stem Cells. J. Cancer 2020, 11, 3713–3716. [Google Scholar] [CrossRef] [PubMed]

	



Zheng, C.; Yan, S.; Lu, L.; Yao, H.; He, G.; Chen, S.; Li, Y.; Peng, X.; Cheng, Z.; Wu, M.; et al. Lovastatin Inhibits EMT and Metastasis of Triple-Negative Breast Cancer Stem Cells Through Dysregulation of Cytoskeleton-Associated Proteins. Front. Oncol. 2021, 11, 656687. [Google Scholar] [CrossRef] [PubMed]

	



Xie, Y.; Lu, Q.; Lenahan, C.B.; Yang, S.; Zhou, D.; Qi, X. Whether statin use improves the survival of patients with glioblastoma? Medicine 2020, 99, e18997. [Google Scholar] [CrossRef]

	



Rendon, L.F.; Tewarie, I.A.; Cote, D.J.; Gabriel, A.; Smith, T.R.; Broekman, M.L.D.; Mekary, R.A. Statins and Gliomas: A Systematic Review of the Preclinical Studies and Meta-Analysis of the Clinical Literature. Drugs 2022, 82, 293–310. [Google Scholar] [CrossRef] [PubMed]

	



Cote, D.J.; Smith-Warner, S.A.; Creed, J.H.; Furtado, J.; Gerke, T.; Wang, M.; Kim, Y.; Stampfer, M.J.; Egan, K.M. Circulating lipids and glioma risk: Results from the UK Biobank, Nurses’ Health Study, and Health Professionals Follow-Up Study. Cancer Causes Control. 2021, 32, 347–355. [Google Scholar] [CrossRef]

	



Villa, G.R.; Hulce, J.J.; Zanca, C.; Bi, J.; Ikegami, S.; Cahill, G.L.; Gu, Y.; Lum, K.M.; Masui, K.; Yang, H.; et al. An LXR-Cholesterol Axis Creates a Metabolic Co-Dependency for Brain Cancers. Cancer Cell 2016, 30, 683–693. [Google Scholar] [CrossRef] [PubMed]








[image: Biomedicines 11 02247 g001 550] 





Figure 1. A schematic illustration of the participant selection process used in the present study. Of a total of 1,137,861 participants, 1893 brain tumor participants were matched with 7572 control participants for age, sex, income, and region of residence. 
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Figure 2. (A) Overlap propensity score weighted odds ratios of dates of any statin prescription for any type of brain tumor. (B) Overlap propensity score weighted odds ratios of dates of lipophilic statin prescription for any type of brain tumor. (C) Overlap propensity score weighted odds ratios of dates of hydrophilic statin prescription for any type of brain tumor. (D) Overlap propensity score weighted odds ratios of dates of any type of statin prescription for malignant brain tumors. (E) Overlap propensity score weighted odds ratios of dates of lipophilic statin prescription for malignant brain tumors. (F) Overlap propensity score weighted odds ratios of dates of hydrophilic statin prescription for malignant brain tumors. (G) Overlap propensity score weighted odds ratios of dates of any type of statin prescription for benign brain tumors. (H) Overlap propensity score weighted odds ratios of dates of lipophilic statin prescription for benign brain tumors. (I) Overlap propensity score weighted odds ratios of dates of hydrophilic statin prescription for benign brain tumors. 
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Table 1. General characteristics of participants.






Table 1. General characteristics of participants.





	
Characteristics

	
Before PS Overlap Weighting Adjustment

	
After PS Overlap Weighting Adjustment




	
Brain Tumor

	
Control

	
Standardized

Difference

	
Brain Tumor

	
Control

	
Standardized

Difference






	
Age (n, %)

	

	

	
0.00

	

	

	
0.00




	
   0–4

	
18 (0.95)

	
72 (0.95)

	

	
10 (0.84)

	
10 (0.84)

	




	
   5–9

	
35 (1.85)

	
140 (1.85)

	

	
21 (1.77)

	
21 (1.77)

	




	
   10–14

	
39 (2.06)

	
156 (2.06)

	

	
22 (1.87)

	
22 (1.87)

	




	
   15–19

	
58 (3.06)

	
232 (3.06)

	

	
38 (3.26)

	
38 (3.26)

	




	
   20–24

	
53 (2.80)

	
212 (2.80)

	

	
34 (2.91)

	
34 (2.91)

	




	
   25–29

	
41 (2.17)

	
164 (2.17)

	

	
27 (2.33)

	
27 (2.33)

	




	
   30–34

	
66 (3.49)

	
264 (3.49)

	

	
42 (3.62)

	
42 (3.62)

	




	
   35–39

	
92 (4.86)

	
368 (4.86)

	

	
56 (4.87)

	
56 (4.87)

	




	
   40–44

	
147 (7.77)

	
588 (7.77)

	

	
94 (8.11)

	
94 (8.11)

	




	
   45–49

	
159 (8.40)

	
636 (8.40)

	

	
99 (8.59)

	
99 (8.59)

	




	
   50–54

	
189 (9.98)

	
756 (9.98)

	

	
118 (10.24)

	
118 (10.24)

	




	
   55–59

	
178 (9.40)

	
712 (9.40)

	

	
110 (9.54)

	
110 (9.54)

	




	
   60–64

	
186 (9.83)

	
744 (9.83)

	

	
116 (10.02)

	
116 (10.02)

	




	
   65–69

	
213 (11.25)

	
852 (11.25)

	

	
125 (10.85)

	
125 (10.85)

	




	
   70–74

	
177 (9.35)

	
708 (9.35)

	

	
104 (9.03)

	
104 (9.03)

	




	
   75–79

	
134 (7.08)

	
536 (7.08)

	

	
79 (6.84)

	
79 (6.84)

	




	
   80–84

	
78 (4.12)

	
312 (4.12)

	

	
44 (3.82)

	
44 (3.82)

	




	
   85+

	
30 (1.58)

	
120 (1.58)

	

	
17 (1.50)

	
17 (1.50)

	




	
Sex (n, %)

	

	

	
0.00

	

	

	
0.00




	
   Male

	
855 (45.17)

	
3420 (45.17)

	

	
509 (44.01)

	
509 (44.01)

	




	
   Female

	
1038 (54.83)

	
4152 (54.83)

	

	
647 (55.99)

	
647 (55.99)

	




	
Income (n, %)

	

	

	
0.00

	

	

	
0.00




	
   1 (lowest)

	
344 (18.17)

	
1376 (18.17)

	

	
204 (17.63)

	
204 (17.63)

	




	
   2

	
218 (11.52)

	
872 (11.52)

	

	
132 (11.42)

	
132 (11.42)

	




	
   3

	
290 (15.32)

	
1160 (15.32)

	

	
177 (15.30)

	
177 (15.30)

	




	
   4

	
449 (23.72)

	
1796 (23.72)

	

	
275 (23.80)

	
275 (23.80)

	




	
   5 (highest)

	
592 (31.27)

	
2368 (31.27)

	

	
368 (31.85)

	
368 (31.85)

	




	
Region of residence (n, %)

	

	

	
0.00

	

	

	
0.00




	
   Urban

	
849 (44.85)

	
3396 (44.85)

	

	
525 (45.41)

	
525 (45.41)

	




	
   Rural

	
1044 (55.15)

	
4176 (55.15)

	

	
631 (54.59)

	
631 (54.59)

	




	
CCI score (Mean, SD)

	
2.57 (2.44)

	
0.54 (1.21)

	
1.05

	
1.47 (1.31)

	
1.47 (0.84)

	
0.00




	
Diabetes history (n, %)

	
526 (27.79)

	
1898 (25.07)

	
0.06

	
311 (26.90)

	
311 (26.90)

	
0.00




	
Dyslipidemia and Statin prescription dates (n, %)

	

	

	
0.17

	

	

	
0.18




	
   Normal

	
1160 (61.28)

	
4457 (58.86)

	

	
677 (58.51)

	
678 (58.64)

	




	
   Dyslipidemia without Statin

	
349 (18.44)

	
1860 (24.56)

	

	
229 (19.84)

	
290 (25.08)

	




	
   Dyslipidemia with <365 days

	
184 (9.72)

	
509 (6.72)

	

	
119 (10.31)

	
77 (6.65)

	




	
   Dyslipidemia with ≥365 days

	
200 (10.57)

	
746 (9.85)

	

	
131 (11.35)

	
111 (9.63)

	




	
Dyslipidemia and Lipophilic Statin prescription dates (n, %)

	

	

	
0.16

	

	

	
0.15




	
   Normal

	
1160 (61.28)

	
4457 (58.86)

	

	
677 (58.51)

	
678 (58.64)

	




	
   Dyslipidemia without

   Lipophilic Statin

	
418 (22.08)

	
2131 (28.14)

	

	
276 (23.83)

	
328 (28.36)

	




	
   Dyslipidemia with <365 days

	
163 (8.61)

	
461 (6.09)

	

	
105 (9.05)

	
70 (6.05)

	




	
   Dyslipidemia with ≥365 days

	
152 (8.03)

	
523 (6.91)

	

	
100 (8.62)

	
81 (6.96)

	




	
Dyslipidemia and Hydrophilic Statin prescription dates (n, %)

	

	

	
0.11

	

	

	
0.10




	
   Normal

	
1160 (61.28)

	
4457 (58.86)

	

	
677 (58.51)

	
678 (58.64)

	




	
   Dyslipidemia without

   Hydrophilic Statin

	
607 (32.07)

	
2698 (35.63)

	

	
397 (34.36)

	
417 (36.05)

	




	
   Dyslipidemia with <365 days

	
85 (4.49)

	
222 (2.93)

	

	
55 (4.75)

	
34 (2.92)

	




	
   Dyslipidemia with ≥365 days

	
41 (2.17)

	
195 (2.58)

	

	
28 (2.38)

	
28 (2.39)

	




	
Dyslipidemia (n, %)

	
733 (38.72)

	
3115 (41.14)

	
0.05

	
480 (41.49)

	
478 (41.36)

	
0.00




	
Statin prescription dates (n, %)

	

	

	
0.19

	

	

	
0.18




	
   Non-user

	
1416 (74.80)

	
6151 (81.23)

	

	
860 (74.35)

	
936 (80.94)

	




	
   <365 days

	
254 (13.42)

	
592 (7.82)

	

	
153 (13.19)

	
94 (8.12)

	




	
   ≥365 days

	
223 (11.78)

	
829 (10.95)

	

	
144 (12.46)

	
127 (10.94)

	




	
Lipophilic Statin prescription dates (n, %)

	

	

	
0.18

	

	

	
0.16




	
   Non-user

	
1498 (79.13)

	
6449 (85.17)

	

	
914 (79.02)

	
979 (84.63)

	




	
   <365 days

	
224 (11.83)

	
531 (7.01)

	

	
132 (11.41)

	
85 (7.39)

	




	
   ≥365 days

	
171 (9.03)

	
592 (7.82)

	

	
111 (9.57)

	
92 (7.99)

	




	
Hydrophilic Statin prescription dates (n, %)

	

	

	
0.10

	

	

	
0.10




	
   Non-user

	
1747 (92.29)

	
7114 (93.95)

	

	
1063 (91.93)

	
1086 (93.92)

	




	
   <365 days

	
101 (5.34)

	
250 (3.30)

	

	
64 (5.52)

	
40 (3.42)

	




	
   ≥365 days

	
45 (2.38)

	
208 (2.75)

	

	
29 (2.54)

	
31 (2.66)

	








Abbreviations: CCI, Charlson Comorbidity Index; PS, Propensity score; N/A, Not applicable.
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Table 2. Crude and overlap propensity score weighted odds ratios of dates of statin prescription for any brain tumor.
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Characteristics

	
N of

Brain Tumors

	
N of

Controls

	
Odds Ratios for Any Brain Tumor (95% Confidence Interval)




	
(Exposure/Total, %)

	
(Exposure/Total, %)

	
Crude

	
p-Value

	
Overlap Weighted Model †

	
p-Value






	
Dyslipidemia and Any statin prescription




	
   Normal

	
1160/1893 (61.28)

	
4457/7572 (58.86)

	
1

	

	
1

	




	
   Dyslipidemia without Statin

	
349/1893 (18.44)

	
1860/7572 (24.56)

	
0.72 (0.63–0.82)

	
<0.001 *

	
0.81 (0.73–0.90)

	
<0.001 *




	
   Dyslipidemia with <365 days

	
184/1893 (9.72)

	
509/7572 (6.72)

	
1.39 (1.16–1.66)

	
<0.001 *

	
1.60 (1.36–1.87)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
200/1893 (10.57)

	
746/7572 (9.85)

	
1.03 (0.87–1.22)

	
0.731

	
1.22 (1.06–1.41)

	
0.007 *




	
Dyslipidemia and Lipophilic statin prescription




	
   Normal

	
1160/1893 (61.28)

	
4457/7572 (58.86)

	
1

	

	
1

	




	
   Dyslipidemia without Lipophilic statin

	
418/1893 (22.08)

	
2131/7572 (28.14)

	
0.75 (0.67–0.85)

	
<0.001 *

	
0.86 (0.77–0.95)

	
0.002 *




	
   Dyslipidemia with <365 days

	
163/1893 (8.61)

	
461/7572 (6.09)

	
1.36 (1.12–1.64)

	
0.002 *

	
1.53 (1.30–1.81)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
152/1893 (8.03)

	
523/7572 (6.91)

	
1.12 (0.92–1.35)

	
0.259

	
1.28 (1.08–1.51)

	
0.003 *




	
Dyslipidemia and Hydrophilic statin prescription




	
   Normal

	
1160/1893 (61.28)

	
4457/7572 (58.86)

	
1

	

	
1

	




	
   Dyslipidemia without Hydrophilic statin

	
607/1893 (32.07)

	
2698/7572 (35.63)

	
0.86 (0.78–0.96)

	
0.009 *

	
0.96 (0.87–1.05)

	
0.384




	
   Dyslipidemia with <365 days

	
85/1893 (4.49)

	
222/7572 (2.93)

	
1.47 (1.14–1.91)

	
0.003 *

	
1.64 (1.31–2.05)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
41/1893 (2.17)

	
195/7572 (2.58)

	
0.81 (0.57–1.14)

	
0.223

	
1.00 (0.77–1.32)

	
0.972








Abbreviations: CCI, Charlson Comorbidity Index; * Significance at p < 0.05. † Adjusted for age, sex, income, region of residence, diabetes history, CCI scores, and diabetes.
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Table 3. Crude and overlap propensity score weighted odds ratios of dates of statin prescription for malignant brain tumors.
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Characteristics

	
N of

Brain Tumors

	
N of

Controls

	
Odds Ratios for Malignant Brain Tumors (95% Confidence Interval)




	
(Exposure/Total, %)

	
(Exposure/Total, %)

	
Crude

	
p-Value

	
Overlap Weighted Model †

	
p-Value






	
Dyslipidemia and Any statin prescription




	
   Normal

	
725/1072 (67.63)

	
2596/4288 (60.54)

	
1

	

	
1

	




	
   Dyslipidemia without statin

	
158/1072 (14.74)

	
995/4288 (23.2)

	
0.57 (0.47–0.69)

	
<0.001 *

	
0.65 (0.56–0.75)

	
<0.001 *




	
   Dyslipidemia with <365 days

	
88/1072 (8.21)

	
278/4288 (6.48)

	
1.13 (0.88–1.46)

	
0.333

	
1.61 (1.29–2.00)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
101/1072 (9.42)

	
419/4288 (9.77)

	
0.86 (0.68–1.09)

	
0.214

	
1.10 (0.91–1.34)

	
0.309




	
Dyslipidemia and Lipophilic statin prescription




	
   Normal

	
725/1072 (67.63)

	
2596/4288 (60.54)

	
1

	

	
1

	




	
   Dyslipidemia without Lipophilic statin

	
189/1072 (17.63)

	
1150/4288 (26.82)

	
0.59 (0.49–0.70)

	
<0.001 *

	
0.69 (0.60–0.79)

	
<0.001 *




	
   Dyslipidemia with <365 days

	
83/1072 (7.74)

	
253/4288 (5.9)

	
1.17 (0.90–1.53)

	
0.227

	
1.71 (1.36–2.15)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
75/1072 (7.00)

	
289/4288 (6.74)

	
0.93 (0.71–1.21)

	
0.59

	
1.09 (0.88–1.35)

	
0.407




	
Dyslipidemia and Hydrophilic statin prescription




	
   Normal

	
725/1072 (67.63)

	
2596/4288 (60.54)

	
1

	

	
1

	




	
   Dyslipidemia without Hydrophilic statin

	
285/1072 (26.59)

	
1467/4288 (34.21)

	
0.70 (0.60–0.81)

	
<0.001 *

	
0.82 (0.73–0.93)

	
0.002 *




	
   Dyslipidemia with <365 days

	
42/1072 (3.92)

	
113/4288 (2.64)

	
1.33 (0.93–1.92)

	
0.123

	
1.75 (1.27–2.41)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
20/1072 (1.87)

	
112/4288 (2.61)

	
0.64 (0.39–1.04)

	
0.07

	
0.92 (0.64–1.34)

	
0.676








Abbreviations: CCI, Charlson Comorbidity Index; * Significance at p < 0.05; † Adjusted for age, sex, income, region of residence, diabetes history, CCI scores, and diabetes.
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Table 4. Crude and overlap propensity score weighted odds ratios of dates of statin prescription for benign brain tumors.
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Characteristics

	
N of

Brain Tumors

	
N of

Controls

	
Odds Ratios for Benign Brain Tumors (95% Confidence Interval)




	
(Exposure/Total, %)

	
(Exposure/Total, %)

	
Crude

	
p-Value

	
Overlap Weighted Model †

	
p-Value






	
Dyslipidemia and Any statin prescription




	
   Normal

	
435/821 (52.98)

	
1861/3284 (56.67)

	
1

	

	
1

	




	
   Dyslipidemia without statin

	
191/821 (23.26)

	
865/3284 (26.34)

	
0.94 (0.78–1.14)

	
0.553

	
0.95 (0.82–1.11)

	
0.556




	
   Dyslipidemia with <365 days

	
96/821 (11.69)

	
231/3284 (7.03)

	
1.78 (1.37–2.31)

	
<0.001 *

	
1.75 (1.39–2.21)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
99/821 (12.06)

	
327/3284 (9.96)

	
1.30 (1.01–1.66)

	
0.041 *

	
1.34 (1.08–1.68)

	
0.009 *




	
Dyslipidemia and Lipophilic statin prescription




	
   Normal

	
435/821 (52.98)

	
1861/3284 (56.67)

	
1

	

	
1

	




	
   Dyslipidemia without Lipophilic statin

	
229/821 (27.89)

	
981/3284 (29.87)

	
1.00 (0.84–1.19)

	
0.988

	
1.02 (0.88–1.18)

	
0.84




	
   Dyslipidemia with <365 days

	
80/821 (9.74)

	
208/3284 (6.33)

	
1.65 (1.25–2.17)

	
<0.001 *

	
1.59 (1.24–2.03)

	
<0.001 *




	
   Dyslipidemia with ≥365 days

	
77/821 (9.38)

	
234/3284 (7.13)

	
1.41 (1.07–1.86)

	
0.016 *

	
1.44 (1.12–1.84)

	
0.004 *




	
Dyslipidemia and Hydrophilic statin prescription




	
   Normal

	
435/821 (52.98)

	
1861/3284 (56.67)

	
1

	

	
1

	




	
   Dyslipidemia without Hydrophilic statin

	
322/821 (39.22)

	
1231/3284 (37.48)

	
1.12 (0.95–1.31)

	
0.171

	
1.11 (0.96–1.27)

	
0.151




	
   Dyslipidemia with <365 days

	
43/821 (5.24)

	
109/3284 (3.32)

	
1.69 (1.17–2.44)

	
0.005 *

	
1.64 (1.19–2.25)

	
0.002 *




	
   Dyslipidemia with ≥365 days

	
21/821 (2.56)

	
83/3284 (2.53)

	
1.08 (0.66–1.77)

	
0.751

	
1.14 (0.76–1.70)

	
0.526








Abbreviations: CCI, Charlson Comorbidity Index; * Significance at p < 0.05; † Adjusted for age, sex, income, region of residence, diabetes history, CCI scores, and diabetes.
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0.80 (0.67-0.96)
1.75 (1.13-2.71)
1.51 (0.89-2.56)

0.94 (0.78-1.13)
1.79 (1.12-2.85)
0.57 (0.33-1.00)

0.73 (0.61-0.87)
1.69 (1.09-2.62)
1.43 (0.84-2.43)

0.87 (0.72-1.06)
1.71 (1.05-2.78)
0.98 (0.56-1.71)

0.79 (0.67-0.93)
1.80 (1.17-2.75)
0.87 (0.53-1.44)

1.82 (1.51-2.18)
2.93 (1.77-4.84)
1.66 (0.91-3.03)

2.41 (1.59-3.63)
6.81 (2.81-16.50)
2.81 (1.17-6.75)

0.54 (0.43-0.69)
1.23 (0.68-2.21)
0.72 (0.36-1.45)

0.81 (0.70—-0.94)
1.24 (0.80-1.93)
0.58 (0.34-0.98)

0.76 (0.60-0.96)

2.00 (1.22-3.29)
1.09 (0.61-1.94)

(F)

ORs of hydrophilic statin (ref. Normal)
for malignant brain tumor

5 10 15
Odds ratio (95% ClIs)
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