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Introduction: This study investigated the potential link between serum klotho levels and cognitive function in patients with non-alcoholic fatty liver disease (NAFLD).

Materials and Methods: Utilizing NHANES data from 2011 to 2014, the research included 356 eligible participants. NAFLD was identified with the United States Fatty Liver Index (US-FLI), and cognition was measured by various tests including the Animal Fluency Test (AFT), Digit Symbol Substitution Test (DSST), Immediate Recall Test (IRT), and Delayed Recall Test (DRT). Weighted logistic regression and restricted cubic splines were employed to analyze the relationship between klotho levels and cognitive scores.

Results: A significant nonlinear association was observed between klotho levels and the performance in DSST and Delayed Recall Test (DRT). After controlling for confounding factors, the study found a positive association between higher serum klotho levels and improved cognitive performance in both AFT and DSST. However, there was no significant relationship between klotho levels and the IRT or DRT, regardless of whether the natural logarithm or quartile was considered.

Discussion: The findings suggest that a higher serum klotho level may be positively correlated with better cognitive performance in NAFLD patients.
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1 Introduction

Nonalcoholic fatty liver disease (NAFLD) has a high prevalence worldwide, and there is evidence suggesting that NAFLD is associated with an increased risk of dementia and cognitive decline (Weinstein et al., 2019; Kim et al., 2022). Since the discovery of klotho protein at the end of the last century, many animal studies have shown that klotho can effectively delay aging and protect cognitive function (Kuro-o, 2009). A study involving 10,949 American adults found a link negative association between NAFLD and klotho levels (Chi et al., 2023). However, the relationship between cognitive function and klotho levels in patients with NAFLD requires further exploration.

The definition of NAFLD include evidence of hepatic steatosis (HS), as well as the absence of significant alcohol consumption, and other known causes of hepatic fat accumulation (Rinella et al., 2024). Patients with NAFLD may progress to nonalcoholic steatohepatitis (NASH), leading to the development of liver fibrosis and eventually liver cancer (Thomas et al., 2024). The main feature of NAFLD is the excessive accumulation of triglycerides in liver cells. However, the reasons for the ongoing deterioration of NAFLD are still unclear (Engin, 2017). The prevalence of NAFLD in the general population of the United States was 26% according to a 2016 survey (Younossi et al., 2016), and there is a global trend of increasing. It would be a huge burden on society (Golabi et al., 2024; Riazi et al., 2022).

NAFLD is a systemic disease closely linked to various comorbidities, including cardiovascular disease, chronic kidney disease, and several types of cancer (Duell et al., 2022; Thomas et al., 2024; Marcuccilli and Chonchol, 2016). The result that NAFLD patients has smaller total cerebral brain volume suggests a possible association between NAFLD and brain aging (Weinstein et al., 2018). NAFLD may be a risk factor for central nervous system dysfunction. The reduced peripheral clearance capacity in NAFLD patients may lead to the inability to excrete substances such as amyloid-beta peptide (Aβ), thereby resulting in brain damage (Estrada et al., 2019). A study was conducted on 4,472 adults aged 20–59 found that NAFLD was independently associated with lower cognitive performance (Seo et al., 2016).

Since the discovery of the klotho protein in 1997, it has been shown to play a crucial role in aging (Abraham and Li, 2022; Kuro et al., 1997). Currently, three types of klotho have been identified, including full-length transmembrane klotho (m-klotho), soluble klotho (s-klotho), and secreted klotho (Xu and Sun, 2015). The klotho gene is primarily expressed in the kidneys and choroid plexus of the brain (Wang and Sun, 2009, 2010). Its levels in the body gradually decrease with age. Many experiments have been conducted in animal studies, mice lacking klotho exhibit manifestations resembling premature aging that manifest universally. These mice with restricted klotho expression stop growing after 3–4 weeks of life and die prematurely at 8–9 weeks (Kuro et al., 1997). Additionally, these mice experienced rapid atrophy of the thymus, thinning of the skin, and progressive emphysema around the lungs—symptoms similar to natural aging rather than pathological changes (Kawaguchi et al., 1999; Kuro et al., 1997). Notably, these Klotho-deficient mice also exhibited signs of impaired cognitive function in new object recognition and conditioned fear tests, demonstrating deficits in visual recognition memory and associative fear memory (Nagai et al., 2003). It had been found that klotho had a protective effect on the cognitive function of animals through many ways, such as overexpression of klotho protein improved the clearance of amyloid beta in Alzheimer’s mice (Zhao et al., 2020). And a study found that klotho increased Forkhead box O3a (FOXO-3a) activity and catalase levels in mouse brain astrocytes, as well as increase proteasome activity in neurons, thereby regulating brain energy metabolism and redox state (Orellana et al., 2023). The levels of klotho in the human body are associated with various diseases such as cardiovascular disease, renal fibrosis, and malignant tumors (Liu and Chen, 2023; Pei et al., 2023; Qiao et al., 2023). One study found lower levels of klotho in the cerebrospinal fluid of Alzheimer’s disease (AD) patients (Semba et al., 2014), suggesting a potential link between lower klotho levels and cognitive function (Linghui et al., 2023).

Research on the association between NAFLD and klotho is still scarce. A study based on NHANES data from 2007 to 2016 found that lower levels of α-Klotho protein in the blood were associated with NAFLD, particularly in individuals under 51 years of age, females, and non-Hispanic white populations. The study also suggested that increased levels of α-Klotho might have potential benefits for the treatment of NAFLD (Chi et al., 2023).

To date, the relationship between the levels of serum klotho and cognitive function among patients with NAFLD remains unclear. Thus, we aimed to investigate the association between levels of serum klotho and cognitive function among individuals with NAFLD.



2 Materials and methods


2.1 Study design and participants

This study utilized publicly available data from the National Health and Nutrition Examination Survey (NHANES), accessible at https://www.cdc.gov/nchs/nhanes/index.htm. Data from two consecutive NHANES cycles, 2011–2014, were pooled for this study. Included participants were over 60 years of age and meet the criteria for NAFLD; individuals with missing data on serum klotho or cognitive function were excluded.

According to the selection criteria, we selected 356 participants from 19,931 participants. The screening process is as follows: first, 1,603 participants were selected based on the criterion of US-FLI ≥ 30 from the total of 19,931 participants. Then, individuals with significant alcohol consumption, as well as those testing positive for hepatitis B surface antigen, positive for hepatitis C antibody, or HCV RNA were excluded. Lastly, participants below the age of 60 and those with missing klotho data were removed, resulting in the inclusion of 356 participants who met the criteria (Figure 1).
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FIGURE 1
 Flow chart of participants’ enrollment.




2.2 Definition of NAFLD

The gold standard for diagnosis of nonalcoholic fatty liver disease is liver biopsy. Due to the invasive nature of liver biopsy and possible complications, non-invasive testing (NIT) is increasingly acknowledged in clinical practice. Many models have been proposed. A widely used model modified on the basis of U.S. population data is the United States Fatty Liver Index (US-FLI), whose the area under the receiver operating characteristic (ROC) curve [AUC; 95% confidence interval (CI)] was 0.80 (0.77–0.83) (Ruhl and Everhart, 2015). US-FLI was calculated based on race, age, waist circumference, blood glucose, and other indicators. NAFLD is defined when the US-FLI value is ≥30 and the participant has no other established risk factors for chronic liver diseases (Ruhl and Everhart, 2015; Sourianarayanane and McCullough, 2022) including viral hepatitis and heavy alcohol intake (≥2 drinks per day for men or ≥ 1 drink per day for women).



2.3 Measurement of cognitive performance

To assess cognitive performance in participants older than 60 years of age in the 2011–2014 NHANES survey. The interviews were conducted by trained interviewers in the Mobile Examination Center (MEC Interview) and scored after the interviews were completed. A lower score indicated poorer cognitive function, and there was no defined threshold for scoring. The Consortium to Establish a Registry for Alzheimer’s disease word list learning subtest (CERAD W-L), the Animal Fluency Test (AFT) and the Digit Symbol Substitution Test (DSST) were used in the cognitive performance test. The Immediate Recall Test (IRT) and one Delayed Recall Test (DRT) of the CERAD W-L test were used in cognitive performance evaluation to assess immediate and delayed learning abilities for new verbal information (memory domain), with a total score of 10 (Morris et al., 1989). This test has been utilized in many epidemiological studies (Fillenbaum et al., 2008; Gao et al., 2009). The AFT assesses verbal fluency by asking participants to name as many animals as possible within 1 min, earning one point for each animal named, which assesses executive function. The test scores have been shown to differentiate individuals with mild cognitive impairment from those with more severe cognitive impairment (such as Alzheimer’s disease) (Fillenbaum et al., 2008; Gao et al., 2009). DSST is a test module of the Wechsler Adult Intelligence Scale (WAIS III). The exercise is conducted using a paper form that has a key at the top containing 9 numbers paired with symbols. Participants had 2 min to copy the corresponding symbols in the 133 boxes that adjoin the numbers. It relies on processing speed, sustained attention, and working memory (Tulsky et al., 2001). Detailed questionnaires and scores are available on the NHANES website.



2.4 Determination of serum klotho levels

Serum samples collected during the 2011–2014 cycles of NHANES were received on dry ice and stored at-80°C in The Northwest Lipid Metabolism and Diabetes Research Laboratories, Division of Metabolism, Endocrinology, and Nutrition, University of Washington determined klotho concentrations in these samples using an ELISA kit from IBL International, Japan. The klotho concentration in each sample was measured twice in a series, and the final value was the average of the two measurements. If the difference between the repeated measurements exceeded 10 percent, the klotho concentration was re-measured. And if the value of a quality control sample was not within the 2SD of the assigned value, the entire analytical run was rejected, and sample analyses repeated. The sensitivity of the test was 6 pg/mL. More details are available on the NHANES website.



2.5 Covariates

The following variables were included in this study, such as age (≤69, 70–79), sex (male and female), race (Mexican American, Non-Hispanic white, Non-Hispanic black, other), education (< high school, high school, > high school), the family income–poverty ratio (FMPIR) calculated as the ratio of household income to the poverty line (less than 1.0, between 1.0 and 3.0, and greater than 3.0), smoking status (never smoker, former smoker, current smoker), body mass index (BMI). Hypertension was defined as a systolic blood pressure of more than 140 mm Hg or a diastolic blood pressure of more than 90 mm Hg or having been explicitly told by a doctor to have hypertension or were taking high blood pressure medication (Beckman and Members, 2023). Depression was defined as participants who scored 10 or above on the NHANES project’s Mental Health-Depression Screener (DPQ_G) (Kroenke et al., 2001). Estimated glomerular filtration rate (eGFR) was calculated based on the participants’ creatinine, age, sex, and race information (Levey et al., 2009). Antipsychotics can also affect participants’ cognitive status, so we also included antipsychotics as a covariate, based on whether participants were taking antipsychotics such as Amitriptyline, Bupropion, and Citalopram. Questionnaire findings (self-reported physician diagnosis of high cholesterol, diabetes, stroke), laboratory data alanine transaminase (ALT), aspartate aminotransferase (AST), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C).



2.6 Statistical analysis

In this study, all analyses considered the complex sampling design of the NHANES. Data were presented as unweighted frequencies (weighted percentages) for categorical variables and as medians (interquartile range) for continuous variables. Differences among groups were compared using the Kruskal-Wallis test for continuous variables with non-normal distribution and the χ2 test with the Rao and Scott second-order correction for categorical variables. Multivariable linear regression models were used to assess the association between cognitive test scores and levels of serum klotho. We constructed two models for analysis: the first was crude model. In model 2, we adjusted for age, sex, race, education level, family income-poverty ratio, smoking status, BMI, stroke, diabetes, hypertension, depression, antipsychotic, eGFR, and TG. Restricted cubic spline analysis was used to examine the nonlinear relationship between klotho protein levels and cognitive test scores. A multivariate linear regression model was used for subgroup analysis included age, sex, education level, diabetes mellitus and other variables to analyze the relationship between cognitive function score and klotho. Covariates with missing values were imputed using the multiple imputation by chained equations method R software (version 4.2.2) was used for statistical analysis in the study, and the threshold for statistical significance was set at p < 0.05.




3 Results


3.1 Baseline characteristics

A total of 356 participants were included in this study. The baseline characteristics of 356 participants with NAFLD according to quartile of serum klotho were summarized in Table 1. Similarities were found in the percentages of sex, race and ethnicity, education levels, family income–poverty ratio, smoking status, hypertension, depression, antipsychotic medication, high cholesterol, stroke, and the levels of ALT, AST, TC, LDL-C, HDL-Cand the score of IRT, DRT, AFT among four groups (all p > 0.05). Statistical significances were found in age, diabetes, TG, eGFR and DSST. The score of DSST increased from group Q1 to Q3 and decreased in group Q4 (p < 0.05). Age and the number of people with diabetes decreased as the klotho rating (quartile) increased (Table 1).



TABLE 1 Characteristics of participants with NAFLD according to quartiles of serum klotho.
[image: Table1]



3.2 Association between klotho and cognitive function in NAFLD

Nonlinear relationship was found between DSST and serum klotho (p nonlinear = 0.016) in the restricted cubic splines. Similarly, a nonlinear relationship between DRT and serum klotho was also observed (p nonlinear = 0.021). However, there was no significant nonlinear relationship between serum klotho and either IRT (p nonlinear = 0.267) or AFT (p nonlinear = 0.989; both p < 0.001 for overall; Figure 2).

[image: Figure 2]

FIGURE 2
 Restricted cubic spline (RCS) plot of the association between Klotho and cognitive function.




3.3 Association between serum klotho and cognitive performance

There was no significant association between serum klotho and IRT or DRT, regardless of whether the natural logarithm or quartile was taken for klotho. The β value (95% CI) of klotho (natural logarithm) and DSST in Model 1 and Model 2 were 4.05 (0.25, 7.84) and 5.47 (1.60, 9.34), and P were 0.012 and 0.040, respectively. The β value (95% CI) values for klotho (natural logarithm) and AFT in Models 1 and 2 were 1.70 (0.41, 2.98) and 2.03 (0.11, 3.96), and p were 0.012 and 0.040. In the analysis of the association between klotho actual values and cognitive scores, the second and third quartiles (Q2 and Q3) exhibited a β (95% CI) of 4.99 (0.64, 9.34) and 6 (3.06, 8.94) in comparison to the first quartile (Q1) for the DSST at model 1. In comparison to the reference group (Q1), the β value (95% CI) of AFT in Model 1 for Q4 in klotho (quartile) was 1.52 (0.05, 3.00; Table 2).



TABLE 2 Association between serum klotho and cognitive performance.
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3.4 Subgroup analysis: associations of serum klotho with DSST score

We found a statistical significance between klotho (natural logarithm) and DSST when controlling for age (p = 0.029 for interaction). Compared with the reference group (first quartile), the DSST score β value in the third quartile for the subgroup with FMPIR >3.0 was 10.36 (95% CI: 1.96, 18.77), the DSST score β value of the fourth quartile was 9.43 (95% CI: 2.29, 16.56). In addition, we also analyzed the associations of serum klotho with scores of IRT, DRT, AFT in various subgroups. In Supplementary Table S3, we found a statistical significance between klotho (natural logarithm) and AFT when controlling diabetes (p = 0.004) (Table 3; Supplementary Tables S1–S3).



TABLE 3 Associations of serum klotho with DSST score in various subgroups.
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4 Discussion

To our knowledge, this study was the first study to examine the association between the levels of serum klotho and cognitive function (the scores of IRT, DRT, AFT, and DSST) among individuals with NAFLD. In our analysis, no statistical significances were observed between IRT and DRT scores and serum klotho levels; However, AFT scores exhibited a positive association with serum klotho levels, while DSST scores may demonstrate a non-linear relationship with serum klotho levels.

The klotho protein has long been recognized for its potential to extend lifespan and protect various organs (Kuro et al., 1997), Numerous studies have demonstrated its neuroprotective effects on the brain and nervous system, suggesting a potential role in preventing cognitive impairment.” Co-incubation of klotho with glia conditioned medium + lipopolysaccharides has shown complete restoration of low-concentration glia conditioned medium—lipopolysaccharides induced neuronal toxicity (Nakao et al., 2022). Mice with klotho deficiency exhibit immature hippocampal neurons, while overexpression of klotho in the hippocampal region leads to an increase in neuron count and influences hippocampus-dependent spatial memory function (Laszczyk et al., 2017).

In previous studies, no association was found between IRT, DRT and serum klotho levels (Linghui et al., 2023; Ge et al., 2024). In our study, no statistically significant results were found, consistent with the results of previous studies. IRT and DRT are tests of the ability of short-term memory. In many animal experiments, it has been found that the expression or supplementation of klotho will improve memory, injection of a lentiviral vector capable of delivering and maintaining klotho expression in seven-month-old mice led to a significant increase in klotho expression in the brains of mice after 3 months of feeding, and the treatment reduced memory impairment and neuronal loss (Zhou et al., 2018). In another study, low doses of rhesus klotho protein administered subcutaneously to mice and older rhesus monkeys enhanced memory function, but no lasting cognitive effects were observed in rhesus monkeys similar to the high doses of klotho protein in mice, this may be due to the more complex brain structure of primates (Castner et al., 2023). The study did not find a significant association between klotho levels and human memory performance, possibly due to the consistent maintenance of a certain level of klotho in humans. The specific mechanism needs to be further studied.

In the analysis between individual factors and klotho, DSST obtained statistically significant results in the comparison with klotho. It can be seen from our results that the DSST score increases with the increase of serum klotho, but the DSST score does not continue to increase at the fourth quartile level of the serum klotho, instead of a downward trend. This nonlinear relationship has been less frequently reported in previous similar studies. A comparable association was observed in a study on the association between serum klotho concentration and cognitive ability in elderly patients with nephropathy and proteinuria, which also demonstrated an initial increase followed by a subsequent decrease (Zhang and Zhang, 2023). However, the decline in the later stage was more pronounced than that observed in this study. These findings suggest a strong relationship between lower klotho levels and lower cognitive performance in the NAFLD population.

The levels of klotho are closely associated with stress responses which plays a role in reducing inflammation. A decrease in klotho concentration is linked to an increase in oxidative stress response (Lin and Beal, 2006; Kuro-o, 2009). Research data suggested a strong association between klotho and depression, which may be attributed to oxidative stress (Gold et al., 2013). Additionally, literature also suggested a relationship between klotho, cognitive function, and stress response (Gao et al., 2021). In the “double-hit” hypothesis of NAFLD, inflammation mediated by oxidative stress is considered as the “second hit” (Chitturi and Farrell, 2001). Further investigation is needed to explore whether stress response may also play a significant role in the association between klotho levels and cognitive function in NAFLD.

In our subgroup analysis, when controlling for diabetes variables, we identified a statistical significance between klotho and AFT scores (p = 0.004). Compared with the reference group (first quartile), a statistical significance was observed in AFT scores within the third quartile of the diabetes subgroup, with a β value of 4.74 (95% CI: 1.12, 8.35; Supplementary Table S3). Previous studies on diabetes have shown similar results, indicating a positive correlation between the levels of klotho and cognition in patients with diabetes (Zhang et al., 2023). Some statistically significant results in the diabetes variable were also found in the subgroup analysis between DSST scores and klotho, but in people without diabetes (shown in Table 3). And these results suggest that having lower klotho levels or klotho proteins may have a greater impact on cognitive function in patients with comorbidities.

It should be noted that this study has certain limitations. First, it is a cross-sectional study, which precludes any causal inferences. Second, the sample size of study participants who were screened and ultimately included in the analysis was relatively small. Third, as the cognitive score test was only administered to participants over the age of 60, caution is required when attempting to generalize the findings to other age groups with NAFLD.

In the future, more in-depth studies should be conducted to explore the association in the NAFLD patient population, including prospective studies across different countries, races, regions, and a wider age group, to further verify the predictive value of klotho levels in the cognitive function of NAFLD patients.



5 Conclusion

In conclusion, a statistical significance exists between klotho and the scores of AFT and DSST, indicating a higher serum klotho level may be positively correlated with better cognitive performance in NAFLD patients. Our study suggests that routine testing of serum klotho can be considered in NAFLD patients for early detection of cognitive decline.
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Q1 (<656.6) Q2 (656.7-801.3) Q3(801.4-983.7) Q4 (>983.8) P interacton
Age, years
<70 Ref 10.44 (3.4, 17.49) 8.6(4.47,1273) 542(-077,11.62)
270 Ref 0.67 (=6.06,7.4) 3.27 (~4.45,1099) 0,94 (-9.01,10.89) o
Gender
Male Ref 535 (-0.42,11.12) 5.5 (~0.14, 11.13) 1.24 (~3.94,6.43)
Female Ref 4.86 (~0.7,1042) 7.22(2.32,12.12) 5.21(-1.78,122) o
Education
< High school Ref 7.75 (0.9, 14.6) 7.26(1.4,13.13) 417 (~1.18,9.52)
Some college or above Ref 319 (-2.94,9.31) 4.88(0.7,9.05) —0.41(~6.93,6.12) =
FMPIR
<30 Ref 134(=5.42,8.1) 3.15(~1.66, 7.96) 2,56 (~2.12,7.24)
0.029
>30 Ref 10.36 (1.96,18.77) 943 (2.29,16.56) 537 (=549, 16.24)
Smoking status
Never Ref 45 (~5.58,1457) 645 (~1.01,13.92) 6.9(~0.78,14.59)
Former or current Ref 7.24(1.22,13.27) 5.67(1.19,10.14) 12(-2.53,492) o
BMI
<300 Ref 085 (~9.58,7.89) 499 (-361,13.59) ~4.67(-1273,3.4)
>300 Ref 591(<0.12, 11.94) 585 (0.72,1097) 476(<0.72,1025) o
Diabetes
Yes Ref 238 (=719, 11.95) 6.75 (~1.55, 15.04) 294 (-5.64,11.51)
No Ref 7.52(2.28,12.77) 6.33 (1.47,11.18) 291 (-2.72,854) o

NAFLD, Nonalcoholic fatty liver disease; BMI, body mass index; NHANES, National Health and Nutrition Examination Survey. Data are presented as p value (95% C1). Adjust for age, gender,
race, education levels, family income-poverty ratio, smoking status, BMI, Stroke, hypertension, antipsychotic, Depression, eGFR, Diabetes, and TG. The strata variable was not included when
stratifying by itself. Bold text indicates a p-value < 0,05, indicating a statistical difference between the two.
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Characteristic Overall (N = 356) Serum klotho, pg/mL

Q1 (N=91) Q2 (N=87) Q3 (N =89) Q4 (N =89)
Age, years 660 (63.0,71.0) 67.0(643,71.0) 67.1(627,72.8) 65.0(63.0,69.7) 658 (62.0,72.0) 0031
Age (years), n (%) 0371
<69 212(65.7) 53(63.9) 50 (56.8) 56 (746) 53(659)
70-79 144 (343) 38 (36.1) 37(43.2) 33 (25.4) 36 (34.1)
Gender, 1 (%) 0981
Male 186 (50.6) 45(48.3) 53(50.7) 45(51.6) 43(518)
Female 170 (49.4) 46(51.7) 34(49.3) 44 (48.4) 46(48.2)
Race, 1 (%) 0977
Mexican American 60(63) 15(5.9) 16 (7.1) 14(57) 15 (6.6)
Non-Hispanic White 175 (79.6) 48(78.3) 39(78.1) 46 (82.5) 42(79.4)
Non-Hispanic Black 43(43) 13(5.3) 8(38) 8(32) 14(46)
Other 78 (9.8) 15(10.4) 24101) 21(87) 18 (9.4)
Education, 1 (%) 0439
< High school 110 (194) 26(13.3) 23(23.3) 31(148) 30(26.7)
High school 87(24.8) 27(315) 16(17.6) 2371 21(22.1)
Some college or above 159 (55.7) 38(55.2) 48(59.1) 35(58.0) 38(51.2)
FMPIR, 7 (%) 0.866
<10 60(8.5) 18(97) 12(85) 16(88) 14(72)
10-30 146 (40.0) 37(38.2) 35(32.8) 39 (43.3) 35(44.7)
>30 17 (51.4) 32(52.2) 30(58.7) 23(47.9) 32(48.2)
Smoking status, 1 (%) 0271
Never smoker 162 (43.6) 45 (46.0) 32(418) 40 (46.1) 45(40.4)
Former smoker 159 (46.7) 37 (45.7) 51(56.4) 37 (42.6) 34(437)
Current smoker 35(97) 9(83) 4(18) 12(113) 10(159)
BMI, kg/m? 33.1(29.2,38.0) 31.1(27.7,39.4) 33.6(30.6,38.1) 337(295,38.7) 312(29.1,35.0) 0237
BMI (kg/ma2), n (%) 0.169
<300 109 (30.1) 28 (37.8) 28(18.5) 26(31.2) 27(31.4)
2300 244(69.9) 61(62.2) 59(81.5) 62(65.8) 62(68.6)
Hypertension, 1 (%) 0430
Yes 287.0(81.1) 76.0 (38.2) 69.0(77.0) 68.0 (76.0) 740 (82.8)
No 69.0 (189) 15.0(11.8) 180 (23.0) 210(240) 150 (17.2)
High cholesterol, 1 (%) 0307
Yes 223(67.4) 62(73.9) 54(72.7) 53(57.5) 54(66.3)
No 128(326) 29(26.1) 32(27.3) 34 (42.5) 33(337)
Diabetes, 1 (%) 0.009
Yes 122(327) 39 (49.0) 30(325) 28(30.2) 25(19.7)
No 234(67.3) 52(51.0) 57(67.5) 61(69.8) 64(80.3)
Depression 0578
Yes 42009.1) 120 (94) 100(132) 120 (86) 80(538)
No 3140 (909) 79.0(90.6) 77.0 (86.8) 770 (91.4) 810(942)
Antipsychotic 0243
Yes 220(67) 60(93) 7.0 (108) 50(5.1) 40(22)
No 3340 (933) 85.0(90.5) 80.0(89.2) 840 (949) 85.0(97.8)
Stroke, 7 (%) 0747
Yes 24(66) 7(88) 443) 8(77) 5(5.1)
No 332(93.4) 84(91.2) 83(957) 81(92.3) 84(94.9)
ALT, UL 220(18.0,28.0) 210(17.9,27.0) 22.1(200,30.0) 220(18.0,27.8) 230(184,27.9) 0314
AST,U/L 240(200,27.0) 220(19.0,26.0) 250/(21.0,27.0) 23.0(200,26.0) 240/(21.0,280) 0175
TC, mg/dL 1813 (155.0, 209.0) 177.6(149.0,203.0) 183.5 (156.7, 207.0) 187.0 (162.2,207.8) 180.9 (1545,213.6) 0716
TG, mg/dL 145.0 (1010, 192.0) 157.7(123.3,215.6) 138.1(97.0,210.9) 153.2.(1226, 189.8) 1211 (91,0, 164.4) 0.008
LDL-C, mg/dL 106.0 (78.0, 129.0) 98.4(76.0,121.0) 1035 (73.5,131.0) 1095 (91.0,132.6) 1065 (7.5, 134.9) 0.663
HDL-C, mg/dL 47.0 (400, 54.0) 46.0(39.0,53.0) 47.0(41.0,55.0) 45.0(39.0,53.0) 49.0 (448, 55.6) ons
€GFR, mL/min/1.73m* 766 (61.7, 88.9) 706 (50.8, 89.5) 757 (59.7,83.8) 788 (66.3,90.2) 766 (69.5,89.4) 0045
IRT 200(17.0,22.0) 200(17.0,23.0) 197 (17.0,22.0) 200(18.0,22.0) 190 (17.0,21.0) 0711
DRT 60(50,80) 70(50,8.1) 60(5.0,9.0) 70(50,80) 60(50,80) 0885
AFT 17.0 (140, 21.0) 16.0(13.0,19.3) 160 (14.6,20.0) 18.0 (140, 22.0) 196 (14.0,20.5) 0071
DSST 53.0(430,61.7) 50.0 (40.0,56.4) 53.0(420,63.0) 58.4(47.7,63.6) 500 (429, 57.6) 0.008

Q1 Q2, Q3, Q4 are frst quartile, second quartie,third quartile and max quartile; EMPIR, family income-poverty ratio; BMI, Body Mass Index; ALT, Alanine aminotransferase; AST,
Aspartate aminotransferases TC, Total Cholesterol; TG, Triglyceride; Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; <GER, estimated
glomerular filtration rate; IRT, Immediate Recall Test; DRT, Delayed Recall Test; AFT, Animal Fluency Test; DSST, Digit Symbol Substitution Test.
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Lozt Q1(<656.6) Q2(6567-8013) Q3 (8014-9837) Q4 (>9837)

Model 1 0.34 (~1.80, 2.48) 0.748 Ref 0.04 (~1.49, 1.56) 0.02 (~1.81, 1.84) —0.38 (-2.18, 1.41)

i Model 2 0.74 (149, 2.98) 0.482 Ref 0.1 (~1.46, 1.65) =0.14 (-2.2,1.91) =0.16 (~2.29,1.98)

Model 1 0.11 (-1.34,1.57) 0.873 Ref =0.09 (~1.00, 0.81) =0.11 (~1.20, 0.98) =0.22(-1.29,0.85)

ks Model 2 0.38 (~1.09, 1.85) 0.581 Ref —=0.16 (~0.96, 0.63) —0.18 (~1.2,083) —0.08 (~1.24, 1.08)
. Model 1 1.70 (0.41, 2.98) 0.012 Ref 0.61 (=1.33,2.55) 1.92(-0.01, 3.84) 1.16 (=0.05, 2.38)
AT Model 2 2.03(0.11,3.96) 0.040 Ref 0.79 (<081, 2.38) 171 (=0.1,3.52) 1.52 (0.05, 3.00)
Model 1 4.05(0.25,7.84) 0.037 Ref 5.32 (=002, 10.65) 7.55(2.76, 12.33) 224 (-1.07,5.56)

DT Model 2 5.47 (1.6,9.34) 0.009 Ref 4.99 (0.64,9.34) 6(3.06, 8.94) 2.89 (~0.65,6.42)

Model 1: crude model. Model 2: adjust for age, gender, race, education levels, family income-poverty ratio, smoking status, B, Stroke, hypertension, antipsychotic, Depression, eGFR,
Diabetes, and TG. Bold text indicates a p-value <0.05, indicating a statistical difference between the two.
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