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Ethylene Oxide (EO), a volatile organic compound, has garnered considerable attention for its 
potential impact on human health. Yet, the ramifications of EO exposure on the cognitive functionality 
of the elderly remain unclear. The aim of this study is to determine whether EO exposure in the 
elderly correlates with cognitive function. In this cross-sectional study, an analysis was conducted 
on 471 participants from the 2013 to 2014 United States National Health and Nutrition Examination 
Survey (NHANES). T1, T2, and T3 was used to represent the low, moderate, and high tertiles of 
log10-transformed HbEO levels, respectively. Weighted linear regression analysis, weighted logistic 
regression analysis, and restricted cubic spline models were employed to assess the association 
between HbEO and standardized z-scores of four cognitive tests. Firstly, analysis of variable 
characteristics across the different log10-transformed HbEO groups revealed that HbEO was 
higher in males, non-Hispanic whites, and smokers and that Z scores for Delayed Recall Test (DRT), 
Animal Fluency Test (AFT), and Digit Symbol Substitution Test (DSST) decreased as HbEO increased 
(p < 0.05). After adjusting for confounding factors, the log10-transformed HbEO levels were found to 
be negatively correlated with DRT-Z scores (T3 vs. T1 in Model 3: β (95% CI) = − 0.35 (− 0.54, − 0.15), 
p = 0.002, p for trend = 0.002). In addition, Stratified analyses showed that the four cognitive scores 
were negatively correlated with HbEO levels in those under 80 years of age. And men had worse 
AFT scores compared to women. Overall, the four Z-scores roughly trended downward as log10-
transformed HbEO rose. Based on the findings of this research, EO exposure may be associated with 
adverse performance in the DRT among elderly individuals in the United States.
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As the world’s elderly population grows rapidly, so does the visibility of age-related cognitive health problems1,2. 
It is estimated that by 2060, the number of Alzheimer’s disease patients in the U.S. will double to over six 
million3. The life quality of patients is greatly affected by dementia, imposing a considerable financial strain on 
both families and society4. It’s anticipated that by 2030, worldwide economic damages due to dementia might 
escalate to $25.4 trillion, a significant increase from the $95.756 trillion in 20155. However, currently, there exist 
no feasible solutions to slow the progression of dementia or improve its clinical course6. A notable aspect of 
dementia is reduced cognitive function, which seems to precede the onset of other symptoms7. Consequently, 
pinpointing risk elements for cognitive deterioration and executing strategies could lower the occurrence of 
dementia. The decline in mental abilities stems from a complex mix of genetic, environmental, lifestyle, and 
dietary influences8–11.

Lately, the recognition of cognitive abilities in older adults has become increasingly worrying, attributed 
to various environmental pollution issues. A range of elements including tobacco smoke, particulate matter, 
polycyclic aromatic hydrocarbons, per- and polyfluoroalkyl substances, and phthalates, among others, are 
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known to lead to cognitive deterioration12–15. Therefore, it’s vital to investigate and minimize contact with 
environmental chemicals to avert cognitive deterioration in older adults. Ethylene oxide (EO), a crucial chemical 
in industry, finds extensive application in producing antifreeze, cleaning agents, fabrics, pesticides, sterilizing 
medical devices, and fumigation in food and beauty products16,17. Furthermore, public exposure to EO occurs 
through inhaling polluted air, smoking tobacco, or inhaling vehicle exhaust18,19. As an alkylating agent, EO 
can interact with hemoglobin, resulting in the formation of hemoglobin adducts of EO (N-(2-hydroxyethyl) 
valine) (HbEO), a key and effective marker for assessing EO exposure20. Various researches suggest EO’s 
possible neurotoxic effects, resulting in diverse neurological alterations including sensory-motor neuropathy, 
weakened muscles, reduced sensation, and degeneration of demyelinating fibers21,22. Dating back to the 1990s, 
instances were documented where healthcare workers exposed to EO in their jobs showed cognitive deficits, 
yet there’s a deficit of solid clinical research to verify this link22. Additionally, increasing research indicates that 
EO may trigger inflammatory responses linked to multiple illnesses23–25. Considering the profound effect of 
inflammatory responses on the onset and advancement of cognitive deterioration, our theory proposes that EO 
may contribute to the emergence of cognitive deficits in the elderly.

Therefore, this study aims to assess the link between cognitive skills in people aged 60 and above and their 
exposure to EO, using information from the National Health and Nutrition Examination Survey (NHANES) in 
the United States.

Methods
Study population
NHANES constitutes a cross-sectional study aimed at assessing the health and nutritional status of the United 
States outpatient population. The study protocol was approved by the National Center for Health Statistics 
(NCHS) Ethics Committee, and all methods were performed in accordance with the Declaration of Helsinki. 
The participants provided written informed consent to participate in the study. Participants who were aged ≥ 60 
years were considered starting from the NHANES 2013–2014 cycle, with a total of 8334 individuals (n = 8334). 
Demographic, physical examination, and laboratory examination data were collected during household 
interviews and examination center visits (MEC). The interviewer observed the personal prescription medications 
to gather information about medication usage. We removed participants who had incomplete information 
for HbEO (n = 1084), body mass index (BMI), and alcohol consumption (n = 18), as well as adults who had 
incomplete data for the Immediate Recall Test (IRT), Delayed Recall Test (DRT), Animal Fluency Test (AFT), 
and Digit Symbol Substitution Test (DSST) (n = 108). Overall, 471 participants were analyzed (Fig. 1).

Blood ethylene oxide measurement
The reliability of HbEO has been confirmed as a biomarker for evaluating levels of EO exposure. The concentration 
of HbEO was measured using an improved Edman reaction via HPLC-MS technology. The measured outcomes 
were normalized to hemoglobin and expressed as picomoles of adduct per gram of hemoglobin. The threshold of 
detection (LLOD) for HbEO is 12.9 pmol/g Hb, and any value below this is estimated as LLOD/√2. In this study, 
the rate of detecting HbEO (N% > LOQ) was 95.9%.

Cognitive function assessment
In order to assess cognitive function more comprehensively and rationally, we used four methods of assessment: 
IRT, DRT, AFT, and DSST. Large-scale screenings and clinical studies have used these tests extensively26. The 
AFT, a scale that measures executive function, has scores that can be used to differentiate the severity of cognitive 
dysfunction27. The DSST is a component of the Wechsler Adult Intelligence Scale that evaluates processing 
speed, sustained attention, and working memory28. The DRT was administered after completion of the IRT, AFT, 
and DSST. Further analysis of the overall cognitive performance on the four tests was performed by averaging 
the Z-scores of the four tests. The formula for calculating Z-scores is Z =(χ−µ)/ σ, where χ represents the test 
score for each participant, and µ and σ denote the mean and standard deviation of test scores for all participants, 
respectively.

Covariates
In our study, covariates encompass a spectrum of factors previously established or considered to be associated 
with HbEO or cognitive function. The factors encompass various sociodemographic attributes (like age, gender, 
race, marital status, education level, and household poverty income ratio)29, body mass index30, lifestyle factors 
(physical activity, smoking status, alcohol consumption31, and medical history (hypertension, diabetes mellitus, 
cardiovascular disease)32. Hypertension and diabetes mellitus were determined through measurements of 
relevant indices, medication usage, and self-reported diagnoses, while cardiovascular disease was self-reported.

Statistical analysis
Considering the complexity of the NHANES sampling design, appropriate weighting was applied. For continuous 
variables, weighted means (standard deviation) were used for analysis, while categorical variables were assessed 
using sample size (weighted percentages). Weighted ANOVA was used for analyses of differences in weighted 
means for continuous variables, and the Rao-Scott χ2 test was used for comparisons of differences in weighted 
percentages for categorical variables. To explore the relationship between HbEO and IRT, DRT, AFT, and DSST 
z scores, weighted linear regression analyses were used. Three regression models were developed to validate 
the relationship between HbEO and cognitive function. The original model did not adjust for any potential 
confounders. Model 1 adjusted for age, sex, race, marital status, and poverty-income ratio. A further adjustment 
was made in Model 2 for BMI, smoking, alcohol consumption, and physical activity. Model 3 was additionally 
adjusted for diabetes mellitus, cardiovascular disease, and hypertension. Individuals below the lowest quartile 
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of each Z-score were defined as cognitively impaired. In addition, stratified and interaction analyses were 
performed to assess the relationship between HbEO levels and age and sex. The association between HbEO and 
cognitive performance was further validated using the restricted cubic splines (RCS). To ensure the reliability 
of the findings, sensitivity analyses were conducted to exclude individuals with other health conditions (e.g., 
hypertension, cardiovascular disease, diabetes, and cancer). Statistical analyses for this study were performed 
using R version 4.2.3. Statistical significance was defined as a two-sided P value of less than 0.05.

Fig. 1.  Flowchart of the sample selection from NHANES 2013–2014.
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Results
Baseline characteristics of the study population based on HbEO tertiles
Among the 471 participants, the baseline characteristics of individuals categorized by HbEO tertiles are shown 
in Table  1. Females accounted for 52.99% of the participants, with an average age of 68.94 ± 0.48 years. The 
majority of participants were non-Hispanic Americans, comprising 80.71%. Significant differences in gender, 
race, smoking, DRT z-score, and AFT z-score were observed across different levels of HbEO, with p-values < 0.05. 
Regarding the field of demographic sociology, an increase in HbEO levels was linked to a greater percentage of 
men, individuals who are not of Hispanic-white ethnicity, and individuals who smoke. Regarding cognitive 
function, higher HbEO levels were associated with lower DRT z-scores and AFT z-scores.

Association between HbEO and the z-score of IRT, DRT, AFT, and DSST
As shown in Table  2, across the four different weighted linear regression models, T3 of HbEO exposure, 
compared to T1, was negatively correlated with various cognitive Z-scores. In other words, higher HbEO levels 
were associated with lower cognitive Z-scores. This negative association was statistically significant for DRT 
cognitive Z-scores in the crude model, Model 2, and Model 3, indicating a significant dose-dependent decrease 
in cognitive performance with increasing concentrations of HbEO exposure (P < 0.05).

Sensitivity analysis, weighted logistic regression between HbEO and cognitive impairment 
as defined by z-score
Among the four distinct logistic regression models with varying weights, there was a positive correlation between 
T3 of HbEO exposure and the occurrence of cognitive impairment as defined by DRT cognitive Z-scores, when 
compared to the T1. To put it differently, an increased occurrence of cognitive impairment, as determined by 
DRT, was markedly associated (P < 0.05) with elevated HbEO levels. The discovery aligns with the findings 
showcased in Table 3. However, no statistically significant connection was found to exist between HbEO levels 
and cognitive impairment as defined by other cognitive Z-scores.

Stratified analysis on sex and age
The stratified analysis forest plot was generated using weighted linear regression analysis, and the interaction 
effect was assessed using multiplicative interaction analysis (Fig. 2). In the forest plot, the negative correlation 
between log10-transformed HbEO and IRT-Z scores was observed in the 70–80 age group. Additionally, 
log10-transformed HbEO showed a negative correlation with DRT-Z scores in the 70–80 age group, a negative 
correlation with AFT-Z scores in males and the 60–70 and 70–80 age groups, and a negative correlation with 
DSST-Z scores in the 60–70 age group. However, the multiplicative interaction effects between log10-transformed 
HbEO and the four different Z scores were not statistically significant, with all P for interaction > 0.05.

Restricted cubic spline analysis
The restricted cubic spline analysis illustrates a general decreasing trend in cognitive scores across all four 
different Z scores as log10-transformed HbEO levels rise. This suggests that with increasing exposure to 
epoxyethane, cognitive scores decline, indicating a decrease in cognitive abilities (Fig. 3).

Discussion
This cross-sectional study of 471 older Americans examined the effects of varying levels of ethylene oxide 
exposure on cognitive performance. Cognitive performance was assessed through four different lenses: IRT, 
DRT, AFT, and DSST. Our findings showed an overall decreasing trend in Z-scores for the four different cognitive 
assessments as exposure to ethylene oxide increased, suggesting a decline in cognitive performance. After all 
confounders were excluded, we observed relatively stable positive associations. In the fully adjusted model, the 
highest tertile T3 was positively associated with cognitive impairment as defined by the Z score of the DRT, i.e., 
the higher the level of HbEO, the higher the prevalence of cognitive impairment represented by the DRT. No 
interaction was found in its interaction analyses with age and gender, suggesting that the relationship between 
DRT scores and HbEO exposure can remain relatively stable between groups.

In performing subgroup analyses we found that age played an important role in ethylene oxide-induced 
cognitive impairment. In patients under 80 years of age, all four cognitive scores were negatively correlated 
with HbEO levels, demonstrating a stronger association between cognitive impairment and exposure. This 
may suggest that early intervention to reduce ethylene oxide exposure may have a greater benefit on cognitive 
function. In the subgroup analysis of gender, we can see that male patients have lower Z scores for AFT compared 
to females. AFT represents executive functioning and verbal fluency, which may be more impaired in males than 
females with increased exposure to ethylene oxide. No correlation between cognitive scores and ethylene oxide 
was seen in women. This result is consistent with analyses of population characteristics with different HbEO 
levels, with men, non-Hispanic whites, and smokers having higher levels of HbEO.

A multitude of research indicates that the deterioration of cognitive abilities could stem from the interplay 
of environmental factors, genetic predispositions, and lifestyle aspects33,34. Mounting research establishes a 
connection between cognitive impairments and the presence of harmful particles, gas pollutants, and various 
other environmental factors. Consequently, recognizing novel environmental elements is vital to avert the 
deterioration of cognitive abilities in older adults35,36. EO is recognized as an extensively reactive organic 
substance and a frequent contaminant in the environment17,37. Human health has been subjected to considerable 
scrutiny due to the adverse impacts of EO exposure. Research on animals suggests a direct link between prolonged 
exposure to EO and an increased likelihood of developing malignant tumors38,39. Furthermore, exposure to high 
doses of EO can harm various systems, encompassing the respiratory, circulatory, and nervous systems. Recent 
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Variables Total

T1 T2 T3

P value[0.97,1.43] (1.43,1.61] (1.61,3.14]

No. of participants 471 157 (35.36) 157 (38.40) 157 (26.24)

Age, y, mean  (SE) 68.94 (0.48) 69.69 (0.81) 68.26 (0.65) 68.92 (0.79) 0.32

Age, n  (%) 0.44

 60–70 259 (55.85) 73 (49.40) 86 (60.39) 100 (57.92)

 70–80 153 (33.54) 61 (39.33) 49 (28.40) 43 (33.25)

 >=80 59 (10.61) 23 (11.27) 22 (11.21) 14 ( 8.83)

Sex, n  (%) 0.002

 Female 241 (52.99) 100 (67.06) 77 (44.83) 64 (45.96)

 Male 230 (47.01) 57 (32.94) 80 (55.17) 93 (54.04)

Race, n  (%) < 0.001

 Mexican American 50 ( 4.03) 15 (3.49) 13 (2.68) 22 (6.73)

 Non-Hispanic Black 89 ( 8.06) 22 ( 6.05) 25 ( 5.55) 42 (14.46)

 Non-Hispanic White 246 (80.71) 93 (84.11) 92 (85.90) 61 (68.52)

 Other Hispanic 37 ( 3.07) 16 (3.65) 12 (2.70) 9 (2.82)

 Other Race 49 ( 4.13) 11 (2.70) 15 (3.17) 23 (7.46)

Marital status, n  (%) 0.26

Divorced/Separated/Widowed 160 (29.49) 64 (36.31) 47 (24.40) 49 (27.76)

 Married/Living with partner 280 (65.18) 86 (59.49) 97 (68.86) 97 (67.46)

 Never married 31 ( 5.33) 7 (4.21) 13 (6.74) 11 (4.78)

Education level, n  (%) 0.13

 < High School 58 ( 5.80) 18 (6.40) 12 (2.53) 28 (9.78)

 High School 166 (30.27) 53 (25.90) 56 (30.37) 57 (36.01)

 College 247 (63.93) 86 (67.70) 89 (67.10) 72 (54.21)

Poverty-to-income ratio, n  (%) 0.13

 <1.3 131 (17.10) 43 (13.98) 35 (14.16) 53 (25.60)

 1.3–3.5 177 (39.64) 61 (44.43) 55 (34.80) 61 (40.27)

 >3.5 130 (38.67) 47 (39.02) 56 (46.28) 27 (27.09)

 No record 33 ( 4.59) 6 (2.57) 11 (4.77) 16 (7.04)

BMI, n  (%) 0.06

 Under/Normal weight 119 (22.55) 28 (18.54) 33 (17.25) 58 (35.72)

 Obese 176 (37.15) 70 (42.10) 66 (38.88) 40 (27.92)

 Over weight 176 (40.30) 59 (39.36) 58 (43.87) 59 (36.36)

Smoke status, n  (%) < 0.0001

 Former 185 (43.50) 76 (54.43) 60 (37.50) 49 (37.56)

 Never 238 (48.88) 81 (45.57) 97 (62.50) 60 (33.41)

 Yes 48 ( 7.62) 0 ( 0.00) 0 ( 0.00) 48 (29.03)

Alcohol status, n  (%) 0.56

 Former 116 (21.55) 35 (21.82) 37 (18.47) 44 (25.69)

 Never 77 (13.65) 29 (15.03) 27 (15.67) 21 ( 8.84)

 Yes 278 (64.80) 93 (63.15) 93 (65.85) 92 (65.47)

Physical activity, n  (%) 0.62

 No 262 (53.15) 86 (53.85) 82 (50.54) 94 (56.02)

 Yes 209 (46.85) 71 (46.15) 75 (49.46) 63 (43.98)

DM, n  (%) 0.48

 No 323 (71.98) 118 (76.61) 101 (67.60) 104 (72.13)

 Yes 148 (28.02) 39 (23.39) 56 (32.40) 53 (27.87)

CVD, n  (%) 0.31

 No 380 (80.91) 127 (77.68) 131 (85.58) 122 (78.44)

 Yes 91 (19.09) 30 (22.32) 26 (14.42) 35 (21.56)

Hypertension, n  (%) 0.86

 No 143 (37.12) 53 (37.30) 44 (35.76) 46 (38.87)

 Yes 328 (62.88) 104 (62.70) 113 (64.24) 111 (61.13)

 HbEO, mean  (SE) 54.81 (4.44) 19.07 ( 0.83) 32.98 ( 0.40) 134.92 (14.70) < 0.0001

 IRT z-score, mean  (SE) 0.18 (0.06) 0.26 (0.11) 0.22 (0.08) 0.03 (0.08) 0.2

 DRT z-score, mean  (SE) 0.15 (0.07) 0.22 (0.11) 0.24 (0.09) −0.08 (0.09) 0.01

Continued
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findings from NHANES indicate that exposure to EO influences how long individuals sleep40. Growing studies 
suggest a strong link between the length of sleep and cognitive skills. Implementing sleep interventions may 
play a vital role in averting cognitive deterioration41. The research by Patch and colleagues revealed that EO 
exposure significantly impacts the cognitive, neural, and behavioral capabilities of individuals, suggesting a link 
between EO and cognitive abilities42. Nonetheless, the majority of research on EO exposure has concentrated on 
work-related exposure, with scant attention to the broader population. This research pioneers in exploring the 
link between exposure to ethylene oxide and the likelihood of cognitive deterioration in the broader populace. 
Our findings indicate a correlation between cognitive abilities and EO exposure, implying a decline in cognitive 
scores as EO exposure escalates, resulting in reduced cognitive capacities. This might act as a guideline for 
subsequent studies.

The fundamental biological processes connecting exposure to EO to cognitive deterioration are still not well 
understood. Numerous research findings indicate that EO and its by-products may enhance oxidative stress and 
provoke inflammatory reactions. Lynch and colleagues dating back to 198443. Established that extended exposure 
to EO could result in inflammatory lesions affecting multiple organs in rodents. Within the adult population 
of the U.S., a rise in biomarkers linked to inflammation is associated with higher levels of EO exposure23. 
Additionally, numerous animal studies indicate that exposure to EO leads to heightened internal GSH intake 
and increased liver lipid peroxidation, both intensifying oxidative harm in the body44–46. Presently, there’s a 
broad consensus that a central role for inflammation and oxidative stress in causing cognitive impairment47,48. 
EO could also have a direct impact on peripheral nerves via skin absorption and affect the central nervous 
system through breathing in and blood vessel diffusion42. Further studies are required to delve deeper into the 
mechanisms and mechanisms to clarify the precise biological processes.

HbEO Tertile

Crude model Model 1 Model 2 Model 3

β (95%CI) P value β (95%CI) P value β (95%CI) P value β (95%CI) P value

IRT

 T1 ref ref ref ref

 T2 −0.04 (−0.30,0.22) 0.74 −0.04 (−0.51, 0.43) 0.75 −0.08 (−0.34, 0.18) 0.51 −0.08 (−0.34, 0.17) 0.49

 T3 −0.23 (−0.56,0.10) 0.16 −0.11 (−0.59, 0.38) 0.45 −0.13 (−0.41, 0.16) 0.37 −0.13 (−0.41, 0.14) 0.32

P for trend 0.17 0.43 0.37 0.32

DRT

 T1 ref ref ref ref

 T2 0.02 (−0.30, 0.35) 0.87 0.01 (−0.55, 0.56) 0.96 −0.04 (−0.32, 0.25) 0.79 −0.05 (−0.33, 0.23) 0.7

 T3 −0.3 (−0.54,−0.07) 0.01 −0.23 (−0.63, 0.17) 0.13 −0.32 (−0.53,−0.12) 0.005 −0.35 (−0.54,−0.15) 0.002

P for trend 0.01 0.09 0.01 0.002

AFT

 T1 ref ref ref ref

 T2 0 (−0.24,0.25) 0.97 −0.09 (−0.50,0.32) 0.45 −0.07 (−0.29, 0.15) 0.52 −0.07 (−0.26, 0.12) 0.44

 T3 −0.35 (−0.72,0.03) 0.07 −0.23 (−0.96,0.49) 0.3 −0.27 (−0.64, 0.10) 0.14 −0.28 (−0.63, 0.08) 0.12

P for trend 0.06 0.26 0.15 0.12

DSST

 T1 ref ref ref ref

 T2 0.06 (−0.11,0.23) 0.46 0.01 (−0.41, 0.42) 0.96 −0.02 (−0.19, 0.15) 0.83 −0.03 (−0.20, 0.14) 0.69

 T3 −0.27 (−0.56,0.02) 0.06 −0.05 (−0.63, 0.52) 0.72 −0.07 (−0.34, 0.21) 0.62 −0.08 (−0.38, 0.21) 0.56

P for trend 0.05 0.71 0.62 0.56

Table 2.  Association between HbEO and the z-score of IRT, DRT, AFT, DSST. * Crude Model: Unadjusted 
model. Model 1: Adjusted for age, sex, race, marital status, and poverty-income ratio. Model 2: Additionally 
adjusted for BMI, smoke, alcohol use, and physical activity. Model 3: Additionally adjusted for DM, CVD, and 
hypertension.

 

Variables Total

T1 T2 T3

P value[0.97,1.43] (1.43,1.61] (1.61,3.14]

 AFT z-score, mean  (SE) 0.25 (0.06) 0.34 (0.10) 0.34 (0.08) −0.01 (0.10) 0.02

 DSST z-score, mean  (SE) 0.32 (0.07) 0.37 (0.08) 0.43 (0.09) 0.10 (0.09) 0.06

Table 1.  Baseline characteristics of the study population based on HbEO tertiles. BMI, body mass index; DM, 
diabetes mellitus; CVD, cardiovascular disease; HbEO, hemoglobinadduct of EO; IRT, Immediate Recall test; 
DRT, Delayed Recall test; AFT, Animal Fluency test; DSST, Digit Symbol Substitution test. Data were presented 
as weighted percentages or means (95% confidence intervals).
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It’s essential to take into account various constraints present in this research. Initially, the study utilized a 
limited sample size owing to limitations in data. To accurately assess EO’s effect on cognitive abilities, a more 
extensive analysis of the sample size is required. Additionally, the research’s use of a cross-sectional approach 
precludes investigating the causal links between EO levels and the deterioration of cognitive functions. 
Furthermore, the outcomes of the study might be affected by factors that have not been quantified.

Conclusion
Our findings suggest a relatively stable negative association between EO exposure and DRT scores, with 
significant differences in both unadjusted and fully adjusted models. Stratified analyses by age showed that all 
four scores were significantly correlated with the degree of EO exposure, and this correlation was stronger in 
those aged < 80 years, which may indicate that early reduction of EO exposure may have greater benefits on 
cognitive function. Future and detailed research is essential to clarify the precise biological processes by which 
EO affects cognitive abilities in older adults.

HbEO Tertile

Crude model Model 1 Model 2 Model 3

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

IRT-cognitive impairment

 T1 ref ref ref ref

 T2 0.91 (0.52,1.59) 0.72 0.95 (0.26,3.42) 0.88 1.06 (0.53,2.13) 0.86 1.01 (0.51,1.99) 0.98

 T3 1.01 (0.53,1.91) 0.98 0.79 (0.21,2.96) 0.53 0.72 (0.35,1.51) 0.37 0.69 (0.32,1.48) 0.32

P for trend 0.98 0.5 0.42 0.36

DRT-cognitive impairment

 T1 ref ref ref ref

 T2 0.72 (0.29,1.79) 0.45 0.75 (0.11,5.15) 0.59 0.80 (0.31,2.05) 0.62 0.82 (0.30,2.29) 0.69

 T3 1.62 (0.83,3.17) 0.15 1.56 (0.49,5.00) 0.24 2.12 (1.16,3.87) 0.02 2.30 (1.35,3.91) 0.005

P for trend 0.12 0.2 0.03 0.01

AFT-cognitive impairment

 T1 ref ref ref ref

 T2 0.71 (0.34,1.50) 0.34 0.78 (0.16, 3.84) 0.57 0.74 (0.31,1.78) 0.48 0.67 (0.27,1.70) 0.38

 T3 1.83 (0.89,3.79) 0.09 1.53 (0.26, 8.90) 0.41 1.73 (0.72,4.14) 0.2 1.66 (0.62,4.47) 0.29

P for trend 0.09 0.36 0.28 0.36

DSST-cognitive impairment

 T1 ref ref ref ref

 T2 0.74 (0.36,1.52) 0.38 0.83 (0.10, 6.92) 0.74 0.88 (0.30, 2.58) 0.81 0.94 (0.32, 2.80) 0.91

 T3 1.61 (0.76,3.39) 0.2 1.05 (0.15, 7.11) 0.92 0.69 (0.21, 2.30) 0.52 0.76 (0.23, 2.51) 0.63

P for trend 0.18 0.89 0.53 0.63

Table 3.  Sensitivity analysis, weighted logistic regression between Log-HbEO and cognitive impairment as 
defined by z-score. * Crude Model: Unadjusted model. Model 1: Adjusted for age, sex, race, marital status, and 
poverty-income ratio. Model 2: Additionally adjusted for BMI, smoke, alcohol use, and physical activity. Model 
3: Additionally adjusted for DM, CVD, and hypertension.
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Fig. 2.  Stratified analysis on sex and age.
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