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Abstract

Background—Cognitive impairment is a major health concern among older Mexican 

Americans, associated with significant morbidity and mortality, and may be influenced by 

environmental exposures.

Objectives—To investigate whether agricultural based ambient organophosphorus (OP) exposure 

influences 1) the rate of cognitive decline and mortality and 2) whether these associations are 

mediated through metabolic or inflammatory biomarkers.

Methods—In a subset of older Mexican Americans from the Sacramento Area Latino Study on 

Aging (n=430), who completed modified mini-mental state exams (3MSE) up to 7 times (1998–

2007), we examined the relationship between estimated ambient OP exposures and cognitive 

decline (linear repeated measures model) and time to dementia or being cognitively impaired but 

not demented (CIND) and time to mortality (cox proportional hazards model). We then explored 

metabolic and inflammatory biomarkers as potential mediators of these relationships (additive 

hazards mediation). OP exposures at residential addresses were estimated with a geographic 

information system (GIS) based exposure assessment tool.

Results—Participants with high OP exposure in the five years prior to baseline experienced 

faster cognitive decline (β=0.038, p=0.02) and higher mortality over follow-up (HR=1.91, 95% 

CI=1.12, 3.26). The direct effect of OP exposure was estimated at 241 (95% CI = 27 to 455) 
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additional deaths per 100,000 person-years, and the proportion mediated through the metabolic 

hormone adiponectin was estimated to be 4% (1.5 to 19.2). No other biomarkers were associated 

with OP exposure.

Conclusions—Our study provides support for the involvement of OP pesticides in cognitive 

decline and mortality among older Mexican Americans, possibly through biologic pathways 

involving adiponectin.
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Introduction

Cognitive impairment is a major health concern for older adults, which threatens to become 

even more prominent with increasing life expectancy and the aging of populations1,2. Due to 

the current limitations of treatments for impairment, primary prevention is imperative for 

reducing this burden. Few risk factors for cognitive impairment or dementia have been 

established. These include age, apolipoprotein E allele ε4 (APOE4), cerebrovascular 

diseases, and type 2 diabetes3–6.

Unlike other chemicals, pesticides are designed to impact living systems (http://

www.cdc.gov/niosh/docs/81-123/). Many target the nervous system, with potential health 

consequences among exposed populations7. More than a billion pounds of pesticides are 

used annually in the United States8, the majority in agricultural applications. 

Organophosphorus pesticides (OPs) are among the most acutely toxic and commonly used 

insecticides8,9. Acute OP exposure is widely associated with significant increases in 

morbidity, including neurocognitive impairment and mortality9. The potential toxic effects 

of long-term low-level OP exposure are less clear. Though, there is increasing evidence 

linking low-level exposure to OPs with impaired cognitive and neurobehavioral function, 

among other health outcomes10–12. OPs may influence cognitive function both via the 

targeted neurotoxic cholinergic stimulation as well as their ability to induce inflammation, 

oxidative stress, and mitochondrial dysfunction in the nervous system or other less well 

understood neuropathologic mechanisms9,13. Furthermore, multiple studies have associated 

OP exposure with type 2 diabetes, a well-recognized risk factor for cognitive decline14,15.

Certain populations are known to disproportionately experience OP exposure. According to 

the Centers for Disease Control and Prevention, Hispanics of Mexican descent living in the 

United States have 1.3 to 5 times the amount of OP pesticide metabolites in urine than non-

Hispanic whites16,17, suggesting higher levels of exposure. In California, as many as 91 

percent of agricultural workers are of Mexican descent17,18. Communities and family 

members of agricultural workers may also be exposed from drift of ambient pesticides 

following aerial crop spraying or from pesticides in dust and from volatilization after 

applications to fields19. Furthermore, individuals of Hispanic ancestry are nearly 1.5 times 

more likely to develop dementia or Alzheimer’s disease than non-Hispanic whites20,21. 

Much of this has been attributed to high rates of diabetes among other risk factors.
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Here we aim to examine the impact of residential proximity to agricultural OP application 

on cognitive functional decline and mortality during 10 years of follow-up among older 

Mexican Americans living in the Sacramento region of California. Further, to help 

understand potential biologic pathways, in secondary, exploratory analysis we will examine 

metabolic, inflammatory, and neurodegenerative biomarkers as possible mediators of OP 

exposure and morbidity/mortality associations.

Methods

All procedures described here were approved by the Institutional Review Boards of the 

University of California San Francisco, Los Angeles, and Davis and the University of 

Michigan.

Study Population

For these analyses we relied on a subset of the Sacramento Area Latino Study on Aging 

(SALSA). SALSA is a population-based cohort of older Mexican Americans living in the 

Sacramento Valley area of California designed to investigate metabolic and cardiovascular 

risk factors for dementia. A total of 1,789 participants, aged 60 years and over and self-

identified as Latino, were enrolled between 1998 and 1999. Participants were interviewed in 

their homes every 12–15 months for up to seven study visits, ending in 2007. A detailed 

description of study sampling and procedures has been published22.

In order to assess ambient pesticide exposure, we used California state mandated pesticide 

use reports (see below). However, California does not require pesticide applicators to submit 

the coordinates of non-agricultural pesticide applications (right-of way, structural, etc.) 

mainly found in urban environments. Thus, it is difficult to estimate ambient pesticide 

exposure from these major sources for urban participants at a better than county-wide spatial 

scale. Therefore, we restricted our study population to a subset of the SALSA population 

comprised of 459 participants who were exposed to at least one agricultural use chemical – 

thus designating their residences as being in proximity to agricultural fields - and who had at 

least one follow-up cognitive evaluation. We further excluded 29 participants who had 

baseline dementia/CIND, leaving 430 participants for analysis. A flow chart of study 

participants is detailed in figure 1.

Pesticide Exposure Assessment

For our record-based, environmentally constructed exposure assessment, we estimated 

ambient exposure to OP pesticides from commercial agricultural pesticide applications in 

proximity to each participant’s residential address. This exposure assessment method uses a 

geographic information systems (GIS) based computer model (Cockburn et al. 2011), which 

links California state mandated (since 1974) pesticide use reports (CA-PUR) from 

commercial agricultural application23, land use surveys providing locations of specific 

crop24, and geocoded residential addresses for each participant. For each pesticide reported 

to the CA-PUR, we estimated the pounds applied each year within a 500-m buffer of each 

residential address of our participants.
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For each participant, we have residential addresses at baseline interview and self-reported 

information on how long the participant lived at the location. We limited exposure 

assessment to the 5 years prior to baseline, as 93.5% of the study population reported living 

at their baseline residential location for 5 years or more, while only 83% reported living at 

the address for 10 or more and 62% for 20 or more years. There are 24 different pesticides 

that were applied within residential proximity to our population that are considered OPs 

according to the pesticide action network (PAN) pesticide database, see supplemental table 

S1 for a list of chemicals25. For each of these 24 OP pesticides, we calculated the yearly 

average pounds of pesticide applied within 500-m of each participants residence over the 5 

years prior to baseline (i.e. total pounds applied over the 5 years/5). For participants who 

reported having moved within the 5 year exposure window, we calculated the yearly average 

based only on the years they reported living at the address, and also conducted sensitivity 

analysis excluding these participants.

Given the uncertainty in this assessment method (e.g. assuming the participant was at the 

recorded location during the relevant time period, wind patterns, etc.), we did not use the 

yearly average pounds of pesticide applied as a continuous variable. We dichotomized this 

average to specify those with high application near their residence and thus more likely to 

have ambient exposure. As the toxicity per poundage of each chemical is not necessarily 

similar across all OPs, we dichotomized the yearly average for each of the 24 OP pesticides 

according to the chemical-specific median of all exposed participants living in non-urban 

locations (all non-metropolitan areas based on Census tract 2000) (http://www.ers.usda.gov/

data-products/rural-urban-commuting-area-codes.aspx). We then counted the number of 

individual OP pesticides (of the 24) with high application in proximity to each participant’s 

individual residence; the range of this count was 0 to 9 OP pesticides per residence. We also 

dichotomized this OP count at or above the median, to create a high vs none/low OP 

indicator.

To address issues of application of non-OP pesticides within the buffers, for each participant, 

we also counted how many different non-OP pesticides were applied within 500-m of the 

individual residences (estimated exposure assessed in the same manner as described above); 

the range for this count is 0–65 non-OP pesticides.

Cognitive Function and Health Status

Cognitive function was assessed with the Modified Mini Mental State Exam (3MSE), a 

commonly used test of global cognitive function designed to minimize ceiling effects and 

enhance reliability of the Mini-Mental State Exam26. Higher scores, which range from 0 to 

100, represent better cognitive function. A full neuropsychological test battery (Spanish 

English Neuropsychological Assessment Scales (SENAS)) with five scales, verbal and 

nonverbal measures of semantic memory, verbal attention span, verbal abstraction, and 

visual-perceptual ability27, was conducted on a subset of the participants determined by 

3MSE and Spanish and English Verbal Learning Test (SEVLT) exams. All participants 

whose adjusted score was < 84 on the 3MSE or had a SEVLT delayed recall trial adjusted 

score < 7, 20th percentile on respective exams, were then referred for examination by a team 

of neurologists and neuropsychologists for a clinical evaluation. After baseline, all 
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participants who declined from the baseline score by >3 points (SE of measurement) on the 

Verbal Episodic Memory test (delayed word list recall 0–15) or by >8 points on the 3MSE or 

whose current Verbal Episodic Memory or 3MSE test score was below the 20th percentile 

were referred for clinical evaluation.

All cases were classified as cognitively normal, cognitively impaired but not demented 

(CIND), or demented by the team of neurologists and neuropsychologists. Standard 

diagnostic criteria were applied for a diagnosis of dementia (Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition)28, AD (National Institute of Neurological and 

Communicative Disorders and Stroke–Alzheimer’s Disease and Related Disorders 

Association)29, and vascular dementia (California Alzheimer’s Disease Diagnostic and 

Treatment Centers)30.

Diabetes was based on participant self-report of a diagnosis, fasting blood glucose ≥126, use 

of diabetes medication at each study visit, or diabetes listed as a cause on their death 

certificate. Mortality was monitored in the study population, with online surveillance of 

death notices, review of the Social Security Death Index, the National Death Index, vital 

statistics data from the state of California, and information from family members. Cause of 

death was extracted from death certificates using a multiple cause of death procedure. Of the 

430 participants, 135 participants had passed away (83% of these deaths were confirmed 

with a death certificate).

Biomarker Measurement

Adiponectin, Homocysteine, Leptin, IL6, IL6 receptor 1, TNFα, TNFα receptor 1, hs-CRP, 

and Cortisol were measured and used in this analysis. At baseline, fasting blood was 

collected by venipuncture into evacuated tubes with and without EDTA. Tubes were 

transported on ice to the Medical Center Clinical Laboratory at the University of California, 

Davis within 4 hours of collection, where it was isolated and store at −80 °C. See 

supplementary materials for biomarker measurement methods. SALSA was originally 

designed to explore metabolic and cardiovascular risk factors for cognitive decline, thus 

biomarkers for environmental toxicants such as acetyl cholinesterase function for OP 

exposure were not assessed.

Statistical Analysis

We examined differences in demographic, exposure, and baseline health characteristics 

between high and low OP exposed groups using chi-square or t-tests. We assessed 

associations between OP exposure and the rate of change in cognitive function with 

repeated-measures regression analyses (Proc MIXED; SAS 9.4, SAS Institute, Cary, NC). 

We utilized an unstructured correlation structure for within-subject associations. As seen 

commonly for the Modified Mini Mental State Exams, the distribution of scores was right-

skewed, thus we log-transformed errors on the 3MSE (log (101-3MSE score)) to move it to 

a normal distribution. Positive effect estimates from our statistical model thus correspond to 

more predicted log-transformed errors (lower 3MSE score).

To help account for practice effects, referring to improvements in cognitive test performance 

attributable to increased familiarity with the cognitive testing procedures, we included 
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variables (yes/no) to indicate if the MSE was the first testing, where one would not expect 

practice effects, or second testing31. The interaction term between OP exposure and follow-

up time (years) allows us to estimate the yearly difference in annual change in 3MSE score 

according to exposure groups. We show results for two OP exposure assessments, 1) the 

count score of the number of different OP pesticides applied heavily within 500-m of each 

residence, treated as a continuous variable (range 0–9), with associations shown per 1 unit 

increase, and 2) high/low OP exposure categories based on dichotomizing the OP count at 

the median in exposed participants. The models also controlled for baseline age, gender, 

baseline prevalent diabetes (yes/no), occupation during most of life (agricultural/non-

agricultural), years of schooling, urban/rural residential location indicator, baseline body 

mass index (BMI), and grouped census tract. During model selection, we assessed 

interactions between each of these covariates and time (supplementary table S2). The only 

term which influenced the outcome (log (101-3MSE score)) was time*baseline age 

(p=0.089). However, the association estimates of interest (OP, OP x time) were very similar 

both with and without this interaction, and the AICC was lower in the model excluding 

time*baseline age. Thus, for our final model we did not include any interactions between 

covariates with time, other than the exposure of interest (OP exposure). In sensitivity 

analysis, we also controlled for potential ambient exposure to non-OP pesticides by 

including a count of non-OP pesticides applied in the 500-m buffer (continuous).

To further examine the impact of OP exposure in the population, we also conducted time to 

event analyses with Cox regression (Proc PHREG; SAS 9.4, SAS Institute, Cary, NC), for 

time to dementia/CIND and time to death. The time scale for dementia/CIND was years 

from baseline to date of dementia/CIND, last interview or death, and time from baseline to 

death or censoring for survival analysis. We estimated hazard ratios and 95% confidence 

intervals.

In secondary, hypothesis-generating analyses, we explored potential biologic pathways of 

OP exposure and time to dementia/CIND and survival with mediation analysis. We 

considered baseline inflammatory and metabolic biomarkers as potential mediators of OP-

survival (see figure 2). With the mediation analysis, we aimed to quantify the degree to 

which the association between OP exposure dementia/CIND and mortality was mediated by 

levels of measured biomarkers. We used the marginal structural approach first proposed by 

Lange et al32, based on the counterfactual framework (see Pearl 2012)33. This method 

involves two steps, first, estimation of effects of OP exposure on the potential mediators (by 

linear regression; table 3), and then estimation of both OP exposure and the mediator on 

survival by fitting an Aalen additive hazard model adjusted for the same baseline 

confounders. Only biomarkers associated with OP exposure (step 1; table 3) were fit with 

the Aalen mediator model (step 2). We used this method as it allows us to investigate 

continuous mediators, and produces a readily interpretable risk difference between exposure 

groups, information that is complimentary to the hazard ratios.

This model yields estimates of absolute change in the dementia/CIND or death rate in high 

exposure vs none/low OP exposure (reference) groups. The estimates are interpreted as the 

number of additional deaths per 100,000 person-years at risk, when compared with the 

reference group. The mediated proportion was computed as IE/TE. For the direct effect, 
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95% confidence intervals (CIs) were readily available from the additive hazards model, 

while 95% CIs for the indirect and mediated proportion were estimated by repeating the 

analysis on 10,000 bootstrapped samples. We tested for exposure-by-mediator interactions 

by including cross-product terms, but found no indication of interaction. See Lange et al, 

2012 and Nordahl et al 2014 for a more detailed discussion and coding tutorials using 

R32,34.

Repeated measures and Cox regression analysis was done with SAS 9.4 (SAS Institute Inc., 

Cary, NC) and mediation in R version 2.10.1 (http://cran.rproject.org).

Results

We did not find any differences in demographic and baseline health indicators between the 

whole SALSA population and the subset of participants exposed to at least one agricultural 

use pesticide (supplementary table S3). A higher proportion of participants lived in micro/

rural locations in the exposed subset relative to the whole SALSA cohort. The median 

follow-up in our subset was 6.5 years (SD=2.3) and the mean baseline age 70.4 years 

(SD=6.8).

Among the cohort of participants with any residential pesticide exposure (n=430), 20% had 

worked in agriculture (supplemental table S3). A larger proportion of participants with high 

OP exposure lived in rural environments and worked in agricultural occupations compared 

with those in low/no OP exposures. The high exposure group was also comprised of more 

men and participants born in the United States, though these differences were not 

statistically significant (table 1). Of the subset, 223 participants lived within 500-meters of 

any application of at least one of the OP chemicals in the 5 years prior to baseline. In total, 

just over 33,670.60 lbs of OP pesticides were applied within 500-meters of participant’s 

residential addresses in this timeframe. In terms of pounds applied in proximity to the 

individual participant’s residences, among the 223 participants who lived in proximity to OP 

application, the 5-year range was 0.001 lbs to 1508.9 lbs, mean 151.0 lb, and median 11.9 

lbs. The distribution of agricultural OP pesticide use in the Sacramento Study area can be 

seen in figure 3.

Using chemical specific medians, we identified 111 participants with likely ambient 

exposure to at least 1 OP chemical (residential proximity to agricultural use (lbs/acre 

applied) above the median). The mean OP count score among these participants was 3.9 

(SD=2.4; median=4). Based on dichotomizing the OP count, 50 of these participants were 

considered highly OP exposed, with a mean count of 6.2 OP chemicals (SD=1.2), compared 

with 0.3 (SD=0.9) in the low/no exposure group (table 1).

Using repeated measures linear regression, we estimated that those with residential 

proximity to high agricultural OP application experienced faster cognitive decline over time 

on the 3MSE. This was found across both our continuous OP count score (exposure 1) and 

high OP dichotomized measure (exposure 2). According to predicted values, those with 

higher exposures started out with similar errors on the 3MSE, but declined faster over 
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follow-up, e.g. had more log transformed errors (OP x time (y): exposure 1: β=0.006 per 1 

OP per year, p=0.030; exposure 2: β=0.038 per year, p=0.017; table 2).

We estimated the same direction of association with our Cox models and time to dementia/

CIND. High OP exposure was associated with faster time to dementia/CIND (exposure 1: 

HR=1.09 per 1 OP, 95% CI=0.94, 1.25; exposure 2: HR=1.94, 95% CI=0.75, 5.03). The 

confidence intervals contain the null likely due to our sample size was limited – of the 41 

incident dementia/CIND cases only 6 were highly exposed to OPs. Both exposure 

assessments were also associated with an increased risk of death over follow-up (exposure 1: 

HR=1.12 per 1 OP, 95% CI=1.03, 1.21; exposure 2: HR=1.91, 95% CI=1.12, 3.26; table 2). 

These associations did not change notably when we limited analyses to participants who 

lived at their baseline address for the full 5 years prior to baseline interview or controlled for 

non-OP pesticide application (see supplemental table S4).

Table 3 shows both the mean levels of baseline inflammatory and metabolic biomarker 

levels, explored as potential mediators, by OP exposure group (high/low OP, exposure 2), 

and the results of linear regression analyses, treating the biomarker as the dependent variable 

and OP exposure as a predictor. While we did not find any associations with inflammatory 

markers (including IL6 and TNFα), we found OP pesticide exposure to be associated with 

adiponectin levels measured at baseline (table 3). As adiponectin levels had a wide range 

(579–30920 ng/mL), for subsequent mediation analysis we divided by the IQR (7364 

ng/mL) such that our range was 0.21–4.18. Similar to the Cox models, comparing high OP 

exposure to none/low, we estimated a direct effect from high OP exposure of 92 (95% CI=

−73 to 257) additional dementia/CIND cases per 100,000 person-years, and no indirect 

effect through adiponectin (table 4). For mortality, we estimated a direct effect of 241 (95% 

CI=27 to 455) additional deaths per 100,000 person-years, and a modest indirect effect of 

OP exposure mediated through adiponectin of 10 (95% CI=5 to 14) additional deaths per 

100,000 person-years and each 1 unit increase in adiponectin IQR (or 3.8%; 95% CI=1.5% 

to 19.2%; table 4).

Discussion

Examining this SALSA sub-cohort of older Hispanic Mexican-Americans living near 

agricultural fields with pesticide applications, we found that residential proximity to high 

levels of agricultural OP pesticide applications was associated with faster rates of cognitive 

decline and an increased risk of death during follow-up. Our results also suggest high 

ambient exposure is associated with an increased risk of clinically defined dementia/CIND, 

though our sample size was limited and the 95% CIs contain the null. Furthermore, high OP 

exposure was predictive of lower levels of the metabolic hormone adiponectin, and we 

estimated a modest proportion of the OP-mortality association to be mediated through the 

lowering of these hormone levels.

Although OP use has declined in the last 20 years, an estimated 33 million pounds are still 

used in the United States annually, accounting for 35% of all insecticides applied8. OPs are 

designed to specifically target and inhibit acetylcholinesterase enzyme activity of insects, 

resulting in an excess of cholinergic stimulation, acutely affecting the motor and central 
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nervous system35. This intended neurotoxic function also likely contributes to harm in the 

nervous system of humans. Additionally, after decades of research, it is also well accepted 

that OPs can induce oxidative stress, mitochondrial dysfunction, and neuroinflammation9,36. 

Furthermore, research targeting epigenetic effects of environmental toxicants and abnormal 

gene expression may present another direction for future research of chronic effects from OP 

exposure37.

Acute OP exposure has been implicated in a number of health problems, including cognitive 

outcomes such as deficits in information processing, sustained attention, memory, 

sequencing and problem solving, abstraction, flexibility of thinking, and also depressed 

mood9,38. Though research investigating low level exposure to OPs is less conclusive, 

chronic OP exposure at levels not considered acutely toxic has been associated with a variety 

of health issues, including cognitive deficits9,10,39–41. Two meta-analyses have reported 

associations between low level OP exposure and reduction in cognitive function10,39. The 

Agricultural Health Study, a large study of licensed pesticide applicators in the US, found 

that cumulative OP exposure, at long-term moderate levels, was cross-sectionally associated 

with an increased risk of experiencing neurologic symptoms, including cognitive 

dysfunction42. Two community-based cohorts have reported associations between pesticide 

exposure and dementia/Alzheimer’s disease (AD). One in Cache County, UT, found 

occupational pesticide exposure to be associated with an increased risk of dementia 

(n=3,084; HR=1.38, 95% CI=1.09–1.76)43. Another in France reported cognitive 

performance was worse among those occupationally exposed to pesticides (insecticides, 

herbicides, or fungicides), and found in analysis restricted to men that occupational exposure 

was associated with AD (n= 1,507; RR=2.39, 95% CI=1.02, 5.63)44. Though studies of 

chronic OP exposure are not univocal, and some report no associations (review: Colosio et al 

2003)45.

Our OP exposures were not only associated with cognition, but also mortality. OP exposure 

has been associated with adverse health outcomes beyond neurotoxicity and neurologic 

dysfunctions, including metabolic dysfunction (hyperglycemia, type 2 diabetes)46,15. Our 

mortality findings may be a reflection of this, with OP exposure adversely impacting 

different biologic pathways in different people ultimately leading to an increased risk in all-

cause mortality in the population. To explore such potential biologic pathways of OP 

exposure, we performed mediation analysis, first examining the influence of OP exposure on 

baseline inflammatory and metabolic biomarker levels. In our population, we found OP 

exposure was associated with lower measured levels of the metabolic hormone adiponectin, 

but not with other markers of inflammation.

Adiponectin has important roles in metabolic regulation through insulin sensitivity and 

glucose homeostasis mechanisms across many cell types47. Abnormal circulating 

adiponectin concentrations are associated with a variety of diseases, including type 2 

diabetes, cognitive decline, and cardiac and pulmonary disease48,49. It is also implicated in 

two mechanisms of cellular dysfunction, oxidative stress and the induction of inflammatory 

cytokines50–53. However, we did not find a relationship between OP exposure and 

biomarkers for inflammation (including homocysteine, TNFα, or IL6) in our population. In 

mediation analysis, we estimated a modest indirect effect of OP exposure on survival 
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through adiponectin, about 4% (95% CI=1.5 to 19.2%). This suggests that OP exposure may 

act through metabolic dysfunction. However it should be noted, that we cannot draw causal 

conclusions from mediation analysis as these models assume no unmeasured confounding of 

the OP-mortality, OP-adiponectin, and adiponectin-mortality relationships. Further research 

is needed to replicate and extend the current findings.

As cognitive decline is predictive of mortality, loss to follow-up due to earlier death may 

bias the reported associations between OP exposure and cognitive decline. We estimated 

positive associations between OP exposure and both cognitive decline and mortality and 

would expect any bias to result in an underestimation of the true effect of OPs on cognitive 

decline.

Since the California pesticide use reports do not include locations for non-agricultural 

applications, we opted to only investigate a subgroup of participants exposed to any type of 

agricultural pesticide as a proxy for residences near agricultural fields, which limited our 

sample size and statistical power. We were unable to assess ambient exposures at 

occupational addresses, though we controlled for occupation in analyses. We were also 

limited in our exposure window, as we only had access to residential locations at baseline. 

While 93.5% of participants reported living at the baseline address for at least the five years 

prior, only 62% had lived at their baseline address for 20 years. Thus we could not reliably 

estimate longer exposure windows. Additionally, our record-based exposure method is 

contingent on residential proximity to OP pesticide application. Residential proximity to 

application likely indicates some degree of ambient exposure, but we do not have actual 

biomarkers levels, so we expect some level of non-differential exposure misclassification. 

Socioeconomic status (SES) and other factors which co-vary with geographic locations may 

also confound these results. We controlled for SES related factors including education, 

occupation, and census tract; however unmeasured confounding due to geographic factors is 

possible.

SALSA, a longitudinal population-based study, with regular, long-term follow-up (up to 7 

interviews, 10 years of follow-up), is one of few population-based prospective studies now 

investigating environmental exposures and cognitive function. We are the first to our 

knowledge to investigate these relationships among Mexican Americans, a population 

disproportionately exposed to pesticides. As discussed, the exposure assessment relied on a 

GIS tool and pesticide use and land use records. As a result we do not rely on participant 

recall, minimizing exposure misclassification from recall bias. The record-based method 

also allows us to investigate specific pesticides or chemical classes of interest, like OPs.

Conclusions

While further research is required to replicate and elucidate the role of OP pesticides in 

cognitive dysfunction and decline and mortality in elderly populations, we present evidence 

among older Mexican Americans that ambient OP exposure derived from residential 

proximity to agricultural pesticide application is associated with both faster cognitive decline 

and mortality. Furthermore, mediation analysis suggested that some of the association may 

be mediated through the metabolic hormone adiponectin. Thus, chronic OP exposure may 
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influence cognition through multiple pathophysiologic pathways, including but not only 

metabolic function. Given the complexity of studying lifetime exposures that may influence 

cognitive decline in the elderly, future epidemiologic research dedicated to understanding 

how chronic exposures to OPs may act on intermediate biomarkers linked to cognitive 

decline may be key to disease prevention and future policy actions.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• In a subset of older Mexican Americans from the Sacramento Area Latino 

Study on Aging, we examined the relationship between estimated ambient 

organophosphorus (OP) exposures and cognitive decline and mortality

• Participants with high OP exposure in the five years prior to baseline 

experienced faster cognitive decline and higher mortality over follow-up

• High OP exposure was predictive of lower levels of the metabolic hormone 

adiponectin, and we estimated a modest proportion of the OP-mortality 

association to be mediated through the lowering of adiponectin hormone 

levels
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Figure 1. 
Flow chart to SALSA participants used in analysis.
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Figure 2. 
Model for mediation analysis exploring potential biologic pathways of the association 

between OP pesticide exposure and time to event outcomes (dementia/CIND and mortality).
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Figure 3. 
Distribution of agricultural OP application in the Sacramento Area study area; 33,670.60 lbs 

were applied within 500m of participant’s residence. Descriptive measures of OP 

application: range per residence=0.001 lbs/5y to 1508.9 lbs/5y, mean 151.0 lbs/5y, and 

median 11.9 lbs/5y.

Paul et al. Page 18

Environ Res. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Paul et al. Page 19

Table 1

Health, exposure, and demographic characteristics of the pesticide exposed SALSA participant cohort, with at 

least two 3MSE evaluations.

Variable
Mean ± SD/n (%)

High OP Exposure Low/No OP Exposure

N=50 N=380 P-value*

Baseline Age (y) 70.50 ± 6.7 70.44 ± 6.7 0.95

Urban Residential Location 12 (24) 255 (67) <.0001

Baseline Diabetes 15 (30) 118 (31) 0.71

Born in Mexico 18 (37) 190 (50) 0.08

Male 27 (54) 158 (42) 0.10

Education (y) 5.89 ± 4.4 6.79 ± 5.3 0.26

Occupation

 Non-Agricultural 34 (38) 309 (81)

 Agricultural 16 (32) 71 (19)

OP Count 6.18 ± 1.2 0.34 ± 0.90 <.0001

 Range (5–9) (0–4)

 Mean among OP exposed 6.18 ± 1.2 2.11 ± 1.2 <.0001

Any OP Exposure 50 (100) 61 (16) <.0001

Abbreviations: OP=organophosphorus, CIND=cognitive impairment no dementia

*
P-values based on t-test or chi-square between high and low/no OP exposure groups
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Table 4

Rate Difference in Additional Deaths per 100,000 Person-Years by OP exposure, separated into direct and 

indirect effects through Adiponectin (mediator).

Event
High OP Exposurea

RD (95% CI)
Proportion Mediated through Adiponectinb

% (95% CI)

Dementia/CIND

 Direct effect 92 (−73 to 257)

 Indirect effectb 0.3 (−0.6 to 1.2) 0.3% (−3.6 to 4.5)

Survival

 Direct effect 241 (27 to 455)

 Indirect effectb 10 (5 to 14) 3.8% (1.5 to 19.2)

RD=Risk Difference (Aalen additive hazards model)

a
Dichotomized OP exposure assessment; Reference category=None/Low

b
Indirect effect mediated per 1 IQR unit. Adiponectin levels (range 1579–30920 ng/mL) were divided by IQR (7364 ng/mL; IQR range 0.21–4.18). 

Proportion mediated is the ratio of indirect effect to total effect.

Models adjust for baseline age, gender, baseline diabetes, baseline BMI, rural/urban residential location, occupation in agriculture, years of 
schooling, census tract indicator
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