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Twins	&	Parkinson’s:		Nature’s	Experiment
Tanner,	Goldman,	et	al,	JAMA	1999

• Identical	twins	share	100%	of	genes

• Fraternal	twins	share	~	50%	of	genes

Hypothesis:		
If	PD is	primarily	a	genetic	disorder,	MZ	
concordance	should	be	>>	DZ	concordance

NAS/NRC WWII
VETERAN TWINS ROSTER

31,848 TWINS BORN 1917 - 1927

Results:		
Similar	concordance	in	MZ	&	DZ	twin	pairs
Heritability	< age	50	~100%
Heritability	>	age	50	only	7%

Conclusions:	
• Environment	is	a	major	contributor	to	the	cause	of	typical	PD
• 13%	concordance	in	DZ	twins	is	3x	higher	than	other	1st-degree	

relatives:		shared	early	environment!
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occupational exposures combined. The sRR 
for exposure to fungicides did not indicate 
an association with PD (overall sRR =  0.99; 
95% CI: 0.71, 1.40; Figure 2C), in con-
trast with positive sRRs for exposure to her-
bicides (overall sRR =  1.40; 95% CI: 1.08, 
1.81; Figure 2A) and insecticides (overall 
sRR =  1.50; 95% CI: 1.07, 2.11; Figure 2B).

Funnel plots of effect estimates for expo-
sure to pesticides and pesticide subcategories 
were suggestive of small study effects, with a 
tendency for smaller studies to report higher 
relative risks compared with larger studies 
(Figure 3), with Egger’s test p-values of 0.057, 
0.338, 0.208, and 0.680 for pesticide, herbi-
cide, insecticide, and fungicide effect estimates, 
respectively.

Figure 4 presents subgroup sRR estimates 
for those factors a priori hypothesized to be 
related to the observed heterogeneity in study 

results. The only study characteristic that was 
suggestive of contributing to heterogeneity 
was the exposure assessment method, with the 
lowest summary estimates observed for self-
reported exposures (n =  36) and highest sRR 
for studies with exposures estimated based 
on reported job titles (n =  3). However, these 
differences were not statistically significant 
(p =  0.30). There was no evidence for a differ-
ence in summary estimates by adjustment of 
results for potential confounders, type of con-
trol population source, geographical area, or 
by study design. We also investigated whether 
adjustment for smoking had an effect on the 
summary risk estimate. Almost identical results 
were found for studies that did or did not cor-
rect for smoking (data not shown). Similar 
analyses for the subcategories herbicides and 
insecticides rendered similar results as for all 
pesticides (data not shown).

Discussion
Our systematic review indicated that PD is 
related to pesticide exposure with an sRR of 
1.62 (95% CI: 1.40, 1.88). However, there 
was substantial heterogeneity among individ-
ual study estimates (I2 =  63.7%). Summary 
estimates also indicated positive associations of 
PD with herbicides and insecticides, but not 
with fungicides. We systematically investigated 
several factors that could explain heterogene-
ity in study results, but none appeared to be 
related to the observed heterogeneity, with the 
possible exception of the method of exposure 
assessment. Studies that based their exposure 
assessment on job titles reported somewhat 
higher risk estimates than studies that used 
self-reported exposures, but the difference 
did not reach statistical significance, in part 
because of low numbers of studies relying on 
job title and expert judgment.

Including persons who were non-
occupationally exposed to pesticides together 
with those occupationally exposed resulted in a 
very similar sRR. Given that occupational pes-
ticide applications are in general more frequent 
and on larger areas than are non occupational 
exposures, one would have anticipated higher 
RRs for studies focusing only on occupational 
exposures. On the other hand, use of protec-
tive equipment during non occupational appli-
cations may be less. The fact that summary 
results were similar for both types of studies 
could indicate that non occupational and occu-
pational pesticide exposures carry similar risks, 
or that most of the exposures in the combined 
studies were occupational. In the three studies 
that exclusively reported on non occupational 
pesticide exposures, only a small increase in 
relative risk was observed (sRR =  1.18; 95% 
CI: 0.86, 1.63), suggesting that risks associ-
ated with non occupational pesticide exposures 
are lower than from occupational exposures. 
Nevertheless, non occupational pesticide expo-
sure cannot be ruled out as a risk factor for 
PD based on these analyses.

Studies used different methods for expo-
sure assessment and assignment. Most studies 
(36 of 39) were based on self-reported expo-
sure to pesticides, defined as ever versus never 
use or as regular versus non regular use. No 
difference in sRR was seen between these two 
definitions of self-reported exposure, although 
it could have been expected that using a more 
stringent definition of exposure would have 
resulted in stronger associations. Studies that 
used reported job titles and expert judgment, 
and/or that used a job-exposure matrix to 
estimate exposures, resulted in a higher sRR 
compared with studies using self-reported 
pesticide exposures. This difference cannot be 
explained by recall bias, because in that case, 
higher risk ratios would have been expected 
for studies relying on self-reported exposures. 
A more likely explanation is that subjects are 

Figure 1. Forest plot for study-specific RRs and sRRs (95% CIs) of PD associated with the use of pesticides. 
The studies are ordered by publication year and stratified by studies that did or did not include non-
occupational exposure in the exposed group. Studies were pooled with the random effects method. The 
size of the squares reflects the statistical weight of the study in the meta-analyses.

0.25 0.5
RR

1 2 4 8 16

Occupational or nonoccupational 
Ho et al. 1989
Zayed et al. 1990
Golbe et al. 1990
Wong et al. 1991
Jiménez-Jiménez et al. 1992
Hubble et al. 1993
Morano et al. 1994
Liou et al. 1997
De Palma et al. 1998
Werneck and Alvarenga 1999
Preux et al. 2000
Herishanu et al. 2001
Zorzon et al. 2002
Petrovitch et al. 2002
Duzcan et al. 2003
Nuti et al. 2004
Ascherio et al. 2006
Frigerio et al. 2006
Dick et al. 2007
Kamel et al. 2007
Hancock et al. 2008
Brighina et al. 2008
Vlajinac et al. 2010
Subtotal (I 2 = 70.4%, p = 0.000)

Occupational only
Koller et al. 1990
Semchuk et al. 1992
Hertzman et al. 1994
Chan et al. 1998
McCann et al. 1998
Fall et al. 1999
Engel et al. 2001a
Baldereschi et al. 2003
Baldi et al. 2003a
Baldi et al. 2003b
Fong et al. 2007
Peterson et al. 2008
Elbaz et al. 2009
Tanner et al. 2009
Firestone et al. 2010
Manthripragada et al. 2010
Subtotal (I 2 = 47.6%, p = 0.018)

Overall (I 2 = 63.7%, p = 0.000)

3.60 (1.00, 12.90)
1.23 (0.46, 3.29)
7.00 (1.59, 30.80)
1.00 (0.38, 2.66)
1.34 (0.85, 2.13)
3.42 (1.27, 7.32)
1.73 (0.98, 3.03)
2.89 (2.28, 3.66)
2.92 (1.38, 6.14)
2.49 (0.53, 13.14)
1.34 (0.85, 2.10)
6.81 (0.75, 64.89)
1.60 (1.00, 2.40)
0.98 (0.66, 1.45)
2.96 (1.31, 6.69)
0.94 (0.63, 1.40)
1.80 (1.30, 2.50)
1.50 (0.80, 2.90)
1.25 (0.97, 1.61)
1.30 (0.50, 3.30)
1.61 (1.13, 2.29)
1.11 (0.89, 1.38)
3.44 (1.81, 6.53)
1.69 (1.38, 2.06)

1.08 (0.69, 1.69)
2.25 (1.27, 3.99)
1.94 (1.06, 3.55)
0.75 (0.26, 2.22)
1.20 (0.80, 1.50)
3.30 (1.00, 10.00)
0.80 (0.50, 1.20)
3.68 (1.57, 8.64)
2.20 (1.11, 4.34)
2.50 (0.46, 13.50)
1.68 (1.03, 2.76)
6.00 (0.62, 57.68)
1.70 (1.00, 2.90)
1.90 (1.12, 3.21)
1.10 (0.20, 6.09)
1.08 (0.74, 1.56)
1.52 (1.23, 1.89)

1.62 (1.40, 1.88)

Exposure RR (95% CI)

Van der Mark et al, EHP, 2012



Pesticide PD Risk P-value
Rotenone 2.8 0.005
Paraquat 2.5 0.004

• Professional pesticide applicators (mostly farmers) & spouses
• Asked about use of 31 specific pesticides
• Very good historians!
• Only 2 pesticides were significantly associated with PD

Parkinson’s in the Agricultural Health Study 
Tanner, Kamel Goldman, et al, EHP, 2011

Paraquat Rotenone
Mitochondrial poison + +
Oxidative stress + +
Generates an animal model + +
Nigrostriatal injury + +
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Sensitivity analyses. Sensitivity analyses were conducted to evaluate the sensitivity of our conclu-
sions. First, the random-effect model and fixed-effect model were compared with the quality-effect model, 
and the conclusions remained unchanged. Second, we omitted each study from the analysis one-by-one  
(i.e., leave-one-out-method). The conclusion was not drastically changed upon this analysis, and ORs ranged 
from 1.26 (95% CI =  0.92, 1.73) to1.38 (95% CI =  1.10, 1.71). All results were either significant or of marginal 
significance. The results of the leave-one-out analysis are shown in Supplementary Figure S1 (available online). 
Third, specific publications such as studies with fewer than two adjustments, the study with the largest sample 
size, the study with the smallest sample size, and studies with quality scores less than 7 were excluded succes-
sively, and the conclusions remained stable. All analyses were conducted by applying both random-effect and 
fixed-effect models, and the results of these analyses are displayed in Fig. 4.

Publication bias. Neither Egger’s test nor Begg’s test suggested any evidence of publication bias for pesticide 
exposure (Egger, P =  0.66; Begg, P =  0.76), for studies reporting crude effect size (Egger, P =  0.95; Begg, P =  1.00), 
or for studies reporting adjusted effect size (Egger, P =  0.55; Begg, P =  0.81). Thus, no significant evidence of sub-
stantial publication bias was observed in this study.

Discussion
The relationship between pesticide exposure and risk of AD has attracted an increasing amount of attention in 
recent years. Pesticides are well-known neurotoxins and are associated with many neurodegenerative disorders, 
including mild cognitive impairment and dementia, which are strongly linked to AD. Mild cognitive impairment 
is a prodromal phase of cognitive decline that may precede the emergence of AD. Some research has suggested 
that mild cognitive impairment and late-onset AD are essentially part of the same pathophysiological process, 
sharing a number of etiological factors23. A prospective cohort study revealed a positive association between pes-
ticide exposure and mild cognitive impairment, suggesting that people with frequent pesticide exposure, such as 
gardeners and farmers, may have a higher risk of developing AD24. In another cohort study25, the authors found 

Figure 2. Forest plot of pesticide exposure and risk of AD. The points and horizontal lines correspond to 
the study-specific odds ratios (ORs) and 95% confidence intervals (CIs), respectively. The grey areas reflect the 
study-specific weight. The diamonds represent the pooled ORs and 95% CIs. The vertical dashed line indicates 
an OR of 1.34.

Analysis category No. of studies
Fixed effects model Heterogeneity statistics Publication bias (P Value)
OR 95% CI I2 Index (%) P Value Egger Begg

Pesticide exposure 7 1.34 1.08, 1.67 0 0.88 0.66 0.76
Crude ES studies 7 1.14 0.94, 1.38 0 0.50 0.95 1.00
Adjusted ES studies 5 1.37 1.09, 1.71 0 0.92 0.55 0.81

Table 2.  Alzheimer’s disease and pesticide exposure: Summary ES after stratification of all studies. 
Abbreviations: CI, confidence interval; ES, effect size; N, number; OR, odds ratio.

Yan et al, Scientific Reports, 2016
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fied in individual cells using Image-Pro Plus 7.0 software (Me-
dia Cybernetics Inc). Data were calculated as mean (SEM) den-
sity/intensity from 3 individual experiments, each performed
in triplicate, and data calculated as the percentage of control.

Statistical Analyses
All analyses were conducted with SAS software version 9 (SAS
Institute Inc) or Stata version 12. We used nonparametric analy-
sis of variance (Kruskal-Wallis) for bivariate analysis to ex-
plore the association between DDE, AD, and other covariates.
Correlations between serum and brain levels of DDE were ex-
amined using the Pearson correlation coefficient.

Unconditional logistic regression, controlling for age, sex,
and location, was used to estimate odds ratios (ORs) and their
95% CIs for the association between serum DDE levels and AD
diagnosis in the UTSW and Emory study locations. General-
ized estimating equations were used to determine the odds of
having AD or decrease in MMSE score per tertile of DDE level
in the full study population, controlling for age, sex, race/
ethnicity, education, and APOE genotype and accounting for
location. Confounders were selected on the basis of biologi-
cal plausibility and 10% change in effect estimate. For samples
with nondetectable levels of DDE (n=46), we imputed a value
equal to half the limit of detection (0.075 ng/mL), as de-
scribed by Lubin and colleagues8 and corrected for choles-
terol levels. Regression analysis including the nondetects as
zero value did not significantly change the OR estimate. To ex-
plore whether the presence of an ε4 allele of APOE modified
the association between DDE levels and MMSE scores, we either
stratified the data by genotype or used an interaction model
(DDE*APOE4) with generalized estimating equations.

Results

Baseline characteristics of the cohort are shown in Table 1.
There were a total of 165 samples representing 79 control and
86 AD cases. The cohort comprised 94 women and 71 men, with
women comprising 60% of the control and 55% of the AD cases.
The presence of at least 1 APOE4 allele was found in 35% of con-
trol and 65% of AD cases.

Dichlorodiphenyldichloroethylene (DDE) was detected in
70% of control and 80% of AD cases (Table 1), with mean lev-
els 3.8-fold higher in the serum of AD cases (mean [SEM], 2.64
[0.35] ng/mg cholesterol) compared with control participants
(mean [SEM], 0.69 [0.1] ng/mg cholesterol; P < .001; Figure 1).
No other organochlorine pesticide besides DDE was found to
be elevated in AD samples compared with control partici-
pants (data not shown). The association between serum DDE
levels and AD is presented in Table 2. Levels of DDE were di-
vided into tertiles, with the nondetects designated at half the
limit of detection, and the OR was estimated using general-
ized estimating equations and corrected for age, sex, race/
ethnicity, and location. Compared with the first tertile, the OR
for AD diagnosis in the third tertile of DDE level was signifi-
cantly increased (OR, 4.18; 95% CI, 2.54-5.82; P < .0001). The
presence of an APOE ε4 allele alone was associated with in-
creased AD diagnosis (OR, 3.70; 95% CI, 2.97-4.60; P < .0001).
However, adjustment for APOE genotype did not signifi-
cantly alter the association between DDE levels and AD diag-
nosis (Table 2). Furthermore, DDE levels did not differ based
on APOE genotype (data not shown). To explore the potential
influence of nondetects of DDE on AD diagnosis, we per-
formed a sensitivity analysis by comparing the highest tertile
of DDE against the nondetects and comparing the highest ter-
tile against the lowest tertile when nondetects were ex-
cluded. Similar ORs to our original analysis were observed
(eTable 1 in Supplement). Likewise, similar ORs were ob-

Table 1. Description of the Study Population

Characteristic
Control
(n = 79)

AD
(n = 86)

Age, mean (SD), y 70.2 (8.8) 74.1 (8.4)

Sex, No. (%)

Female 47 (59.5) 47 (54.7)

Male 32 (40.5) 39 (45.3)

Race/ethnicity, No. (%)

White 69 (87.3) 79 (91.9)

African American 10 (12.7) 7 (8.1)

Family history, No. (%) 30 (38.0) 42 (48.8)

Education, mean (SD), y 15.6 (2.4) 14 (3.5)

MMSE score, mean (SD) 28.9 (1.7) 18.9 (8.1)

APOE, No. (%)

ε4 positive 28 (35.4) 56 (65.1)

ε4 negative 51 (64.6) 30 (34.9)

Site, No. (%)

UTSW 54 (68.4) 61 (70.9)

Emory 25 (31.6) 25 (29.1)

DDE nondetects 24 (30.4) 17 (19.8)

Abbreviations: AD, Alzheimer disease; APOE, apolipoprotein E;
DDE, dichlorodiphenyldichloroethylene; MMSE, Mini-Mental
State Examination; UTSW, University of Texas Southwestern Medical Center.

Figure 1. Serum Levels of Dichlorodiphenyldichloroethylene (DDE)
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Control
(n = 79)

AD
(n = 86)

Serum levels of DDE are elevated in Alzheimer disease (AD). Data were pooled
from University of Texas Southwestern Medical Center and Emory University.
Levels of DDE are significantly higher in patients with AD (mean [SEM], 2.64
[0.35]) vs control participants (mean [SEM], 0.69 [0.10]; P < .001).

Research Original Investigation Pesticides and Alzheimer Disease

286 JAMA Neurology March 2014 Volume 71, Number 3 jamaneurology.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From:  by a UCSF LIBRARY User  on 07/25/2018

� Richardson et al, JAMA Neurol, 2014
� DDT’s primary metabolite DDE is highly persistent (t1/2 ~10 years)

P < 0.001

Those in the 
highest third of 
DDE levels had a 
4-fold increased 
risk of Alzheimer’s



Early Life Pesticide Exposures & Cognition

� CHAMACOS study (Gunier et al, EHP, 2017)

• Salinas Valley, California
• Pesticide application data mapped to mother’s residence during pregnancy
• Lower IQ at age 7 

each SD increase in acephate (95% CI: –3.9, –0.6) or
oxydemeton-methyl (95% CI: −4.0, −0.7). Although they were
also negatively related, there was no significant relationship
between the use of chlorpyrifos, malathion, or diazinon and Full-
Scale IQ. There was a significant negative relationship between
agricultural use of acephate, chlorpyrifos, diazinon, and
oxydemeton-methyl and Verbal Comprehension. There was no
relationship with Working Memory, Processing Speed, or
Perceptual Reasoning for any of the individual OPs evaluated.
We also included the top 5 OP pesticides in the same model
(Model 1, Table S3) and found no association (p<0:05) with
Full-Scale IQ for any individual OP pesticide, but the strongest
relationship was with oxydemeton-methyl (–4.2 points; 95% CI:
–10.1, 1.8).

Other Pesticide Groups
We observed a nearly universal trend of lower IQ scores for all
domains with greater use of individual OP pesticides and other
potentially neurotoxic pesticide groups within 1 km of the ma-
ternal residence during pregnancy (Table 4). The combined
toxicity-weighted use of OPs and carbamates was associated with
decreased Full-Scale IQ, although the unweighted and toxicity-
weighted use of carbamates alone was not significantly associated
with Full-Scale IQ. In separate models with the other neurotoxic
pesticide groups, the use of neonicotinoids, pyrethroids, and Mn-
fungicides was each significantly associated (p<0:05) with an
approximately 2-point decrease in Full-Scale IQ, Perceptual
Reasoning, and Verbal Comprehension (Table 4).

In a single model that included all five neurotoxic pesticide
groups, the strongest association with Full-Scale IQ was for
toxicity-weighted OP pesticide use with a 2.8-point decrease
(95% CI: –6.8, 1.3) for each SD increase (Model 2, Table S3).
The associations with IQ scales were nearly identical for the first
component from PCA, which explained ∼80% of the variance
and weighted the five neurotoxic pesticide groups equally, and
the average rank index, with a 2.0-point decrease (95% CI: –3.7,
–0.4) in Full-Scale IQ for each SD increase in estimated exposure
(Table 4).

Sensitivity Analyses
For all analyses, point estimates were similar but confidence
intervals were wider when we restricted the study population to
those mothers with residential location known for three trimesters
of pregnancy (n=150with Full-Scale IQ), and associations were
weaker when we included all mothers with residential loca-
tion known for one trimester during pregnancy (n=284with
Full-Scale IQ) (data not shown). Our results were very similar
after excluding the relatively few outliers (1–3 participants per
exposure/outcome) based on studentized residuals (data not
shown). Associations between prenatal neurotoxic pesticide
use and WISC scores at 7 y of age became slightly stronger
when we used inverse probability weighting to adjust for
potential selection bias (data not shown). Including other pre-
natal exposures that have been related to WISC scores at 7 y
of age (DDT/DDE and PBDEs) reduced the number of partic-
ipants (n=191 for Full-Scale IQ), but the results were very
similar for toxicity-weighted OP pesticide use and the other
neurotoxic pesticide groups for all WISC scales with and
without inclusion of these other prenatal exposures in the
models.

Discussion
We observed an inverse relationship between the agricultural use
of OP pesticides within 1 km of maternal residences during preg-
nancy and cognitive development in children at 7 y of age. For
each standard deviation increase in agricultural use of total OPs
(237 kg) or toxicity-weighted OPs, there was a 2-point decrease
(15% of a standard deviation) in Full-Scale IQ. To put these find-
ings in perspective, other authors have estimated that each 1-
point decrease in IQ decreases worker productivity by ∼2%
(Grosse et al. 2002), reducing lifetime earnings by US$18,000 in
2005 dollars (Nedellec and Rabl 2016). The results were inde-
pendent of prenatal urinary DAP concentrations in the model,
and the effect estimates of nearby OP use and urinary DAPs were
of similar magnitude. These independent associations suggest
that our previous observation of a relationship between prenatal
urinary DAPs and IQ (Bouchard et al. 2011a) did not completely
account for exposure to OP pesticides during pregnancy and that
using both urinary DAPs and PUR data seems to provide a more

Table 4. Adjusted association between a standard deviation increase in neurotoxic pesticide use within one kilometer of residence during pregnancy and IQ
scales at 7 y of age from separate models for each exposure.

Neurotoxic pesticides

Full-Scale IQ
(n=255)

Working Memory
(n=256)

Processing Speed
(n=256)

Perceptual
Reasoning (n=283)

Verbal
Comprehension

(n=283)
b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI)

OPs –2.1 (–3.8, –0.3) –1.3 (–3.1, 0.4) –1.1 (–2.9, 0.7) –1.8 (–3.7, 0.1) –2.5 (–4.1, –1.0)**
Acephate –2.3 (–3.9, –0.6)** –1.4 (–3.1, 0.3) –1.4 (–3.1, 0.2) –1.8 (–3.6, 0.1) –2.7 (–4.3, –1.2)**
Chlorpyrifos –1.4 (–3.0, 0.2) –1.3 (–3.0, 0.3) –0.3 (–1.9, 1.4) –0.8 (–2.6, 1.1) –2.2 (–3.7, –0.7)**
Diazinon –1.7 (–3.4, 0.1) –1.3 (–3.0, 0.5) –1 (–2.8, 0.7) –1.7 (–3.6, 0.2) –1.6 (–3.2, –0.1)*
Malathion –0.8 (–2.5, 0.8) –0.8 (–2.4, 0.9) 0.8 (–0.9, 2.5) –1.2 (–3.0, 0.6) –1.3 (–2.8, 0.2)
Oxydemeton–methyl –2.3 (–4.0, –0.7)** –1.5 (–3.2, 0.2) –1.5 (–3.2, 0.2) –1.5 (–3.4, 0.4) –2.8 (–4.3, –1.3)**
OPs toxicity weighted –2.2 (–3.9, –0.5)** –1.4 (–3.1, 0.4) –1.3 (–3.0, 0.5) –1.4 (–3.3, 0.5) –2.9 (–4.4, –1.3)**
Carbamates –1.2 (–2.8, 0.4) –0.4 (–2.0, 1.2) –0.2 (–1.8, 1.4) –1.1 (–2.9, 0.7) –2.4 (–3.9, –1.0)**
Carbamates toxicity weighted –1.3 (–2.9, 0.3) –0.6 (–2.2, 1.1) –0.1 (–1.7, 1.5) –1 (–2.8, 0.8) –2.5 (–4.0, –1.0)**
Carbamates and OPs toxicity
weighted

–2.1 (–3.7, –0.4)* –1.1 (–2.9, 0.6) –1 (–2.7, 0.7) –1.4 (–3.3, 0.5) –2.9 (–4.5, –1.4)**

Neonicotinoids –1.7 (–3.3, 0.0)* –1.1 (–2.8, 0.5) –0.8 (–2.4, 0.9) –1.9 (–3.8, –0.1)* –1.9 (–3.5, –0.3)*
Pyrethroids –2 (–3.7, –0.3)* –1.5 (–3.2, 0.2) –1.1 (–2.8, 0.6) –2.1 (–4.0, –0.2)* –1.8 (–3.4, –0.3)*
Mn-fungicides –2 (–3.7, –0.2) –1.2 (–2.9, 0.6) –1.2 (–2.9, 0.6) –1.7 (–3.6, 0.1) –2.1 (–3.7, –0.6)**
Rank index of 5 neurotoxic groups –2 (–3.7, –0.4)* –1.3 (–3.0, 0.4) –1 (–2.7, 0.7) –1.9 (–3.8, –0.1)* –2.4 (–4.0, –0.9)**

Notes: Mn, manganese. Adjusted for child's age at assessment, sex, language of assessment, maternal education, maternal intelligence, maternal country of birth, maternal depression
at 7-y visit, Home Observation for Measurement of the Environment (HOME) score at 7-y visit, household poverty level at 7-year visit and prenatal urinary dialkylphosphates.
*p<0:05. **p<0:01.

Environmental Health Perspectives 057002-5

each SD increase in acephate (95% CI: –3.9, –0.6) or
oxydemeton-methyl (95% CI: −4.0, −0.7). Although they were
also negatively related, there was no significant relationship
between the use of chlorpyrifos, malathion, or diazinon and Full-
Scale IQ. There was a significant negative relationship between
agricultural use of acephate, chlorpyrifos, diazinon, and
oxydemeton-methyl and Verbal Comprehension. There was no
relationship with Working Memory, Processing Speed, or
Perceptual Reasoning for any of the individual OPs evaluated.
We also included the top 5 OP pesticides in the same model
(Model 1, Table S3) and found no association (p<0:05) with
Full-Scale IQ for any individual OP pesticide, but the strongest
relationship was with oxydemeton-methyl (–4.2 points; 95% CI:
–10.1, 1.8).

Other Pesticide Groups
We observed a nearly universal trend of lower IQ scores for all
domains with greater use of individual OP pesticides and other
potentially neurotoxic pesticide groups within 1 km of the ma-
ternal residence during pregnancy (Table 4). The combined
toxicity-weighted use of OPs and carbamates was associated with
decreased Full-Scale IQ, although the unweighted and toxicity-
weighted use of carbamates alone was not significantly associated
with Full-Scale IQ. In separate models with the other neurotoxic
pesticide groups, the use of neonicotinoids, pyrethroids, and Mn-
fungicides was each significantly associated (p<0:05) with an
approximately 2-point decrease in Full-Scale IQ, Perceptual
Reasoning, and Verbal Comprehension (Table 4).

In a single model that included all five neurotoxic pesticide
groups, the strongest association with Full-Scale IQ was for
toxicity-weighted OP pesticide use with a 2.8-point decrease
(95% CI: –6.8, 1.3) for each SD increase (Model 2, Table S3).
The associations with IQ scales were nearly identical for the first
component from PCA, which explained ∼80% of the variance
and weighted the five neurotoxic pesticide groups equally, and
the average rank index, with a 2.0-point decrease (95% CI: –3.7,
–0.4) in Full-Scale IQ for each SD increase in estimated exposure
(Table 4).

Sensitivity Analyses
For all analyses, point estimates were similar but confidence
intervals were wider when we restricted the study population to
those mothers with residential location known for three trimesters
of pregnancy (n=150with Full-Scale IQ), and associations were
weaker when we included all mothers with residential loca-
tion known for one trimester during pregnancy (n=284with
Full-Scale IQ) (data not shown). Our results were very similar
after excluding the relatively few outliers (1–3 participants per
exposure/outcome) based on studentized residuals (data not
shown). Associations between prenatal neurotoxic pesticide
use and WISC scores at 7 y of age became slightly stronger
when we used inverse probability weighting to adjust for
potential selection bias (data not shown). Including other pre-
natal exposures that have been related to WISC scores at 7 y
of age (DDT/DDE and PBDEs) reduced the number of partic-
ipants (n=191 for Full-Scale IQ), but the results were very
similar for toxicity-weighted OP pesticide use and the other
neurotoxic pesticide groups for all WISC scales with and
without inclusion of these other prenatal exposures in the
models.

Discussion
We observed an inverse relationship between the agricultural use
of OP pesticides within 1 km of maternal residences during preg-
nancy and cognitive development in children at 7 y of age. For
each standard deviation increase in agricultural use of total OPs
(237 kg) or toxicity-weighted OPs, there was a 2-point decrease
(15% of a standard deviation) in Full-Scale IQ. To put these find-
ings in perspective, other authors have estimated that each 1-
point decrease in IQ decreases worker productivity by ∼2%
(Grosse et al. 2002), reducing lifetime earnings by US$18,000 in
2005 dollars (Nedellec and Rabl 2016). The results were inde-
pendent of prenatal urinary DAP concentrations in the model,
and the effect estimates of nearby OP use and urinary DAPs were
of similar magnitude. These independent associations suggest
that our previous observation of a relationship between prenatal
urinary DAPs and IQ (Bouchard et al. 2011a) did not completely
account for exposure to OP pesticides during pregnancy and that
using both urinary DAPs and PUR data seems to provide a more

Table 4. Adjusted association between a standard deviation increase in neurotoxic pesticide use within one kilometer of residence during pregnancy and IQ
scales at 7 y of age from separate models for each exposure.

Neurotoxic pesticides

Full-Scale IQ
(n=255)

Working Memory
(n=256)

Processing Speed
(n=256)

Perceptual
Reasoning (n=283)

Verbal
Comprehension

(n=283)
b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI)

OPs –2.1 (–3.8, –0.3) –1.3 (–3.1, 0.4) –1.1 (–2.9, 0.7) –1.8 (–3.7, 0.1) –2.5 (–4.1, –1.0)**
Acephate –2.3 (–3.9, –0.6)** –1.4 (–3.1, 0.3) –1.4 (–3.1, 0.2) –1.8 (–3.6, 0.1) –2.7 (–4.3, –1.2)**
Chlorpyrifos –1.4 (–3.0, 0.2) –1.3 (–3.0, 0.3) –0.3 (–1.9, 1.4) –0.8 (–2.6, 1.1) –2.2 (–3.7, –0.7)**
Diazinon –1.7 (–3.4, 0.1) –1.3 (–3.0, 0.5) –1 (–2.8, 0.7) –1.7 (–3.6, 0.2) –1.6 (–3.2, –0.1)*
Malathion –0.8 (–2.5, 0.8) –0.8 (–2.4, 0.9) 0.8 (–0.9, 2.5) –1.2 (–3.0, 0.6) –1.3 (–2.8, 0.2)
Oxydemeton–methyl –2.3 (–4.0, –0.7)** –1.5 (–3.2, 0.2) –1.5 (–3.2, 0.2) –1.5 (–3.4, 0.4) –2.8 (–4.3, –1.3)**
OPs toxicity weighted –2.2 (–3.9, –0.5)** –1.4 (–3.1, 0.4) –1.3 (–3.0, 0.5) –1.4 (–3.3, 0.5) –2.9 (–4.4, –1.3)**
Carbamates –1.2 (–2.8, 0.4) –0.4 (–2.0, 1.2) –0.2 (–1.8, 1.4) –1.1 (–2.9, 0.7) –2.4 (–3.9, –1.0)**
Carbamates toxicity weighted –1.3 (–2.9, 0.3) –0.6 (–2.2, 1.1) –0.1 (–1.7, 1.5) –1 (–2.8, 0.8) –2.5 (–4.0, –1.0)**
Carbamates and OPs toxicity
weighted

–2.1 (–3.7, –0.4)* –1.1 (–2.9, 0.6) –1 (–2.7, 0.7) –1.4 (–3.3, 0.5) –2.9 (–4.5, –1.4)**

Neonicotinoids –1.7 (–3.3, 0.0)* –1.1 (–2.8, 0.5) –0.8 (–2.4, 0.9) –1.9 (–3.8, –0.1)* –1.9 (–3.5, –0.3)*
Pyrethroids –2 (–3.7, –0.3)* –1.5 (–3.2, 0.2) –1.1 (–2.8, 0.6) –2.1 (–4.0, –0.2)* –1.8 (–3.4, –0.3)*
Mn-fungicides –2 (–3.7, –0.2) –1.2 (–2.9, 0.6) –1.2 (–2.9, 0.6) –1.7 (–3.6, 0.1) –2.1 (–3.7, –0.6)**
Rank index of 5 neurotoxic groups –2 (–3.7, –0.4)* –1.3 (–3.0, 0.4) –1 (–2.7, 0.7) –1.9 (–3.8, –0.1)* –2.4 (–4.0, –0.9)**

Notes: Mn, manganese. Adjusted for child's age at assessment, sex, language of assessment, maternal education, maternal intelligence, maternal country of birth, maternal depression
at 7-y visit, Home Observation for Measurement of the Environment (HOME) score at 7-y visit, household poverty level at 7-year visit and prenatal urinary dialkylphosphates.
*p<0:05. **p<0:01.
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Gene * Environment Interaction
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Goldman et al, Movement Disorders, 2012

Gene * Environment interaction:  
Risk of PD from paraquat exposure in pesticide applicators with 
a common genetic variant



Solvent Exposures & Parkinson’s Disease

Acute	solvent	intoxications	can	cause	
cognitive	impairment	and		
parkinsonism:

methanol	
n-hexane	(Pezzoli et	al,	1989)
hydrocarbon and solvent	mixtures

BUT,	associations	with	idiopathic	PD

are	not consistent	



� Common	exposures	since	the	1920s
- Degreasing	metal	parts	(85%),	computer	circuits
- Dry-cleaning
- Surgical	anesthetic	(until	1977)
- Decaffeinated	coffee	(until	1977)
- Typewriter	correction	fluids,	adhesives,	paints,	

carpet	cleaners,	spot	removers…..
- Most	frequently	reported	organic	contaminant	in	

groundwater	(e.g.	Camp	Lejeune)

TCE (trichloroethylene)
Gash	et	al,	Ann	
Neurol,	2008

• industrial	plant	metal	degreasing
• PD	in	3	co-workers	> 25	years	exposure
• mild	parkinsonian	signs/symptoms	in	others



Occupational Solvent Exposures in PD-
discordant twins  Goldman et al, Ann Neurol, 2012

Compound Odds	ratio p-value

TCE 6.1 0.034
PERC 10.5 0.053

Of all the solvents we 
studied, 2 were 
associated with PD risk

Liu, et al, J Neurochem 2010 

pathology, including that in the dorsal motor nucleus of the
glossopharyngeal and vagus nerves, the coeruleus–subcoer-
uleus complex and so on (Braak et al. 2003). TH immuno-
histochemistry in the locus coeruleus was performed to
visualize for noradrenergic neurons; and the cell counting
showed there was no significant difference in the number of
TH-positive cells in 1000 mg/kg TCE-treated animals as
compared with control subjects (p > 0.05, see Fig. S2).
Hematoxylin and eosin stain also did not reveal obvious loss
of neurons in the dorsal motor nucleus of the vagus nerve in
TCE treatment.

To investigate whether systemic treatment of TCE to
animals can cause non-dopaminergic neuronal or myelin
damage in the central nervous system, we did immunostain-
ing of ChAT for cholinergic neurons and DARPP-32 for
GABAergic neurons in the striatum, Giemsa staining for
Purkinje cells in the cerebellum, and Luxol fast blue staining
for myelin distribution in the brainstem of rats at 6 weeks
after 1000 mg/kg TCE treatment. Our data showed both
ChAT and DARPP-32 immunostaining appeared normal with

undamaged neurons and their processes in the striatum
(Fig. 2a). The total number of cholinergic neurons was
55 067 ± 8414 in vehicle-treated group and 51 467 ± 6382
in TCE-treated group, and GABAergic neurons was
3 211 200 ± 255 513 in vehicle-treated group and
3 082 133 ± 147 588 in TCE-treated group. There was no
statistically significant difference in the number of choliner-
gic or GABAergic neurons in TCE-treated animals when
compared with vehicle treatment (p > 0.05). Thus, TCE
selectively induced dopaminergic neuronal loss in the
nigrostriatal system. In addition, Purkinje cells, a class of
GABAergic neurons, are located in cerebellar cortex. They
send inhibitory projections to the deep cerebellar nuclei, and
constitute the sole output of all motor integration in the
cerebellar cortex. As our behavioral study indicated there
was impairment of coordination and balance in TCE-treated
animals, we performed Giemsa staining to determine whether
Purkinje cells were injured in our experiment. Giemsa
staining showed an intact monolayer of Purkinje cells aligned
in the cerebellum of both TCE and vehicle-treated animals

(a)

(b) (c)

Fig. 1 TCE-induced dopaminergic neuron

degeneration in a dose-dependent manner.

(a) Representative TH immunostaining in

the substantia nigra of 6-week TCE (200,

500 and 1000 mg/kg) and vehicle-treated

rats. Scale bar = 500 lm. (b) Unbiased

stereological cell counting showed a signif-

icant reduction in the total number of TH-

positive neurons in the substantia nigra of

500 and 1000 mg/kg TCE-treated rats as

compared with vehicle treatment. *p < 0.05,

**p < 0.01 vs. vehicle, n = 6 per group. (c)

Silver staining revealed degenerating neu-

rons with metallic silver deposits (arrow)

and the surrounding of glia-like cells

(arrowheads) in the substantia nigra after 6-

week 1000 mg/kg TCE treatment. Scale

bar = 50 lm.

Journal Compilation ! 2009 International Society for Neurochemistry, J. Neurochem. (2010) 112, 773–783
! 2009 The Authors
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In a rat model, oral 
TCE causes selective
degeneration of 
dopaminergic neurons 
in substantia nigra



Air Pollution & Dementia



Proximity to 
roads in Canada 
is associated 
with incident 
dementia risk

Chen et al, 2017, Lancet

1/13/2015
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during follow-up to lag exposure up to 10 years, excluded 
people residing in long-term care facilities (often located 
near major roadways) at baseline, and restricted the 
dementia/Parkinson’s disease cohort to those aged 65 years 
or older because drug information was unavailable for 
younger adults. Lastly, we further adjusted for rurality index 
and neighbourhood-level percentage of visible minority, 
and restricted the analysis to people who never moved since 
1996, to urban residents, and to residents of six major urban 
centres in Ontario (Toronto, Hamilton, Ottawa, London, 
Windsor, and Sarnia) (appendix).

Role of the funding source
The funder had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
The corresponding author had full access to all the data 
in the study and had fi nal responsibility for the decision 
to submit for publication.

Results
The multiple sclerosis cohort comprised 46·7 million 
person-years of observations and the dementia/
Parkinson’s disease cohort contributed 20·1 million 
person-years. At baseline, the mean age was 35·9 years 
(SD 8·7 years) for the multiple sclerosis cohort and 
66·8 years (8·2 years) for the dementia/Parkinson’s 
disease cohort (table 1). Of the multiple sclerosis cohort, 
50% were male, 17% were rural residents, 2% had 
diabetes, and 7% had hypertension, whereas 47% of 
the dementia/Parkinson’s disease cohort were male, 
19% were rural residents, 15% had diabetes, and 48% had 
hypertension. Average unemployment among census 
dissemination areas was 6% and the mean percentage of 
population with less than high school education was 
about 26% in both cohorts.

Nearly half of the cohorts lived within 200 m from a 
major road and 95% were within 1000 m (appendix). 
Of the cohorts, the average concentration of PM₂·₅ 
according to participants’ residences in 1996, 5 years 
before cohort inception, was 9·7 µg/m³ (range 
1·3–19·8 µg/m³), while the average concentration of 
NO₂ was 15·4 ppb (2·2–62·0 ppb). Between 2001–12, we 
identifi ed 243 611 incident cases of dementia, 
31 577 incident cases of Parkinson’s disease, and 
9247 incident cases of multiple sclerosis.

In both categorical and continuous analyses, living 
closer to a major road was associated with increased 
incidence of dementia, with fully adjusted HR of 
1·07 (95% CI 1·06–1·08) for people living less than 
50 m, 1·04 (1·02–1·05) for people living 50–100 m, 
1·02 (1·01–1·03) for people living 101–200 m, and 
1·00 (0·99–1·01) for people living 201–300 m away 
from a major roadway versus more than 300 m from a 
major roadway (Ptrend=0·0349; table 2). An interquartile-
range increase in residential proximity to a major road 
was associated with a 9% (95% CI 8–11%) lower 
incidence of dementia. In contrast, there was no 

evidence linking traffi  c proximity to Parkinson’s disease 
or multiple sclerosis (HR 1·00 for both; table 2).

The association between traffi  c exposure and dementia 
was insensitive to additional controls for smoking, 
obesity, physical activity, and education (HR 1·06 for 
living <50 m away from a major road, 1·04 for 51–100 m, 
and 1·02 for 101–200 m; table 3). Similarly, the 
associations between traffi  c exposure and Parkinson’s 
disease and multiple sclerosis remained unchanged after 
adjusting for smoking and physical activity (table 4).

Further adjustment for access to neurologists, 
deprivation, time trend, and a North/South indicator did 
not alter the associations, nor did adding a frailty term in 
the survival model to account for potential spatial 
clustering (fi gure 1). Adjustment for NO₂ and PM₂·₅ 
modestly attenuated the association between traffi  c 

Figure 1: Estimated associations between residential proximity to major roadways in 1996 and the risk of 
incident dementia, Parkinson’s disease, multiple sclerosis in Ontario, 2001–12
Measured by six sensitivity analyses to further control for potential confounding factors. Model further adjusted 
for exposure to NO₂ and PM2.5 access to neurologists, time trend, deprivation, an indicator for North/South 
Ontario, and a frailty term to account for potential spatial clustering.
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Alzheimer’s & Air Pollution
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FIGURE 3.—Aβ42 accumulation in frontal cortex and hippocampus. Aβ42 was localized in sections of paraffin-embedded tissues by IHC. (A) Aβ42 IHC stained
pyramidal neurons (p), astrocytes (arrows) and astrocytic processes (arrowheads) around blood vessels (∗). (B) In addition to accumulation in pyramidal neurons
(p) Aβ42 was deposited in smooth muscle cells (arrows) in cortical arterioles (∗). A dead neuron surrounded by glial cells is indicated (arrowhead). (C and D)
Quantitative image analysis of Aβ42 IHC showed a significant increase in Aβ42 immunoreactivity (Aβ42 IR) in both frontal cortex (C, ∗ p = 0.04) and hippocampus
(D, ∗ p = 0.001) in the high exposure group. (E) Aβ42 IHC of frontal cortex from a 38-year-old subject from Mexico City showing diffuse plaque-like staining with
surrounding reactive astrocytes (arrows). Scale = 20 µm.

FIGURE 4.—Aβ42 accumulation in olfactory bulb and nerve in a subject from the high-exposure group. Aβ42 was localized by IHC in sections of paraffin-embedded
olfactory bulb and nerve from the same subject whose frontal cortex is shown in Figure 3E. Aβ42 accumulation was seen in ensheathing cells and astrocytes both
in the bulb (A, arrowheads) and the nerve (B, arrowheads). There was no Aβ42 accumulation in blood vessels in the subarachnoid space (∗). In the olfactory bulb
(A) a mitral neuron is indicated by an arrow. Scale = 25 µm.

Calderon-Garcideunas 2004, Toxicol Pathol

Air pollution & Ab42 accumulation in cognitively normal 
residents of Mexico city



Air Pollution: ultrafine “nano”particles (< 100nm)
Maher et al, PNAS, 2016

� Autopsy series in 
Manchester, England 
and Mexico City

� Magnetite nanoparticles 
likely from traffic-related 
combustion

� Direct cortical access 
via olfactory bulb

� Association with plaques 
& tangles

Scanning electron micrograph of magnetite 
particles extracted from frontal cortex



Traumatic Brain Injury & Neurodegenerative Disease



Mouse model of TBI:  
increased a-synuclein 
in striatum

Uryu, et al, Experimental Neurol, 2003

Head Injury & Parkinson’s Disease

Human epidemiology 
is mostly consistent



Chronic Traumatic Encephalopathy
• “punch drunk” syndrome: Martland, 1928
• “dementia pugilistica”: Millspaugh, 1937
• “CTE”: Critchley, 1949
• Renewed interest after Omalu report of CTE in NFL player
• A progressive neurodegeneration associated with repetitive head trauma 

and associated cognitive and behavioral syndrome



21

CTE: Clinical Features & Risk Factors

79Acta Neuropathol (2016) 131:75–86 

1 3

Diagnostic neuropathological features of CTE

The group defined a neuropathological lesion specific to 
CTE that distinguished the disorder from other tauopa-
thies. The pathognomonic lesion of CTE consists of p-tau 
aggregates in neurons, astrocytes, and cell processes 
around small vessels in an irregular pattern at the depths 
of the cortical sulci (Figs. 1, 2; Table 2). The group also 
noted that the distinctively irregular spatial pattern of 
p-tau in CTE was often visible with low-power inspec-
tion (Fig. 1). Although other abnormalities in p-tau were 
also found, especially in the more severely affected 
brains, the pathognomonic lesion was distinct and not 
found in the other degenerative tauopathies (Fig. 2). In 
addition, the group observed frequent evidence of other 
pathologies in CTE, including TDP-43-immunoreactive 

neuronal cytoplasmic inclusions, Aβ plaques and amyloid 
angiopathy, and hippocampal neurofibrillary degenera-
tion, including extracellular tangles best seen with silver 
stains.

Supportive neuropathological features of CTE

The group defined supportive pathological features for 
CTE. These features were commonly found in the CTE 
cases in addition to the required criteria, but were not con-
sidered diagnostic in isolation (Table 2).

Exclusions to the sole diagnosis of CTE

The presence of changes compatible with the diagnosis 
of another neurodegenerative disease excludes CTE as a 

Fig. 1   Low magnification inspection of p-tau-stained slides often revealed the irregular spatial pattern of CTE pathology. AT8-stained slides of 
cerebral cortex in 3 cases of CTE showing irregular patches of p-tau pathology most dense at the depths of the sulci

Fig. 2   The microscopic features of the pathognomonic lesion of 
CTE. The pathognomonic feature of CTE is a perivascular accumula-
tion of p-tau aggregates in neurons, astrocytes and cell processes in 
an irregular spatial pattern in the cerebral cortex and found prefer-
entially at the depths of the sulci. a A large perivascular p-tau lesion 
is found at the sulcal depths in a subject with CTE. b–f Multiple 
perivascular foci are often found in the cortex in CTE. g The p-tau 

aggregates in CTE include strikingly rounded structures in the neu-
ropil that often are most dense in the areas surrounding the vessel. h 
The rounded p-tau immunoreactive cell processes are more densely 
distributed than those found in argyrophilic grain disease. All sec-
tions immunostained for AT8, bars indicate 100 µm, except in g and 
h where the small bars indicate 10 µm

Pathology
• Generalized cortical atrophy & tauopathy, differs from AD distribution

Epidemiology
• Incidence not well-established
• Case reports, small case series, highly selected autopsy series
• Often coexists with AD, FTD, PD
• Case definition continues to evolve



Taking An Occupational & Environmental History
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Occupational Medical History Taking: How
Are Today’s Physicians Doing? A Cross-
Sectional Investigation of the Frequency of
Occupational History Taking by Physicians in a
Major U.S. Teaching Center

Barry J. Politi, MD, MPH, MSc
Vincent C. Arena, PhD
Joseph Schwerha, MD, MPH
Nancy Sussman, PhD

Occupational illness plays a prominent role in the health of society,
yet physicians frequently neglect occupational history-taking both in
clinical practice and in medical education. This study sought to
examine the trends as well as related factors that influence the taking of
occupationally related histories. A total of 2050 charts were reviewed for
occupational information as well as several patient demographics.
Physicians obtained gender and age histories in approximately 99% of
their patients; however; they only completed an occupational history in
27.8%. Characteristics such as smoking, male gender, family cancer
history, middle age, and medical (vs. surgical) admission were all
correlated with obtaining an occupational history. Physicians continue
to do a poor job of occupational history-taking and medical education
must correct the situation. (J Occup Environ Med. 2004;46:
550–555)

“I have noticed bakers with swelled hands,
and painful, too; in fact the hands of all
suchworkers becomemuch thickened by
the constant pressure of kneading the
dough.” Bernardino Ramazzini
“When a doctor arrives to attend

some patient of the working class. . .
let him condescend to sit down. . . if
not on a gilded chair. . . on a three-
legged stool. . . . He should question
the patient carefully. . . . So says
Hippocrates in his work ‘Affections.’
I may venture to add one more ques-
tion: What occupation does he fol-
low?” Bernardino Ramazzini
Just as Hippocrates is often called

the father of modern medicine, the
doctor, Bernardino Ramazzini, is of-
ten called the father of occupational
medicine. He was born in Italy in
1633. While a medical student, he
became interested in the ailments
and afflictions suffered by the
worker. In 1682, after being ap-
pointed chair of theory of medicine
at the University of Modena, he fo-
cused on worker diseases. He visited
workplaces, observed worker activi-
ties, and discussed their illness with
them. He soon came to realize that
not all workers’ diseases were attrib-
utable to their working environment;
he found that many common work-
ers’ complaints and diseases were
caused by prolonged, violent, awk-
ward movement or posture. As the
result of his many hours of question-
ing, observation, experiences, and
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Taking an Exposure History

hospital electronic record generated
a yes or positive response. For exam-
ple, recorded physician comments
such as “unemployed” or “on dis-
ability” were scored as yes or posi-
tive answers. Although obviously not
a complete occupational history was
taken in these instances, the authors
felt it was justified because it indi-
cated that the interviewing physician
had at least, at some basic level,
inquired about employment. When
available, the occupation as well as
any details associated with the occu-
pation was also extracted. If the phy-
sician recorded a family or self his-
tory of cancer, this was also noted.
Unknown was used to signify that
the physician was not able to gather
the cancer information because of
the clinical situation (eg, trauma, un-
conscious, altered mental status, in-
tubation, and so on). The unknowns
were collapsed into the yes response
because it was felt by the investiga-
tors that this indicated that the phy-
sician decided that the information
gathered was pertinent to manage-
ment and had made the conscious
decision to include the information
but was not able to because the
patient was limited in some manner
because of the clinical situation.
The raw data was extracted from

the computerized charts and entered
directly into an Excel spreadsheet.
Statistical data analysis was then per-
formed using the statistical package
Minitab.32 The chi-squared test sta-
tistic was used to assess associations
between categorical variables. Bi-
nary logistic regression was used to
assess the likelihood that type of
physician (surgical vs. medical) in-
fluences the obtaining of occupa-
tional history after adjusting for the
other factors.

Results
A total of 2050 charts (observa-

tions) were reviewed; 1050 were
from medical admissions and 1000
were from surgical admissions. It is
roughly estimated that approxi-
mately 32% of the histories taken
were by residents; the remaining

were from attending physicians or
were unknown. A very few were
from other allied healthcare provid-
ers. Approximately 51% were male
and 49% were female. The mean age
was 59.3 with a standard deviation of
18.1 (range,18–98 years). Figure 1
displays the age distribution.
Table 2 summarizes the percent of

times that occupational history was
listed on the chart by patient charac-
teristics and record type. Overall,
27.8% of the records contained some
indication of occupational history.
Medical charts showed occupational
history more often than did surgical
charts (32% vs. 23%, respectively;
P ! 0.001).
Age was divided into 3 different

ranges reflecting young, middle age,
and older. Recording of occupational
history was significantly more prev-
alent in charts of middle-aged pa-
tients than in the younger or older. A
significantly greater percent of male
patients (35%) have occupational
history recorded in their admission
record as compared with females
(21%).

Ascertainment of smoking history
was found in 78% of the records. Of
those charts with a smoking history,
38% of the patients admitted to ei-
ther being a former or current
smoker. If the physicians gathered a
smoking history, they were signifi-
cantly more likely to have also gath-
ered an occupational history (33.8%
vs. 8.8%; P ! 0.001).
Cancer history was obtained in

42.9% of the charts. Physicians were
not able to obtain a cancer history for
an additional 14.1% because of the
patient’s clinical situation (eg,
trauma, unconscious, and so on) and
are classified as unknown in Table 2.
Physicians who gathered a cancer
history were significantly more
likely to have also gathered an occu-
pational history (37% vs. 26%; P !
0.001).
Several multiple logistic regres-

sion models were fit to the data.
Ascertainment of occupational his-
tory was the outcome measure (eg,
dependent variable). All of the mod-
els contained the factor of record
type. The best-fit model contained

Fig. 1. Histogram of age distribution.

TABLE 1
Completeness of Information Gathered by Physician

Category
Percent of Records

Containing Information
No. of Records

Containing Information

Gender history 99.9 2047
Age history 99.1 2031
Smoking history 76.0 1560
Cancer history 42.9 879
Occupational history 27.8 569

All percentages are based on a total N " 2050 patient records, except for smoking which
was based on 2047, because the investigator was unable to reliably classify 3 patients.
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Lifetime history
• All occupations
• Industry
• Specific job tasks, processes
• Products produced?
• Compounds, materials 
• Protective equipment?
• Ever ill?  Others ever ill?
• Military history: asbestos, 

lead, solvents, pesticides…
• Hobby history
• Household exposures: 

pesticides…



Progress




