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Occupational Exposures and Migration Factors Associated With
Respiratory Health in California Latino Farm Workers

The MICASA Study

Maria T. Stoecklin-Marois, PhD, MPH, Corina W. Bigham, MS, Deborah Bennett, PhD, Daniel J. Tancredi, PhD,
and Marc B. Schenker, MD, MPH

Objective: To evaluate associations of agricultural work and migration
on self-reported respiratory symptoms in a Latino farm worker sample.
Methods: Work history and respiratory symptoms were assessed in 702
workers through interviews in a community-based cohort. Results: Preva-
lence was 6% for asthma, 5% for chronic cough, 3% for chronic bronchitis,
and 7% for persistent wheeze. The total number of years in agriculture was
associated with asthma; however, time-weighted average dust exposure, use
of protective equipment, and pesticide use in the past 12 months were not
associated with respiratory outcomes. Living 15 years or more in the United
States (adjusted odds ratio = 3.60; 95% confidence interval = 1.16 to 11.16)
and medium/high acculturation (adjusted odds ratio = 6.06; 95% confidence
interval = 1.40 to 26.29) were associated with increased odds of asthma in
women. Conclusions: Analysis of this community-based Latino farm worker
cohort identified associations with asthma, particularly with migration factors
in women.

ired farm workers provide the majority of the workforce for
California’s labor-intensive agricultural sector. In California,
estimates suggest that more than 450,000 people are employed in
agriculture, with more than two thirds being of Latino ethnicity.!
More than 400 commodities are produced in California, with gross
revenue reaching $37.5 billion in 2010, accounting for 11.9% of
the US total.? Farm workers suffer a large health burden, facing in-
creased risks of morbidity and mortality, and of particular concerns
are respiratory symptoms and diseases associated with exposure to
pollutants in the agricultural work environment.® The type, concen-
tration, and duration of exposure to airborne pollutants depend on the
type of work environment, the nature of the work being performed
and the type of agricultural operation.*”” These airborne pollutants
have been linked to adverse respiratory outcomes, including chronic
bronchitis, rhinitis, hypersensitivity pneumonitis, asthma, organic
dust toxic syndrome, respiratory zoonoses, and silo-filler disease.*-*
Asthma is a specific focus because many exposures in the
agricultural work environment can aggravate asthma and may even
cause it. Among agricultural workers with asthma, the percentage
of asthma cases attributable to certain agricultural work exposures,
such as dust, is still unknown. Nevertheless, agents identified in
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the manufacturing and agricultural workplaces capable of causing
asthma include®!® arthropod-derived materials such as grain and
barn mites,'!"'? plant-derived materials including grain dust,'* and
animal-derived proteins such as animal epithelia.'* The degree to
which exposure to these agents causes or exacerbates asthma depends
on the composition and intensity of these agents as well as the
duration of exposure,'® factors that vary by task and crop and/or
work with livestock.?1¢

Aligned with potential increases in asthma from these oc-
cupational exposures, observed increases in asthma among Latino
immigrants necessitate the examination of possible explanations.'’
Although research has increased our understanding of the nature
of these exposures, there has been scarce examination of respira-
tory health in Latino hired farm workers. Therefore, the Mexican
Immigration to California: Agricultural Safety and Acculturation
(MICASA) study recruited farm workers families and assessed res-
piratory symptoms using baseline survey data. The purpose of this
analysis is to assess associations of agricultural work, specifically
time and intensity spent in a dusty environment, recent (<1 year)
dust exposure in the agricultural workplace, and migration (age at
immigration, years in the United States, and acculturation level) on
self-reported symptoms.

METHODS

Overall Design and Rationale

The MICASA study is a population-based sample of 467
hired farm worker households from Mendota, in California’s
Central Valley. Mendota was chosen because of its large propor-
tion of immigrants from Mexico and Central America and high
proportion of agricultural workers.

Household Enumeration and Sampling Procedures

A stratified area probability sampling design was used with
stratification into one of the two census tracts and the census block
as the primary sampling unit. Initially, enumerators compiled a list
of all dwellings (including houses, apartments, trailers, and garages)
within randomly selected blocks. Then, they returned to each mapped
dwelling, enumerated the individuals in the household, and ascer-
tained the relationship of the house’s occupants, age, sex, ethnicity,
involvement in farm work, and years of residence in Mendota. House-
holds with no hired farm workers were mapped, but individuals in the
household were not enumerated. Further details of the enumeration
procedures are provided elsewhere.!®

Eligibility and Recruitment

Trained, Spanish-speaking interviewers visited eligible house-
holds and explained the purpose and procedures of the project and
attempted to recruit the head of household and spouse. Study re-
cruitment and baseline interviews were conducted between January
2006 and April 2007. Eligible participants included men and women
between the ages of 18 to 55 years who self-identified as Mexican
or Central American, resided in Mendota at the time of the base-
line interview, with at least one household member who worked in
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farm labor for at least 45 days in the previous year. Spanish is the
primary language of participants, and few spoke much English, so
all explanations and informed consent were provided in Spanish.
Written consent was obtained from each eligible respondent who
agreed to participate in the study. All study procedures were ap-
proved by the University of California, Davis, Institutional Review
Board.

A total of 1069 households were included in the enumera-
tion process. Of these, 467 households participated in the study,
203 declined, 351 were ineligible, and 48 were classified as “unable
to contact.”'® Among the 467 participating households, 843 adults
completed a baseline interview. Both the head of household and
the spouse were interviewed in 376 households, only one house-
hold member was interviewed in 21 households, and 29 households
consisted of single heads of households. Among participants who de-
clined, the primary reasons given included desconfiado (distrusted),
no time, not interested, or did not want to share personal informa-
tion. For the purposes of this study, analyses were restricted to 702
participants who reported at least 1 day of farm work in the previous
year. An alternate subset who had worked at least 45 days in the
year before interview was also considered (n = 691). Nevertheless,
restricting analyses to these individuals did not significantly alter
the distribution of the demographic variables or logistic regression
results, so this subset was not considered further.

Measures

The survey instrument collected information on demo-
graphics, occupational and environmental risk factors, home
environment, acculturation, smoking status, and health outcomes
(respiratory health, injuries, mental health, and reproductive health).
Questionnaires were completed through in-person interviews
in the participant’s home or at the project office, and required
approximately 1 hour to administer. The survey instrument was
developed in both Spanish and English, with back translation to
ensure its accuracy. Survey questions relied on relevant existing
survey instruments, were developed by consensus among the inves-
tigators, and revised after review and pilot testing in the community.
Standardized questions from the ATS-DLD-78 questionnaire were
used to assess respiratory health and symptoms.!® A classification
scheme on the basis of American Thoracic Society criteria was
used to classify participants with asthma, chronic cough, chronic
bronchitis, and persistent wheeze.

The abbreviated version of the original Acculturation Rating
Scale for Mexican-Americans II (ARSMA-II) was used to assess
acculturation, a composite measure calculated from responses re-
garding an individual’s language preference/use, ethnic identity, and
ethnic interaction.?’ Responses to each question are scored on a
Likert-type scale, ranging from “not at all” (score = 1) to “ex-
tremely often or almost always” (score = 5). Two separate total
scores, a Mexican Orientation Score and an Anglo Orientation Score,
are then calculated by adding up the respondent’s score from each
question in the respective category. The Mexican Orientation Score
is subtracted from the Anglo Orientation Score to arrive at an over-
all acculturation score. ARSMA-II scores can then be classified into
five levels of acculturation. Because few participants scored in levels
II through V, level I was categorized as low acculturation, and levels
II through V were collapsed to form the medium/high acculturated
category for the study population.:'>?* Age at immigration was eval-
uated as a continuous variable, and the mean number of years in the
United States was categorized with a cut-point at the mean creating
two levels: less than 15 years and 15 years or more.

Work exposure was assessed in several ways—exposure to
dust, length of employment in agriculture, use of protective equip-
ment in dusty environments, and pesticide use at work. Several mea-
sures of dust exposure in the past 12 months were assessed. The first
measure examined the frequency of work in dusty environments,

and was based on the question, “During the past year, approximately
how often did you work where a lot of dust was generated?” with
responses ranging from 0 (never) to 4 (always). The second measure
was a time-weighted average of dust exposure on the basis of self-
reported dust rating for each job held in the past year (scale of 0 to
10, with 0 being no dust and 10 being very dusty) and days worked
at each agricultural job. Workers could report up to eight different
jobs from the past year. The dust exposure rating for each job was
multiplied by the duration of the job (in days); these values were
then summed. The total value across all jobs was then divided by
the total days worked in agriculture to create a time-weighted sum-
mary measure of dust intensity during the most recent 12 months of
agricultural work.

Statistical Analysis

Statistical analyses centered on exploring the relationship of
dust exposure and acculturation/immigration-related factors to respi-
ratory outcomes, as well as comparing demographic and agricultural
work history variables by sex. ¢ tests were used to compare contin-
uous variables. Chi-square tests were used to compare categorical
variables.

Preliminary analyses explored the bivariate relationship be-
tween selected independent variables and the four dependent vari-
ables of interest: asthma, chronic cough, chronic bronchitis, and
persistent wheeze. On the basis of those results and a priori hypothe-
ses of interest, multivariate logistic regression models, using SAS
Procedure SURVEYLOGISTIC, were constructed. For models with
acculturation and migration-related factors as the independent vari-
ables, the decision was made to include an interaction term of the
main effect with sex. This was based on a priori knowledge of differ-
ential effects on men and women.?'~?* Logistic regression models for
survey data with census tract and block specified as strata and cluster
variables, respectively, were used to account for design effects from
our stratified clustered survey design. All models were adjusted for
age, sex, and smoking status (never, former, and current). All statis-
tical analyses were done using SAS version 9.2 (SAS Institute, Inc,
Cary, NC).

RESULTS

Demographic Characteristics

The 702 farm worker participants were composed of 403
(57.4%) men and 299 (42.6%) women, with a mean age of 38
years (standard deviation [SD] = 10 years) (Table 1). Most were
born in Mexico (64.3%), with almost one third born in Central
America—primarily El Salvador and Honduras. The overall preva-
lence of current smoking was 11.4%, and the difference between
smoking prevalence by sex was significant (P < 0.0001), with 16%
male current smokers compared with 5.0% female current smokers.
Sixty-three percent of participants had spent more than 10 years in
the United States, with men reporting significantly longer residencies
than women (17 years vs 13 years; P < 0.0001). Ninety-five percent
were classified as low acculturated, and there were no differences in
acculturation by sex.

The prevalence of respiratory symptoms was low: asthma
(6.0%), chronic cough (5.0%), chronic bronchitis (3.1%), and
persistent wheeze (6.7%) (Table 2). Overall, 12.9% of partici-
pants reported having at least one of these respiratory symptoms.
For all reported respiratory symptoms, prevalence did not sig-
nificantly differ between men and women. In bivariate analyses
with smoking status, current smokers reported higher prevalence of
chronic cough (8.8%) compared with never- and ex-smokers (3%)
(P = 0.01). There was no difference by smoking status for asthma,
chronic bronchitis, or persistent wheeze. In addition, participants
born in the Untied States and those classified as medium/high accul-
turation reported higher prevalence of asthma and persistent wheeze.
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TABLE 1. Demographic Characteristics and Agricultural
Work History and Exposures of MICASA Participants
Engaged in Farm Work at Least 1 Day in Previous Year, 2006
to 2007*

Mean (SD)
Age, yrs 37.7 (10.0)
Living in the United States, yrs 15.5(9.8)
Working in agriculture, yrs 13.6 (9.3)
Worked in agriculture in past year, d 211.6 (87.3)
Time-weighted average—dust 6.5(2.4)
n (%)
Sex
Male 403 (57.4)
Female 299 (42.6)
Marital status
Married/living together 656 (93.6)
Single/divorced/widowed/separated 45 (6.4)
Country of birth
United States 25(3.6)
Mexico 451 (64.3)
Central Americat 226 (32.2)
Education
No schooling 42 (6.5)
Primary 368 (56.8)
More than primary 238 (36.7)
Smoking status
Never-smoker 550 (78.5)
Ex-smoker 71 (10.1)
Current smoker 80 (11.4)
Acculturation level
Low 653 (95.2)
Medium/high 33 (4.8)
Frequency of work in a high-dust environment
Never 19 (2.7)
Sometimes 106 (15.3)
Half the time 239 (34.5)
Most of the time 216 (31.2)
Always 113 (16.3)
Use of protective equipment in dusty environments
Scarf over mouth and nose
Never/sometimes 466 (66.9)
Half/most time/always 231 (33.1)
Disposable dust mask
Never/sometimes 569 (81.6)
Half/most time/always 128 (18.4)
Cartridge respirator
Never/sometimes 673 (96.6)
Half/most time/always 24 (3.4)
Used pesticides—past 12 mos 73 (10.5)

*Overall n = 702.

tCentral America category includes El Salvador, Honduras, Nicaragua, and
Guatemala.

SD, standard deviation.
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Agricultural Work History and Exposures

The number of years worked in agriculture was greater for
men (mean = 16 years; SD = 9.8 years) than for women (mean =
10.4 years; SD = 7.6 years) (P < 0.0001) (Table 1). Time-weighted
average of self-reported agricultural dust exposure in the past year
was similar for men (mean = 6.6; SD = 2.2) and women (mean =
6.4; SD = 2.4). Nevertheless, the frequency of work in a high-dust
environment differed significantly by sex, with 59% of men and 32%
of women reporting working in an environment where a lot of dust
was generated most or all of the time.

Assessments of protective equipment in dusty environments
found significant differences between men and women for wearing
a scarf, using a disposable dust mask, and wearing a cartridge res-
pirator. Although women reported wearing a scarf over the mouth
and nose more frequently than men when working in a dusty envi-
ronment, men were more likely to use disposable dust masks half
the time or more under dusty conditions. Only 3.4% of the sample
reported using a cartridge respirator half the time or more, but men
were more likely than women to use one. Use of pesticides in the
last 12 months was low; however, men were significantly more likely
to have worked with pesticides (17.6%) than women (0.7%) (P <
0.0001).

Agricultural Work Exposures and Respiratory
Symptoms

For each agricultural work exposure, corresponding logistic
regression coefficients were similar across the range of respiratory
symptoms assessed in separate multivariable models (Table 3). Time-
weighted average of agricultural dust exposure in the past year did not
significantly increase the odds of any respiratory symptom. The total
number of years worked in agriculture was associated with asthma
(adjusted odds ratio = 1.04; 95% confidence interval [CI] = 1.00 to
1.09). Nevertheless, the time-weighted average dust exposure, use of
protective equipment, and pesticide use in the past 12 months were
not associated with respiratory outcomes.

Migration Factors and Respiratory Symptoms

Models assessing associations between acculturation and
immigration-related factors with respiratory symptoms were re-
ported separately for women and men (Table 4). Age at immigration
was modeled continuously for all outcomes and was not signifi-
cantly associated with respiratory symptoms in either women or
men. Among men, acculturation was not associated with respiratory
symptoms. After adjustment for age and smoking, medium/high ac-
culturated women were six times more likely to report having asthma
(95% CI = 1.40 to 26.29) and almost seven times more likely to re-
port chronic bronchitis (95% CI = 1.27 to 33.92). Similarly, spending
15 years or more in the United States significantly increased the odds
of asthma for women (adjusted odds ratio = 3.60; 95% CI: 1.16 to
11.16), but no association was observed in men. In addition, models
including adjustment for the number of years worked in agriculture
produced no change in the adjusted odds ratio estimates (data not
shown).

DISCUSSION

Examination of the relationship between dust exposure, years
worked in agriculture, and migration-related factors to respiratory
outcomes revealed an independent relationship between accultura-
tion and years in the United States with asthma in women. Highly
acculturated women also had increased odds of chronic bronchitis.
In men and women, asthma was associated with the number of years
worked in agriculture. Nevertheless, adjustment for the number of
years worked in agriculture in the acculturation model and vice versa
did not alter the adjusted odds ratio estimates. Furthermore, adverse
effects of agricultural work and acculturation on respiratory health
have both been separately observed in previous studies.!”-242¢
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TABLE 2. Prevalence of Respiratory Symptoms by Demographic Characteristics and Agricultural Work History in
MICASA Participants, 2006 to 2007

Asthma Chronic Cough Chronic Bronchitis Persistent Wheeze
n=42 n=35 n=22 n=47
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age, yrs 36.8 (10.4) 42.6 (10.9) 41.3(12.2) 38.4(11.9)
Living in the United States, yrs 17.8 (12.4) 17.0 (11.6) 17.0 (13.7) 17.5 (12.9)
Worked in agriculture, yrs 14.4 (10.4) 18.9 (13.2) 18.2 (15.2) 15.9 (13.0)
Worked in agriculture in past year, d 205.4 (87.1) 202.3 (108.0) 165.7 (99.1) 200.1 (103.9)
Time-weighted average—dust 6.4 (2.5) 6.8 (2.5) 6.6 (2.6) 6.5 (2.6)
n (%) n (%) n (%) n (%)
Sex
Male 21(5.2) 22 (5.5) 13 (3.2) 28 (7.0)
Female 21(7.1) 13 (4.4) 9(3.0) 19 (6.4)
Marital status
Married/living together 36 (5.5) 30 (4.6) 20 (3.1) 43 (6.6)
Single/divorced/widowed/separated 6 (13.6) 5(11.1) 2(4.4) 4(8.9)
Country of birth
United States 5(20.0) 1(4.0) 1 (4.0) 5(20.0)
Mexico 21 (4.7) 26 (5.8) 16 (3.6) 27 (6.0)
Central America* 16 (7.1) 8 (3.9 5(2.2) 02 (6.6)
Education
No schooling 1(2.4) 4(9.5) 0 4(9.5)
Primary 24 (6.6) 22 (6.0) 16 (4.4) 27(7.3)
More than primary 15 (6.3) 8(3.4) 52.2) 12 (5.0)
Smoking status
Never-smoker 32(5.9) 22 (4.0) 14 (2.6) 35(6.4)
Ex-smoker 5(7.0) 4 (5.6) 4 (5.6) 5(7.0)
Current smoker 5(6.3) 9(11.3) 1(5.0) 7 (8.8)
Acculturation level
Low 36 (5.5) 32 (4.9) 19 (2.9) 41 (6.3)
Medium/high 6(18.2) 3(9.1) 3(9.1) 5(15.2)
Frequency of work in a high-dust environment
Never 2 (10.5) 1(5.3) 1(5.3) 3(15.8)
Sometimes 6(5.7) 7 (6.6) 3(2.8) 7 (6.6)
Half the time 19 (8.0) 8(3.4) 4(1.7) 18 (7.5)
Most of the time 11(5.1) 10 (4.6) 5(2.3) 12 (5.6)
Always 4(3.6) 9 (8.0) 9 (8.0) 7(6.2)

Use of protective equipment in dusty environments
Scarf over mouth and nose

Never/sometimes 30 (6.5) 25(5.4) 13 (2.8) 36 (7.7)
Half/most time/always 12 (5.2) 10 (4.3) 9(3.9) 10 (4.3)
Disposable dust mask
Never/sometimes 32 (5.6) 26 (4.6) 15(2.6) 38 (6.7)
Half/most time/always 10(7.9) 9(7.0) 7(5.5) 8(6.3)
Cartridge respirator
Never/sometimes 41 (6.1) 32 (4.8) 21(3.1) 45 (6.7)
Half/most time/always 1(4.2) 3(12.5) 1(4.2) 1(42)
Used pesticides—past 12 mos 4(5.5) 34.1) 2(2.7) 4(5.5)

*Central America category includes El Salvador, Honduras, Nicaragua, and Guatemala.
SD, standard deviation.

These results showed that the number of years lived in the of years worked in agriculture and acculturation, contributing to the
United States was positively associated with both acculturation and elevated odds of asthma and respiratory symptoms.
years worked in agriculture (P < 0.0001) and is a proxy for accul- In this study, we have focused on asthma and respiratory symp-

turation. We did observe independent effects of years in the United toms. Acculturation level and years living in the United States were
States on asthma, but it may also be a component of the number independently associated with asthma in women, but not in men.
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TABLE 3. Odds Ratios and 95% Confidence Intervals for Occupational Exposures Associated With Respiratory Symptoms for MICASA Participants, 2006 to 2007*

156

Chronic Cough Chronic Bronchitis Persistent Wheeze

Asthma

Adjusted OR} Crude OR Adjusted OR} Crude OR Adjusted ORY Crude OR Adjusted OR}

Crude OR

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

(95% CI)

1.03 (0.98-1.08)
0.99 (0.99-1.00)

1.03 (0.99-1.06)
0.99 (0.99-1.00)

1.04 (0.97-1.11)

1.05 (1.00-1.09)
0.99 (0.98-0.99)

1.05 (1.02-1.08)  1.03 (0.97-1.10)

0.99 (0.99-1.00)

1.04 (1.00-1.09)
1.00 (0.99-1.00)
0.97 (0.87-1.09)

1.01 (0.97-1.05)
0.99 (0.99-1.00)
0.97 (0.87-1.09)

Worked in agriculture, yrs

0.99 (0.98-1.00)

1.00 (0.99-1.00)

Worked in agriculture in past year, d

Time-weighted average dust

1.06 (0.92-1.23)  1.02 (0.84-1.23)  1.02 (0.85-1.23) 1.00 (0.87-1.15) 1.00 (0.88-1.15)

1.06 (0.90-1.24)

exposure in past year
Use of protective equipment in dusty environments

Scarf over mouth and nose}

2.04 (0.89-4.69)

1.85 (0.85-4.04)

0.66 (0.25-1.71)

1.52(0.71-3.28)  1.34(0.75-2.40)  1.28 (0.69-2.39)  0.80(0.32-2.02)

1.38 (0.66-2.85)

Never/sometimes
Disposable dust maskt

0.65(0.32-1.34)  0.68(0.30-1.51)  0.80 (0.36-1.74)  0.54 (0.23-1.30)  0.53(0.22-127)  1.05(0.48-2.33)  1.15 (0.51-2.61)

0.77 (0.38-1.57)

Never/sometimes
Cartridge respirator}

0.35(0.13-0.95)  0.43 (0.13-1.45)  0.74(0.12-4.68)  0.80 (0.10-6.42)  1.64(0.20-13.38)  1.79 (0.21-15.68)
0.79 (0.27-2.29)  0.65(0.23-1.85)  0.85 (0.20-3.63)  0.83 (0.20-3.37)

1.32 (0.28-6.24)

1.50 (0.27-8.39)
0.89 (0.34-2.36)

Never/sometimes
Used pesticides in past 12 mos

0.71 (0.28-1.81)

0.78 (0.31-2.01)

1.10 (0.42-2.92)

*Qdds ratios calculated from separate logistic regression models for each occupational exposure and outcome. All logistic regression models were fit using survey data analysis procedures to account for the stratified clustered

sampling design.

tMultiple logistic models used to estimate adjusted OR included age, sex, and smoking status as independent variables.

iReference level: half of the time/most of the time/always.

ClI, confidence interval; OR, odds ratio.

Our finding of increased odds of asthma in medium/high acculturated
women is consistent with previous studies for other health outcomes,
such as obesity,?>2"-2® diabetes,?>?° and hypertension,*® and health
behaviors, such as alcohol consumption,*' ¢ smoking,?!-34:37-38 and
drug use.?**" Acculturation is associated with adverse health out-
comes in men as well, but it disproportionately affects women.*!
Higher acculturation level and longer years living in the United
States tend to be harmful to Latino health*'**? in terms of both an
increase in poor health outcomes and an increased engagement in
adverse health behaviors. Reasons for this increase in poor health out-
comes have been proposed, such as selective migration of healthier
individuals***** and erosion of protective health behaviors.>>*> Be-
coming acculturated to any host society entails increased exposure
to a different lifestyle and environment, as well as different beliefs
and knowledge. At the same time, it necessitates time away from po-
tentially protective factors found in the society of origin. Whatever
the degree of change, the extent to which an immigrant’s lifestyle
in a new culture affects health outcomes is partially dependent on
how healthy his/her lifestyle was in the country of origin.*® In addi-
tion, aspects of a new society, such as the environment, are largely
beyond individual control. An immigrant may have some choice in
which environment to move to, but any new location will have cer-
tain environmental exposures that are present and unchangeable. A
good example directly related to asthma is exposure to foreign al-
lergens. Migration involves exposure to a new set of pollutants and
allergens.*’ Allergens capable of affecting the respiratory system
are found in the air, and the immigrant can take steps to decrease
exposure, but cannot eliminate it.

Dust exposure in the past year was not independently asso-
ciated with respiratory outcomes. The overall prevalence of asthma
and respiratory symptoms was low, but a high proportion (82%) of
subjects reported working in an environment where a lot of dust
was generated more than half the time. Previous research examining
agricultural dust exposure and respiratory health in Europe and the
United States has confirmed high dust levels in the farming environ-
ment through objective measurement,'®-#® but have produced mixed
results when analyzing the relationship between dust and respiratory
outcomes. In a study of California farm operators, an independent
association between persistent wheeze and dust exposure was found,
but not for asthma.?* A cross-sectional study of 877 Dutch farm-
ers found a positive, dose-dependent association between exposure
to endotoxin (a component of dust) and respiratory symptoms such
as shortness of breath, wheezing, and cough.*’ In both the United
States and European studies, occupational exposures to organic and
inorganic dust in the agricultural workplace have been found to con-
tribute to chronic bronchitis.>%%2

The independent association between the accumulation of
years spent in the agricultural work environment and asthma in-
dicates that exposure to dust, pesticides, gases, fumes, and other air-
borne workplace affects respiratory health. This has been previously
observed in a Hispanic farm working population; in a cross-sectional
study of elderly Hispanic and non-Hispanic whites, those reporting
farm work as their longest-held occupation had twice the odds of
current asthma.*

The number of years worked in agriculture is a surrogate
measure of exposures common to agricultural work through mea-
surement of time. Observing an association between time and respi-
ratory problems provides information on the overall effects of time
on the whole population independent of the nature of the work. Nev-
ertheless, development of respiratory problems attributable to the
agricultural environment depends on more factors than just time,
such as location, the nature of the work performed, and intensity and
composition of the airborne pollutants. These potentially modifiable
variables will be unique to each job workers engage in, and for farm
workers, are complicated by the many jobs held throughout the en-
tire agricultural work career. Determining the contribution of each
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TABLE 4. Adjusted Odds Ratios and 95% Confidence Intervals for Migration Factors and Respiratory Symptoms for

MICASA Participants by Sex

Asthma*
OR (95% CI)

Chronic Cough*
OR (95% CI)

Persistent Wheeze*
OR (95% CI)

Chronic Bronchitis*
OR (95% CI)

Age at immigration

Male 0.96 (0.88-1.05)
0.99 (0.95-1.03)
Medium/high acculturation®

Male 2.17(0.56-8.41)
6.06 (1.40-26.29)
>15 yrs in the United Statest

Male 0.73 (0.30-1.76)
3.60 (1.16-11.16)

Female

Female

Female

0.99 (0.91-1.07)
1.00 (0.90-1.10)

1.29 (0.18-9.18)
3.28(0.43-25.31)

0.61 (0.21-1.79)
0.75 (0.13-4.38)

0.93 (0.85-1.03)
1.02 (0.93-1.12)

0.99 (0.92-1.06)
1.02 (0.93-1.12)

1.93 (0.23-16.00)
6.57 (1.27-33.92)

1.77 (.034-9.20)
447 (0.98-20.52)

0.51 (0.18-1.44)
0.53 (0.10-2.77)

0.54 (0.20-1.40)
0.58 (0.25-1.36)

*Adjusted odds ratios calculated from separate logistic regression models for each migration factor and outcome. All logistic regression models were fit using survey
data analysis procedures to account for the stratified clustered sampling design. Models were specified with age, current smoking, sex, and the migration factor as main
effects and with an interaction term of sex with age at immigration, medium/high acculturation, and 15 and more years in the United States to facilitate the estimation of

sex-specific adjusted odds ratios.
tReference level: low acculturation level.
iReference level: less than 15 years in the United States.
ClI, confidence interval; OR, odds ratio.

agricultural work-related exposure to the increase seen in respira-
tory symptoms in this population would inform farm workers and
owners as to what part of agricultural work carries the greatest risk
and suggest strategies to reduce these risks.

Despite clear differences between Latino subgroups, most
research in the United States has focused on persons of Mexican
origin when researching acculturation in Latinos.*! Latinos are a
heterogeneous group, and our analyses were not restricted to those of
Mexican origin. In fact, just over 30% of study participants were from
Central America, thus our findings have relevance for immigrants of
both Central American and Mexican origin.

Studies often rely on place of birth, age at immigration, and
length of time living in the United States as proxies of accultura-
tion, but these measures assume that the acculturation level can be
measured by the amount of time spent in the host society. Using prox-
ies can result in a high percentage of misclassification. For example,
Kasirye et al** found 31% of Latinas categorized as moderate-to-high
acculturated with the ARSMA-II-SV would have been misclassified
into the low-acculturated category using place of birth alone. Use of
an acculturation measure allowed for estimation of the acculturation
level independent of exposure time. Despite a small proportion of
highly acculturated women in the sample, a high level of accultura-
tion was significantly associated with asthma and chronic bronchitis.

Limiting recall to the past 12 months allowed subjects to
focus on details of their recent work history, improving the quality
of information obtained on current exposure. Workers were asked
to detail their most recent jobs first, followed by previous jobs. The
questionnaire captured a detailed account of each job: start/end dates,
type of work (ie, farm work vs non—farm work), crop, task, number
of days worked per week, place of work, and dust rating.

The sample included farm workers engaged in a variety of
commodities and in different capacities. There are many crops grown
in California, and the sample reflected this. Although certain crops,
such as melon, were more frequently reported than others, the sample
allowed us to examine a wide range of California agriculture.

The lack of an observed association between dust and asthma,
despite biological evidence of an adverse effect of dust on develop-
ment of asthma and a higher risk among farmers and farm workers to
develop asthma compared with other occupations,’ may be due to
misclassification of dust exposure. The reliability of the dust rating
scale and ability of the summary dust measure to accurately assess

farm workers’ dust exposure have not yet been validated. In general,
however, there are very few standardized and validated question-
naires for exposure assessment.’® An underestimation of the preva-
lence of asthma and respiratory symptoms could have occurred if
individuals sensitive to respiratory irritants found in the agricultural
environment self-selected themselves out of farm work. Underesti-
mation could also occur from misclassification of asthmatic status.
Previous research has found self-reporting of asthma to be biased
in disease severity. Subjects with mild asthma were more prone to
denial of their disease status, and thus mild asthmatic individuals
were underrepresented in asthma prevalence and rate measures.’’
Nevertheless, the self-reported prevalence of asthma (6.12%) falls
in the middle of the 4.5% to 8.1% asthma prevalence range reported
by four other studies done in Hispanic populations,®® suggesting that
this type of underestimation is unlikely.

CONCLUSIONS

It is likely that both agricultural exposures and immigra-
tion/acculturation factors are associated with increases in the preva-
lence of asthma in Latino farm workers. Furthermore, it seems that
agricultural exposures do not explain the entirety of the increase
among immigrants. Nevertheless, the specific risk factors for the in-
crease in asthma among Latino immigrants are as yet unknown and
may include the absence of factors present in the country of origin
or the presence of new factors in the United States.

REFERENCES

1. State of California, Employment Development Department. California’s Agri-
cultural Employment, 2008. EDD; 2008.

2. California Department of Food and Agriculture. Agricultural Statistics Review
2011-2012. Sacramento: 2012.

3. Greskevitch M, Kullman G, Bang KM, Mazurek JM. Respiratory disease
in agricultural workers: mortality and morbidity statistics. J Agromedicine.
2007;12:5-10.

4. Linaker C, Smedley J. Respiratory illness in agricultural workers. Occup Med
(Lond). 2002;52:451-459.

5. Nieuwenhuijsen MJ, Kruize H, Schenker MB. Exposure to dust and its particle
size distribution in California agriculture. Am Ind Hyg Assoc J. 1998;59:
34-38.

6. Preller L, Heederik D, Kromhout H, Boleij JS, Tielen MJ. Determinants of
dust and endotoxin exposure of pig farmers: development of a control strategy
using empirical modelling. 4nn Occup Hyg. 1995;39:545-557.

© 2015 American College of Occupational and Environmental Medicine 157

Copyright © 2015 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Stoecklin-Marois et al

JOEM ¢ Volume 57, Number 2, February 2015

7.

8.

10.

14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

158

Schierl R, Heise A, Egger U, et al. Endotoxin concentration in modern animal
houses in southern Bavaria. Ann Agric Environ Med. 2007;14:129-136.

Schenker M. Exposures and health effects from inorganic agricultural dusts.
Environ Health Perspect. 2000;108(suppl 4):661-664.

. Chan-Yeung M, Malo JL. Asthma in the Workplace. In: Bernstein IL, Chan-

Yeung M, Malo JL, Bernstein DI, eds. Table of Major Inducers of Occupa-
tional Asthma. Marcel Dekker; 1993.

Bardana EJ, Jr. Occupational asthma. J Allergy Clin Immunol. 2008;121(suppl
2):S408-411; quiz S421.

. Blainey AD, Topping MD, Ollier S, Davies RJ. Allergic respiratory disease

in grain workers: the role of storage mites. J Allergy Clin Immunol. 1989;84:
296-303.

. Cuthbert OD, Brostoff J, Wraith DG, Brighton WD. “Barn allergy”: asthma

and rhinitis due to storage mites. Clin Allergy. 1979;9:229-236.

. Sigurdarson ST, O’Shaughnessy PT, Watt JA, Kline JN. Experimental human

exposure to inhaled grain dust and ammonia: towards a model of concentrated
animal feeding operations. Am J Ind Med. 2004;46:345-348.

Piipari R, Keskinen H. Agents causing occupational asthma in Finland in
1986-2002: cow epithelium bypassed by moulds from moisture-damaged
buildings. Clin Exp Allergy. 2005;35:1632-1637.

. Schenker. Respiratory health hazards in agriculture. 4m J Respir Crit Care

Med. 1998;158(5 Pt 2):S1-S76.

. Nieuwenhuijsen MJ, Noderer KS, Schenker MB, Vallyathan V, Olenchock

S. Personal exposure to dust, endotoxin and crystalline silica in California
agriculture. Ann Occup Hyg. 1999;43:35-42.

. Holguin F, Mannino DM, Anto J, et al. Country of birth as a risk fac-

tor for asthma among Mexican Americans. Am J Respir Crit Care Med.
2005;171:103-108.

. Stoecklin-Marois MT, Hennessy-Burt TE, Schenker MB. Engaging a hard-to-

reach population in research: sampling and recruitment of hired farm workers
in the MICASA study. J Agric Saf Health. 2011;17:291-302.

. Ferris BG. Epidemiology Standardization Project (American Thoracic Soci-

ety). Am Rev Respir Dis. 1978;118(6 Pt 2):1-120.

Cuellar I, Arnold B, Maldonado R. Acculturation Rating-Scale for Mexican-
Americans II—a Revision of the Original ARSMA Scale. Hispanic J Behav
Sci. 1995;17:275-304.

Bethel JW, Schenker MB. Acculturation and smoking patterns among His-
panics: a review. Am J Prev Med. 2005;29(2):143—148.

Barcenas CH, Wilkinson AV, Strom SS, et al. Birthplace, years of residence
in the United States, and obesity among Mexican-American adults. Obesity
(Silver Spring). 2007;15:1043—-1052.

Stern MP, Gonzalez C, Mitchell BD, Villalpando E, Haffner SM, Hazuda HP.
Genetic and environmental determinants of type II diabetes in Mexico City
and San Antonio. Diabetes. 1992;41:484-492.

Schenker MB, Farrar JA, Mitchell DC, et al. Agricultural dust exposure and
respiratory symptoms among California farm operators. J Occup Environ
Med. 2005;47:1157-1166.

Gamsky TE, Schenker MB, McCurdy SA, Samuels SJ. Smoking, respiratory
symptoms, and pulmonary function among a population of Hispanic farm-
workers. Chest. 1992;101:1361-1368.

Mirabelli MC, Hoppin JA, Chatterjee AB, et al. Job activities and respira-
tory symptoms among farmworkers in North Carolina. Arch Environ Occup
Health. 2011;66:178-182.

Cantero PJ, Richardson JL, Baezconde-Garbanati L, Marks G. The association
between acculturation and health practices among middle-aged and elderly
Latinas. Ethn Dis. 1999;9:166-180.

Fuentes-Afflick E, Hessol NA. Acculturation and body mass among Latina
women. J Womens Health (Larchmt). 2008;17:67-73.

West SK, Munoz B, Klein R, et al. Risk factors for type II diabetes and
diabetic retinopathy in a Mexican-American population: Proyecto VER. Am
J Ophthalmol. 2002;134:390-398.

Espino DV, Maldonado D. Hypertension and acculturation in elderly Mex-
ican Americans: results from 1982-84 Hispanic HANES. J Gerontol.
1990;45:M209-213.

Marks G, Garcia M, Solis JM. Health risk behaviors of Hispanics in the
United States: findings from HHANES, 1982-84. Am J Public Health.
1990;80(suppl):20-26.

Black SA, Markides KS. Acculturation and alcohol consumption in Puerto
Rican, Cuban-American, and Mexican-American women in the United States.
Am J Public Health. 1993;83:890-893.

Markides KS, Ray LA, Stroup-Benham CA, Trevino F. Acculturation
and alcohol consumption in the Mexican American population of the

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

southwestern United States: findings from HHANES 1982-84. Am J Pub-
lic Health. 1990;80(suppl):42—46.

Otero-Sabogal R, Sabogal F, Perez-Stable EJ, Hiatt RA. Dietary practices,
alcohol consumption, and smoking behavior: ethnic, sex, and acculturation
differences. J Natl Cancer Inst Monogr. 1995;18:73-82.

Safer AM, Piane G. Analysis of acculturation, sex, and heavy alcohol use in
Latino college students. Psychol Rep. 2007;101:565-573.

Zemore SE. Acculturation and alcohol among Latino adults in the United
States: a comprehensive review. Alcohol Clin Exp Res. 2007;31:1968—
1990.

Detjen MG, Nieto FJ, Trentham-Dietz A, Fleming M, Chasan-Taber L. Ac-
culturation and cigarette smoking among pregnant Hispanic women residing
in the United States. Am J Public Health. 2007;97(11):2040-2047.

Abraido-Lanza AF, Chao MT, Florez KR. Do healthy behaviors decline with
greater acculturation? Implications for the Latino mortality paradox. Soc Sci
Med. 2005;61:1243-1255.

Velez CN, Ungemack JA. Drug use among Puerto Rican youth: an exploration
of generational status differences. Soc Sci Med. 1989;29:779-789.

Vega WA, Alderete E, Kolody B, Aguilar-Gaxiola S. Illicit drug use among
Mexicans and Mexican Americans in California: the effects of gender and
acculturation. Addiction. 1998;93:1839-1850.

Lara M, Gamboa C, Kahramanian MI, Morales LS, Bautista DE. Accultura-
tion and Latino health in the United States: a review of the literature and its
sociopolitical context. Annu Rev Public Health. 2005;26:367-397.

Vega WA, Amaro H. Latino outlook: good health, uncertain prognosis. Annu
Rev Public Health. 1994;15:39-67.

Franzini L, Ribble JC, Keddie AM. Understanding the Hispanic paradox. Ethn
Dis. 2001;11:496-518.

Markides KS, Eschbach K. Aging, migration, and mortality: current status
of research on the Hispanic paradox. J Gerontol B Psychol Sci Soc Sci.
2005;60(Spec No 2):68-75.

Hennessy T. Understanding Acculturation, Health Risk Behaviors and the
Hispanic Epidemiologic Paradox in the Context of a Bi-national Investiga-
tion. Davis: Department of Epidemiology, University of California at Davis;
2006.

Abraido-Lanza AF, Dohrenwend BP, Ng-Mak DS, Turner JB. The Latino
mortality paradox: a test of the “salmon bias” and healthy migrant hypotheses.
Am J Public Health. 1999;89:1543—1548.

Rottem M, Szyper-Kravitz M, Shoenfeld Y. Atopy and asthma in migrants.
Int Arch Allergy Immunol. 2005;136:198-204.

Nieuwenhuijsen MJ, Schenker MB. Determinants of personal dust exposure
during field crop operations in California agriculture. Am Ind Hyg Assoc J.
1998;59(1):9-13.

Smit LA, Heederik D, Doekes G, Blom C, van Zweden I, Wouters IM.
Exposure-response analysis of allergy and respiratory symptoms in endotoxin
exposed adults. Eur Respir J. 2008;30:1241-1248.

Valcin M, Henneberger PK, Kullman GJ, et al. Chronic bronchitis among
nonsmoking farm women in the agricultural health study. J Occup Environ
Med. 2007;49:574-583.

Zock JP, Sunyer J, Kogevinas M, Kromhout H, Burney P, Anto JM. Occupa-
tion, chronic bronchitis, and lung function in young adults. An international
study. Am J Respir Crit Care Med. 2001;163:1572-1577.

Melbostad E, Eduard W, Magnus P. Chronic bronchitis in farmers. Scand J
Work Environ Health. 1997;23:271-280.

Arif AA, Rohrer JE, Delclos GL. A population-based study of asthma,
quality of life, and occupation among elderly Hispanic and non-
Hispanic whites: a cross-sectional investigation. BMC Public Health. 2005;
5:97.

Kasirye OC, Walsh JA, Romano PS, et al. Acculturation and its associ-
ation with health-risk behaviors in a rural Latina population. Ethn Dis.
2005;15:733-739.

Kogevinas M, Anto JM, Sunyer J, Tobias A, Kromhout H, Burney P. Occu-
pational asthma in Europe and other industrialised areas: a population-based
study. European Community Respiratory Health Survey Study Group. Lancet.
1999;353:1750-1754.

Nieuwenhuijsen MJ. Design of exposure questionnaires for epidemiological
studies. Occup Environ Med. 2005;62:272-280, 212-274.

Toren K, Palmqvist M, Lowhagen O, Balder B, Tunsater A. Self-reported
asthma was biased in relation to disease severity while reported year of asthma
onset was accurate. J Clin Epidemiol. 2006;59:90-93.

Hunninghake GM, Weiss ST, Celedon JC. Asthma in Hispanics. Am J Respir
Crit Care Med. 2006;173:143—163.

© 2015 American College of Occupational and Environmental Medicine

Copyright © 2015 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.





