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ORIGINAL ARTICLE
Anemia, Weight Status, and Fatigue Among Farmworkers
in California

A Cross-Sectional Study
Leslie V. Olivares, MS, Reina Engle-Stone, PhD, Charles D. Arnold, MS,
Chelsea E. Langer, PhD, MPH, and Marc B. Schenker, MD, MPH
Objective: This study aimed to determine the prevalence of anemia and overweight/
obesity and assess the relationships between hematocrit (Hct) and body mass
index (BMI), and between fatigue and Hct, among a sample of farmworkers
in California. Methods: We estimated the prevalence of anemia (using Hct),
overweight/obesity (BMI ≥25 kg/m2), and self-reported fatigue in 587 farm-
workers. Multivariable linear and logistic regressionmodels were used to exam-
ine the associations between Hct and BMI, and between fatigue and Hct.Results:
Anemia prevalencewas 3.1%, overweight/obesity prevalencewas 80.7%, and 78% of
workers reported fatigue at work. There was no association between Hct and
BMI or between Hct and reported fatigue. Women were more likely than men
to have lower Hct and higher BMI. Conclusions: A majority of farmworkers
in this sample were overweight/obese, but anemia was uncommon. Anemia
among more vulnerable subgroups of farmworkers should be explored.

Keywords: agriculture, occupational health, anemia, overweight, obesity

California produces more than one-third of the country’s vegeta-
bles and two-thirds of its fruits and nuts annually.1 In 2014, an es-

timated 829,300 farmworkers were employed in California.2 Despite
their essentiality, farmworkers are highly underserved and vulnerable
to poor nutritional and health outcomes. Some of the challenges farm-
workers face include food insecurity, lack of healthcare access, low
income, and language/cultural barriers.3–5 Much of the work around
nutritional status among farmworkers in California focuses on the
high prevalence of obesity and noncommunicable diseases.6–9 In the
California Agricultural Workers Health Survey (CAWHS), 81% of
male and 76% of female farmworkers were reported either overweight
or obese, and many suffered from additional chronic illnesses such as
elevated total cholesterol, high blood pressure, and diabetes.

Little information is available on anemia prevalence and deter-
minants among farmworkers, who may be at elevated risk for anemia.
Poverty and food insecurity may lead to diets with low nutrient den-
sity.10 Inadequate intake of certain micronutrients (particularly iron)
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can lead to anemia. In addition, subclinical inflammation associated
with excessive adiposity and noncommunicable diseases reduces iron
absorption, suggesting that obesity could also contribute to or exacer-
bate iron deficiency.11,12 Inflammation may also impact erythrocyte
production directly, leading to anemia independent of iron status.12

Previous work with California farmworkers reported an anemia prev-
alence at 6% amongmen and 18% amongwomen based on hematocrit
(Hct) measurement.13 Among farmworkers living on the US-Mexico
border, a 23.2% prevalence based on hemoglobin (Hgb) has been ob-
served.14 However, there is little information on anemia prevalence
and determinants among farmworkers.

Anemia is associated with reduced physical work capacity15–17

and may have health and economic impacts for farmworkers, particu-
larly those paid by piece rate. Anemia compromises oxygen-carrying
capacity,18 which can cause weakness, fatigue, and difficulty to con-
centrate.16 This can exacerbate the effects of other occupational health
hazards such as risk of injury or heat illness. Farm work involves high
occupational activity,19 and production of labor-intensive commodi-
ties, including fruits and vegetables, is increasing.20 To assess whether
anemia among farmworkers warrants greater attention and to develop
appropriate interventions, we must address gaps in knowledge on prev-
alence, associated factors, and potential consequences for farmworkers.
We aimed to determine the prevalence of anemia and overweight/
obesity, assess the relationship between Hct and body mass index
(BMI), and assess the relationship between fatigue and Hct among
a sample of farmworkers in California. In addition, we assessed fac-
tors associated with Hct, anemia, BMI, and obesity.

METHODS
We used data from the California Heat Illness Prevention Study

(CHIPS),21 a cross-sectional study for which datawere collected in the
summer (June toOctober) of 2014 and 2015. A convenience sample of
587 farmworkers was recruited from 30 farms throughout California
through farm managers and farm labor contractors. Written consent of
workers was obtained a day before subsequent data collection. Data
collection took place on farms at the participants’ work site. Bilingual
interviewers administered questionnaires, took anthropometric measures,
and collected capillary blood. Additional details of the study methods
have been previously described.21 Study participant procedureswere ap-
proved by the University of California, Davis, Institutional Review Board.
The STROBE cross-sectional reporting guidelines were used.22

Eligibility
To be eligible, farmworkers needed to work outdoors for a full

shift (varying from 5 to 12 hours), including nursery workers who only
worked outside or landscapers in rural settings. Participants needed to
self-identify as Latino/a, speak Spanish or English, and have a normal
body temperature at start of their workshift (temperature <37.5°C,
assessed using a tympanic ear thermometer). Workers were not eligi-
ble if their work entailed frequent driving; they were younger than
18 years, pregnant, unable to swallow large pills (a requirement for body
temperature monitoring, for the primary study aims), or experiencing
e459
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gastrointestinal upset at the start of the workshift; they had an implanted
electromedical device; or they recently underwent stomach surgery.

Interviews
A questionnaire was administered before the participants’ shift

began, and a second questionnaire was administered at the end of their
shift. Demographic information, including age, sex, and housing, was
collected in the preshift questionnaire, whereas most other information
such as cultural background, education, substance use, employment de-
tails, and fatigue was collected during the postshift questionnaire. To as-
sess fatigue, participants were asked how fatigued they normally feel at
work and could indicate “Not at all,” “A little tired,” “Very tired,” “So
tired Iwould like to rest, but do not do so,” or “So tired I take extra rests.”

Anthropometry
Anthropometric measurements were taken in the morning using

a Seca™ model 213 stadiometer (Seca GMBH & Co. KG, Hamburg,
Germany) for height and a Seca™ Model 874 m scale (Seca GMBH
&Co. KG) for weight. Height was measured twice in the morning with-
out shoes. Workers were weighed twice in the morning and twice at the
end of their workshift without shoes wearing only a base layer of cloth-
ing. An average of the 2 morning measurements was used for this anal-
ysis. Weight scales were placed on a board and leveled before weighing.

Blood Samples
Capillary blood was collected in the morning and at the end of

the workshift. For this analysis, morning samples were used. The sam-
ple (~95 μL) was analyzed immediately after collection using a battery
operated i-STAT™ analyzer (Abbot Point of Care Inc., Princeton, NJ).
To maintain the optimum instrument temperature (16°C–30°C) and
to protect from dust or other materials, samples were analyzed in a
diesel-powered car. Chem8+ panels were used to measure Hct and
blood solutes (sodium, potassium, glucose, blood urea nitrogen) used
to calculate serum osmolality based on theWallach equation.23 Anemia
was defined as Hct <39% for men and <36% for women based on
World Health Organization International Nutritional Anemia Consulta-
tive Group guidelines.24 Dehydration was defined as serum osmolality
>295 mOsm based on the standard range of euhydration.25

Statistical Analysis
Descriptive statistics were calculated for participants overall

and stratified by sex. Primary outcomes included Hct with BMI as
the main predictor, and reported fatiguewith Hct as the main predictor.
Responses for reported fatigue were dichotomized to represent “not at
all tired” and “tired (to any extent)” (not at all tired = 0, tired = 1). Second-
ary outcomes included anemia (without anemia = 0, with anemia = 1: Hct
<39% for men and < 36% for women) and obesity (without obesity = 0,
with obesity = 1: BMI ≥30 kg/m2) for which exploratory analysis was
conducted to identify significant predictors.

With n = 587, we estimated that we could detect a correlation of
0.12 between Hct and BMI. The question on fatigue was added while the
study was ongoing, resulting in a smaller sample size for this variable
(n =282with sufficient data).With this sample size,we could detect amean
difference of 0.41 SD Hct between those reporting fatigue and those not.

We applied linear or logistic regression for continuous and di-
chotomous outcomes, respectively. For each, we assessed relationships
between each outcome and predictor of interest in a series of models,
moving from unadjusted to minimally and fully adjusted models. Un-
adjusted models included the outcome and main predictor of interest.
Minimally adjusted models controlled for age and sex. Fully adjusted
models additionally controlled for covariates that were associated with
the outcome in bivariate models (P < 0.10). Multivariable models
were assessed for collinearity between all predictors. Effect modifica-
tion of the predictor of interest by sex and age was tested in minimally
e460 © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on
adjusted models. We specified a priori that significant effect modification
in minimally adjusted models would be retained in fully adjusted models,
although no effect modification was found in models examining the
primary objectives.

Exploratory analyses were conducted to examine factors poten-
tially associated with Hct, anemia, BMI, and obesity. We constructed
multivariable models using a block forward selection approach. The
variable blocks were defined based on proximity to the outcome in
the hypothesized causal framework for each outcome andwere grouped
as individual-level characteristics (block 1: age and sex), behavioral
characteristics (block 2: alcohol consumption and smoking), and under-
lying characteristics (block 3: additional demographic, occupational, and
biological factors). Age and sex (block 1, individual characteristics) were
included in all models. At each subsequent stage, only predictors associ-
ated with the outcome (P < 0.10) continued to the next level. Multivar-
iable models were assessed for collinearity between all predictors. Effect
modification by sex was tested for each variable entered into the model;
interaction terms associated with the outcome at a level of P < 0.10 were
retained in subsequent steps. In the case of significant interaction, strat-
ified results are presented.

Categories that contained less than 15 observations were col-
lapsed or removed from the model. For example, ethnicity was not in-
cluded in models because only 3 participants in the study did not
self-identify as Latino or indigenous and only 10 self-identified as indig-
enous. Categorical predictors in models with a categorical outcome
where there were zero or too few observations in a single cell for analy-
sis to be possible were not considered or removed from the model. All
analyses were conducted using SAS 9.4 (SAS Institute, Inc, Cary, NC).
RESULTS
Of the 587 participants, 66.3% were male. On average, partici-

pants were 39 years old and had worked in agriculture for 14 years
(Table 1). Approximately half (53.7%) had an annual family income
of ~$10,000 to $30,000, with 9.2% earning $5000 or less per year.
Anemia was observed in 18 of 579 workers (3.1%) for whom Hct
values were available (Table 1). Prevalence of anemia was significantly
higher among women compared with men (6.2% vs 1.6%; P = 0.003).
A substantial majority (80.7%) of workers were either overweight or
obese, and prevalence of overweight and obesity combined was greater
among women compared with men (86.9% vs 77.7%; P = 0.007).
When asked about fatigue, 78% of workers indicated that they gener-
ally felt tired to some extent at work (including those who reported
any level of fatigue), with no difference among men versus women
(P = 0.67).

Body mass index was not associated with Hct in unadjusted or
minimally adjusted models (Table 2). In the fully adjusted regression
model, there was no significant association between Hct and BMI,
but significant (P < 0.10) covariates included age, sex, primary lan-
guage, income, and serum osmolality.

Hematocrit was not associated with reported fatigue in unad-
justed or minimally adjusted models (Table 3); sex and age were also
not associated with reported fatigue. The fully adjusted models were
identical to the minimally adjusted model, as no additional covariates
met the criteria to be included in the final model. This result was un-
changed in a sensitivity analysis including serum osmolality as a meth-
odological confounder (data not shown).

In the exploratory analysis of factors associated with Hct, the fi-
nal linear regressionmodel suggested that younger age, male sex, speak-
ing English as a primary language, and greater serum osmolality were
associated with greater Hct (Table 4); income was associated with Hct
(P = 0.07) but without an apparent pattern. Fewer factors were associ-
ated with anemia: individuals without anemia were more likely to be
younger, be male, and have higher serum osmolality (Table 6).

Models exploring factors associated with BMI were conducted
for the overall sample (Table 4) and stratified by sex (Table 5) because
behalf of the American College of Occupational and Environmental Medicine.



TABLE 1. Demographic and Health Characteristics of Participating Farmworkers, Overall and by Sex

Male (n = 389) Female (n = 198) All (n = 587)

Mean (SD), Range,
or n (%) n

Mean (SD), Range,
or n (%) n

Mean (SD), Range,
or n (%) n

Age, yr 38.7 (12.7), 18–82 389 38.7 (10.8), 18–70 198 38.7 (12.1), 18–82 587
Ethnicity 387 197 584
Latina/o 374 (96.6) 196 (99.5) 570 (97.6)
Indigenous 10 (2.6) 1 (0.5) 11 (1.9)
Other 3 (0.8) 0 (0) 3 (0.5)

Country born 389 198 587
United States 43 (11.1) 5 (2.5) 48 (8.2)
Mexico 334 (85.9) 185 (93.4) 519 (88.4)
Central America 12 (3.1) 8 (4.0) 20 (3.4)

Primary language 389 198 587
English 24 (6.2) 7 (3.5) 31 (5.3)
Spanish 350 (90.0) 184 (92.9) 534 (91.0)
Other/indigenous 15 (3.9) 7 (3.5) 22 (3.8)

Education level completed 197 117 314
None 13 (6.6) 3 (2.6) 16 (5.1)
Grades 1–6 79 (40.1) 73 (62.4) 152 (48.4)
Grades 7–11 53 (26.9) 28 (23.9) 81 (25.8)
High school graduate or more 52 (26.4) 13 (11.1) 65 (20.7)

Years in school 7.6 (3.9), 0–15 197 6.6 (3.2), 0–13 117 7.3 (3.7), 0–15 314
Housing 389 198 587
House 236 (60.7) 115 (58.1) 351 (59.8)
Apartment 99 (25.5) 67 (33.8) 166 (28.3)
Mobile home/trailer 48 (12.3) 14 (7.1) 62 (10.6)
Other 6 (1.5) 2 (1.0) 8 (1.4)

Years in agriculture 15.9 (12.7), 0–66 387 11.1 (9.5), 0–47 198 14.3 (11.9), 0–66 585
Paid by* 389 198 587
Piece 90 (23.1) 37 (18.7) 127 (21.6)
Hourly/salary 299 (76.9) 161 (81.3) 460 (78.4)

Family income/yr 374 190 564
$0–$5000 31 (8.3) 21 (11.1) 52 (9.2)
$5001–$10,000 39 (10.4) 36 (19.0) 75 (13.3)
$10,001–$20,000 97 (25.9) 57 (30.0) 154 (27.3)
$20,001–$30,000 110 (29.4) 39 (20.5) 149 (26.4)
$30,001–$40,000 72 (19.3) 24 (12.6) 96 (17.0)
> $40,000 25 (6.7) 13 (6.8) 38 (6.7)

Serum osmolality, mOsm 284.9 (4.6), 270.2–311.0 377 283.5 (4.5), 260.8–301.2 186 284.4 (4.6), 260.8–311.0 563
Dehydrated before work† (yes) 9 (2.4) 377 2 (1.1) 186 11 (2.0) 563
Alcohol consumption 389 198 587
Never drinks 61 (15.7) 107 (54.0) 168 (28.6)
Former drinker 49 (12.6) 22 (11.1) 71 (12.1)
Current drinker 279 (71.7) 69 (34.9) 348 (59.3)

No. alcoholic beverages/mo (current drinkers) 37.0 (52.3), 1–360 275 5.8 (10.4), 1–54 67 30.9 (48.7), 1–360 342
Degree of alcohol consumption 336 174 510
Never, 0 drinks/mo 61 (18.2) 107 (61.5) 168 (32.9)
Light, 1–36 drinks/mo 193 (57.4) 64 (36.8) 257 (50.4)
Moderate, 37–66 drinks/mo 43 (12.8) 3 (1.7) 46 (9.0)
Heavy, >66 drinks/mo 39 (11.6) 39 (7.7)

Smoking status 389 198 587
Never smoked 213 (54.8) 182 (91.9) 395 (67.3)
Former smoker 89 (22.9) 14 (7.1) 103 (17.6)
Current smoker 87 (22.4) 2 (1.0) 89 (15.2)

Average no. cigarettes smoked/d (current and former) 6.9 (7.6), 0.6–40.0 161 2.8 (2.6), 1–10 12 6.6 (7.5), 0.6–40 173
BMI, kg/m2 28.8 (4.6), 18.9–47.6 389 29.7 (4.6), 20.7–50.2 198 29.1 (4.6), 18.9–50.2 587
Weight status 389 198 587
Normal, BMI <25.0 kg/m2 87 (22.4) 26 (13.1) 113 (19.3)
Overweight, BMI 25.0–29.9 kg/m2 161 (41.4) 91 (46.0) 252 (42.9)
Obese, BMI ≥30.0 kg/m2 141 (36.3) 81 (40.9) 222 (37.8)

Hct, % 46.0 (3.3), 32–55 384 40.5 (3.0), 34–48 195 44.2 (4.2), 32–55 579
Anemia (yes)‡ 6 (1.6) 384 12 (6.2) 195 18 (3.1) 579
General fatigue at work§ 194 93 287
Not at all tired 44 (22.7) 19 (20.4) 63 (22.0)
A little tired 133 (68.6) 70 (75.3) 203 (70.7)
Very tired + 17 (8.8) 4 (4.3) 21 (7.3)

BMI, body mass index.
*Paid by: category “Piece” includes anyone paid by piece rate alone or any combination of payment with piece rate.
†Dehydration cutoff: dehydrated if serum osmolality >295 mOsm.
‡Anemia cutoff: anemic if Hct <39% for men and <36% for women.
§General fatigue at work: category “Very tired +” includes participants that indicated they were “very tired,” “tired enough to desire more breaks but do not take them,” or “tired enough to

actually take more breaks.”
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TABLE 2. Multiple Linear Regression of the Association Between Hct and BMI

Unadjusted Model (n = 579) Age- and Sex-Adjusted Model (n = 579) Model Incorporating Additional Factors (n = 471)

Estimate SE P Estimate SE P Estimate SE P

BMI, kg/m2 −0.03 0.04 0.35 0.02 0.03 0.48 −0.005 0.03 0.87
Sex (female) −5.72 0.30 <0.0001 −5.29 0.36 <0.0001
Age, yr −0.05 0.01 <0.0001 −0.07 0.01 <0.0001
Country born 0.13
United States (reference) — — —
Mexico 0.64 0.58 0.28
Central America 2.07 1.02 0.04

Primary language 0.02
English 1.69 0.70 0.02
Spanish (reference) — — —
Other/indigenous −1.24 0.88 0.16

Education level completed 0.12
None (reference) — — —
1–6 −1.85 0.91 0.04
7–11 −1.31 0.95 0.17
High school graduate or more −1.84 0.99 0.06
Don’t know −1.18 0.90 0.19

Family income/yr 0.03
$0–$5000 0.62 0.71 0.38
$5001–$10,000 −1.14 0.68 0.09
$10,001–$20,000 −0.81 0.61 0.18
$20,001–$30,000 −0.62 0.61 0.31
$30,001–$40,000 −0.10 0.65 0.88
> $40,000 (reference) — — —

Serum osmolality 0.13 0.03 <0.0001
Current smoker (no) −0.40 0.40 0.33
Degree of alcohol consumption 0.94
Never, 0 drinks/mo (reference) — — —
Light, 1–36 drinks/mo −0.14 0.34 0.68
Moderate, 37–66 drinks/mo −0.19 0.56 0.74
Heavy, >66 drinks/mo 0.13 0.60 0.83

Covariates with a significant association with the outcome in bivariate analysis ( P < 0.10) were kept in the final model. Variables tested but not significant ( P ≥ 0.10) included housing,
years in agriculture, and type of pay.

BMI, body mass index; Hct, hematocrit.
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of an interaction between sex and primary language. The overall final
linear regression model of factors associated with BMI included
sex, age, current smoking status, income, years in agriculture, primary
language, and the interaction between sex and primary language.
Among men, greater BMI was associated with current nonsmoking
(never and former), years in agriculture, and speaking Spanish (vs
other/indigenous languages) as a primary language. Among women,
BMI was greater among women who spoke English as a primary
language (vs Spanish), but associations with other factors were not
statistically significant.

The final logistic regression model of factors associated with
obesity included age, sex, serum osmolality, and primary language
(Table 6). In this model, obesity was less common among individuals
TABLE 3. Logistic Regression of the Association Between “No Fatig

Unadjusted Model (n = 282)

OR 95% CI P

Hct 1.03 0.96–1.11 0.40
Sex (female)
Age

No other variables examined were significantly associated with the outcome ( P < 0.10)
sex-adjusted model. Variables tested but not significant ( P ≥ 0.10) included country of birth, pri
income, serum osmolality, alcohol consumption, current smoking, and body mass index.

CI, confidence interval; Hct, hematocrit; OR, odds ratio.

e462 © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on
with reported primary language of other/indigenous, compared with
Spanish; no other variables were significantly associated. An inter-
action between primary language and sex was also significant but
not included in the model because of small numbers (<5 observations
among certain combinations of categories). For example, there was
only one woman whowas classified as not obese and indicated English
as her primary language.
DISCUSSION
Anemia prevalence was low in this sample, but differences by

sex did exist (1.6% of men, 6.2% of women). These results are lower
than previous findings from the CAWHS, which reported prevalence
ue” and Hct

Age- and Sex-Adjusted Model (n = 282)

OR 95% CI P

1.02 0.93–1.12 0.64
0.91 0.40–2.08 0.83
1.00 0.97–1.02 0.69

in bivariate analyses. Therefore, the fully adjusted model was identical to the age- and
mary language, education level completed, housing, years in agriculture, type of pay, family

behalf of the American College of Occupational and Environmental Medicine.



TABLE 4. Factors Associated With BMI and Hct Concentration Based on Linear Regression

Age- and Sex-Adjusted
Model

Model Incorporating Behavioral
Characteristics

Model Incorporating Underlying
Characteristics (Fully Adjusted)

Estimate SE P Estimate SE P Estimate SE P

BMI n = 587 n = 587 n = 562
Age 0.03 0.02 0.05 0.03 0.02 0.05 0.004 0.02 0.86
Sex (female) 0.93 0.42 0.03 0.72 0.44 0.10 0.58 0.46 0.002
Current smoker (no) −0.96 0.56 0.08 1.20 0.56 0.03
Primary language 0.001
English −1.63 1.01 0.11
Spanish (reference) — — —
Other/indigenous −2.98 1.25 0.02

Family income/yr 0.65
$0–$5000 −0.83 0.99 0.40
$5001–$10,000 −0.46 0.91 0.61
$10,001–$20,000 −0.26 0.83 0.75
$20,001–$30,000 −0.33 0.83 0.69
$30,001–$40,000 0.47 0.88 0.59
>$40,000 (reference) — — —

Years in agriculture 0.05 0.02 0.04
Primary language interaction with sex 0.0006
English � female 8.24 2.14 0.0001
Spanish � female (reference) — — —
Other/indigenous � female −0.34 2.26 0.88

Hct, % n = 579 n = 579 n = 540
Age −0.05 0.01 <0.0001 −0.05 0.01 <0.0001 −0.06 0.01 <0.0001
Sex (female) −5.70 0.30 <0.0001 −5.70 0.30 <0.0001 −5.41 0.30 <0.0001
Primary language 0.04
English 1.32 0.60 0.03
Spanish (reference) — — —
Other/indigenous −0.93 0.74 0.20

Family income/yr 0.07
$0–$5000 0.97 0.67 0.14
$5001–$10,000 −0.46 0.61 0.45
$10,001–$20,000 −0.30 0.55 0.59
$20,001–$30,000 −0.09 0.56 0.87
$30,001–$40,000 0.48 0.60 0.42
> $40,000 (reference) — — —

Serum osmolality 0.12 0.03 <0.0001

Covariateswith a significant associationwith the outcome in the full model ( P < 0.10) were kept in the finalmodel. Variables tested but not significant ( P≥ 0.10) included the following:
BMI behavioral characteristics model (alcohol consumption), BMI underlying characteristics model (country born, education level completed, housing, type of pay, serum osmolality, fa-
tigue), Hct behavioral characteristics model (current smoking status, alcohol consumption), and Hct underlying characteristics model (country of birth, education level completed, housing,
years in agriculture, type of pay).

BMI, body mass index; Hct, hematocrit.
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of anemia at 6% for men and 18% for women.13 Prevalence of over-
weight and obesity in this population was high (77.7% of male workers
and 86.9% of female workers). This is consistent with a previous survey
in California, which reported rates of overweight or obese as high as
81% for male workers and 76% of female workers.13

Findings on anemia prevalence may be explained in part by the
“healthy worker effect,” as it is less likely for thosewho are chronically
or severely ill to be a part of the workforce,26 and possible sampling
bias. For instance, participants of the CHIPS study were an actively
working population recruited at their worksite, whereas participants
of the CAWHS were recruited at their homes. Thus, even if partici-
pants of both studies were farmworkers, differences in study recruit-
ment may result in samples of participants more likely to differ by
working conditions, employment status, and physical fitness.

The lack of relationship between Hct and BMI is inconsistent
with what we would expect based on the biological relationships
between excess adiposity, iron absorption, and anemia risk.12 We hy-
pothesized that higher BMI would be associated with lower Hct due to
the effects of inflammation on iron absorption and erythropoiesis.
The null findings do not negate the possibility that such a relation-
ship exists, but they suggest that these metabolic relationships may
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the A
not have a meaningful effect on anemia prevalence in our sample.
Despite evidence from studies of obesity and iron metabolism, re-
sults from population-based studies examining this relationship
have been less clear. For example, a 2012 study that examined the
coexistence of overweight/obesity with anemia among women in
Mexico observed a significantly higher prevalence of this double
burden than would have been expected assuming that these conditions
occurred independently (7.6% vs 7.2%),27 suggesting that overweight/
obese women were more likely to have anemia compared with women
with normal BMI. However, the authors concluded that thismagnitude
of association was not meaningful.27 We also recognize that BMI is
not an accurate measure of adiposity; information on adiposity and
fat distribution may give more insight into the relationship. For exam-
ple, a study in Sweden published in 1991 looked at types of obesity
among women and found that women with android obesity had Hct
and red blood cell count values that were significantly higher than
women with gynoid obesity.28

In our exploratory analysis, Hct was greater among younger
adults, men, those who primarily spoke English, or those who had
higher serum osmolality. It is not surprising for men and younger
adults to have higher Hct because men are generally at less risk for
merican College of Occupational and Environmental Medicine. e463



TABLE 5. Fully AdjustedModels of Factors AssociatedWith BMI
Based on Linear Regression Stratified by Sex

BMI

Male (n = 372) Female (n = 190)

Estimate SE P Estimate SE P

Age −0.01 0.03 0.71 0.02 0.04 0.53
Sex (female) — — — — — —
Current smoker (no) 1.21 0.57 0.03 2.28 3.32 0.49
Primary language 0.03 0.0004
English −1.61 1.02 0.11 6.94 1.91 0.0004
Spanish (reference) — — — — — —
Other/indigenous −2.77 1.27 0.03 −3.23 1.98 0.10

Family income/yr 0.33 0.83
$0–$5000 −0.87 1.25 0.49 −0.50 1.64 0.76
$5001–$10,000 −1.17 1.17 0.32 0.21 1.48 0.89
$10,001–$20,000 −0.31 1.03 0.76 −0.36 1.39 0.80
$20,001–$30,000 −0.01 1.02 0.99 −1.27 1.46 0.39
$30,001–$40,000 0.83 1.08 0.44 −0.34 1.56 0.83
> $40,000 (reference) — — — — — —

Years in agriculture 0.04 0.03 0.10 0.07 0.04 0.12

Covariates were selected based on the unstratified fully adjusted model incorporating
underlying characteristics for BMI (Table 4) without the interaction term.

BMI, body mass index.
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developing anemia29 and elderly people are often at higher risk.30

However, in this population, it is possible that the association with
age could reflect anemia of chronic disease among older workers.
The positive association between Hct and serum osmolality is expected
given that lower hydration can increase Hct because of decreased
plasma volume. This could theoretically mask anemia diagnosis; how-
ever, this is not likely in our sample considering only 2% of workers
were classified as dehydrated. Nevertheless, hydration may be an im-
portant methodological variable to consider in studies of anemia. The
observation that participants who primarily speak English had higher
Hct comparedwith participants who primarily spoke Spanish is consis-
tent with previous work showing that US-born workers are less likely
to have poor work conditions.31 However, only 5.3% of workers re-
ported English as their primary language, making it difficult to draw
definite conclusions. Similarly, we observed a marginal association
(P = 0.07) between income level and higher Hct, but therewas no clear
trend of increasing/decreasing Hct across levels of income.
TABLE 6. Factors Associated With BMI <30 kg/m2 and Nonanemic

Age- and Sex-Adjusted Model Model Incorporating Be

OR 95% CI P OR 95%

Not obese n = 587 n =
Age 0.10 0.98–1.01 0.58 1.00 0.98–
Sex (female) 0.82 0.58–1.17 0.27 0.82 0.58–
Serum osmolality
Primary language
English
Spanish (reference)
Other/indigenous

Not anemic n = 579 n =
Age 0.97 0.93–1.01 0.10 0.97 0.93–
Sex (female) 0.25 0.09–0.69 0.01 0.25 0.09–
Serum osmolality

Covariateswith a significant associationwith the outcome in the full model ( P < 0.10) were k
obesity behavioral characteristics model (current smoking status, alcohol consumption), obesity u
in agriculture, type of pay, family income, fatigue; primary language interaction with sex was sig
ioral characteristics model (current smoking status, alcohol consumption), and anemia underlying
ing, years in agriculture, type of pay, family income).

BMI, body mass index; CI, confidence interval; OR, odds ratio.
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Overweight and obesity have been recognized as a major health
concern among farmworkers in California.13 Our exploratory analyses
suggested that BMI was higher among men who were nonsmokers,
did not primarily speak a language categorized as “other/indigenous”
in comparison with those who primarily spoke Spanish, or worked
more years in agriculture. However, prevalence of overweight and obe-
sity combined was significantly higher among women compared with
men (86.9% vs 77.7%, P = 0.007), and among women, BMI was
higher among thosewho primarily spoke English compared with those
who primarily spoke Spanish. This finding is not consistent with the
CAWHS results, in which prevalence of overweight and obesity com-
bined was higher among men (81% vs 76%).13 For comparison, the
2013–2014 National Health and Nutrition Examination Survey found
that, although combined prevalence of overweight/obesity was higher
among all men (73.7% vs 66.9%), obesity and extreme obesity
(BMI ≥40 kg/m2) alone were higher among women.32

In this sample, men who did not currently smoke had higher
BMI comparedwith menwho currently smoked, although drawing con-
clusions is difficult considering that not manyworkers currently smoked
(15.2%) and the average number of cigarettes smoked per day by cur-
rent and former smokers was low (<7 cigarettes). This is consistent with
previous work that has described the general low prevalence of smoking
among Latino farmworkers.33 Nevertheless, lower body weight among
smokers is consistent with what has been observed in previous work
looking at smoking and weight.34 An association between smoking sta-
tus and BMI could be related to the effects of smoking on metabolism
and appetite that have been associated with tobacco use in previous
work.34 For men who primarily spoke English or Spanish and worked
more years in agriculture, having higher BMI could indicate an associ-
ation between acculturation and BMI; however, there are many other
factors to consider such as immigration status, time in the US, and coun-
try of education. In addition, years in agriculture for this study did not
distinguish between years worked in the United States versus other
countries. Previous work on acculturation among farmworkers found
that being born in Mexico or Central America and having lived in the
United States for a longer period were associated with being more likely
to consume ≥5 servings of fruits/vegetables per day, whereas higher ac-
culturation level, US education, and having a child at home were asso-
ciated with being less likely to consume ≤35% of calories from fat.35

However, there were very few participants who were not “low accul-
turated” in that study.35 Considering the homogeneity among the par-
ticipants in the current study with regard to some of the demographic
Status Based on Linear and Logistic Regression

havioral Characteristics Model Incorporating Underlying Characteristics

CI P OR 95% CI P

587 n = 563
1.01 0.58 1.00 0.98–1.01 0.66
1.17 0.27 0.92 0.64–1.34 0.67

1.01 0.98–1.05 0.49
0.09

1.07 0.50–2.31 0.86
— — —
3.99 1.16–13.71 0.03

579 n = 563
1.01 0.10 0.94 0.89–0.98 0.01
0.69 0.01 0.24 0.07–0.75 0.01

1.18 1.06–1.32 0.003

ept in the finalmodel. Variables tested but not significant ( P≥ 0.10) included the following:
nderlying characteristics model (country of birth, education level completed, housing, years
nificant but not included in the final model because of very small cell size), anemia behav-
characteristics model (country of birth, primary language, education level completed, hous-

behalf of the American College of Occupational and Environmental Medicine.
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information, there is a possibility that this may also be the case with
acculturation among our sample of workers.

Lastly, we did not find an association between Hct and fatigue.
This is unexpected based on the physiological consequences of ane-
mia, including reduced oxygen-carrying capacity and reducing capac-
ity for physical work.15,16 For example, a study of female tea estate
workers in Sri Lanka reported a significant association between iron
deficiency anemia and reduced physical work capacity.17 The lack of
association in this study may be related to the low prevalence of ane-
mia in this sample and the low sample size for detecting a relationship
with a binary outcome; of the 18 farmworkers with anemia, 8 reported
they were “tired (to any extent).” Thus, there remains some uncertainty
regarding how anemia may affect work performance and earnings
among farmworkers in settings where anemia prevalence is higher,
or degree of anemia is more severe. It is also important to note that
previous work on this sample showed that farmworkers generally op-
erated at fairly low activity levels (lower than expected/previously as-
sumed).36 At lower activity levels, it may be less likely for the less se-
vere impacts on work capacity from fatigue to be noticed and therefore
less likely to be reported.

A strength of this study was its large sample size (n = 587), for
which data were collected on farms that were located in the Central
Valley and the Imperial Valley, both of which are major regions of
crop production in California. The sample was well balanced by sex
allowing us to disaggregate results for men and women. The sample
demographics were also comparable with that of the 2013–2014 Na-
tional Agricultural Workers Survey.21 Coincidentally, data on serum
osmolality were collected, which allowed us to control for this meth-
odological variable when examining Hct.

A limitation of this study was using a convenience sample
permitted to participate by employers. More vulnerable workers in
facilities that would not welcome researchers may be at higher risk
for negative health outcomes from work conditions. The 2008–2012
National Agricultural Workers Survey reported that farmworkers who
were both undocumented and indigenous did work that was more labor
intensive and less secure, and were more likely to be paid by piece
rate compared with undocumented Latino workers, whereas US-born
workers had more job security, were paid more per hour, and had less
labor-intensive work.31 Only 1.9% of workers in this study identified
as indigenous, and most were not paid by piecework or any combina-
tion of it (78.4%). Previous work throughout California suggested that
indigenousworkers face greater disparities in food security, legal status,
education, language barriers, and healthcare access.3,5 These results
may underestimate anemia prevalence by not adequately capturing
more vulnerable farmworkers.

Hemoglobin is the preferred method for assessing anemia,37

but for this study, only Hct was measured. Smoking can also impact
anemia assessment.38 We were mainly interested in recent smoking
status (currently smoke or quit recently) because measures of hemato-
logical indicators in former smokers who quit within 2 years become
similar to that of never smokers39; however, we did not have informa-
tion on how long ago former smokers quit. In addition, only 15.2% of
workers in this samplewere smokers, making it difficult to identify as-
sociations. Because few workers were anemic, the statistical power to
identify factors associated with anemia was limited. In addition, rele-
vant data such as diet, food insecurity, supplement use, or biomarkers
of iron status or inflammation were not available. Homogeneity of our
sample due to a high prevalence of overweight/obesity further limits
statistical power in finding relationships between Hct and BMI. It is
possible that BMI-related changes in iron status were too small to de-
tect using Hct or Hgb.

There are various factors aside from Hct that can impact fatigue
among farmworkers for which we lacked data, such as diabetes, de-
pression, pesticide exposure, and heat.40–43 Previous work from the
CHIPS study observed that level of physical activity was associated
with environmental temperature, age, amount of tasks, certain types
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the A
of tasks, and payment by piece rate (men only).36 However, level of
physical activity is not synonymous with level of fatigue. In addition,
fatigue was reported right after worker’s shifts, which may influence
responses based on that day. Previous work with farmworkers also
found that fatigue was significantly predicted by sex, pain, hours of
sleep, and job demands.44 Furthermore, the question on fatigue was
added later, resulting in a smaller sample size and limiting statistical
power. Although we did not identify a significant association between
Hct and fatigue, this is an area of interest for both the health and safety
of workers whose income depends on their physical work capacity and
employers relying on worker productivity.

Conclusions
This analysis of a large sample of farmworkers recruited on farms

in California confirmed the high prevalence of overweight/obesity among
California farmworkers and provided new information on prevalence
and predictors of anemia. Although anemia does not seem to be a major
concern in this sample, it does not exclude the possibility of higher risk
inmore vulnerable groupswithin the farmworker population, such as in-
digenous workers and undocumented workers whomay be less likely to
be employed on a farm that is willing to allow a research team to recruit
on site. More work is needed to better understand risk of anemia and
obesity among farmworkers and factors that influence their physical
work capacity, which may in turn influence earnings. Information on in-
flammation and iron status biomarkers, differing types of adiposity, diet,
and food security may help clarify relationships between obesity and
anemia in this population.
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