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Practice Brief Report

Association Between Self-Reported Dyspnea and
Depressive Symptoms in New Mexico Uranium
Workers
Shiva Sharma, MD, MPH, MS; Annette Crisanti, PhD; Denece Kesler, MD, MPH; Xin W. Shore, MS;
Kevin Vlahovich MD, MS; Akshay Sood, MD, MPH

ABSTRACT

New Mexico has the largest number of former uranium workers, mostly racial/ethnic minorities. Uranium workers are at
risk for dyspnea secondary to mine dust exposure. The association between dyspnea and depressive symptoms has not
been well examined in occupational minority cohorts. This study evaluated the associations between dyspnea (measured
by the modified Medical Research Council Questionnaire) and depressive symptoms (measured by the Patient Health
Questionnaire-2) in former uranium workers screened by the New Mexico Radiation Exposure Screening & Education
Program. The subjects were mostly elderly, rural-residing, minority males. Dyspnea was commonly reported; however,
depressive symptoms were uncommon. At baseline, former workers experiencing higher levels of dyspnea were more
than 3 times likely to endorse depressive symptoms than those with no or mild dyspnea. Longitudinal analysis failed to
determine an association between change in dyspnea and concomitant change in depressive symptoms. Dyspnea and
depressive symptoms were associated cross-sectionally in former uranium workers.
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Uranium plays a crucial role in the American
nuclear energy program including generation
of electricity via nuclear reactors and the de-

velopment and assembly of nuclear weapons. At the
peak of uranium production during the Cold War,
the Colorado Plateau of the American Southwest was
the major source of uranium in the United States.
Uranium workers in the Southwestern United States
constitute an underserved, poor, rural population with
a high proportion of American Indians and Hispanics.
Reliance on uranium is likely to increase in the fu-
ture with renewed emphasis on nuclear energy in the
United States. Uranium workers are at risk for lung
cancer and nonmalignant respiratory diseases such
as pneumoconiosis1 and are susceptible to depression
due to their hazardous work environments.2

Pneumoconiosis results in disability, and associated
chronic pulmonary symptoms are associated with
depression.3 Treatment of dyspnea in chronic obstruc-
tive pulmonary diseases (COPD) has been found to
improve depression.4 Depressive symptoms correlate
with dyspnea in interstitial lung diseases and treat-
ment of depression is suggested to improve quality
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of life.5 Although previous studies indicate a link
between dyspnea and depressive symptoms,6,7 this as-
sociation has not been well studied in occupational
cohorts, especially uranium workers. By analyzing the
cross-sectional and longitudinal associations between
dyspnea and depressive symptoms in former uranium
workers, this study begins to address the historically
neglected health needs of this unique population that
deserves greater credit for their role in the US radia-
tion energy program and brings additional attention
to the importance of studying uranium workers, es-
pecially those from minority backgrounds. Studies
on occupational uranium exposure hold potential for
global impact on improving worker safety, health, and
wellness, and this study may be an impetus for further
research and more optimally designed occupational
surveillance programs to track health outcomes in
uranium workers.

Methods

This study was approved by the University of New
Mexico (UNM) Institutional Review Board/Human
Resources Protections Office (14-058). A total of
827 former uranium workers were enrolled in the
New Mexico Radiation Exposure Screening & Ed-
ucation Program (NM-RESEP) from 2004 to 2017
with baseline and annual follow-up visits. Data were
obtained from self-reported questionnaires admin-
istered by trained interviewers before patient visits
and confirmed by clinicians during patient visits. The
clinicians and the interviewers were not aware of
the study hypothesis at the time of data collection.
The questionnaire included demographics, smoking,
cardiovascular status, dyspnea severity using the mod-
ified Medical Research Council (mMRC) Dyspnea
Scale,8 and depressive symptoms screening survey—a
modified Patient Health Questionnaire-2 (PHQ-2)9—
including separate items on depressed mood and an-
hedonia over the prior 2-week period. Body mass in-
dex (BMI) was calculated using measured height and
weight. Percent-predicted prebronchodilator forced
expiratory volume in the first second of expiration
(FEV1) was determined using sex- and race-/ethnicity-
specific reference equations10 using standard
guidelines. We performed within-subject imputation,
using prior report, to impute missing current values
for sex (n = 13), height (n = 83), and weight to calcu-
late BMI (n = 44). No data were imputed for dyspnea
and depressive symptoms. Patient data were entered
into a secure Web-based, Health Insurance Portabil-
ity and Accountability Act (HIPAA)-compatible
Research Electronic Data Capture (REDCap)
database.

For the cross-sectional analysis (n = 827 subjects),
the predictor variable was the baseline mMRC dysp-
nea score, analyzed as a binary categorical variable:
0 to 2 (none/mild) and 3 to 4 (severe dyspnea). The
outcome variable was the baseline modified PHQ-
2 score, ranging from 0 for no symptoms endorsed,
1 for 1 of 2 depressive symptoms endorsed, and 2
for both symptoms endorsed. Modified PHQ-2 scores
were analyzed as a binary categorical variable: 0
(no depressive symptoms) and 1 or more (at least 1
depressive symptom).

For the longitudinal analysis (n = 180 subjects),
the predictor variable was change in mMRC dysp-
nea score from baseline to final visit, ranging from
−4 to +4. Negative values suggest improving dysp-
nea and positive values suggest worsening dyspnea.
The outcome variable was change in modified PHQ-2
scores from baseline to final visit, ranging from −2 to
+2, where negative values suggest improving depres-
sive symptoms and positive values suggest worsening
depressive symptoms.

Covariates, adjusted for in multivariable analyses,
included age, race/ethnicity, sex, education, duration
of follow-up (for longitudinal analysis only), BMI,
cardiovascular disease status, smoking status and
pack-years, and FEV1 at baseline visit. Body mass
index was analyzed as a ternary categorical vari-
able: 0.0 to 24.9 (underweight and normal), 25.0
to 29.9 (overweight), and 30.0 kg/m2 and greater
(obese). Cardiovascular disease status was based on
history of myocardial infarction or angina obtained
at baseline visit. None of the variance inflation fac-
tors values were less than 1.16 and 1.36 in value for
cross-sectional and longitudinal analyses, respectively,
indicating that multicollinearity between covariates
was not a concern.

Frequencies, percentages, means, and standard de-
viations in univariate analyses were reported. Chi-
squared tests were used to analyze categorical out-
come variables. Assuming nonparametric statistical
dependence, Spearman correlation coefficient was cal-
culated to measure correlation between the change
in dyspnea and concomitant change in depressive
symptoms. Logistic regression models were applied
to cross-sectional analysis of categorical outcomes in
univariate and multivariate analyses. Generalized lin-
ear models were applied to the longitudinal analysis
of continuous outcomes in simple and multiple re-
gression analyses. Data analyses were conducted using
SAS 9.4 Software.

Results

Most uranium workers were elderly, overweight men
from minority backgrounds, rural-residing, and high
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school educated. Most were former smokers and
30.5% had history of cardiovascular disease. Dysp-
nea was reported by 79.0% of all subjects. The most
commonly reported mMRC category of dyspnea was
3 (ceasing walking after 100 yards or ∼3 minutes). As
a binary categorical variable, most workers reported
low levels of dyspnea (0-2). At baseline, the vast
majority did not endorse any depressive symptoms—
7.3% reported at least 1 depressive symptom and
3.2% reported both symptoms (Table 1).

Subjects reporting severe dyspnea (mMRC score:
3-4) were more than 3 times more likely to endorse de-
pressive symptom(s) than those reporting no or mild
dyspnea (mMRC score: 0-2) (P < .001; Table 2). Mul-
tivariable analysis demonstrated similar findings after
adjustment for all covariates, indicating that this as-
sociation was not explained by the confounding effect
of such variables as age, cardiovascular disease, and
socioeconomic status (Table 2).

Because of loss to follow-up, only 180 subjects
were included in the longitudinal analysis (Table 3).
Subjects were followed for a mean duration of 4.6
± 2.9 (SD) years. Spearman rank correlation coeffi-
cient found no correlation between change in dyspnea
score and simultaneous change in depressive symptom
scores (ρ = 0.05, P = .47). Generalized linear regres-
sion also failed to demonstrate an association between
the concurrent changes in dyspnea scores and depres-
sive symptoms using simple regression (β = .02, P =
.39) or multiple regression adjusted for all covariates
(β = −.01, P = .69).

Discussion and Conclusion

This study found that baseline dyspnea was cross-
sectionally associated with depressive symptoms in a
cohort of predominantly minority uranium workers
but failed to find an association between concomitant
changes in dyspnea and changes in depressive symp-
toms. In the absence of a longitudinal association,
it is uncertain whether dyspnea precedes depression
or vice versa. The European Commission Respira-
tory Health Survey I and II longitudinal studies found
that the onset of dyspnea was not associated with de-
pression, rather the presence of depressive symptoms
was a predictor of dyspnea across both surveys.6 A
secondary analysis of 590 COPD patients undergo-
ing pulmonary rehabilitation found that the number
of occurrences of dyspnea and dyspnea-associated
performance were chiefly associated with depres-
sive symptoms of anergia and insomnia. However, it
failed to detect any difference in strength of associ-
ations between the start and the end of pulmonary
rehabilitation.7

TABLE 1
Descriptive Characteristics at Baseline Visit

Characteristics

N (%) or
Mean (SD)
827 (100%)

Age, y 68.4 (8.7)
Race/ethnicity

Hispanic 256 (32.6%)
Non-Hispanic White 244 (31.1%)
Native American 278 (35.4%)
Non-Hispanic Black 2 (0.3%)
Other 5 (0.6%)

Sex
Female 26 (3.2%)
Male 788 (96.8%)

Education
Ninth grade or less 135 (16.8%)
Less than 12th grade 197 (24.5%)
High school diploma or GED 233 (29.0%)
Some college 163 (20.3%)
College graduate 56 (7.0%)
Postgraduate 10 (1.2%)
Advanced degree 10 (1.2%)

BMI (kg/m2) 29.4 (5.8)
BMI categories (kg/m2)

0-18.5 7 (1.2%)
18.5-24.9 101 (17.4%)
25-29.9 241 (41.6%)
30-39.9 205 (35.4%)
≥40 25 (4.3%)

Smoking status
Never 290 (35.1%)
Former 415 (50.2%)
Current 108 (13.1%)

Smoking pack-years 21.8 (27.7)
mMRC dyspnea score

0 171 (21.0%)
1 139 (17.1%)
2 161 (19.8%)
3 229 (28.1%)
4 114 (14.0%)

Depressive Symptoms
No symptoms 521 (92.70%)
At least 1 depressive symptom 41 (7.3%)
Both depressive symptoms 18 (3.2%)
Total with depressed mood 40 (7.1%)
Total with anhedonia 19 (3.4%)

Self-reported cardiovascular
disease

248 (30.5%)

Abbreviations: BMI, body mass index; mMRC, modified Medical Research Council.
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TABLE 2
Cross-Sectional Association Between mMRC Dyspnea
Scale Scores and PHQ-2 Depressive Symptom Scores at
Baseline Visit (n = 827)a

PHQ-2 Depressive Symptom Score

Univariate (Odds
Ratio and 95% CI)

Multivariate (Odds
Ratio and 95% CI)

mMRC Dyspnea Scale
score (3-4) vs (0-2)

3.79 (1.89-7.59) 3.67 (1.21-11.10)

P <.001 .02

Abbreviations: CI, confidence interval; mMRC, modified Medical Research Council;
PHQ-2, Patient Health Questionnaire-2.
aDyspnea analyzed as a binary categorical variable in a logistic regression analysis.

A high proportion (79.0%) of former uranium
workers in our study reported dyspnea at a mean age
of 68.4 ± 8.7 (SD) years. Possible mechanisms that
may help explain the association between depressive
symptoms and dyspnea are discussed later. Approx-
imately 30.5% of workers reported cardiovascular
disease, which could mediate the association between
dyspnea and depressive symptoms,11 possibly through
compromised brain perfusion. A positive association
exists between tumor necrosis factor α and depression
in COPD.12 Similarly, high levels of inflammation may
cause or exacerbate depressive symptoms. Ageing-
associated comorbidities of insomnia, hypertension,
hypercholesterolemia, and diabetes mellitus, as well
as medications that treat these conditions, are also
risk factors for depression.11 Rural-residing individu-
als suffer from unique health care and socioeconomic
difficulties leading to “rural poverty,”13 which is
associated with both lung disease and depressive
symptoms. In our study, 63.3% of workers were cur-
rent or former smokers, and tobacco use has been
shown in the literature to be associated with dyspnea
and depressive symptoms. In our multivariable cross-
sectional analysis, however, we adjusted for many of

TABLE 3
Longitudinal Analysis Using Generalized Linear
Regression Models for Change in Modified Medical
Research Council Dyspnea Scale Score and Change in
Patient Health Questionnaire-2 (PHQ-2) Depressive
Symptom Scores From Baseline to Final Visit (n = 180;
PHQ-2 Change of −2, n = 0; Change of −1, n = 9; Change of
0, n = 146; Change of +1, n = 25; and Change of +2, n = 0)

Univariate (Simple)
Regression

Multivariate (Multiple)
Regression

Estimate, β P Estimate, β P

.02 .39 − .01 .69

these confounding factors and did not find that these
factors explained away our finding.

Although 7.3% of all uranium workers reported
at least 1 depressive symptom, this has signifi-
cant consequences for the health and safety at the
workplace. Furthermore, underreporting of depres-
sive symptoms14 may take place as the majority of
uranium workers in this sample (and in general) are
male.15 Underreporting may occur because of inade-
quate awareness and understanding of depression and
work cultures that stigmatize individuals for reporting
symptoms.

To the best of our knowledge, this is the first study
to examine the association of dyspnea and depressive
symptoms in uranium workers. This study’s strengths
include that data were obtained from an occupational
surveillance cohort that prospectively tracks a vulner-
able population of rural, underrepresented minorities
of low socioeconomic status and education. The lim-
itations of this study include using a modified PHQ-2
as opposed to a traditional PHQ-2 instrument. The
modified instrument has not been validated in oc-
cupational surveillance setting and in rural, elderly
populations. Although our cross-sectional findings
do not allow us to determine the presence of a
causal association, these serve as a springboard to
more analytical studies. Furthermore, the discrep-
ancy between the findings in the cross-sectional and
longitudinal analyses may be due to the inadequate
power for the latter. This is the result of our rel-
atively smaller sample size. Future studies should
investigate in greater detail the mechanisms of the as-
sociation between dyspnea and depressive symptoms
to better address the health needs of occupational
cohorts.

Implications for Policy & Practice

■ Uranium is required for nuclear energy production. Although
currently mined predominantly in Australia, Canada, and
Kazakhstan, past US production was centered in the Ameri-
can Southwest, exposing predominantly minority workers to
the adverse health effects of uranium.

■ Uranium workers frequently report dyspnea (79%). Although
depressive symptoms are uncommonly reported in uranium
workers (7.3%), dyspnea is cross-sectionally associated with
depressive symptoms in this population.

■ Based on this study’s findings, it is recommended that com-
panies involved in uranium-related activities educate their
workers about dyspnea and depression and, in addition, reg-
ularly screen their employees for dyspnea and depression to
ensure optimal health for workers.
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