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BRIEF REPORT

Characterizing patterns of small pneumoconiotic opacities on chest
radiographs of New Mexico coal miners

Mueez Rehmana , Akshay Sooda,b, Charles Pollardb, Diane Johnsona, Kevin Vlahovicha, Orrin Myersa,
Xin Shorea, Linda Cooka, and Nour Assada

aDepartment of Internal Medicine, University of New Mexico Health Sciences Center, Albuquerque, NM, USA; bBlack Lung Program,
Miners Colfax Medical Center, Raton, NM, USA

ABSTRACT
Small pneumoconiotic opacities in coal miners are usually described as rounded, regular,
and upper zone predominant. We aim to characterize chest radiographic patterns in New
Mexico coal miners in comparison with other miners. Of the 330 chest radiographs
reviewed, small pneumoconiotic opacities in New Mexico miners were almost always irregu-
larly shaped, and lower lung zone predominant, consistent with diffuse dust-related pul-
monary fibrosis. There was no significant difference in patterns of opacities between miners
with exposure to coal mine dust exclusively, mixed coal and noncoal mine dust, and no
coal dust. Our findings indicate that New Mexico coal miners demonstrate a different pat-
tern of small pneumoconiotic opacities than the classic nodular pneumoconiosis described
in the literature, predominantly from Appalachian miners. This may indicate differences in
racial/ethnic characteristics or in the silica/silicate content of dust between the Appalachian
and Mountain West regions.
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Introduction

‘Black Lung’ or coal workers’ pneumoconiosis (CWP)
has increased in prevalence and severity in the U.S.
since the late 1990s.1–7 Data from a 2017U.S. federal
surveillance program showed a greater than 10%
prevalence of radiographically defined pneumoconiosis
for underground coal miners with over 25 years’ ten-
ure.6 Most affected coal miners have worked their
entire careers after the 1969 dust limits went into
effect, calling into question the effectiveness of mod-
ern dust controls in the U.S.

Radiographic changes of CWP described in the lit-
erature, predominantly from Appalachian miners, are
small (�1 cm in diameter), rounded, upper-lobe pre-
dominant, bilateral opacities. Recent evidence, how-
ever, indicates that the small opacities may be equally
distributed throughout all lung zones8 or lower zone
predominant.9 Additionally, the small opacities may
be irregular or linear in 38–47% of coal miners.8,9 The
reemergence of CWP has renewed interest in the vari-
ability of clinical and radiographic presentation of the

disease, which may influence the prevention, treat-
ment, and prognosis of CWP.

In this study, we aim to characterize the chest
radiographic patterns of small pneumoconiotic opac-
ities in a New Mexico cohort of coal miners and com-
pare this pattern with other miners. We hypothesize
that the small opacities in chest radiographs of New
Mexico coal miners are predominantly irregular in
shape, <1.5mm in diameter, lower lung zone pre-
dominant, and of low profusion. Furthermore, we
hypothesize that this pattern is not significantly differ-
ent than that seen in other New Mexico miners.

Materials and methods

We performed a cross sectional analysis of 330 eligible
miners from rural New Mexico, who voluntarily com-
pleted a screening visit free of charge at our commu-
nity-based, mobile, screening health clinics between
2017 and 2019. None of the volunteers refused to par-
ticipate in the study. The screening visit included a
limited American Thoracic Society Diffuse Lung dis-
ease (ATS-DLD) questionnaire verified by a trained
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interviewer,10 occupational history, physical examin-
ation, prebronchodilator spirometry performed using
the ATS guidelines by certified personnel using race/
ethnicity-specific reference standards,11,12 and a pos-
terior-anterior digital chest radiograph. The radio-
graphs were classified using the International Labor
Office Classification System of Pneumoconiosis,13

commonly called B-reads, by the same certified phys-
ician. As described in a prior publication of 6,685
miners who have participated in this program since
1989,14 our recruitment strategies include advertising
for upcoming clinics in target rural communities
using print media, radio, community leader connec-
tions, word of mouth, and working with mine safety
advisors. In addition to accepting selfreferrals, we use
a database to contact previously screened patients for
periodic rescreening.

Our primary study outcome was the small opacity
pattern, determined by shape, size, zonal involvement,
and profusion score. Small rounded opacities were
characterized as: p, q, and r with diameters of
<1.5mm, 1.5–3mm, and 3–10mm respectively. Small
irregular opacities were characterized as: s, t, and u
with diameters of <1.5mm, 1.5–3mm, and 3–10mm
respectively. When small opacities of different shapes
and/or size are seen on the same radiograph, they are
classified as predominant (or primary) and less fre-
quently occurring (or secondary) opacities. We used
small opacity profusion scores of either �1/0 for radio-
logically defined pneumoconiosis or �1/1 for radio-
logically defined severe pneumoconiosis for our
analysis. However, it is worth noting that these scores
are not intended to be a strict cut off for a pneumo-
coniosis diagnosis. The study predictor was mining sta-
tus, classified as: exclusive coal mine dust exposure
(N¼ 152); mixed coal and noncoal mine dust exposure
(N¼ 58); and, noncoal mine dust exposure (N¼ 120).
The latter category served as the referent category.

Covariates included: smoking, age, gender, race/
ethnicity, duration and location of mining, and body
mass index. Airflow obstruction was defined by a ratio
of forced expiratory volume in 1 s to forced vital cap-
acity (FEV1/FVC) below 70% plus FVC � 80% pre-
dicted.15 Restriction was defined by FEV1/FVC � 70%
plus FVC < 80% predicted. Mixed obstruction and
restriction were defined by FEV1/FVC < 70% plus
FVC < 80% predicted.

Data were analyzed using Statistical Analysis
Software (SAS) Version 9.4 (Cary, NC). Chi-square
and two-sample t tests were used to analyze categor-
ical and continuous outcomes, respectively. Wilcoxon
rank sum test was used for nonparametric analysis.

Logistic regression was used to model binary out-
comes. A p value < .05 was considered statistically
significant. This study was approved by the University
of New Mexico Human Research Protection Office
(HRPO 14-058).

Results

Of the 330 miners studied, 63.6% reported any coal
dust exposure and 46.1% reported coal mine dust
exposure exclusively. Most miners belonged to racial/
ethnic minorities � 38.6% and 27.8% were Hispanics
and American Indians, respectively. The distributions
of BMI, smoking status, pack years of smoking, and
underground vs. above-ground mining status were
similar across the groups (Table 1). The mixed expos-
ure group reported significantly longer mining dur-
ation than other groups and were exclusively male.
Those without coal mine dust exposure had lower
educational backgrounds, were more likely to be
retired and of American Indian background than the
other groups. Although values of FVC, FEV1, and
FEV1/FVC ratio were more likely to be below the
lower limits of normal for those with exclusive coal
mine dust exposure, spirometric patterns were not dif-
ferent across the groups (Table 1).

The prevalence of radiographically defined pneumo-
coniosis (�1/0 score) was not different between the
groups (Table 2). Although miners without coal mine
dust exposure were more likely to demonstrate radio-
graphically defined severe pneumoconiosis (�1/1 score)
than other groups in univariate analysis, this difference
was not significant in adjusted analysis. Chest radio-
graphs of all groups of miners overwhelmingly showed
lower lung zone predominant, irregularly shaped,
small-sized (<1.5mm), primary and secondary pneu-
moconiotic opacities.

The most common pneumoconiotic opacities were
s-type for primary and t-type for secondary opacities.
The zonal distribution pattern for small opacities was
similar across the three groups (Table 2). However,
the high prevalence (�90%) of the small opacities
across mining groups led to a high degree of uncer-
tainty when comparing across groups, with the high
prevalence explained partly by the fact that the ana-
lysis included subjects with 0/1 profusion score.

Discussion

Contrary to an article by Laney et al., which cited that
only 32% of coal workers had lower zone predomin-
ant small pneumoconiotic opacities,8our data, using
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identical radiologic techniques showed that over 95%
of the small opacities in New Mexico coal miners are
lower zone predominant. Additionally, our study find-
ings indicate that almost all small pneumoconiotic
opacities in coal miners are irregular in shape, and
<1.5mm in size, consistent with diffuse dust-related
pulmonary fibrosis (DDF). The paucity of round regu-
lar opacities in New Mexico coal miners may indicate
differences in the coal mine dust characteristics
between the various regions of the US.16 The odds
ratios of pneumoconiosis pattern, zonal distribution,

and severity did not change between coal miners and
other miners after adjusting for covariates.

Our study strengths include: a rural community-
based study design; strong representation of Hispanics
and American Indians; high quality spirometry; a rela-
tively low proportion of current smokers; and low val-
ues of pack years of smoking. Our multivariable
analyses demonstrate that our findings are not
explained by the confounding effects of age and
smoking. Our study limitations include possible selec-
tion bias from voluntary participation in our

Table 1. Characteristics of miner groups.

Characteristic
Exclusive coal mine dust

exposure (N¼ 152)

Mixed mine
dust exposure

(N¼ 58)
Noncoal mine dust exposure or

referent gp (N¼ 120)

Mean Age ± SD (years)� 49.0 ± 13.4 59.0 ± 10.6 60.9 ± 13.2
Mean BMI ± SD (kg/m2) 31.6 ± 6.7 31.5 ± 4.5 31.0 ± 6.6
Mean Pack years ± SD 4.6 ± 9.8 8.1 ± 13.6 8.0 ± 16.9
Mean Education ± SD (years)� 11.5 ± 4.2 11.7 ± 4.0 10.5 ± 4.3
Males, N (%)� 138 (90.8) 58 (100.0) 98 (81.7)
Race/Ethnicity, N (%)�
Race unknown 4 (2.6) 0 (0) 2 (1.7)
Non-Hispanic White 59 (38.8) 25 (43.1) 20 (16.7)
Hispanic 59 (38.8) 23 (39.7) 45 (37.5)
Black 1 (0.7) 0 (0) 1 (0.8)
American Indian 29 (19.1) 10 (17.2) 52 (43.3)
Smoking, N (%)
Missing 2 (1.3) 0 (0) 0 (0)
Never 90 (59.2) 31 (53.4) 59 (49.2)
Former 42 (27.6) 23 (39.7) 40 (33.3)
Current 18 (11.8) 4 (6.9) 21 (17.5)
Mining Tenure Category, N (%)�
<5.0 31 (20.4) 5 (8.6) 32 (26.7)
5.0–9.9 31 (20.4) 6 (10.3) 40 (33.3)
10.0–14.9 20 (13.2) 8 (13.8) 30 (25.0)
15.0–19.9 26 (17.1) 4 (6.9) 8 (6.7)
20þ 44 (28.9) 35 (60.3) 10 (8.3)
Mining status, N (%)�
Unknown 8 (5.3) 5 (8.6) 2 (1.7)
Current 108 (71.1) 37 (63.8) 41 (34.2)
Retired 36 (23.7) 16 (27.6) 77 (64.2)
Mining Location, N (%)
Missing 1 (0.7) 0 (0) 0 (0)
Above-Ground/Open-pit 137 (90.1) 36 (62.1) 97 (80.8)
Below Ground 13 (8.6) 4 (6.9) 12 (10.0)
Both Above and Below Ground 1 (0.7) 18 (31.0) 11 (9.2)
Mean mMRC dyspnea score ± SD� 0.5 ± 1.1 1.1 ± 1.5 1.3 ± 1.6
Percent predicted FVC, median (IQR)� 101.4 (88.5, 113.3) 97.4 (90.5, 101.5) 95.2 (83.5, 102.9)
FEV1/FVC, median (IQR) 76.5 (72.9, 81.0) 76.4 (68.9, 78.1) 76.3 (72.5, 80.8)
FVC < 80% predicted, N (%) 9 (5.9) 4 (6.9) 23 (19.2)
FEV1/FVC ratio < 70%, N (%) 13 (8.6) 13 (22.4) 21 (17.5)
FVC< LLN, N (%)� 8 (5.3) 4 (6.9) 24 (20.0)
FEV1< LLN, N (%)� 10 (6.6) 7 (12.1) 25 (20.8)
FEV1/FVC ratio< LLN, N (%)� 9 (5.9) 6 (10.3) 11 (9.2)
Spirometric Pattern, N (%)
Normal 56 (73.7) 27 (62.8) 77 (67.5)
Obstruction 11 (14.5) 12 (27.9) 14 (12.3)
Restriction 8 (10.5) 3 (7.0) 16 (14.0)
Mixed obstruction and restriction 1 (1.3) 1 (2.3) 7 (6.1)
Profusion Score Distribution�
0/0 5 (3.3) 0 (0) 1 (0.8)
0/1 54 (35.5) 17 (29.8) 29 (24.2)
1/0 69 (45.4) 26 (45.6) 52 (43.3)
�1/1 24 (15.8) 14 (24.6) 38 (31.7)

Note. Key: mMRC: Modified Medical Research Questionnaire, FVC: Forced vital capacity; FEV1: Forced expiratory volume in one second, SD: Standard devi-
ation; IQR: Interquartile range: LLN: lower limit of normal.�Refers to significant differences between the groups (p< .05).
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screening program limited to New Mexico. Although
retired miners may be more willing than current min-
ers to participate in such a program due to: (1)
greater availability of time, (2) less fear of employer
retaliation, and (3) greater likelihood of getting com-
pensation benefits, our strong relationship with local
coal mining companies and their buy-in into the pro-
gram may partly explain the greater proportion of
current workers among exclusive coal miners than
other groups (Table 1). Recall bias was minimized by
confirming the history obtained from miners by a
trained interviewer. A potential limitation of our study
is the fact that we had only one physician performing
the B-read analysis, due to the limited resources of
the screening program. It is however unlikely that our
findings can be explained by a single reader having a
proclivity to misinterpret crowded bronchovascular
markings as irregular pneumoconiotic opacities at the
lung bases in equivocal cases, since we found similar
findings when restricting analysis to miners with
radiologically defined severe pneumoconiosis (Table
E1, online data supplement).

Our findings indicate that New Mexico coal miners
demonstrate a different pattern of small pneumoconi-
otic opacities than the classic nodular upper-lobe pre-
dominant pneumoconiosis described in the literature,

predominantly from Appalachian miners. This may
indicate differences in the silica/silicate content of
dust16 or racial/ethnic characteristics of miners
between the Appalachian and the Mountain West
regions. The latter hypothesis is supported by our
preliminary analysis in Table E3, Online Data
Supplement, which indicates racial/ethnic differences
in prevalence of radiographically defined pneumoconi-
osis or of involvement of lower lung zones. Our rela-
tively high proportion of American Indians and
Hispanics in New Mexico may therefore partly explain
the differences in radiographic findings with predom-
inantly White Appalachian miners. Future studies will
need to investigate the reason for the varying radio-
graphic manifestations of CWP in different geographic
areas, which may help explain differences in disease
manifestation, prognosis, and potential for treatment;
helping clinicians to better diagnose and treat CWP.
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Table 2. Comparison of pneumoconiotic pattern type among groups of miners.

Outcome Analytic technique

Noncoal mine
dust exposure
or referent gp.

(N¼ 120)

Exclusive coal mine
dust exposure
(N¼ 152)

Mixed mine
dust exposure

(N¼ 58) p Value

Radiographically defined
pneumoconiosis
(�1/0 score)

No. events (%CP) 90 (75%) 93 (62%) 40 (67%)
Crude OR (95%CI) 1 (Ref) 0.56 (0.33, 0.95) 0.76 (0.38, 1.54) .10
Adjusted OR (95%CI) 1 (Ref) 0.95 (0.46, 1.95) 0.50 (0.20, 1.28) .27

Severe Radiographically
defined pneumoconiosis
(�1/1 score)

No. events (%CP) 38 (32%) 24 (16%) 14 (24%)
Crude OR (95%CI) 1 (Ref) 0.42 (0.23, 0.75) 0.69 (0.34, 1.42) .01
Adjusted OR (95%CI) 1 (Ref) 0.57 (0.25, 1.28) 0.41 (0.15, 1.14) .20

Lower Lung Zone
Involvement

No. events (%CP) 119 (99%) 147 (97%) 57 (98%)
Crude OR (95%CI) 1 (Ref) 0.25 (0.03, 2.14) 0.48 (0.03, 7.80) .41
Adjusted OR (95%CI) 1 (Ref) 0.02 (<0.01, 1.51) 0.07 (0.001, 4.17) .21

Irregular Primary
Small Opacities

No. events (%CP) 118 (98%) 146 (90%) 57 (98%)
Crude OR (95%CI) 1 (Ref) NAa NAa NAa

Adjusted OR (95%CI) 1 (Ref) NAa NAa NAa

Irregular Primary Small
Opacities – s type

No. events (%CP) 117 (98%) 146 (96%) 55 (95%)
Crude OR (95%CI) 1 (Ref) 2.50 (0.22, 27.86) 0.31 (0.05, 1.93) .16
Adjusted OR (95%CI) 1 (Ref) 2.28 (0.16, 32.71) 0.29 (0.03, 2.95) .26

Irregular Secondary
Small Opacities

No. events (%CP) 116 (97%) 145 (95%) 57 (98%)
Crude OR (95%CI) 1 (Ref) 1.25 (0.17, 9.01) NAa .82
Adjusted OR (95%CI) 1 (Ref) 0.63 (0.03, 13.61) NAa .95

Irregular Secondary
Small Opacities – t type

No. events (%CP) 109 (91%) 143 (94%) 54 (93%)
Crude OR (95%CI) 1 (Ref) 3.28 (1.002, 10.74) 1.24 (0.37, 4.13) .14
Adjusted OR (95%CI) 1 (Ref) 3.65 (0.97, 13.82) 1.68 (0.36, 7.88) .16

<1.5mm-sized Primary or
� Secondary Small Opacities

No. events (%CP) 117 (98%) 146 (96%) 57 (98%)
Crude OR (95%CI) 1 (Ref) 2.50 (0.22, 27.86) NAa .46
Adjusted OR (95%CI) 1 (Ref) 2.38 (0.06, 93.81) NAa .64

Notes. (1) Multivariate analysis was adjusted for age, sex, race/ethnicity, smoking status (never, former, current), pack year, BMI, mining tenure, mining
location (below/above ground). (2) The overall prevalence of small pneumoconiotic opacities appears high (�91% in the lower six rows Table 2), since
the analysis includes subject with 0/1 profusion score. (3) Comparison of pneumoconiotic pattern type and duration of mining exposure (as a continu-
ous variable) among coal miners and other group of miners is provided in Online Supplementary Table E4. The findings of Table E4 are similar to those
shown in Table 2 above. (4) Key: OR: Odds ratio; CI: Confidence interval, %CP: % crude prevalence.

aPrevalence approaching 100% made testing or odds ratio estimation not feasible with odds ratios undefined or infinite.
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