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Aim: We investigated the clinical usefulness of mean corpuscular hemoglobin concentration (MCHC) in patients with
pneumoconiosis.

Methods: We retrospectively investigated the medical records from 52 patients with pneumoconiosis, and erythrocyte parameters
were analyzed in pneumoconiosis patients with different stages.

Results: Here, we found that the values of MCHC were significantly lower in III stage pneumoconiosis than those with I/II stage (p =
0.024), and there was no significantly difference in MCHC between smoking pneumoconiosis patients and non-smoking pneumoco-
niosis patients. A negatively correlation between MCHC and disease stage was observed in patients with pneumoconiosis (r = —0.298,
p = 0.032). In multiple linear regression analysis, the MCHC was found to be independently associated with advanced pneumoconiosis
in patients with pneumoconiosis (p=0.011). The results of logistic regression analysis indicated that decreased MCHC was an
independent risk factor of advanced pneumoconiosis in patients with pneumoconiosis (OR: 0.936, C195%: 0.877-0.999, p = 0.046).
Receiver operating characteristic curve analysis showed that the optimal cutoff value of MCHC was 330 g/L to identify advanced
pneumoconiosis with the area under the curve of 0.694 (C195%:0.550-0.839, p = 0.018).

Conclusion: The decreased MCHC is associated with advanced pneumoconiosis, and MCHC may be used as a monitoring marker for
follow-up of pneumoconiosis patients.
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Introduction

Pneumoconiosis is an occupational disease resulting from the inhalation of dust, pneumoconiosis has a relatively high
morbidity in recent years, and it is still an occupational health problem due to the lack of protective measures.' Early
diagnosis of pneumoconiosis is beneficial to prevent further lung damage for workers with occupational exposure,
clinically, the clinical assessment of pneumoconiosis is main based on radiological findings." However, few study
explores the clinical application of easily available biomarkers in patients with pneumoconiosis.

Mean corpuscular hemoglobin concentration (MCHC) is the hemoglobin concentration of per liter blood.” The
literatures in regard to clinical application of MCHC have been emerging over the years. Several studies have reported
that MCHC is associated with various diseases such as depression, hepatorenal syndrome and acute myocardial
infarction.” Interesting, MCHC also seem to be associated with pulmonary disease. Lower MCHC has been found to
be a risk factor for increased mortality in patients with acute pulmonary embolism,® and decreased MCHC has an
association with unfavorable prognosis of resected lung cancer.” Recently, the variation of hemoglobin-related para-
meters has been reported in patients with pneumoconiosis.® However, the association between MCHC and lung disorders,
such as pneumoconiosis, still remains unclear. In this study, we aimed to examine the clinical usefulness of MCHC in
patients with pneumoconiosis.
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Patients and Methods
A total of 52 patients with pneumoconiosis were included retrospectively. Pneumoconiosis patients were diagnosed
according to the history of occupational exposure and radiological features, and the disease stage of pneumoconiosis
patients was classified as I, II and III stage according to the radiological severity, the staging criteria is similar to the
classification system of International Labor Organization criteria.’ "' We excluded pneumoconiosis patients who had
following diseases: coronary heart disease, diabetes mellitus, hypertension, liver disease, kidney disease, autoimmune
disease, hemolytic disease, chronic obstructive pulmonary disease, asthma, bronchiectasis, lung abscess and malignancy.
We reviewed the admission examinations of pneumoconiosis patients retrospectively, thereinto, erythrocyte parameters
were obtained, including red blood cell, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin and mean
corpuscular hemoglobin concentration. The study was approved by the Ethics Committee of The Affiliated Hospital of
Youjiang Medical University for Nationalities, and conformed to the Declaration of Helsinki. Informed consent of patients
was exempted due to the retrospective design of the study, and patient data confidentiality was rigorously protected in this
study.

Statistics

The continuous variables are expressed as the mean + standard deviation for normal distribution and median (inter-
quartile range) for non-normal distribution, categorical variables are expressed as percentage. The continuous variables
were compared with Student’s z-test or Mann—Whitney U-test when needed, whereas, the categorical variables with
compared with Chi-square test or Fisher’s exact test appropriately. Pearson’s or Spearman correlation analysis was used
for the correlation between parameters appropriately. The determinants of the dependent variable were revealed by
multiple linear regression analysis and logistic regression analysis. Finally, the discriminating performance for advanced
pneumoconiosis was estimated by receiver operating characteristic curve analysis. The statistical analysis was performed

by SPSS 25.0 software version. Statistical significance was defined as a p value <0.05.

Results

The Characteristics in Pneumoconiosis Patients with Different Stage

The characteristics of pneumoconiosis patients are presented in Table 1. Pneumoconiosis with III stage is clinically
defined as advanced pneumoconiosis; thus, the differences of characteristics were compared between I/II stage pneumo-
coniosis and III stage pneumoconiosis. The results found that MCHC was significantly decreased in III stage pneumo-
coniosis compared to those with I/II stage (p = 0.024), from this, the MCHC was further analyzed.

Table | The Characteristics in Patients with Different Stage Pneumoconiosis

I/1l Stage 11l Stage p value
Male (n, %) 20 (95.2) 29 (93.5) 1.000
Age (years) 50+10 52+8 0.408
Body mass index (kg/m?) 22.6+2.1 21.4+2.8 0.101
Smoking history (n, %) 10 (47.6) 20 (64.5) 0.226
Pulmonary tuberculosis history (n, %) 6 (28.6) 10 (32.3) 0.777
Red blood cell (10'%/L) 4.72 (4.41-5.25) 4.73 (4.43-5.03) 0.970
Hemoglobin (g/L) 141 (132-155) 137 (128-148) 0.225
Hematocrit (%) 41.8 (39.847.0) 41.9 (39.8-44.6) 0.538
Mean corpuscular volume (fL) 89.7 (86.0-92.3) 89.3 (86.6-91.8) 0.896
Mean corpuscular hemoglobin (pg) 29.8 (28.4-30.6) 28.8 (27.0-30.5) 0.375
Mean corpuscular hemoglobin concentration (g/L) 33149 324+12 0.024
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The Characteristics in Pneumoconiosis Patients with Smoking and Non-Smoking

Cigarette smoking has effects on hematological parameters including hematocrit levels, mean corpuscular volume and
MCHC,"? thus, we further compared the differences in hematological parameters between smoking pneumoconiosis
patients and non-smoking pneumoconiosis patients. The results showed that red blood cell, hemoglobin, hematocrit,
mean corpuscular volume, mean corpuscular hemoglobin and MCHC had no significantly differences between the two
groups, furthermore, there were significantly differences between the two groups in sex, age, body mass index,
pulmonary tuberculosis history and pneumoconiosis with stage I/II vs III.

The Multiple Linear Regression Analysis Between MCHC and Advanced

Pneumoconiosis in Patients with Pneumoconiosis

The MCHC was negatively correlated with disease stage (r = —0.298, p = 0.032), and the MCHC was positively
correlated with body mass index (r = 0.349, p = 0.011), hemoglobin (r = 0.571, p < 0.001), hematocrit (r = 0.304, p =
0.029) and mean corpuscular hemoglobin (r = 0.629, p < 0.001) in patients with pneumoconiosis, as shown in Table 2.
Multiple linear regression analysis was further performed for adjustment of underlying confounding factors, the MCHC
showed an independent association with advanced pneumoconiosis (p=0.011), with adjustment for gender, age, body

mass index, smoking history, pulmonary tuberculosis history, hemoglobin, hematocrit and mean corpuscular hemoglobin
(Table 3).

Table 2 The Correlation Between MCHC and Continuous Parameters in
Patients with Pneumoconiosis

Correlation Coefficients p value
Age —0.149 0.292
Body mass index 0.349 0.011
Red blood cell 0.055 0.698
Hemoglobin 0.571 <0.001
Hematocrit 0.304 0.029
Mean corpuscular volume 0.164 0.245
Mean corpuscular hemoglobin 0.629 <0.001
Disease stage —0.298 0.032

Table 3 The Multiple Linear Regression Analysis Associated with MCHC in Patients with Pneumoconiosis

Univariate Analysis Multivariate Analysis
B 95% ClI p value B 95% CI p value
Gender 6.762 —0.606-20.129 0.315 —0917 | —2.271-0.438 0.179
Age —0.184 —0.531-0.163 0.292 0.035 | -0.001-0.072 0.058
Body mass index 1.512 0.358-2.666 0.011 —0.069 | -0.196-0.057 0.276
Smoking history 4.085 —2.182-10.352 0.196 0.433 —0.226-1.092 0.192
Pulmonary tuberculosis history —0.778 —7.597-6.041 0.820 —0.321 | —0.988-0.347 0.338
Hemoglobin 0.390 0.241-0.539 <0.001 2332 2.242-2.423 <0.001
Hematocrit 0.903 0.264-1.541 0.007 | —7.423 | —7.743--7.104 | <0.001
Mean corpuscular hemoglobin 2.452 1.496-3.408 <0.001 0.017 | -0.125-0.159 0.812
Disease stage (I/Il stage vs |ll stage) | —7.045 | —13.142——0.947 | 0.024 | —0.853 | —1.499--0.206 | 0.0l

Abbreviation: B, Unstandardized coefficients.
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Table 4 The Logistic Regression Analysis Associated with Advanced Pneumoconiosis Patients

Variables Univariate Analysis Multivariate Analysis
OR (CI195%) p value OR (CI195%) p value

Gender 0.725 (0.062-8.547) 0.798 0.616 (0.036—10.426) 0.737
Age 1.028 (0.964-1.096) 0.402 1.010 (0.941-1.084) 0.783
Body mass index 0.825 (0.653—1.041) 0.105 0.899 (0.688-1.174) 0.434
Smoking history 2.000 (0.647—-6.185) 0.229 3.108 (0.798-12.109) 0.102
Pulmonary tuberculosis history 1.190 (0.355-3.991) 0.778 0.904 (0.233-3.505) 0.884
Mean corpuscular hemoglobin concentration | 0.940 (0.888-0.994) 0.031 0.936 (0.877-0.999) 0.046

Note: Dependent variable: I/l stage vs Il stage.

The Logistic Regression Analysis Associated with Advanced Pneumoconiosis in

Patients with Pneumoconiosis

We performed logistic regression analysis to identify the independently association with advanced pneumoconiosis
(Table 4), when potential confounding factors associated with disease stage including gender, age, body mass index,
smoking history and pulmonary tuberculosis history were considered as adjusted variables in logistic regression analysis,
the results showed that MCHC was the only variable independently associated with advanced pneumoconiosis (OR:
0.936, C195%: 0.877-0.999, p = 0.046).

The Receiver Operating Characteristic Curve Analysis of MCHC in Patients with

Pneumoconiosis

To analyze the ability of MCHC to determine advanced pneumoconiosis in patients with pneumoconiosis, the receiver
operating characteristic curve analysis was used, as shown in Figure 1. We found that the area under the curve of MCHC
was 0.694 (CI95%: 0.550-0.839, p = 0.018) to determine advanced pneumoconiosis, we also examined the optimal
cutoff value of MCHC in identifying advanced pneumoconiosis, the optimal cutoff value of MCHC was 330 g/L with
sensitivity 66.7% and specificity 74.2%.
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Figure | Receiver operating characteristic curve of MCHC to identify advanced pneumoconiosis in patients with pneumoconiosis.
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Discussion

Our study examined the role of MCHC in patients with pneumoconiosis, the independent association between MCHC
and advanced pneumoconiosis was found in patients with pneumoconiosis. Multiple mechanisms may underlie the
association in patients with pneumoconiosis, thereinto, one possible mechanism is involved in the anemia of inflamma-
tion in chronic inflammatory disease. Inflammatory cytokines play the critical role in the pathogenesis of pneumoco-
niosis, serum tumor necrosis factor-a (TNF-a) and interleukin-8 (IL-8) levels have been reported to be increased in
patients with pneumoconiosis compared with controls,'* the levels of TNF-o and interleukin-1 (IL-1) secretion by
alveolar macrophages from patients with pneumoconiosis are higher than healthy controls,'* a relationship between
serum interleukin-6 (IL-6) and severity of pneumoconiosis has been suggested by Zhai et al.'” It is well known that the
erythropoietin resistance is an important mechanism for the anemia of inflammation,'® and systemic inflammation has
been shown to increase erythropoietin resistance.'” In addition, chronic inflammation can alter erythropoiesis by
inflammatory cytokines such as TNF-o and IL-1."® Thus, chronic inflammation may decrease MCHC by increased
erythropoietin resistance in pneumoconiosis. Moreover, iron deficiency is prevalent in patients with chronic inflammatory
disease,'? pneumoconiosis is no exception, iron deficiency has long been confirmed in patients with pneumoconiosis, an
early study has reported that serum iron is reduced in patients with pneumoconiosis, and it has a negative correlation with
disease progress of pneumoconiosis,”® not surprisingly, iron deficiency is an important factor to reduce MCHC, the
relation between MCHC and iron deficiency has been demonstrated.?’ Therefore, we consider that iron deficiency may
also contribute to the decreased MCHC in patients with pneumoconiosis.

Blood routine test is one of the admission examinations for patients with pneumoconiosis, MCHC is easily obtained
from the blood routine test clinically, the blood routine test time may not be shorter than X-ray; however, frequent X-ray
examination has radiological damage for follow-up of pneumoconiosis patients. We found that lower MCHC was
associated with advanced pneumoconiosis, and we obtained an optimal cutoff value of MCHC 330 g/L to determine
advanced pneumoconiosis by receiver operating characteristic curve analysis, that is, when MCHC is lower than the
cutoff value, patients may have advanced pneumoconiosis. Thus, MCHC may be a useful monitoring marker for follow-
up of pneumoconiosis patients, which is beneficial to the clinical management of pneumoconiosis patients. However, the
sensitivity and specificity of MCHC for the identification of patients with advanced pneumoconiosis are relatively low in
receiver operating characteristic curve analysis. There are two possible main reasons. First, the small sample size may be
a main factor. Second, iron deficiency is an important factor to reduce the MCHC,?! while the potential confounding
factors associated with iron metabolism may affect iron levels in patients with pneumoconiosis, which may decrease the
ability of MCHC to determine advanced pneumoconiosis in receiver operating characteristic curve analysis.

It has been reported that hemoglobin and hematocrit are significantly decreased in workers with dust cement
exposure,”” and significantly higher hemoglobin and hematocrit have been observed patients with silicosis than patients
without silicosis.® However, the hemoglobin levels have no significant differences in patients with different stages.” In
our study, there were no significant differences in hemoglobin and hematocrit between I/II stage pneumoconiosis and 111
stage pneumoconiosis. We consider that these discrepant results may be attributed to different occupational exposure
factors and time in patients with pneumoconiosis.

The present study has some limitations. First, a relatively small sample size is among the limitation of this study,
additional studies with large samples are needed in the future. Second, our study did not examine the levels of iron,
ferritin and erythropoietin resistance in patients with pneumoconiosis, so, the possible mechanism that directly leads to
reduction in MCHC was not elucidated in patients with pneumoconiosis. Third, iron is an important factor to promote
hemoglobin production, our study did not assess the effects of additional factors that may influence iron metabolism such
as medication use, diet and individual differences of iron absorption on iron levels in patients with pneumoconiosis.

Conclusions

The decreased MCHC has an association with advanced pneumoconiosis in patients with pneumoconiosis, and MCHC
may be a useful monitoring marker for follow-up of pneumoconiosis patients, which is beneficial to the clinical
management of pneumoconiosis patients.
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