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Abstract
Objective
Chronic bronchitis and emphysema (CBE) are two main types of chronic obstructive pulmonary disease (COPD). We aimed to investigate the relationship between dietary calcium intake and the risk of CBE.

Methods
Data were obtained from the National Health and Nutrition Examination Survey (NHANES) 2007–2012. The ratio of forced expiratory volume in 1 s (FEV1) to forced vital capacity (FVC) < 0.7 was used to define airflow obstruction. Multivariate logistic regression was performed to assess the effects of dietary calcium intake on CBE and airflow obstruction. Dietary calcium intake was divided into quartiles, with the lowest quartile set as the reference group. Linear regression models were applied to explore the association between dietary calcium intake and lung function.

Results
A total of 10,143 participants were enrolled in the study, including 594 CBE and 9549 non-CBE individuals. The average dietary calcium intake was 908.5 ± 636.1 mg/day in the CBE group and 951.9 ± 599.7 mg/day in the non-CBE group. When using the lowest quartile of dietary calcium intake as a reference, the second, third, and fourth quartiles reduced the risk of CBE by 0.803 [95% confidence interval (CI): 0.802–0.804; P < 0.001], 0.659 (95% CI: 0.659–0.660; P < 0.001) and 0.644 (95% CI: 0.643–0.644; P < 0.001) times, respectively. Increased dietary calcium intake was correlated with reduced risk of airflow obstruction. Dietary calcium intake positively predicts FEV1 (β = 0.225, P < 0.001) and FVC (β = 0.232, P < 0.001).

Conclusion
Increased intake of dietary calcium may contribute to higher lung function, a lower risk of CBE and airflow obstruction. Since the cross-sectional design makes it difficult to determine a causal relationship, further research is needed to confirm these findings and explore the underlying mechanisms.
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Introduction
Chronic bronchitis is defined as chronic productive cough for at least 3 months per year for 2 consecutive years [1]. Emphysema is an anatomical diagnosis defined as permanent dilation, destruction and abnormality of the distal airspaces [2]. Chronic bronchitis and emphysema (CBE) are two main types of chronic obstructive pulmonary disease (COPD), which is currently the third major cause of death worldwide [3–4]. COPD is one of the most common chronic diseases of respiratory system, with a prevalence ranging from 3.6 to 10.1%. Cigarette smoking is a major risk factor of COPD. However, only 15–20% of current or former smokers develop COPD in their lifetime. Therefore, future studies are needed to explore other risk factors involved in the development of COPD [5].
The main characteristic of COPD is irreversible and progressive airflow obstruction. The ratio of forced expiratory volume in 1 s (FEV1) to forced vital capacity (FVC) < 0.7 was used to define airflow obstruction [6]. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) employs airway obstruction for diagnosis of COPD and staging the disease severity. The FEV1/FVC ratio and FEV1 are used to assess the severity of airway obstruction [7–8].
Nutrition plays a critical role in both prevention and treatment of COPD [9–10]. Diets rich in fruits, vegetables, fish and whole grains showed lower risk of newly identified COPD [10]. Calcium is one of the most abundant mineral elements widely related to various physical activities [11]. Adequate dietary calcium intake contributes to skeletal system development and prevention of bone loss [12–13]. Dietary calcium affects many physiologic activities, including muscle function, bone health and growth, kidney function, gluconeogenesis, glycolysis, parathyroid performance, and intestinal function [14].
Insufficient dietary calcium is involved in numerous health conditions such as hypertension, type 2 diabetes, preeclampsia, colon and rectal cancers, osteoporosis and cognitive function [15–16]. Calcium ion modulates airway inflammatory responses [17]. The regulation of intracellular calcium ion in airway smooth muscle is related to several respiratory diseases, including COPD, asthma, and pulmonary fibrosis [18]. However, the association between dietary calcium intake and CBE was not fully understood. The main purpose of our study was to explore the effects of dietary calcium intake on CBE and airflow obstruction using comprehensive data from the National Health and Nutrition Examination Survey (NHANES).

Materials and methods
Data sources and study population
NHANES is conducted every two years by the U.S. Centers for Disease Control and Prevention. NHANES data includes the health and nutritional status of the American population. Individuals participated in the 2007–2008, 2009–2010, and 2011–2012 NHANES survey were integrated into our study. Ethics approval was accepted by National Center for Health Statistics Research Ethics Review Board, and all participants provided informed consent.
A total of 29,139 individuals were identified from NHANES 2007–2012. We excluded missing data, including age, gender, race, education, ratio of family income to poverty, marital status, body measures, dietary calcium, FEV1, FVC and smoking. FEV1 or FVC with the quality of C, D or F was also excluded. Finally, 10,143 participants were included in our study, and the flow chart of the screening process was shown in Fig. 1.
[image: ]
Fig. 1Flow chart of the screening process. NHANES, National Health and Nutrition Examination Survey; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity



Study variables
We collected the following data of participants, including age, gender (male and female), race (non-Hispanic white, non-Hispanic black, Mexican American, other Hispanic, and other races), marital status (married, widowed, divorced, separated, never married, and living with a partner), education level (under grade 9, grades 9–11, high school graduates, some college/AA degrees, and college graduates), ratio of family income to poverty (≤ 1, 1–2, 2–4, and > 4) and body mass index (BMI) (≤ 18.50, 18.51-25, 25.01-30, and > 30). BMI is calculated by dividing body weight in kilograms by the square of height in meters (kg/m2). Smoking status was divided into the following two groups: non-smokers (smoked less than 100 cigarettes in a lifetime) and smokers (smoked at least 100 cigarettes in a lifetime). Dietary data were obtained from the 24-hour diet questionnaire in NHANES. The multipass approach method was used to assess precise consumption data of all foods and beverages. NHANES dietary interviewers’ procedure manuals contained a comprehensive overview of dietary interview methodologies. We selected 24-hour recall dietary interview data for the first day in the study. Dietary calcium intake is skewed distribution data. Thus, the continuous concentration of dietary calcium intake was divided into quartiles, with the lowest quartile set as the reference group. Participants who are informed by a doctor or other healthcare provider (HCP) to have emphysema and/or chronic bronchitis are considered to have CBE. FEV1 and FVC were obtained from pre-bronchodilator spirometry. The FEV1/FVC ratio < 0.7 was defined as airflow obstruction. To ensure the accuracy of the results, we only included FEV1 and FVC data with quality levels A or B.

Statistical analyses
All statistical analyses were analyzed using Statistical Package for the Social Sciences (version 19.0; SPSS Inc., Chicago, IL). Normally distributed data were represented as mean ± standard deviation (SD), and a comparison between groups was performed by t-test. Multi-group comparisons were analyzed by one-way ANOVA analysis. Categorical variables were expressed as frequency (percentages) and chi-square tests were used to compare differences between groups. Multivariate logistic regression was performed to assess the effects of dietary calcium intake on CBE and airflow obstruction. Model 1 was adjusted according to age and gender. Model 2 adjusted age, gender, race, and education. Model 3 adjusted age, gender, race, education, ratio of family income to poverty, and marital status. Model 4 adjusted age, gender, race, education, ratio of family income to poverty, marital status, BMI, smoking, dietary energy and dietary protein intake. Linear regression models were applied to explore the relationship between dietary calcium intake and lung function. The P-value ˂ 0.05 is considered statistically significant.


Results
Demographic characteristics
A total of 10,143 participants were enrolled in the study, including 594 CBE and 9549 non-CBE individuals (Table 1). The dietary calcium intake was ranged from 29 to 8168 mg/day. The mean age of the CBE group (52.4 ± 15.4 years) was significantly higher than that of the non-CBE group (45.7 ± 16.0 years). Significant differences were found in gender, race, education, ratio of family income to poverty, marital status, and BMI between the two groups. Participants with CBE had a higher proportion of previous smoking (67.0 vs. 44.1%), lower FEV1 (2.5 vs. 3.1 L), lower FVC (3.4 vs. 4.0 L), and a higher proportion of the lowest quartile of dietary calcium intake (30.5 vs. 24.7%). The average intake of dietary calcium was 908.5 ± 636.1 mg/day in the CBE group and 951.9 ± 599.7 mg/day in the non-CBE group.
Table 1Basic characteristics of the study population


	Variables
	CBE
(N = 594)
	No CBE
(N = 9549)
	P-Value

	Age (years)
	52.4 ± 15.4
	45.7 ± 16.0
	< 0.001

	Gender
	 	 	< 0.001

	 Male
	220 (37.0%)
	4746 (49.7%)
	 
	 Female
	374 (63.0%)
	4803 (50.3%)
	 
	Race
	 	 	< 0.001

	 Mexican American
	41 (6.9%)
	1532 (16.0%)
	 
	 Other Hispanic
	49 (8.2%)
	973 (10.2%)
	 
	 Non-Hispanic White
	370 (62.3%)
	4332 (45.4%)
	 
	 Non-Hispanic Black
	111 (18.7%)
	1939 (20.3%)
	 
	 Other Race
	23 (3.9%)
	773 (8.1%)
	 
	Education
	 	 	< 0.001

	 Less than 9th grade
	47 (7.9%)
	793 (8.3%)
	 
	 9-11th grade
	119 (20.0%)
	1373 (14.4%)
	 
	 High school graduate
	150 (25.3%)
	2116 (22.2%)
	 
	 Some college or AA degree
	193 (32.5%)
	2875 (30.1%)
	 
	 College graduate or above
	85 (14.3%)
	2392 (25.0%)
	 
	Ratio of family income to poverty
	 	 	< 0.001

	 ≤ 1.00
	162 (27.3%)
	1875 (19.6%)
	 
	 1.01-2.00
	192 (32.3%)
	2403 (25.2%)
	 
	 2.01-4.00
	134 (22.6%)
	2487 (26.0%)
	 
	 > 4.00
	106 (17.8%)
	2784 (29.2%)
	 
	Marital status
	 	 	< 0.001

	 Married
	279 (47.0%)
	5074 (53.1%)
	 
	 Widowed
	46 (7.7%)
	417 (4.4%)
	 
	 Divorced
	113 (19.0%)
	1046 (11.0%)
	 
	 Separated
	31 (5.2%)
	306 (3.2%)
	 
	 Never married
	86 (14.5%)
	1907 (20.0%)
	 
	 Living with partner
	39 (6.6%)
	799 (8.4%)
	 
	BMI (kg/m2)
	 	 	< 0.001

	 ≤ 18.50
	15 (2.5%)
	111 (1.2%)
	 
	 18.51-25
	118 (19.9%)
	2665 (27.9%)
	 
	 25.01-30
	167 (28.1%)
	3213 (33.6%)
	 
	 > 30
	294 (49.5%)
	3560 (37.3%)
	 
	Smoking
	 	 	< 0.001

	 Yes
	398 (67.0%)
	4215 (44.1%)
	 
	 No
	196 (33.0%)
	5334 (55.9%)
	 
	Dietary calcium intake (mg/day)
	 	 	0.001

	 Quartile 1 (≤ 543)
	181 (30.5%)
	2360 (24.7%)
	 
	 Quartile 2 (544–829)
	158 (26.6%)
	2375 (24.9%)
	 
	 Quartile 3 (830–1199)
	117 (19.7%)
	2419 (25.3%)
	 
	 Quartile 4 (> 1200)
	138 (23.2%)
	2395 (25.1%)
	 
	FEV1 (L)
	2.6 ± 0.9
	3.1 ± 0.9
	< 0.001

	FVC (L)
	3.4 ± 1.0
	4.0 ± 1.1
	< 0.001


CBE, chronic bronchitis and emphysema; BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity



Our study included 1318 subjects with airflow obstruction and 8825 individuals without airflow obstruction (Table 2). The mean age of the airflow obstruction group was significantly higher than that of the non-airflow obstruction group (58.0 vs. 44.3 years). The ratio of family income to poverty was similar between the two groups (P = 0.302). There were significant differences between the airflow obstruction and non-airflow obstruction group in gender, race, education, marital status, and BMI. The proportion of the lowest quartile of dietary calcium intake in the airflow obstruction group was significantly higher than that in the non-airflow obstruction group (28.5 vs. 21.4%). Individuals with airflow obstruction tended to have lower FEV1 (2.5 vs. 3.2 L), lower FVC (3.9 vs. 4.0 L), and a higher proportion of smokers (70.4% vs. 41.8%). The average intake of dietary calcium was lower in the airflow obstruction group (921.2 ± 600.1 mg/day) than that in the non-airflow obstruction group (953.6 ± 602.2 mg/day).
Table 2Participant characteristics and airflow obstruction


	Variables
	Airflow obstruction
(N = 1318)
	No airflow obstruction
(N = 8825)
	P-Value

	Age (years)
	58.0 ± 14.3
	44.3 ± 15.6
	< 0.001

	Gender
	 	 	< 0.001

	 Male
	809 (61.4%)
	4157 (47.1%)
	 
	 Female
	509 (38.6%)
	4668 (52.9%)
	 
	Race
	 	 	< 0.001

	 Mexican American
	90 (6.8%)
	1483 (16.8%)
	 
	 Other Hispanic
	84 (6.4%)
	938 (10.6%)
	 
	 Non-Hispanic White
	841 (63.8%)
	3861 (43.8%)
	 
	 Non-Hispanic Black
	247 (18.7%)
	1803 (20.4%)
	 
	 Other Race
	56 (4.2%)
	740 (8.4%)
	 
	Education
	 	 	< 0.001

	 Less than 9th grade
	124 (9.4%)
	716 (8.1%)
	 
	 9-11th grade
	239 (18.1%)
	1253 (14.2%)
	 
	 High school graduate
	339 (25.7%)
	1927 (21.8%)
	 
	 Some college or AA degree
	339 (25.7%)
	2729 (30.9%)
	 
	 College graduate or above
	277 (21.0%)
	2200 (24.9%)
	 
	Ratio of family income to poverty
	 	 	0.302

	 ≤ 1.00
	254 (19.3%)
	1783 (20.2%)
	 
	 1.01-2.00
	340 (25.8%)
	2255 (25.6%)
	 
	 2.01-4.00
	366 (27.8%)
	2255 (25.6%)
	 
	 > 4.00
	358 (27.2%)
	2532 (28.7%)
	 
	Marital status
	 	 	< 0.001

	 Married
	763 (57.9%)
	4590 (52.0%)
	 
	 Widowed
	114 (8.6%)
	349 (4.0%)
	 
	 Divorced
	202 (15.3%)
	957 (10.8%)
	 
	 Separated
	40 (3.0%)
	297 (3.4%)
	 
	 Never married
	106 (8.0%)
	1887 (21.4%)
	 
	 Living with partner
	93 (7.1%)
	745 (8.4%)
	 
	BMI (kg/m2)
	 	 	< 0.001

	 ≤ 18.50
	28 (2.1%)
	98 (1.1%)
	 
	 18.51-25
	446 (33.8%)
	2337 (26.5%)
	 
	 25.01-30
	461 (35.0%)
	2919 (33.1%)
	 
	 > 30
	383 (29.1%)
	3471 (39.3%)
	 
	Smoking
	 	 	< 0.001

	 Yes
	928 (70.4%)
	3685 (41.8%)
	 
	 No
	390 (29.6%)
	5140 (58.2%)
	 
	Dietary calcium intake (mg/day)
	 	 	0.021

	 Quartile 1 (≤ 543)
	375 (28.5%)
	2166 (21.4%)
	 
	 Quartile 2 (544–829)
	323 (24.5%)
	2210 (25.0%)
	 
	 Quartile 3 (830–1199)
	311 (23.6%)
	2225 (25.2%)
	 
	 Quartile 4 (> 1200)
	309 (23.4%)
	2224 (25.2%)
	 
	FEV1 (L)
	2.5 ± 0.8
	3.2 ± 0.9
	< 0.001

	FVC (L)
	3.9 ± 1.2
	4.0 ± 1.1
	0.013


BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity




Association between dietary calcium and CBE
When using the lowest quartile of dietary calcium intake as a reference, the second, third, and fourth quartiles of dietary calcium intake reduced the risk of CBE by 0.803 [95% confidence interval (CI): 0.802–0.804; P < 0.001], 0.659 (95% CI: 0.659–0.660; P < 0.001) and 0.644 (95% CI: 0.643–0.644; P < 0.001) times, respectively (Table 3). Dietary calcium intake was negatively related to the risk of CBE (P < 0.001) when setting dietary calcium intake as the continuous variable. Increased dietary calcium intake was still correlated with reduced risk of CBE after adjustment of age, gender, race, education, ratio of family income to poverty, marital status, BMI, smoking, dietary energy and dietary protein intake (P < 0.001).
Table 3Multivariate weighted regression analysis of association between dietary calcium intake and CBE


	Model
	Dietary calcium intake (mg/day)
	OR
	95% CI
	P-Value

	Unadjusted model
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.803
	0.802–0.804
	< 0.001

	830–1199
	0.659
	0.659–0.660
	< 0.001

	> 1200
	0.644
	0.643–0.644
	< 0.001

	Adjusted model 1a
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.825
	0.824–0.826
	< 0.001

	830–1199
	0.723
	0.722–0.724
	< 0.001

	> 1200
	0.797
	0.796–0.798
	< 0.001

	Adjusted model 2b
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.887
	0.886–0.888
	< 0.001

	830–1199
	0.794
	0.793–0.795
	< 0.001

	> 1200
	0.891
	0.890–0.892
	< 0.001

	Adjusted model 3c
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.907
	0.906–0.908
	< 0.001

	830–1199
	0.829
	0.828–0.830
	< 0.001

	> 1200
	0.917
	0.916–0.918
	< 0.001

	Adjusted model 4d
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.922
	0.921–0.923
	< 0.001

	830–1199
	0.848
	0.847–0.849
	< 0.001

	> 1200
	0.936
	0.935–0.937
	< 0.001


a Adjusted for age and gender
b Adjusted for age, gender, race and education
c Adjusted for age, gender, race, education, ratio of family income to poverty and marital status
d Adjusted for age, gender, race, education, ratio of family income to poverty, marital status, BMI, smoking, dietary energy and dietary protein intake
CBE, chronic bronchitis and emphysema; OR, odds ratio; CI, confidence interval; BMI, body mass index



Stratified analysis was performed based on categories of age, gender and smoking. The association between higher dietary calcium intake and lower risk of CBE still existed in men, women, subgroup of age ≤ 40 or > 40, smokers and non-smokers (Table 4). When compared to the first quartile, the fourth quartile of dietary calcium intake reduced the risk of CBE by 0.460 (95% CI: 0.459 to 0.460; P < 0.001) times in non-smoking participants.
Table 4Subgroup analysis of gender, age and smoking status about associations between dietary calcium intake and CBE


	Characteristic
	Calcium intake
(mg/day)
	Unadjusted model
	Adjusted model a

	OR
	95% CI
	P-Value
	OR
	95% CI
	P-Value

	Gender
	 	 	 	 	 	 	 
	 Male
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.890
	0.889–0.892
	< 0.001
	1.024
	1.022–1.026
	< 0.001

	830–1199
	0.952
	0.951–0.954
	< 0.001
	1.203
	1.201–1.206
	< 0.001

	> 1200
	0.604
	0.603–0.606
	< 0.001
	0.854
	0.852–0.856
	< 0.001

	 Female
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.800
	0.799–0.801
	< 0.001
	0.886
	0.884
	< 0.001

	830–1199
	0.555
	0.555–0.556
	< 0.001
	0.674
	0.673
	< 0.001

	> 1200
	0.847
	0.846–0.848
	< 0.001
	1.052
	1.050
	< 0.001

	Age (years)
	 	 	 	 	 	 	 
	 ≤ 40
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.780
	0.778–0.782
	< 0.001
	0.965
	0.962–0.967
	< 0.001

	830–1199
	0.546
	0.545–0.547
	< 0.001
	0.764
	0.762–0.766
	< 0.001

	> 1200
	0.588
	0.586–0.589
	< 0.001
	0.817
	0.815–0.820
	< 0.001

	 > 40
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.820
	0.819–0.821
	< 0.001
	0.930
	0.929–0.931
	< 0.001

	830–1199
	0.713
	0.712–0.714
	< 0.001
	0.885
	0.884–0.886
	< 0.001

	> 1200
	0.733
	0.732–0.734
	< 0.001
	1.018
	1.016–1.019
	< 0.001

	Smoking status
	 	 	 	 	 	 	 
	 Yes
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.869
	0.868–0.870
	< 0.001
	0.986
	0.984–0.987
	< 0.001

	830–1199
	0.708
	0.707–0.709
	< 0.001
	0.870
	0.869–0.872
	< 0.001

	> 1200
	0.849
	0.847–0.850
	< 0.001
	1.120
	1.118–1.122
	< 0.001

	 No
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.750
	0.749–0.751
	< 0.001
	0.845
	0.843–0.846
	< 0.001

	830–1199
	0.635
	0.634–0.637
	< 0.001
	0.826
	0.825–0.828
	< 0.001

	> 1200
	0.460
	0.459–0.460
	< 0.001
	0.707
	0.706–0.709
	< 0.001


CBE, chronic bronchitis and emphysema; OR, odds ratio; CI, confidence interval
a Adjusted for age, gender, race, education, ratio of family income to poverty, marital status, BMI, smoking, dietary energy and dietary protein intake




Association between dietary calcium intake and lung function
Multivariate weighted regression analysis showed that the second, third, and fourth quartiles reduced the risk of airflow obstruction by 0.923 (95% CI: 0.922–0.924; P < 0.001), 0.785 (95% CI: 0.785–0.786; P < 0.001) and 0.743 (95% CI: 0.742–0.743; P < 0.001) times, respectively (Table 5). Dietary calcium intake was negatively correlated with the risk of airflow obstruction (P < 0.001) when setting dietary calcium intake as the continuous variable. Dietary calcium intake remained significant with the risk of airflow obstruction after adjusting for all covariates of interest (model 4) (P < 0.001).
Table 5Multivariate weighted regression analysis of association between dietary calcium intake and airflow obstruction


	Model
	Dietary calcium intake
(mg/day)
	OR
	95% CI
	P-Value

	Unadjusted model
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.923
	0.922–0.924
	< 0.001

	830–1199
	0.785
	0.785–0.786
	< 0.001

	> 1200
	0.743
	0.742–0.743
	< 0.001

	Adjusted model 1a
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.836
	0.835–0.836
	< 0.001

	830–1199
	0.827
	0.827–0.828
	< 0.001

	> 1200
	0.898
	0.897–0.899
	< 0.001

	Adjusted model 2b
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.928
	0.927–0.929
	< 0.001

	830–1199
	0.862
	0.862–0.863
	< 0.001

	> 1200
	0.881
	0.880–0.882
	< 0.001

	Adjusted model 3c
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.929
	0.928–0.930
	< 0.001

	830–1199
	0.863
	0.863–0.864
	< 0.001

	> 1200
	0.882
	0.881–0.882
	< 0.001

	Adjusted model 4d
	≤ 543
	1.0 (Reference)
	1.0 (Reference)
	 
	544–829
	0.921
	0.921–0.922
	< 0.001

	830–1199
	0.791
	0.790–0.792
	< 0.001

	> 1200
	0.812
	0.812–0.813
	< 0.001


a Adjusted for age and gender
b Adjusted for age, gender, race and education
c Adjusted for age, gender, race, education, ratio of family income to poverty and marital status
d Adjusted for age, gender, race, education, ratio of family income to poverty, marital status, BMI, smoking, dietary energy and dietary protein intake
OR, odds ratio; CI, confidence interval



The FEV1 in subjects with the first, second, third, and fourth quartiles of dietary calcium intake was 2.8 ± 0.8, 3.0 ± 0.9, 3.1 ± 0.9, and 3.4 ± 0.9 L, respectively (P < 0.001, Table 6). This significant difference persisted among all subgroups after stratified analyses of CBE and airflow obstruction. Multiple linear regression suggests that dietary calcium intake positively predicts FEV1 (β = 0.225, P < 0.001) when setting dietary calcium intake as the categorical variable. Elevated dietary calcium intake was still correlated with increased measures of FEV1 after adjustment of age, gender, race, education, ratio of family income to poverty, marital status, BMI, smoking, dietary energy and dietary protein intake (β = 0.052, P < 0.001). We also set dietary calcium intake as a continuous variable, and found that the dietary calcium intake was positively correlated with FEV1 (β = 0.236, P < 0.001; Fig. 2). The significant difference was robust after covariate adjustment (β = 0.053, P < 0.001).
Table 6Associations between dietary calcium intake and lung function


	Variables
	Dietary calcium intake (mg/day)
	P-Value

	≤ 543
	544–829
	830–1199
	> 1200

	FEV1(L)
	Entire population
	2.8 ± 0.8
	3.0 ± 0.9
	3.1 ± 0.9
	3.4 ± 0.9
	< 0.001

	CBE
	 	 	 	 	 
	 Yes
	2.4 ± 0.8
	2.4 ± 0.8
	2.6 ± 0.9
	2.7 ± 0.9
	0.001

	 No
	2.8 ± 0.8
	3.0 ± 0.8
	3.2 ± 0.9
	3.4 ± 0.9
	< 0.001

	Airflow obstruction
	 	 	 	 	 
	 Yes
	2.2 ± 0.7
	2.4 ± 0.8
	2.5 ± 0.8
	2.8 ± 0.9
	< 0.001

	 No
	2.9 ± 0.8
	3.1 ± 0.8
	3.2 ± 0.9
	3.5 ± 0.9
	< 0.001

	FVC (L)
	Entire population
	3.6 ± 1.0
	3.8 ± 1.0
	4.0 ± 1.1
	4.3 ± 1.1
	< 0.001

	CBE
	 	 	 	 	 
	 Yes
	3.3 ± 1.0
	3.3 ± 1.0
	3.6 ± 1.1
	3.7 ± 1.1
	0.001

	 No
	3.6 ± 1.0
	3.9 ± 1.0
	4.0 ± 1.0
	4.4 ± 1.1
	< 0.001

	Airflow obstruction
	 	 	 	 	 
	 Yes
	3.5 ± 1.0
	3.8 ± 1.1
	3.9 ± 1.2
	4.4 ± 1.2
	< 0.001

	 No
	3.6 ± 1.0
	3.8 ± 1.0
	4.0 ± 1.1
	4.3 ± 1.1
	< 0.001




[image: ]
Fig. 2Associations of dietary calcium intake with FEV1 and FVC. FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity


The FVC of individuals in the first, second, third, and fourth quartiles of dietary calcium intake was 3.6 ± 1.0, 3.8 ± 1.0, 4.0 ± 1.1, and 4.3 ± 1.1 L, respectively (P < 0.001, Table 6). Dietary calcium intake remained significant with FVC among all subgroups after stratified analyses of CBE and airflow obstruction. Elevated dietary calcium intake was correlated with increased measures of FVC (β = 0.232, P < 0.001) using dietary calcium intake as the categorical variable. Dietary calcium intake positively predicts FVC after adjustment of all confounders of interest (β = 0.050, P < 0.001). We also set the dietary calcium intake as a continuous variable, and found that dietary calcium intake was positively related to FVC (β = 0.252, P < 0.001; Fig. 2). The significant difference was robust after covariate adjustment (β = 0.060, P < 0.001).


Discussion
COPD is a respiratory disorder characterized by chronic airflow obstruction secondary to chronic bronchitis, emphysema, or both [19]. Calcium is an essential mineral element for human nutrition. However, the relationship between dietary calcium intake and CBE was not fully understood. Our present study showed that increased dietary calcium intake was correlated with reduced risk of CBE in American population. Dietary calcium intake reduced the risk of airflow obstruction. A higher intake of dietary calcium was associated with significantly higher measures of FEV1 and FVC.
Calcium intake is often related to the intake of foods such as milk, cheese, and yogurt, as dairy products are rich sources of calcium [20]. Although studies on the effects of calcium have focused primarily on bone health, the role of dietary calcium has recently shifted to other health conditions [21]. Cellular calcium ion is associated with the contraction of airway smooth muscle cells. The regulation of calcium ion in airway smooth muscle is related to COPD [18]. In the present study, the average intake of dietary calcium was 908.5 ± 636.1 mg/day in the CBE group and 951.9 ± 599.7 mg/day in the non-CBE group. Increased dietary calcium intake was still correlated with reduced risk of CBE in American participants after adjustment of age, gender, race, education, ratio of family income to poverty, marital status, BMI, smoking, dietary energy and dietary protein intake. These results are consistent with the findings of Hirayama and colleagues [22] who found an inverse association between dietary calcium intake and COPD risk in Japanese adults. However, in their study, the average intake of dietary calcium in the COPD and non-COPD group was 463 ± 210 and 545 ± 245 mg/day, respectively.
COPD is a preventible condition characterized by progressive airflow obstruction [23]. According to the GOLD 2025 criteria, the presence of a pre-bronchodilator FEV1/FVC < 0.7 was used to assess whether there is airflow obstruction in symptomatic patients. If the prebronchodilator spirometry does not show airflow obstruction, post-bronchodilator spirometry is not required unless there is a very high clinical suspicion of COPD [24]. In the present study, the average intake of dietary calcium was lower in the airflow obstruction group (921.2 ± 600.1 mg/day) than that in the non-airflow obstruction group (953.6 ± 602.2 mg/day). Dietary calcium intake remained significant with the risk of airflow obstruction after adjusting for all covariates of interest. The mechanism by which dietary calcium intake affects airflow obstruction is still unclear. Small airway diseases in patients with COPD cause luminal stenosis, which further lead to increased airway resistance and airflow obstruction. Small airway diseases include airway remodelling, mucus overproduction and airway inflammation [7–8]. Airway epithelial cells release a series of mediators that regulate immune responses and airway inflammation when exposed to harmful environmental stimuli. A key cellular mechanism in airway inflammation is calcium signaling, which stimulates the airway epithelium to produce and release prostaglandins, cytokines and chemokines [25]. Further research is needed to explore in detail the role of calcium ions in airway smooth muscle contraction, inflammatory responses, and determine how calcium intake may affect lung function and airflow obstruction by influencing these physiologic processes.
The assessment of FEV1 is critical in estimating the severity of airflow obstruction and guiding the clinical management of COPD [26]. FEV1 also provides a way to classify different degrees of COPD severity [27]. In the present study, the FEV1 in subjects with the first, second, third, and fourth quartiles of dietary calcium intake was 2.8 ± 0.8, 3.0 ± 0.9, 3.1 ± 0.9, and 3.4 ± 0.9 L, respectively. Multiple linear regression suggests that dietary calcium intake positively predicts FEV1. Our findings are similar to those of Hirayama et al. [22] who found that the FEV1 was positively correlated with dietary calcium intake.
The present study has several limitations. Firstly, since the cross-sectional design was performed in the NHANES database, we were not able to determine the causality. Moreover, the observed associations may be influenced by confounding factors, such as overall diet quality, physical activity, osteoporosis treatment or underlying health conditions, which were not fully accounted for in current analysis [28]. Secondly, the evaluation of 24-h dietary intake may not truly reflect actual intake. Dietary supplements were not taken into account. Additionally, dietary calcium intake was self-reported, which introduces the possibility of recall bias and measurement error [29]. However, 24-h dietary recall interview is widely regarded as the most appropriate way to estimate the average intake at the population level [30–31]. Thirdly, the definition of CBE was depended on questionnaire-based surveys and self-reports by participants. It might result in some bias in present study. However, similar method was employed in the previous studies using NHANES data [32–35]. Fourthly, the data of our study were obtained from the NHANES database applicable to American participants. The generalizability of the findings may be limited to populations with similar dietary patterns and lifestyles as those in the NHANES dataset. Thus, our findings need to be validated in other populations. Fifthly, the dietary calcium intake was ranged from 29 to 8168 mg/day in the present study. Further studies are needed to investigate the effects of dietary calcium on CBE if the intake exceeds this range.

Conclusions
Our study suggests that the dietary calcium intake is negatively correlated with the risk of CBE in American population. Participants with CBE have higher dietary calcium intakes as compared to individuals without CBE. Higher intakes of dietary calcium were associated with lower risk of airflow obstruction, and higher measures of FEV1 and FVC. However, the biological mechanism of calcium intake affecting lung function or CBE risk remains to be further studied. Moreover, the cross-sectional design, potential confounding factors, and lack of mechanistic insight highlight the need for further research, particularly longitudinal and interventional studies, to confirm our findings, determine optimal calcium intake for reducing CBE risk and explore the underlying mechanisms. If validated, these results could have important implications for dietary recommendations aimed at improving respiratory health in individuals at risk of CBE.
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