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This study investigated the relationships between dietary sodium intake and the incidence and 
prevalence of interstitial lung disease (ILD) and pulmonary sarcoidosis using data from the Global 
Burden of Diseases, Injuries, and Risk Factors Study 2019. This study assessed the strength of the 
abovementioned relationships via LASSO analysis and a generalized additive model with Poisson 
regression and determined the nonlinear and lagged effects via a distributed lag nonlinear model 
(DLNM). In the past three decades, global dietary sodium intake has decreased gradually. Two LASSO 
and generalized additive analyses both suggested that dietary sodium intake is obviously correlated 
with the incidence and prevalence of ILD and pulmonary sarcoidosis. The overall exposure‒response 
curve revealed a dose‒effect relationship between dietary sodium intake and the incidence and 
prevalence of ILD and pulmonary sarcoidosis. The maximum lag-specific RR of extremely high dietary 
sodium intake was 1.75 (95% CI: 1.61–1.91, lag 0 year) for incidence and 3.19 (95% CI: 2.24–4.53, 
lag 0 year) for prevalence relative to the reference. Our study suggests that dietary sodium intake 
is positively associated with the incidence and prevalence of ILD and pulmonary sarcoidosis. These 
findings may have important policy implications for dietary sodium intake-reduction strategies to 
decrease the burden of respiratory diseases and promote public health.
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Interstitial lung disease (ILD) is defined as inflammation or fibrosis within the pulmonary interstitium and includes 
approximately 200 heterogeneous groups of disorders with overlapping clinical, radiological, physiological, and 
pathological features1. ILD may be divided into the following subgroups: idiopathic interstitial pneumonias, 
autoimmune-related ILD, hypersensitivity pneumonitis, sarcoidosis, and other types of ILD2. A study based 
on the Global Burden of Disease (GBD) 2019 dataset reported that the global incidence of ILD and pulmonary 
sarcoidosis increased by 118.6% from 1990 to 2019 and may have accounted for 31.2% of the total incidence 
among all chronic respiratory diseases in 20193. Although the global burden of ILD is gradually increasing, 
therapeutic options for ILD are still limited, resulting in a poor median survival and various complications, 
especially idiopathic pulmonary fibrosis (IPF)3. Clinical features secondary to ILD are usually intractable and 
require readmission, which may decrease the quality of life and increase the economic and mental burdens of 
patients with ILD4. Therefore, the prevention and intervention of potential risk factors are highly important for 
reducing the global disease burden of ILD and pulmonary sarcoidosis.

Good dietary habits can provide a great opportunity for improving public health. Moreover, poor dietary 
practices lead to the occurrence and development of numerous diseases, such as obesity, hypertension, chronic 
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obstructive pulmonary disease, cardiovascular disease, diabetes, and lung cancer5–7. Current studies on the 
associations between sodium intake and public health have focused mainly on hypertension and cardiovascular 
diseases7. High dietary sodium intake can induce deleterious vascular effects by impairing nitric oxide-mediated 
endothelial function, which increases cardiovascular morbidity and mortality independent of its effects on 
hypertension8. In addition, high dietary sodium intake may lead to alterations in the sympathetic nervous 
system and increased inflammatory levels by inhibiting anti-inflammatory regulatory T cells, increasing the 
number of proinflammatory Th17 T cells, and increasing the production of inflammatory cytokines9,10. A study 
by Chen et al. indicated that low dietary sodium intake possibly attenuates pulmonary fibrosis; in contrast, high 
dietary sodium intake increases fibrocytes. Lung inflammatory responses and pulmonary fibrosis caused by high 
sodium intake are very likely to be involved in the occurrence and development of ILD. However, few published 
studies have assessed the associations between dietary sodium intake and the incidence and prevalence of ILD.

In this study, we first determined whether dietary sodium intake is correlated with the incidence and 
prevalence of ILD and pulmonary sarcoidosis via least absolute shrinkage and selection operator (LASSO) 
regression analysis on the basis of the GBD Study 2019. A generalized additive model with Poisson regression 
was subsequently used to assess the strength of the two abovementioned associations with the adjustment of 
potentially confounding factors screened via the LASSO analysis. Finally, we investigated the lag effects of 
high dietary sodium intake on the incidence and prevalence of ILD and pulmonary sarcoidosis through two 
distributed lag nonlinear models.

Methods
Data source
The GBD Study is the single largest and most detailed scientific effort ever conducted to quantify levels and trends 
in global public health. Over 12,000 researchers from more than 160 countries and territories have participated 
in producing the most accurate, up-to-date, and comparable estimates of burden worldwide. The GBD Study 
provides a unique platform to compare the magnitude of diseases, injuries, and risk factors across age groups, 
sexes, countries, regions, and time. We obtained all original data from the GBD Study 2019 via the Global 
Health Data Exchange. The Global Health Data Exchange was constructed and is supported by the Institute 
for Health Metrics and Evaluation (IHME) at the University of Washington. The IHME provides a rigorous 
and comparable measurement for quantifying morbidity and mortality for 369 health problems; moreover, the 
IHME also collects data on air quality, smoking and dietary intake to estimate the effects of these risk factors on 
public health. Researchers can use these freely available data to discuss and evaluate equitable strategies to best 
improve public health. Detailed descriptions and complete protocols of the GBD Study and the Global Health 
Data Exchange are available online (https://ghdx.healthdata.org/about-ghdx).

Ethics statement
Ethical approval and informed consent were waived, considering the GBD is a publicly available database. No 
identifiable information was contained.

The incidence and prevalence of ILD
In the GBD Study 2019, ILD mainly includes ILD and pulmonary sarcoidosis but not drug-induced interstitial 
lung disorders3. The IHME derived primarily the incidence and prevalence data for ILD and pulmonary 
sarcoidosis from hospital inpatients and insurance claims data3,11. In a previous study based on the GBD Study 
2019, the incidence of ILD and pulmonary sarcoidosis was found to be weakly positively associated with the 
sociodemographic index in 2019. Here, we analyzed the population-level incidence and prevalence of ILD and 
pulmonary sarcoidosis in adults aged 20 years or older by sex across the five SDI groups from 1990 to 2019. The 
three elements of population granularity were sex, SDI and year. The SDI represents an integrated indicator of 
income per average educational attainment and the total fertility rates3. In the GBD Study, the SDI was divided 
into five groups as follows: low, low-middle, middle, high-middle, or high.

Risk factors
Because we assessed the burden of ILD and pulmonary sarcoidosis in the past three decades, in this study, all 
included variables must include 30 years of data. The risk factors for poor air quality mainly include ambient 
particulate matter, ozone and household air pollution. Many values of ambient particulate matter were missing 
from 1990 to 2009. Smoking status had no data to match the data grouped by the SDI, sex or year. Therefore, 
ambient particulate matter and smoking were excluded from this study. We finally included the following 
variables as potential risk factors: sex, age, year, SDI, ozone, household air pollution, whole grains, vegetables, 
sugar- sweetened beverages (SSBs), transfats, sodium, fiber, processed meat, red meat, omegas, fruits, milk nuts, 
legumes, and calcium.

Statistical analysis
The statistical analysis of our study involved four main components. First, we performed descriptive statistics for 
all included variables globally from 1990 to 2019 via Stata 15. The Mann–Whitney U test was used to compare 
the differences in dietary sodium intake among groups by sex, SDI, year, and age. Generalized additive analyses 
(GAMs) with Gaussian regression were performed to explore the primary associations between sodium intake 
and the incidence and prevalence of ILD and pulmonary sarcoidosis. Second, LASSO analyses with a Poisson 
model were used to screen for potential risk factors for the incidence and prevalence of ILD and pulmonary 
sarcoidosis, which might allow us to evaluate the correlation between sodium intake and ILD. Tuning 
parameter (lambda) selection in our LASSO analysis was performed via 10-fold cross-validation. Compared 
with conventional regression analyses, LASSO analyses can address collinear covariates differently12 and 
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eliminate exposures that are unrelated to the outcome13. Third, we performed a smoothing function to estimate 
the dose‒dependent effects of dietary sodium intake on the incidence and prevalence of ILD and pulmonary 
sarcoidosis by using a GAM with Poisson regression. GAM analysis simultaneously adjusted for the effects of 
the confounding risk factors screened by LASSO analysis. The second and third parts of the statistical analyses 
were performed via Empower (R) (www.empowerstats. com; X&Y solutions, Inc., Boston, MA) and R software. 
Finally, two distributed lag nonlinear models (DLNMs) with quasi-Poisson models were employed to assess the 
lag-exposure‒response relationships between dietary sodium intake and the incidence and prevalence of ILD 
and pulmonary sarcoidosis14–16. The statistical descriptions of the lag-exposure‒response analysis are provided 
in the Supplementary section. We completed the fourth part of our analyses through the “DLNM” and “splines” 
packages of R software (version 4.1.0). The relative risk (RR) and 95% confidence interval (CI) represent the 
strength of all relationships with statistical significance defined by a two-sided P value < 0.05.

Results
Study population characteristics
Descriptive statistics for all included variables worldwide are shown in Table  1. The incidence of ILD and 
pulmonary sarcoidosis rapidly increased beginning in 1995, whereas the rapidly increasing prevalence of ILD 
and pulmonary sarcoidosis started in 2005. The incidence of ILD and pulmonary sarcoidosis increased from 
118.669 ± 130.269 per 100,000 in 1990–1999 to 136.807 ± 166.649 per 100,000 in 2010–2019, meanwhile the 
prevalence increased from 567.770 ± 471.780 per 100,000 to 679.335 ± 607.571 per 100,000. Over time, the 
significantly increasing intake was found in the following foods, mainly including vegatables, sugar-sweetened 
beverages, fiber, omega, fruit, nuts and calcium (see Table S1). Age and male sex were positively associated with 
the incidence and prevalence of ILD and pulmonary sarcoidosis. Here, we describe dietary sodium intake in 
particular. In the past three decades, the mean value of global dietary sodium intake gradually declined from 
3.56 ± 0.49 g/d in 1990 to 3.35 ± 0.43 g/d in 2019. Compared with females, males (3.73 ± 0.46 g/d) presented 
greater dietary sodium intake (3.14 ± 0.21 g/d). Compared with the four other SDI groups, the low-SDI group 
(2.82 ± 0.06 g/d) had significantly lower dietary sodium intake. GAM with Gaussian regression demonstrated 
that the incidence and prevalence of ILD/sarcoidosis were 26.8 per 100,000 (95% CI: 16.7 to 36.9 per 100,000, 
P < 0.01) and 39.5 per 100,000 (95% CI: 3.7 to 75.3 per 100,000, P < 0.05), respectively, for every 1-gram increase 
in dietary sodium intake.

LASSO and dose-dependent analyses
In terms of incidence, LASSO analysis revealed six risk factors associated with ILD and pulmonary sarcoidosis 
(see Figure S1): sex, age, year, SDI, omega and sodium intake. Increased dietary sodium intake was associated 
with an increased incidence of ILD and pulmonary sarcoidosis (β = 0.203). Smooth function still demonstrated 
that the incidence of ILD and pulmonary sarcoidosis increased with increasing dietary sodium intake (see 
Fig. 1A) after adjusting for the five other risk factors (adjusted RR = 1.28, 95% CI: 1.25–1.30, P < 0.01).

Another LASSO analysis (see Figure S1) suggested that the prevalence of ILD was correlated with ten risk 
factors: sex, age, year, SDI, ozone, SSB intake, transfat intake, fiber intake, legume intake, and sodium intake. 
Dietary sodium intake was positively associated with the incidence of ILD and pulmonary sarcoidosis (β = 0.331). 
Smooth function revealed that dietary sodium intake still had a dose-dependent effect on the prevalence of ILD 
and pulmonary sarcoidosis (see Fig. 1B) after adjusting for the nine other risk factors (adjusted RR = 1.43, 95% 
CI: 1.41–1.44, P < 0.01).

Lag-exposure‒response analysis
The three-dimensional plot in Fig. 2 shows the exposure‒response associations between dietary sodium intake 
and the incidence and prevalence of ILD and pulmonary sarcoidosis across various lag years. The estimated 
effects of dietary sodium intake on the incidence and prevalence of ILD and pulmonary sarcoidosis were 
dose-dependent and delayed. At 0 lag years, dietary sodium intake had the greatest effect on the incidence and 
prevalence of ILD and pulmonary sarcoidosis (see Fig. 2).

Furthermore, Fig. 3 and Table S2 further showed the cumulative exposure‒response curve of dietary sodium 
intake on the incidence and prevalence of ILD and pulmonary sarcoidosis at 0–1 lag years, 0–3 lag years, and 
0–7 lag years. The largest cumulative RR of dietary sodium intake was 4.43 (95% CI: 2.75–7.15 at 0–7 lag years) 
for the incidence of ILD and pulmonary sarcoidosis, whereas the largest cumulative RR was 5.73 (95% CI: 
1.95–16.81 at 0–7 lag years) for prevalence.

The relationships between dietary sodium intake and the incidence and prevalence of ILD and pulmonary 
sarcoidosis at specific lag years were shown in Figs. S2 and S3. The associations between dietary sodium intake 
and the incidence of ILD and pulmonary sarcoidosis became insignificant after 5 lag years, whereas dietary 
sodium intake seemingly had no significant effect on the prevalence of ILD and pulmonary sarcoidosis after 2 
lag years.

In our study, the lowest value of dietary sodium intake was used for the reference group. Figure 4; Table 2 
present the lag-exposure‒response relationships between dietary sodium intake and the incidence and prevalence 
of ILD and pulmonary sarcoidosis at the 50th (middle), 75th (high) and 95th percentiles (extremely high). In the 
pooled analysis, the higher the dietary sodium intake was, the greater the incidence and prevalence of ILD and 
pulmonary sarcoidosis. The maximal lag-specific RR of extremely high dietary sodium intake was 1.75 (95% CI: 
1.61–1.91, lag 0 year) for incidence and 3.19 (95% CI: 2.24–4.53, lag 0 year) for prevalence compared with the 
reference.
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Mean Min P25 P50 P75 Max IQR

Prevalence (per 100,000)

 Sex

  Male 618.305 31.420 150.168 419.214 974.764 2775.779 824.596

  Female 600.309 32.575 165.175 478.798 931.503 2210.282 766.328

 Age

  < 60 272.465 31.420 81.433 195.198 402.112 1150.419 320.678

  > 60 1148.254 377.483 825.120 1066.365 1346.331 2775.779 521.211

 Year

  1990 to 1999 567.770 31.420 150.510 445.136 882.603 1929.701 732.093

  2000 to 2009 580.816 34.864 149.432 441.766 916.681 2363.037 767.249

  2010 to 2019 679.335 35.258 159.319 496.025 1106.019 2775.779 946.700

 SDI

  High SDI 693.860 42.912 185.395 518.103 1000.105 2775.779 814.711

  High-mid SDI 446.282 37.618 165.552 406.593 684.800 1312.465 519.248

  Mid SDI 503.244 31.420 117.196 403.565 856.103 1452.506 738.907

  Low-mid SDI 834.974 42.099 177.593 641.232 1527.528 2086.700 1349.935

  Low SDI 568.176 46.669 153.312 489.985 983.424 1475.115 830.113

Incidence (per 100,000)

 Sex

  Male 131.384 5.050 25.282 79.136 174.750 960.256 149.468

  Female 122.969 4.669 25.525 89.654 175.336 691.735 149.811

 Age

  < 60 47.188 4.669 13.496 30.961 67.757 223.822 54.261

  > 60 255.157 101.268 150.732 192.645 283.323 960.256 132.591

 Year

  1990 to 1999 118.669 4.669 25.365 84.964 163.990 782.563 138.626

  2000 to 2009 126.053 4.921 25.178 81.634 172.203 907.377 147.025

  2010 to 2019 136.807 4.900 26.336 82.735 193.695 960.256 167.358

 SDI

  High SDI 252.453 7.612 44.879 137.316 432.658 960.256 387.779

  High-mid SDI 99.737 5.316 27.523 81.520 162.095 328.844 134.573

  Mid SDI 79.731 4.669 18.894 61.857 130.049 257.034 111.156

  Low-mid SDI 122.079 5.890 25.208 92.520 217.071 332.525 191.863

  Low SDI 81.883 7.136 23.484 66.667 137.653 217.802 114.170

Ambient ozone pollution (microg/m3) 46.283 39.653 44.411 45.945 47.743 56.133 3.332

Household air pollution (ppp) 0.480 0.007 0.182 0.462 0.827 0.945 0.645

Whole grains (g/day) 25.876 9.741 24.297 27.117 30.869 38.942 6.571

Vegatables (g/day) 148.252 38.335 74.216 170.196 212.504 281.640 138.288

Sugar-sweetened beverages (g/day) 58.017 14.348 20.661 46.942 95.921 132.893 75.260

Transfat (% energy/day) 0.522 0.310 0.361 0.543 0.656 0.842 0.295

Sodium (g/day) 3.435 2.754 3.077 3.358 3.888 4.355 0.811

Fiber (g/day) 14.948 11.236 13.611 14.437 16.554 18.615 2.944

Provmeat (g/day) 13.081 4.075 6.756 8.085 17.635 34.826 10.879

Redmeat (g/day) 28.051 11.973 13.364 21.092 40 55.885 26.636

Omega (g/day) 0.032 0.009 0.014 0.029 0.050 0.069 0.036

Fruit (g/day) 125.350 70.468 88.410 130.962 155.906 199.153 67.496

Milk (g/day) 98.696 27.959 33.476 67.836 179.247 190.928 145.771

Nuts (g/day) 7.276 3.639 6.524 7.480 8.239 9.797 1.715

Legumes (g/day) 33.626 21.693 27.249 32.656 39.458 47.633 12.209

Calcium (g/day) 0.469 0.204 0.255 0.385 0.699 0.866 0.444

Table 1.  Descriptive statistics for all included variables in the Global Burden of Disease Study 1990–2019. The 
values in Table represented the mean value, minimum value, the first quartile (P25), medium value (P50), the 
third quartile (P75), maximal value, interquartile range of the Prevalence and Incidence rows. Table showed 
the worldwide prevalence and incidence of ILD and pulmonary sarcoidosis in different sex, year and age, 
meanwhile Table showed the regional prevalence and incidence of ILD and pulmonary sarcoidosis in five SDI 
group.
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Discussion
On the basis of global time series data, this study explored the associations between dietary sodium intake and 
the incidence and prevalence of ILD and pulmonary sarcoidosis via multiple statistical analyses. Our study 
provides novel knowledge on dietary sodium intake and the burden of ILD and pulmonary sarcoidosis from the 
perspective of several important aspects. Our findings suggest that dietary sodium intake is positively correlated 
with the incidence and prevalence of ILD and pulmonary sarcoidosis. In addition, our study reveal that dietary 
sodium intake still contributes to a significant lag-exposure-response effect on the incidence at 0–5 lag years 
and the prevalence at 0–2 lag years. The maximal lag-specific effect was found in 0 lag years among the single 
lag years. The largest cumulative RR of dietary sodium intake for the incidence and prevalence of ILD and 
pulmonary sarcoidosis were 4.43 (95% CI: 2.75–7.15) and 5.73 (95% CI: 1.95–16.81), respectively. These findings 
indicate that dietary sodium intake restriction potentially provides a protective effect on public health, even with 
prolonged clinical benefits in terms of the risk of ILD and pulmonary sarcoidosis.

Fig. 2.  3D plots of dietary sodium intake on the incidence and prevalence of interstitial lung disease and 
pulmonary sarcoidosis at lag 0–7 years. The lowest value was reference: (A) the incidence; (B) the prevalence.

 

Fig. 1.  Smooth function of dietary sodium intake on the incidence and prevalence of interstitial lung disease 
and pulmonary sarcoidosis. (A) the incidence; (B) the prevalence.

 

Scientific Reports |        (2024) 14:25891 5| https://doi.org/10.1038/s41598-024-77769-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Unfortunately, no studies have investigated the effect of dietary sodium intake on the burden of ILD in the 
human population. As mentioned above, ILD is characterized by inflammation or fibrosis within the pulmonary 
interstitium.

We may deduce the potential mechanisms linking dietary sodium intake with the occurrence of ILD on the 
basis of the results from animal studies, as follows.

First, Zhang et al. suggested that high sodium levels can aggravate pulmonary inflammation and edema 
by increasing monocyte recruitment in the pulmonary interstitium and induce the proinflammatory profile 
of pulmonary macrophages through the p38/cFos/AP1 and Erk1/2/cFos/AP1 pathways10. Proinflammatory 
cytokines and/or chemokines secreted by monocytes and macrophages may exacerbate pulmonary injuries. 
Recruited monocytes and macrophages play important roles in pulmonary inflammation and fibrosis18. 
Another study showed that high dietary sodium intake might result in a significant increase in the number of 
lung macrophages and/or dendritic cell phenotypes after bleomycin treatment9. Moreover, high dietary sodium 
intake substantially increased the number of lung fibrocytes compared with low sodium intake in bleomycin-
induced and control mice9. Taken together, high dietary sodium intake may induce lung proinflammatory 
cytokine secretion and drive the shift of multiple types of lung cells toward fibrocyte differentiation to promote 
and maintain pulmonary inflammation and the profibrotic response9.

Previous studies have also suggested that high dietary sodium intake is an environmental risk factor for 
the occurrence and development of autoimmune diseases by promoting a shift in T-helper (Th)-1 and Th17 
proinflammatory phenotypes19,20. Autoimmune diseases, such as rheumatoid arthritis and multiple sclerosis, 
are widely known as important risk factors for the occurrence and development of ILD21,22. Approximately 

Fig. 3.  : The cumulative exposure–response curve of dietary sodium intake on the incidence and prevalence of 
interstitial lung disease and pulmonary sarcoidosis at lag 0–1 years, lag 0–3 years, and lag 0–7 years. The lowest 
value was reference: (A) the incidence at lag 0–1 years, lag 0–3 years, and lag 0–7 years; (B) the prevalence at 
lag 0–1 years, lag 0–3 years, and lag 0–7 years.
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20% of ILD may be attributed to autoimmune diseases21,22. Furthermore, increases in Th17 cells and IL-17 itself 
secondary to high sodium levels were found to promote pulmonary inflammation and fibrosis processes by 
promoting cytokine production and fibroblast proliferation23. The molecular pathways by which IL-17 affects the 
development of pulmonary fibrosis also include increasing the epithelial‒mesenchymal transition and alveolar 
apoptosis, the accumulation of myofibroblasts, and impairment of the fibrinolytic system24.

In addition, the results of the present study suggest that remodeling of the pulmonary microvasculature 
potentially participates in the development of ILD and pulmonary fibrosis by injuring endothelial cells, increasing 
the endothelial‒ mesenchymal transition, and altering the perivascular mesenchyme25,26. An animal study 
suggested that high dietary sodium intake is likely to result in remodeling of the pulmonary microvasculature 
via the proliferation and hypertrophy of pulmonary arterial cells27. High dietary sodium intake could impair the 
barrier function of the vascular endothelium and promote sodium entry into the interstitium by increasing the 
activity of endothelial sodium channels28. The decreased function of the vascular endothelium might contribute 
to leukocyte adhesion to the endothelium mediated by reactive oxygen species and eNOS, which potentially 
increases the level of inflammation in the pulmonary interstitium28. Taken together, high dietary sodium intake 
may affect the development of ILD by inducing remodeling of the pulmonary microvasculature and damaging 
the function of the vascular endothelium.

Fig. 4.  The lag–exposure–response relationships between dietary sodium intake on the incidence and 
prevalence of interstitial lung disease and pulmonary sarcoidosis at the 50th percentile (middle, p50), 75th 
percentile (high, p75) and 95th percentile (extremely high, p95).The lowest value was reference: (A) the 
incidence at p50, p75 and p95 of dietary sodium intake; (B) the prevalence at p50, p75 and p95 of dietary 
sodium intake.
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This study has several strengths. First, we provide important evidence for guiding public health strategies 
to prevent ILD and pulmonary sarcoidosis. This study indicated that the low dietary sodium intake levels 
recommended by dietary guidelines29 may be beneficial in reducing the incidence and prevalence of ILD 
and pulmonary sarcoidosis in clinical practice. Second, our findings were based on 30-year time series data 
concerning dietary sodium intake and ILD and pulmonary sarcoidosis from the GBD Study 2019, which 
potentially reduced the selection bias caused by the small sample size and regional and racial limitations. Third, 
various statistical analyses, including LASSO, GAM and DLNM, were used to explore the correlation between 
dietary sodium intake and ILD, which made our results more convincing.

Some limitations of this study need to be acknowledged. Like other studies based on the GBD Study30–32, 
our results were potentially influenced by statistical assumptions and data sources. The reported incidence 
and prevalence rates might not be 100% correct worldwide. Moreover, the diagnosis of ILD can only be 
accomplished through multidisciplinary collaboration. Therefore, the incidence and prevalence of ILD might 
be underestimated and underreported worldwide, especially in low SDI countries. The GBD aims to obtain 
new and better-quality data and produce more reliable estimates in the future30. Additionally, the absence of 
some important data (such as smoking, ambient particulate matter, personal lifestyle and comorbidity data, 
among others) potentially affected the results of our study despite the inclusion of 20 risk factors. Finally, the 
causal relationship between dietary sodium intake and the burden of ILD could not be confirmed even though 
we performed dose‒dependent and lag‒exposure‒response analyses. More longitudinal cohort studies and 
randomized controlled trials involving personalized prevention and intervention methods are warranted to 
further estimate the effect of dietary sodium intake restriction in preventing and treating ILD and pulmonary 
sarcoidosis.

Conclusion
Our study introduced an effective strategy by which low dietary sodium intake can reduce the incidence and 
prevalence of ILD and pulmonary sarcoidosis in clinical practice. Additional research is needed to further 
explore and determine the reliability of the abovementioned relationship; moreover, the underlying mechanisms 
by which dietary sodium intake affects the occurrence and development of ILD and pulmonary sarcoidosis 
remain to be studied. Health professionals, in their practices, urgently need to develop effective programs to 
support the proposed strategy of low dietary sodium intake via updated dietary guidelines. Even though dietary 
sodium intake restriction has no significant effect on ILD or pulmonary sarcoidosis, it still has profound effects 
on various health outcomes and the well-being of the nation, supporting all individuals to live healthier lives7. 
Our findings provide new and significant implications for promoting public health via a dietary sodium intake 
reduction strategy. Moreover, such public health policies that target low dietary sodium intake levels are simple, 
inexpensive and can effectively decrease the global disease burden.

Data availability
Data sources and code used in the Global Burden of Disease Study 2019 are available on the internet. (http://
ghdx.healthdata.org/gbd-results-tool). The lead author affirms that the manuscript is an honest, accurate, and 

Min Middle High Extremely high

Dietary sodium and the incidence

 Lag 0 Ref 1.2 7(1.23,1.32) 1.58 (1.47,1.69) 1.75 (1.61,1.91)

 Lag 1 Ref 1.10 (1.08,1.11) 1.19 (1.16,1.33) 1.24 (1.20,1.28)

 Lag 2 Ref 1.06 (1.04,1.08) 1.12 (1.08,1.16) 1.15 (1.10,1.20)

 Lag 3 Ref 1.07 (1.03,1.10) 1.13 (1.07,1.19) 1.16 (1.08,1.24)

 Lag 4 Ref 1.06 (1.02,1.10) 1.11 (1.04,1.19) 1.14 (1.05,1.24)

 Lag 5 Ref 1.03 (0.99,1.07) 1.05 (0.98,1.13) 1.07 (0.98,1.16)

  Lag 6 Ref 0.99 (0.96,1.03) 0.99 (0.93,1.06) 0.99 (0.91,1.08)

 Lag 7 Ref 1.02 (0.99,1.05) 1.04 (0.98,1.10) 1.05 (0.98,1.13)

Dietary sodium and the prevalence

 Lag 0 Ref 1.64 (1.41,1.91) 2.55 (1.92,3.40) 3.19 (2.24,4.53)

 Lag 1 Ref 1.15 (1.08,1.23) 1.31 (1.15,1.48) 1.39 (1.19,1.63)

 Lag 2 Ref 1.03 (0.97,1.09) 1.05 (0.95,1.17) 1.07 (0.94,1.21)

 Lag 3 Ref 1.02 (0.96,1.08) 1.03 (0.92,1.16) 1.04 (0.90,1.20)

 Lag 4 Ref 1.02 (0.97,1.08) 1.04 (0.94,1.16) 1.05 (0.92,1.21)

 Lag 5 Ref 1.00 (0.97,1.04) 1.00 (0.94,1.08) 1.01 (0.92,1.10)

 Lag 6 Ref 0.97 (0.94,1.00) 0.94 (0.90,1.00) 0.93 (0.87,1.00)

 Lag 7 Ref 0.98 (0.95,1.01) 0.96 (0.90,1.01) 0.95 (0.88,1.02)

Table 2.  The lag-exposure-response relationships between dietary sodium intake on the incidence and 
prevalence of interstitial lung disease and pulmonary sarcoidosis. Dietary sodium intake was divided into 
four groups as follows: the lowest value(reference), 50th percentile (middle), 75th percentile (high) and 95th 
percentile (extremely high).
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transparent account of the study being reported; that no important aspects of the study have been omitted; and 
that discrepancies from the study as planned have been explained.
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