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Abstract
Purpose In the past few years, there has been a notable rise in the incidence and prevalence of idiopathic 
pulmonary fibrosis (IPF) on a global scale. A considerable body of research has highlighted the ‘obesity paradox,’ 
suggesting that a higher body mass index (BMI) can confer a protective effect against numerous chronic diseases. 
However, the relationship between BMI and the risk of mortality in IPF patients remains underexplored in the existing 
literature. We aim to shed light on this relationship and potentially offer novel insights into prevention strategies for 
IPF.

Methods We conducted a systematic search of the PubMed, Embase, and Web of Science databases to collect all 
published studies examining the correlation between Body Mass Index (BMI) and the mortality risk in patients with 
IPF, up until February 14, 2023. For the synthesis of the findings, we employed random-effects models. The statistical 
significance of the association between BMI and the mortality risk in IPF patients was evaluated using the hazard ratio 
(HR), with the 95% Confidence Interval (CI) serving as the metric for effect size.

Results A total of 14 data sets involving 2080 patients with IPF were included in the meta-analysis. The combined 
results of the random-effects models were suggestive of a significant association between lower BMI and a higher 
risk of death (HR = 0.94, 95% CI = 0.91–0.97, P < 0.001). For baseline BMI, the risk of death from IPF decreased by 
6% for each unit increase. The results of the subgroup analysis suggest that geographic location (Asian subgroup: 
HR = 0.95, 95%CI = 0.93–0.98, P = 0.001; Western subgroup: HR = 0.91, 95%CI = 0.84–0.98, P = 0.014), study type (RCS 
subgroup: HR = 0.95, 95%CI = 0.92–0.98, P = 0.004; PCS subgroup: HR = 0.89, 95%CI = 0.84–0.94, P < 0.001), and sample 
size (< 100 groups: HR = 0.93, 95%CI = 0.87–1.01, P = 0.079; >100 groups: HR = 0.94, 95%CI = 0.91–0.97, P < 0.001 ) were 
not significant influences on heterogeneity. Of the included literature, those with confounding factors corrected and 
high NOS scores reduced heterogeneity (HR = 0.93, 95%CI = 0.90–0.96, P < 0.001). Sensitivity analyses showed that the 
combined results were stable and not significantly altered by individual studies (HR = 0.93 to 0.95, 95% CI = 0.90–0.96 
to 0.92–0.98). Egger’s test suggested no significant publication bias in the included studies (P = 0.159).
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Introduction
IPF is a chronic, progressive, fibrous interstitial pneu-
monia of unknown etiology. The currently recognized 
mechanism of IPF is that it is a chronic inflammatory and 
abnormal repair process. In persistent microinjury of the 
alveolar epithelium from multiple causes, abnormal acti-
vation of fibroblasts and excessive accumulation of extra-
cellular matrix lead to an abnormal repair process of lung 
scar formation as the inflammatory response progresses 
[1–3]. In the United States, the median age of newly diag-
nosed patients is 62 years, 54% of whom are men [4]. The 
global incidence and prevalence of IPF is between 0.09 
and 1.3 per 10,000 people with a rising trend year by year. 
Compared to other countries studied, the United States, 
Korea, and Canada have the highest incidence rates, with 
a median survival of less than 4 years and a worse prog-
nosis than many common cancers [5, 6]. Although cor-
responding epidemiological data are lacking in China, 
clinical practice has revealed a significant trend of 
increasing IPF cases in recent years. The etiology of IPF 
remains unclear. Several studies have identified potential 
risk factors, including genetic alterations, viral infections, 
lifestyle habits, environmental influences, and occupa-
tional hazards. However, current evidence suggests that 
IPF is the result of a complex interaction between genetic 
and environmental factors. In addition, the occurrence of 
several diseases can increase the incidence of IPF, such 
as gastroesophageal reflux (GERD) [7, 8], diabetes (DM) 
[9], and obstructive sleep apnea (OSA) [10]. Two intro-
duced antifibrotic drugs, pirfenidone and nintedanib, 
may significantly delay the decline in lung function and 
reduce the incidence and severity of associated complica-
tions [6]. However, they are not a cure for IPF. Therefore, 
the continuous exploration of new specific biomarkers 
and therapeutic targets will become a major trend in the 
future.

Obesity is a growing global health problem that affects 
multiple organ systems and is a potentially modifiable 
factor in many diseases. Studies have shown that over-
weight or obesity also increases the risk of a number 
of diseases, such as: hypertension, dyslipidemia, type 
2 diabetes mellitus, metabolic syndrome, chronic kid-
ney disease, coronary heart disease, cerebral vascular 
lesions, gallbladder stones, arthropathies, polycystic 
ovary syndrome, sleep apnea syndrome, and a number of 
tumors [11]. Current research suggests that the mecha-
nisms of action of obesity in IPF may be related to fac-
tors such as chronic inflammation, oxidative stress, and 
insulin resistance, all of which may be associated with 

obesity-induced ectopic fat deposition. Obesity-induced 
low-grade aseptic inflammation and over-infiltration 
of immune cells in adipose tissue is accompanied by a 
decreased ability of adipose tissue to store lipids, lead-
ing to ectopic fat deposition, which accelerates the onset 
and progression of pulmonary fibrosis [12, 13]. How-
ever, multiple studies have reported that adipose tissue 
plays a protective role, which is called the “obesity para-
dox” [14]. A French study showed that nearly one-third 
of IPF patients were malnourished, and the worse the 
nutritional status of the patients, the worse their progno-
sis [15]. Due to the ease of measurement and relatively 
high acceptance, BMI has been adopted by most research 
institutes as an indicator of obesity and health status. 
It has been found that higher BMI increases the risk of 
IPF, but the degree of pulmonary fibrosis and the risk of 
death are low relative to patients with lower BMI, and 
more refined subgroups have been found to be associ-
ated with a higher risk of death with lower BMI [14, 16]. 
In addition, in antifibrotic therapy, higher BMI patients 
also have relatively better treatment outcomes [17]. How-
ever, the existence of an “obesity paradox” in IPF patients 
is controversial, with some studies finding no correlation 
between BMI and mortality [18].

Currently, many research studies have focused on the 
diagnosis and treatment modalities of IPF, while other 
risk factors influencing disease pathogenesis and dis-
ease prognosis have received less attention. The available 
studies suggest that BMI and the risk of death from IPF 
are uncertain [19–22].

Therefore, this study systematically reviewed the rele-
vant literature and defined the relationship between BMI 
and the mortality of IPF, aiming to provide basis for eval-
uating the prognosis of IPF patients.

Materials and methods
This meta-analysis was planned and conducted according 
to the Preferred Reporting Items for Systematic Evalua-
tion and Meta-Analysis (PRISMA) list [23]. In addition, 
since the included studies were observational in design, 
we also followed the Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) guidelines [24].

Literature search strategy
In this article, a literature search was conducted through 
PubMed, Embase, and Web of Science databases accord-
ing to a pre-defined search strategy. The search terms 
included: “idiopathic pulmonary fibrosis”, “body mass 
index”, and “BMI”. Subject terms were searched in 

Conclusions Higher BMI (BMI ≥ 25 kg/m2) is negatively correlated to some extent with the risk of death in IPF 
patients, and BMI may become a clinical indicator for determining the prognosis of IPF patients.
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combination with free terms, adapting the search formula 
to the characteristics of the database (see Supplementary 
Tables 1–3 for specific search steps of the database). The 
search was conducted up to February 14, 2023, with no 
language restrictions. In addition, this study screened 
references of relevant reviews and included literature in 
the hope of obtaining more studies that could be used for 
meta-analysis.

Inclusion and exclusion criteria
The following were eligible for inclusion in this study: (1) 
the study population was patients diagnosed with IPF; 
(2) the exposure factor was BMI at baseline; (3) the study 
reported a hazard ratio (HR) (95% CI) for change in risk 
of death with a 1 kg/m2 increase in BMI; and (4) the study 
type was a prospective or retrospective cohort study.

Meanwhile, we excluded the following: (1) non-thesis 
studies such as reviews, conference abstracts, and com-
mentaries; (2) studies with acute exacerbation of IPF; (3) 
for duplicate publications or the same data used in mul-
tiple articles, only the one with the most complete study 
information was included, and the rest were excluded. 
Two of the authors independently searched all references, 
and any discrepancies were resolved by all authors on a 
voting basis.

Data extraction
Two investigators (Xiaomin Su and Dengyun Pan) inde-
pendently completed the literature screening accord-
ing to the inclusion and exclusion criteria described 
above. After identifying the literature to be included in 
the analysis, they carried out the data extraction exer-
cise independently according to a pre-designed form. 
For each study, the following information was collected: 
name of the first author, publication year, region where 
the study was conducted, study type, basic characteristics 
of the study population (sample size, sex, age), follow-up 
time, drugs used to treat IPF, study outcome and correc-
tion factors. After both of them finished the above data 
extraction work, they exchanged audit extraction forms 
and discussed and resolved any inconsistencies.

Quality assessment
Quality assessment of eligible studies was performed by 
two researchers (Xiaomin Su and Bingdi Yan) using the 
Newcastle-Ottawa Quality Assessment Scale (NOS), 
which is a validated scale for use in non-randomized 
observational studies [25]. The evaluation included three 
aspects of study subject selection, comparability, and 
exposure. Scores ranged from 0 to 9 points. Depending 
on the score, they can be classified as low (0–3 points), 
medium (4–6 points) and high-quality studies (7–9 
points).

Statistical analysis
HR and 95% CI were used as effect sizes to assess 
whether the association between BMI and the risk of 
death in patients with IPF was statistically significant. 
Heterogeneity was tested using Cochran’ s Q test and 
I2 test. For the Q statistic, P < 0.05, or I2 > 50%, indicated 
significant heterogeneity between studies, and a random-
effects model was used for meta-analysis; if P ≥ 0.05 and 
I2 ≤ 50%, heterogeneity was not significant and a fixed-
effects model was used [26].

Subgroup analysis was performed based on geographic 
location, study type, sample size, whether to correct for 
confounders, and methodological quality grouping. The 
effect of individual included studies on the results of 
the meta-analysis was evaluated for significance using 
the one-by-one exclusion test. Egger’s test was used to 
assess whether there was significant publication bias in 
the included studies [27]. If significant publication bias 
existed, the stability of the combined results was assessed 
using the cut-and-patch method [28].

The above statistical analysis was done using Stata 12.0 
software.

Results
Literature search
A total of 1270 publications (163 in PubMed, 904 in 
Embase, and 203 in Wen of Science) were searched in 
electronic databases for this meta-analysis. Two hundred 
ninety-two duplicates were excluded, and 957 papers that 
clearly did not meet the inclusion criteria were excluded 
after browsing the titles and abstracts. Finally, 21 publica-
tions were excluded after full-text reading of 8, and the 
remaining 13 were included in the meta-analysis. The 
details of literature search are shown in Fig. 1.

Study characteristics and quality assessment
The characteristics of the participating studies and 
patients are shown in Table  1. As of February 14, 2023, 
a total of 13 papers were included in this meta-analysis. 
Ten of them were retrospective cohort studies [9, 19, 29–
36] and three were prospective cohort studies [20, 37, 38]. 
Study publication years range from 2007 to 2022. Nine 
of these studies were conducted in Asia [9, 29–35, 38], 
including Saudi Arabia (n = 1), China (n = 1), Japan (n = 6) 
and Korea (n = 1); Five were conducted in Europe [20, 30, 
36, 37], which includes France (n = 1), Italy (n = 2) and 
the UK (n = 1); One was conducted in the United States 
(n = 1), located in North America. The baseline mean/
median BMI values in these studies ranged between 21 
and 30 kg/m2. Twelve studies assessed the BMI as a con-
tinuous variable [9, 19, 20, 29, 31–33, 35–38], and one as 
both a continuous variable and a cut-off value [34]. The 
14 data sets included in this study involve a combined 
total of 2,080 individuals (1657 males and 423 females). 
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The sample size ranged from 44 to 445 cases. Base-
line BMI of study subjects was obtained from medical 
records, and survival status was confirmed by medical 
records or telephone callbacks. Information on age, treat-
ment protocol study outcomes, and correction factors are 
shown in Table 1.

The NOS scores of the included studies ranged from 
4 to 8 points. Thus, nine of the included studies were of 
high-quality [9, 19, 20, 29, 31, 33–36] and the others were 
of moderate methodological quality [30, 32, 37, 38]. The 
main types of bias in the included studies were recall bias 
and confounding bias.

Fig. 1 Literature search results and flowchart of the literature screening process
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Meta regression
Since the study by Nakatsuka et al. [30]. had data from 
two cohorts of the study, there were 14 data sets. A forest 
plot of the association analysis between BMI and the risk 
of death from IPF is shown in Fig.  2. The results of the 
heterogeneity test of the included studies suggested a sta-
tistically significant heterogeneity (I2 = 46.3%, P = 0.029). 
And the random effects model was applied, the summary 
HR for 14 data sets showed that the association between 
BMI and the risk of death in IPF patients is significant 
(HR = 0.94, 95%CI = 0.91–0.97, P < 0.001). For baseline 
BMI, the risk of death from IPF decreased by 6% for each 
unit increase.

Subgroup analysis
The results of the subgroup analysis are shown in Table 2, 
based on geographic location, study type, sample size, 
whether or not to correct for confounding factors, and 
methodological quality grouping.

The combined results of Asian subgroup (HR = 0.95, 
95%CI = 0.93–0.98, P = 0.001) and Western subgroup 
(HR = 0.91, 95%CI = 0.84–0.98, P = 0.014) were statistically 
significant (Fig.  3A). Similarly, according to the study 
type grouping (Fig. 3B), the combined results of the two 

subgroups were significantly (RCS subgroup: HR = 0.95, 
95%CI = 0.92–0.98, P = 0.004; PCS subgroup: HR = 0.89, 
95%CI = 0.84–0.94, P < 0.001). However, subgroup analy-
sis of sample size (Fig.  3C), for < 100 groups, combined 
results were not meaningful (HR = 0.93, 95%CI = 0.87–
1.01, P = 0.079). In addition, geographic location, study 
type, and sample size were not influential factors on het-
erogeneity in any significant way. The grouping scheme of 
whether to correct for confounding factors and method-
ological quality grouping was consistent, and the within-
group heterogeneity of subgroups was not at a significant 
level (Fig.  3D and E), which indicates that these two 
factors are sources of heterogeneity. Studies with high 
multifactor correction or methodological quality had 
statistically significant combined results (HR = 0.93, 
95%CI = 0.90–0.96, P < 0.001). Furthermore, considering 
the significant role of Forced Vital Capacity (FVC) in IPF 
patients, we conducted a subgroup analysis correcting for 
FVC. The results indicate that the pooled outcomes are 
statistically significant, regardless of whether FVC adjust-
ments were applied or not (Fig. 3F).

Fig. 2 Forest plot of BMI and risk of death in patients with IPF
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Sensitivity analysis and publication Bias test
Sensitivity analysis showed that excluding the literature 
one by one, the value of the change in the combined 
results was HR (95% CI): 0.93 (0.90, 0.96) to 0.95 (0.92, 
0.98), and excluding any one of the studies, the combined 
results of the remaining studies had a P < 0.05. Therefore, 
the combined results were stable and did not change sig-
nificantly by individual studies (Fig. 4).

Egger’s test was used to assess whether there was sig-
nificant publication bias between studies, and the results 
showed P = 0.159 (Fig.  5), suggesting that there was no 
significant publication bias in the included studies.

Discussion
IPF is the most common type of (Idiopathic interstitial 
pneumonias, IIPs) and has a high degree of individual 
variability in prognosis. IPF is common in patients over 
60 years of age, especially in men who smoke. According 
to epidemiologic data, the prevalence of IPF is increasing 
year by year, and the prognosis of IPF worsens with age. 
Currently, the diagnosis of IPF is mainly based on HRCT 
imaging and histopathological examination. IPF is incur-
able, and the main clinical methods are to slow down 
the progression of the disease, improve the quality of 
life and prolong the survival period through antifibrotic 
drug treatment and rehabilitation training. Therefore, the 
search for markers for the diagnosis and treatment of IPF 
and for predicting prognosis is crucial.

Studies have found that the 6-minute walk test 
(6MWT) and its alterations were found to be highly cor-
related with the prognosis of IPF. 1-year mortality was 

2.65 times higher in patients with a 6MWT < 250 m than 
in patients with a 6MWT ≥ 350  m, and 1-year mortal-
ity in patients with a 6-month alteration of > 50 m was 4 
times higher in patients with a 6-month alteration ≤ 25 m 
[39]. Lung function can also play a role in the prognosis 
of IPF, with the rate of decline in forced vital capacity of 
percentage prediction (FVC%pred) being more indicative 
of disease progression and a better predictor of patient 
prognosis [40]. In addition, Ley et al [41] proposed a 
four-component gender, age, FVC%pred and Diffusing 
capacity of the lung for carbon monoxide of percent-
age prediction (DLCO%pred) gender- age-lung function 
model and a composite physiological index reflecting the 
degree of pulmonary fibrosis proposed by Wells et al [42] 
are also good predictors of IPF prognosis. Currently, the 
biomarkers identified are Krebs von den lungen 6 (KL-6), 
Matrix metalloproteinase 7 (MMP-7), chemokines and 
their ligands, Surfactant associated protein A (SP-A), 
SP-D and other markers [43]. However, biomarkers are 
still relatively unspecific and do not predict disease pro-
gression and regression.

Higher BMI has been shown to be a risk factor in IPF 
and may increase the incidence of IPF [44]. Alakhras et 
al [19] first reported that there was a negative correla-
tion between BMI and mortality, with relatively lower 
mortality in patients with higher BMI. This was vali-
dated by the results of several subsequent studies. How-
ever, some studies have also suggested that higher BMI 
increases their mortality, especially in IPF patients with 
lung transplantation. Therefore, this view is still highly 
controversial.

Table 2 Subgroup analyses of the relationship between BMI and mortality
Outcomes No. of study HR (95%CI) P value Heterogeneity test

I2 (%) PH

Overall 14 0.94 (0.91, 0.97) < 0.001 46.3 0.029
Area
 Asian 9 0.95 (0.93, 0.98) 0.001 0.0 0.811
 Western 5 0.91 (0.84, 0.98) 0.014 79.5 0.001
Design
 RCS 11 0.95 (0.92, 0.98) 0.004 45.8 0.048
 PCS 3 0.89 (0.84, 0.94) < 0.001 0.0 0.990
Sample Size
 > 100 8 0.94 (0.91, 0.97) < 0.001 21.6 0.258
 < 100 6 0.93 (0.87, 1.01) 0.079 61.2 0.024
Adjusted
 Yes 9 0.93 (0.90, 0.96) < 0.001 29.4 0.184
 No 5 0.96 (0.89, 1.02) 0.196 47.5 0.107
Quality
 High 9 0.93 (0.90, 0.96) < 0.001 29.4 0.184
 Moderate 5 0.96 (0.89, 1.02) 0.196 47.5 0.107
Controlling FVC in model
 Yes 7 0.94 (0.91, 0.97) < 0.001 18.7 0.287
 No 7 0.93 (0.87, 0.99) 0.018 63.5 0.012
RCS, Retrospective cohort study; PCS, Prospective cohort study
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In this study, the exposure levels of BMI were consis-
tent, and meta-analysis indicated that there was a signifi-
cant linear association between baseline BMI and the risk 
of death in patients with IPF. The results of the heteroge-
neity test for the included studies showed that there was 
statistically significant heterogeneity. Nevertheless, sub-
group analyses found that heterogeneity could be avoided 
by studies that were corrected for confounders or used 
high methodological quality. The results by the one-
by-one exclusion method suggested that the combined 

results were not dramatically changed by individual stud-
ies, and the results were stable. Moreover, the studies we 
included had no significant publication bias test and were 
highly credible.

Over the past few decades, BMI has been shown to be a 
risk factor for a number of diseases, including cardiovas-
cular disease, diabetes, subarachnoid haemorrhage, cere-
bral haemorrhage, and some cancers [45]. This has led to 
active lifestyle interventions aimed at reducing this risk 
for individuals and populations. However, in recent years, 

Fig. 3 Subgroup analysis: geographic location (A), types of studies (B), sample size (C), correcting for confounders and methodological quality(D), quality 
of studies (E), correcting for FVC(F). RCS, Retrospective cohort study; PCS, Prospective cohort study
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Fig. 5 Egger’s test for detecting publication bias in included studies

 

Fig. 4 sensitivity analysis
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the newly proposed idea of the “obesity paradox” has 
caused great controversy. This refers to the fact that indi-
viduals with relatively higher values of BMI have a better 
prognosis than those with lower values of BMI, which has 
been validated in COPD, cardiovascular disease, certain 
cancers and other diseases [46].

Alakhras et al. [19]. were the first to report a significant 
relationship between BMI and survival in 197 patients 
with IPF. Three groups (< 25, 25–30, and > 30  kg/m2) 
were categorized according to BMI, and median survival 
was 3.6, 3.8, and 5.8 years, respectively. Proportional risk 
regression showed a significant, independent negative 
association between baseline BMI and mortality. Yoo et 
al. [35]. similarly reported that lower baseline BMI was 
independently associated with higher three-year mortal-
ity among 445 patients with IPF after adjusting for several 
confounders including the Charlson Comorbidity Index, 
disease progression, and acute exacerbations. Suzuki et 
al. [34]. conducted a cohort study of 208 patients with IPF 
in two groups receiving antifibrotic therapy with pirfeni-
done or nintedanib. A significant, negative and indepen-
dent association with five-year mortality was observed 
when BMI was considered as a continuous variable and 
a threshold value of 24.1  kg/m2 was used. Similarly, 
Jouneau et al. [20]. found that patients with a baseline 
BMI < 25  kg/m2, or an annual weight loss of > 0–5% or 
≥ 5% may have a poorer prognosis at 1 year than patients 
with a BMI ≥ 25  kg/m2 or no weight loss. This negative 
correlation was also found in a study by Mura et al [37] 
(HR = 0.89, 95% CI = 0.80–0.98, p = 0.0155), but was not 
corrected for other confounders.

This is consistent with the results of our analysis. BMI 
and risk of death from IPF were significantly associated. 
We also found that for baseline BMI, the risk of death 
from IPF decreased by 6% for each unit increase. This is 
also consistent with the findings of Alakhras et al. [19]. 
(HR = 0.93, 95%CI = 0.89–0.97, P = 0.002 per 1-U increase 
in BMI).

Internationally we regard a BMI ≥ 30  kg/m2 as obese, 
but the use of this value alone as a criterion to define 
obesity in many studies is controversial. Body composi-
tion variability in patients with the same BMI, such as the 
co-occurrence of low muscle and high adipose tissue may 
occur in different subgroups of BMI. The BMI formula 
does not take into account body composition (muscle 
mass vs. adipose tissue content) and distribution (visceral 
fat vs. subcutaneous fat). Other tests such as dual-energy 
X-ray absorptiometry (DEXA), computed tomography 
(CT) and MRI are more expressive of obesity typing. But 
their application is limited by their cost, radiation and 
the technical expertise required. Therefore, BMI is more 
widely used and accepted than other tests [47].

As has been suggested in patients with heart failure, 
higher BMI in patients with IPF may not be primarily 

associated with increased fat mass, but rather with 
increased fat-free mass (muscle mass). This may increase 
oxygen consumption through increased muscle diffusion, 
mitochondrial respiratory capacity, and skeletal muscle 
strength, thereby improving exercise tolerance and car-
diorespiratory fitness [48–51]. Suzuki et al. [34]. showed 
that BMI was remarkably associated with cross-sec-
tional area of elector spine muscles (ESMCSA) (r = 0.500, 
P < 0.0001). In COPD this is also known as the muscle 
mass hypothesis, which states that obese patients are bet-
ter able to adapt to acute exacerbations due to increased 
reserves from greater muscle mass [52]. In addition, 
respiratory failure is one of the leading causes of death in 
patients with IPF. This theory of muscle mass loss could 
also explain the poor prognosis of patients with IPF dis-
ease, as patients with better tolerance to muscle mass 
depletion have a higher chance of survival. Based on this 
hypothesis, we can assume that metabolically healthy 
overweight and obese patients with higher muscle mass 
have a higher chance of recovery than the non-obese 
population [49].

Another theory is that of brown adipose tissue and 
its anti-inflammatory effects on the body. Brown adi-
pose tissue has properties similar to lean body mass, as 
it decreases the levels of lipopolysaccharides in the body, 
which stimulate pro-inflammatory cytokines, thus effec-
tively reducing systemic inflammation levels. White adi-
pose tissue functions in the opposite way and can have 
deleterious effects on the body. A shift from white adi-
pose tissue to brown fat occurs in some obese individuals 
[52].

In addition, it may also be a possibility that the interac-
tion between BMI and clinical symptoms in patients with 
IPF is influenced by disease states, such as heart failure, 
in which a negative correlation between BMI and poor 
outcomes has been described [53].

However, there are still some shortcomings in our 
study. The sample sizes of the included studies were rela-
tively small, and we need more high-quality, large-sample 
studies to validate the extrapolation of the results. The 
included studies were all observational and had many 
confounders. Although most studies performed multifac-
torial corrections, the corrections were also not uniform 
and may have exaggerated the strength of the association 
between BMI and risk of death. Due to the lack of suf-
ficient original studies, this meta-analysis was unable to 
quantitatively group the associations between different 
BMI classes, levels of BMI change, and the risk of death, 
and it is hoped that subsequent studies will focus on 
these two parts of the results.
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Conclusions
Higher BMI (BMI ≥ 25 kg/m2) is negatively correlated to 
some extent with the risk of death in IPF patients, and 
BMI may become a clinical indicator for determining the 
prognosis of IPF patients.
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