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ABSTRACT

Inflammation plays an important role in the outcome of patients with cystic fibrosis (CF). It 
may develop due to cystic fibrosis transmembrane conductance regulator protein dysfunction, 
pancreatic insufficiency, or prolonged pulmonary infection. Fecal calprotectin (FC) has been 
used as a noninvasive method to detect inflammation. Therefore, the aim of the current meta-
analysis was to investigate the relationship between FC and phenotype severity in patients with 
CF. In this study, searches were conducted in PubMed, Science Direct, Scopus, and Embase 
databases up to August 2021 using terms such as “cystic fibrosis,” “intestine,” “calprotectin,” 
and “inflammation.” Only articles published in English and human studies were selected. 
The primary outcome was the level of FC in patients with CF. The secondary outcome was 
the relationship between FC and clinical severity. Statistical analysis was performed using 
Comprehensive Meta-Analysis software. Of the initial 303 references, only six articles met 
the inclusion criteria. The mean (95% confidence interval [CI]) level of FC was 256.5 mg/
dL (114.1-398.9). FC levels were significantly associated with pancreatic insufficiency (mean, 
243.02; 95% CI, 74.3 to 411.6; p=0.005; I2=0), pulmonary function (r=–0.39; 95% CI, –0.58 to 
–0.15; p=0.002; I2=60%), body mass index (r=–0.514; 95% CI, 0.26 to 0.69; p<0.001; I2=0%), 
and Pseudomonas colonization (mean, 174.77; 95% CI, 12.5 to 337.02; p=0.035; I2=71%). While 
FC is a reliable noninvasive marker for detecting gastrointestinal inflammation, it is also 
correlated with the severity of the disease in patients with CF.
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INTRODUCTION

Cystic fibrosis (CF) is an inherited disorder caused by dysfunction of the cystic fibrosis 
transmembrane conductance regulator (CFTR) protein [1], leading to progressive damage to 
the lungs, digestive system, and other organs in the body. In addition to CFTR dysfunction, 
inflammation also plays a key role in disease outcomes. Inflammation may develop due to 
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internal dysfunction of the CFTR protein or external factors, such as prolonged infection [2]. 
Studies have indicated that the dysfunction of several inflammatory responses is related to 
CFTR deficiency, including innate and acquired immune dysregulation, signaling defects in 
various transcription factors (e.g., nuclear factor κB-dependent pathways), and changes in 
toll-like receptor responses [3,4].

In addition to CFTR dysfunction, pancreatic insufficiency [5] and chronic pulmonary 
disease [3] can independently prompt and perpetuate inflammation in individuals with 
CF. Furthermore, pancreatic insufficiency without the involvement of the CFTR protein 
is associated with changes in the paracellular space structure of the intestine or increased 
transit time, which could lead to increased intestinal permeability and a predisposition 
to intestinal inflammation [6]. In contrast, recurrent bronchopulmonary infections with 
Staphylococcus aureus, Pseudomonas aeruginosa, or several other pathogens lead to chronic airway 
and systemic inflammation and respiratory insufficiency [3]. Inflammation is classified as 
systemic, pulmonary, or intestinal inflammation [7].

Numerous proteins contribute to inflammation. Recent work has evaluated various markers 
in the setting of CF with delineation of inflammation in individuals with CF. Calprotectin 
is considered the most important fecal biomarker in CF. Calprotectin, which is formed by a 
combination of S100A8 and S100A9 proteins, regulates the inflammatory process and acts as 
an antibacterial and proliferative factor [8]. It can be detected in serum, sputum, and stool. 
Calprotectin is released into the intestine by granulocytes and monocytes [9]. FC testing is 
characterized by high sensitivity (95-100%) and variable specificity (44-93%) [10].

Several factors affect the concentration of calprotectin [11]. Irreversible factors include body 
mass index (BMI), pancreatic insufficiency, or pulmonary function. Furthermore, reversible 
factors such as drugs that are routinely prescribed to patients with CF (e.g., proton-pump 
inhibitors, pancreatic enzyme replacement therapy [PERT], and antibiotics) may also affect 
FC levels [10,12]. Moreover, patients with severe phenotypes (e.g., pancreatic insufficiency) 
and severe pulmonary diseases have been reported to have higher FC levels. Meanwhile, 
patients with severe CF (e.g., F508del) are at a higher risk of pancreatic exocrine insufficiency, 
malnutrition, and severe pulmonary diseases [13].

We hypothesized that FC could be a reliable biomarker in combination with or instead of 
CFTR mutation analysis for the symptomatic deterioration of patients with CF. The present 
study aimed to investigate the association between inflammatory markers and phenotype 
severity in patients with CF.

METHODS

Search strategy and selection criteria
This systematic review and meta-analysis were conducted following the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for reporting meta-
analyses [14]. The literature review was initiated by searching databases such as PubMed, 
Science Direct, Scopus, and Embase for studies published until August 2021. The targeted 
studies were focused on assessing the intestinal inflammatory markers in patients with CF, 
and keywords, such as “cystic fibrosis,” “intestine,” “calprotectin,” and “inflammation,” were 
used in the search strategy. The full search strategies used for each database are described in 
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the appendix (Supplementary Table 1). In addition, the reference lists of the retrieved articles 
were searched for other eligible studies.

The inclusion criteria were the reporting of the correlations (correlation coefficient) between 
inflammatory markers and symptom severity based on BMI, pulmonary function tests (e.g., 
forced expiratory volume in one second [FEV1]), Pseudomonas colonization, and pancreatic 
insufficiency, and differences between patient subgroups (normal vs. severe phenotypes) 
with the mean and standard deviation (SD) of each group. Only studies published in English 
and those conducted on human subjects were selected. Although the mentioned criteria 
were only met by observational studies in this regard, one randomized clinical trial was also 
retrieved, reporting the baseline FC of the study groups.

The exclusion criteria were abstracts, comments, review, posters, editorial review, and 
studies with no accessible full-text.

In the selection of the related studies, no restrictions were considered regarding age, 
gender, comorbidities, CF gene mutation type, and study duration/location. The search 
results from the database were then combined. Two researchers (S.T. and M.K.R.) screened 
the titles and abstracts of potentially eligible articles based on this criterion, and duplicate 
studies were removed using Endnote (version 7; Thomson Reuters, Toronto, ON, Canada) 
and manually. When the eligibility criteria were met based on the above-mentioned criteria, 
full-text articles were retrieved for quality assessment. At this stage, conference papers and 
abstracts without accessible full text were also excluded. Conflicting opinions were resolved 
by a third reviewer.

Quality assessment
The Newcastle–Ottawa scale was used to assess the quality of the assessment in the selected 
studies by two reviewers independently in three subcategories: selection (maximum of five 
stars), comparability (maximum of two stars), and outcome (maximum of three stars). Finally, 
studies with a rating of ≥7 were considered high quality [15]. The risk of bias was assessed using 
the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool [16].

Data extraction
Data extraction was performed by two researchers (S.T. and M.K.R.) using a predefined data 
extraction form prepared in Excel 2007 (Microsoft, Redmond, WA, USA). The form contained 
data on study characteristics (study design, year of publication, and corresponding author), 
settings (location and period), population characteristics (sample size, age, and sex of patients), 
methodology (type of inflammatory markers and instruments), and outcomes (correlations or 
differences between phenotypes and intestinal inflammatory markers) (Table 1).

In this review, the corresponding authors of the selected studies were consulted for 
additional information necessary.

Outcomes
The primary outcome measure was the level of FC in patients with CF. Secondary outcomes 
included correlations between inflammatory markers and clinical signs and symptoms, 
which indicated the clinical severity of CF based on factors such as BMI, pulmonary 
function test, Pseudomonas colonization, and gastrointestinal involvement with pancreatic 
insufficiency.
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Statistical analysis
The Comprehensive Meta-Analysis software (CMA version 2.2.064; Biostat, Englewood, NJ, 
USA) was used to determine the effect estimates (r and 95% confidence intervals [CIs]) for 
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Table 1. Characteristics of included studies
Author Year Study Place Sex 

(M/F)
Age (yr) Mutation Calprotectin 

level (μg/g)
Instrument for calprotectin 

evaluation
Calprotectin level in PI  

vs. PS (μg/g)
Adriaanse 
 et al. [18]

2015 Cross-sectional 
study

Canada 27/22 0.7–46.3 F508del homozygous: 29 596.33±581.48 Enzyme-linked immunoassay 
(EliA calprotectin assay, 
Phadia, Sweden)

PI: 659.68±589.5;  
PS: 114±87.29;  
p=0.031

F508del heterozygous: 16

Werlin 
 et al. [20]

2010 Cross-sectional 
study

Israel 27/14 10–36 F508del homozygous: 0 187.33±274 Enzyme-linked immunoassay 
(Calprest, Eurospital, Italy)

PI: 257.7±257.6 mg/g;  
PS: 23.2±23.2 mg/g;  
p=0.011

F508del heterozygous: 16

Parisi 
 et al. [10]

2017 Cross-sectional 
study

Italy 29/25 6–31 Not report 598.7±277.5 Immunosorbent assay kit 
(RIDASCREEN® Calprotectin 
- G09036)

PI: 665.5±271.7;  
PS: 417.1±197.1;  
p<0.01

Dhaliwal 
 et al. [19]

2015 Cross-sectional 
study

Australia 16/12 0–18 F508del homozygous: 18 94.3±100.6 PhiCal kit  
(Calpro, San Diego, CA)

PI: 110.4±108.3;  
PS: 35.4±9.4 mg/kg;  
p=0.008

F508del heterozygous: 10

Correlation between 
calprotectin level and BMI

de Freitas 
 et al. [22]

2018 Cross-sectional 
study

Canada 10/9 1.1–9.5 F508del homozygous: 6 40.809±87.10 RIDASCREEN® Calprotectin 
(R-biopharm-AG)  
immunoen zyme test

rho=−0.269;  
p=0.280 (BMI)F508del heterozygous: 7

Adriaanse 
 et al. [18]

2015 Cross-sectional 
study

Canada 27/22 0.7–46.3 F508del homozygous: 29 596.33±581.48 Enzyme-linked immunoassay 
(EliA calprotectin assay, 
Phadia, Sweden)

r=0.531;  
p<0.05 (W/H z score)F508del heterozygous: 16

Dhaliwal 
 et al. [19]

2015 Cross-sectional 
study

Australia 16/12 0–18 F508del homozygous: 18 94.3±100.6 PhiCal kit  
(Calpro, San Diego, CA)

r=0.5;  
p=0.003 (W/H z score)F508del heterozygous: 10

Werlin 
 et al. [20]

2010 Cross-sectional 
study

Israel 27/14 10–36 F508del homozygous: 0 187.33±274 Enzyme linked immunoassay 
(Calprest, Eurospital, Italy)

rho=−0.279;  
p=0.135 (BMI)F508del heterozygous: 16

Correlation between 
anthropometric and 

calprotectin
Parisi 
 et al. [10]

2017 Cross-sectional 
study

Italy 29/25 6–31 Not report 598.7±277.5 Immunosorbent assay kit 
(RIDASCREEN® Calprotectin - 
G09036)

r=−0.55;  
p<0.01

Adriaanse 
 et al. [18]

2015 Cross-sectional 
study

Canada 27/22 0.7–46.3 F508del homozygous: 29 596.33±581.48 Enzyme-linked immunoassay 
(EliA calprotectin assay, 
Phadia, Sweden)

r=−0.428;  
p<0.05F508del heterozygous: 16

Dhaliwal 
 et al. [19]

2015 Cross-sectional 
study

Australia 16/12 0–18 F508del homozygous: 18 94.3±100.6 PhiCal kit  
(Calpro, San Diego, CA)

r=0.04;  
p=0.8F508del heterozygous: 10

Stallings 
 et al. [21]

2018 Randomized 
control trial

United 
States, 

Canada,  
and Italy

9/14 5–61 F508del heterozygous: 8 78±116 Inova Diagnostics  
(San Diego, CA)

r=−0.49;  
p=0.01

Fecal calprotectin levels 
between patients with or 
without PA colonization

Adriaanse 
 et al. [18]

2015 Cross-sectional 
study

Canada 27/22 0.7–46.3 F508del homozygous: 29 596.33±581.48 Enzyme-linked immunoassay 
(EliA calprotectin assay, 
Phadia, Sweden)

With PA colonization: 
644.5±752.4;  
Without PA colonization: 
573.05±492.5;  
p=0.75

F508del heterozygous: 16

Parisi 
 et al. [10]

2017 Cross-sectional 
study

Italy 29/25 6–31 Not report 598.7±277.5 Immunosorbent assay kit 
(RIDASCREEN® Calprotectin - 
G09036)

With PA colonization: 
737.3±310.3;  
Without PA colonization: 
496.2±216.2;  
p<0.01

Values are presented as number only or mean±standard deviation.
Overview of included studies with their design, number of patients, genetic mutations, fecal calprotectin (FC) level, instrument analyzer for FC levels, 
correlations (correlation-coefficient) between calprotectin and BMI, FEV1, pseudomonas colonization, and pancreatic insufficiency and differences between 
patient subgroups (normal vs. severe phenotypes) with the mean and standard deviation of each group.
PI: pancreatic insufficiency, PS: pancreatic sufficiency, BMI: body mass index, W/H: weight to height ratio, PA: pseudomonas aeruginosa.
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the correlations between BMI, pulmonary function test (FEV1), and FC in patients with CF. 
In addition, software was applied to calculate the random effects estimates (SD and 95% CIs) 
for differences in mean FC levels between patient subgroups with and without pancreatic 
deficiency and Pseudomonas colonization. The heterogeneity of the retrieved studies 
was determined by I2, with a value of 0% indicating no heterogeneity, 25% showing low 
heterogeneity, 50% indicating moderate heterogeneity, and 75% showing high heterogeneity 
[17]. The random-effects model was also used to estimate the pulled effect when the I2 value 
was higher than 50%. Publication bias was examined through the Egger regression intercept 
and visual inspection of the funnel plots.

Role of the funding source
This study had no funding source and the corresponding author had full access to all data, as 
well as the final responsibility of submitting for publication.

RESULTS

Data of the studies
Of the 303 initial references, the abstracts of 246 articles were reviewed, and 29 full-text 
articles were retrieved (Fig. 1). For the systematic review, data from six articles were used. Five 
of the studies were cross-sectional in design. One was a randomized clinical trial, in which 
case the baseline data of the investigation were used.

5https://pghn.org https://doi.org/10.5223/pghn.2022.25.1.1

Fecal Calprotectin and Phenotype Severity in Patients with Cystic Fibrosis

In
c
lu

d
e
d

E
lig

ib
ili

ty
S

c
re

e
n
in

g
Id

e
n
ti
fi
c
a
ti
o
n

Records after duplicates removed
(n=260)

Records screened
(n=29)

Full-text articles assessed
for eligibility

(n=10)

Studies included in
qualitative synthesis

(n=6)

Studies included in
quantitative synthesis

(meta-analysis)
(n=6)

Records excluded: (n=199)
Systematic review: 17

Animal study: 10
With out full text: 5

Records identified through database searching
(n=321)

PubMed: 212
Web of Sceince: 20

Embase: 24
Scopus: 65

Full-text articles excluded,
not related to main
clinical symptom

Fig. 1. A flow diagram of the screening and eligibility process.
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The clinical trial conducted by Adriaanse et al. [18] aimed to evaluate the association between 
FC, pancreatic insufficiency, Pseudomonas colonization, pulmonary function tests, and BMI 
Z score. In another study, Parisi et al. [10] reported correlations of pulmonary insufficiency, 
Pseudomonas colonization, and pulmonary function with FC levels.

Furthermore, the findings of Dhaliwal et al. [19] indicated the association of pancreatic 
insufficiency, pulmonary function tests, and BMI Z scores with FC levels. Finally, Werlin et al. 
[20] investigated the association between BMI, pancreatic insufficiency, and FC levels. The 
studies conducted by Stallings et al. [21] and de Freitas et al. [22] confirmed the associations 
of pulmonary function tests and BMI with the FC level separately. Each of the six reviewed 
studies was of high technical quality (≥7-9 scores based on the Newcastle–Ottawa scale) 
(Supplementary Table 2).

The risk of bias based on the ROBINS-I tool was low to moderate (Supplementary Table 3).

Data of the participants
The reviewed studies were conducted on 229 participants, including 121 males and 108 
females within the age range of 0-61 years.

Primary outcome
The primary outcome was to determine the mean (95% CI) level of FC in patients with 
CF, and the meta-analysis indicated that this index was 256.5 mg/dL (114.1 to 398.9) 
(Supplementary Fig. 1).

Secondary outcome
The secondary outcome was the confirmed association of the phenotype that shows the 
disease severity in patients with CF, such as pancreatic insufficiency, pulmonary function 
tests, underweight status, and Pseudomonas colonization with FC.

Pancreatic insufficiency and FC level
Four of the included studies provided data on these variables. In a meta-analysis of four cross-
sectional studies, median FC was significantly associated with pancreatic insufficiency in 
patients with CF (mean, 243.02; 95% CI, 74.3 to 411.6; p=0.005; I2=0). A funnel plot was also 
evaluated for publication bias. No publication bias was detected by Egger’s test (t=3.26; p=0.08).

Fig. 2A Mean difference between fecal calprotectin levels in patients with CF with pancreatic 
insufficient and pancreatic sufficient.

Supplementary Fig. 2A Funnel plot of included studies to evaluate the relationship between 
fecal calprotectin levels in patients with CF with pancreatic insufficient and pancreatic sufficient.

Anthropometric status and FC level
A meta-analysis of two cross-sectional studies with anthropometry data indicated that the 
median FC level was inversely associated with BMI (r=–0.276; 95% CI, –0.501 to 0.017; 
p=0.03; I2=0%). A similar pattern of this association was also observed in the meta-analysis of 
two cross-sectional studies between the median FC and BMI Z score (r=0.514; 95% CI, 0.26 
to 0.69; p<0.001; I2=0%).

Fig. 2B Correlation between BMI and BMI Z score with fecal calprotectin in patients with CF.
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Pulmonary function test and FC level
In a meta-analysis of four cross-sectional studies, medium FC was inversely associated with 
FEV1 (r=–0.39; 95% CI, –0.58 to –0.15; p=0.002; I2=60%). A funnel plot was used to assess 
publication bias. No publication bias was detected by the Eggers test (t=0.74; p=0.53).

Fig. 2C Correlation between the pulmonary function test and fecal calprotectin in patients 
with CF.

Supplementary Fig. 2B Funnel plot of included studies to evaluate the relationship between 
pulmonary function test and fecal calprotectin in patients with CF.

Pseudomonas colonization and FC level
In the meta-analysis of two cross-sectional studies, the median FC value was significantly 
associated with Pseudomonas colonization in patients with CF (mean, 174.77; 95% CI, 12.5 to 
337.02; p=0.035; I2=71%).
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Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Standard
error Variance

Lower
limit

Upper
limit Z-value

Std diff
in means p-value

Adriaanse et al. [18]

Werlin et al. [20]

Parisi et al. [10]

Dhaliwal et al. [19]

1.189

0.963

0.974

0.770

1.030

0.275

0.407

0.324

0.472

0.173

0.076

0.165

0.105

0.223

0.030

0.650

0.166

0.338

0.155

0.690

1.729

1.760

1.609

1.695

1.370

4.320

2.368

3.002

1.631

5.936

0.000

0.018

0.003

0.103

0.000

Mean, SD

Mean, SD

Mean, SD

Mean, SD

8.0 4.0 0 4.0 8.0
Favours A Favours B

A

Study name Statistics for each study Correlation and 95% CI

p-value

Werlin et al. [20]

Parisi et al. [10]

Correlation

0.279

0.269

0.276

Lower limit

0.540

0.644

0.501

Upper limit

0.031

0.211

0.017

Z-value

1.767

1.103

2.083

0.077

0.270

0.037

1.0 0.5 0 0.5 1.0
Favours A Favours B

B

Study name Statistics for each study Correlation and 95% CI

Correlation Lower limit Upper limit Z-value p-value

Adriaanse et al. [18]

Dhaliwal et al. [19]

0.531

0.500

0.514

0.152

0.156

0.269

0.774

0.736

0.696

2.645

2.747

3.811

0.008

0.006

0.000

0.4 2.0 0 2.0 4.0
Favours A Favours B

C

Z-score

Z-score

Subgroup within study

Study name Statistics for each study Correlation and 95% CI

Adriaanse et al. [18]

Dhaliwal et al. [19]

Stallings et al. [21]

Parisi et al. [10]

p-valueCorrelation

0.428

0.040

0.490

0.550

0.414

Lower limit

0.610

0.338

0.751

0.713

0.535

Upper limit

0.204

0.407

0.097

0.331

0.277

Z-value

3.573

0.200

2.397

4.416

5.520

0.000

0.841

0.017

0.000

0.000

1.0 0.5 0 0.5 1.0
Favours A Favours B

D

Study name Statistics for each study

Adriaanse et al. [18]

Parisi et al. [10]

0.122

0.933

0.573

0.760

1.504

0.998

0.373

3.205

2.638

0.709

0.001

0.008

0.4 2.0 0 2.0 4.0
Favours A Favours B

E

Standard
error Variance

Lower
limit

Upper
limit Z-value

Std diff
in means p-value

0.326

0.291

0.217

0.106

0.085

0.047

0.517

0.363

0.147

Std diff in means and 95% CI

Fig. 2. Mean difference between fecal calprotectin levels in patients with pancreatic sufficient and insufficient 
with CF (A). Correlation between BMI (B) and BMI Z-score (C) with fecal calprotectin in patients with CF, 
correlation between pulmonary function test and fecal calprotectin in patients with CF (D). Mean difference 
between fecal calprotectin levels in patients with CF with or without pseudomonas colonization (E). 
CF: cystic fibrosis, BMI: body mass index, CI: confidence interval.
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Fig. 2D Mean difference between fecal calprotectin levels in patients with CF with and 
without Pseudomonas colonization.

DISCUSSION

The results of this meta-analysis indicated higher levels of FC in individuals with CF; overall, 
significant correlations were also observed between FC and the factors that characterize a more 
severe phenotype in patients with CF. Higher FC values were observed in patients with pancreatic 
insufficiency, colonization with Pseudomonas, reduced lung function, and poor growth.

Several individual studies have evaluated the association between FC and these factors. For 
example, Parisi et al. [10] have reported higher FC levels in patients with severe phenotypes, 
such as airway colonization by P. aeruginosa, predicted FEV1<50%, pancreatic insufficiency, and 
underweight status. Similarly, the findings of Ellemunter et al. [12] have shown two-fold higher 
levels of FC in patients with CF with pancreatic insufficient function compared with those with 
normal pancreatic function. In contrast, Garg et al. [23] observed no significant difference in 
FC values according to pancreatic status in a group of children with CF aged <10 years of age.

Conflicting results have been proposed regarding the extent of inflammation in patients 
with pancreatic insufficiency [24]. However, a positive association between calprotectin and 
pancreatic insufficiency has been reported infrequently [18,20,25]. The positive correlation 
could be attributed to the development of altered intestinal permeability (leaky gut) in 
patients with pancreatic insufficiency [6,20]. Reduced bicarbonate secretion in patients 
with pancreatic insufficiency leads to lower intestinal pH, which affects the integrity of 
the small intestine and alters mucin secretion and mucus properties. These mechanisms 
lead to bacterial colonization and alteration of the normal gut microbiota. Furthermore, 
increased penetration of commensal bacteria into the intestinal mucosa contributes to 
chronic intestinal inflammation [20,26]. The current meta-analysis indicated high levels of 
calprotectin in patients with CF and pancreatic insufficiency. Therefore, it could be inferred 
that significant inflammation occurs in patients with CF, and such cases require special 
attention for anti-inflammatory therapy, while the evaluation of FC is also recommended to 
follow the outcomes of treatment.

The association between pulmonary function and intestinal inflammation is an interesting and 
controversial subject. Although some studies have shown that calprotectin levels are inversely 
correlated with pulmonary function and exacerbation in patients with CF, no such correlation 
has been observed in other reports [10,12,18,19]. Although the main mechanism remains 
unclear, the role of the gut-lung axis could be highlighted in this regard as it alters the gut 
microbiota. Metabolites, such as short-chain fatty acids, have been associated with changes 
in immune responses, inflammation, and the development of pulmonary disease [27]. For 
example, the reduction of Parabacteroides could predict airway colonization by P. aeruginosa [28]. 
Furthermore, oral administration of probiotics to patients with CF decreases the frequency 
of exacerbations [29]. In addition to altered intestinal pH in patients with CF secondary to 
the CFTR gene mutation, bicarbonate secretion may impair pulmonary function and give rise 
to lung protein dysfunction while also increasing mucin viscosity. This phenomenon affects 
bacterial clearance in the lungs and alters the lung microbiome [30]. In the present study, a 
significant inverse correlation was observed between intestinal inflammation and pulmonary 
involvement, indicating a strong connection between the gut and lung.
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Malnutrition (especially undernutrition) is a common complication in individuals with CF. 
Some of the factors that contribute to failure to thrive are inadequate calorie intake due to 
poor appetite, acute/chronic pulmonary infections, high energy intake, energy loss due to 
malabsorption by incorrect adjustment of enzyme dose, or abnormal pH to improve the 
effectiveness of PERT, small intestinal bacterial overgrowth, and intestinal dysbiosis [31,32]. 
Furthermore, studies have shown positive correlations between weight, height, and weight-
for-height Z scores and FC levels [10,18,19]. However, no such associations were observed in 
other studies [22,33] as we detected an inverse correlation between intestinal inflammation 
and anthropometric assessment. Therefore, it was concluded that in addition to a sufficient 
dose of PERT and proper nutritional recommendations, strategies for the correction of 
inflammation may play a key role in weight gain in patients with CF.

Interestingly, it seems that the common pathway of all influential factors for calprotectin 
is the altered intestinal microbiota. The current findings suggest a significant inverse 
correlation between the richness of the CF microbiota (e.g., Bacteroides) and intestinal 
inflammation [34]. Moreover, the association of the intestinal microbiota with FEV1 and 
growth factors was confirmed in the current study [35], while the question whether intestinal 
dysbiosis is the main influential factor in altered FC levels or the confounding factor for this 
correlation remains unanswered. The main limitation of this study was that we were unable 
to evaluate the possible confounding effects of the intestinal microbiota on this association. 
To the best of our knowledge, this is the first study to report a pooled estimation of the 
association between FC and phenotype severity in patients with CF.

CONCLUSION

According to the results of this evaluation of the published literature, FC is a noninvasive 
marker that could be applicable for the detection of gastrointestinal inflammation and the 
assessment of the severity of the disease in patients with CF.
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