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Abstract

Introduction—In stable adult cystic fibrosis (CF) patients, we assessed the role of baseline high 

sensitivity C-reactive protein (hs-CRP) on CF clinical variables and frequency of intravenous (IV) 

treated pulmonary exacerbations (PExs) 1-year post-baseline.

Methods—We recruited 51 clinically stable CF patients from our Adult CF Center. We 

incorporated collected parameters into Matouk CF clinical score and CF questionnaire-revised 

quality of life score (QOL). We used the clinical minus complications subscores as a clinical 

disease activity score (CDAS). We dichotomized our patients according to the cohort median 

baseline hs-CRP of 5.2 mg/L.
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Results—Patients in the high hs-CRP group (≥ 5.2 mg/L) demonstrated worse CDAS (r=0.67, 

p=0.0001) and QOL scores (r=0.57, p=0.0017) at a given FEV1% predicted. In both hs-CRP 

groups, prior-year IV-treated PExs and baseline CDASs were significant predictors of future IV-

treated PExs. Interestingly, the association between baseline CDAS and future PExs frequency was 

more robust in the high compared to the low hs-CRP group (r=−0.88, p<0.0001, r=−0.48, p=0.017, 

respectively) with a steeper regression slope (p=0.001). In addition, a significant interaction was 

demonstrated between elevated baseline hs-CRP levels and CDASs for the prediction of increased 

risk of future PExs (p=0.02). This interaction provided an additional indicator of clinical disease 

activity and added another dimension to the prior year PExs frequency phenotype to identify 

patients at increased risk for future PExs.

Conclusion—Stable CF patients with elevated baseline hs-CRP (≥ 5.2 mg/L) demonstrated 

worse clinical disease activity and QOL scores at a given level of disease severity (FEV1% 

predicted). Elevated baseline hs-CRP values combined with clinical disease activity scores are 

associated with increased risk for future IV-treated PExs even in those with mild clinical disease 

activity scores.
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Introduction

Cystic fibrosis (CF) lung disease is characterized by a chronic bacterial infection associated 

with a persistent, exaggerated, and ineffective neutrophil-mediated inflammation. Both 

infection and inflammation lead to permanent structural damage of the airways that progress 

to respiratory failure and death [1].

Pulmonary exacerbations (PExs) requiring intravenous (IV) antibiotic treatment represent 

important clinical events in the course of CF disease. An increased frequency of PExs 

significantly contributes to morbidity, the rate of decline of forced expiratory volume in 1 

second, and mortality [2–4]. Systemic markers of inflammation, C-reactive protein (CRP), 

calprotectin, and vascular endothelial growth factor, are biomarkers that most consistently 

correlate with acute PExs of CF. These biomarkers increase at the clinical onset of such 

events and decrease with effective treatment [5].

Three previous prospective studies used systemic biomarkers at the end of CF PExs 

treatment for predicting the time until the next exacerbation [5–7].

Wojewodka et al. [7] studied a cohort of 52 adult patients with CF. They demonstrated that 

stable patients who developed PExs over a 1-year follow-up had worse baseline disease 

severity (based on spirometry), worse baseline Clinical and Complications subscores based 

on the Matouk CF Disease Score, and worse self-reported quality of life (QOL) scores. 

Interestingly, this was associated with higher inflammatory markers, namely interleukin-6 

and interleukin-10. In their study, there was a trend (not significant) for high CRP levels to 

be associated with a high risk of PExs. Reid et al. [8] recently studied 57 adult patients with 
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CF. They showed that in stable patients, serum calprotectin levels at baseline predicted 

future exacerbations in terms of a shorter time to the next exacerbation. Additionally, there 

was a decline in lung function, particularly forced vital capacity, over a 1-year follow-up. A 

much weaker association was noted with baseline CRP, with no effect on a decline in lung 

function.

Three studies in patients with CF identified prior intravenously (IV)-treated PExs as a 

significant hazard for future IV-treated PExs [9–11]. A more recent multicenter study 

showed that the number of prior-year IV-treated PExs of CF was a primary independent risk 

factor for future IV-treated PExs over 24-weeks follow-up [12]. This was the case even after 

adjustment with significant demographic and clinical covariates. There were no systemic or 

sputum biomarkers included in the covariates.

In the present study, we aimed to further examine the role of baseline high sensitivity CRP 

(hs-CRP) levels on clinical CF disease variables. We hypothesized that elevated baseline hs-

CRP levels in stable adult patients with CF are associated with the following: 1) worse 

disease severity (as measured by FEV1% predicted), worse clinical and complications 

subscores (as an index of clinical disease activity) and QOL scores, and increased frequency 

of IV-treated PExs 1-year prior and post-baseline; and 2) worse clinical disease activity for 

the same level of disease severity. We also wished to explore the role of baseline hs-CRP 

levels on the ability of predictor variables, such as baseline FEV1% predicted, clinical and 

complications subscores, and the number of IV-treated PExs 1-year prior to the beginning of 

the study (baseline; prior-year PExs), to determine the frequency of IV-treated PExs 1-year 

post-baseline (PExs 1-year post-baseline).

Methods

In this observational cohort study, we enrolled 51 clinically stable patients who were 

followed at the Adult CF Clinic at the Montreal Chest Institute and prospectively followed 

them for 12 months. Clinical stability was defined as the absence of PExs requiring IV or 

oral antibiotic therapy in the preceding 4 weeks. There is no standard approach to 

prospectively define an exacerbation or to assess its severity. We used The European 

Consensus Group’s view to define PExs as the need for additional antibiotic treatment as 

indicated by a recent change in at least two of the following: a change in sputum volume or 

color; increased coughing; increased dyspnea; increased malaise, fatigue or lethargy; 

anorexia or weight loss; and a decrease in pulmonary function by ≥ 10% or radiographic 

changes [13]. These features have been used to define PExs in a national treatment guideline 

[14]. In this study, we defined IV-treated PExs as those with severe enough symptoms and 

signs affecting patients’ activities [15]. We also extracted from the patients’ medical records 

the number of IV-treated PExs 1-year prior to baseline.

All enrolled patients gave written consent to participate in the study. The study was 

approved by the Ethics Review Board of the McGill University Health Centre.
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Clinical data, clinical scoring, and plasma hs-CRP measurement

Demographic and clinical information, including patient-reported symptoms, were obtained 

at the initial visit and subsequent regular visits and those for PExs. Spirometry was 

performed according to standards that were established by the American Thoracic Society 

[16]. Microbiology data were obtained from routine sputum cultures at the McGill 

University Health Centre microbiology laboratory. Chest radiographs were scored according 

to the modified Brasfield scoring system. These data were incorporated into the Matouk CF 

score, which was previously described and validated [7,17,18]. Briefly, the total score 

comprises four subscores of clinical, pulmonary function (PFT), chest radiography (CXR), 

and complications subscores. Healthier patients have higher scores for clinical, PFT, and 

CXR subscores and lower values for the complications subscore. The Total Score=(Clinical

+PFT+CXR subscores)–(the complications subscore). A full description of the scoring 

method is shown in supplementary file.

We also used the clinical minus complications subscore as a clinical disease activity score 

(CDAS). This score encompasses patient-reported key symptoms, physician-documented 

clinical signs, and CF-related complications adding to CF disease activity. The 

complications subscore includes: 1) The frequency of prior-year IV-treated PExs — A five-

point deduction is allowed if the patient had an exacerbation over the past 3 months. A two-

point deduction is allowed if the patient had an exacerbation over the past 12 months. A 

maximum deduction of seven points is allowed. The patient regains his deducted points in 

the absence of exacerbations over the respective periods. 2) The severity of hypoxemia, 

presence of hypercapnea, previous intubation. 3) The frequency and severity of hemoptysis. 

4) The frequency of pneumothorax. 5) Cor pulmonale, right heart failure and 6) Pulmonary 

resection surgery. A lower clinical minus complications subscore denotes a worse CDAS.

High sensitivity CRP levels were measured in plasma samples by the extended range 

turbidimetric method: (SYNCHRON® System(s) CRPH reagent; Beckman Coulter Inc., 

Brea, CA, USA). This hs-CRP test has an analytical range of 0.20 mg/L to 80.00 mg/L and a 

cut point of 5 mg/L as acute phase reactant. Analytical sensitivity can be defined as the 

lowest measurable concentration which can be distinguished from zero with 95% confidence 

is 0.11 mg/L. Functional sensitivity ≤ 0.09 mg/L (at Coefficient of Variance of 19.1%). 

Manufacturer’s Coefficient of Variance: 4.9% at 0.21 mg/L, 2.5% at 1.05 mg/L, 0.92% at 

2.99 mg/L, 1.53% at 10 mg/L, 1.68% at 59.38 mg/L. Current Instrument Coefficient of 

Variance (in-house): 1.02% at 5.5 mg/L, 1.27% at 27 mg/L.

Patient-reported QOL

The QOL evaluation was recorded at baseline (n=51) by a self-administered questionnaire 

using the CF questionnaire-revised (CFQ-R). The CFQ-R comprises 50 items associated 

with three symptom sores (weight, respiratory function, and digestion) and nine QOL 

domains (physical, vitality, emotional, eating disturbances, treatment burden, health 

perceptions, body image, social functioning, and role/school functioning) [19]. We also 

included a total score as the sum of the scores for all the items in the questionnaire. Higher 

scores reflect healthier disease status.
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Statistical analysis

Patients were dichotomized into two groups based on the median baseline plasma hs-CRP 

values of the cohort (low: <5.2 mg/L; high: ≥ 5.2 mg/L). The Student’s t-test or Mann-

Whitney U test was used for comparison of means of all disease variables between the low 

and high hs-CRP groups. Fisher’s exact test (two-tailed) was used to assess the statistical 

significance of the association between certain CF-related complications, medications, 

genotype, and the two hs-CRP groups. Pearson correlations were used to estimate the 

various associations of FEV1% predicted, CDAS, QOL items, and frequency of PExs in the 

two hs-CRP groups. Analysis of covariance was used to assess the statistical significance of 

differences between regression slopes. We then used Poisson regression models to estimate 

the interactions between baseline continuous hs-CRP values, FEV1% predicted, CDAS, and 

the frequency of prior-year PExs for prediction of the frequency of PExs 1-year post-

baseline. Statistical significance was set at p values <0.05. Data were analyzed using SAS 

version 9.4 statistical software (Cary, NC, USA).

Results

Patient cohort characteristics

A total of 51 patients were enrolled in this study and followed up for 12 months. A total of 

53% of patients were female and the mean age was 33 years (SD 13.6 years). The mean 

FEV1% predicted was 62.6% (SD 28.27), representing a moderate level of disease severity. 

The mean body mass index was 21.9 kg/m2 (SD 4.16), representing adequate nutritional 

status [20]. The mean hs-CRP level was 7.2 mg/L (SD 6.7, range: 0.3 mg/L to 26.4 mg/L), 

with a median of 5.2 mg/L (interquartile range: 1.8 mg/L to 9.2 mg/L).

Patients’ characteristics between the two groups according to baseline hs-CRP levels

We first performed a cross-sectional analysis to compare the characteristics of patients who 

were dichotomized into two groups according to their baseline hs-CRP levels measured 

during a stable clinical state (Table 1). Although such categorization may lead to loss of 

information compared with using continuous hs-CRP values, the use of cut points is 

clinically useful in evaluating their respective associations with indices of clinical disease 

severity and activity [21].

Patients with high hs-CRP levels had significantly lower FEV1% and FVC% predicted and 

worse CDASs than those with low hs-CRP levels (Table 1). The total QOL score, 

predominantly represented by the physical, vitality, health perceptions, body image, role 

functioning, and social domains, was also lower in patients with high hs-CRP levels than in 

those with low hs-CRP levels. However, there was only a trend (not significant) towards 

lower respiratory symptoms scores in patients with high hs-CRP levels. This finding might 

be secondary to the chronic nature of the symptoms captured in the CFQ-R respiratory score 

that are pervasive among patients with different degrees of disease severity.

We demonstrated a significant correlation between bacteriological score and hs-CRP levels 

(r=−0.56, p<0.0001). However, the sputum microbiology of the two hs-CRP groups was 

significantly different. Notably, 93% of patients in the high CRP group were colonized with 
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Pseudomonas aeruginosa (74% mucoid P. aeruginosa, 11% multidrug resistant P. aeruginosa, 

7% non-mucoid P. aeruginosa) and only 7% were colonized with Staphylococcus aureus. In 

contrast, 53% of patients in the low CRP group were colonized with P. aeruginosa (21% 

mucoid P. aeruginosa, 8% multidrug resistant P. aeruginosa, 17% non-mucoid P. aeruginosa), 

33% with S. aureus and 21% with normal flora. Interestingly, all patients with baseline hs-

CRP>10 mg/L, accounting for 22% of the study cohort, were colonized with mucoid P. 
aeruginosa or multidrug resistant P. aeruginosa.

Also, the absolute neutrophil count, although within the normal limits in the 2 hs-CRP 

groups, was significantly more elevated in the high versus low hs-CRP group.

Importantly, patients in the high hs-CRP group experienced more PExs events in the year 

preceding and following the initial baseline visit (Table 1).

There were no significant differences in CF-related conditions (insulin-dependent CF-related 

diabetes, allergic bronchopulmonary aspergillosis, asthma and asthma-like symptoms), 

medications, and cystic fibrosis transmembrane regulator (CFTR) genotype between the two 

hs-CRP groups. There was a trend (not statistically significant) for Inhaled corticosteroids to 

be used more frequently in the low hs-CRP group compared to the higher group. 

Interestingly, in our study cohort, asthma and asthma-like symptoms were observed in 50% 

of the patients. Notably, 10 patients (37%) in the high hs-CRP group compared to 15 

patients (62.2%) in the lower hs-CRP group (p=0.09) (Table 2).

Role of dichotomized baseline hs-CRP levels on CDASs and QOL scores for a given 
FEV1% predicted

Because the low and high hs-CRP groups showed significant differences in their 

characteristics, we hypothesized that they represent patient populations with different 

relationships between lung function and clinical disease activity variables. We evaluated the 

role of baseline hs-CRP on CDAS and QOL scores at a given level of disease severity. We 

first observed that FEV1% predicted and the CDAS showed a significant correlation in the 

whole cohort (r=0.68, p<0.0001). However, this correlation was significantly more robust 

and showed a steeper slope in the high hs-CRP group compared with the low hs-CRP group 

(Figure 1A). Patients in the high hs-CRP group had lower CDASs at a given level of FEV1% 

predicted and a greater decline in the CDAS for a given decrease in FEV1% predicted than 

those in the low hs-CRP group.

We also observed a significant correlation between FEV1% predicted and the Health 

perceptions QOL domain in the entire patient cohort (r=0.5, p=0.0002). However, the 

correlation was significant only in the high versus low hs-CRP group (r=0.65, p=0.0002; 

r=0.17, p=0.1 respectively) and demonstrated a steeper slope (p=0.03) (Figure 1B).

We did not observe a significant correlation of FEV1% predicted with the respiratory 

symptoms scores.

Taken together, these results suggested that patients in the high hs-CRP group had a more 

clinically active disease as documented by physician and perceived by patients compared to 

those in the low hs-CRP group, despite similar lung function measurements (Figure 2).
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Role of dichotomized baseline hs-CRP levels on predictor variables for future PExs

We hypothesized that the two hs-CRP groups represent patient populations with different 

associations of predictor variables (FEV1% predicted, CDAS, and frequency of prior-year 

PExs) for the frequency of future PExs.

We expected that the risk of PExs is greater as lung function declines. The correlation 

between baseline FEV1% predicted and the frequency of PExs 1-year post-baseline was 

significant in the whole cohort (r=−0.54, p<0.0001). When dichotomized, we observed a 

significant correlation only in the high versus low hs-CRP group (r=−0.59, p=0.001; r=

−0.301, p=0.15, respectively), with a steeper slope in the high hs-CRP group (p=0.008). 

However, the correlation was no longer significant when adjusted for the CDAS and prior-

year PExs (r=0.04).

The correlation between the CDAS and the frequency of PExs 1-year post-baseline was 

significant in the entire patient cohort (r=−0.82, p<0.0001). However, this correlation was 

more robust in the high hs-CRP group compared with the low hs-CRP group, with a steeper 

slope in the high hs-CRP group (p=0.001) (Figure 1A). This correlation was still significant 

after adjusting for FEV1% predicted and prior-year PExs (r=−0.72).

The correlation between the frequency of prior-year PExs and the frequency of PExs 1-year 

post-baseline was significant in the whole cohort (r=0.77, p<0.0001), as well as in the high 

and low hs-CRP groups (Figure 1B). There was no significant change in this correlation 

after adjusting for FEV1% predicted and CDAS (r=0.48) (Figure 1).

Poisson regression analysis of predictor variables for the frequency of future PExs

We then performed Poisson regression analysis to estimate the interactions of all predictor 

variables (CDAS, frequency of prior-year PExs, FEV1% predicted, continuous hs-CRP 

values) for the rate of future PExs. We first included all predictor variables in the model 

(Table 3). Each unit increase in CDAS was expected to decrease the frequency of future 

PExs by a factor of 0.93 (7.5% decrease), while the other variables were constant. Each unit 

increase in the frequency of prior-year PExs was expected to increase the frequency of future 

PExs by a factor of 1.33 (33% increase), while the other variables were constant. FEV1% 

predicted and continuous hs-CRP values did not reach statistical significance after adjusting 

for the other predictors.

We then performed Poisson regression analysis selectively with each predictor variable and 

its interaction with continuous hs-CRP values.

For each unit increase in CDAS, the expected risk ratio was 0.90 (95% CI: 0.88–0.92) (i.e., 

the rate of PExs was expected to decrease by 10%). There was a significant interaction 

between continuous hs-CRP values and CDAS (p=0.02). Therefore, in a subject with an hs-

CRP value of 1.8 mg/L (25th percentile), for each unit increase in CDAS, the rate of PExs 

was expected to decrease by 17%. For a subject with an hs-CRP of 5.2 mg/L, the rate of 

exacerbations was expected to decrease by 15%. For a subject with an hs-CRP value of 9.2 

mg/L (75th percentile), the rate of exacerbations was expected to decrease by 13%. 
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Therefore, the strength of the association between a better CDAS and the frequency of future 

PExs slightly decreases as hs-CRP levels increase.

The frequency of prior-year IV-treated PExs was also predictive of the frequency of IV-

treated PExs 1-year post-baseline. For each additional prior PEx, the rate of future PExs was 

expected to increase by 48%, (risk ratio 1.52 (95% CI: 1.35–1.71)), with no significant 

interaction with hs-CRP levels (p=0.19).

Baseline FEV1% predicted was predictive of the rate of future PExs. For each unit increase 

in FEV1% predicted, the exacerbation rate decreased by 4% (95% CI: 2–6). However, there 

was no effect modification by interaction with continuous hs-CRP values (p=0.29).

Baseline hs-CRP levels were predictive of the rate of PExs. Each unit increase in baseline 

hs-CRP levels was associated with an increased risk of the rate of exacerbations by 9% (risk 

ratio per unit increase in CRP level: 1.09; (95% CI: 1.05–1.14). After adjustment for FEV1% 

predicted, each unit increase in hs-CRP level was expected to increase the rate of 

exacerbations by 4%. However, this effect was not significant (p=0.11).

Discussion

The present study provided important findings regarding the role of baseline hs-CRP levels 

in clinically stable adult patients with CF. We found significant cross-sectional differences in 

CF disease characteristics and outcomes in the patient cohort, which was dichotomized 

according to baseline hs-CRP values using the median cohort value as a cut-off level (5.2 

mg/L). Patients in the high hs-CRP group demonstrated lower baseline FEV1% predicted, 

worse baseline CDASs and QOL scores, and a higher frequency of prior-year and 1-year 

post-baseline PExs compared with those in the low hs-CRP group. Patients in the high hs-

CRP group also had worse CDAS and QOL scores for a given level of disease severity 

(FEV1% predicted) and a steeper slope of these variables for a given change in FEV1% 

predicted compared with those in the low CRP group. In both hs-CRP groups, prior-year 

PExs were a significant predictor of future PExs, with no interaction with hs-CRP values. 

Although baseline CDASs were a significant predictor for future PExs in the whole cohort, 

this relationship was more robust in the high compared to the low hs-CRP group and with a 

steeper regression slope. Furthermore, a significant interaction was observed between the 

CDASs and hs-CRP levels for the prediction of future PExs, thereby providing an additional 

indicator of clinical disease activity.

Additionally, we found a different distribution in sputum microbiology between the two hs-

CRP groups. There was a predominance of mucoid P. aeruginosa in the high hs-CRP group 

and a predominance of S. aureus and normal flora in the low hs-CRP group. However, not 

all patients with predominant mucoid P. aeruginosa colonization had elevated baseline hs-

CRP levels, while some patients with predominant S. aureus colonization had elevated hs-

CRP levels. These findings may be partly explained by the heterogeneity of the airway 

bacterial infections and the divergent host inflammatory response they can elicit.

In view of the small number of patients, the contribution of associated diseases relevant to 

CF was not specifically addressed. Interestingly, there was a trend (not significant) for 
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patients in the low CRP group to demonstrate more asthma symptoms compared to the high 

CRP group. Our findings are in agreement with the previously reported asthma and asthma-

like symptoms in 40% to 70% of CF patients [22,23]. However, the term cystic fibrosis 

asthma is usually coined to describe patients with cystic fibrosis who have episodes of acute 

airway obstruction reversed by bronchodilators, a strong family history of asthma, or 

evidence of atopy [24–26]. According to these criteria, about 20% of patients with cystic 

fibrosis have asthma (about twice the expected prevalence) [25]. Further studies are needed 

to evaluate the natural history of CF asthma phenotype compared to CF patients who 

develop asthma-like symptoms during the course of their disease.

The cross-sectional differences between the two groups in our study suggested that stable 

patients with CF, even those with mild elevation in baseline hs-CRP levels, may be 

significantly associated with different clinical variables of CF. In fact, the median hs-CRP 

level in the high hs-CRP group was 8.8 mg/L (interquartile range: 7.2 mg/L to 17.8 mg/L), 

while the median of 0.8 mg/L and 99th percentile of 10 mg/L were reported in healthy 

volunteers [27]. Additionally, 59% of these patients showed an a hs-CRP value between 5 

mg/L and 10 mg/L. In the low hs-CRP group (median: 1.75 mg/L; interquartile range: 0.47 

mg/L to 3.42 mg/L), 42% of patients had hs-CRP levels <1 mg/L, which is close to the 

reported median in healthy volunteers, and 72% had hs-CRP levels <3 mg/L (cut point set 

for patients with chronic obstructive pulmonary disease as a predictor of future outcomes) 

[28,29].

Previous studies have demonstrated an inverse correlation between hs-CRP levels at baseline 

and FEV1% predicted [30–33]. However, in contrast to our study, the directionality of the 

relationship was not determined [30]. None of these previous studies examined the role of 

baseline hs-CRP levels on indices of clinical disease activity, QOL items, and the frequency 

of future PExs at a given level of disease severity (FEV1% predicted).

In the whole cohort, we observed that lower FEV1% predicted was associated with a higher 

rate of PExs 1-year post-baseline. However, this association was only significant in the high 

hs-CRP group and was no longer significant after adjusting for the CDAS and the rate of 

prioryear PExs.

In both hs-CRP groups, prior-year pulmonary exacerbations and baseline CDAS were 

significant predictors of future pulmonary exacerbations. Interestingly, the association 

between CDASs and future pulmonary exacerbations frequency was more robust in the high 

compared to the low hs-CRP group. In addition, a significant interaction was demonstrated 

between baseline hs-CRP levels and CDASs for the prediction of future PExs. This 

interaction suggested that the potential beneficial role of better CDASs in predicting a 

decreased risk for future PExs is less efficient at high hs-CRP values. As previously 

mentioned, the CDAS includes the frequency of prior-year PExs (up to a maximum of 7 

points deduction over the preceding 12 months), as well as the effect of these exacerbations 

on the items of the clinical and complications subscores. Our results suggest that a state of 

heightened and persistent low-grade systemic inflammation, as observed by an elevation in 

baseline hs-CRP levels, may contribute to increased susceptibility for future PExs. Given the 

hs-CRP plasma half-life of 19 hours, the sole determinant of persistent elevation in 
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circulating hs-CRP concentrations is the intensity and persistence of the pathological 

process(es) stimulating its production [22]. Although the molecular and biological 

mechanisms underlying this systemic inflammatory state are unclear, our findings may add 

to our understanding of the relationships between clinical disease severity/activity and 

inflammation.

Our results add a further dimension to the contribution of the prior-year PExs phenotype for 

identifying patients at increased risk for future PExs. They may help in evaluating this 

predictor variable within the context of the overall clinical picture and interaction with a 

systemic inflammatory biomarker, such as hs-CRP. Our findings resemble those observed by 

Thomsen et al. [21]. They found that in patients with chronic obstructive pulmonary disease, 

elevated levels of inflammatory biomarkers (CRP, fibrinogen, and leukocyte count) were 

associated with an increased risk of PExs, even in those with mild chronic obstructive 

pulmonary disease.

This enhanced risk stratification may also help in identifying patients who could benefit 

most from more intensive therapy targeting the vicious circle of infection and inflammation. 

Interestingly, Ratjen et al. [34] evaluated oral azithromycin in pediatric patients with CF who 

were uninfected with P. aeruginosa. They found a significant reduction in systemic 

inflammatory markers (hs-CRP, calprotectin, serum amyloid A), associated with 

improvement in FEV1 (L) and FEV1% predicted within 28 days of treatment. Additionally, 

Sullivan et al. [35] reported a retrospective analysis of the effects of lumacaftor and ivacaftor 

on inflammatory biomarkers in patients homozygous for the F508del-CFTR mutation. They 

observed improvement in FEV1% predicted associated with a reduction in calprotectin, hs-

CRP, IgG, interleukin-8 levels and Neutrophil cell count. In that study, the reduction of IV-

treated PExs rates was more pronounced compared to the modest improvement in FEV1% 

predicted. Their findings support the effect of a CFTR modulator on CF-mediated 

inflammation. These studies highlight the beneficial effect of modulating a heightened 

inflammatory state in patients with CF and underscore the potential clinical significance of 

our results.

The present study has several limitations. As a single-center, observational, cohort study, its 

modest number of patients limits its statistical power and generalizability. We also evaluated 

the contribution of a single baseline measurement of hs-CRP to assess its associations with 

lung function and clinical disease activity in a cross-sectional manner. Therefore, we can 

only infer an association, without any insight into the causal relationships involved. We also 

need to exclude the possibility that elevated hs-CRP levels are not the result of another 

pulmonary or extra-pulmonary pathology, which is infectious or inflammatory.

Larger, multicenter, prospective, longitudinal studies are required to evaluate the role of hs-

CRP and other systemic biomarkers alone or in combination in tracking disease activity and 

progression.
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Conclusions

In conclusion, stable adult patients with CF with elevated baseline hs-CRP levels (≥ 5.2 

mg/L) show not only lower baseline FEV1% predicted, but worse baseline clinical disease 

activity and QOL scores, and increased frequency of prior-year and 1-year post-baseline 

PExs. These patients also have worse CDASs and QOL scores at a given level of disease 

severity (FEV1% predicted). An elevated baseline hs-CRP level combined with CDAS is 

associated with an increased risk for future IV-treated PExs, even in those with a mild 

CDAS.
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Refer to Web version on PubMed Central for supplementary material.
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Cystic Fibrosis

hs-CRP
High sensitivity C-Reactive Protein
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Pulmonary Exacerbation
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Pulmonary Exacerbations
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FEV1% predicted
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CDAS
Clinical Disease Activity Score

IV
Intravenous

Prior-year PExs
IV-treated Pulmonary Exacerbations 1-year Prior to Baseline

PExs 1-year post-baseline
IV-treated Pulmonary Exacerbations 1-year Post Baseline

CFRD
Cystic Fibrosis Related Diabetes

ABPA
Allergic Bronchopulmonary Aspergillosis

CFTR
Cystic Fibrosis Transmembrane Regulator Protein

ΔF508
F508del-CFTR
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Figure 1. 
A) Correlations between the baseline CDAS and frequency of IV-treated PExs 1 year post 

baseline, dichotomized by CRP groups. △ indicates CRP levels <5.2 mg/L (r=−0.48, 

p=0.017); ● indicates CRP levels ≥ 5.2 mg/L (r=−0.88, p=<0.0001). The value p=0.001 

indicates significance between regression slopes. B) Correlations between the frequency of 

prior-year and 1 year post-baseline IV-treated PExs, dichotomized by CRP groups. △ 
indicates CRP levels <5.2 mg/L (r=0.52, p=0.0089). ● indicates CRP levels ≥ 5.2 mg/L 

(r=0.77, p=<0.0001).
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Figure 2. 
A) Correlations between FEV1% predicted and the CDAS dichotomized by CRP groups. △ 
indicates CRP levels <5.2mg/L (r=0.52, p=0.009); ● indicates CRP levels ≥ 5.2 mg/L 

(r=0.67, p=0.0001). The value p=0.03 indicates significance between regression slopes. B) 

Correlations between FEV1% predicted and the Health perceptions QOL domain 

dichotomized by CRP groups. △ indicates CRP levels <5.2 mg/L (r=0.17, p=0.1). ● 
indicates CRP levels ≥ 5.2 mg/L (r=0.65, p=0.0002). The value p=0.03 indicates 

significance between regression slopes.
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Table 1

Patients’ characteristics according to baseline hs-CRP levels. Data are shown as mean (SD). The p values 

designate statistical difference between the two groups using the Student’s t-test or Mann-Whitney U test 

when values were not normally distributed. Significance was set at p<0.05.

Variables hs-CRP <5.2 mg/L (N=24) hs-CRP ≥ 5.2 mg/L (N=27) P

Mean (SD) Mean (SD)

Age last visit (years) 36.5 (15.2) 30.66 (11.9) 0.13

CRP mg/L (F/M) 2.1 (1.6)/1.8 (1.5) 11.6 (5.02)/11.9 (7.1) 0.68/0.86

FEV1% predicted 76.5 (28.1) 49.8 (22.5) 0.0005

FVC% predicted 94 (23.1) 66.62 (23.9) 0.0001

BMI (kg/m2) 22.6 (4.7) 21 (3.5) 0.182

Clinical subscore (0–50 points) 38.7 (4.1) 34.03 (3.6) 0.0001

Complications subscore (0–37 points) 1.2 (1.8) 3.77 (4.6) 0.016

PFT subscore (0–25 points) 19.08 (5.8) 14.22 (5.8) 0.009

CXR subscore (0–25 points) 18.5 (2.5) 14.8 (2) <0.0001

Total score (0–100 points) 74.7 (12.6) 59.37 (13.5) 0.0001

Clinical-complications subscore† 37.4 (5.3) 30.3 (7.7) 0.0005

Bacteriological subscore (1–5 points) 3.4 (1.2) 2.11 (0.6) <0.0001

CFQ-R domains and symptoms

Weight 68 (33) 61.7 (41) 0.55

Respiratory 71 (19.4) 63.3 (12.2) 0.07

Digestion 81.5 (12.9) 75.3 (20.9) 0.21

Physical 82.4 (19) 59.7 (26.2) 0.001

Vitality 68.7 (14.1) 59.5 (14.7) 0.028

Emotion 84.7 (16) 78 (15.9) 0.14

Eating 92.8 (11.8) 88.8 (19.7) 0.39

treatment burden 70.3 (29.2) 63.7 (17.3) 0.32

health perceptions 75.9 (19.8) 61.3 (19.5) 0.011

body image 79.6 (21.6) 63.3 (26.4) 0.02

Social 80 (17) 68.72 (16.9) 0.02

Role 90.6 (13.7) 75.5 (21.9) 0.005

Total (0–1200 points) 946 (137) 819.3 (148.4) 0.002

NE (109/L) NR: 1.6–7.7) 5.58 (2.1) 7.63 (2) 0.001

IV Antibiotics 1 year prior (N) 0.25 (0.53) 1.55 (2.04) 0.003

IV Antibiotics 1 year post (N) 0.41 (1.01) 1.77 (2.22) 0.008

CFQ-R: Cystic Fibrosis Questionnaire-Revised, domains and symptoms scores; NE: absolute neutrophil count; NR: Normal Range; N: number of 
pulmonary exacerbations requiring intravenous (IV) antibiotics;

†
Clinical-Complications subscore was used as the clinical disease activity score (CDAS).
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Table 2

Associated conditions, medications, genotype in the 2 hs-CRP groups.

Variables CRP<5.2 mg/L CRP ≥ 5.2 mg/L P*

(N=24) (N=27)

Associated conditions Number (%) Number (%)

CFRD 3 (11%) 5 (18%) 0.7

ABPA, on prednisone 0 2 (7%) 1

Asthma & asthma like symptoms 15 (62%) 10 (37 %) 0.09

Medications

ICS (inhaled corticosteroids) 15 (62%) 10 (37%) 0.09

Prednisone, oral 0 2 (7%) 0.49

Inhaled Tobi or aztreonam or Colistin 13 (54%) 18 (66%) 0.4

dornase alpha 12 (50%) 18 (66%) 0.26

Azithromycin 15 (62.5%) 23 (85%) 0.1

Ibuprofen 0 1 (3%) 1

Genotype

ΔF508/ΔF508 10 (541%) 14 (51%) 0.57

ΔF508/other 10 (41%) 11 (40%) 1

other/other 4 (16%) 2 (4%) 0.4

CFRD: Cystic Fibrosis-Related Diabetes; ABPA: Allergic Bronchopulmonary Aspergillosis. ΔF508 indicates F508del-CFTR;

*
Fisher’s exact test (two-tailed).
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Table 3

Poisson regression estimates of all predictor variables for the frequency of PExs 1-year post-baseline.

Parameter Rate ratio P 95% CI

CDAS 0.93 0.0006 (0.88, 0.96)

Frequency prior year PExs* 1.33 0.0014 (1.12, 1.58)

FEV1% predicted 0.99 0.37 (0.97, 1.0)

CRP 0.95 0.13 (0.89, 1.0)

*
Estimated via Poisson regression. CDAS: Clinical disease activity score, frequency of prior-year PExs, FEV1% predicted, and continuous CRP 

values were included as linear effects.
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