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Purpose: The aim of this cross-sectional study was to identify the major factors influencing
pulmonary function in CF patients from western side of Romania.

Patients and Methods: The study enrolled 51 patients with CF between the ages of 6 and
27.8 years who were monitored at regular visits to the National Cystic Fibrosis Centre and
Pius Branzeu County Hospital in Timisoara, Romania, over a period of 2 years. The
relationships between lung function, as measured by forced expiratory volume in 1
s (FEV)), with patient age, sex, body mass index (BMI), pancreatic insufficiency (PI),
microbial infection, CF-related diabetes (CFRD), CF-associated liver disease (CFLD), and
physical activity <30 min/day, were evaluated by multivariate regression analysis.

Results: The results showed that FEV1 was 0.32% higher for each increase in percentile of
BMI (95% confidence interval: 0.034-0.619). In addition, mean FEV, was 1.52% lower with
every year rise of age. PI and female sex increased the risk of impaired lung function (FEV,
<60%). The factors most closely correlated with pulmonary function in pediatric CF patients
were current age (negative) and BMI (positive).

Conclusion: The findings of this study, in combination with what is known from other
studies in CF, suggest that a better nutritional status and infection prophylaxis should be part
of a comprehensive clinical management strategy for pediatric CF in Romania.
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Introduction

Cystic fibrosis (CF) is an autosomal recessive genetic disease in children' that has
serious adverse impacts on patients’ quality of life and life expectancy.? CF is the
most common potentially lethal monogenic disease in the Caucasian population and
has variable clinical presentation,® but usually progresses to chronic obstructive
pulmonary disease with frequent pulmonary infections,® chronic steatorrhea asso-
ciated with exocrine pancreatic insufficiency (PI), liver disease or secondary
diabetes.’ polyposis,
azoospermia,”® meconium ileus, rectal prolapse, and salt loss syndrome are possi-

Osteopathy, nasal chronic  sinusitis, obstructive
ble manifestations or complications of CE.’

Lung disease is the major problem associated with CF in terms of prognosis and
management.® The clinical course of CF is influenced by frequent pulmonary
exacerbations that cause structural and functional damage to the lungs,’ highlight-
ing the importance of therapeutic interventions that preserve lung function.” Factors
affecting pulmonary function include patient age, body mass index (BMI)'*!"
female sex, PI,IZ’13 CF-related diabetes (CFRD), CF-associated liver disease

(CFLD),'* and respiratory bacterial infections'* requiring repeated and long courses
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of antibiotics.'> Because of a lack of neonatal screening in
Romania, CF patients are diagnosed late, subsequently fail
to thrive, and have an increased frequency of chronic
infections in addition to altered lung function. A good
clinical outcome for CF depends on improving lung func-
tion, which is difficult to achieve in Romania in the
that
Romanian CF patients require a complete evaluation, the

absence of modulator therapies. Considering
effect of factors influencing the lung function of our
patients turn out to be important to be assessed. This was
addressed in a cross-sectional study of a cohort of CF
patients who were monitored over a 2-year period at the
National Cystic Fibrosis Centre and Pius Branzeu County

Hospital in Timisoara, Romania.

Materials and Methods

Patients

From May 2017 to June 2019, CF patients from Western
Romania who regularly visited the National Cystic
Fibrosis Centre in Romania were screened for eligibility
to participate in the study. The inclusion criteria were as
follows: patients with typical CF who were capable of
performing the spirometry test, were not experiencing
pulmonary exacerbation, and regularly visited the center.
Patients who suffered an exacerbation in the last 3 months
were not included. Patients and their guardians consented
in writing to the use of their data for research purposes.
The study was conducted in accordance with the principles
of the Declaration of Helsinki, and was approved by the
Ethics Committee of Pius Branzeu County Hospital (1145/
2016).

Data Collection

At the time of study enrollment, we measured patients’
weight and height to calculate BMI according to US
Centers for Disease Control and Prevention percentiles,'®
collected bacteriologic samples, and carried out screening
for CFLD and CFRD in accordance with national guide-
lines. Based on self-reported physical activity levels, the
patients were classified as active (>30 min/day of physical
activity) or sedentary (physical activity for <30 min/day).
Pulmonary function was assessed by spirometry; forced
expiratory volume in 1 s (FEV,) was recorded as parameter
related to lung function. FEV, was used as the main index
of lung function, and the best FEV, value in each year was
recorded for reference and categorized as follows: >80%,
no obstruction (normal); 80-60%, mild obstruction; 40—

59%, moderate obstruction and <40%, severe obstruction.
No other FEV, value was monitored in this study.
Spirometry was performed outside of periods of exacerba-
tion according to American Thoracic Society/European
Respiratory Society standards, with Global Lung Function
Initiative 2012 reference equations used to calculate pre-
dicted parameter values.!” Data on age at diagnosis of CF,
Pseudomonas infection status and PI, also the patients gen-
otypes were obtained from the center’s medical records.

Data Analysis

Multivariate regression analysis was performed to predict
whether patient characteristics influence FEV,. The inde-
pendent variables were current age, age at CF diagnosis,
BMI,
resistant Staphylococcus aureus (MRSA) infection, PI,
CFRD, CFLD, and physical activity. Quantitative data are
expressed as mean + standard deviation (SD) for continuous

Pseudomonas aeruginosa infection, methicillin-

variables and as counts and percentages for categorical
variables. Kolmogorov—Smirnov test was utilized to deter-
minate the parametric and non-parametric data distribution
and Mann—Whitney U-test, chi-square test and #-indepen-
dent test were used to compare differences between the
subgroups. To test the averages between two independent
groups Mann—Whitney U-test (non-parametric data) was
applied and #-independent test (parametric data). Chi-
square test was used for comparison between independent
groups with binomial data. Adjusted odds ratios (ORs) or
risk ratios (RRs) with 95% confidence intervals (Cls) were
calculated by univariate associations between patients with
different outcomes and each predictor separately. Statistical
analyses were performed with SPSS v20.0 for Windows
(SPSS Inc, Chicago, IL, USA). A P value <0.05 was
considered significant.

Results

Characteristics of the Study Population

A total of 51 patients aged between 6 and 27.8 years of age
(mean + SD: 13.7+5.7 years) were enrolled in the study. The
characteristics of the patients are shown in Table 1. Most
patients (89.5%) were clinically underweight, and the mean
BMI percentile (£SD) was 19.2422.1 (normal: 5th to 85th
percentile). There was a slight majority of male patients
(54.9%). A significant prevalence of F508del mutation exists
in our population, as 52.9%, children were homozygous for
F508del CFTR mutation, followed by 38% of compound
heterozygous F508del/nonF508del and 9.1% with another
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Table | Characteristics of Patients by Age Category

Characteristic All Patients (n=51) Age 6-12 Years (n=25) Age 12-18 Years (n=15) Age >18 Years (n=11)
Sex

Female 23 (45.1) 10 (40) 7 (46.7) 6 (54.5)

Male 28 (54.9) 15 (60) 8 (53.3) 5 (45.5)
Current age 13.79£5.76 9.36x1.92 14.58+2.16 22.76x3.54
Age at CF diagnosis 4.49+4.91 1.98£2.16 4.45+4.31 10.27+5.54
BMI kg/m? (mean % SD) 16.32+2.61 15.2842.49 17.02+2.07 17.67£2.77
BMI percentile 19.27+22.19 24.52+24.58 21.6+20.58 4.18+9.61
FEV,, % 76+21.32 82.92+15.82 70.27+23.91 68.09+14.16
Chronic infection

Pseudomonas 27 (52.9) 10 (40) 8 (53.3) 9 (81.8)

MRSA 10 (19.6) 6 (24) 2 (13.3) 2 (18.2)
Pancreatic insufficiency 42 (82.4) 22 (88) 12 (80) 8 (72.7)
CFLD 28 (54.9) 11 (44) 11 (73.3) 6 (54.5)
CFRD 5(9.8) 1 (4) 1 (6.7) 3(27.3)
Physical activity <30 min/day 21 (41.2) 11 (44) 6 (40) 4 (36.4)

Notes: Data are presented as meantstandard deviation or n (%) unless otherwise indicated.
Abbreviations: BMI, body mass index; CF, cystic fibrosis; CFLD, cystic fibrosis-associated liver disease; CFRD, cystic fibrosis-related diabetes; FEV|, forced expiratory

volume in | s; MRSA, methicillin-resistant Staphylococcus aureus.

genotype. The mean FEV, (£SD) was 76%+21.3% (range:
33-127%).

Multivariate Regression Analysis of
Patient Factors Influencing Pulmonary

Function

Multivariate regression analysis was performed to predict
whether patient characteristics influence FEV,. The indepen-
dent variables were current age, age at CF diagnosis, BMI,
methicillin-resistant
Staphylococcus aureus (MRSA) infection, PI, CFRD,
CFLD, and physical activity. These factors explained 30% of
the variability in the FEV, value (*= 0.301). The results of the
multivariate regression analysis are summarized in Table 2.

Pseudomonas  aeruginosa infection,

The regression model revealed a significant effect of
patients’ current age (P= 0.04) and BMI (P= 0.03) on lung
function: average FEV; was 1.52% lower for higher ages
(95% CI: —2.98 to —0.06). Although a negative association
was found between current age and FEV1 (B= —1.52, p=
0.04), almost the same association was observed between age
at CF diagnosis and FEV1 value but in a positive way (B=
1.52, p=0.081), with no statistical significance. The relation-
ship between BMI and FEV, was positive: a higher BMI was
associated with a higher average FEV1%; mean FEV, was

0.32% higher for each percentile of BMI (95% confidence
interval: 0.03-0.61). No significant correlations were found
between age at CF diagnosis (p= 0.081), P. aeruginosa (p=
0.09), MRSA infection (p= 0.841), PI (p=0.942), CFRD (p=
0.244), CFLD (p= 0.983), or decreased physical activity
(p=0.784) and lung function (Table 2).

Risk Factors for Pulmonary Dysfunction

in Pediatric CF

Nearly half of patients (49.01%) had good lung function
(FEV,; >80%) (Table 3). Patients with moderate or severe
obstruction (FEV; <60%) were diagnosed with CF at
a later age (6.7+4.7 years) than those with mild obstruction
(FEV=60-80%; 3.02+3.7 years) or normal lung function
(FEV, >80%; 4.4+5.3 years). Additionally, the percentage
of patients with chronic Pseudomonas infection was
higher in the FEV| <60% group (72.7%) compared to
the group with normal lung function (40%). Evaluating
the subgroup patients with FEV1<60%, we noticed that
more than half of patients (54.5%) were F508 homozy-
gous, another 36.4% heterozygous for F508, a significant
predominance of 90% for F508del mutation. Only 9.1% of
patients with impaired lung function had non F508del

genotypes.
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Table 2 Results of the Multivariate Regression Analysis of the Effects of Different Variables on FEVI

Variable Unstandardized | Standardized t Significance | 95% CI for B

Coefficients Coefficient

Lower Upper

B SE B Bound Bound
(Constant) 87.976 14.258 6.170 0.000 59.15 116.79
Sex 2.698 6.578 0.064 0410 0.684 -10.5 15.99
Current age —1.524 0.724 —0.412 —2.104 | 0.042 —2.98 —0.06
Age at CF diagnosis 1.521 0.849 0.350 1.790 0.081 —0.19 3.23
BMI percentile 0.327 0.145 0.340 2.253 0.030 0.034 0.6l
Chronic Pseudomonas —11.213 | 6.464 —0.265 —1.735 | 0.090 —24.27 1.85
infection
Chronic MRSA infection —1.524 7.539 —0.029 —0.202 | 0.841 —16.76 13.71
Pancreatic insufficiency 0.662 9.080 0.012 0.073 0.942 —17.68 19.01
CFLD —0.150 7.018 —0.004 —0.021 | 0.983 —14.33 14.03
CFRD 10.059 10.503 | 0.142 0.958 0.344 —11.16 31.28
Physical activity <30 min/day | —1.895 6.860 —0.044 —0.276 | 0.784 —-15.75 11.96

Abbreviations: BMI, body mass index; CF, cystic fibrosis; CFLD, cystic fibrosis-associated liver disease; CFRD, cystic fibrosis-related diabetes; Cl, confidence interval; FEVI,
forced expiratory volume in | s; MRSA, methicillin-resistant Staphylococcus aureus; SE, standard error.

There
between patients with FEV; <60% and those with normal

were statistically significant differences
lung function in terms of current age 18.6 years versus
12.8 years (P=0.008) and BMI percentile (P=0.041).
Patients with FEV; <60% had a lower BMI percentile
than those with FEV; >80% (9+12.3 vs 25.2424.6) and
were older (18.6+6.2 vs 12.86£5.3 years). The mean
FEV, in patients with moderate or severe obstruction
was almost half the value of those with normal lung
function (44%=7.05% vs 93.3%=10.3%). About one-
fifth of patients (21.56%) had moderate or severe obstruc-
tion; associated factors included chronic Pseudomonas
infection, female sex, and physical activity <30 min/
day. Patients with chronic Pseudomonas infection were
at 2.3 times higher risk for poor lung function (FEV,
<60%) than uninfected children (Table 4).

PI, female sex, F508 del homozygous genotype and
physical activity <30 min/day increased the risk for FEV,
<60% (RR for PI=1.75, 95% CI: 0.57 to 0.53; RR for
female sex=1.46, 95% CI: 0.51 to 4.17; RR for F508del
=1.09 95% CI: 0.11-11.8 and RR for physical activity <30
min/day=1.22, 95% CI: 0.41 to 3.66) (Table 4). Chronic
MRSA infection (RR=1.09, 95% CI: 0.27 to 4.3) and
CFRD (RR=1.08, 95% CI: 0.17 to 6.82) had a weak

influence on the probability of FEV; <60%, but CFLD
was not a risk factor (RR=0.69).

Chronic Pseudomonas infection was present in 52.9%
of the patients; these patients had a significantly lower
FEV; than those without infection (70.8+23.8 vs 81.7
+16.7) (Table 5), and almost similar BMI (20.3 compared
to 18.08). The rate of chronic Pseudomonas infection was
higher in females (OR=1.79, 95% CI: 0.58 to 5.49) and in
patients with impaired lung function (FEV; <80%;
OR=2.83, 95% CI: 0.9 to 8.83).

Discussion

This is the first study evaluating factors affecting lung function
in Romanian pediatric patients with cystic fibrosis presenting
the relation of different risk factors with the lung function. The
lack of neonatal screening in Romania associates a delayed
diagnosis, when secondary complications like failure to thrive
and chronic infections alter lung function. FEV1 is an impor-
tant parameter in the evaluation of lung function.'® The FEV,
values in our cohort varied, ranging from severe obstruction
(FEV, <40%) in a few patients to a relatively normal value of
78%.
a substantial proportion of our patients (21.56%), indicating

Moderate or severe obstruction was observed in

that intervention was urgently needed.
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Table 3 Characteristics of Patients by FEV, Category

Characteristic FEV, <60%* FEV,=60%-80%" FEV, >80%°
(n=11) (n=15) (n=25)
Sex
Female 6 (54.5) 7 (46.7) 10 (40)
Male 5 (45.5) 8 (53.3) 15 (60)
Current age 18.62+6.28 11.79+4.22 12.86+5.32
Age at CF 6.7+4.72 3.02+3.76 441539
diagnosis
BMI percentile 9+12.39 16.84£21.29 25.28+24.65
FEV,, % 44+7.05 70.53+5.48 93.36£10.33
Chronic infection
Pseudomonas 8 (72.7) 9 (60) 10 (40)
MRSA 2(182) 3 (20) 5 (20)
Pancreatic 8 (72.7) 15 (100) 19 (76)
insufficiency
CFLD 7 (63.6) 8(53.3) 13 (52)
CFRD 1 9.1) 1 (6.7) 3(12)
Physical activity 4 (36.4) 8 (53.3) 9 (36)
<30 min/day

Notes: Data are presented as meantstandard deviation or n (%) unless otherwise
indicated. *Moderate to severe obstruction; *Mild obstruction; “No obstruction
(normal lung function).

Abbreviations: BMI, body mass index; CF, cystic fibrosis; CFLD, cystic fibrosis-
associated liver disease; CFRD, cystic fibrosis-related diabetes; FEV), forced expira-
tory volume in | s; MRSA, methicillin-resistant Staphylococcus aureus.

We investigated whether factors known to influence
lung function in CF would be significant in our pediatric

cohort using a multivariate regression model. PI had no

Table 4 Relative Risk and Odds Ratio for FEV, <60%

influence on lung function (P=0.942, Table 2), possibly
because most of our patients had PI, which is typical in
classic forms of CF.'” In the general study population,
using the multivariate regression model, no statistical
influence of PI was found (p=0.92) on the FEV1 of all
patients, as the combined effect of all factors included in
the multivariate model was assessed. Yet, the calculation
of the risk factors for the subgroup of patients with lower
FEV1<60% showed that patients with PI have a higher
risk of 1.75 RR for a lower pulmonary function. Physical
activity level had no significant effect on FEV, in our
multivariate analysis, although increased activity has
in CF
patients.”® Nevertheless, the physical activity <30 min/

been shown to improve clinical outcome
day associate an impaired lung function of FEV; <60%
(RR=1.22, 95% CI: 0.41 to 3.66), revealing thar low FEV,
is associated with a decrease activity level because of
fatigability. Also, the F508 del homozygous genotype
was a risk factor among patients with FEV1<60%, as
expected and similar with previous other studies.'*"?
However, we observed significant relationships
between patients’ BMI (P=0.03), current age (P=0.04)
and lung function, evaluated by multivariate regression
analysis, consistent with previous findings.'**' Nearly all
of our patients (almost 90%) were underweight (BMI
<20 kg/m?), with low mean BMI percentile of 19.27
+22.19; although we intended to carry out a weight gain
intervention, none of our patients accepted enteral nutri-

tion because of anxiety pertaining to gastrostomy. The link

Variable RR 95% CI OR 95% ClI
Lower Bound Upper Bound Lower Bound Upper Bound

Female sex 1.46 0.51 4.17 1.62 0.42 6.21

F508 allele 1.09 0.17 6.82 I.11 0.11 11.08

Chronic Pseudomonas infection 2.37 0.7 7.93 2.94 0.68 12.75

Chronic MRSA infection 1.09 0.27 4.30 1.12 0.20 6.26

Pancreatic insufficiency 1.75 0.57 5.33 2.12 0.43 10.37

CFLD 0.69 0.23 2.08 0.63 0.15 2.50

CFRD 1.08 0.17 6.82 I.11 0.11 11.08

Physical activity <30 min/day 1.22 0.41 3.66 1.29 0.32 5.13

Abbreviations: CFLD, cystic fibrosis-associated liver disease; CFRD, cystic fibrosis-related diabetes; Cl, confidence interval; FEVI, forced expiratory volume in | s; MRSA,

methicillin-resistant Staphylococcus aureus; OR, odds ratio; RR, relative risk.
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Table 5 Characteristics of Patients with Chronic Pseudomonas
Infection and Uninfected Patients

Characteristic Pseudomonas Infection p value
Yes (n=27) No (n=24)

Sex

Female 14 (51.9) 9 (37.5) |

Male 13 (48.1) 15 (62.5) |
Current age 15.2616.12 12.13£4.95 0.057
Age at CF diagnosis 5.88+5.68 2.93+3.33 0.1
BMI percentile 20.33£23.43 18.08+21.14 0.992
FEV), % 70.85+23.83 81.79+16.72 0.042
Chronic MRSA infection 6 (222) 4 (16.7) 0.444
Pancreatic insufficiency 23 (85.2) 19 (79.2) 0.421
CFLD 18 (66.7) 10 (41.7) 0.076
CFRD 3(11L1) 2 (83) 0.742
Physical activity <30 min/day 11 (40.7) 10 (41.7) 0.947

Notes: Data are presented as meanztstandard deviation or n (%) unless otherwise
indicated.

Abbreviations: BMI, body mass index; CFLD, cystic fibrosis-associated liver dis-
ease; CFRD, cystic fibrosis-related diabetes; FEV/, forced expiratory volume in | s;
MRSA, methicillin-resistant Staphylococcus aureus.

between nutritional status and lung function has been pre-
viously reported by several studies,”*** with a higher BMI
being associated with better lung function.'

Although it was previously demonstrated that earlier
diagnosis has better outcomes for patients with CF,'? in our
study, age at diagnosis was unrelated to FEV, (P= 0.081,
Table 2). However, the current age of patients was negatively
correlated with FEV that is, older patients had worse lung
function. Indeed, mean FEV; was 1.52% lower (95% CI:
—2.98 to —0.06) for every 1-year of age, in agreement with
earlier findings.>**** Thus, older and thinner children are at
greater risk for poor lung function, with a mean FEV| value
that is half of that in younger patients with normal BMI.

Chronic Pseudomonas infection was present in more
than half of our patients and was associated with a lower
FEV,
Pseudomonas infection, PI, female sex, and physical activ-

compared to uninfected patients. Chronic
ity <30 min/day were significant risk factors for FEV;
<60%, as reported in other studies.'”'’? Differing to
published observations, we did not find any association
between CFRD'*** or MRSA infection® %’ and lung
function in our cohort, although female patients with PI
and chronic Pseudomonas infection had a higher risk of

FEV, <60%, as previously reported.®® A possible

explanation for these discrepancies is the small sample
size of our study or, in the case of MRSA infection, the
prevalence of a less aggressive MRSA strain in our
patients than that described by others.”” The clinical and
functional outcome of CF patients was found to decline
after the development of diabetes,”® but in our study
CFRD was unrelated to FEV; (P= 0.344) in the multi-
variate regression analysis and was not a significant risk
factor (RR=1.08, Table 4) for poor lung function. The
same was true for CFLD, which did not have
a significant effect on FEV, (P= 0.983, Table 2) or con-
stitute a risk factor for FEV, <60% (RR= 0.69), although it
is known to affect the life expectancy of CF patients.’

Conclusion

In conclusion, the results of our study demonstrate that
patients’ BMI and current age had a significant association
with FEV1 in our patients. We also identified chronic
Pseudomonas infection, PI, female sex, and physical activity
<30 min/day as risk factors for reduced lung function (FEV1
<60%) in our cohort. Although the study population was
relatively small, the results allowed us to take immediate
action to improve patients’ clinical status and outcome. The
potentially modifiable factor affecting lung function—and
thus, life expectancy—in these patients is BMI, which can
be increased through weight gain interventions. Additionally,
given that chronic Pseudomonas infection was also a risk
factor for poor lung function, a strategy should be implemen-
ted to prevent infections, a supplementary monthly bacterio-
logical examination was included in our practice in children
with impaired lung function or low BMI. In summary,
improvement of nutritional status and a more active lifestyle
with infection prophylaxis are the primary treatment goals
for our pediatric CF patient population.
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