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BACKGROUND: Primary ciliary dyskinesia (PCD) is a rare genetic disorder caused by the
malfunction of motile cilia and a specific etiology of adult bronchiectasis of unknown
prevalence. A better understanding of the clinical phenotype of adults with PCD is needed to
identify individuals for referral to diagnostic testing.

RESEARCH QUESTION: What is the frequency of PCD among adults with bronchiectasis; how
do people with PCD differ from those with other etiologies; and which clinical characteristics
are independently associated with PCD?

STUDY DESIGN ANDMETHODS: We investigated the proportion of PCD among the participants
of the Prospective German Non-CF-Bronchiectasis Registry (PROGNOSIS) study; applied
multiple imputation to account for missing data in 64 (FEV1), 58 (breathlessness), 26
(pulmonary exacerbations), and two patients (BMI), respectively; and identified predictive
variables from baseline data using multivariate logistic regression analysis.

RESULTS: We consecutively recruited 1,000 patients from 38 centers across all levels of the
German health care system. Overall, PCD was the fifth most common etiology of bronchi-
ectasis in 87 patients (9%) after idiopathic, postinfective, COPD, and asthma. People with
PCD showed a distinct clinical phenotype. In multivariate regression analysis, the chance of
PCD being the etiology of bronchiectasis increased with the presence of upper airway disease
(chronic rhinosinusitis and/or nasal polyps; adjusted OR [aOR], 6.3; 95% CI, 3.3-11.9; P <

.001), age < 53 years (aOR, 5.3; 95% CI, 2.7-10.4; P < .001), radiologic involvement of any
middle and lower lobe (aOR, 3.7; 95% CI, 1.3-10.8; P ¼ .016), duration of bronchiectasis > 15
years (aOR, 3.6; 95% CI, 1.9-6.9; P < .001), and a history of Pseudomonas aeruginosa
isolation from respiratory specimen (aOR, 2.4; 95% CI, 1.3-4.5; P ¼ .007).

INTERPRETATION: Within our nationally representative cohort, PCD was a common etiology
of bronchiectasis. We identified few easy-to-assess phenotypic features, which may promote
awareness for PCD among adults with bronchiectasis.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov; No.: NCT02574143; URL: www.
clinicaltrials.gov CHEST 2023; -(-):---
KEY WORDS: bronchiectasis; Kartagener syndrome; phenotype; primary ciliary dyskinesia;
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Take-home Points

Study Question: How common is primary ciliary
dyskinesia (PCD) among adults with bronchiectasis,
how do people with PCD differ clinically from people
with other etiologies, and which clinical characteris-
tics are independently associated with the diagnosis
of PCD?
Results: Among the adult participants of our na-
tionally representative bronchiectasis registry, PCD
was a common etiology of bronchiectasis with distinct
phenotype in 9% of patients. The presence of upper
airway disease, younger age, radiologic predominance
of middle and lower lobe bronchiectasis, long-stand-
ing duration of bronchiectasis, and a history of
Pseudomonas aeruginosa isolation from respiratory
specimen were independently associated with PCD.
Interpretation: Few easy-to-assess clinical variables
may guide suspicion and justify referral to specific
PCD diagnostics.
Bronchiectasis is a heterogeneous clinical syndrome with
multiple underlying causes and associated conditions,
and globally increasing prevalence.1-3 It is supported by
the radiologic evidence of permanent bronchial
dilatation and characterized by the presence of chronic
cough, sputum production, and a history of pulmonary
exacerbations and reduced health-related quality of life
(QOL).4,5 Despite structured etiologic workup, even now
its etiology remains undetermined in up to 38% of
cases,3,5 which is referred to as idiopathic
bronchiectasis.4,6-8
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In contrast, primary ciliary dyskinesia (PCD) is a rare,
genetic multisystem disorder with autosomal recessive,
X-linked, or autosomal dominant inheritance caused by
the malfunction of motile cilia.9 So far, pathogenic
variants in > 50 genes are known to cause motile
ciliopathies, resulting in remarkable genetic heterogeneity
and considerable variability in the clinical phenotype.9,10

Historically, PCD with laterality defects (situs inversus) is
referred to as Kartagener syndrome, which is defined as
the triad of situs inversus, bronchiectasis, and chronic
sinonasal disease.11 PCD is considered a specific etiology
of bronchiectasis, with most people with PCD presenting
with bronchiectasis in adulthood.3,6,12 Reported rates in
which PCD was found to be the cause of bronchiectasis
largely depend on variations between regions and
countries, the expertise of respective centers, and the
availability of appropriate diagnostics.10,13-15 Therefore,
underdiagnosis of PCD is highly likely, as suggested by a
UK genome sequencing study.16

Establishing the diagnosis of PCD in an adult with
bronchiectasis is challenging for several reasons. First,
the awareness for PCD is low in most nonspecialized
care settings.17 Over the past years, several screening
tools have been developed to facilitate the identification
of patients with probable PCD and the discrimination
from other etiologies of bronchiectasis.18-24 However,
these tools largely rely on characteristic neonatal and
early childhood history, limiting their use in adults, who
often cannot recall the medical history of early life.
Moreover, the clinical presentation of PCD varies with
age. Although upper airway disease may dominate
childhood, it often stands behind the symptoms of
progressive lung disease with advancing age.25,26 Finally,
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there is no perfect single diagnostic test for PCD with
sufficient sensitivity and specificity. Respective
guidelines recommend sequential approaches with
combinations of time-consuming and/or expensive tests
requiring considerable resources and expertise.
Therefore, only few specialized centers provide these
laborious diagnostics, precluding the screening of all
adults with bronchiectasis.17,27,28

However, the identification of PCD as the etiology of
bronchiectasis in adults has important implications with
respect to the management of extrapulmonary disease
manifestations, genetic and fertility counseling, and/or
chestjournal.org
the participation in disease-specific interventional
trials.29-31 In this regard, we need a better understanding
of the frequency of PCD among adult bronchiectasis and
the clinical characteristics that help to distinguish people
with PCD from those with other etiologies, to inquire
PCD-specific clinical data and identify individuals for
referral to diagnostic testing for PCD. Therefore, we
aimed to determine the proportion, clinical phenotype,
and variables independently associated with PCD
among adults with bronchiectasis, using data from the
Prospective German Non-CF-Bronchiectasis Registry
(PROGNOSIS).
Study Design and Methods
Study Design

PROGNOSIS is an ongoing, prospective, multicenter
observational cohort study consecutively enrolling
adults with bronchiectasis from 38 sites across all levels
of the German health care system since June 2015. The
methodology of the registry has been described in detail
elsewhere.5 Briefly, pseudonymized data are collected at
baseline and annual follow-up visits (� 3 months) for up
to 5 years using standardized electronic case report
forms through an online database. In the present study,
we used baseline data to assess the proportion of PCD as
the etiology of bronchiectasis and clinical characteristics
of people with PCD compared with those with other eti-
ologies. In addition, we identified clinical variables that
were predictive of PCD using a multivariate logistic
regression model. Information on specific diagnostic
tests were extracted from baseline and follow-up data
up to a maximum of five follow-up visits or June 30,
2022, as applicable, to validate the diagnosis of PCD.
For the purpose of our study, we ignored situs inversus
(ie, we analyzed a patient with Kartagener syndrome as
PCD) and pooled respective patients to enrich the
cohort for evaluable observations. According to the non-
interventional nature of our study, patients were
managed locally without intervention from the registry
team. PROGNOSIS was approved by the ethics commit-
tee of each participating center, with reference to the
initial ethical approval of the institutional review board
of Hannover Medical School (No. 6656/2015).

Patient Population

Inclusion criteria were age $ 18 years, presence of CT
scan-confirmed bronchiectasis affecting one or more
lobes, a clinical history consistent with bronchiectasis,
and prior written and informed consent. We excluded
patients with bronchiectasis due to known cystic fibrosis
and/or previous heart and lung transplantation.

Data Collection

PROGNOSIS collects comprehensive clinical data beyond
patient demographics and disease history (eg, disease
severity and symptom burden, etiologic testing, lung
function, radiology, microbiology, comorbidities, treat-
ment). The impact of the disease and its treatment on
daily life are assessed by the German translation of the
Quality of Life Questionnaire-Bronchiectasis (QOL-B),
version 3.1,5,32 whereas the radiologic manifestation of
bronchiectasis is assessed by site investigators. Moreover,
we assessed disease severity by calculating the multidi-
mensional Bronchiectasis Severity Index, whenever
possible.33 The etiology of bronchiectasis was determined
locally and validated centrally based on the patients’ his-
tory and etiologic testing data (nasal nitric oxide, high-
speed video microscopy, transmission electron micro-
scopy [TEM], genetic testing, presence of Kartagener syn-
drome [situs inversus], or historical saccharin test),
whenever possible. Notably, the German Bronchiectasis
Registry PROGNOSIS was developed to capture neither
the details of the characteristic history nor the specific
disease manifestations of PCD.

Statistical Analysis

We presented continuous data as mean � SD or median
(interquartile range) depending on their distribution and
categorical data as total number and percentage. The Kol-
mogorov-Smirnov test was used to assess the distribution
of continuous data. For the assessment of differences be-
tween groups, we used the Mann-Whitney U or the Krus-
kal-Wallis test for continuous data and the c2 or Fisher
exact test for categorical data, as appropriate. We applied
the Bonferroni methods to correct for multiple
3
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comparisons. Missing values were infrequently observed
(FEV1 in 64 patients, Medical Research Council Dyspnea
Scale in 58 patients, number of pulmonary exacerbations
in 26 patients, and BMI in two patients).5 Missing values
were computed by the multiple imputation method based
on the pattern of missingness and incorporating all clin-
ically relevant and complete variables in the imputation
model, with 10 iterations for each imputation cycle. We
applied receiver operating characteristic curve analysis
and calculated the Youden index to determine the
optimal threshold for the continuous variable age for sub-
sequent analysis. Clinical variables independently associ-
ated with the diagnosis of PCD were assessed by binary
logistic regression analysis. Based on clinical relevance
4 Original Research
and previous literature, we entered all potential predic-
tor or confounder variables of interest in the multivar-
iate regression model simultaneously to estimate
adjusted OR and 95% CI.3,10,18,19,33,34 However, we
excluded treatments from multivariate analysis to avoid
confounding bias by indication. P values and 95% CIs
were calculated from Wald statistics and bootstrapping,
respectively, with statistical significance set to P < .05.
We used Hosmer-Lemeshow statistics to assess the
goodness-of-fit of our model. There was no evidence
of collinearity between variables. Analyses were con-
ducted using SPSS, version 28.0 (IBM Corp). We gener-
ated figures using Excel 2016 (Microsoft Corp) and the
freeware draw.io (JGraph Ltd).
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Figure 1 – Venn diagram showing the diagnostic breakdown among 79
patients with primary ciliary dyskinesia, including 18 patients with
Kartagener syndrome. HSVM ¼ high-speed video microscopy; NO ¼
nitric oxide; TEM ¼ transmission electron microscopy.
Results

Patient Population

Between July 2015 and March 2018, we enrolled 1,000
patients with bronchiectasis. Overall, 496 patients were
recruited at university hospitals (50%), 290 at teaching
hospitals (29%), and 214 at private respiratory practices
(21%). In total, 275 patients were assessed for PCD with
at least one diagnostic test (28%). Twelve sites recruited at
least one patient with PCD, whereas only two sites
contributed > 10 patients. The proportion of patients
with PCD as the etiology of bronchiectasis per center
ranged from 0% to 46% and was generally higher at
university hospitals than teaching hospitals and private
practices (15% vs 2%, each; P < .001) (e-Fig 1). Likewise,
the proportion of patients tested for PCD showed large
variation across centers (range, 0%-63%) and levels of
health care (46% at university hospitals vs 11% at
teaching hospitals and 9% at private practices; P < .001).
This corresponded to a testing/etiology ratio of 3:1, 6:1,
and 5:1 at university hospitals, teaching hospitals, and
private practices, respectively (e-Fig 1). Idiopathic (n ¼
358; 36%), postinfective (n¼ 212; 21%), COPD (n¼ 149;
15%), and asthma (n ¼ 111; 11%) were the most
common etiologies followed by PCD as the fifth most
prevalent etiology in 87 patients (9%), including 18 (21%)
with Kartagener syndrome. Figure 1 shows a breakdown
of the diagnostic workup of people with PCD. Altogether,
69 of 87 pwPCD (79%) received at least one
recommended diagnostic test for PCD. Ten patients with
Kartagener syndrome had no testing. Measurement of
nasal nitric oxide was most frequently applied in 62 of 87
patients (71%), followed by high-speed video microscopy
in 51 patients (59%), genetic testing in 48 patients (55%)
and TEM in 38 patients (41%). The remaining 18 pwPCD
had either Kartagener syndrome (n ¼ 10) or historical
saccharin test, which is no longer advocated as a
diagnostic for PCD (n ¼ 8). Notably, people with PCD
without Kartagener syndrome were more often subject to
recommended diagnostic testing than those with
Kartagener syndrome (88% vs 44%, respectively),
including confirmatory genetic testing and/or TEM
(68% vs 39%, respectively) (e-Table 1, Fig 1).

Clinical Phenotype of Adults With PCD

Table 1 shows the patients’ demographics. Patients with
PCD were younger and more often had never smoked.
Moreover, they had a lower mean BMI, a longer duration
of bronchiectasis, more exacerbations, more often had a
[ -#- CHE ST - 2 0 2 3 ]



TABLE 1 ] Baseline Characteristics of Adults With Bronchiectasis, Stratified by the Etiology of Bronchiectasis (PCD
vs No PCD)

Characteristic PCD (n ¼ 87) No PCD (n ¼ 913) P Valuea

Age, y 42 � 15 60 � 14 < .001

Age categorized, y < .001

18-29 19 (21.8) 47 (5.1)

30-49 39 (44.8) 142 (15.6)

50-69 22 (25.3) 420 (46.0)

70-79 7 (8.0) 266 (29.1)

$ 80 0 (0) 38 (4.2)

Female 57 (65.5) 536 (58.7) .25

FEV1 % predicted 66.5 � 23.1 69.6 � 26.9 .24

FEV1 % predicted, categorized .076

$ 80 25 (28.7) 350 (38.3)

50-79 41 (47.1) 319 (34.9)

30-49 18 (20.7) 184 (20.2)

< 30 3 (3.4) 60 (6.6)

BMI, kg/m2 22.8 � 3.7 24.2 � 4.6 .001

BMI, kg/m2, categorized .50

< 18.5 7 (8.1) 81 (8.9)

18.5-30 75 (86.2) 747 (81.8)

> 30 5 (5.8) 85 (9.3)

Duration of bronchiectasis > 15 y 64 (73.6) 240 (26.3) < .001

Duration of bronchiectasis, y < .001

< 5 9 (10.3) 352 (38.6)

5-10 7 (8.0) 153 (16.8)

11-15 4 (4.6) 60 (6.6)

16-20 12 (13.8) 53 (5.8)

> 20 52 (59.8) 187 (20.5)

Unknown 3 (3.4) 108 (11.8)

Smoking status < .001

Current tobacco use 3 (3.4) 62 (6.8)

Previous tobacco use 13 (14.9) 358 (39.2)

Never smoked 71 (81.6) 493 (54.0)

MRC dyspnea scale, categorized .010

1-3 81 (93.6) 755 (82.7)

4-5 6 (6.4) 158 (17.3)

Regular sputum production 82 (94.3) 698 (76.5) < .001

Average daily sputum volume, mL 30 (10-50) 10 (0-25) < .001

Average sputum volume, mL/d, categorized < .001

0 7 (8.0) 304 (33.3)

1-10 23 (26.4) 261 (28.6)

11-20 12 (13.8) 116 (12.7)

21-50 25 (28.7) 155 (17.0)

51-100 14 (16.1) 53 (5.8)

> 100 6 (6.9) 24 (2.6)

Exacerbations in the past 12 mo 3 (1-4) 1 (0-3) < .001

(Continued)
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TABLE 1 ] (Continued)

Characteristic PCD (n ¼ 87) No PCD (n ¼ 913) P Valuea

Exacerbations in the past 12 mo, categorized < .001

0 17 (19.5) 287 (31.4)

1-2 26 (29.9) 368 (40.3)

$ 3 44 (50.6) 258 (28.3)

Hospitalizations in the past 12 mo 0 (0-1) 0 (0-1) .93

Any hospitalization in the past 12 mo 30 (34.5) 357 (39.1) .42

Any prior hospitalization due to
bronchiectasis

65 (74.7) 542 (59.4) .006

Significant hemoptysis (ever) 13 (14.9) 95 (10.4) .20

BSIb 8 (4-11) 8 (5-12) .064

BSI, categorizedb .038

Mild (0-4) 24 (29.3) 147 (22.5)

Moderate (5-8) 38 (46.3) 398 (60.9)

Severe ($ 9) 20 (24.4) 109 (16.7)

Radiologic extent < .001

< 3 lobes affected 15 (17.2) 356 (39.0)

$ 3 lobes affected 52 (59.8) 411 (45.0)

Cystic bronchiectasis 20 (23.0) 146 (16.0)

Involvement of any middle and lower lobe 76 (87.4) 502 (55.0) < .001

Data are presented as No. (%), mean � SD, median (interquartile range), or as otherwise indicated. BSI ¼ Bronchiectasis Severity Index; MRC ¼ Medical
Research Council; PCD ¼ primary ciliary dyskinesia.
aDifferences between groups were assessed by the c2 and Fisher exact test, as appropriate (categorical data), and the Mann-Whitney U test, according to
the distribution of data (continuous data).
bWe could not calculate the BSI in all patients due to missing data on repeat sputum microbiology defining chronic infection (n ¼ 736).
history of any prior bronchiectasis-associated
hospitalization, and had more extensive sputum
production, but less breathlessness. Compared with
patients without PCD, they had radiologically more
extensive bronchiectasis, which more frequently involved
any middle and lower lobe. In contrast, we found no
differences between groups regarding sex, airflow
limitation, hospitalizations in the past 12 months,
hemoptysis, and severity of bronchiectasis, as assessed by
the Bronchiectasis Severity Index (Table 1).

As an integral part of their disease manifestation, upper
airway disease (chronic rhinosinusitis and/or nasal
polyps) was much more common in people with PCD
(78% vs 28%; P < .001). In contrast, cardiovascular
comorbidities, COPD, malignancy, renal insufficiency,
and diabetes were less frequent (Table 2). We observed
no differences between groups regarding the frequency
of asthma, osteoporosis, self-reported gastroesophageal
reflux, liver cirrhosis, and mental disorders (Table 2).

Overall, Pseudomonas aeruginosa, Staphylococcus
aureus, Haemophilus influenzae, Aspergillus fumigatus,
and nontuberculous mycobacteria were the most
common pathogens among patients with evaluable
6 Original Research
respiratory cultures at baseline and/or within the
previous 12 months from baseline in 33%, 16%, 14%,
10%, and 9% of patients, respectively. Although P
aeruginosa, H influenzae, and A fumigatus were more
frequently cultured in pwPCD, we observed no
differences between groups for S aureus and
nontuberculous mycobacteria (Table 3). Moreover,
people with PCD more often had an all-time history of a
positive airway culture for P aeruginosa compared with
patients with other etiologies of bronchiectasis
(66% vs 32%, respectively; P < .001).

Treatment of Bronchiectasis and QOL

Patients with PCD more frequently attended specialized
care facilities at tertiary care centers than those without
PCD (87% vs 46%, respectively; P < .001), with regular
treatment of bronchiectasis applied in most people with
PCD (e-Table 2, Fig 2). Apparently, people with PCD
more frequently used nonpharmacologic and
pharmacologic therapies than patients with other
etiologies, including regular chest physiotherapy, prior
rehabilitation, prior thoracic surgery, and various drug
treatments. However, we observed no difference
regarding prior vaccinations (e-Table 2, Fig 2).
[ -#- CHE ST - 2 0 2 3 ]



TABLE 2 ] Comorbidities of Adults With Bronchiectasis, Stratified by the Etiology of Bronchiectasis (PCD vs No
PCD)

Condition PCD (n ¼ 87) No PCD (n ¼ 913) P Valuea

Chronic rhinosinusitis 66 (75.0) 227 (24.9) < .001

Nasal polyps 45 (51.1) 110 (12.1) < .001

Cardiovascular 14 (15.9) 369 (40.5) < .001

COPD 4 (4.5) 303 (33.3) < .001

Asthma 22 (25.0) 271 (29.7) .46

Malignancy 2 (2.3) 115 (12.6) .002

Renal insufficiency 0 (0.0) 73 (8.0) .002

Diabetes 2 (2.3) 86 (9.4) .027

Osteoporosis 5 (5.7) 99 (10.9) .20

Gastroesophageal reflux (self-reported) 18 (20.5) 170 (18.6) .67

Liver cirrhosis 0 (0.0) 11 (1.2) .61

Anxiety disorder 1 (1.1) 38 (4.2) .25

Depression 9 (10.2) 90 (9.9) .85

Data are presented as No. (%) or as otherwise indicated. PCD ¼ primary ciliary dyskinesia.
aDifferences between groups were assessed by c2 and Fisher exact test, as applicable.
Accordingly, people with PCD had worse QOL-B scores
for the Treatment Burden and Social Functioning scale,
whereas we found no further differences between groups
for any other QOL-B scale (e-Table 3, Fig 3).

Predictive Clinical Variables of PCD Among Adults
With Bronchiectasis

We dichotomized age according to receiver operating
characteristic curve analysis and subsequent
calculation of the Youden index for application in our
multivariate logistic regression model. Age < 53 years
indicated the best discriminatory power for PCD as
the etiology of bronchiectasis (e-Fig 2, e-Table 4). Using a
comprehensive regression model, we observed that the
presence of upper airway disease (chronic rhinosinusitis
and/or nasal polyps) increased the chance of PCD being
the etiology of bronchiectasis about sixfold (Fig 4).
TABLE 3 ] Microbiology of Respiratory Specimens Among A
Bronchiectasis (PCD vs No PCD)

Pathogen PCD (n ¼ 8

Pseudomonas aeruginosa cultured (ever) 57 (65.5

P aeruginosab 44 (53.0

Staphylococcus aureusb 16 (19.3

Haemophilus influenzaeb 21 (25.3

Aspergillus fumigatusb 14 (16.9

Nontuberculous mycobacteriab,c 2 (2.9)

Data are presented as No. (%) or as otherwise indicated. PCD ¼ primary cilia
aDifferences between groups were assessed by c2 and Fisher exact test, as ap
bMicrobiology at baseline or in the previous 12 mo (n ¼ 756).
cRefers to patients who were tested for mycobacteria at baseline or in the pre

chestjournal.org
Likewise, age < 53 years, radiologic involvement of any
middle and lower lobe, duration of bronchiectasis > 15
years, and a history of at least one positive airway culture
of P aeruginosa increased this likelihood about fivefold,
fourfold, fourfold, and twofold, respectively. No further
independent associations were identified (Fig 4).

Discussion

To our knowledge, our study provides a first estimate of
the proportion of PCD as the etiology of bronchiectasis
derived from a nationally representative cohort of adults
with bronchiectasis in Germany. Moreover, we
demonstrated that people with PCD had a distinct
clinical phenotype compared with other etiologies of
bronchiectasis, which we used to identify easy-to-assess
clinical features that may help to raise awareness of
PCD.
dults With Bronchiectasis, Stratified by the Etiology of

3) No PCD (n ¼ 673) P Valuea

) 295 (32.3) < .001

) 205 (30.5) < .001

) 108 (16.0) .44

) 82 (12.2) .002

) 65 (9.7) .006

46 (9.5) .070

ry dyskinesia.
propriate.

vious 12 mo (n ¼ 555).
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Figure 2 – Proportion of applied treatment modalities, stratified by the etiology of bronchiectasis (PCD vs no PCD; N ¼ 1,000). Differences between
groups were assessed by the c2 or Fisher exact test for categorical data, as appropriate. ICS ¼ inhaled corticosteroid; LABA ¼ long-acting beta agonist;
PCD ¼ primary ciliary dyskinesia. *P < .001; **P < .05.
Remarkably, PCD was the fifth most frequent
underlying cause of bronchiectasis in this cohort in
9% of patients. This frequency is much higher than
previously reported in adults with bronchiectasis. Both
the US Bronchiectasis Research Registry and the
European Multicentre Bronchiectasis Audit
and Research Collaboration (EMBARC) found rates of
3% each,3,35 whereas the respective Australian and
Spanish registries reported PCD as the etiology of adult
bronchiectasis in 4% each.36,37 A UK whole genome
sequencing substudy of the 100,000 Genomes Project
may provide an explanation for our finding.16 This study
found pathogenic or likely pathogenic variants in motile
ciliopathy genes in 12% of individuals with
bronchiectasis and so far unknown PCD, strongly
supporting underdiagnosis of PCD in bronchiectasis. In
addition, data reported from a UK national audit
showed that < 2% of 4,898 audited patients with
bronchiectasis were tested for PCD compared with rates
of overall 28% and even 46% at university hospitals in
our study. In this regard, the observed frequency of PCD
among adults with bronchiectasis of at least 9% in our
study could even be higher with more widespread
diagnostic coverage. In the past few years, we observed
an increased uptake of genetic testing for orphan
8 Original Research
diseases in Germany and a comparatively high rate of
confirmative genetic testing in up to 61% of people with
PCD without Kartagener syndrome among this study
cohort.

Furthermore, our findings provide a detailed clinical
characterization of people with PCD and bronchiectasis.
Based on this particular phenotype, we identified five
easy to assess clinical features that characterized people
with PCD among adults with bronchiectasis. We
observed that people with PCD had a higher chance of
being younger and having upper airway disease, a
radiologic involvement of any middle and lower lobe, a
longer duration of bronchiectasis, and a history of P
aeruginosa isolation. These findings are consistent with
the previous literature. A descriptive analysis of the US
Bronchiectasis Research Registry included a comparable
number of 79 people with PCD at the same mean age of
42 years, with an earlier diagnosis of bronchiectasis and
a similarly high rate of P aeruginosa (64% vs 66% in our
study).38 Compared with these results, our study
provides a more detailed picture on the clinical
phenotype, including a substantiated multivariate
analysis of variables independently associated with the
diagnosis of PCD.
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Figure 3 – Column chart showing mean QOL-B scores, stratified by the etiology of bronchiectasis (PCD vs no PCD). Error bars represent 95% CI.
Differences between groups were assessed by the Mann-Whitney U test. Note that the number of patients with evaluable QOL-B scores varies with each
QoL-B score. *P < .05. PCD ¼ primary ciliary dyskinesia; QOL-B ¼ Quality of Life Questionnaire-Bronchiectasis.
Due to the striking lack of awareness for PCD, several
clinical and radiologic prediction tools have been
published over the last years.18-22,24 The most commonly
used scores are the Primary Ciliary Dyskinesia Rule18

and the North American Criteria Defined Clinical
Features,19 which were validated in external cohorts
without obvious differences in performance.21,22 Both
the Primary Ciliary Dyskinesia Rule and the North
American Criteria Defined Clinical Features were
derived from predominantly pediatric cohorts with
median ages of 9 and 8 years, respectively. Accordingly,
both scores strongly rely on early life history and PCD-
specific clinical features (eg, chronic ear or hearing
symptoms). In contrast, our findings were based on
readily available routine data from adult care and did
not include information about the early childhood
period, thus avoiding the risk of recall bias. To our
knowledge, so far only one French study constructed a
diagnostic prediction tool from a cohort of adults with
bronchiectasis.24 In summary, Schlemmer et al24 made
similar observations, with age < 15 years at symptom
onset, chronic ear, nose, and throat disorders, and
chestjournal.org
isolation of P aeruginosa being predictive of PCD among
adults with bronchiectasis. However, contrary to our
study, this single-center study included only 12 people
with PCD (out of 158 patients with bronchiectasis) and
primarily aimed to identify patients at high risk of
having either cystic fibrosis or PCD.24 Interestingly, we
observed a comparatively low frequency of people with
PCD with situs inversus (Kartagener syndrome) of
21% among the present study cohort. The reasons for
this finding remain elusive, but may relate to the earlier
diagnosis of Kartagener syndrome with subsequent
referral to dedicated and mostly pediatric PCD centers
that did not contribute to our registry or the
predominance of specific genotypes associated with
normal left-right body asymmetry.9

Notably, the lifelong and more extensive treatment of
people with PCD appeared to translate into reduced
QOL regarding treatment burden and social functioning,
thus highlighting the need for more effective and easier
to deliver treatments in this particular patient
group.31,39-41
9
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0.1 1
Log adjusted OR (95% CI)

Variable Adjusted OR (95% CI) P Valve

Chronic rhinosinusitis and/or nasal polyps 6.3 (3.34 to 11.93) < .001

Age < 53 y 5.3 (2.71 to 10.41) < .001

Involvement of any middle and lower lobe 3.7 (1.27 to 10.77) .016

Duration of bronchiectasis > 15 y 3.6 (1.92 to 6.85) < .001

P. aeruginosa cultured (ever) 2.4 (1.26 to 4.52) .007

Regular treatment of bronchiectasis 2.0 (0.70 to 5.66) .20

Regular sputum production 1.7 (0.58 to 5.21) .33

H. influenzae cultured in the past year 1.6 (0.78 to 3.29) .20

A. fumigatus cultured in the past year 1.2 (0.51 to 2.66) .71

Prior thoracic surgery 1.2 (0.54 to 2.45) .72

Prior hospitalization (ever) 1.0 (0.49 to 2.11) .97

Body mass index (per kg/m2) 1.0 (0.89 to 1.04) .29

S. aureus cultured in the past year 0.9 (0.44 to 1.97) .86

Significant hemoptysis (ever) 1.1 (0.53 to 2.47) .74

Gastroesophageal reflux (self-reported) 1.3 (0.62 to 2.58) .52

Any hospitalization in the past year 0.9 (0.44 to 1.74) .70

Any cardiovascular comorbidity 0.7 (0.33 to 1.51) .37

MRC dyspnea scale 4-5 (vs 1-3) 0.5 (0.17 to 1.67) .28

Female sex 1.2 (0.62 to 2.22) .62

Never smoked 1.6 (0.81 to 3.15) .18

Asthma 1.5 (0.80 to 2.90) .20

ppFEV1 � 80 Referent

50-79 1.4 (0.71 to 2.80) .32

< 50 0.6 (0.27 to 1.50) .30

Exacerbations in the past year 0 Referent

1-2 0.7 (0.32 to 1.66) .45

� 3 1.1 (0.49 to 2.49) .82

Radiologic extent < 3 lobes affected Referent

� 3 lobes affected 0.5 (0.17 to 1.39) .18

Cystic bronchiectasis 0.7 (0.23 to 2.27) .58

10

Figure 4 – Clinical variables independently associated with primary ciliary dyskinesia as the etiology of bronchiectasis in adults (N ¼ 1,000):
multivariate logistic regression analysis and respective forest plots of adjusted ORs and 95% CIs. ppFEV1 ¼ percent predicted FEV1; MRC ¼ Medical
Research Council.
Our study has strengths and limitations. The
PROGNOSIS registry contributed in-depth real-life
data from a large number of individuals with
bronchiectasis across all levels of the German health
care system with a widespread geographic distribution.
This ensured national representativeness and allowed
us to conduct a comprehensive analysis with a rigorous
statistical approach. In addition, a comparatively large
proportion of people with PCD included in our analysis
had confirmative diagnostics for PCD (ie, genetics and/
or TEM in up to 68% of people with PCD without
Kartagener syndrome), allowing validation of PCD in
10 Original Research
most patients, and only few patients were diagnosed
based on a single diagnostic test result along with
clinical features and history. However, the key
limitation of our study is that we did not design
PROGNOSIS as a PCD registry. Therefore, some
specific clinical features of PCD are lacking (eg,
neonatal history, chronic ear and hearing symptoms,
congenital heart defects, infertility/subfertility, family
history/consanguinity), whereas the granularity on
others is low. Unfortunately, we were unable to validate
the outcomes of diagnostic testing in detail (eg,
detected ultrastructural defects, genetic variants),
[ -#- CHE ST - 2 0 2 3 ]



therefore depending on the site investigators’ judgment.
Our study included only adult patients with PCD and
bronchiectasis. In this regard, we acknowledge that the
ultimate goal should be to diagnose PCD as early in life
as possible to prevent structural lung damage.
However, given the large number of undiagnosed
adults with PCD and bronchiectasis, our results have
important implications and confirm and expand
existing knowledge on the clinical phenotype and
features independently associated with PCD among
adults with bronchiectasis. Deliberately, we refrained
from formally constructing a prediction tool because
we are unable to exclude some extent of confirmation
bias, even though three times more patients had been
tested for PCD than finally diagnosed (275 vs 87
patients). We propose to be rather inclusive regarding
referral for PCD-specific diagnostics in patients with
suggestive clinical features, in particular keeping the
considerable genetic and clinical heterogeneity of
people with PCD in mind, which we unfortunately were
unable to account for. The generalizability of our
findings could have been biased by hierarchical
clustering by site (ie, the fact that most people with
PCD were recruited at few of the 38 participating sites).
However, these large-volume university hospitals have
expertise in managing adults with bronchiectasis and
specifically PCD and nationwide referral structures and
recruited people with PCD, who resided in at least 14 of
the 16 German federal states, thus supporting national
representativeness of our findings. Finally, it should be
mentioned that age is a major component of the
Bronchiectasis Severity Index and thus may not be
suitable for the assessment of disease severity in people
with PCD.
Interpretation
We showed that PCD is a common cause of
bronchiectasis among adults in Germany. People
with PCD showed a distinct clinical phenotype and
reduced QOL, in particular relating to burdensome
treatment and psychosocial aspects. Younger adults
with bronchiectasis, concomitant upper airway
disease, predominant middle and lower lobe
involvement, a long-standing history of disease, or a
history of P aeruginosa isolation should be
questioned about the specific clinical features of
PCD and considered for referral to further
diagnostic testing for PCD, in particular with
specific counseling for family planning and future,
genotype-directed treatment options in mind.
chestjournal.org
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