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Abstract

Background Chronic cough is a debilitating medical condition that is often complicated by psychomorbidities
such as depressive symptoms. Nevertheless, little is known about the impact of chronic cough on the risk of
developing depression. Therefore, we investigated the association between chronic cough and prevalent,
incident and recurrent depression in a population-based sample of middle-aged and older persons.

Methods Within the Rotterdam Study, a population-based cohort, we defined chronic cough as reporting
daily coughing for >3 months. Depression was assessed using the Center for Epidemiologic Studies
Depression scale, clinical interviews and medical records. Associations between chronic cough and
depression were determined with linear, logistic and Cox regression analyses.

Results The study included 5877 participants (meantsp age 7248 years, 59% female) who contributed
37 287 person-years of follow-up. At baseline, participants with chronic cough reported more depressive
symptoms (adjusted standardised mean difference 0.15, 95% CI 0.07-0.22) compared to those without
chronic cough. Over time, chronic cough was associated with an increased risk of depression in
participants with a history of depression (hazard ratio (HR) 1.45, 95% CI 1.13-1.84), but not in those
without a history of depression (HR 0.91, 95% CI 0.68-1.22).

Conclusions Adults with chronic cough have a disproportionate burden of depressive symptoms and an
increased risk of recurrent depression. This highlights the importance of screening for depression in
patients with chronic cough.

Introduction

Chronic cough, defined as a cough lasting >8 weeks, is a common medical condition affecting ~1-12% of
the general adult population [1, 2]. It is debilitating, often complicating associated clinical disorders such
as asthma and COPD, and necessitating visits to primary care and referral to specialist clinics [3-7].

Individuals with chronic cough frequently experience physical and psychosocial conditions including
social isolation, physical exhaustion, sleep complaints, stress incontinence, cough syncope and a lower
quality of life [8-13]. In addition, mental health complaints including depressive symptoms and major
depressive disorder are common in people with chronic cough [5, 9, 13-15]. Depression contributes to the
overall clinical burden of the diseases commonly underlying chronic cough [13, 16]. Potentially, chronic
cough may even have a negative impact on the risk of developing depression [17, 18]. The complex nature
of risk factors for depression is such that the vulnerability for onset and recurrent depressive events differs
with regard to triggers [18]. Some of these factors, such as low socioeconomic status and reduced work
ability, are also more prevalent in patients with chronic cough [19, 20].
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Previous studies have highlighted the link between chronic cough and depression [17]. Clinical studies
have shown that treatment of chronic cough decreases depressive symptoms in patients with chronic cough
[9, 13], which may suggest that chronic cough could be a causal factor for developing depressive
symptoms. For example, FrRencH et al. [9] studied the impact of cough treatment on depressive symptoms
in 55 women with a 7-year mean cough duration and reported a significant reduction in depressive
symptoms after 3 and 6 months of treating chronic cough. Similarly, Dicrinigartis et al. [13] followed 81
chronic cough patients for 3 months and found that cough treatment significantly reduced both cough
severity and depressive symptom scores.

So far, most studies on chronic cough and depression have involved patients referred to specialist cough
clinics, whose clinical profiles may differ from that of the general population [9, 13, 16]. Furthermore, the
evidence on the burden of depression in chronic cough in population-based samples has come mainly from
cross-sectional studies and has provided little insight into the temporal association between chronic cough
and depression [5, 15].

We conducted a population-based observational cohort study in middle-aged and older adults to investigate
the association between chronic cough and prospectively assessed depressive symptoms and disorders
over time.

Methods

Study design and study population

The Rotterdam Study is a prospective population-based cohort study on the epidemiology of chronic
diseases among 14926 middle-aged and older adults (aged >45 years) living in the well-defined Ommoord
district, a suburb of the city of Rotterdam, the Netherlands [21]. The Rotterdam Study data are acquired
through home interviews and clinical examinations at the research centre every 3-6 years, and from
medical records of general practitioners (GPs), hospitals, pharmacies and nursing homes.

Within this study, we included participants who had chronic cough data collected during the home
interview between January 2002 and December 2005, and had cross-sectional data on depressive
symptoms from the home interview and/or data on incident depressive events via the follow-up of medical
records up until February 2012 (figure 1).

The medical ethics committee of the Erasmus Medical Centre (registration number MEC 02.1015) and the
Dutch Ministry of Health, Welfare and Sport (Population Screening Act WBO, licence number 1071272—

Rotterdam Study cohorts (RS- and RS-I1)
n=10994

4976 subjects were not available when chronic
cough questionnaire was introduced

108 subjects did not respond to chronic cough
questionnaire

v
Participants with complete chronic cough data
n=5910

4% 2 subjects had no data on depression
4% 31 subjects did not give consent ‘

Study population
n=5877

FIGURE 1 Strengthening the Reporting of Observational studies in Epidemiology study flow chart (Rotterdam
Study (RS)-I and RS-Il).
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159521-PG) approved the Rotterdam Study. The Rotterdam Study has been registered with the Netherlands
National Trial Register (www.trialregister.nl) and the WHO International Clinical Trials Registry Platform
(ICTRP; https:/trialsearch.who.int/) under the joint catalogue number NTR6831. All participants provided
written informed consent to participate in the study and to have their information obtained from treating
physicians [21].

Chronic cough

Chronic cough was assessed using the question “In the last 2 years, did you cough almost every day for
three consecutive months or more?” [22]. Chronic cough was defined as daily coughing lasting for
>3 months, in line with most epidemiological studies [1].

Depression

Depression was assessed in three ways. First, during the home interviews, depressive symptoms were
assessed with the Dutch version of the Center for Epidemiologic Studies Depression (CES-D) scale. The
CES-D scale ranges from 0 through 60 and assesses the burden of self-reported depressive symptoms with
higher scores denoting more severe symptoms [23, 24]. A score of >16 was defined as clinically relevant
depressive symptoms. This measure of depression was used in our cross-sectional analyses. Second, if
participants had a score of >16, they were invited for a semi-structured interview by a trained professional
using the Dutch version of the Schedules for Clinical Assessment in Neuropsychiatry (SCAN) [25] to
identify depressive disorders. Based on these interviews, participants were diagnosed as having no
depression, depressive symptoms, a depressive syndrome (i.e. mild depressive disorder or dysthymia) or
major depressive disorder according to the Statistical Manual of Mental Disorders, 4th revised edition
(DSM-IV-TR) criteria [26]. Third, we used medical records, including data from GPs’ notes, specialist
reports and hospital discharge letters, to assess depression in between examination rounds, coding both
depressive symptoms and diagnoses of depressive disorders. Participants were categorised as having a
history of depression if they experienced a depressive event over 5 years prior to or at baseline.

For our longitudinal analyses, we combined data of the CES-D and SCAN across multiple research rounds
and medical records to indicate any incident event of depression, including depressive symptoms,
depressive syndrome and major depressive disorder. Within this project we focused on the first occurring
event. Participants were continuously followed from baseline (2002—2005) until the occurrence of the first
event of depressive condition, death or the end of study (February 2012), whichever came first.

Other variables

Other variables relevant to the association of chronic cough with depression were assessed at baseline
including participants’ age and sex. Body mass index (BMI) was calculated as the ratio of weight in
kilograms to height in squared metres, as measured with calibrated scales. Smoking was assessed in the
interview and divided into three categories: never-, past and current smoking. Asthma was physician-
diagnosed, and COPD cases were validated using spirometry data and medical records. The diagnoses of
asthma and/or COPD at baseline were grouped as obstructive airway disease. Cases of lung cancer were
ascertained with the Dutch Cancer Registry and diabetes cases validated using laboratory and medical
records. Heart failure was defined using the European Society of Cardiology criteria [27]. Pharmacy data
were used to determine the use of angiotensin converting enzyme (ACE) inhibitors (Anatomical
Therapeutic Chemical (ATC) code C09A, C09B). Gastro-oesophageal reflux disease (GORD) and chronic
rhinosinusitis were defined with pharmacy data as a proxy. In particular, participants who received more
than two prescriptions of medications for acid-related disorders such as peptic ulcer or reflux disease (ATC
A02B) were considered to have GORD. Chronic rhinosinusitis was also defined as having received at least
three prescriptions of nasal steroids (ATC R01AD) within 1 year before baseline.

Statistical analysis

Baseline characteristics were presented with descriptive statistics, and compared between participants
according to prevalent chronic cough status. Normally distributed variables were presented as means with
standard deviations and compared using independent t-tests. Mann—Whitney tests were performed for
skewed continuous variables and their median and interquartile range were reported. Categorical data were
compared using Chi-squared tests.

We performed active imputation of 874 (14.9%) missing BMI data using fully conditional specification
(10 imputed datasets). Prior to performing linear regression analyses, the CES-D scores were square-root
normalised and standardised to unit variance using the z-transformation. To assess the cross-sectional
association of chronic cough with depressive symptoms (CES-D) at baseline, we performed a linear
regression which was adjusted for age and sex (model 1), and additionally for BMI, smoking, chronic
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rhinosinusitis, GORD, obstructive airway disease, lung cancer, diabetes and heart failure (model 2).
Analyses were repeated after stratification for prevalent respiratory conditions (chronic rhinosinusitis,
obstructive airway disease and lung cancer). Next, we studied the association between chronic cough and
clinically relevant depressive symptoms at baseline using logistic regression in the sex-age adjusted model
(model 1) and the confounder adjusted model (model 2).

The longitudinal association between chronic cough and incident depression (including depressive
symptoms, depressive syndrome and major depressive disorder to maximise power) was estimated using
Cox regression and adjusted for age and sex (model 1), and additionally for model 2 plus history of
depressive events (model 2a) in all eligible participants. The analyses were repeated and stratified for
history of depression in the past 5 years based on the incident data (yes/no), since history of depression
might confound the risk of recurrent depression. We additionally adjusted for baseline CES-D scores
(model 3) in the stratified analysis.

All statistical analyses were performed using SPSS statistical software version 24 (IBM SPSS Statistics for
Windows; IBM, Armonk, NY, USA). Statistical significance was set at a p-value of <0.05.

Results

Baseline characteristics

5877 participants were included in this study (table 1). Participants were mainly female (n=3460, 58.9%)
and predominantly elderly (meantsp age 72.3+7.9 years); 13.9% (n=818) were current smokers, and
23.5% (n=1381) used ACE inhibitors. At baseline, 32.1% (n=1884) of the participants had at least one
comorbidity. Within the sample, the prevalences of comorbidities were as follows 14.4% (n=848) for
asthma and/or COPD, 14.5% (n=850) for GORD, 0.3% (n=20) for lung cancer, 2.6% (n=152) for chronic
rhinosinusitis, 2.6% (n=153) for diabetes and 5.7% (n=336) for heart failure. Nearly 13% (n=755) of the
participants reported clinically relevant depressive symptoms, whereas 21.9% (n=1285) had previously
suffered from depression.

Approximately 12% of the participants had chronic cough at baseline (n=729). Compared to participants
without chronic cough (n=5148), those with chronic cough were more often current smokers (25.2% versus
12.3%, p<0.001), and had more comorbidities (51.9% versus 29.3%, p<0.001) such as chronic
rhinosinusitis (4.4% versus 2.3%, p=0.001), GORD (18.4% versus 13.9%, p=0.001), obstructive airway
disease (34.7% versus 11.6%, p<0.001), lung cancer (1.2% versus 0.2%, p<0.001) and heart failure (8.6%
versus 5.3%, p<0.001).

TABLE 1 Baseline characteristics of the study population

Total No chronic cough Chronic cough p-value
Participants 5877 5148 729
Age, years 72.3%7.9 72.2+7.9 72.71.7 0.081
Female 3460 (58.9) 3031 (58.9) 429 (58.8) 0.988
BMI, kg-m_2 27.6+4.1 27.6x4.0 27.6+4.4 0.645
Smoking
Never 1876 (31.9) 1693 (32.9) 183 (25.1) <0.001
Past 3180 (54.1) 2818 (54.8) 362 (49.7)
Current 818 (13.9) 634 (12.3) 184 (25.2)
ACE inhibitor use 1381 (23.5) 1153 (22.4) 228 (31.3) <0.001
CES-D scores 4 (1-10) 4 (1-9) 6 (2-12) <0.001
CES-D score >16 755 (12.9) 636 (12.4) 119 (16.4) 0.002
History of depressive events 1285 (21.9) 1095 (21.3) 190 (26.1) 0.003
Baseline comorbidities 1884 (32.1) 1506 (29.3) 378 (51.9) <0.001
Chronic rhinosinusitis 152 (2.6) 120 (2.3) 32 (4.4) 0.001
GORD 850 (14.5) 716 (13.9) 134 (18.4) 0.001
Obstructive airway disease® 848 (14.4) 595 (11.6) 253 (34.7) <0.001
Lung cancer 20 (0.3) 11 (0.2) 9(1.2) <0.001
Diabetes 153 (2.6) 133 (2.6) 20 (2.7) 0.800
Heart failure 336 (5.7) 273 (5.3) 63 (8.6) <0.001

Data are presented as n, meantsp, n (%) or median (interquartile range), unless otherwise stated. BMI: body
mass index; ACE: angiotensin-converting enzyme; CES-D: Center for Epidemiological Studies Depression scale;
GORD: gastro-oesophageal reflux disease. *: COPD and/or asthma.
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Chronic cough and baseline depressive symptoms

Participants with chronic cough reported a 0.25-sp higher depressive symptoms score than those without
chronic cough after adjusting for age and sex (adjusted standardised mean difference 0.25, 95% CI 0.18-0.33).
The association remained significant after further adjustment for BMI, smoking, chronic rhinosinusitis, GORD,
obstructive airway disease, lung cancer, diabetes and heart failure (adjusted standardised mean difference
0.15, 95% CI 0.08-0.22) (table 2). This suggests that persons with CES-D scores of 4, 17 and 40 would have
1, 2 and 3 points higher CES-D scores, respectively, if they had chronic cough, independent of any related
medical conditions. Stratified analyses demonstrated that chronic cough was associated with more depressive
symptoms in participants without respiratory disease (adjusted standardised mean difference 0.19, 95% CI
0.10-0.28), but not in those with respiratory disease (adjusted standardised mean difference 0.06, 95% CI
—0.08-0.19) (supplementary table S1). Persons with CES-D scores of 3, 11 and 24 would have 1, 2 and 3
points higher CES-D scores, respectively, if they had chronic cough not explained by a respiratory disease.

Chronic cough was significantly associated with more clinically relevant depressive symptoms after
adjusting for age and sex (OR 1.39, 95% CI 1.12-1.73), but the effect size decreased after further
adjustment for BMI, smoking, chronic rhinosinusitis, GORD, obstructive airway disease, lung cancer,
diabetes and heart failure (OR 1.12, 95% CI 0.89-1.41) (table 2). Stratified analyses showed that chronic
cough was associated with more clinically relevant depressive symptoms in participants who did not have
respiratory disease (OR 1.35, 95% CI 1.02-1.77), but not in those with respiratory disease (OR 0.78, 95%
CI 0.52-1.17) (supplementary table S2).

Chronic cough and risk of developing depression

Over a total observation period of 37287 person-years, 900 out of 5799 participants (with complete
follow-up data) developed depressive symptoms (n=670), a depressive syndrome (n=112) or a major
depressive disorder (n=118). Chronic cough was significantly associated with an increased risk of any
event of depression after adjustment for confounders (hazard ratio (HR) 1.22, 95% CI 1.01-1.46) (table 3).

However, stratification for a history of depression demonstrated that chronic cough was only associated
with an increased risk of recurrent depression in participants with a history of depression (HR 1.45, 95%
CI 1.13-1.84) (table 3). In contrast, chronic cough was not associated with an increased risk of depression
in participants without history of depression at baseline (adjusted HR 0.91, 95% CI 0.68-1.22) (table 3,
figure 2).

Discussion

In this prospective population-based study of middle-aged and older persons, we observed that chronic
cough was cross-sectionally associated with more depressive symptoms. Moreover, chronic cough
increased the risk of depressive events in persons with a history of depression, but not in persons without a
history of depression.

Our findings corroborate previous studies indicating that persons with chronic cough have a substantially
higher burden of depressive symptoms [9, 13], independent of commonly associated risk factors and
comorbidities such as smoking and asthma [5, 15, 16]. In our study, chronic cough was also associated
with higher burden of depressive symptoms after adjusting for pre-existing respiratory diseases including
chronic rhinosinusitis, asthma, COPD and lung cancer, albeit with smaller effect sizes. This is line with

TABLE 2 The cross-sectional association between chronic cough and depressive symptoms at baseline (n=5852)"

Participants CES-D scores! Model 1 standardised mean  Model 2 standardised mean CES-D Model 1 Model 2
n median (IQR) adjusted difference (95% CI) adjusted difference (95% CI) score >16 OR OR
in depressive symptoms at in depressive symptoms at (n=755, (95% Cl) (95% Cl)
baseline” baseline® 12.9%)
No chronic 5128 4 (1-9) Ref. Ref. 636 Ref. Ref.
cough (12.4%)
Chronic 724 6 (2-12) 0.25 (0.18-0.33) 0.15 (0.08-0.22) 119 1.39 1.12
cough (16.4%) (1.12-1.73) (0.89-1.41)

CES-D: Center for Epidemiological Studies Depression scale; IQR: interquartile range. *: 25 participants did not have CES-D score data; *: scores were
square root-transformed and z-standardised; *: adjusted for age and sex; %: adjusted for age, sex, body mass index, smoking, chronic rhinosinusitis,
gastro-oesophageal reflux disease, obstructive airway disease, lung cancer, diabetes and heart failure.
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TABLE 3 The longitudinal association between chronic cough and incident/recurrent depression®

Participants” Incident Recurrent Model 1*  Model 2° Model 2a’ Model 3*#
depression" depression”
All eligible participants regardless of history 5799 900
of depression
No chronic cough 5080 758 Ref. Ref. Ref.
Chronic cough 719 142 1.40 1.22 1.22
(1.17-1.68) (1.01-1.46) (1.01-1.46)
Participants without a history of depression 4516 466
No chronic cough 3987 408 Ref. Ref. Ref.
Chronic cough 529 58 1.11 0.96 0.91
(0.84-1.46) (0.73-1.28) (0.68-1.22)
Participants with a history of depression 1283 434
No chronic cough 1093 350 Ref. Ref. Ref.
Chronic cough 109 84 1.53 1.46 1.45
(1.21-1.95) (1.14-1.86) (1.13-1.84)

Data are presented as n or hazard ratio (95% Cl). *: includes any event of depressive symptoms, depressive syndromes and major depressive

disorder; ": 78 participants had no follow-up data on incident/recurrent depression; *: adjusted for age and sex; % adjusted for age, sex, body mass
index (BMI), smoking, chronic rhinosinusitis, gastro-oesophageal reflux disease (GORD), obstructive airway disease, diabetes and heart failure;
f. adjusted for age, sex, BMI, smoking, chronic rhinosinusitis, GORD, obstructive airway disease, diabetes, heart failure and history of depressive
event; **: adjusted for age, sex, BMI, smoking, chronic rhinosinusitis, GORD, obstructive airway disease, diabetes, heart failure and baseline

depressive symptoms (Center for Epidemiological Studies Depression scores).

previous research; for example, Heo et al. [15] found that, compared to persons without chronic cough,
patients with chronic cough had more severe depressed mood regardless of their smoking and lung
function status.

Our stratified analyses showed that chronic cough is associated with depressive symptoms, particularly in
persons whose chronic cough is not explained by a known respiratory disease. Although this might be
explained in part by more power in the analyses including those with chronic cough not explained by
respiratory disease, we also see substantially larger effect sizes for the association of chronic cough not
explained by a known respiratory disease and depression. This is consistent with the findings of HuLmE
et al. [16], who examined the psychological profiles of patients presenting with chronic cough and
observed that individuals without a pulmonary disease had significantly more depressive symptoms than
those with explainable causes of chronic cough as well as those without cough. Chronic cough is refractory
in ~50% of patients with treatable traits for cough [28] and remains unexplained in ~40% of affected
persons [29]. We might speculate that some patients may suffer psychological distress due to suboptimal
response to cough treatment and lack of definitive diagnosis despite several health visits for cough.

Chronic cough also increased the risk of depression in our study participants, but only in those with a
history of depression. Studies have shown that recurrent episodes of depressive disorders have a
predilection for clinico-demographic factors relevant in chronic cough [18], and the overall disease burden
of chronic cough negatively impacts the risk of depression [8, 10, 12, 14, 30]. Although we were unable to
assess any bidirectional effects in this study, we hypothesise that, while depression is more common in
chronic cough, it is usually mild rather than severe, and that chronic cough might only lead to depression
in those who are already more vulnerable to depression or exacerbate existing depressive symptoms.

A plausible explanation for chronic cough as a risk factor for depression could be neurobiological; for
example, patients with cough hypersensitivity show increased neural activity in the periaqueductal gray
[31, 32], a region involved in emotional processing of stress and pain, and also implicated in chronic
depression [32, 33]. Furthermore, the psychological determinants of chronic cough [17] and its associated
negative social effects [34] highlight the potential concerted role of psychosocial factors on depressive
events in chronic cough patients. In particular, cough-related psychosocial problems, such as altered social
identity, social embarrassment and isolation, preoccupation and attentional focus and obsessive and
unsuccessful attempts to suppress cough [34, 35] have a negative impact on depression [16]. Indeed, these
psychosocial factors may play a role in mediating the pathological link between chronic cough and
depression. Another potential connection between chronic cough and depression is impaired modulation of
excitatory and inhibitory neurotransmission in the brain [31, 36]. Indeed, centrally acting neuromodulators
such as gabapentin and opioids are effective therapeutic options in both conditions [2, 37, 38]. Notably,
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Incident/recurrent depression

Study participants Chronic cough ~ No chronic cough HR
Participants without history of depression 58 408 0.91 ‘J*
Participants with history of depression 84 350 1.45 —a—
All eligible participants regardless of history of depression 142 758 1.22 .-
1
0.71 2.0

FIGURE 2 Summary of risk of incident/recurrent depression among study participants. HR: hazard ratio.

during cough therapy, there is a concurrent reduction in cough intensity and depressive symptoms [9, 13].
Therefore, recognising and treating both conditions may improve the overall clinical management
outcomes and patient satisfaction.

Our study has several strengths. The results were based on a large sample from the general population, and
the prospective longitudinal assessment of depressive events was based on a combination of questionnaires,
clinical interviews and medical records. However, some limitations need to be considered. First, we lacked
the power to further explore the impact of chronic cough on specific incident depressive events. Second,
although we have information on history of depression up to 5 years before the baseline assessment, these
participants might have suffered from depression before this period. Third, recurrent bouts of depression are
not unusual in people with a history of depression, and they may be more easily recognised by a general
practitioner who is often seen for a complaint of chronic cough. Fourth, our population-based study included
older adults and elderly participants, whose clinical profiles may differ from those of patients presenting to
healthcare facilities. Consequently, our findings may not be generalisable to hospital-based cohorts. Fifth,
chronic pain might be a major confounding factor in the chronic cough—depression link [39]. However,
because we did not have chronic pain data during this study period in the Rotterdam Study, we could not
adjust for it in our analyses. Sixth, the overlapping symptoms of chronic cough and depression may have
artificially inflated the CES-D score. Furthermore, we acknowledge the potential confounding effect of
female sex on the association of chronic cough and depressive symptoms and have adjusted for it in our
analyses. Lastly, we were unable to assess potential bidirectionality of the association, that is including the
potential effects of depression on chronic cough.

In conclusion, middle-aged and older persons with chronic cough have a disproportionate burden of
depressive symptoms, particularly those with chronic cough not explained by a respiratory disease (chronic
rhinosinusitis, obstructive airway disease and lung cancer). Moreover, in individuals who have a history of
depression, chronic cough increases the risk of recurrent depressive events. This emphasises the importance
of screening for depression in patients with chronic cough.
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