Diagnosis, co-morbidities, progression and exacerbations and respiratory tract infection in Chronic Obstructive Pulmonary Disease (COPD)

A follow-up study of the COPD-cohort in HUNT
Background

Increasing life span, life style and environmental factors, are causing an increasing incidence and prevalence of chronic obstructive pulmonary disease (COPD) (1), and COPD is estimated to be the fourth leading causes of death in 2020. In Norway, some 250.000-300.000 persons have COPD related symptoms, 2.000 persons die yearly of COPD or COPD related conditions, and COPD counts for about 1 % of total health care expenses. In Nord-Trøndelag the estimated post-bronchodilator COPD prevalence in persons older than 44 years was about 8.5 % and 15 % in 1995-97 in women and men, respectively (2). From the Hordaland study, an increasing prevalence from 7% to 14 % was reported in persons aged 35-90 during the period 1997–2005 


(3) ADDIN EN.CITE . The main causal factor in western countries is tobacco smoking, but genetic/epigenetic factors influence the susceptibility for development of disease (4). Exacerbations occur in about 20 % of persons with moderate disease and 50 % in severe disease (1), these have been shown to be as important for COPD as myocardial infarction for heart failure, and causes increased decline of lung function. Pharmaceutical treatment with long-acting anticholinergic drugs (LAMA) and combined inhaled corticosteroids (ICS) and long-acting beta2-agonists reduces the risk for exacerbations with about 25 %, but compared to CVD where stenting of coronary arteries have eliminated symptoms as angina pectoris, very little progress has happened in handling of exacerbations in COPD; being a consequence of very limited knowledge on initial pathophysiologic mechanisms. 
Patients with COPD often have other chronic diseases that may have a significant impact on the prognosis. These are cardiovascular diseases (CVD), diabetes mellitus, obesity, anxiety, depression and osteoporosis. These comorbidities are results of increased risk by ageing, shared exposure to risk factors, genetic/epigenetic factors and potentially an underlying systemic inflammation. There are increased levels of inflammatory markers in these chronic diseases, but whether these are a result of overflow to the systemic circulation from inflammation in the airways, or are developed in other parts of the body, is unclear (5). Nevertheless, there is increasing evidence of predictive role of inflammatory markers on prognosis and mortality of COPD 


(6, 7) ADDIN EN.CITE . Among other factors assumed to be of relevance for development and prognosis of chronic diseases is Vitamin D. The vitamin is involved in many gene transcriptions, but the role in chronic diseases is unclear 


(8, 9) ADDIN EN.CITE .

In moderate to severe COPD, additional comorbidities increase the symptom burden, inactivity, and quality of life for the individuals. The disease burden is associated with high costs for the society due to sick leave, early retirement, hospitalizations, drug use and follow-up in primary health care.  Coexistence with other chronic diseases entails challenges regarding diagnosis, treatment and interpretations of inflammatory markers, but there is limited knowledge on how to handle this.

The Nord-Trøndelag Health Study is a comprehensive population based study having collected data in three surveys, HUNT1 (1984-86), HUNT2 (1995-97) and HUNT3 (2006-08) 


(10) ADDIN EN.CITE . The HUNT Lung Study supplemented data collection especially regarding obstructive lung diseases and osteoporosis in HUNT2 and 3. Comprehensive data on life style factors, illnesses, diseases, lung symptoms, lung function, use of medication for lung diseases, bone mineral density (BMD) and serum analyses, represent valuable baseline data for further studies on disease related risk factors, symptom burden, quality of life and prognosis. Stored biological material (plasma, DNA, urine) from HUNT2 and 3 give the possibility of analyses of genetic factors, epigenetics as well as baseline levels of inflammatory markers and vitamins.  Blood samples are already analyzed for creatinine, C-reactive protein, cholesterol, liver enzymes, and for more than 4000 participants, vitamin D levels already are, and more will be, analyzed this year. A great proportion of DNA has been included in genome association wide studies (GWAS) and in the coming months all participants in HUNT2 and HUNT3 having given blood samples, will have their DNA analyzed by GWAS. 

COPD is a long lasting chronic disease causing increasing limitations and symptom burden in the 2-3 last decades of life. Follow-up studies on change in exposures, lung function, morbidity, and health status are essential for studies on factors influencing progression of disease, exacerbations and comorbidities. There is increased mortality among patients with moderate to severe COPD; among persons identified with disease in HUNT2, 60 % had died before 2013. A new data collection through questionnaires is therefore planned to be performed in 2014, and from this large sample, some 600 persons will be invited to further examination and 400 of these will be further invited to one year follow-up study with daily symptom report in a study on virus as causal agents for exacerbations. 
1.1. COPD:  diagnostic criteria and influence on prognosis and health status 
COPD is considerably underdiagnosed due to patients’ underreporting of symptoms and doctors unawareness of the disease and underuse of spirometry. According to Global Initiative for Chronic Obstructive Lung Disease (GOLD) (1), COPD is defined in patients having been exposed to risk factors having post-bronchodilator FEV1/FVC < 0.70. Change from previous use of pre-bronchodilator to post-bronchodilator cut-off levels certainly has resulted in identifying a more specific COPD patient group and has correspondingly reduced the prevalence of the disease by about 30% 


(11, 12) ADDIN EN.CITE . Despite many COPD experts having recommended change from use of age independent cut off of FEV1/FVC < 0.70 instead of use of lower limit of normal (LLN) 


(13) ADDIN EN.CITE , GOLD has kept the former cut-off causing underdiagnoses of COPD among younger and overdiagnoses in older persons. Despite great focus by GOLD on specific criteria for diagnosis mainly influencing case finding of mild COPD, this stage is not associated with mortality (14) and the influence on prognosis by identification of patients with mild disease is highly questioned (15). Use of post-bronchodilator spirometry has been advocated for diagnostic criteria even if these procedures are rather time consuming and actually are used to very little extent in many countries. As treatment recommendations are mainly based on symptoms burden, number of exacerbations and moderate to severe disease, the potential improvement for patients should be shown before more than pre-bronchodilator spirometry should be asked for.

In HUNT2 some 5200 persons performed both pre- and post-bronchodilator spirometry, and in HUNT3 about 1200 persons had inhaled LABA in the morning of spirometry and being in a post-bronchodilator phase. Information on symptoms, exacerbations, treatment and spirometry, gives the opportunity for evaluating influence on prognosis and health status at follow-up in 2014.
1.2. COPD: measures of severity

The severity of COPD previously has been classified according to levels of FEV1 percent predicted (ppFEV1) into mild (> 80%), moderate (50-79%), severe (30-49%) and very severe (< 30%). Due to low correlation between ppFEV1 and perceived symptoms and health status in patients, more composite measures have been used in treatment recommendations for many years. The GOLD 2011 update introduced a new classification of COPD including measures of symptom burden (British Research Council Dyspnea Scale (BMRC) or COPD Assessment Test (CAT)), number of exacerbations during the last 12 months in addition to ppFEV1. The lung study in HUNT regrettably has not included these standardized valid measures, as we prioritized use of similar questions as the Hordaland Study instead of BMRC and due to development of CAT after HUNT3. Some recent studies in high impact journals, among these one study from the Hordaland Study and one from the HUNT study, haven’t confirmed that the new grading predicts mortality better than previous grading 


(16, 17) ADDIN EN.CITE , but lack of valid measures is limitations of these studies as well as limit development of improved staging. These measures, therefore, should as soon as possible be included in the HUNT COPD cohort to update measures of symptoms and health status, to test the validity of previously used questions, as well as to study if instruments like CAT really helps beyond the use of the simpler BMRC (18).
1.3. COPD and comorbidities

Anxiety and depression influence how COPD patients manage the disease and adherence to treatment recommendations. CVDs reduce exercise tolerance and are an important cause of death in COPD patients. Further, COPD patients have increased risk of osteoporosis and fractures due to the disease itself, shared risk factors, side effects on bone by corticosteroid treatment but also inactivity, dietary factors and lack of sun exposure (19). Like other groups being at risk of osteoporosis, osteoporosis in COPD patients is largely underdiagnosed, even if early identification is important for secondary prevention in this group of patients. Patients with moderate to severe COPD have limitations in physical activity, and fractures inevitably add a heavy burden to their dyspnea. Vertebral fractures influence the mobility of the patients, are associated with back pain, and may also increase dyspnea, as increased thoracic kyphosis and decreased rib mobility add a restrictive component to their lung disease. So far, the individual patient with combined chronic diseases suffers and the society has increasing costs. A follow-up study of the COPD cohort in HUNT gives the opportunity to study the influence of osteopenia and osteoporosis at in HUNT2 and/or HUNT3 on COPD related health status, as well as potential influence by treatment with bisphosphonates, calcium and vitamin D.   
1.4. COPD: Systemic inflammation 
The role of systemic inflammation in COPD and comorbidities are unclear, but potential effect on underlying disease and comorbidities of inflammatory mediators or markers could have therapeutic implications for the patients 


(20, 21) ADDIN EN.CITE .
Many biomarkers are under study, among these CRP, IL-6, fibrinogen, and leucocyte count. In HUNT CRP is measured in all HUNT3 participants and 20% of HUNT2 participants, but storage of plasma makes analyzes of for example sample from persons with COPD possible. . 
Dysfunctional endothelium with increasing permeability in the vascular system seems to be one of the essential components in the systemic inflammation. Microalbuminuria (MA, defined as urine-albumin concentration 30-300 mg/dg) is currently one of the most important markers reflecting a generalized vascular damage in both kidney and heart, and is well documented to be a prognostic factor of cardiovascular disease and death in both diabetic and non-diabetic individuals 


(22-24) ADDIN EN.CITE . Common risk factors in patients with CVD and COPD might indicate that MA also could reflect a systemic inflammation in COPD patients. In HUNT2 9725 persons delivered urine samples in the MA project, among whom 5800 delivered urine samples in HUNT3. In a recent paper we showed that microalbuminuria was associated with all-cause mortality in individuals with COPD indicating that MA could be a relevant tool in identification of patients with poor prognosis (25).

A new data collection extents the observational time and increases the power to study any associations between MA and different COPD stages as well as phenotypes. 
1.5. COPD: any role of vitamin D?
Low levels of vitamin D are associated with low BMD and high fracture risk, but have also been associated with COPD and decline in FEV1 


(26) ADDIN EN.CITE . COPD patients often expose themselves to little sunlight, use inadequate diet, and are at risk for low levels of vitamin D (19). In serum from HUNT2 serum 25-hydroxyvitamin D (25(OH)D) already have been analyzed in about 2500 randomly selected persons having participated in both HUNT2 and 3, and papers are published on the association between vitamin D and obesity and vitamin D and incident asthma 


(27, 28) ADDIN EN.CITE . Further assessment of 25(OH)D in stored serum is planned and can be restricted to cases with COPD, as there are sufficient healthy controls. Few studies have follow-up data on COPD for 15-20 years combined with the possibility to analyze vitamin D in stored blood; this study could contribute heavily to new knowledge of any effect of vitamin D, not only for COPD health status and prognosis, but also for comorbidities like osteoporosis and CVD. 
2. Aims of the study

a) To study the predictive values of different cut-offs in diagnostic criteria (FEV1/FVC < 0.70 or < LLN) on symptom burden, morbidity, mortality and health care utilization. 
b) To study whether COPD definition based on post-bronchodilator spirometry facilitates selection of appropriate patients for pharmaceutical treatment compared to definition based on pre-bronchodilator spirometry; in other words, are extra resources used on extra manoeuvers in primary health care worth while for patients?     

c) To study if more comprehensive measures of health status as CAT contribute to differences in therapeutic strategy compared to use of simple dyspnea measures like BMRC
d) To compare validity of questions used on dyspnea and limitations used in HUNT2 and HUNT3 with validated instruments like CAT
e) To study influence of exposures, life style, disease severity, disease phenotype, pharmaceutical and non-pharmaceutical treatment on prognosis, health status and morbidity in patients identified with COPD

f) To study influence of exposures, life style, disease severity, disease phenotype, pharmaceutical and non-pharmaceutical treatment on development of osteoporosis and fracture risk in COPD patients

g) To study the effect of inflammatory markers as micro-albuminuria and CRP on prognosis, morbidity and mortality
h) To study the effect of low levels of Vitamin 25(OH)D on development of COPD, prognosis and development of comorbidities.
i) To identify the COPD population with the highest susceptibility to exacerbations related to upper respiratory tract infections

3. Materials and methods

3.1. The HUNT study

The HUNT study have collected comprehensive data from the entire population living in the county of Nord-Trøndelag aged 20 years and more in three surveys, HUNT1 (1984-86), HUNT2 (1995-97) and HUNT3 (2006-08) 


(29) ADDIN EN.CITE . The next survey, HUNT4 is already planned to be performed from 2017. There has been declining participation rate from 88 % in HUNT1 to 54 % in HUNT3. Chronic diseases like CVD, COPD, diabetes and depression as well as lower socioeconomic status were associated with lower participation rate 


(10) ADDIN EN.CITE .
3.2. The HUNT Lung Study

HUNT1: Of special relevance for the Lung study are data on life style (physical activity, tobacco smoking) as well as X-ray screening of the lungs of all 75.000 participants.
HUNT2: The Lung Study invited persons reporting symptoms or diagnosis of obstructive lung disease (asthma and COPD) and a 5 % random sample of the population, to interview, questionnaires, spirometry and bone densitometry of the non-dominant forearm, and 10,800 persons participated. Additionally, 5,200 participated in reversibility test (pre- and post-bronchodilator spirometry), 125 persons in prednisolone reversibility test and 800 persons in methacholine provocation test, measurement of exhaled Nitric Oxide and Phadiatop. 

HUNT3: The Lung Study invited according to selection criteria used in HUNT2, but extended the random sample to 10%. In all 12,100 participated in interview and spirometry. Bone densitometry was repeated in the forearm for about 9000 persons and in all 12,000 persons were included in bone densitometry of hips and lumbar spine (DEXA)

The main questionnaire was answered by 77,205 (89% of invited) persons in HUNT1, 65,233 (70% of invited) in HUNT2 and 50,805 (54% of invited) in HUNT3. Totally 56% of participants in HUNT2 participated also in HUNT3. The participants answered, especially in HUNT2 and 3, comprehensive questionnaires in addition to more specific questions on respiratory symptoms and treatment for those selected for the Lung Study. In addition to blood pressure, pulse and anthropometric measures, blood and urine samples were collected for immediate analyses and storage.

The spirometry and bone densitometry data have been quality assured through a comprehensive evaluation of all spirometry curves and densitometry graphs.

3.3. Hunt Databank and HUNT Biobank

HUNT Research Center has developed a databank including all participants in the main and sub-studies of HUNT. So far it contains more than 6000 variables of 125.000 persons having participated in at least one HUNT study.  Feasible data handling procedures are developed and in addition metadata for variables, instruments and study phases are included (https://hunt-db.medisin.ntnu.no/hunt-db/). The data handling and storage procedures are accepted by the Norwegian Data Inspectorate and Ethics Committee. Frozen urine and blood samples are stored in HUNT biobank.
3.4. Follow-up study in 2014-15
3.4.1. Phase 1: Questionnaire to persons possible COPD in HUNT2 and HUNT3
As FEV1/FVC has been shown to decline with age, the current diagnostic cut-off of 0.70 causes underdiagnosis among middle aged and overdiagnosis among persons above 80 years. A higher cut-off is therefore chosen among persons younger than 65 years.

Inclusion criteria:

1. Living in the county of Nord-Trøndelag at study start (Autumn 2014) AND
2. Age 45 – 80 years in 2014 AND
3. HUNT2:  Postbronchodilator FEV1/FVC < 0.70 OR 

4. HUNT3: Prebronchodilator FEV1/FVC < 0.70 OR Self-reported COPD OR doctor diagnosed COPD OR doctor diagnosed emphysema OR
5. HUNT2 Prebronchodilator FEV1/FVC < 0.72 AND Participation age < 65 years OR
6. HUNT3 Prebronchodilator FEV1/FVC < 0.72 AND Participation age < 65 years

Eligible for invitation:  3.942 in June 2014; the invitation file will be updated prior to study start.

Data collection: A questionnaire and declaration of consent for phase I and II will be sent to all eligible persons. The questionnaire asks about risk factors, life style, chronic diseases, symptoms, activity measures, quality of life and health care utilization. The questionnaire includes validated instruments like BMRC dyspnea scale, CAT and questions developed as part of collaboration in an international COPD-study (UNLOCK). Estimated acceptance: 70% of invited n = 2600

3.4.2. Phase 2: Validation of self-reported diagnosis and spirometry data from general practitioners and hospitals
Participants are asked if HUNT Research Centre is allowed to send a request to their general practitioner and local hospital (if having been to examination due to COPD) regarding the following information: Chronic diseases, results from serum analyses during the last year (hemoglobin, leucocytes, potassium, creatinine, cholesterol, glucose and HbA1c), printouts of the latest spirometry during last 5 years, and printouts of current medication list. Additionally the practices will be asked about type of spirometer and calibration routines. 

Daily Administration, data handling 
HUNT Research Centre (RC) has long experience in this kind of data collection, and will be hired for help to administer invitations, optic scanning of questionnaires and further data handling. The principal investigator (PI) of this study has been PI of the Lung and Osteoporosis Study in HUNT2 and 3, member of management team at HUNT RC and is leader of HUNT databank. The PI has been affiliated to the Lung Department, Hospital Levanger and is working part-time as GP at Høvdinggården Legekontor; this facilitates collaboration with these institutions for phase 2 and 3. 
Lifandis is a publically owned company that was established in 2007 to act as a professional interface and entry point for industry access to Norwegian biobanks and registries. Lifandis will work closely with the HUNT research centre on the planning and execution of phase 1 and 2 of the study and have a key role in the day-to-day management of phase 4 of the study.

Project start is November 2014. Data collection in phase 1 and 2 will be performed from November 2014 to February 2015.. Subsequent Data Management and Statistical Analyses will be performed in 2015-2017. 
4. Statistical considerations 
The challenge in studies of complex and heterogeneous chronic diseases is to have data from high enough number of persons on individual characteristics, exposures, disease development, treatments, measures and symptoms. Available HUNT-data in addition to data collected in the present study should give power to answer the research questions with appropriate statistical methods. Multiple logistic and Cox proportional regression analyzes will be performed.  

The data collected in this study will be valuable beyond the specified research questions in this application. The data can be linked to previous and future HUNT-data, local registries as the Fracture Registry in Nord-Trøndelag, The Norwegian Prescription Database, The Cause of Death Registry, Registry of Socioeconomic factors (Statistics Norway).
5. Ethical considerations

Invited persons with COPD have already signed consents and contributed to data collection in the HUNT studies. We will ask for specific written consent to each of the two phases  as well as ask for consent to include the data in HUNT databank, and for the possibility to link de-identified data to local and national health registries for research purposes. Exploitation of already collected data is important also from an ethical consideration. The study will of course apply to the Ethics Committee (REC) for approval to perform the data collection, further storage of data and linkage to registries. REC will be asked for approval of collection of data from dead patients with COPD from hospital records. The Norwegian Data Inspectorate will be asked for extension of the license for the HUNT databank to include the results. 
6. Collaborations

7.1. National collaboration; HUNT RC, Levanger Hospital and St.Olav’s Hospital  
There is already a close collaboration between HUNT RC and the two hospitals in research on COPD and microalbuminuria, and lung cancer, respectively. This application will contribute to further development of research collaboration on COPD, osteoporosis, and inflammation between HUNT RC and the local hospital as well as widening the collaboration between HUNT RC and the Department of Pulmonology at St. Olav’s Hospital. This is important both for increasing scientific knowledge and facilitating recruitment of health professionals at HUNT RC and the Hospital Levanger. This research will be part of the Research Group “Lung, skeleton and nutrition” at Department of Public Health and General Practice, NTNU. 
7.2. International collaboration 
The potential and power of studies on COPD and osteoporosis are increased by international collaboration. Sharing data between regions and countries gives the opportunity to study effect of different risk factors, treatments and health care organizations. The International Primary Care Respiratory Group (IPCRG) is an established collaboration between 37 countries http://www.theipcrg.org/index.php. The scope of IPCRG research includes prevention, diagnosis and management across the common respiratory conditions managed in primary care. IPCRG have a particular interest in exploring and researching practical approaches to patient-centered care. The Norwegian network of IPCRG, “Lunger i Praksis” (LIP) has 400 members, was established in 2000 and have arranged 2-6 yearly courses open for health care professionals in COPD, asthma, lung function, respiratory infections and more. In 2010 IPRCG established a special network for research in COPD in primary health care, the UNLOCK study (Uncovering and Noting Long-Term Outcomes in COPD to enhance Knowledge) http://unlockstudy.org/. The UNLOCK researchers recognize the need for establishing a common international dataset of relevant diagnostic and follow-up variables for COPD management. Researchers with data on topics to be studied will share common anonymous data of relevant variables, and the network will potentially be an infinite source for future research on COPD of different severity and comorbidities.

International collaboration and merging of dataset often is limited by use of different questionnaires and lack of both content validation and translation validation. To facilitate international collaboration both on historical and new data, there is an urgent need for both comparing results and cut-offs between older questionnaires used in HUNT and newer ones. The questions planned to be included in the present study are in close agreement with those already being used in Sweden, Denmark, UK and the Netherlands.

7. Dissemination and publication

The results will be published in peer reviewed international journals and at international congress and meeting as abstracts and posters. The project will adhere to international standards on publications, i.e. ICJME Vancouver principles. The outcome of this research project will also be disseminated to local health care professional and the local population in Nord-Trøndelag in keeping with the long tradition at HUNT openness on the ongoing and published work originating from the studies.       
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