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Abstract

Recent reports on the simultaneous occurrence of systemic inflammation and airflow obstruction
are usually based on a highly selective patient population, but their importance warrants further
evaluation in the general population. The objectives were to study the interrelationship between
airflow obstruction, smoking, hypertension, obesity and CRP as a marker of systemic
inflammation in a randomly selected sample of the general Icelandic population (n = 939). This
study comprised 758 randomly selected men and women 40 years and older living in Reykjavik,
Iceland, and who were participating in the Burden of Obstructive Lung Disease (BOLD) study
(81% response rate). In addition to the BOLD protocol, which included post-bronchodilator
spirometry, they answered questions about general health and medication. Serum samples were
taken for measurement of C-reactive protein (CRP). In the sample—245 individuals (33%)
reported having hypertension. Subjects with hypertension were older, had a higher BMI and
higher CRP levels. Subjects with hypertension had lower values of FEV than predicted (89.9 +
18.5vs. 94.5 + 14.4%) (p < 0.001) and FVC (92.2 £ 15.1 vs. 95.3 + 12.3%) (p= 0.002). These
differences remained significant after adjusting for age, BMI, CRP and smoking. Hypertension
and CRP levels above the median were both independently and additively associated with lower
FEV; and FVC. In addition a lower FVC% was also associated with a higher BMI (> 30 mg/m2).
Use of betablocking antihypertensives was not related to lung function. Hypertension, BMI and
systemic inflammation affect lung function independently of each other. All three variables have a
negative effect on FVC, while hypertension and high CRP were independently associated with
impaired FEV;.
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INTRODUCTION

Worldwide attention has repeatedly been drawn to the fact that Chronic Obstructive
Pulmonary Disease (COPD) is a major cause of mortality and morbidity (1).
Simultaneously, an interest has arisen because of the association of COPD with other
chronic systemic diseases like cardiovascular diseases (3), diabetes (4) and osteoporosis (5).
In a recent report on almost 3,000 COPD patients undergoing pulmonary rehabilitation
altogether 51% had at least one chronic comorbidity condition in addition to COPD, most
frequently metabolic (systemic hypertension, diabetes and/or dyslipidaemia) and/or heart
diseases (chronic heart failure and/or coronary heart disease) (6).

As early as 1995 Enright et al. (7) showed that impaired pulmonary function was related to
the presence of ischemic heart disease and hypertension in 2,246 men and 2,955 women
over age 64 years, even in nonsmokers and those without known causes of lung disease.
Engstrom et al. found that the combination of hypertension and low FEV1 was associated
with a markedly higher risk of cardiovascular disease and death (8), and they also revealed
that lung function was inversely associated with increase in blood pressure over a period of
13 years. Those with poorer lung function in the beginning showed a greater increase in
blood pressure and, in their opinion, this increase could not be explained by age alone (8).

Similar results were reported by Wu et al. in China (9). The Cardiovascular Health Study
also demonstrated an association of coronary artery disease and hypertension with reduced
pulmonary function (7). Wannamethee et al. found that a lower FEV, was associated with
higher rates of stroke in hypertensive men (10). The presence of comorbitity in COPD is
strongly related to higher mortality (4, 11, 12).

Cigarette smoke induces oxidative stress and results in the local up-regulation of the
synthesis of inflammatory cytokines. C-reactive protein (CRP) is a sensitive systemic
marker of tissue damage and inflammation, produced by hepatocytes under the control of
the cytokine IL-6 (13). Numerous prospective studies have demonstrated that increased CRP
concentration is a strong predictor of myocardial infarction, stroke and peripheral vascular
disease in apparently healthy adults (14). Several studies have also shown that patients with
COPD have higher levels of CRP than controls (13, 15-17). It has been shown that CRP is
inversely correlated with postbronchodilator FEVq and reversibility (13).

In a population-based study on subjects aged 28-54 years from Reykjavik, Uppsala and
Tartu we have previously described a strong association between high levels of CRP in non-
atopic airway obstruction independent of both smoking and obesity (15). Recently, Fabbri
and Rabe suggested that the diagnostic approach in COPD should not be restricted to the
lungs and proposed to add the term chronic systemic inflammatory syndrome to characterize
the frequent complex comorbidities in people with COPD (18). The aim of the investigation
was to study the association between lung function, obesity, hypertension and CRP as a
marker of systemic inflammation.
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METHODS

Background

The Burden of Lung Disease Initiative (BOLD) is an international study on the prevalence
of COPD (www.kpchr.org/boldcopd) carried out in 18 countries to date. Data from the first
12 countries to complete the study have been reported recently (19). BOLD was conducted
in Reykjavik, Iceland, from December 2004—September 2005. The target population
consisted of residents of Reykjavik and the surrounding suburbs, which comprise a
population of about 180,000 individuals (compared to 300,000 for all of Iceland). The
criteria for inclusion were an age of 40 years or older and that participants should be living
in Reykjavik or its suburbs. Institutionalized individuals (due to illness or imprisonment)
and people living permanently abroad were excluded from participating, in accordance with
the international research protocol. The protocol was approved by the National Bioethics
Committee of Iceland.

Sampling Design

Starting with the national census, all age-eligible Icelandic citizens who were registered as
living in Reykjavik and surrounding suburbs and not having a permanent home address in
one of the major nursing homes were identified as the target population or 35,228 men and
38,163 women. A sample was then drawn from the target population using a simple random
sampling procedure, not stratified by gender (1,000 subjects). After sampling it was found
that 61 individuals were not eligible for inclusion as they had either moved away (n = 18),
had a wrong address in the national census (n = 7), were institutionalized (n = 30) or had
passed away (n = 6). The final study group therefore consisted of 939 individuals.

Questionnaires

Procedures

Spirometry

Questionnaires were originally written in English and then translated into Icelandic. The
wording of individual questions was based partly on previous international studies and the
ATS Standardized Respiratory Symptom Questionnaire (19, 20). An independent back
translation into English was done and the results compared to the original by the Operations
Center in Portland, Oregon, USA.

After written informed consent was obtained subjects answered the standardized
questionnaires administered by the trained interviewers, underwent pre- and
postbronchodilator spirometry tests, and a blood sample was obtained.

FEV, and FVC values were obtained by spirometry. Testing was conducted with the
participant in a sitting position wearing a nose clip and a disposable mouthpiece.
Participants were shown how to perform the maneuver by the technician before testing.
After instructing the participant, a pre-bronchodilator test was carried out. A successful test
session was defined as at least 3 acceptable maneuvers, with the 2 best FEV1s and the 2 best
FVC’s from these maneuvers, both within 200 ml of each other. After at least 3 acceptable
and 2 reproducible maneuvers, 2 puffs of bronchodilator (salbutamol) were administered,
using a spacer.

After at least 15 minutes the post-bronchodilator test was performed. In accordance with the
BOLD protocol individuals who had recently had a cold/infection were asked to participate
later because of the effect on spirometry. BOLD uses the prediction equations for Caucasian
adult men and women derived from the third United States National Health and Nutrition
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Examination Survey (NHANES I11) as its primary reference equations for all participants
(19, 22).

Hypertension

Participants answered questions in the BOLD questionnaire regarding high blood pressure.
In addition we asked specific questions as to whether they had ever been diagnosed with
hypertension by a doctor and if so, at what age. They were also asked if they were currently
using any medications to treat hypertension and if so, what medications. Later their
pharmacological treatment was coded according to the ATC drug classification system (23).

Body Mass Index

Participants were weighed in light clothing without shoes, with weight recorded to the
nearest kilogram. Height was measured (without shoes) using a wall-mounted stadiometer
and recorded to the nearest centimeter. BMI was calculated as weight in kilograms divided
by the square of height in meters.

Blood Samples

Blood was drawn from the antecubital vein of the seated subjects. Specimens were collected
in SST’s from Greiner (Kremsmuenster, Austria). Tubes were allowed to stand for 20
minutes before centrifugation for 10 minutes (3,000 rpm). After separation, the serum
samples were stored at —20°C until analysis. The analyses were carried out at the
Department of Clinical Biochemistry, Landspitali University Hospital, Iceland. CRP
concentrations were measured on a Kone 30 analyser using a commercially available latex-
enhanced immunoturbidimetric assay from Roche Diagnostic Systems (Mannheim,
Germany). The lower detection limit of the assay is 0.1 mg/L. The between-day coefficient
of variation was 1.1% at a concentration of 3.73 mg/L and 1.9% at a concentration of 0.68
mg/L.

Statistical analyses

RESULTS

Participation

All statistics were calculated with STATA software, version intercooled STATA 8.0 for
Windows (Stata Corporation, College Station, Texas). The subjects were divided into four
groups according to the quartile distribution of the CRP values (<0.75, 0.75-1.27, 1.27
-3.25, >3.25). Simple linear regression and the Chi square test were used in the univariate
analyses, while multiple linear regression was used when performing multivariable analyses.
The test for trend was carried out using a simple linear regression by transforming the
variable studied from categorical to continuous. ANOVA was used when analyzing the
univariate association between BMI groups and lung function. Tests for interaction were
carried out to detect possible differences regarding sex, BMI, smoking and CRP in the
association between lung function and hypertension, where a p-value less than 0.05 was
regarded as statistically significant.

A total of 758 participated (response rate 81 %). According to chi-square statistics women
aged 70 years and older had a lower participation rate (p < 0.05), but there were no
significant differences between the responders and non-responders regarding age, smoking
status or health. Self-reported diagnosis of hypertension was available from 750 subjects, all
with acceptable post-dilator spirometry. Blood samples were analyzed from 746
participants.
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Hypertension

Altogether 245 individuals (33%) reported that they had been diagnosed with hypertension
by a doctor. Subjects with hypertension were older, had a higher BMI, were less likely to be
current smokers and had higher CRP levels (Table 1). Mean age when diagnosed with
hypertension was 51.2 (+13.3) years. Altogether 189 individuals were currently taking
medication for hypertension and of these almost half were using monotherapy. Beta-
blockers were used by 96 (30%) and 91 (28%) were taking thiazides.

Association with Lung Function

The participants with reported hypertension had proportionally more often a predicted FEV;
% below 80% compared to the non-hypertensives, especially in the older age groups (Figure
1). They also had significantly lower FEV; % and FVC% (Table 2). No significant
association was found between lung function and the age when the participants were
diagnosed having hypertension or the number of hypertensive drugs. No significant
difference was found in FEV1 or FVC between hypertensive subjects that used or did not
use beta-blockers.

BMI showed an inversed U-shaped association to FVC% and FEVq % with the lowest lung
function values in the underweight and obese participants (Table 2). Higher CRP values
were significantly associated with lower lung function (p < 0.0001) (Table 2).

Multivariable Association between Lung Function, Hypertension. CRP and BMI

The association between hypertension and CRP and low FEVq and FVC remained
significant after adjusting for age, sex, current smoking and pack-years. BMI was negatively
associated with FVVC (Table 3).

The association between FVC and hypertension was significantly stronger in men than in
women —4.9 (=7.7, -1.9) vs. -0.5 (-3.5, 2.7)% of predicted (p= 0.02). No significant
interaction with age, smoking, CRP or BMI was found concerning the association between
lung function and hypertension and. An additive effect was found between hypertension and
a higher CRP (>1.27 mg/1) towards a lower FEV7. The adjusted FEV1 was was —3.3 (-5.9,
-0.8)% of predicted lower if either one was present and —7.9 (-11, —4.6)% of predicted
lower if both hypertension and higher CRP were present (Figure 2). Likewise, FVC was
significantly lower in the presence of hypertension, higher CRP (> 1.27mg/l) and obesity
(BMI > 30.0 kg/m2) (Figure 2).

DISCUSSION

The main finding of this study was that hypertension, obesity and systemic inflammation
affect lung function independently of each other. All 3 variables have a negative effect on
FVC, while hypertension and high CRP were independent and additive determinants of
FEV1. This synergistic interaction is of clinical importance and adds to our understanding of
the complex nature of lung function impairment.

The strength of this study is its use of the well standardized BOLD protocol (19) and the
high response rate in a general population sample. On the other hand this study is
underpowered in terms of analyzing subgroups of the general population consisting of those
in the lowest BMI group with low FEV;. Also in the group of 70 + were the prevalence of
hypertension is highest only few subjects have lung function impairment of less than 80%
predicted. Another limitation of this study is that we only measured height and weight but
not waist circumference that would have been a better index of the metabolic syndrome than
is BMI.
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Hypertension and lung function impairment both share smoking as a risk factor (25) and
obesity in our study was also significantly associated with both higher CRP levels and lower
FEV1. We have previously shown the synergistic effect of smoking and obesity for high
CRP values (15), a combination that leads to markedly reduced life expectancy (25). In fact,
the presence of comorbidities in COPD is invariably associated with a worse prognosis (11,
26, 27).

CRP is increased in all the major comorbidities of COPD like cardiovascular diseases,
hypertension and diabetes (13, 14) but how this low-grade systemic inflammation
accelerates progression of COPD is not well understood (26). Recent studies have shown
that the risk associated with obesity is not homogenous but that the visceral adipose tissue
compartment may be a unique pathogenic fat depot, acting as an endocrine organ that can
influence the risk of developing metabolic traits (28). At least animal studies indicate that
hypoperfusion and hypoxia in local adipose tissue hypoxia are partly responsible for
dysregulated adipocytokine production and metabolic syndrome in obese subjects even
under normoxic conditions. The ventilatory impairment associated with airflow obstruction
might easily contribute to a vicious circle. It is however also possible that abdominal obesity
causes hypertension, systemic inflammation, and by mechanically impairing descent of the
diaphragm, a low FVC and FEV;.

The view of lung function impairment as a landmark of a systemic disease with many co-
morbidities is leading to a more comprehensive approach to management. For example, a
high CRP might be a novel target for treatment (26). The lipid-lowering statins have potent
anti-inflammatory properties and among 418 patients followed for almost 3 years the 215
statin users showed less decline in FEV1, independent of smoking status (30) and in a
retrospective 2-year follow-up of 854 patients the mortality was lowest among statin users,
especially if they were also taking inhalation corticosteroids (31). In another retrospective
follow-up of 3,371 vascular surgery patients those with COPD and using statins showed a
much lower 10-year mortality, especially if they were using high statin doses (32).

Hypertension, BMI and systemic inflammation affect lung function independently of each
other. Further studies are needed to understand the interrelationship between lung function
impairment and the complex comorbidities, but our study supports the view that lung
diseases such as COPD may be part of chronic systemic inflammatory syndrome.
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Figurel.
Hypertension and impaired lung function (FEV1 < 80% predicted in different age groups).
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Figure 2.

Association between lung function and hypertension, obesity (BMI > 30 kg/m?) and high
CRP (above median). The associations were adjusted for age, sex, current smoking and
pack-years.
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Table 1

Characteristics of subjects without and with hypertension (mean £ SD or%)

No hypertension

(n = 505)

Age (years) 53.3+10.5
Women (%) 45.0
BMI (kg/m?) 27345
Ex-smokers 41.1
Current smokers (%) 21.4
Pack-years (% per group)

0 37.7

>0-5 13.3

>5-20 24.8

>20 24.2
CRP (mg/L) (%per group)

<0.75 255

0.75-1.27 29.8

1.27-3.25 235

>3.25 21.2

Hypertension
(n =245)

62.8+11.6

51.0

29.0+£54

46.5
12.2

41.2
13.1
20.8
24.9

218
17.6
28.4
32.2

p-value

<0.0001
0.12
<0.0001
0.16
0.002
0.52

< 0.0001
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Table 2

Lung function (mean £SD) in relation to hypertension, BMI and CRP

FEV, % pred FVC% pred

Hypertension

No 945+ 14.4 95.3+12.3

Yes 89.9+18.5 92.2+15.1

p-value 0.0002 0.002
BMI kg/m?

<20 (n=15) 83.6+25.1 946+19.4

20-25 (n = 201) 94.6 +16.8 97.9+13.2
25-30 (n = 330) 945+ 15.2 95.2+12.6

>30 (n =212) 89.8 +14.9 89.2+12.8
p-value 0.0003 < 0.0001
CRP mg/L
<0.75 97.4+15.2 99.0+12.2
0.75-1.27 94.2+15.6 95.3+13.1
1.27-3.25 92.6+14.4 93.4+12.7
>3.25 88.4+16.8 89.6 +13.4
Prreng-value <0.0001 <0.0001
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Table 3

Independent effect of hypertension, BMI and CRP on lung function shown as the difference in% predicted
values (and 95% ClI)

FEV, % pred FVC% pred

Hypertension

No 0 0

Yes -3.8(-6.3,-1.2) -2.6 (4.7, -0.4)
BMI kg/m2

<20 -8.6 (-17,0.3) -2.1(-9.6,5.3)

20-25 0 0

25-30 1.2 (-1.6, 4.0) -1.5(-3.8,0.9)

>30 -18(-5.0,13) -59(-85,-3.2)
CRP mg/L

<0.75 0 0

0.75-127 -3.2(-6.4,-0.04) -2.9(-55,-0.2)
127-325 -3.7(-6.9,-05) -3,9(-6.6,-12)
>3.25 -6.2(-9.5,-2.9)  -7.0(-10, -4.2)

The effect is adjusted for the variables in the table and age, sex, current smoking and pack-years.
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