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Abstract

Background

Exposure to particulate air pollution increases respiratory amiogascular morbidity and
mortality, especially in elderly, possibly through inflammation and vascytdunction.

Methods

We examined potential beneficial effects of indoor air filbratin the homes of elderly
including people taking vasoactive drugs.

Forty-eight nonsmoking subjects (51 to 81 years) in 27 homes were inclnddds
randomized, double-blind, crossover intervention study with consecutive é&k-periods
with or without the inclusion of a high-efficiency particle aitefi in re-circulating custor
built units in their living room and bedroom. We measured blood pressisreyascular an
lung function and collected blood samples for hematological, inflammatanocyte surfag
and lung cell damage markers before and at day 2, 7 and 14 during each exposure scenario.

D = =

Results

The particle filters reduced the median concentration of £fdm approximately 8 to ¢
ng/m® and the particle number concentration from 7669 to 5352 particfedXonstatistically
significant effects of filtration as category were obsemednicrovascular and lung functipn
or the biomarkers of systemic inflammation among all subjecis, the subgroups taking (n
= 11) or not taking vasoactive drugs (n = 37). However, the filtrafboacy was variable
and microvascular function was within 2 days significantly incietagiéh the actual Pl
decrease in the bedroom, especially among 25 subjects not taking any drugs.

Conclusion

[oX

Substantial exposure contrasts in the bedroom and no confounding byapp&gs require
for improved microvascular function by air filtration, whereas rieeobeneficial effect was
found in this elderly population.
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Background

Exposure to particulate air pollution increases mortality and mhitylrielated to respiratory
and cardiovascular diseases especially among susceptible indisdahlss the elderly and
people with pre-existing lung- and heart disease [1]. The undeyatggical mechanisms
are considered to include oxidative stress and inflammation. Fooeasdular disease these
mechanisms include the pulmonary release of inflammatory and wasoawlecules into
the circulation, altered cardiac autonomic function, altered balaeteecen coagulation and
fibrinolysis, endothelial and microvascular dysfunction, atherosclenmsgression and
plaque instability [2]. Ultrafine particles (diameter lessmrt 100 nm), especially from
combustion processes in vehicles, are thought to have particulariypelgia effects due to
high alveolar deposition, poor clearance, large reactive surfagevéreattached metals and
polycyclic aromatic hydrocarbons (PAH) on their carbonaceous coik,patential for
translocation to the systemic circulation [3].

Health effects of exposure to air pollution is mainly relatedutdoor levels, monitored or
modeled in areas around residences. However, most people, espémaly from the
susceptible groups spend over 80-90% of their day indoors [4,5]. Although-teddted
particles are transported into the indoor environment by ventilatidnndiltration [6], this is
highly variable and a large proportion of indoor particles comes frosmriaty of indoor
sources (frying, candles burning, heating devices, environmental tolsmcoke, office
equipment, chemical reactions, biological sources and human activitigh way account
for the majority of total personal exposure [7-9]. Biomarkersedl#td risk of cardiovascular
and other diseases appear more strongly associated with pergquoslre to particles than
with ambient particulate air pollution levels [10,11]. Yet, littlekisown about the adverse
effects of exposure to indoor-generated particles, except fandber allergens and aerosols
on individuals with respiratory allergies or asthma [12]. Substlargductions in exposure to
particles can be achieved by portable air filtration unithe@inhdoor environment allowing
assessment of causality, understanding mechanistic endpoints, icdaatif of relevant
sources and development of large scale long-term interventions in relekagrbtips.

In a study of elderly (60—-75 years) people, an 8% improvementdrowaiscular function
measured by EndoPAT2000 (MVF) was detected following 48 hours 6ftition in their
homes [13]. Similarly, significant improvement of MVF and a redurcin biomarkers of
inflammation were found in 45 subjects aged 20 to 63 years afeenweek indoor air
filtration in homes in wood smoke-impacted areas [14]. A recenewewioncluded that
residential air filtration can improve outcomes in the treatratatlergic respiratory diseases
[12]. Lung function was improved in young adults after filtration of talbasmoke-polluted
indoor air in the home, whereas the MVF was unchanged [15].

The objective of this study was test the hypothesis that pradantgrvention with indoor air
filtration of PM in the home improves MVF and lung function in aredidrepresentative
non-smoking population, including people taking vasoactive and other drugs. In two
consecutive two-week periods re-circulating custom built parfittation units with the



inclusion of a high-efficiency particle air (HEPA) alteingtwith sham filters were installed

in the living room and bedroom. Secondary endpoints assessed included bloadepress
markers of systemic inflammation in terms of C-reactive praaad white blood cell counts
previously shown to be affected by indoor air filtration [13,14], plakwels of Clara cell
pneumoproteins (CC16) and surfactant protein D (SPD) as sensitiverkeosaf epithelial
damage in the lower airways [16,17], and the expression of surfaesi@dihmolecules in
terms of CD11b, CD31, CD49 and CD62L on circulating monocytes dwy fiytometry,
because monocyte activation with adherence to the endothelium igariant event in the
atherosclerotic process [18].

Materials and methods

The study protocol was approved by the regional ethics comnidteleuman studies in
Copenhagen (H-4-2010-102). All participants gave written informed nbnggor to
enrolment in the study.

Study subjects and design

We recruited 51 (22 couples and 7 singles) non-smoking volunteers agesiloyesirs and
living in Greater Copenhagen in non-smoking apartments within 350 m (min 26xn1000
m) from major roads (>10,000 vehicles per day) using radio spotelhasanotices in local
newspapers, activity centers and supermarkets. One couple agtegsirson later resigned,
leaving 21 couples and 6 singles (22 men and 26 women) aged 51 to 8Aasydeasstudy
population (Table 1). Eleven participants were taking vasoactiwgsdfangiotensin-
converting enzyme (ACE) inhibitors, calcium channel blockers, B-@drenoreceptor
blockers), 11 participants were taking statins and 12 participanéstaléng cyclooxygenase
inhibitors (acetyl salicylic acid, ibuprofen or paracetamolWoTparticipants had diagnosed
asthma and one participant had diabetes treated with metforroaording to diaries the
participants spend in median(595" percentiles) 83% (67%, 92%) of their time at home.
This was similar for the periods with and without filtration 83% (63286) and 83% (67%,
92%), respectively.

Table 1 Characteristics of the study participants

Characteristics of participants Men Women Total
Gender 22 26 48

Age (years) 67.7 + 6.6 66.4 + 6.6 67 +£6.5
Height (cm) 180 £6.2 167 £5.0 173+8.7
Weight (kg) 83+12.2 69 +10.9 75+13.4
Body mass index (kg/fm 255+3.1 24.6+3.1 25+3.1
Diastolic blood pressure (mmHg) 78+7.7 77+6.5 707
Systolic blood pressure (mmHg) 127 +15.1 121 811. 124 +13.6
Total cholesterol (mmol/L) 3.7+£0.8 43+1.1 49
LDL cholesterol (mmol/L) 2+05 22+0.7 2.1 4#60.
HDL cholesterol (mmol/L) 1.1+0.3 15+04 1.4
Triglycerides (mmol/L) 1+05 0.8+0.3 09+0.4
Subjects taking vasoactive medication 9 2 11
Subjects taking statins 5 6 11
Subjects taking cyclooxygenase inhibitors 5 7 12
Subjects not taking any drugs 12 11 23

Values are number or mean + SD. LDL, Low-densippfirotein; HDL, High-density lipoprotein.



The project was designed as a double-blind cross-over interventiorawttbmized order of
exposure to re-circulated particle-filtered or sham-filtemedioor air in the home of the
participants. Each exposure lasted for a 14-day period and thetsuigeced as their own
controls, excluding confounding by characteristics that are statiienvan individual over
time, but vary between participants. All measurements were etedplvithin a 7-month
period starting November 2010, which corresponds to the same sepsdndl as in our
previous similar study carried out 4 years earlier [13].

Indoor air was re-circulated within each exposure period using custdinunits with or
without the inclusion of a HEPA filter class H11 (EN1822) placeth&living room and
bedroom of each home. In the period with sham filtration, we used a yditten that
conferred the same pressure drop and noise level. The particasawesl as the researcher
measuring health outcomes were blinded to the exposure scenanimdtiém about health,
lifestyle housing and indoor climate were registered using self-adergustjuestionnaires.

We measured MVF and lung function and all biomarkers in the mornibgsatine (day 0)
before start of air recirculation, and day 2, 7 and 14 of each expssemario. The same
experienced researcher determined MVF and lung function and edllelctod samples in all
the participants’ homes.

Exposure assessment

Particle number concentrations (PNC) were continuously monitotédavtime resolution of
16 seconds with Philips NanoTracer1000 (Philips Aerasense, Eindhoven, &lethgriThis
instrument detects PNC and average diameter of particlesdrefileand 300 nm according
to the manufacturer. In each home one instrument was placed in tigerbem for 24 hours
at baseline, before turning on the air re-circulating units antieérehd of each exposure
scenario.

The level of PM;s (mass of particulate matter with aerodynamic diamess tlean 2.5um)
was measured in the bedroom and living room of each home. BGI 400 puregsedo&ir
samples continuously at a constant flow rate (4 L¥nthrough cyclone sampling heads GK
2.05-KTL (BGI Incorporated, USA). Suspended matter in the £tdnge was separated on
Zefluor W/PAD 37 mm filter membranes (Sigma-Aldrich) repldaveekly. The Plyls mass
was determined gravimetrically and the mass data have redssdly reported elsewhere
[19]. The material on the filters from the second week of exgwosure scenario was also
analyzed for black carbon (BC) at 880 nm and ultraviolet-absorbingcydaté matter
(UVPM) at 370 nm thought to be a measure indicative of aromaganar compounds by
Dual-Wavelength Optical Transmissometer using a Magee AethtdprA&22 (© Magee
Scientific Corp., Berkeley, CA) and PAH content using gas chromsgtbg—mass
spectrometry (GC-MS) [20]. PAH were sampled on filter orthgréfore the levels of more
volatile PAH (2—-4 rings) may have been underestimated due to losses during gamplin

Measurement of microvascular and lung function

MVF was measured non-invasively by peripheral arterial tonomesigg the portable
EndoPAT2000 (ltamar Medical Ltd, Cesaria, Israel), as previoustgribed [21]. The
method quantifies vascular function changes in the digital pulsefovavgPAT signal),
measured with a pair of bio-sensors placed on the index fingeaaf band. With
participants seated in a quiet room a blood pressure cuff wadpdove the elbow on one



arm, while the contra-lateral arm served as a control armtinBeBlood pressure was
measured using a WelchAllyn DuraShock DS54 manometer (Welch @lybH & Co. KG,
Deutschland) before each MVF measurement. The EndoPAT2000 measucensesited of
a five minutes baseline, five minutes ischemic stimulus inducedupya-systolic cuff
occlusion of flow through the brachial artery on the test arm antivedxyperemia recorded
for further five minutes after cuff deflation. The response tccthea hyperemia was
calculated automatically through a computer algorithm as the ddtithe post and pre
occlusion values normalized to measurements from the control arm.

Spirometry was performed in accordance with the American TitcofB@ciety/European
Respiratory Society standard guidelines [22] using the NDD Easiusespirometer (ndd
Medical Technologies; Zurich Switzerland). Forced expiratory volumiest second (FEY)

and forced vital capacity (FVC) were collected after Mifieasurements. The data were
digitally stored and the largest FVC and REkOm at least three acceptable maneuvers were
used; the ratio of FEMo FVC was calculated.

Biomarkers in blood

Blood samples were collected on the day of home visits. Periphemalis blood samples
were collected in CP1 tubes with sodium heparin (BD Vacutainer® CPT™, Becton
Dickinson A/S, Bregndby, Denmark) for peripheral blood mononuclear cellsM(®B
isolation and in EDTA tubes for hematological analyses. Within fmurs we measured
hemoglobin and leukocyte counts and their differential profile: lymplescyinonocytes,
granulocytes with a multiplatform analyzer (Chempaq XBC, by Dekn We separated
PBMC for storage at —80°C in freezing media consisting of 508%% betvine serum (FBS,
GibcoRBL), 40% culture medium (RPMI 1640, GibcoRBL) and 10% dimetiybside for
flow cytometry analyses.

Plasma C-reactive protein (CRP), total cholesterol, high-detipibprotein, low-density
lipoprotein and triglycerides were analyzed at the Departmer@liafcal Biochemistry,
Copenhagen University Hospital.

The concentrations of CC16 and SPD in plasma were analyzedISA EHuman Clara Cell
Protein ELISA kit from BioVendor Laboratory Medicine, Inc., Brno, CzBepublic) at the
Department of Occupational and Environmental Medicine, Sahlgrenskersity Hospital
and Sahlgrenska Academy, University of Gothenburg.

Direct immunofluorescence of PBMCs was performed on a BD ARc@b flow cytometer
with BD Accuri CFlow®Plus software (BD Bioscience, Brgndby,nBaark) with all 7
samples from each participant analyzed in the same batch. Smroifaice staining of the
activation status of monocytes was performed with fluorescgathiocyanate (FITC)-
conjugated anti-CD49d (ITGA4), + Allophycocyanin (APC)-conjugated -@Bi1b
(Maclo) and FITC-conjugated anti-CD31 (PECAM-1) + Phycoerythrin (&)ugated anti-
CD62L (L-selectin) mouse monoclonal antibodies (BD Biosciencendry, Denmark). BD
Compbeads stained with individual fluorescent probes were used to sempernsation;
unstained cells were used to determine the baseline fluoresdaheensonocyte population
and cells stained with isotype-matched FITC, PE and APC-confugdteman
immunoglobulin G were used as negative controls.



The samples were quickly thawed at 37°C for 1-2 min, 10 ml warm ¢RRSl added and
the tubes were centrifuged at 400 g for 7 minutes. Cells wenadksaspended in 1 ml warm
cRPMI, counted with a hemocytometer and scored for viability yayatr blue exclusion.
PBMCs were placed in round-bottom 96-well plates (ca.ped well), stained for 30 min at
4°C, washed twice with stain buffer with centrifugation at 250 ¢bfonin, resuspended in
100 ul stain buffer and analyzed immediately. Monocytes were sedédgtgated based on
their characteristic forward scatter and side scatter giepeiThe expression of CD11b,
CD31, CD62L and CD49d on monocytes was quantified as percentage ofeposits from
each sample.

Statistical analysis

We used linear mixed modelstihixedprocedure in STATA 12.0) to estimate the effect of
air filtration presented as a percent change with 95% confidater®als on log-transformed
outcomes, accounting for correlation between repeated measusenim individuals and
for correlation between individuals (couples) living at same resaledeparate models of the
effect of filtration as categorical variable were fitfed each of the three time points during
the two weeks with or without filtration and overall for each outcomdgusted for baseline
level, BMI, age, and gender because participants with incompledewdae included. The
potential modifying effect of vasoactive medication, statins gotboxygenase inhibitors on
the effect of filtration was tested by inclusion of an inteoscterm in the model and tested
by Wald test. In addition, we modeled each outcome on the actual skEedredPM s
concentration measured in the bedroom and living room during the dittrpériod for each
of the three time points and overall, adjusted for baseline le\#l, &e, and gender. All
models were also run without inclusion of baseline values as sdgsithalyses. The study
was powered to detect an 8% change in microvascular function a®@oparticipants with
type | and Il error levels of 5% and 10%, respectively.

Results

A total of 48 people from 27 dwellings participated in the study.yHoré participants had

seven home visits and three participants only had five home vestsdfing in a total of 187

home visits with 330 sets of measurements. One baseline MVanigst4 spirometer tests
were not recorded due to instrument failure.

The air filtration intervention in the 27 study homes resultedradaction of 30% in PNC in

the living room and close to 50% of BMin both living room and bedroom (Table 2). The
efficacy of the filtration was variable with changes in 2Manging from a reduction of 24
ng/m® to an increase of gg/m’ in the bedroom and from a 2@/m® decrease to a gg/m’
increase in the living room, respectively. The reductions in PAH,aB& UVPM were
similar to the PM;s reduction. The outcomes at baseline and day 2, 7 and 14 of the repeated
measurements within each exposure scenario are presented in Table 3. Tihe ka&ekland
FEV1/FVC blood were in keeping with a relatively healthy elderly pajputa There was no
significant effect of the intervention as categorical variginiehe MVF or lung function on

any day of the days studied during the two-week period.



Table 2Particle exposure in the homes of the participants during sham and activedoor air filtration

Filtration Living room Bedroom
Sham Active Sham Active
Particle number count (#/cjn 7669 (3435-45866) 5352 (1241-56654) ND ND
PM , . total mas%(ug/m°) 8.0 (3.4-20.7) 4.3 (0.2-12.2) 7.6 (1.4-19.1) ®@+14)
PM ;. black carbon (BC) (ng/th ND ND 480 (199-1328) 219 (19.6- 545)
PM ,: UV absorbing PM UVPM (ng/f ND ND 361 (191-792) 201 (43.5- 454)
PAH® (ng/nT) 0.48 (0.06-2.4) 0.25 (0.02-2)

Values are median {595" percentile). ND: not determined.

%PM , 5 total mass data have recently been reported etgevjh9].

® sum of 13 different polycyclic aromatic hydrocanso(PAH): phenanthrene, anthracene, fluoranthegeenp, benzo(a)anthracene, chrysene, benzo(b)fitierae,
benzo(k)fluoranthene, benzo(a)pyrene, perylenenafl,2,3-c,d)pyrene, dibenzo(a,h)anthracene, ljgjizdperylene.



Table 3Median (5", 95" percentile) of the outcomes at baseline as well as according to each expesgenario

Biomarkers Baseline Sham filtration Active filtration

Day 0 Day 2 Day 7 Day 14 Day 2 Day 7 Day 14
MVF 1.69 (1.07, 2.87) 1.74 (1.22, 2.60) 1.80 (1306) 1.72 (1.38, 2.56) 1.73 (1.20, 2.78) 1.62712.63) 1.73 (1.32, 2.84)
Diastolic pressure, (mmHg) 80 (70, 90) 78 (60, 90) 80 (70, 90) 80 (60, 90) 80 (65, 90) 80 (60, 95) 5780, 90)
Systolic pressure, (mmHg) 130 (100, 150) 120 (%0)1 120 (105, 140) 120 (100, 150) 125 (95, 140) (B3) 150) 120 (100, 140)
C-reactive protein (mg/L) 0.8(0.2,4.9) 0.9 (BX) 0.9(0.2,5.5) 0.9(0.2,4.5) 0.9(0.1,4.7) .0M.2,5.1) 0.9(0.2,4.3)
Hemoglobin (mmol/L) 9.6 (7.8, 10.7) 9.3(8.0,11.2) 9.0 (7.9, 11.4) 9.1(7.9,10.8) 9.2 (8.0, 10.5) 1@®.0, 10.3) 9.2(7.6,11.7)
Leukocytes (x1%elle/L) 5.6 (4.1, 8.3) 5.9(4.1,7.6) 5.6 (3.8)8. 5.1(3.8,8.8) 5.7 (4.0, 8.1) 5.5(3.9,8.9) R3B, 7.8)
Lymphocytes (x1%ells/L) 1.9 (0.9, 3.5) 1.8 (0.9, 3.4) 2.0 (0.8)3. 1.9(1.0,3.2) 2.1(1.1,3.0) 2.0(1, 3.6) 09(3.0)
Monocytes (x18cells/L) 0.6 (0.4,0.9) 0.6 (0.4, 0.8) 0.6 (0.3)0. 0.6 (0.4,0.9) 0.6 (0.4, 0.9) 0.6 (0.4,0.9) @8, 0.9)
Granulocytes (x1%ells/L) 3.0(2.0,4.8) 3.2(1.9,4.9) 2.6 (1.8)5. 2.9(1.9,5.5) 2.9(1.7,4.9) 2.7(1.8,5.4) @0J,5.4)
CD31 93.8 (84.6, 97.9) 92.9 (85.2, 98.0) 93.6 (89821) 91.5 (81.1, 96.9) 94.3 (84.0, 97.9) 939.4797.9) 92.0 (78.1, 97.9)
CD62L 60.0 (40.7, 86.0) 63.6 (42.7, 79.0) 62.91476.8) 61.9 (39.3,77.9) 62.4 (45.7, 75.3) 6835, 80.7) 62.4 (44.1, 81.4)
CD11b 33.7 (4.9, 63.7) 39.6 (4.0, 69.9) 41.8 (86822) 37.8 (12.6, 65.8) 41.5 (8.3,70.0) 35.8 (16206) 37.6 (6.7, 73.5)
CD49d 60.5 (30.0, 95.5) 72.7 (32.4,94.8) 76.78334.3) 74.9 (32.6, 95.1) 72.4 (45.3, 96.5) 73@7, 96.5) 71.5(39.2, 95)
FEV1/FVC 0.72 (0.42, 1.20) 0.66 (0.47,1.17) 00488, 1.20) 0.72 (0.45, 1.37) 0.74 (0.38, 1.20) 3Qq0r46, 1.43) 0.73 (0.43,1.18)
CC16 (ng/ml) 4.2 (2.0, 8.8) 3.5(2.0,9.9) 3.6 (B(B) 4.0 (2.0, 8.36) 3.6 (2.0, 8.6) 4.3 (2.0,730. 3.9(2.0,10.2)
SPD (ng/mL) 100.6 (42.0, 285) 100.6 (46.1, 302.8) 9.0951.2, 279.2) 97.6 (46.2, 283.8) 103.1 (4208, B) 94.3 (43.3, 294.2) 98.7 (50.9, 338.7)

MVF, microvascular function; CD, cluster of differttation; FEV1, Forced expiratory volume 1 s (LYE, Forced vital capacity (L); CC16, Clara cell pn@protein 16; SPD, surface protein

D.



The estimated overall differences between active and shaaiidift were —1.4% and 0.8%
for all days analyzed together for MVF and lung function, reaspdyg (Table 4). On the
individual measurement day 2, 7 and 14 of the study periods there were onlgramgks in
both upwards and downward directions. Similarly there was no sigmnifieffect of the
intervention on the biomarkers except for a 4% decrease in CD62&ssiqm on day 2 of
active filtration in contrast to a non-significant increase ofi6%his marker on day 14. For
most of the remaining biomarkers the estimated changes wera witféw percent with
rather narrow 95% CI except for CRP, and CD11b expression that ghoare variation,
however, without sign of a filtration-related pattern. Resulterims of effect of air filtration
as categorical variable were not sensitive to adjustmenthirbaseline measurement,
window opening, age, gender, or BMI with very similar effect estg® with or without
adjustment (data not shown).



Table 4 Percent changes (95% confidence interval) in outcome levels, according tgesure scenario comparing active to sham
filtration estimated by mixed-effects models adjusted for BMI, age and geler

Biomarkers Day 2 Day 7 Day 14 Overall (all days)
MVF -1.4(-9.1,7.0) -5.2 (-12.5, 2.7) 2.8 (-5.8,0 -1.4 (-5.8,3.2)
C-reactive protein 3.7 (-15.3, 26.9) -11.3 (-29019] -3.6 (-24.9, 23.8) -4.5(-15.5,7.9)
Hemoglobin -2.2 (-5.7,1.4) -2.1(-5.5,1.3) -5:24.7, 5.3) -3.2(-6.9,0.7)
Leukocytes -0.7 (-6.6, 5.6) -0.7 (-6.0, 5.0) 2.3.158.3) 0.2 (-3.1, 3.6)
Lymphocytes 3(-3.7,10.1) -0.6 (7.5, 6.9) 3.4.182.6) 1.7 (-2.4,6.1)
Monocytes -0.4 (-5.8,6.1) -1.5(-7.1,4.3) 2.2.5:9.4) 0.05(-3.3,3.5)
Granulocytes -3.8 (-12.4,5.6) 0.5 (-7.9,9.7) (23.9, 11.6) -0.4 (-5.3,4.7)
CD31 -0.01(-1.4,1.4) -3.7(-9.1,2.1) 1.3 (-43) -0.8 (-3.1,1.5)
CD62L -4.4%(-8.4, -0.2) -2.9 (-10.7, 5.6) 6.1 (-012.9) -0.4 (4.2, 3.7)
CD11b 10.4 (9.1, 34.3) -6.2 (-19.3, 9.0) -11.46226.4) -3.1(-12.5,7.4)
CDh49d 1.3 (-11.8, 16.4) -2.2(-9.1,5.3) -2.9 (518.5) -1.3(-6.9,4.7)
FEV,/FVC 0.16 (-12.1, 14.1) 5.1 (-5.4, 16.8) -2.2 (-%2) 0.8 (-5.1,7.1)
CC16 -0.4 (-10.1, 10.3) -1(-13.4,13.3) 0.2 (-3@2) -0.3(-6.4,6.1)
SPD -0.2 (-7.3,7.4) -2(-8.1,4.5) 5.1(-1.7,)25 0.9(-2.8,4.7)

MVF, microvascular function; CD, cluster of differtéation; FEV{, Forced expiratory volume 1 s (L); FVC, Forceditapacity (L); CC16, Clara cell pneumoprotein 16;

SPD, surface protein D. *p<0.05.



There was no sign of modification of the effect assessedta® aersus sham filtration by
intake of drugs on outcome variables or different responses isubgyoups (Table 5; data
only shown for MVF).

Table 5Percent change (95% confidence interval) in microvascular function conging
active to sham filtration and corresponding to a 1qag/m°decrease in PMsin the
bedroom, estimated by mixed-effects models adjusted for BMI, age and gesrcand
stratified according to medication

Medication Active versus sham filter Per 10;ng/m3 decrease in PM5
in the bedroom
Medication No medication Medication No medication
Vasoactive (n = 11) -3.7 (-13.4,7.0x0.7 (-5.6,4.5) -2.3(-14.7,11.8).7 (2.3, 13.3)*
Statins (n = 11) -0.8(-8.8,8.0) -1.6(-6.8,3.91.5(-9.0,13.3) 7.7(1.1, 14.6)*
Cyclooxygenase inhibitors (n = 12)5.0 (-11.0, 1.5) -0.1 (-5.7,5.8) 4.2(-2.1,10.9) 7.8 (0.5, 15.5)*
Any drug (n = 23) -3.17 (-8.8, 2.8)0.37 (-6.4,7.7) 3.3(-3.9,11.9) 8.4(2.0,15.1)*

*P < 0.05.

The variable efficacy in the filtration led to a post-hoc anslg$ the effect of the actually
achieved decrease in BMon the outcomes. This indicated that MVF was positively and
significantly associated with the decrease i,BM the bedroom overall and on day 2 of the
filtration period as well as in subjects not taking drugs, wheleae twas no sign of such
association among subjects taking vasoactive drugs (Figure 1 aled4llaThe decrease in
PM s in the living room showed a similar but less strong and not signifiassociation with
MVF (Figure 1). None of the other outcome variables showed sigmifessociations with
decreases in PM, except CD62L, which showed a 9.4% (95% confidence interval: 1.5% to
18%) increase per 1y/m® decrease in the living room (other data not shown).

Figure 1 Percent change with 95% confidence interval in microvascular function
corresponding to a 10ug/m>decrease in PMsin the bedroom and living room after 2, 7
and 14 days of active filtration and all 3 days combined, estimated by mixed-effect
models adjusted for baseline level, BMI, age and gender.

Discussion

We found unaltered MVF, lung function and biomarkers comparing active ana 1€ha
circulating indoor filtration for two weeks in the homes of non-smokidgrby, including
some with well-controlled vascular disease. With three measmtsnaluring each exposure
scenario we are unlikely to have missed temporal changes. The ind@tiragion reduced
the median PMs concentrations from approximately 8 tqig/m®, with similar decreases in
BC and PAH that were already low, whereas the median PN€a$sd from 7669 to 5352
particles/cml. The filtration efficacy was variable with changes in /2Manging from a 7
ng/m® increase to a 2dg/m® decrease. This led to a post-hoc analyses showing significantly
improved MVF related to the decrease in the bedroom especiatytaft days filtration of
the study period and in people not taking drugs, whereas the livinglevahs showed less
strong and non-significant associations. The participants spent 83% tmtheat home,
which could not be restricted to the living room with air re-cirtagp unit during the
daytime of the four weeks study. In comparison, our previous study 4ithours air
filtration reduced the Pl and PNC from 13 to fg/m® and 10,000 to 3,200 particles/Em
respectively. This was associated with improved MVF by 8% (9590.8%, 16%) after two



days in non-smoking elderly subjects, who did not take vasoactive dneystayed 92-94%
of the time at home in only the two rooms with air filtrationtsifil 3]. Accordingly, our two
air filtration studies on MVF among elderly appear compatiblk even the 95% CI of the
effects on MVF overlap related to active versus sham fdmatThe difference in baseline
levels of PM s and PNC is partly consistent with decreasing outdoor PNC monié&trad
busy urban street in Copenhagen in the period including our twoiditiratudies performed
in 2006 (22,809 particles/cinand 2010/2011 (14,000 particlesfnrespectively [23,24]. In
the same period there has been increasing health consciousressebedoor smoking in
public places has been banned (2007) and indoor sources of particless dugingaand
candle use have been in public debate. Our realistic and relatmedy dir filtration
intervention suggests that beneficial effects of further improveraemdoor air particle
levels might be difficult to detect unless substantial exposwmrasts with possible
emphasis on the bedroom are achieved. Nevertheless there wasedn®Mi/F among 37
young adults after filtration of indoor air with electrostdtiters in 20 homes polluted by
tobacco smoke with a 3fg/m° reduction in PMs [15]. In contrast, significant improvement
in MVF was found in 45 healthy subjects aged 20 to 63 years, after one weg@kfitiEaRon

of indoor air in the main activity room and the bedroom for seven day®n-smoking
homes in wood smoke-impacted areas [14]. The filtration reducegs Ry 11.2 to 4.6
ng/m®. Wood smoke is not likely to be particularly toxic because shart-esqposures to
200-400pug/m® showed no effect on the MVF [25,26], whereas similar levels ofedies
emissions have consistently shown impaired vasomotor responses [27,28].

Significant decreases in blood pressure and heart rate among gduitg have been
associated with 48-hours lasting reduction of indoor, P&kposure after filtration reducing
levels from around 24 to 18g nT although not in a random study design [29]. Similarly,
increased arterial blood pressure was associated with high amparéale level and the heart
rate variability and signs of ischemia were reduced by imgar highly efficient facemask
among patients with coronary heart disease [30]. However, we didnabeffect of air
filtration on blood pressure, which is consistent with our previous laation study and
similar studies in wood smoke-impacted community and among FitstrN&ommunity
[13-15].

High leukocyte counts and their subtypes can be biomarkers of vasdldermation and
predictor of coronary heart disease risk [31]. Short-term inesessambient PM levels of
have been associated with elevated numbers of circulating Mekoin the general
population and patients with chronic pulmonary diseases [32,33]. In contrasfects en
leukocytes or granulocytes were found after exposures to concenaratadnt air [34],
diesel exhaust [35-37], or ultrafine particles [38]. In the prestwly, there was no effect of
filtration on leukocyte count or their subtypes.

The air filtration was associated with decreased expressio@D&2L on monocytes,
although not consistently throughout the exposure period. This could wellsperi@us

finding because the CD62L expression was positively associatiedh& decrease in PM
measured in the living room during the whole exposure period. The unatgyesksion of
adhesion markers CD11b, CD31 and CD49d on monocytes, suggests that pulmonary or
systemic inflammation was not affected by the exposure comicthgeved in our study. This

is in keeping with observations that 3-hours inhalation exposure to higlentoatons of

wood smoke particles had no apparent effect on surface marker resl€inb4 (ICAM-1),

CD11a (ITGAL) and CD62L at 6- or 20-hours after cessation of thesexe [25]. However,
2-hours inhalation exposure to ultrafine carbon particles in heslthjects was associated



with reduced expression of adhesion molecules CD11b/CD18 on monocytes and
CD11b/CD18 and CD49d on granulocytes [39]. Moreover, chronic biomass smoke exposure
was associated with increased surface expression of CD11b/CDit@uiatcng granulocytes

and monocytes in Indian women [40]. The association between ambiepblition
exposure and expression of CD31 on monocytes has not previously been itecstiga
humans, whereas it has been shown that PM exposure in animals etdtd231 and
CD49d expression on circulating monocytes [41].

CRP is an important acute phase protein with pro-inflammatory pgirepeassociated with
atherogenesis, modulation of endothelial function and risk of acuteantyakinfarction [42]

and it has been widely used as biomarker in air pollution studidds\\Ve found no effect of
filtration on CRP in keeping with our previous air filtration studythe home [13] and
controlled short-term exposure studies of welding fumes, diesel éxaadsvood smoke
[44-47]. In contrast, CRP decreased after filtration of the homefaesidents in a wood
smoke-impacted community [14]. Collectively, our observations from bicems of

systemic inflammation including leukocyte counts, expression of emthesarkers on
monocytes and CRP indicated minimal low-grade inflammation stlipe, which was not
further reduced by indoor air filtration.

We found no effect of air filtration on lung function in the elderly pojpaitaof the present
study. Indeed, indoor air filtration appears mainly to alleviateay symptoms in subjects
with allergies and asthma [48], although electrostatic arafittn improved lung function in
young adults from tobacco-polluted homes [15].

Plasma levels of CC16 and SPD are used as sensitive biomarkepghafiial damage in
lower airways [16,17]. We found no effect of air filtration on CC16 &RD, suggesting
intact epithelial barrier function at baseline and thus no e@iedir filtration. Similarly,

CC16 levels were not different after 24-hours exposure to pollutatiesed street air [49].
However, elevated CC16 levels have been observed after controllediexfm®ood smoke
[50,51], whereas subjects using wood fuel for heating had lower levelS8Cda6 and
increased SPD levels in a recent cross-sectional study [52].

We used a robust study design with 7-repeated measurementseat-ldersetting. The
limitations of this study include our limited statistical powand heterogeneous study
population aged 51 to 81 years with some taking cardiovascular and/ooxgyggnase
inhibitor drugs. This might have attenuated potential effectbpwdth stratified analyses
showed no sign of differential effects comparing active and shiratiin and we had
reasonable statistical power to detect relevant effectaulijfects not taking any drugs.
However, when accounting for variable filtration efficacy byngsthe actual decrease
achieved in PM5 in the bedroom we found a positive effect especially among those people
not taking vasoactive or to some extent other drugs, although thereowvatatistically
significant interaction. Nevertheless, this suggests that efffcPM on vascular function
might be masked by vascular drugs per se or more difficudetect because of the existing
disease they are taken for, similarly to the lack of efféadiesel exhaust exposure on an
already poor vasomotor function among patients with ischemic headsdig37]. It should
also be considered that although this association between the d@gtease and improved
MVF is consistent with our previous study, it was found in a post-hatysis and was not
associated with changes in biomarkers that could explain possdatbanisms related to
inflammation and monocyte activation. Genetically determined subggpttan also modify
cardiovascular effect of PM exposures [53,54]. Most importantly, thesexe contrast was



small because the base-line particle concentration waslplrektively low, albeit realistic
exposures in current homes and the participant’'s whereabouts werestraited to the
monitored rooms. Future studies of efficacy of air filtration coolwl$ on homes with high
levels of exposure due to outdoor and/or indoor sources and preferablijedselsc
measurements in the home before the trial. Moreover, our findelgted to the achieved
decrease in Pl suggest that the bedroom is the most important part of the hontleefor
intervention and that effects on MVF can be expected within 48 hourfdtration.
Unfortunately, personal monitoring of exposure in- and outside the homeolvpsssible in
our study, although individual time-activity patterns as wethadocations visited determine
personal exposure to ambient air pollution [55]. Nevertheless, persppasure to Plyk
showed strong correlation with residential concentrations even whly 58% of the time
was spent at home [56].

Furthermore, we measured MVF, in the homes of the participariisyeas forearm
plethysmographic methods applicable in clinical settings mightmoge sensitive for
detection of vasomotor dysfunction [28]. Finally, we measured a timitember of
biomarkers of inflammation, monocyte activation and lung cell integtiglready low levels
and effects on higher particle-induced levels or on other functions cannot be ex2|@30éd [

Conclusion

By comparing active and sham filtration of indoor air in the bedrandliving room for two
weeks we found no improvement in MVF or lung function or detectable redudaii
systemic inflammation, monocyte activation or lung cell damagtisnelderly population,
including people taking vasoactive medication, but with relativelyifotial exposure levels.
However, the filtration efficacy was variable and microvascfuaction was within 2 days
significantly associated with the actual PMlecrease achieved in the bedroom, particularly
among subjects not taking any drugs, suggesting that positieetsefbf filtration require
substantial exposure contrasts especially in the bedroom and possildgrfiounding by
drug intake or existing disease.
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