
INTRODUCTION

Approximately 3.6 million workers in the European Un-
ion are exposed to wood dust [45]. 

Wood is processed in many industries including saw-
mills processing fresh wood, ply wood mills, and furniture 
factories or smaller workshops using dry wood only. Stud-
ies from recent years indicate different exposure response 
relationships for dry wood compared to fresh wood [24, 
27, 50].

Wood dust is a known inducer of cancer in the nasal cav-
ity and recent reviews have focused on this [19, 40]. Wood 
dust has also been associated with a variety of respiratory 
diseases including asthma, chronic bronchitis, nasal symp-
toms and eye symptoms, as well as chronic impairment in 

lung function. Alhough the occurrence of non-malignant 
respiratory diseases related to wood dust has been re-
viewed earlier [22, 30, 71], a number of studies have been 
performed in recent years. Furthermore, the earlier reviews 
did not specifi cally consider the difference between dry 
and wet wood. Hence, updated reviews concerning non-
malignant respiratory diseases divided into dry wood and 
wet wood are warranted. This review focuses on wood dust 
exposure associated to dry wood. A second review focuses 
on fresh wood and mixed wood exposure [41]. In this re-
view, we did not include papers concerning occupational 
exposure to wood dust and cryptogen fi brosing alveolitis, 
as only a few case control studies have been performed 
concerning this rare disease and its association to wood 
dust [11, 31, 38, 57, 65]. 
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METHODS

The literature search covered Medline for papers published 
in English for the period 1969–June 2009, with the following 
search conditions: “Wood” [MeSH Terms] AND “Occupa-
tional Diseases” [MeSH Terms] NOT “Case Reports” [Publi-
cation Type]. This revealed 422 publications. The search was 
accompanied by a scan of list of references in the identifi ed 
studies and supplemented with updates until August 2009. 
Criteria for inclusion was epidemiological studies describing 
associations between upper or lower respiratory diseases or 
symptoms and exposure to wood dust. Studies not having an 
internal control group (high or low exposure) or an external 
control group were excluded, as were papers which did not 
take smoking into consideration, or which did not adjust for 
age when dealing with lung function. 

This review includes 37 original papers with exposure to 
dry wood. To allow for comparison between papers, odds 
ratios (OR) for symptoms from data provided in the papers, 
whenever OR’s were not stated, were calculated with Chi 
square test using exact confi dence intervals.

Chronic bronchitis was defi ned as daily coughing and 
phlegm for at least 3 months during at least 2 consecutive 
years [17]. 

RESULTS

In Table 1 the main results from the reviewed papers are 
tabulated. The review will focus on: asthma, asthma symp-
toms, coughing, chronic bronchitis, rhino-conjunctivitis, 
and impairment in lung function.

Asthma and asthma symptoms. Sixteen studies, in-
cluding two follow-up, one nested case-control-study and 
13 cross-sectional studies have reported on asthma, asthma 
symptoms or clinical testing for asthma in relation to expo-
sure to dry wood dust. 

Jacobsen et al. [42] reported OR’s of ever asthma and 
asthma symptoms in a 6 yr follow-up period. They found 
OR 3.4 (0.9–13) and 1.3 (0.6–2.8) for female woodworkers 
compared to controls, respectively. When they restricted 
the follow-up population to subjects with no respiratory 
symptoms at all at baseline, the OR for asthma symptoms 
increased to 11 (1.3–97).

In a register-based population study Heikkilä et al. [34] 
determined incidence rates of clinically verifi ed asthma 
for different industries handling both fresh and dry wood. 
Relative Risk (95% Confi dence Interval) RR (95% CI) for 
asthma for all wood exposed males and females compared 
to administrative control workers were 1.5 (1.2–1.8) and 
1.5 (1.2–1.7), respectively. For workers handling dry wood 
RR (95% CI) varied between 0.9 (0.6–1.4) (females fur-
niture industry) and 2.5 (1.3–4.6) (males manufacturer of 
wooden containers), 

Nine cross-sectional studies from the dry wood industry 
reported prevalence’s of asthma based on questionnaire 

information of ever asthma (4.3–11%) [58, 64, 68, 69], 
physician diagnosed asthma (2.6–9.6%) [15, 64], cur-
rent asthma attacks (2.7%) [60], or work-related asthma 
(WRA) (23%) [9]. Two studies did not report a defi nition 
of asthma [33, 37].

The reported prevalence’s of asthma were increased in 
wood workers compared to non-exposed controls or groups 
with lower exposure in all but one [37] of these studies, 
although only one reported signifi cant differences [68]. 
One large study reported a dose response relation (DRR) 
between exposure and self-reported physician diagnosed 
asthma among female workers with an OR 6.5 (1.1–39) for 
the highest exposed group, most pronounced for smokers 
[64]. 

In 9 studies prevalences of self reported wheezing (7–
41%) [6, 37, 55, 58, 60, 64, 66, 68, 69], chest tightness 
(9–41%) [55, 58, 64] or shortness of breath (SOB) with 
wheezing (6–12%) [58, 60, 69] were reported with OR’s 
ranging from (0.7–4.1), 4 studies with signifi cant differ-
ences [6, 60, 64, 66]. One study reported non-signifi cant 
fi ndings for symptoms without providing details [29]. 

Three studies [9, 55, 60] reported increased frequencies 
of WRA symptoms (7–37%) among woodworkers com-
pared to controls with OR ranging from 2.4–7.1, signifi cant 
for all but one study [55]. Finally, one study reported in-
creased (WRA) symptoms, OR 6.4 (1.6–26) among highly 
exposed workers compared to low exposed workers [61].

In 6 studies, clinical testing for asthma was includ-
ed. Norrish et al. [55] used PEF variability during work 
weeks and time off, and diagnosed 4 of 44 woodworkers 
with occupational asthma (OA). Carosso et al. [18] used a 
non-specifi c bronchial provocation test to identify 20 with 
possible asthma among 90 woodworkers. Schlünssen et al. 
[61] in a nested case control study used non-specifi c bron-
chial provocation test, bronchodilator induced reversibility 
(BIR) or increased PEF variability in combination with 
symptoms in order to defi ne clinical asthma and revealed a 
positive DRR between current exposure level and clinical 
asthma or bronchial hyper responsiveness (BHR). 

In a study of beech and oak exposed workers, Bohadana 
et al. [15] revealed a positive DRR between BHR and cu-
mulative exposure. In contrast 2 studies [5, 69] did not fi nd 
any difference in the distribution of BHR in relation to 
wood dust exposure. 

Chronic bronchitis and cough. Chronic bronchitis 
(CB), fulfi lling diagnostic criteria, was described in one 
follow-up study [42] and 4 cross-sectional studies [6, 9, 
64, 66].

In the 6 yr follow-up study by Jacobsen et al. [42], they 
for CB found OR 8.9 (1.1–71) for female woodworkers 
compared to controls, and a DRR between baseline expo-
sure to inhalable wood dust and CB was revealed, with OR 
6.0 (1.2–29) in the highest exposed group.

Cross sectional studies reported prevalence’s ranging 
from 1.4–32% and OR’s ranging from 1.2–13.8, being 
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signifi cant in [6, 9]. In [9], they found a signifi cant correla-
tion between current inhalable and respirable wood dust 
level and CB. 

For coughing Jacobsen et al. (16) found OR 2.8 (1.3–
6.1) for female woodworkers compared to controls, and a 
DRR between baseline exposure level to inhalable wood 
dust and daily coughing was revealed, with OR 3.8 (1.5–
9.7) in the highest exposed group.

Prevalence’s of coughing ranging from 10–51% (OR 
0.7–7.6) have been reported in 9 cross-sectional studies 
[15, 37, 55, 58, 60, 64, 66, 68, 69]. For WR coughing, the 
prevalence were 23–74%, with OR between 3.8–∞ [9, 53, 
55, 60]. In studies that compared exposed workers to con-
trols [6, 9, 15, 29, 37, 55, 58, 60, 64, 66, 68] and/or com-
pared different exposure levels [53, 58, 64, 69], all but [15, 
29, 37, 58, 68, 69] reported signifi cant results. Two studies 
revealed a positive DRR between current wood dust expo-
sure [3] or duration of employment [66] and frequency of 
coughing.

Post-shift decline in lung function. Thirteen cross-sec-
tional studies have investigated acute obstructive changes 
in lung function in the dry wood industry. Eleven studies 
found a signifi cant post-shift decline in FEV1 [7, 12, 37, 
50, 53, 62, 64], FVC [7, 37, 50, 53], or FEV1/ FVC [50] 
among woodworkers. Schlünssen et al. found a post-shift 
decline in FEV1 among woodworkers handling pine [64], 
and revealed a DRR between post-shift decline in FEV1 and 
exposure to current wood dust level among smokers, most 
pronounced for pine workers [62]. Beritic-Stahuljak et al. 
[12] found a DRR between post-shift decline in FEV1 and 
exposure to current softwood level but not to hardwood. 

Mandryk et al. [50] found a DRR between post-shift 
decline in FEV1 and FVC and current inhalable and respir-
able dust level. Two studies [5, 29] did not fi nd any post-
shift changes in FEV1 or FVC. 

COPD. Seventeen studies including 2 follow-up and 
15 cross-sectional studies have reported on baseline lung 
function parameters and exposure to wood dust. 

In the 6 yr follow-up study by Jacobsen et al. [43] they 
found a DRR between baseline as well as cumulative wood 
dust exposure and decline in FEV1 and FVC. This associa-
tion was only seen for female workers. In addition, an asso-
ciation between continued employment in the wood indus-
try and decline in lung function was reported, compared 
to the women who left the wood industry in the follow-up 
period. In contrast, Glindmeyer et al. [28] in a 5 yr follow-
up study found no association between dry wood dust of 
any size fraction and change in lung function indices.

Ten cross-sectional studies found associations between 
baseline lung function parameters and exposure to wood 
dust. Carosso et al. [18] found a DRR between decline in 
FEV1 as well as DLCO (carbon monoxide diffusion co-
effi cient) and years of employment. Haxhiu et al. [33] 
reported more wood dust exposed workers compared to 

controls (6 vs 3.7%) to have a FEV1/FVC < 70%. Likewise 
Shamssain [66] reported 30 vs 17% to have a FEV1/FVC 
< 70%. In addition, he found FVC, FEV1, FEV1/FVC and 
PEF decreased among male exposed subjects, and found 
a DRR between duration of employment and decreased 
FVC and FEV1/FVC. Hollness et al. found a DRR between 
decreased FEV1 and an exposure-time index, but did not 
fi nd an association between current dust concentration 
and FEV1 or FVC, nor was this found by Al-Zuhair et al. 
[7, 37]. Mandryk et al. [50] found lower values of FEV1, 
FVC and FEV1/FVC among furniture workers compared to 
those non-exposed. They found a DRR between decrease 
in FEV1 and FVC and the actual dust concentration, both 
for the respirable and the inhalable dust fraction, but all 
baseline lung function indices was positively correlated 
with the number of years of exposure to wood dust. 

Whitehead et al. [72] found FEV1/FVC decreased among 
exposed woodworkers, compared to non-exposed controls. 
Two studies [35, 36] found signifi cantly lower values for 
FVC and/or FEV1 among subject exposed to dust from 
MDF and other wood species, compared to controls. 

Beritic’-Stahuljak et al. [28] found a DRR between du-
ration of exposure and low FEV1 for subgroups of hard-
woods (iroko, mahogany and combined hardwood) and 
low FEV1 respectively for subgroups of softwoods (poplar 
and mixed wood). 

Finally Osman et al. [56] reported decreased FEV1, FVC 
and increased FEV1/FVC among exposed versus non-ex-
posed workers, but found a positive DRR between FEV1 
and FVC and dust level, at least for workers employed for 
less than 10 yrs.

Six studies found no association between wood dust ex-
posure and baseline FVC or FEV1 [5, 15, 29, 56, 64, 69].

Rhino-conjunctivitis. Four studies have reported sig-
nifi cant increased frequencies of rhinitis (10–52%) among 
workers exposed to wood dust compared to non-exposed 
controls [37, 58, 60] or groups with lower exposure [69] 
with OR’s ranging from 2.3–5. Two studies did not fi nd 
any association between rhinitis and wood dust exposure 
[29, 64].

Ten papers have reported increased frequencies of nasal 
symptoms, i.e. congestion (24–61%), rhinorrhea (20–
45%), sneezing (39–77%), nasal itching (6–21%) and 
nasal irritation/discomfort (26–64%) among workers 
exposed to wood dust compared to non-exposed controls 
[6, 35, 36, 54, 55, 56, 58, 59, 66, 68] or groups with lower 
exposure [73], with OR’s ranging from 0.7–∞. Signifi cant 
raised frequencies of at least one symptom were found in 
all studies. 

Four studies reported prevalence’s of WR rhinitis (9–
26%) [53, 60] or WR nasal symptoms (19–63%) [9, 15, 
29, 56] of woodworkers vs controls with OR’s of (3.7–∞) 
signifi cant in all but one study [15]. One study found an 
association between duration of exposure and WR nasal 
symptoms [56]. Two studies found an association between 
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Table 1. Dry wood, characteristics of studies included. If not otherwise stated, symptom risk is given as OR.

Author, country, year Type of study/Number Industry; wood species Exposure measure mg/m3; unless other-
wise stated personal dust in GM (GSD)

Jacobsen, DK, 2009 [42] 

From same pop. as [43]

FU 6 yr. of [64] 

E: 1,377 
C: 297

Furniture; various, mainly pine, 
particleboard, fi breboard

Inhal. dust 
Nbaseline = 2,217, 
GM: 0.9 (2.1) 
NFU = 1,355, 
GM: 0.6 (1.6) 

JEM cum. exp. median (range): 3.6 
(0–7.6) mg yr./m3 

Also terpenes and formaldehyde

Sripaiboonkij, TA, 2009 [68] CS 
Ehigh: 42 
Elow: 61 
C: 76

Furniture; rubber tree Inhal. dust 
E: N=14 
AM range: 0.4–2.9 

C: N=2
AM 0.02

JEM: Elow, Ehigh, exp. chemicals, 
exp. cyanoacrylat glue

Osman, TU, 2009 [56] CS 
E: 328 
C: 328

Furniture; MDF, beech, pine, 
fi breboard

Dust total N=? 
AM 2.04 (1.53) 
JEM 
Yr. woodworking

Glindmeyer, US, 2008 [28] FU 5 yr. 
E: 779 

Furniture, cabinet; various Dust N=1, 739 
3 size fractions 
(<4<10<100) μm 

377 analyzed
% WS and % RPM

GM resp: 0.16–0.23
%WS mean: 12–34 
GM inhal: 1.2–2.1
%WS mean: 37–69 

JEM, mean pers. exp. during FU (mg/m3) 
for 3 size fractions, WS and RPM 

Jacobsen, DK, 2008 [43] FU 6 yr. of [64] 
E: 1,112 
C: 235

Furniture; various, mainly pine, 
particleboard, fi breboard

Inhal. dust 
NBaseline = 2,217, 
GM: 0.9 (2.1) 
NFU =1,355, GM: 0.6 (1.6) 
JEM, cum. exp., median (range): 3.8 
(0–7.6) mg yr./m3
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Lower airway symptoms OR 
(95% CI) * OR calculated

Upper airway symptoms OR 
(95% CI) * OR calculated

Objective measurements Confounders included 

Efemales vs C: 
AS: 3.4 (0.9–13) 
ASsymp.: 1.3 (0.6–2.8) 
WH: 1.6 (0.7–3.4) 
CO: 2.8 (1.3–6.1) 
CB: 8.9 (1.1–71) 

No baseline resp. sympt. 
ASsymp.: 11 (1.3–97) 
WH: 5.9 (1.2–30) 
CO: 5.5 (1.9–16) 

DRR between baseline exp. & 
incidence of CO & CB 
No ass. to cum. exp.

Sex, age, smoking, atopy 

E vs C: 
AS: 6.1 (0.7–54) 
WH: 2.7 (0.8–8.7) 
OB: 1.7 (0.6–4.8) 
CO: 1.7 (0.6–4.7) 

Elow vs C: 
AS: 8.4 (1.1–67) 
WH: 2.5 (0.7–8.8) 
SOB: 2.0 (0.7–5.8) 
CO: 2.1 (0.7–6.3) 

Ehigh vs C: 
WH: 3.0 (0.8–12) 
SOB: 1.3 (0.4–4.6) 
CO: 1.0 (0.3–3.7) 
No DRR between 
Symptoms and chemical or glue 
exp. 

E vs C: 
NAD: 2.8 (1.2–6.9) 
EYD: 1.1 (0.5–2.7) 

Elow vs C: 
NAD: 3.7 (1.5–9.3) 
EYD: 1.1 (0.4–2.8) 

Ehigh vs C: 
NAD: 1.7 (0.6–4.9) 
EYD: 1.3 (0.4–3.7) 

No DRR chemical or glue exp., 
except for glue vs NAD 

NS association between exp. and 
FEV1, FVC, FEV1% pred., FVC% 
pred. 

NS DRR between dust or glue and 
FEV1, FVC, FEV1% pred., FVC% 
pred. 

Age, sex, height, smoking, educa-
tional level 

WR E vs C: 
BN: 54 vs 0%, S 
RN: 24 vs 0%, S 
EYD: 41 vs 0%, S 

E>10 yr. vs E<10 yr.: 
BN: 3.1* (1.9–5.1) 
RN: 1.8* (0.97–3.4) 
EYD: 2.8* (1.5–4.2)

E vs C:
↓ FEV1% pred., ↓FVC% pred., 
↑FEV1/FVC% pred. 

Exp. <10 yr.: 
Ehigh vs Elow ↑FEV1% pred., 
↑FVC% pred. 

Exp. > 10 yr.: 
NS diff EHIGH vs ELOW

Age, sex (all males), smoking, 
height ?? Ref. material for 
expected lung function not given 

No ass between WS or RPM and 
change in lung function indices. 
(FEV1, FVC, FEV1/FVC, FEF25–75) 
for any size fraction 

Age, sex, height, weight change, 
ethnicity, smoking, baseline lung 
function 

Females: 
DRR between baseline exp., cum. 
exp., yr. woodworking during FU 
& ↓FEV1, ↓FVC 

Males: 
No ass between exp. (baseline, 
cum. or yr.) & lung function

Sex, age, smoking, height, weight, 
baseline resp. symptoms, atopy 
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Author, country, year Type of study/Number Industry; wood species Exposure measure mg/m3; unless other-
wise stated personal dust in GM (GSD)

Heikkilå, FI, 2008 [34] R-FU Registers: Wood prossing 
industries. 
Incident AS reimbursement 
register 

Sub-cohort 
Dry wood 
Efurniture: 5,036 
Econtainer: 387 
C: 12, 839

Furniture, wooden containers; 
pine, spruce, birch. 

For whole study incl. fresh wood: JEM 5 
exp. levels based on industrial meas. 

Priha, FI, 2004 [59] CS 
EMDF: 22 
EWood: 23 
C: 15 

Furniture; MDF, birch, pine Inhal. dust N=45 
GMMDF 1.2 (2.0) 
GMWood 1.3 (2.7) 
Formaldehyde, VOC

Schlünssen, DK, 2004 [61] Nested CC 
E: 302 
4 exp. levels 

C: 71

as [64] Inhal. dust N=347 
GM: 1.0 (2.0)

Schlünssen, DK, 2004 [62] CS 
E: 1,560 

as [64] Inhal. dust N=2,217 
GM: 1.0 (2.1)

Schlünssen, DK, 2002 [63] CS 
E: 161 
3 exp. levels 
C: 19

as [64] Inhal. dust N=140 
AM 1.2 (0.6)

Schlünssen, DK, 2002 [64] CS 
E: 2,033 
3 exp. levels 

C: 474 

Furniture; various, mainly pine, 
particleboard, fi breboard

Inhal. dust N=1,579 + JEM for 382 
GM: 0.9 (2.1) 

Milanowski, PO, 2002 [53] CS 
E: 27 
C1: 21-varnish 
C2: 41

Furniture; fi breboard, chipboard Yr. of exp. 
Department 

Rongo; TA, 2002 [60] CS 
E: 546 
2 exp. levels 
C: 565

Workshops; various hard and 
softwood

Inhal. dust N=106 
GM: 3.9 (2.3) 
JEM 
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Lower airway symptoms OR 
(95% CI) * OR calculated

Upper airway symptoms OR 
(95% CI) * OR calculated

Objective measurements Confounders included 

RR: ASmen: 
Efurniture vs C:1.1 (0.8–1.5)
Econtainer vs C: 2.5 (1.3–4.6)

RR: ASfemale: 
Efurniture vs C: 0.9 (0.6–1.4)

Sex, age. No adj. for smoking, but 
has been considered 

NAD: 
EMDF : 36% 
EWood: 26% 
C: 0% 

NAL pre and post shift EMDF & 
EWood post shift vs C: ↑protein. 
Post vs pre-shift: 
EMDF & Ewood ↑Nitric oxide 
Ewood ↓TNF-α 

No diff. cytokines or cell counts

Not adjusted for smoking, but has 
been considered 

E vs C: 
ASsymp.: 1.5 (0.8–2.8) 
WR ASsymp.: 1.1 (0.5–2.6) 

4 exp. levels 
DRR WR ASsymp. 

Ehigh vs Elow: 
ASsympt. 2.3 (1.0–5.6) 
WR ASsymp.: 6.4 (1.6–27)

E vs C: 
ASsymp.+ BHR: 2.2 (0.8–6.5) Clini-
cal AS: 2.1 (0.7–6.4) 

4 exp. levels 
DRR for ASsymp.+ BHR & for 
Clinical AS 

Ehigh vs Elow: 
ASsymp. +BHR: 18.3 (2.0–171) 
Clinical AS: 3.3 (1.1–10) 

Smoking, age, sex, atopy 

DRR between exp. and post-shift 
FEV1 for non-smokers 

Smoking, age, sex, height, weight, 
atopy 

Self-rated BN↓ 
during work shift related exp.

Acoustic rhinometry: DRR be-
tween exp. and mucosal swelling 
during work shift

Smoking, age, sex, height, weight, 
atopy 

E vs C: 
NS diff 

Emed vs Elow: 
AS: 1.3 (0.8–2.3) 
WH: 1.6 (1.1–2.2) 
CT: 1.5 (0.7–3.0) 
CO: 1.4 (1.1–1.8) 
CB: 1.2 (0.8–1.9) 
Ehigh vs Elow 
AS: 1.4 (0.8–2.7) 
ASfemale: 6.5 (1.1–39) 
WH: 1.4 (0.9–2.1) 
CT: 2.2 (1.0–4.9) 
CO: 1.4 (1.0–1.9) 
CB: 1.4 (0.8–2.3) 
Neg. ass CO and yr. exposed

E vs C: 
NS for RH, RN, IN, CJ

No relation between exp. and 
FEV1, FVC: Sig. Post shift decline 
in FEV1 among E using pine vs 
other E. 

Smoking, sex, age, height, atopy 

WR E vs C2: 
CO: 74 vs 0%, S 
SOB: 18 vs 0%, S 

WR E vs C1: 
CO: 9.1* (2.1–43) 
SOB: 4.6 (0.4–226) 

WR E vs C2: 
RH: 26 vs 0%, S 
CJ: 26 vs 0%, S 

WR E vs C1: 
RH: 0.5 (0.1–1.9) 
CJ: 0.5 (0.1–1.9)

Smoking, sex, age. 
Symptoms not adjusted 

E vs C: 
AS: 0.8 NS. WH: 1.3 (0.8–.2.0) 
SOB+WH: 1.9 (1.1–3.4) 
CO: 1.6 (1.2–2.0) 

WR E vs C: 
WH/SOB+WH/CT: 5.4 (3.4–8.5)
CO: 3.8 (2.7–5.9)

E vs C: 
RH: 2.3 (1.4–3.6) 
CJ: 2.3 (1.4–4.6) 

WR E vs C: 
RH: 3.7 (2.0–6.6) 
CJ: 3.1 (1.3–9.8) 

 Smoking, age, sex (all males) 
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Author, country, year Type of study/Number Industry; wood species Exposure measure mg/m3; unless other-
wise stated personal dust in GM (GSD)

Bohadana, FR, 2000 [15] CS 
E: 114
4 exp. levels 
C1: 13 
C2: 200 (historical)

Furniture; beech, oak Inhal. dust N=443 (other worksites, 10 yr. 
prior to study) 
JEM 
Cum. exp. index

Alwis, AU, 1999 [9] CS 
E: 82 
C: 34

As [50] As [50]

Mandryk, AU, 1999 [50] CS 
E: 82 
C: 34 

Joinery; mixed species includ-
ing red cedar

Inhal. dust N = 66 
GM 3.7 (3.7) 
Yr. of exp. 
Also resp. dust, endotoxins, glucans, 
bacteria, 

Talini, IT, 1998 [69] CS 
E: 143 
C: 63 (assemblers) 

Furniture; mainly pine and 
beech

Total dust. N = 17 
GM (range) 2.7 (0.1–9.0) 

Åhman, SW, 1996 [5] 

From same pop. as [6] 

CS 
E: 40 
C: 39

as [6] as [3]

Åhman, SW, 1996 [1] CS 
E: 39 
C: 31

as [6] as [3]

Åhman, SW, 1996 [3] 

From same pop. as [6]

CS 
E: 39 
C: 32 

as [6] Total dust N=39 
AM (range): 0.6 (0.1–1.2) 
Also resp. dust, terpenes 

Åhman, SW, 1995 [4] CS 
E: 24 
C: 24

as [6] Classes pr. week (teachers)

Åhman, SW, 1995 [6] CS 
E: 130 
C: 112

Wood shops; various, mostly 
pine

Assessment of hygienic parameters 

Norrish, NZ, 1992 [55] CS 
E: 44 
C: 38

Furniture; rimu Inhal. dust N = 78 
median (range) 
3.6 (1.0–25.4) 
Also formaldehyde

Shamssain, SA, 1992 [66] CS 
E: 145 
C: 152

Furniture; pine, MDF Area dust N =? 
AM (SD): 3.8 (1.3) 
Yr. of exp. (employment range: 1–20)
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Lower airway symptoms OR 
(95% CI) * OR calculated

Upper airway symptoms OR 
(95% CI) * OR calculated

Objective measurements Confounders included 

E vs C2: 
AS: 2.2* (0.5–9.2) 
CO/PH: 1.2* (0.5–2.6) 
CB: 2.4* (0.4–17) 

WR E vs C1: 
RN: 19 vs 0%, NS 
EYD; 14 vs 0%, NS 

E: DRR sore throat and exp.

FVC, FEV1, FEV1/FVC: NS 
DRR between BHR & cum. exp. 

Smoking, sex, age, height 

WR E vs C: 
AS: 2.5* (0.5–24.1) 
WH: 3.7 * (1.1–16) 
CT: 2.7 * (0.9–8.8) 
CO: 5.3 * (2.0–16) 
CB: 3.5* (1.1–15) 

WR E vs C: 
BN: 4.2* (1.6–11) 
RN: 4.9* (1.7–16) 
IN: 1.3* (0.4–4.5) 
SN: 4.0* (1.4–13) 
CJ: 2.6* (0.3–123) 
EYD: 1.9* (0.8–5.3) 

Smoking, sex (all males), age, 

 E vs C: 
FVC↓, FEV1↓, FEV1/FVC↓ 
Post-shift decline FVC, FEV1, 
FEV1/FVC, PEF; 

E: DRR dust & ↓ in FEV1, FVC, 
DRR dust & postshift decline 
FEV1, FVC, PEF

Smoking, sex (all males), age, 
height 

E vs C: 
AS: 3.7 (0.5–36) 
WH: 3.4 (0.9–13) 
SOB+WH: 3.1(0.4–29) 
CO: 1.5 (0.4–6.6) 

E vs C: 
RH 5.0* (1.1–45)

E vs C: 
FVC, FEV1, BHR: NS

Smoking, sex (all males), age, 
atopy

E vs C start of week: 
NS diff. LAD 

E vs C end of week: 
LAD: 13% vs 5% 
2.5* (0.8–8.0) 

E vs C: BHR: NS 

FEV1/FVC↓ during week E and C

E: positive DRR between dust and 
↑CV% end of week 

Positive DRR between terpene 
exp. end of week and FEV1, FVC, 
DLCO.

Smoking, sex, age, height 

E vs C: 
↓Serial nasal peak expiratory fl ow 
rate during work week 

Smoking, sex, age, 

E vs C end of week: 
↑VAS nasal symptoms 

E: ↑VAS during week 

E vs C: 
No diff rhinomanometry. 
↓Nasal MCC end of week
↑Anosmia in E during week.

Smoking, sex, age, atopy (more 
atopy E) 

E vs C: No diff. in NAL of infl am-
matory markers 
E: Corr. between change in NAL 
neutrophils during week and exp. 
time 

Smoking, age, sex, atopy 

E vs C: 
WH: 4.1 (1.3–13) 
CO: 5.4 (2.5–12) 
CB: 13.8 (3.1–61) 

E vs C: 
BN: 13.0 (6.2–28) 
RN: 4.2 (1.9–11) 
SN: 5.6 (2.7–11) 
AN: 6.4 (2.3–17)

 Smoking, age, sex, height, atopy 

E vs C: 
WH/CT: 1.7 (0.6–4.8) 
CO: 7.6 (1.4–52.7) 

WR E vs C: 
WH/CT: 2.8 (0.7–12) 
CO: 32 vs 0%, S 

E vs C: 
BN: 6.0 (2.0–18) 
RN: 4.6 (1.4–16) 
SN: 7.4 (2.5–22) 
EYD: 2.0 (0.7–5.7) 

E: WR asthma (PEF + symptoms) 
found 4/44 

E and C matched smoking, age, 
sex, atopy 

E vs C: 
WH: 3.1* (1.2–9.1) 
CO: 1.9* (1.2–3.2) 
CB: 1.7* (0.8–3.9) 

E: DRR yr. exp. CO

E vs C: 
BN: 4.4* (2.5–7.7) 

E: DRR yr. exp. BN 

E vs C: 
FVC, FEV1, FEV1/FVC, PEF ↓ 
in EMale. FEV1/FVC <70%: 30 vs 
17%, p<0.01 
E: DRR yr. exp. & ↓FEV1/FVC, ↓
FVC (EMale)

Smoking (all non-smokers), sex, 
age, ethnicity, height 
Symptoms not adjusted 
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Author, country, year Type of study/Number Industry; wood species Exposure measure mg/m3; unless other-
wise stated personal dust in GM (GSD)

Pisanello, AU, 1991 [58] CS 
E: 168 
3 exp. levels 

C: 46

Furniture; various Inhal. dust N = 171 
GM (range): 2.9 (0.4–24.0) 
Yr. of exp.

Holmström, SW, 1991 [35] CS 
EMDF: 16 
Ewood: 29 
C: 36

Industry?; MDF, various Dust meas. N = ? 
AM 1.4 

Holmström, SW, 1988 [36] CS 
E: 100 
C: 36

Furniture; MDF Dust meas. N = ? 
AM (SD): 1.7 (1.1) 

Beritic-Stahuljak, YU, 1988 
[12]

CS 
Esoftwood: 356 
Ehardwood: 42 

Industry? 
Softwood: pine, 
Poplar. Mixed Hardwood: iroko, 
okoume, mahogany

Dust meas. N =? 
AMtotal: 0.8–40.1 
Also respirable 
Exp. index using yr. exp.

Goldsmidt, USA, 1988 [29] CS 
E: 55 
C: 16 

Furniture; oak, maple, walnut, 
poplar, mahogany

Area dust meas. 
N =? 
Cum. month exp. (employed) 
Meanmale: 222 
Meanfemale:108

Carosso, IT, 1987 [18] CS 
E: 90 
C: 53 

Furniture; mainly oak, aspen, 
pine

Yr. of exp. (mean employment 26 yr.)

Holness, CA, 1985 [37] CS 
E: 50 
C: 49 

Furniture; Inhal. dust N = 50 
AM (SD): 1.8 (1.5) 
Also resp. dust 
Cum. exp. index: conc. x yr. in the com-
pany

Innocenti, IT, 1985 [39] CS 
E: 13 
C: 24

Furniture; chestnut Dust. N=10 
GM (range) 2.5–9.0 (1.9–26)

Haxhiu, YU, 1982 [33] CS 
E: 201 
C: 109

Furniture; beech

Al-Zuhair, UK, 1981 [7] CS 
E: 124 
C: 52

Furniture; softwood, hardwood Total dust; N=193 
AM (range): 4.7 (0.5–8.3). 
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Lower airway symptoms OR 
(95% CI) * OR calculated

Upper airway symptoms OR 
(95% CI) * OR calculated

Objective measurements Confounders included 

E vs C: 
AS: 1.3* (0.4–3.9) 
WH: 0.7* (0.4–1.4) 
CT: 0.6* (0.3–1.4) 
CO: 0.7* (0.3–1.3) 

E: No DRS yr. exp. or current exp.

E vs C: 
RH: 2.7* (1.3–6.0) 
BN: 2.4* (1.2–5.2) 
RN: 6.8* (2.5–22) 
SN: 3.3* (1.4–8.7) 
IN: 0.9* (0.4–2.4) 

E vs C WR: 
EYD: 2.2* (1.0–5.6) 

Smoking, age, sex (all males) 

Eall vs C: 
LAD: 2.5* (0.7–10) 

EMDF vs C 
LAD: 6.2* (1.6–30) 

Eall vs C: 
BN: 2.6* (0.7–12) 
RN: 4.3* (0.8–43) 
IN: 0.8* (0.1–6.3) 
AN: 4.3* (0.8–43) 
EYD: 4.3* (0.8–43) 

EMDF vs C: 
BN: 4.8* (0.9–27) 
RN: 5.7* (0.7–68) 
IN: 2.5* (0.3–21) 
AN: 13.2* (1.9–142) 
EYD: 13.2* (1.9–142)

E vs C: 
↓FVC, ↓ FEV1 in EMDF & Ewood 

Impaired MCC 15% vs 3% (NS)
Nasal mucosal swelling: NS 

Smoking, sex, age, height, weight, 

E vs C: 
LAD: 4.0* (1.4–11) 

E vs C: 
NAD: 3.4* (1.4–7.9) 
EYD: 4.5* (1.0–20)

E vs C: 
↓FVC 
Impaired nasal MCC 
15 vs 3% (NS) 
↑Mucosal swelling (NS) 
↑Anosmia 

Smoking, sex, age, height, weight, 

E: post shift ↓FEV1 
Esoftwood: DRR cum. yr. exp. & low 
FEV1, FVC poplar & mixed pine 
Ehardwood: DRR cum. yr. exp. & low 
FEV1 

Smoking, sex, age, height 

E vs C: 
CO, WH, CT 
(All NS, OR not given) 

E vs C: 
RH (NS OR not given) 

WR E vs C: 
SN: 4.1 (1.1–15) 
EYE: 4.0 (1.0–16.6)

E vs C: No diff FVC, FEV1, 

E: Corr. ↓PEF during work shift & 
cum. month exp. 
DRR between ↓PEF during work 
shift and fraction of particles 
<10 μm 

Smoking, age, sex, height, atopy, 
ethnicity 

E vs C: E ↓DLCO 
DRR DLCO, FEV1 & yr. of exp. 
(neg. correlation)

Smoking, age, height, weight 

E vs CV 
AS: 1.0* (0.1–14) 
WH: 2.0* (0.5–8.1) 
CO: 1.5* (0.6–3.9) 

E vs C: 
RH: 4.1* (1.3–15.7) 
EYD: 3.8* (0.9–23)

E vs C: Greater post shift ↓ in 
FVC & FEV1. No DRR. 

Neg. correlation baseline FEV1 & 
cum. exp. index

Smoking, age, height, sex? 

E vs C 
Turbinate Hypertrophy: 
69 vs 50%, p=0.22 
Anosmia: 
30 vs 0%, p=0.01

Sex (all males), age 

E vs C: 
AS: 2.8* (0.6–27) 

E vs C: 
FEV1/FVC% < 70%: 6 vs 4% 
1.7* (0.5–7.3)

Smoking, sex (all males), age 

High exposed factory vs C: 
Post shift ↓FVC and ↓FEV1 

No DRR 

Smoking, age, height, weight 
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Author, country, year Type of study/Number Industry; wood species Exposure measure mg/m3; unless other-
wise stated personal dust in GM (GSD)

Wilhelmsson, SW, 1984 [73] CS 
ELow 192 
EHigh 484 

Furniture; Area dust. N=28 
AM (range): 2.0 (0.3–5.1) 
Self-assessment (little, moderate, high)

Whitehead, US, 1981 [72] CS 
Esoftwood: 220 
Ehardwood: 354

Various. Hardwood: mostly 
Maple. Softwood: pine

Area dust. N = 100 
Exp. index: conc. x yr. in the company
Elow: 0–2 mg yr./m3 
Emed: 2–10 mg yr./m3 
Ehigh: 10+ mg yr./m3

Black, UK, 1974 [14] CS 
E: 9 
C: 12

Furniture

Countries: AU: Australia. CA: Canada. DK: Denmark; FI: Finland; FR: France; IT: Italy; NZ: New Zealand; PO: Poland; SA: South Africa; SW: Swe-
den; TA: Tanzania; TU: Turkey; UK: United Kingdom; US: United States of America; YU: Yugoslavia 

Type of study/Number: C: controls; CS: Cross sectional study; CC: Case control study; E: exposed; FU: follow-up study; R-FU: Register follow-up 
study; W: Wood dust 

Exposure measure and statistics: AM: arimetric mean; Ass: associated; CI: confi dence interval; Conc: concentration; Corr: correlation; Cum: cumula-
tive; Diff: difference: DRR: dose response relationship; Exp: exposure; GM: geometric mean; GSD: geometric standard deviation; JEM: job exposure 
matrix; Inhal: inhalable; MDF: medium density fi breboard; NS: non-signifi cant; OR: odds ratio; Pred: predicted; RR: relative risk; Resp: respirable; 
RPM: residual particulate matter; SD: standard deviation; S: signifi cant; VOC: volatile organic compounds; WS: wood solids 

Symbols symptoms and objective measurements: AS: asthma, BN: blocked Nose; CB: chronic bronchitis; CJ: conjunctivitis; CO: cough; CT: chest 
tightness; CV%: closing volume% VC; DLCO: carbon monoxide diffusion coeffi cient; EYD: eye irritation; FEV1: forced expiratory volume in one 
second; FVC: forced vital capacity; IN: itchy nose; LAD: Lower Airway Discomfort; MCC: Mucociliary clearance; NAD: nasal discomfort; NAL: nasal 
lavage; PH: phlegm; RH: rhinitis; RN: runny nose; SOB: shortness breath; SN: sneezing; WR: work related; WH: wheeze. 

change in nasal symptoms during work shift [63] or during 
work week [3] and exposure to wood dust. 

Two studies have reported a signifi cantly increased 
prevalence of conjunctivitis (5%) or WR conjunctivitis 
(3–26%), OR 2–∞ [53, 60] in wood workers. Two studies 
did not fi nd increased prevalence of conjunctivitis [64] or 
WR conjunctivitis [9]. 

Five studies have reported increased prevalence’s of 
eye irritation/discomfort (20–44%) with OR’s from 2.0–
4.5 when comparing exposed to non-exposed [35, 36, 37, 
55, 68], signifi cant in all but 2 studies [55, 68]. Increased 
prevalence of WR eye irritation was reported in 5 studies 
(14–41%) [9, 15, 29, 56, 58] with OR’s of 1.9–∞, signifi -
cant in [29, 56, 58]. 

Objective measurements of nasal obstruction and 
mucosal swelling have been performed in 6 studies in the 
dry wood industry [1, 3, 35, 36, 63, 73]. Schlünssen et al., 
using acoustic rhinometry, revealed a DRR between cur-
rent exposure level and increased mucosal swelling dur-
ing work shift [63] while Åhman et al. showed nasal PEF 
deterioration during work week [1]. None of the studies 
including rhinomanometry have found any association to 
wood dust exposure [3, 35, 36], but Wilhelmsson et al. 
confi rmed the sense of obstruction among 50 woodwork-
ers [73]. 

Four papers have studied nasal mucociliary clearance 
(MCC) among wood workers, and all showed a higher per-
centage of woodworkers having reduced MCC compared 

to non-exposed controls [14, 35, 36] or during work week 
[3], although only signifi cantly so in 2 studies [3, 14]. 

Furthermore, nasal lavage fl uid (NAL) investigations 
have been carried out in 2 studies.

Åhman et al. found a DRR between number of classes 
per week and percentage neutrophils in NAL in exposed art 
teachers, but otherwise no signifi cant differences in infl am-
matory markers compared to non-exposed [4]. Priha et al. 
investigated NAL pre- and post-shift, and found decreased 
TNF-α, an increased nitric oxide and increased protein 
content among exposed workers compared to controls. No 
difference in cell count was revealed [59]. 

In addition, sense of smell has been reported as being de-
creased in some studies among woodworkers [6, 35], and 
a few studies have objectively found a decrease in smell 
perception [3, 36, 39]. 

DISCUSSION

When estimating respiratory health effects of occupa-
tional exposure to wood dust it is crucial to have valid 
exposure estimates. Wood dust exposure in the presented 
papers has been assessed in different ways. Some studies, 
mainly older ones, estimated exposure solely on employ-
ment status [14, 33] or parameters including years of expo-
sure/employment [3, 6, 18, 53]. Most studies included dust 
measurements but mostly on a limited number of workers. 
Group exposure estimates have been based on additional 
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Lower airway symptoms OR 
(95% CI) * OR calculated

Upper airway symptoms OR 
(95% CI) * OR calculated

Objective measurements Confounders included 

E vs C: 
BN: 1.5* (1.1–2.3) 
RN: 1.8* (1.1–3.1) 

50 E: Corr. mucosal swelling & 
nasal symps. (rhinoma-nometry), 
no corr. clearance & symptoms. 

Clearance ↓54%. 
59 E: ↓FVC compared to pred. 
values 

Lung function: Smoking, age?, 
sex?, height? 

Ehigh vs Elow: 
↓FEV1/ FVC for both Esoftwood and 
Ehardwood 

E: DRR cum. exp. and ↓FEV1/
FVC NS ass exp. and ↓FEV1 & 
↓FVC 

Smoking, sex, age, height 

E vs C: 
Nasal MCC: 
8/9 vs 0/12 (p<0.01)

E more smokers, older 

information about work area, job title, etc. Some studies 
based exposure assessment on a substantial number of 
measurements [7, 15, 28, 42, 43, 51, 62, 64]. 

Misclassifi cation of exposure in many of the studies is 
likely. When comparisons are made between groups of ex-
posed wood workers this misclassifi cation might attenuate 
the exposure-effect relation. There are large differences in 
exposure levels in the papers reviewed. Mean dust levels 
ranged from 0.4–9.0 mg/m3 (AM or GM). In general, the 
older studies reported larger dust concentrations, while 
in the more recent studies a cross country gradient with 
higher dust concentrations in third world countries seems 
to exist. This is probably caused by considerable differ-
ences in production facilities and dust controlling systems, 
for example, ventilation and enclosure. Compared to ex-
posure to fresh wood and mixed wood reviewed in [41], 
dry wood workers on average seem to be higher exposed, 
which is confi rmed in the European wood dust exposure 
survey from 2006 [45]. 

All but 4 follow-up studies and one nested case control 
study are cross-sectional studies. A cross-sectional design 
hampers the possibilities to study associations between ex-
posure and chronic diseases with latency time, for example, 
asthma, chronic bronchitis and chronic impairment of lung 
function. In addition, a “healthy worker effect”, i.e. a ten-
dency of workers experiencing respiratory complaints to 
leave a dusty job or to transfer to less dusty jobs, can bias 
the results, possibly by underestimating the true effect. 

In most studies, other industrial workers were selected 
as controls, while in some studies groups that probably dif-
fered markedly from the workers in the wood industry had 
been chosen (including hospital staff, laboratory and offi ce 
workers), making interpretation diffi cult [18, 35, 36, 37, 
53, 55, 58, 59, 60].

Smoking is strongly causally related to the development 
of respiratory symptoms and decline in lung function, in-
cluding COPD and chronic bronchitis, and therefore stud-
ies without information on smoking were excluded. The 
expected lung function depends on age, sex and height, and 

in general these factors have been taken into consideration 
in the included studies. Atopy is also a known risk factor 
for asthma and rhino-conjunctivitis, but only some studies 
have taken atopic status into consideration [3, 4, 42, 43, 55, 
61, 62, 63, 64, 69]. 

Though only few studies revealed signifi cant associa-
tions between exposure to wood dust and occurrence of 
asthma and WRA, it is evident when looking across stud-
ies that a consistent pattern of elevated prevalence’s and 
OR’s of asthma and asthmatic symptoms is revealed in the 
dry wood industry. The positive fi ndings are confi rmed in 
the few follow-up studies [34], at least for subgroups, i.e. 
females [42]. No clear pattern between exposure level and 
prevalence of asthma is seen across studies. As an exam-
ple, Norrish et al. [55] found no DRR for asthma symp-
toms when comparing current low, medium and high ex-
posed workers, while other studies on low exposed cohorts 
have revealed signifi cantly increased prevalences of asth-
ma symptoms, WR asthma symptoms, and in one study a 
DRR between dust exposure and clinical asthma [61, 64]. 
Very heterogeneous methodologies across a wide range of 
countries make it diffi cult directly to compare the different 
studies.

The studies reported in this review suggest that expo-
sure to dry wood dust may cause CB. Most studies reported 
OR’s above 1.0 when comparing woodworkers to controls, 
although only 2 cross-sectional studies report signifi cant 
OR’s above 2.0. Increased development of CB was also 
found in the only follow-up study dealing with CB, at least 
for females [42]. This is in accordance with fi ndings from 
studies on fresh wood, where a review also suggest an as-
sociation between wood dust exposure and CB, although 
the symptoms here might also be related to co-exposures 
of moulds and endotoxins [41]. 

Coughing is an unspecifi c symptom, which may refl ect 
acute, benign irritation of the airways, as well as diseas-
es like asthma, bronchitis or COPD. Coughing and WR 
coughing in relation to wood dust exposure seems to be 
a consistent fi nding across studies confi rmed in the only 
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follow-up study dealing with coughing, at least for females 
[42]. In addition, studies revealing DRR between wood 
dust exposures and coughing support a causal effect [3, 42, 
66]. 

An acute obstructive effect of wood dust exposure dur-
ing workdays or during work weeks seems likely, as most 
studies measuring lung function have shown a post-shift 
decline in lung function. Also, several studies revealed 
DRR’s between exposure and post-shift decline in FEV1, 
strongly supporting an acute effect of wood dust on the 
lower airways.

When studying the effect of exposure on lung function, 
a cross-sectional design as used in most of the reviewed 
papers is at best suboptimal. Even so, a number of stud-
ies revealed reduced baseline lung function (FEV1, FVC, 
or FEV1/FVC) among wood workers, and some studies 
revealed an association to current exposure or to years of 
exposure. 

The 2 follow-up studies [28, 43] investigating trends in 
lung function show confl icting results, at least for females. 
Both studies were conducted on low exposed cohorts, 
where it is possible that effects on lung function may only 
be evident for the most susceptible groups, i.e. females, 
as reported by Jacobsen et al. Individual exposure assign-
ments in both studies were based on JEMs and time of 
exposure and possible misclassifi cations of exposure were 
present, which would tend to underestimate the effect of 
exposure on lung function changes. In the study by Glind-
meyer et al., it is suggested that the follow-up cohort might 
represent a survivor group of workers without accelerated 
decline in lung function, as participants in the follow-up 
study in general had a longer employment status than non-
participants. 

There seem to be a consistent trend across studies on 
rhinitis, nasal symptoms, conjunctivitis, and eye irrita-
tion, supporting an effect of wood dust on nasal mucosa 
and conjunctiva. A few studies involving either nasal PEF 
or acoustic rhinometry have confi rmed nasal obstruction 
in relation to wood dust exposure. In addition, studies 
on MCC have consistently revealed a reduced clearance 
among high exposed workers. 

The mechanisms for wood dust inducing respiratory im-
pairment are not fully understood. For RC, a low molecular 
compound, plicatic acid has been revealed to be a causal 
factor, and both immunological and non-immunological 
mechanisms are involved [13]. Apart from RC, no causal 
agent has consistently been disclosed. Specifi c sensitiza-
tion has been reported, but type 1 allergy is not suspected 
to be a major cause of wood dust induced asthma [2, 20, 
67, 74].

Apart from IgE mediated sensitization several other 
mechanisms are possible. Animal studies have shown that 
wood components, for example, the major constituent in 
pine resin-abietic acid, causes direct toxicity via lytic dam-
age to alveolar, tracheal and bronchial epithelial cells [10]. 
Wood dust extracts from both hard and soft wood are able 

to induce the release of pro-infl ammatory mediators from 
macrophages [46, 48], express and induce the release of 
infl ammatory mediators in human epithelial cell line [16], 
and modulate the expression of cytokines and chemokines 
[47]. 

In this review we focus on dry wood. Biohazards, mostly 
endotoxins and mould are mainly a concern when exposed 
to fresh wood [41], but exposure have been found at lower 
concentrations in the dry wood industry, where positive 
correlations between exposure to endotoxins and (1→3)- 
β-glucan and work-related bronchitis have been reported 
[9], and an association between cross shift decrease in 
lung function and exposure to endotoxins has been shown 
[50]. A recent study [32] of airborne endotoxins in joiner-
ies found endotoxins to be highly correlated to wood dust 
exposure, and it was concluded that endotoxins were only 
likely to be a problem when associated with very high dust 
levels in the dry wood industry. 

Monoterpenes are volatile substances naturally occur-
ring in pine and other coniferous trees and may be liberated 
mainly during handling of fresh wood. Terpenes have been 
documented to cause irritation of mucous membranes, and 
are suspected of causing impairment of lung function and 
BHR at levels of 100–450 mg/m3 [8, 44]. Though terpe-
nes are mainly found in fresh wood, lower levels have also 
been documented in the dry wood industry. In one study 
of joineries, terpene levels ranging from 9–214 mg/m3 
were revealed, together with chronic impairment in lung 
function among wood workers compared to controls, and 
this was mainly ascribed to terpenes [26]. Of the reviewed 
studies, Åhman et al. [5] found levels ranging from 0.02 
–6.8 mg/m3, but did not fi nd respiratory symptoms asso-
ciated to these low levels, while Jacobsen et al. reported 
GM (GSD) of 7.0 (2.8) mg/m3, without reporting on health 
effects [42]. 

Processing of plywood and fi breboard may cause ex-
posure to formaldehyde [49, 59] and asthma symptoms 
among woodworkers exposed to formaldehyde alone or in 
combination with wood dust have been documented [36]. 
A number of the reviewed papers included evaluations of 
the formaldehyde concentration [35, 36, 55, 59] and found 
formaldehyde levels ranging from 0.01–0.27 mg/m3. A 
health- based recommended 8-hour time-weighted occu-
pational exposure limit (OEL) of 0.15 mg/m3 have been 
recommended in the Netherlands [25]. In the reviewed pa-
pers, it is in general not possible to distinguish the effects 
of wood dust and formaldehyde. However, in one recent 
study [27] at ply mills, an association between asthma 
symptoms and formaldehyde was revealed, with the high-
est level GM 0.16 mg/m3. Thus, it cannot be rejected that 
formaldehyde alone or in combination with wood dust may 
have infl uenced results, especially from the part of the in-
dustry processing plywood and MDF.

Some studies indicate females to be more susceptible to 
wood dust exposure than men with regards to accelerated 
decline in lung function, bronchitis, coughing, and possi-
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bly asthma [42, 43, 64]. Matheson et al. [52] found sig-
nifi cant associations between exposure to biological dust 
and chronic bronchitis, and COPD in women, but not in 
men. Several population studies have reported a higher in-
cidence of asthma among females [21, 70], and a greater 
susceptibility to develop lung function impairment in re-
lation to tobacco exposure. The causes of females being 
more prone to develop asthma, respiratory symptoms, and 
impairment in lung function are not fully understood. Dif-
ferent explanations have been presented, e.g. airway size, 
hormonal factors, and social factors [21, 70]. A gender-re-
lated difference of the cough refl ex has also been suggest-
ed, with women having a more sensitive cough refl ex than 
men when tested with capsain. The proposed mechanism 
has been a higher sensitivity of the sensory receptors of the 
respiratory tract [23].

In conclusion, this review, despite the limitations in study 
design and exposure assessment, supports that wood dust 
exposure is a risk factor for development of asthma, chron-
ic bronchitis, rhino-conjunctivitis and chronic impairment 
in lung function. The mechanisms are mostly unknown. 
Concurrent exposures like moulds, endotoxin and terpenes 
might contribute to the health effect, though these exposures 
are most likely to be present in the fresh wood industry. For-
maldehyde may contribute to the health effects, especially 
in the plywood and MDF processing industry. 
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