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ABSTRACT
INTRODUCTION: Obstructive sleep apnoea (OSA) is associated with excessive daytime sleepiness and
therefore affects traffic safety. The risk factors for OSA are age and BMI, and therefore sedentary
occupational groups are likely to have a high prevalence of OSA. Our aim was to investigate the prevalence
and identify the risk factors for OSA and Type 2 diabetes (T2D) among occupational truck drivers in Denmark.
METHODS: Occupational truck drivers were recruited and their pulse oximetry and nasal respiratory flow were
measured with the ApneaLink device. The Apnea-Hypopnea Index (AHI), defined as the average number of
apnoeas and hypopnoeas per hour of sleep, was used to classify 1) non OSA (AHI < 5/h), 2) mild OSA (5/h ≤
AHI < 15/h), 3) moderate OSA (15/h ≤ AHI ≤ 30/h) and 4) severe OSA (AHI > 30/h). Risk factors for OSA and
T2D were investigated by linear and logistic regressions.
RESULTS: A total of 57 of 97 drivers were included in the analysis, all of whom were men, and 56% had OSA.
The linear regressions showed all of the evaluated risk factors to be positively associated (< 0.01) with the
AHI score, supported by the estimated odds ratios of having above-recommended levels of the evaluated risk
factors when classified as having OSA.
CONCLUSIONS: All the evaluated risk factors were significantly associated with AHI, and the prevalence of
OSA was above mean levels in the population. Confirmation of these results is warranted in future studies.
FUNDING: This study was supported by unrestricted grants from The FDE foundation, The Danish Council for
Safe Traffic and Nordsjaellands Hospital.
TRIAL REGISTRATION: none.

Incr eased r isk of obstr uctive sleep apnoea (OSA) is char acter ised by r ecur r ent apnoea
episodes (inter r uption in air flow of ≥ 10 sec.) and/or hypopnoea (decr ease in air flow for ≥ 10
sec. combined with a ≥ 3% desatur ation compar ed with a pr e-event baseline) dur ing sleep [1].
The OSA syndr ome is associated with excessive daytime sleepiness, fatigue and var ious
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aspects of mental dysfunction [2]. Sever e OSA is associated with an incr eased r isk of
car diovascular disease r isk [3] and Type 2 diabetes (T2D) [1, 2]. The r elation between OSA
and T2D is consider ed to be bidir ectional because of the associations between fr agmented
sleep and abnor mal glucose metabolism as well as the association of diabetic neur opathy
with centr al contr ol of r espir ation [1]. Having OSA is associated with higher r ates of healthr elated contacts, medication use and unemployment, r esulting in annual excess total dir ect
and indir ect costs of 3,860 € per OSA patient compar ed with non-OSA people [4] – even
befor e diagnosis of OSA [5]. Also, tr affic safety is affected by OSA due to the incr eased r isk of
r oad accidents [3].
Ear lier studies of the gener al Danish adult population place the OSA pr evalence in the 1-5%
r ange in men and 1-2% r ange in women [6]. However , a higher pr evalence of OSA may be
expected among gr oups with high fr actions of obesity and mor e advanced age, as age and
BMI ar e r isk factor s for OSA [4, 5]. Such gr oups may be constituted by occupation; for
example, occupational tr uck dr iver s in Denmar k ar e pr edominantly above 50 year s of age
[7], and have an incr eased pr evalence of obesity. The high pr evalence of obesity may be
explained by the combination of a sedentar y occupation, lack of leisur e time physical activity
and an excessive calor ic intake [6, 8]. Ther efor e, we aimed to investigate the pr evalence and
identify r isk factor s for OSA among occupational tr uck dr iver s in Denmar k.

METHODS
The local ethical committee and data pr otection agency appr oved the pr oject (H-15003477).
Occupational tr uck dr iver s fr om a Danish br ewer y (Car lsber g) wer e r ecr uited at
infor mation meetings at thr ee Danish distr ibution sites. The Danish Council infor med the
dr iver s about the potential implications of sleepiness and r oad safety for safe tr affic, and the
r esear cher s infor med about OSA, T2D and the possibility of par ticipation in the study. All
par ticipation was voluntar ily and anonymised in accor dance with the Helsinki Declar ation.
The dr iver s wer e asked to fill out questionnair es on daytime sleepiness, symptoms of OSA
and inter est in par ticipating in the study at the infor mation meeting. Also, dr iver s could sign
up for mor e infor mation about the study. A subsequent appointment for investigation was
scheduled at the Car lsber g facilities dur ing wor king hour s and coor dinated with the
company.
The inclusion cr iter ia wer e: wr itten infor med consent, age ≥ 18 year s and employment as an
occupational tr uck dr iver . The exclusion cr iter ia wer e inability to use the device for
measur ing pulse oximetr y and nasal r espir ator y flow.
The pr imar y outcome in this study was OSA. However , since the population included is
assumed to be at incr eased r isk of T2D and as the r elation between OSA and T2D is
bidir ectional, a cr oss-sectional investigation is unable to establish whether the high r isk for
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OSA is due to the T2D r isk pr ofile or not.
Obstr u c tive sl eep apn o ea sc r een in g an d c l assif ic atio n
Pulse oximetr y and nasal r espir ator y flow wer e measur ed with the ApneaLink device,
pr eviously validated for OSA scr eening [8]. Tr ained study per sonnel instr ucted the
par ticipants on how to mount and wear the ApneaLink at bedtime and dur ing ≥ 4 h of sleep.
If the r ecor ding was non-conclusive, the par ticipants wer e offer ed to sleep one mor e night
with the device.
Data wer e downloaded and analysed by ResMed ApneaLink, softwar e ver sion 9.20. The
default settings of the ApneaLink for episodes of apnoea, hypopnea and desatur ation wer e
used. An episode of apnoea was defined as a decr ease in air flow by 80% of the baseline flow
for at least 10 sec., and hypopnea was defined as a decr ease in air flow by 50% to 80% of the
baseline flow for at least 10 sec.
The fr equency of obstr uctive events was r epor ted by the Apnea-Hypopnea Index (AHI),
defined as the aver age number of apnoeas and hypopneas per hour of sleep. OSA sever ity
was defined accor ding to the Amer ican Academy of Sleep Medicine guidelines fr om 2009 [9]
as non OSA (AHI < 5/h), mild OSA (5/h ≤ AHI < 15/h), moder ate OSA (15/h ≤ AHI ≤ 30/h) and
sever e OSA (AHI > 30/h).
All dr iver s diagnosed with OSA (AHI ≥ 15/h or AHI ≥ 5/h with symptoms) with the ApneaLink
wer e r efer r ed to local sleep clinics for final diagnosis and initiation of tr eatment.
Cl in ic al m easu r es at th e su bsequ en t appo in tm en t
Body weight and height wer e measur ed, and BMI calculated as bodyweight (kg)/(height (m) ×
height (m)). Blood pr essur e was measur ed twice by an oscillometr ic method with a
semiautomatic device after the patient had been r esting in a sitting position for ten minutes.
The mean of the two measur es was included in the analysis. Capillar y blood samples wer e
taken to deter mine blood glucose level and haemoglobin A1c (HbA1c). HbA1c was measur ed
by use of high-per for mance liquid chr omatogr aphy fr om a capillar y blood sample.
Qu estio n n air es
Daytime sleepiness was measur ed by the Epwor th Sleepiness Scale (ESS) [8]. The total scor e
was calculated fr om eight questions r ating the chances of dozing off or falling asleep in
eight differ ent situations commonly encounter ed in daily life. The total scor e falls in the 0-24
r ange. A scor e above ten is consider ed abnor mal and indicates high sleepiness [8]. The ESS is
commonly used for quantifying symptoms of sleepiness and the ESS scor e incr eases with
sever ity of OSA [10].
Risk of OSA was estimated by the validated Ber lin questionnair e [11]. This questionnair e
addr esses subjective symptoms of sleep apnoea; snor ing (0-4 points), obser ved apnoeas (0-1
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point), day-time sleepiness (0-3 points); and it combines the r isk scor es with pr esence of
obesity (BMI > 30 kg/m 2) and/or self-r epor ted hyper tension (diagnosed by the patientʼs
gener al pr actitioner ). A high r isk of OSA is deter mined by symptoms in at least two
categor ies (> 4 points) in the absence of obesity/hyper tension or at least two points in the
pr esence of obesity or hyper tension.
Fur ther mor e, the dr iver s wer e asked to r epor t the number of kilometr es dr iven per year ,
how often they felt tir ed when dr iving, if they had ever been close to falling asleep while
dr iving or had been involved in a tr affic accident due to tir edness.
S tatistic al an al yses
Data ar e pr esented as mean (± standar d deviation) and r ange for nor mally distr ibuted
var iables and fr equency (%) for categor ical var iables. To pr esent the descr iptive var iables
acr oss the population str atified by OSA and to investigate whether ther e wer e any
differ ences between the two gr oups, t-test wer e applied to the nor mally distr ibuted
var iables and Pear sonʼs χ2-test was applied to categor ical var iables. AHI was analysed both as
categor ical data based on clinically pr edefined cut-offs and as count data. Risk factor s for
OSA and T2D wer e investigated by linear and logistic r egr essions; linear r egr essions
investigated AHI level in r elation to BMI, HbA1c, blood glucose and SBP in unadjusted and
adjusted models. The logistic r egr ession estimated the odds r atios (OR) of having OSA with
higher BMI (≥ 30 kg/m 2), HbA1c (≥ 48 mmol/mol), blood glucose (non-fasting > 7 mmol/l) and
blood pr essur e (≥ 140/90 mmHg). All statistical analyses wer e per for med in SAS 9.4, and the
level of significance was set to 0.05.

Tr ial r egistr ation: none.

RESULTS
A total of 63 of 97 male dr iver s (62%) par ticipated in the study. Six par ticipants wer e excluded
due to unsuccessful over night measur ement with the ApneaLink (Fig u r e S 1 ). The clinical
char acter istics ar e pr esented in T abl e 1 for all of the 57 par ticipants who completed the
scr eening for OSA. The table also pr esents the gr oups str atified by OSA (non-OSA defined as
AHI < 5/h, or OSA defined as AHI ≥ 5/h). The non-OSA and OSA gr oups significantly differ ed
in fr equency of snor ing and pr evalence of a high BMI (≥ 30 kg/m 2).
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Obstr u c tive sl eep apn o ea
A total of 32 par ticipants (56%) had OSA. Mild OSA was found in 20 par ticipants, wher eas nine
dr iver s had moder ate OSA and thr ee par ticipants had sever e OSA (Fig u r e S 2 ). None of the
par ticipants had Cheyne-Stokes r espir ation or centr al apnoeas.
Most of the par ticipants wer e asymptomatic and did not r epor t mor e tir edness than dr iver s
without OSA (ESS: 8 ver sus 8, p = 0.5). However , dr iver s with OSA mor e fr equently r epor ted
snor ing (91% ver sus 52%, p = 0.01) and tended to exper ience daytime sleepiness mor e
fr equently (78% ver sus 60%, p = 0.13), but did not have mor e obser ved apnoeas (38% ver sus
32%, p = 0.63) (Table 1).
Risk f ac to r s f o r d iabetes an d c ar d io vasc u l ar d isease
Based on the definition of T2D as an HbA1c above 48 mmol/mol [9, 12], five of the 57
par ticipants (9%) had T2D, her eof thr ee wer e detected by the study scr eening. Fur ther mor e,
six of the 57 par ticipant (11%) had pr ediabetes, defined as a HbA1c of 39-47 mmol/mol [9]. The
fr equency of pr ediabetes did not differ between the OSA gr oups (Table 1).
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Fur ther mor e, 33% of the population had a non-fasting level of glucoses above the
r ecommended level (7 mmol/l) [12]. In the str atified gr oups, 41% of those with OSA and 24%
of those without OSA had a level of non-fasting glucose above the r ecommended level.
Mor e than half (53%) of the par ticipants wer e hyper tensive (r esting blood pr essur e ≥ 140/90
mmHg) [10]. In the str atified gr oups, a tendency was seen (p = 0.09) among those with OSA
towar ds being hyper tensive mor e fr equently (63% hyper tensive among those with OSA
ver sus 40% hyper tensive among those who did not have OSA).
Mor eover , 47% of the dr iver s had a high BMI (BMI ≥ 30 kg/m 2), and those with OSA had a
higher fr equency of obesity than those without OSA (59% ver sus 32%, p = 0.04) (Table 1).
The linear r egr essions showed that all of the evaluated r isk factor s wer e significantly (all <
0.01), positively associated with AHI scor e in the cr ude as well as the adjusted model. The
estimates fr om the cr ude and adjusted model ar e of similar magnitude and thus indicate
that the associations do not seem to be biased by either age or level of leisur e time physical
activity. Thus, for each point incr ease of the AHI scale, the BMI was estimated to incr ease by
0.17 kg/m 2 (95% confidence inter val (CI): 0.08-0.26 kg/m 2); HbA1c by 0.26 mmol/mol (95% CI:
0.10-0.42 mmol/mol); non-fasting blood glucose by 0.06 mmol/l (95% CI: 0.03-0.09 mmol/l);
and systolic blood pr essur e by 0.49 mmHg (95% CI: 0.13-0.85 mmHg) (T abl e 2 ). These positive
associations wer e suppor ted by the estimated OR for having OSA when classified as having a
high BMI (OR = 1.81, 95% CI: 1.03-3.30), but not when classified as having above r ecommended
levels of blood pr essur e, HbA1c or blood glucose (T abl e 3 ).
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Obstr u c tive sl eep apn o ea an d r el atio n to tr af f ic saf ety
No association between the pr esence of OSA and the number of kilometr es dr iven per year
(linear r egr ession p = 0.42) was seen. A χ2 analysis indicated no differ ences between gr oups
of sever ity of OSA and self-r epor ted r isk of “falling asleep dur ing dr iving” or “daytime
tir edness” (T abl e 4 , Fig u r e S 3 and Fig u r e S 4 ). Even so, thr ee of the dr iver s (5%) with OSA
r epor ted near by tr affic accidents due to tir edness, and none of the dr iver s without OSA
r epor ted near by tr affic accidents due to tir edness, which indicates a potential tr affic safety
issue in r elation to OSA.

DI SCUSSI ON
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S tu d y f in d in g s
This is the fir st study to investigate the pr evalence of OSA among tr uck dr iver s in Denmar k.
It shows that mor e than half (56%) of the par ticipating Danish tr uck dr iver s had OSA, thus
exceeding the mean level obser ved in the gener al adult male population in Denmar k (4%)
[13]. Pr eviously, the pr evalence of OSA has been estimated to fall in the 3-28% r ange among
commer cial dr iver s in Nor ther n Amer ica [11, 14] and to be 17.6% among tr uck dr iver s [15].
Fur ther mor e, sever al studies have r epor ted tr uck dr iver s to be at excessive r isk for OSA [16,
17]. However , none of the pr evious studies r epor ted a pr evalence of OSA similar to the one
r epor ted in the pr esent study, which may possibly be explained by the par ticipants in this
study being older and by the fact that a high BMI was pr evalent. Never theless, ther e is a need
for ver ification of the r epor ted pr evalence.
Sur pr isingly, these par ticipants wer e asymptomatic in ter ms of daytime sleepiness and
fatigue. This makes questionnair e-based OSA diagnosis challenging, which has also been
shown in a pr evious study among patients with diabetes [18]. Self-r epor ted sleepiness alone
is ther efor e not useful in the diagnosis of OSA. Thus, a need for scr eening with a por table
home-monitor ing device is war r anted, and it is questionable whether asymptomatic patients
should be tr eated at all.
In accor dance with pr evious studies [11, 14], the pr esent analysis showed AHI to be
associated positively with BMI, glucose, HbA1c and blood pr essur e (Table 2). Also, this
r elation was r eflected in the OR of having OSA in par ticipants with a high BMI (OR = 1.81, 95%
CI: 1.03-3.30), although the r isk for OSA was not affected by the pr esence of hyper tension or
T2D (Table 3). In gener al, an incr eased r isk for car diovascular diseases and T2D would be
expected based on the obser ved blood pr essur es [10] and HbA1c [9] in par ticipants with OSA
(Table 1). Although the level of leisur e time physical activity did not seem to bias the r esults
in the pr esent study, leisur e time physical activity has been shown to pr otect fr om OSA [16]
and to decr ease the levels of the evaluated r isk factor s r ecor ded in this study [19].
Ther efor e, pr evention of OSA could be tar geted thr ough initiatives pr omoting incr eased
levels of leisur e time physical activity. However , these r esults ar e based on self-r epor ted
leisur e time physical activity. This infor mation may ther efor e be biased by lack of memor y
and by social desir ability. Fur ther mor e, it may be difficult to ver ify the pr ecision of the
estimates given on dur ation, fr equency and intensity of the leisur e time physical activity.
Also, one would expect leisur e time physical activity to mainly affect these var iables (BMI,
HbA1c, blood glucose and blood pr essur e) by having a sufficient volume and especially
intensity to be able to affect car dior espir ator y and metabolic fitness [19]. Whether this is the
case may be har d to assess based on these self-r epor ts of leisur e time physical activity.
Rel atin g th e f in d in g s to tr af f ic saf ety
No differ ences wer e seen acr oss OSA gr oups in the pr evalence of “falling asleep dur ing
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dr iving” or “daytime tir edness”. However , tr affic safety may still be affected by OSA by the
indication of an incr eased pr evalence of near by tr affic accidents due to tir edness r epor ted
by 5% of the dr iver s with OSA. However , none of the dr iver s without OSA r epor ted near by
tr affic accidents due to tir edness. This indication is in line with pr evious studies also
r epor ting an incr eased r isk of tr affic accidents among OSA patients [3, 11, 20].
Meth o d o l o g ic al c o n sid er atio n s
The str engths of the study include the dual classification of OSA by questionnair e and
apnoea link monitor , as well as the dual classification of r isk for diabetes by both glucose
and HbA1c. The size of the population (N = 57) and the fact that all of the par ticipants wer e
r ecr uited fr om one company holds a potential selection bias. This combined with the
assumption that companies who ar e willing to par ticipate in r esear ch may have a better wor k
envir onment than those not wanting to par ticipate in r esear ch indicating that the
par ticipants may be healthier than the entir e population of tr uck dr iver s in Denmar k. Thus,
the r epor ted r esults may be conser vative, as higher fr equencies of OSA may possibly be
expected among the population as a whole. The small study population and cr oss-sectional
design ar e limitations. Thus, upscaling and ver ification of these r esults ar e needed, as ar e
pr ospective studies evaluating OSA in r elation to tr affic safety.
Im pl ic atio n s o f th e f in d in g s
This study pr ovides new knowledge about the pr evalence of OSA among occupational tr uck
dr iver s and demonstr ates that BMI, glycated haemoglobin, blood glucose and systolic blood
pr essur e ar e associated with OSA. Mor e infor mation is essential for optimising the clinical
and public health sector s as well as r educing the health and tr affic safety consequences of
untr eated OSA. In addition, the r esults pr ovide an over view of the gener al health among the
included occupational tr uck dr iver s, indicating a moder ate to high r isk for car diovascular
as well as metabolic disease. Thus, it seems that occupational tr uck dr iver s would benefit
fr om health scr eening in other aspects than sleep apnoea per se by ear lier detection and
r ecognition of r isk factor s for car diovascular and metabolic diseases.

CONCLUSI ONS
This study found a 56% pr evalence of OSA among the par ticipating male occupational tr uck
dr iver s, which clear ly exceeds the population mean of 4%. All the evaluated r isk factor s
(BMI, glycated haemoglobin, blood glucose and
systolic blood pr essur e) wer e significantly associated with the level of AHI. However ,
confir mation of these r esults is war r anted in futur e studies to guide initiatives for
pr evention and vocational r ehabilitation of OSA.
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