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TIIVISTELMA

Hanna-Leena Koskinen: Melu, tyon fyysinen rasittavuus ja vuorotyo sekd metaboli-
nen oireyhtymad: erillis- ja yhteisvaikutukset sepelvaltimotaudin vaaraan.

Nykypdivén tyopaikoilla melu, tyon fyysinen rasittavuus (myoh. raskas tyd) ja vuo-
rotyd ovat hyvin yleisid. Eldiméd on hektistd, metabolista oireyhtymié esiintyy paljon
muun muassa ylipainon ja liikkkumattomuuden takia, ja sepelvaltimotauti on edel-
leen yksi johtavista kuolinsyistd. Taméan viitoskirjatyon tarkoituksena on arvioida
edelld mainittujen tyOperdisten altistusten sekd metabolisen oireyhtymén vaikutuksia
sepelvaltimotaudin riskiin.

Aineisto koostui Helsinki Heart Study (HHS) -kolesterolilddketutkimukseen kuu-
luvista teollisuuden parissa tyoskentelevistd miehistd. Tutkimusongelmasta riippuen
kohorttien koot vaihtelivat 884:sta 6005:een. Tutkimuksen alkaessa 1980-luvun al-
kupuolella miehet olivat 40-55-vuotiaita, ja pisimmilldén seuranta kesti vuoden
1999 loppuun. Melun ja raskaan tyon altistustiedot saatiin suomalaisesta tyo-
altistusmatriisista (FINJEM) ja vuorotydtieto vuosina 1987-1988 tehdystd psy-
kososiaalisesta kyselystd. Sepelvaltimotautitiedot saatiin sairaalan hoitoilmoitusre-
kisteristd HILMO:sta ja kuolintiedot kuolinsyyrekisteristid. Sepelvaltimotaudin riskit
estimoitiin kdyttden Coxin suhteellisten vaarojen mallia.

Tutkimuksen ensimmaéisend tavoitteena oli tutkia tydperdisten altistusten lyhyen
ja pitkdn aikavilin vaikutuksia sepelvaltimotaudin riskiin. TyOntekijoitd seurattiin
vuodesta 1980—1982 vuosiin 1991, 1995 ja 1999 asti. Melu oli tilastollisesti merkit-
sevd riskitekijd kaikilla seurantajaksoilla. Niilld, jotka altistuivat sekd jatkuvalle ettd
impulssimelulle, sepelvaltimotaudin idlld ja elintapamuuttujilla (tupakointi, alkoho-
lin kulutus ja vapaa-ajan litkunta) vakioidut suhteelliset riskit (RR) eri seurantajak-
soille olivat 1,21-1,42 verrattuna melulle altistumattomiin. Kun tutkittiin, siilyyko
melun vaikutus sepelvaltimotaudin riskiin eldkditymisen jilkeen, laskettiin seuran-
nat, jotka alkoivat tyontekijén tdytettyd 60 tai 63 vuotta. Seké kaikilla ettd pelkés-
tddn sinikaulustyontekijoilld oli kummassakin seurannassa suurentunut sepelvalti-
motaudin riski vain jos tyontekija oli altistunut molemmille meluille.

Tyon raskaus luokiteltiin tertiileittdin niin, ettd 1. tertiili sisdlsi altistumattomat
tyontekijit. Verrattuna tdhén luokkaan sekd 2. tertiilin ettd 3. tertiilin sepelvaltimo-
taudin riski oli tilastollisesti merkitsevésti kasvanut. Eniten tyonsd raskaaksi koke-
villa (ts. 3. tertiili) sepelvaltimotaudin iélld vakioitu riski eri seurantajaksoilla oli
1,24-1,32, suurimmillaan lyhyessé ja pienemmilldén pisimmaissd seurannassa. Ras-
kaan tyon aiheuttama riski toisin sanoen pieneni eldkditymisen myd6td. Vakioinnit
ammattiluokan (sini-/valkokaulustyontekijd), idn ja elintapamuuttujien tai melun
mukaan pienensivit vaikutuksia selvésti. Kun malli vakioitiin iélld ja elintapamuut-



tujilla, riski (1,25) oli tilastollisesti merkitsevd vain eniten tyonsé raskaaksi kokevil-
la vuoteen 1999 ulottuvassa seurannassa.

Vuorotyoksi maédriteltiin 2- ja 3-vuorotyd sekd epdsddannodllinen tyd. Osa-
aikatyotd tai pelkdstddn yotyotd tekevit poistettiin aineistosta. Vuorotyo oli tilastol-
lisesti merkitsevé selittdjd sepelvaltimotaudin riskille kaikilla seurantajaksoilla ja
kaikilla vakioinneilla lukuun ottamatta ammattiasemavakiointia. Riskiestimaatit
pienenivét seurannan pidentyessd, eli vuorotydn riski oli suurin tydssdoloaikana.
Esimerkiksi idlld ja elintapamuuttujilla vakioidussa mallissa sepelvaltimotaudin suh-
teellinen riski oli vuoden 1991 seurannassa 1,60 ja vuoden 1999 seurannassa 1,34.

Tutkimuksen toisena tavoitteena oli tutkia tyOperdisten altistusten yhteisvaiku-
tuksia sepelvaltimotaudin riskiin. Kun tyontekijdt jaettiin altistuskombinaatioitten
mukaan kahdeksaan ryhméén, iélld sekd elintapamuuttujilla vakioidun mallin yh-
teisvaikutuksista vain melun ja vuorotydn seki kaikkien kolmen tekijan yhteisvaiku-
tukset olivat tilastollisesti merkitsevid kaikilla seurantajaksoilla. Riskisuhteet piene-
nivdt ajan myotd, ja ammattiluokkavakioinnissa tilastollinen merkitsevyys sdilyi
vain kolmen tekijan yhteisvaikutuksessa. Vuoden 1999 seurannassa iélld ja elinta-
pamuuttujilla vakioidussa mallissa kolmen tekijdn yhteisvaikutuksen RR oli 1,61
verrattuna altistumattomien ryhméan. Monialtistuneilla oli kohonnut riski sairastua
sepelvaltimotautiin, mutta kaikki yhteisvaikutukset olivat antagonistisia eli toisiaan
heikentivid. Yllattavaa oli, ettd sepelvaltimotaudin kannalta vuorotyo tai raskas tyo
yksindédn aiheuttivat jopa suuremman riskin kuin nédiden yhdistelma eli raskas vuo-
rotyo.

Tutkimuksen kolmantena tavoitteena oli arvioida syyketjua ndistd tyOperéisisti
altistuksista verenpaineeseen ja edelleen sepelvaltimotaudin riskiin. Tyontekijét
jaettiin altistusten mukaan kahdeksaan ryhméén. Systolisen verenpaineen seuran-
nassa korkein verenpaineen taso oli vain raskasta tyotd tekevilld; korkeimmillaan se
oli viimeisend seurantavuotena, 143,1 mmHg. Samaan aikaan toiseksi korkein kes-
kiarvo (140,8 mmHg) oli raskasta ja meluisaa vuorotyotd tekevilld eli niilld, jotka
altistuivat kaikille kolmelle tekijdlle. Jos ldhtdtilanteen verenpaine oli korkea (>
90/140 mmHg), vapaa-ajan liikunnalla ja melulla vakioitu sepelvaltimotaudin riski
renpaine.

Tutkimuksen neljés tavoite oli tutkia ndiden tyOperdisten altistusten ja metaboli-
sen oireyhtymin (MBO) osatekijoiden — painoindeksi, verenpaine, glukoosi, trig-
lyseridi ja HDL-kolesteroli — yhteisvaikutuksia sepelvaltimotaudin riskiin. Jos
MBO:n kriteerind pidettiin korkeaa painoindeksid, verenpainetta ja glukoosia,
MBO-positiivisten iélld ja elintapamuuttujilla vakioitu riskisuhde raskaan tyon
kanssa oli korkeimmillaan 4,22 ja melun kanssa 2,69 verrattuna terveisiin altistu-
additiivisen yhteisvaikutusmallin kanssa. Perinteisemmélld MBO:n maééritelmalla
(ts. mitkd tahansa kolme kriteerid viidestd) kaikki MBO:n ja tyOperdisten altistusten
yhteisvaikutukset olivat antagonistisia eli toisiaan heikentdvia.



ABSTRACT

Hanna-Leena Koskinen: Occupational noise, physical workload, shift work and
metabolic syndrome: independent and joint effects on the risk of CHD.

Noise, physical workload (later workload) and shift work are nowadays common in
the work places. Life is hectic, metabolic syndrome is common due to e.g. obesity
and inactivity, and coronary heart disease (CHD) is still one of the leading causes of
death. This doctoral dissertation aims to evaluate the impact of these occupational
exposures and of metabolic syndrome on the risk of CHD.

The research material consisted of industrial male workers who participated in
the Helsinki Heart Study (HHS), primary prevention trial of a lipid-lowering drug,
gemfibrozil. The size of cohorts varied from 884 to 6 005, depending on the re-
search problem. When the study was initialized in the early 1980’s, the men were
from 40 to 55 years of age, and the longest follow-up continued until the end of
1999. The data on the exposure to noise and workload was collected from the Finn-
ish job-exposure matrix FINJEM, and the data on shift work from a psycho-social
questionnaire conducted in 1987-1988. The cardiac end points were obtained from
the Hospital Discharge Register and the Register of Deaths. The risks of CHD were
estimated using the Cox proportional hazards model.

The first objective of the research was to study the short-term and long-term ef-
fects of occupational exposures on the risk of CHD. The workers were screened
from year 1980-1982 to 1991, 1995 and 1999. Statistically, noise was a significant
risk factor in all follow-ups. For subjects who were exposed to both continuous and
impulse noise, the relative risks (RR) of CHD — adjusted for age and life style fac-
tors (smoking, alcohol consumption and leisure-time physical activity) — at the dif-
ferent follow-ups were 1.21-1.42 compared to subjects who were not exposed to
noise. For studying the possible carry-over effect of occupational noise on the CHD
risk after retirement, there was a follow-up for participants to start from when they
turned 60 or 63 years of age. In both follow-ups, both all of the workers and the
blue-collar workers only had an increased risk of CHD only if they were exposed to
both continuous and impulse noise.

When the workers were divided into tertiles according to their workload, the risk
of CHD was statistically significantly higher in the second and the third tertile than
in the first tertile which included workers not exposed to heavy work. For those who
considered their work to be physically very heavy, the age adjusted risk of CHD in
the follow-ups was 1.24—1.32, at its highest in the short follow-up and at its lowest
in the longest follow-up. In other words, the risk caused by heavy workload de-
creased with retirement. Adjustments for occupational class (white or blue collar),
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age and lifestyle factors or noise lowered the risk estimates markedly. When the
model was adjusted for age and lifestyle factors, the risk (1.25) was statistically sig-
nificant only for those who considered their work very heavy in the follow-up that
ended in 1999.

Shift work was restricted to 2- and 3-shift work and irregular work. Subjects
working part-time or nights were excluded from the data. Shift work was statistical-
ly significant to the CHD risk in all follow-ups and in all adjustments except for that
of occupational class. The risk estimates decreased as the follow-up proceeded, i.e.
the risk caused by shift work was at its highest during the period of employment. In
the model adjusted for age and lifestyle factors, for example, the relative risks of
CHD in the follow-ups were 1.60, 1.39 and 1.34.

The second objective of the research was to study the joint effect of these occu-
pational exposures to the risk of CHD. When the workers were divided into eight (8)
groups according to exposure combinations, only the joint effects of noise and shift
work and of all the three factors were statistically significant in all follow-ups. The
risk relations lowered with time, and in the collar color adjustment, the statistical
significance remained exclusively in the three-factor effect. In the 1999 follow-up
the three-factor effect RR in the model adjusted for age and life style variables was
1.61 compared to the unexposed group. Subjects with many exposures had an in-
creased risk of coronary heart disease, but all joint effects were antagonistic. It was
surprising that shift work or heavy work alone caused a higher risk of CHD than
those combined, i.e. heavy shift work.

The third objective was to evaluate the pathway from occupational exposures to
blood pressure and further to the risk of CHD. The workers were divided into eight
groups according to the exposures. In the systolic blood pressure follow-up, the
highest blood pressure levels were measured among workers exposed only to work-
load; the level was at its highest in the last year, 143.1 mmHg. The second highest
level (140.3 mmHg) in the last year’s averages was measured among workers ex-
posed to all three factors: heavy and noisy shift work. If the baseline blood pressure
was high (90/140 mmHg), the CHD risk adjusted for leisure-time physical activity
and noise was 2.85 times higher compared to workers with light physical workload
and low baseline blood pressure.

The fourth objective was to study the joint effect of occupational exposures and
the components of metabolic syndrome (MetS) — weight index, blood pressure, glu-
cose levels, triglycerides and high-density lipoprotein cholesterol (HDL-C) — to the
risk of CHD. When MetS was defined by high weight index, high blood pressure
and glucose, the adjusted RR of subjects with MetS and heavy physical workload
was 4.22 at its highest. The highest value of adjusted RR between MetS and expo-
sure to noise was 2.69 compared to healthy, unexposed workers. These risk relations
were compatible with the additive joint effect model. By using the more traditional
definition of MetS that includes any three components of the five above-mentioned,
all joint effects of MetS and occupational exposures were antagonistic i.e. they di-
minished each other.
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1. JOHDANTO

Sepelvaltimotaudin yleisyyttd Suomen videstdssd ei tunneta tarkasti. Vihimmais-
médrdnd voidaan pitdd Kansaneldkelaitoksen lddkkeistd myontdmien erityiskorvauk-
sien lukuméérdd. Vuonna 2011 sepelvaltimotaudin lddkitykseen sai korvausta l&hes
200 000 suomalaista (Suomen ldédketilasto 2011), mutta sairastavien maérd on titd
suurempi. Tauti on Suomessa edelleen yleisempi kuin useimmissa muissa lantisen
Euroopan maissa. Taudin esiintyvyys on miehilld yleisempad kuin naisilla, ja moni-
en vuosikymmenien ajan sepelvaltimotauti on ollut yksi yleisimmistd kuolinsyista.
Nykyisin tauti aiheuttaa vuosittain noin 11 000-12 000 kuolemaa (Suomen viralli-
nen tilasto, kuolemansyyt). Useimmat taudin kehittymiseen vaikuttavat tekijat liitty-
vit tavalla tai toisella elintapoihin, ja tarkeimpiné riskitekijoind voidaan pitdd suurta
LDL-kolesterolipitoisuutta, kohonnutta verenpainetta, tupakointia ja diabetesta
(Reunanen 2008).

Nykypédivan teollistuneessa yhteiskunnassa melu on yleistd ympéristdssa ja tyo-
paikoilla, ty6 koetaan fyysisesti raskaaksi ja vuorotyotd tehddén paljon. On arvioitu,
ettd vuonna 2002 noin 18 % suomalaisesta tyOvéestostd altistui tydpaikallaan yli 80
desibelin (dB) melulle ja 8 % yli 85 dB:n melulle (Kauppinen ym. 2004). Teollisuu-
dessa melulle altistuneiden maird on ollut koko ajan lievédssd kasvussa. Vuosina
2003 ja 2009 tyotehtdavidan piti ruumiillisesti melko raskaina tai erittdin raskaina
noin 25 % tydviestostd (Kauppinen ym. 2004 & 2010). Teollisuuden miestyonteki-
joiden keskuudessa luku oli vuonna 2003 periti 44 %, kun se kolme vuotta aiemmin
oli ollut 34 % (Kauppinen ym. 2000). Niin ikédéin teollisuudessa vuorotyd tai epi-
sdannollinen tydaika on hyvin yleistd. Vuonna 2000 Euroopan yhteison tyontekijois-
td vuoro- ja yotyotd teki keskiméérin 17 % — korkeimmat osuudet raportoitiin Iso-
Britanniassa (26 %) ja Suomessa (23 %) (Third European Survey on Working Con-
ditions 2000).

Metabolinen oireyhtymi on sokeri- ja rasva-aineenvaihduntasairaus, joka liittyy
korkeaan elintasoon ja yleistyy nopeasti. Perimmaisind syind voitaneen pitéd fyysis-

td passiivisuutta ja runsasta syOmistd, jotka muun muassa alentavat HDL-
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kolesterolia, kohottavat triglyseridid, verenpainetta ja glukoosia sekd aiheuttavat
keskivartalolihavuutta (Pi-Sunyer 2007). Tavallisesti oireyhtymi maédritellddn, jos
thmiselld on kolme oiretta viidestd, mutta oireiden painotus voi vaihdella.
Tyoperdiset altistukset — melu, tyon raskaus ja vuorotyd — voivat nostaa veren-
painetta tai vaikuttavat suoraan sepelvaltimotaudin riskiin, mutta varsinkin altistus-
ten yhteisvaikutuksia taudin riskiin on tutkittu vdhén. Samat tyGperdiset altistukset
voivat lisdtd metabolisen oireyhtymén (MBO) esiintyvyyttd, ja toisaalta MBO lisaa
sydéin- ja verisuonitautiriskid (Jeppesen ym. 2006), mutta altistusten ja MBO:n yh-

teisvaikutuksista sepelvaltimotaudin riskiin ei ole tietomme mukaan tutkittua tietoa.

13



2. KIRJALLISUUSKATSAUS

2.1 Sepelvaltimotauti

2.1.1 Taudin kehitys ja yleisyys

Suomessa puhutaan sepelvaltimotaudista tai koronaaritaudista, ja englanniksi tauti
on coronary heart disease (CHD) tai coronary artery disease (CAD). ICD-10 tauti-
luokituksen mukaan sepelvaltimotautiin luokitellaan iskeemiset syddnsairaudet an-
gina pectoris (120), akuutti sydéninfarkti (I21), uusiva sydaninfarkti (122), erdét sy-
déninfarktin tuoreet komplikaatiot (123), muut dkilliset iskeemiset syddnsairaudet
(I24) seka pitkdaikainen iskeeminen sydénsairaus (I125). Vanhempien ICD-9 ja ICD-
8 tautiluokitusten mukaan sepelvaltimotautiin luokitellaan tautikoodit 410—414.

Sepelvaltimotaudissa syddmen sepelvaltimoverenkierto on heikentynyt, mika
johtuu tyypillisesti valtimoita ahtauttavasta ateroskleroosista. Taudin pédasialliset
ilmenemismuodot ovat sepelvaltimotukoksesta aiheutuva sydinlihaksen kuolio, sy-
déninfarkti ja sepelvaltimoverenkierron riittimattomyydestd aiheutuva rasituksessa
tuntuva puristava rintakipu, angina pectoris. Oireettomalle ithmiselle sepelvaltimo-
tauti voi aiheuttaa tdysin odottamatta dkkikuoleman, joka useimmiten johtuu vaka-
vasta rytmihdiriostd. (Reunanen 2005.)

Vuonna 2011 liki 200 000 henkildéd sai Suomessa Kelan korvausta sepelvaltimo-
taudin ladkkeistd (Suomen ladketilasto 2011). Todellisuudessa tautia on paljon
enemman, koska kaikki potilaat eivit ole ladkerekisterissi. Monien vuosikymmen-
ten ajan sepelvaltimotauti on kuulunut yleisimpien kuolinsyiden joukkoon niin
Suomessa kuin maailmalla. 1960-luvulla suomalaisten keski-ikdisten miesten kuol-
leisuus sepelvaltimotautiin oli maailman suurin, mutta 1970-luvun alusta kuollei-
suus on voimakkaasti vihentynyt. Viimeksi kuluneiden parinkymmenen vuoden
aikana ikdvakioitu kuolleisuus on puolittunut, kun puolestaan alkoholiperdiset sai-
raudet ja alkoholimyrkytykset ovat samassa ajassa kaksinkertaistuneet; nykyddn

tyoOikaisilld miehilld on alkoholikuolemia jopa enemmin kuin sepelvaltimotauti-
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kuolemia (Suomen virallinen tilasto, kuolemansyyt). Vanhemmilla, yli 64-vuotiailla,
michilld sepelvaltimotauti on edelleen yleisin kuolinsyy (26,5 % kaikista kuolemista
vuonna 2011), joten sepelvaltimotaudin ikdvakioitu kuolleisuus kaikille miehille on

edelleen melko korkea (kuva 1).
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Kuva 1. Suomalaisten miesten (kaikki ja 15—64-vuotiaat) ikdvakioitu kuolleisuus
(100 000 henked kohti) sepelvaltimotautiin vuosina 1969-2011 (ldhde: Tilastokes-
kus).

2.1.2 Taudin tunnetut riskitekijat

Yksi tunnetuimmista sydin- ja verisuonitautien tutkimusprojekteista on Framing-
ham Heart Study (FHS), joka aloitettiin vuonna 1948 ja on edelleen kdynnissd. Alun
perin tutkimuskohortti koostui 5 209 miehestd ja naisesta, jotka olivat iéltdédn 30—62-
vuotiaita, ja nykyisin tutkittavana on heiddn jilkeldisiddn. Dawberin ym. (1962)
tutkimusryhma osoitti timén tutkimuksen pohjalta jo 50 vuotta sitten, ettd sepelval-
timotaudin sairastumisen riskitekijoitd olivat seerumin korkea kolesteroli, kohonnut
verenpaine, lihavuus, tupakointi sekd pienempi vitaalikapasiteetti. Sairastumisen
riski kohosi entisestdén, kun riskitekijoitd esiintyi kaksi tai useampi.

Useimmat sepelvaltimotaudin kehittymiseen vaikuttavat tekijat liittyvét tavalla
tai toisella elintapoihin, ja vaikka riskitekijoitd tunnetaan suuri joukko, tirkeimpié

niistd ovat suuri LDL-kolesterolipitoisuus, kohonnut verenpaine, tupakointi ja dia-
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betes (Reunanen 2008). Sepelvaltimotauti yleistyy selvésti idin my6td, ja miehilld on
naisia suurempi riski sairastua tautiin. Naiset sairastuvat sepelvaltimotautiin yleensé
my6hemmalld i4lla kuin miehet. (Makijarvi ym. 2008). Muita sepelvaltimotaudin
riskitekijoitd ovat mm. pieni HDL-kolesterolipitoisuus, insuliiniresistenssi, lihavuus,
litkkunnan véhiisyys, perinndlliset tekijét, sosioekonomiset tekijdt sekd antioksidantit
ja muut ravintoon liittyvét tekijét (Reunanen 2008).

Varsinkin vuorotyd aiheuttaa muutoksia unirytmiin ja mahdollisesti unen maa-
rdaan. Lyhentyneen uniajan on osoitettu lisddvén sepelvaltimotaudin riskid (Ayas ym.
2003). [Imién mekanismia ei tunneta tarkkaan, mutta unen puutteen tiedetddn suu-
rentavan C-reaktiivisen proteiinin pitoisuutta, joka on sydéin- ja verisuonisairauksien
riskitekijd (Meier-Ewert ym. 2004). On kuitenkin otettava huomioon, ettd vuorotyo-
hon liittyy unen puutteen lisdksi muitakin rasitteita, kuten epéterveellinen ravitse-
mus ja litkunnan vahentyminen (Harmé ym. 2006).

Edelld mainittujen riskitelijoiden lisdksi on suuri joukko vilillisid riskitekijoitd,
jotka esimerkiksi kohottavat verenpainetta, mikd edelleen nostaa sepelvaltimotaudin

riskia.

2.2 Sepelvaltimotaudin tyoperaiset riskitekijat

2.2.1 TyoOperainen melu

Tyo ja terveys Suomessa -tutkimuksen mukaan melulle altistuvien tyontekijoiden
méérd on viime vuosina vahentynyt (Kauppinen ym. 2013). Vuonna 2012 haastatel-
luista suomalaisista tyOssd kéyvistd (N=1 827) 27 % koki melun haittatekijaksi
(haittaa jonkin verran, melko tai hyvin paljon), ja melkein kolmannes (30 %) ilmoit-
ti, ettd tyopaikalla esiintyy niin kovaa melua, ettei tavallinen puhe kuulu metrin
pdéstd. Vuoden 2009 kyselytutkimuksessa (N=2 355) melun koki haittatekijéksi
perdti 37 % tyossd kdyvistd (Kauppinen ym. 2010).

Melun terveysvaikutuksia on tutkittu paljon vuosikymmenien ajan. Melu vaikut-
taa kuulon heikkenemiseen, mutta silld on monia muitakin haittavaikutuksia. Melu
saattaa aiheuttaa muun muassa psykologista stressid, unihdirioitd sekd tyokyvyn
heikkenemistd (van Dijk 1986, Passchier-Vermeer 2000). Review-artikkelissaan

Stansfeld ja Matheson (2003) listasivat tyOperdisen melun vaikutuksiksi mm. norad-
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renaliinin, adrenaliinin ja kortisolin nousun, lisddntyneen pahoinvoinnin, paansiryn
ja riiddanhaluisuuden sekd muutokset mielialassa ja levottomuudessa.

Melun vaikutuksia verenpaineeseen ja hypertensioon on tutkittu laajalti. Useat
tutkimukset ovat osoittaneet melun olevan hypertension tai kohonneen verenpaineen
riskitekijd (Fogari ym. 1994, Tomei ym. 2000, Melamed ym. 2001, van Kempen
ym. 2002, Chang ym. 2003 Lusk ym. 2002, Lusk ym. 2004, Tomei ym. 2005, Sbihi
ym. 2008, Lee ym. 2009). Meta-analyysissa van Kempen ym. (2002) paityivét tu-
lokseen, ettd tyOperdinen melu vaikuttaa merkitsevésti systolisen verenpaineen nou-
suun. Kahdeksan vuotta myOhemmin julkaistussa Tomein ym. (2010) meta-
analyysissa korkean melualtistuksen (melutason keskiarvo 92,2 + 6,5 dBA) tyonte-
kijoiden systolinen sekid diastolinen verenpaine nousivat tilastollisesti merkitsevésti
verrattuna kahteen matalamman melualtistuksen ryhmééan.

Aina melun ja verenpaineen véliltd ei ole 10ydetty yhteyttd (Hessel ja Sluis-
Cremer 1994, Kristal-Boneh ym. 1995, Talbott ym. 1999). Fogari ym. (2001) péa-
tyivit epdkokeellisessa tutkimuksessaan tulokseen, ettd yli 85 dB:n tydperdiselld
melulla oli ohimenevé, vain tyopidivédn aikana havaittu kohottava vaikutus alle 50-
vuotiaiden normaalipaineisten miesten verenpaineeseen. Eroa alle 80 dB:n melulle
altistuneiden kontrolliryhméén ei ollut havaittavissa vapaapdivina.

Vaikuttaako melu yksin verenpaineeseen vai tarvitaanko prosessiin muutakin?
Melamedin ym. (2001) mukaan melun vaikutus verenpaineeseen on riippuvainen
tyon monimutkaisuudesta: mitd monimutkaisempaa tyotd ihminen tekee, sitd enem-
min hdnen verenpaineensa nousee.

Vaikka verenpainetauti on merkittdvimpid sepelvaltimotaudin riskitekijoitd, me-
lun vaikutuksista sepelvaltimotautiin on vain muutama tutkimus ja varsinkin kohort-
titutkimukset ovat harvinaisia. Melamed ym. (1999) I6ysivdt 8 vuoden CORDIS-
tutkimuksessaan (pitkittdis-poikittaistutkimus) yhteyden melualtistuksen ja sydin-
tautisairastavuuden ja -kuolleisuuden vélilld (HR = 1,97; 95 % lv 1,28-4,54). Suo-
malaisten tyoOikdisten miesten rekisteritutkimuksessa Virtanen ja Notkola (2002)
padtyivit tulokseen, ettd merkittdvimmat sydéntautikuolleisuuden tySperdiset riski-
tekijit olivat tyon raskaus, oman tyon vdhdinen kontrollointi, melu ja vuorotyd.
Muun muassa ndiden riskitekijéiden eliminoiminen olisi vdhentényt sydéntautikuol-
leisuutta 8 %, sydédninfarkteja 10 % ja aivoverenkiertohdiridihin kuolleisuutta 18 %.

Tuoreessa poikittaistutkimuksessa Gan ym. (2011) seurasivat 6 307:44 Yhdys-

valtojen kansalliseen terveys- ja ravitsemustutkimukseen vuosina 1999-2004 osal-
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listunutta henkil6d. Melualtistus perustui itse raportoituun tydpaikan kovaddniseen
meluun. Verrattuna ei koskaan melulle altistuneisiin oli melulle altistuneiden sepel-
valtimotaudin riski 2—3-kertainen riippuen mallista ja altistumisajasta. Kun malli
vakioitiin useilla kovariaateilla, oli pisimpéédn (1,6—18,8 vuotta) melulle altistunei-
den sepelvaltimotaudin riski 2,04-kertainen ei koskaan melulle altistuneisiin verrat-
tuna. Melun ja sepelvaltimotaudin yhteys oli erityisen korkea alle 50-vuotiailla, tu-
pakoitsijoilla ja miehilla.

Davies ym. (2005) ovat puolestaan osoittaneet, ettd tyoperdisen melun aiheutta-
ma akuutin sydadninfarktikuolleisuuden riski on korkeimmillaan tydaikana: yli 19
vuotta tydssd olleiden RR vaihteli vélilld 2,0-4,0 riippuen melualtistuksen voimak-

kuudesta.

2.2.2 Koettu tyon fyysinen raskaus

Nykyihmisten ruumiillinen rasitus on vdhentynyt, silld eri ammateissa koneet hoita-
vat monet niistd toistd, jotka vaativat ruumiillista ponnistelua. Muun muassa metsé-
taloudessa erittdin raskas ruumiillinen ty0 on muuttunut koneellistumisen myota
yldraajojen tarkkuutta vaativaan kevyeen toistotyohon. Edelleen tyd kuitenkin koe-
taan usein fyysisesti raskaaksi. Syynd voi olla se, etti aiempaa matalammat altistuk-
set koetaan haitallisiksi. Vuoden 2012 Tyo ja terveys -tutkimuksen (Kauppinen ym.
2013) mukaan tyotehtaviddn piti melko raskaina tai erittdin raskaina 29 % miehista
ja 23 % naisista, kun vastaavat luvut vuonna 1997 (Kauppinen ym. 1997) olivat
30 % ja 31 %.

Fyysisen aktiivisuuden niin vapaa-ajalla kuin tyopaikallakin tiedetddn suojaavan
sydéntaudeilta ja vdhentdvdn kokonaiskuolleisuutta (Lee ym. 1997, Barengo ym.
2004). Barengon ym. (2004) prospektiivisessa tutkimuksessa seurattiin (seuranta-
ajan mediaani 20 vuotta) 30-59-vuotiaita miehii ja naisia, yhteensd 32 677 henkil6a
Itd- ja Lounais-Suomesta. Kohtalainen ja korkea tyon fyysinen aktiivisuus vdhensi
sydéntauti- ja kokonaiskuolleisuutta 21-27 % molemmilla sukupuolilla. Tyon fyysi-
nen aktiivisuus mitattiin kyselylomakkeen avulla, ja sen mittareina pidettiin kdve-
lemisti, tavaroiden nostamista ja kantamista sekd portaiden tai makien nousua.

Tyon korkean fyysisen rasittavuuden tiedetddn lisddvén kokonais- ja sydadntauti-

kuolleisuuden riskid (Kristal-Boneh ym. 2000, Virtanen ja Notkola 2002). Kristal-
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Bonehin ym. (2000) kohorttitutkimuksessa seurattiin kahdeksan vuoden ajan 3 488
israelilaista teollisuuden miestyOntekijéa. Niilld, jotka tydskentelivét fyysisesti erit-
tdin raskaassa tydssd (N=2 136), oli 1,8-kertainen kokonaiskuolleisuuden riski
(1,18-2,81) verrattuna matalan tyonraskauden tyontekijoihin.

Sofin ym. (2008) meta-analyysissa koottiin yhteen 26 vapaa-ajan fyysistd aktiivi-
suutta ja sepelvaltimotautia késittelevdd tutkimusta. Tutkimusjoukko koostui yh-
teensd 513 472 henkil6sti, joilla oli yhteensd 20 666 sepelvaltimotautitapausta ja
joita seurattiin 4-25 vuotta. Kokonaistarkastelussa vapaa-ajalla vdhédn liikkuviin
verrattuna paljon liikkuvien sepelvaltimotaudin RR oli 0,73 (0,66—-0,80), ja kohtalai-
sesti liikkkuvien RR 0,88 (0,83—0,93). Kun tarkasteltiin pelkéstdén miehid (13 tutki-
musta), vastaavat luvut olivat 0,76 (0,66—0,88) ja 0,93 (0,88—0,99).

Tietomme mukaan tyon fyysisen raskauden ja verenpaineen tai hypertension vi-

listd yhteyttd ei ole aiemmin tutkittu.

2.2.3 Vuorotyo

Valtaosa palkansaajista tekee sdédnnollistd paivityotd. Vuonna 2010 vuorotyotd teki
22 % palkansaajista, naiset yhtd usein kuin miehetkin (Kauppinen ym. 2013). Tilas-
tokeskuksen tydolotutkimusten mukaan tydaikamuoto on selvéssd yhteydessd am-
mattiryhméédn, sosioekonomiseen asemaan sekd ikddn (Lehto ja Sutela 2008).
Vuonna 2008 ylemmistd toimihenkildistd paivityotd teki ldhes 90 %, alemmista
toimihenkildistd 65 % ja tyontekijoistd 57 %. Viimeksi mainituista vuorotyotd teki
noin joka kolmannes: 20 % kaksivuorotydtd ja 10 % kolmivuorotydtd. Alemmista
toimihenkilGistd vuorotydtd teki joka neljds (24 %), mutta ylemmistd toimihenki-
16istd vain noin kolme prosenttia.

Vaikka useimpiin pdivitydstd poikkeaviin tydaikajdrjestelyihin ei liity olennaisia
terveysriskejd, yotyota sisdltava vuorotyd sekd kaksivuorotyd lisddvat mm. sepelval-
timotaudin (Beggild ja Knutsson 1999a) ja uusimpien tutkimusten mukaan myos
metabolisen oireyhtymain riskid (Pietroiusti ym. 2010).

Vuorotyon on osoitettu nostavan verenpainetta. Sakatan ym. (2003) kohorttitut-
kimuksessa vuorotyoldisilld oli 1,1-kertainen riski (1,01-1,20) sairastua verenpaine-
tautiin péivatyoldisiin verrattuna. Samasta aineistosta vuonna 2005 tehty kohortti-

tutkimus (Oishi ym. 2005) osoitti, ettd tydmuodolla on vaikutusta lievan hypertensi-
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on (systolinen verenpaine 140—-159 mmHg tai diastolinen verenpaine 90-99 mmHg)
kehittymisessd keskivaikeaksi (systolinen > 160 mmHg tai diastolinen > 100
mmHg) ja keskivaikeaksi diastoliseksi hypertensioksi (diastolinen > 100 mmHg).
Vuorotyo6ldisten OR:t verrattuna paivatyotd tekeviin olivat 1,23 (1,05-1,44) keski-
vaikealle hypertensiolle ja 1,28 (1,07-1,52) keskivaikealle diastoliselle hypertensi-
olle.

Inouen ym. (2004) tutkimuksessa vertailtiin kahta 50-59-vuotiaista 3-
vuorotydldisistd muodostettua ryhméi. Ryhméa 1 muodostui 118 paperitydléisestd,
joiden ty0 sisélsi paljon nopeatempoista ja intensiivistd fyysistd aktiivisuutta, kun
taas ryhmiéssd 2 oli 92 kemiallisten tuotteiden osaston tarkastuksen ja valvonnan
tyontekijdd. Kummankin ryhmén tyontekijédt olivat olleet tydssddn yli 30 vuotta.
Ryhmii vertailtiin hypertension, lihavuuden ja dyslipidemian suhteen. Eroavaisuuk-
sia 10ytyi vain hypertensiossa, jonka frekvenssit olivat 33,9 % (ryhma 1) ja 52,2 %
(ryhma 2) (p = 0,01). Hypertension OR ryhmaéén 2 verrattuna oli 2,2 (1,2-3,7).

Vuorotyon yhteyttd sepelvaltimotaudin riskiin on tutkittu vuosikymmenien ajan.
Ensimmadiset tutkimukset eivit niinkddn osoittaneet riskid (Harrington 1978), mutta
uudemmissa prospektiivisissa tutkimuksissa on 18ytynyt yhteys vuorotyon ja sepel-
valtimotaudin vililld (Knutsson ym. 1986, Kawachi ym. 1995, Tenkanen ym. 1997,
Boggild ja Knutsson 1999a, Knutsson ym. 1999, Frost ym. 2009). Knutsson ym.
(1986) osoittivat, ettd sinikauluksisilla vuoroty6liisilld oli 40 % suurempi riski sai-
rastua sepelvaltimotautiin kuin pdivétyoldisilla. Vastaaviin tuloksiin pédtyivit Ten-
kanen ym. (1997): teollisuuden vuorotyontekijoilld oli 30—50 % suurempi riski sai-
rastua sepelvaltimotautiin kuin paivétyotd tekevilld. Knutssonin ym. (1999) tapaus-
verrokkitutkimuksessa vuorotyotd tekevien miesten sydédninfarktin riski oli 1,3-
kertainen (1,1-1,6) pdivatyotd tekeviin verrattuna, ja suurimmillaan riski oli 45-55-
vuotiaana (OR = 1,6; 1,1-2,4). Review-artikkelissaan Baggild ym. (1999b) naytti-
vit, ettd vuorotyoti tekevilld oli 40 % suurempi riski sairastua kardiovaskulaariseen
sairauteen kuin pdivatoitd tekevilld, ja kymmenen vuotta myShemmin, niin ik&én
review-artikkelissa, Frost ym. (2009) osoittivat, ettd vuorotydtd tekevien iskeemisen
sydénsairauden RR oli 0,6-2,0-kertainen pdivityoti tekeviin verrattuna.

My0s vastakkaisia tuloksia on 10ydetty. Baggildin ym. (1999b) prospektiivisessa
kohorttitutkimuksessa seurattiin 22 vuoden ajan kddpenhaminalaisia miehid. Vuoro-
tyoOldisten iskeemisen syddnsairauden ja kokonaiskuolleisuuden riskit olivat pdivé-

tyotd tekeviin verrattuna 0,9-1,1 riippuen mallin vakioinneista. Niin ikddn 22-
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vuotisessa seurannassa Hublin ym. (2010) eivét 16ytidneet suomalaisten kaksoispari-
en aineistosta yhteyttd vuorotydn ja syddntautikuolleisuuden tai verenpainetaudin
vililld. Mallin vakiointi 14114 antoi samankaltaiset tulokset kuin mallin vakiointi 14
sosiodemografisella ja elintapamuuttujalla. Koko seurannan ajan vuorotyossé ollei-
den miesten sepelvaltimotautikuolleisuuden HR oli 1,09 (0,82—1,44) ja verenpaine-
taudin HR 1,15 (0,97-1,37).

Vuoroty6 saattaa olla syynd my6s kohonneeseen kokonaiskuolleisuuteen. Knuts-
sonin ym. (2004) tekemissa tutkimuksessa, jossa kéytettiin pohjana Taylorin ja Po-
cockin vuonna 1972 julkaistun artikkelin aineistoa, ex-vuorotyoldisten kokonais-
kuolleisuus oli 1,24-kertainen (1,03—1,51) pdivatyotd tekeviin verrattuna. Ikdryhmit-
tdisissd analyyseissa 45—54-vuotiaiden vuorotyoldisten kuolleisuuden riski oli 1,47
(1,12-1,93) verrattuna samanikaisiin paivatyolaisiin.

Ty0periisten altistusten kohdalla on hyvin vihén tutkittu, miten riski vihenee al-
tistuksen lakattua. Beggildin ja Knutssonin review-artikkeliin (1999a) valittiin 17
vuoroty6td ja syddn- ja verisuonitauteja (CVD) kisittelevdd tutkimusta. Tutkijat
toteavat, ettd useissa tutkimuksissa on mukana entisid vuoroty0ldisid, mutta yhdes-
sdkddn niistd ei ole tutkittu, miten altistuksen loppuminen pitemmén ajan myota

vaikuttaa CVD:n riskiin.

2.3 Metabolinen oireyhtyma

2.3.1 Maaritelma

Metabolinen oireyhtymd (MBO) eli aineenvaihdunnan hiirio tarkoittaa tilaa, jossa
henkil6lld on useita terveyttd uhkaavia hiirioitd yhtd aikaa. N&itd hidirioitd ovat
muun muassa alentunut HDL-kolesteroli, keskivartalolihavuus sekd kohonneet trig-
lyseridi, verenpaine ja glukoosi (Pi-Sunyer 2007). Tavallisesti oireyhtymé mééritel-
1adn, jos henkil6lld on kolme oiretta viidestd, mutta oireiden painotus voi vaihdella.
Yhdessé kriteerissd (International Diabetes Federation 2005, Alberti ym. 2005) hen-
kilolla tulee olla vyotiardlihavuutta ja lisdksi kaksi muuta oiretta neljistd, kun taas
toisessa kriteerissd (Alberti ja Zimmet 1998) ylipainon mittarina kdytetddn painoin-
deksid ja tatd ei valttdmatta tarvita, jos henkil6lld on insuliiniresistanssin lisdksi kak-

si muuta oiretta viidesta.
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Reavenin (1988) ehdotus siiti, ettd insuliiniresistenssi olisi perimméinen syy se-
pelvaltimotaudin riskikertymddn, lisdsi huomattavasti timén alan tutkimusta. Useat
kansainvéliset paneelit arvioivat 16ydoksen ja tekivdt omat ehdotuksensa siité, kuin-
ka maidiritelld insuliiniresistenssisyndrooma tai metabolinen syndrooma (Eckel ym.
2005, Grundy ym. 2005), kuten oireyhtymadd my6hemmin alettiin nimittdi. Laajalti
kéytetty kansallisen kolesterolikoulutusohjelman (the National Cholesterol Educati-
on Program, NCEP) aikuishoitopaneeli III (Adult Treatment Panel III, ATP III)
(Eckel ym. 2005) olettaa, ettd MBO:n viisi osatekijdd — liikalihavuus, matala HDL-
kolesteroli ja kohonneet verenpaine, triglyseridi ja glukoosi — ovat kaikki samanar-
voisia, ja jos kolme niistd ylittdd/alittaa asetetun riskirajan, henkillld on MBO.
Toisin kuin Reavenin ldhestymistapa, ATPIII ei oleta mitdén yksittdistd yleistd syyti
MBO:n komponenteista.

Eri instituutioiden kéyttdmissd MBO:n méiéritelmissd on eroavaisuuksia, ja toi-
saalta esimerkiksi amerikkalaisille ja eurooppalaisille raja-arvot ovat erilaisia. Kaksi
eniten kéytettyd maaritelméé ovat olleet NCEP:n ATPIII ja Maailman terveysjairjes-
ton eli WHO:n (World Health Organization) mééritelma, joiden liséksi litkkeelld on
ollut muiden organisaatioiden mééritelmid (Balkau ym. 2002, Einhorn ym. 2003).
Lisdksi on julkaistu NCEP:n muunnelma (Grundy ym. 2004) sekd Kansainvélisen
diabetesliiton (IDF eli International Diabetes Federation) modifioima WHO:n méaa-
ritelmé (Alberti ym. 2005). Mééritelmissd on edelleen eroja, mutta erot ovat paljon
pienempii kuin aikaisemmin. NCEP:n, WHO:n (Grundy ym. 2004) ja IDF:n (Alber-

ti ym. 2005) nykyiset mééritelmét on esitetty taulukossa 1.
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2.3.2 Tyoperaisten altistusten vaikutus metabolisen oireyhtyman
kehittymiseen

Melu ja vuorotyd voivat vaikuttaa metabolisen oireyhtymén kehittymiseen kohotta-
malla joitakin MBO:n osatekijoistd. Kuten jo aikaisemmin on todettu, melu voi ko-
hottaa muun muassa systolista ja diastolista verenpainetta. Melamedin ym. (1997)
sinikaulustyontekijoille tehdyssd kohorttitutkimuksessa alle 44-vuotiailla miehilla,
jotka altistuivat korkealle melulle (> 80 dB), oli matalammalle melulle altistuneisiin
verrattuna muun muassa korkeampi triglyseridi (154 mg/dl vs. 133 mg/dl, p=0,02)
ja korkeampi kolesterolisuhde (kokonaiskolesteroli/HDL-kolesteroli; 4,9 vs. 4,7,
p=0,04).

Van Amelsvoortin ym. (1999) kohorttitutkimuksessa monimuuttujavakioidun li-
neaarisen regressiomallin kerroin vuorotydldisten BMI:lle oli 0,12 kg/m2 per tyo-
vuosi (p<0,05) ja lantio-vyotirosuhteelle 0,0016 per tyovuosi (p<0,05). Epéselviksi
jdi, johtuiko nousu ruokailutottumusten muuttamisesta vai aineenvaihdunnan muu-
toksista. Viisi vuotta mySdhemmin sama tutkimusryhmé (van Amelsvoort ym. 2004)
tutki yhden vuoden ajan vuorotyon vaikutuksia sydidn- ja verisuonisairauksien riski-
tekijoihin. Vuoden aikana sekd vuorotydldisten BMI ettd LDL-/HDL-
kolesterolisuhde laskivat tilastollisesti merkitsevisti paivatyOldisiin verrattuna: vuo-
rotyoti tekevien BMI laski 0,31 kg/m* ja LDL-/HDL-kolesterolisuhde 0,33, kun taas
paivityotd tekevilldi BMI nousi 0,13 kg/m” ja LDL-/HDL-kolesterolisuhde pieneni
0,13.

Karlssonin ym. (2001) poikittaistutkimuksessa oli mukana 27 485 miestd ja nais-
ta. Vuorotyota tekevilld oli paivityota tekeviin verrattuna enemmain lihavuutta, kor-
keaa kolesterolia ja matalampaa HDL-kolesterolia, mika saattaa viitata vuorotyon ja
metabolisen oireyhtymén véliseen yhteyteen. Erot olivat suurempia naisilla. Niin
ikddn Lin ym. (2011) upotetussa tapaus-verrokkitutkimuksessa (6 712 miestd ja
naista) vuorotydldisten MBO:n OR oli 1,87 (1,13-3,08) péivityoldisiin verrattuna.

Jousilahden ym. (1996) 15-vuotisessa seurantatutkimuksessa oli mukana 16 113
itdsuomalaista miestd ja naista. Lihavuus yhdessé tupakoinnin, korkean kolesterolin
ja korkean verenpaineen kanssa lisési merkitsevésti sydéntautikuolleisuuden riskié.
Jos michen BMI oli > 30,0 kg/m? ja hin tupakoi, oli RR 3,40 (1,87-6,15). Korkean
kokonaiskolesterolin (> 6,5 mmol/l) kanssa riski oli 2,63 (1,80-3,86) ja korkean
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verenpaineen (DBP > 95 mmHg tai SBP > 160 mmHg) kanssa 2,48 (1,77-3,48).
Kukin mainittu malli oli vakioitu iéll4, tutkimusvuodella ja kahdella muulla sepel-
valtimotaudin riskitekijalla.

Toisin kuin aiemmat tutkimukset ovat osoittaneet, 2-vuorotyd voi myds pienen-
tdd MBO:n riskid. Kawadan ym. (2010) poikittaistutkimuksessa 2-vuorotyota teke-
vien MBO:n prevalenssi oli 10,7 % (120/1125), joka oli tilastollisesti merkitsevisti
pienempi kuin pdivityoldisten prevalenssi 13,8 % (234/1700). Vastaavasti OR oli
0,77 (0,61-0,98). Sen sijaan 3-vuorotydtd tekevilld prevalenssi oli 17,6 % (32/182).
Tutkijat huomauttavat, ettd suojaavan vaikutuksen yhteys jii hieman epaselvéksi,
silld tyOperdistd taustatietoa olisi tarvittu enemmaén ja toisaalta 3-vuorotyoté tekevi-

en osuus oli suhteellisen pieni.

2.3.3 Muuta huomioitavaa

Gemfibrotsiilin on todettu vaikuttavan myonteisesti osaan MBO:n osatekijoisté.
Tenkasen ym. (1995) Helsinki Heart Study -aineistosta tekemissd tutkimuksessa
gemfibrotsiili pienensi sepelvaltimotautiriskid padsdéntoisesti ylipainoisilla miehilla:
kun miehen BMI oli suurempi kuin 26 kg/m” ja miehelld oli dyslipidemia (trig-
lyseridi > 2,3 mmol/l ja HDL < 1,08 mmol/l), l1ddke pienensi riskid 78 % (p=0,002).
Niill4, joilla oli BMI > 26 kg/m” ja kolme tai nelji seuraavista tekijoisti: tupakointi,
vahiinen litkunta, verenpaine > 140/90 mmHg tai glukoosi > 4,4 mmol/l, riski pie-
neni 68 % (p=0,03). Rubinsin ym. (1999) tutkimuksessa seurattiin 2 531:td amerik-
kalaista miestd, joilla oli sepelvaltimotauti, HDL-kolesteroli < 1,0 mmol/l ja LDL-
kolesteroli < 3,6 mmol/l. Tutkimuksen seuranta-ajan mediaani oli 5,1 vuotta, ja vas-
teina olivat syddninfarkti (ei kuolema) tai kuolema sydin- ja verisuonitautiin. Plase-
boon verrattuna gemfibrotsiili pienensi riskid 22 % [(7 %-35 %), p=0,006].

MBO:n on my®0s todettu lisdévin syddn- ja verisuonitautiriskié riippumatta muis-
ta riskitekijoistd, kuten kolesterolitasosta ja tupakoinnista (Lakka ym. 2002, Hu ym.
2004, Hunt ym. 2004). Tanskalaisessa (Jeppesen ym. 2006) ldhes 2 500 tutkittavan
seurantatutkimuksessa puolestaan vertailtiin MBO:n ja korkean LDL-kolesterolin
aiheuttamaa sydén- ja verisuonitautien riskid. Kymmenen vuoden kumulatiivinen
ilmaantuvuus niill4, joilla ei ollut korkeaa LDL-kolesterolia eikd metabolista oireyh-

tyméd, oli 7,1 %. Korkean LDL-kolesterolin ryhmaéssd ilmaantuvuus oli 13,3 % ja
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MBO ryhméssd 14,8 %. Niilld, joilla oli sekd MBO ettd korkea LDL-kolesteroli,
ilmaantuvuus oli 25,0 %. Iélld, sukupuolella ja tupakoinnilla vakioitu suhteellinen
riski korkean LDL:n ryhmaisséd oli 1,49 (1,04-2,13), MBO-ryhmaéssa 1,80 (1,26—
2,57) ja MBO- seki korkea LDL-kolesteroli -ryhmaéssé 3,21 (1,99-5,17).

2.4 Tupakointi, alkoholi ja liikkunta sepelvaltimotaudin
riskitekijoina

Téssd tutkimuksessa kasiteltiin sekoittavina tekijoiné elintapoihin liittyvid sepelval-

timotaudin riskitekijoitd tupakointia, alkoholin kdyttod sekd vapaa-ajan litkuntaa.

2.4.1 Tupakointi

Tupakoinnin vihentymisestd huolimatta Suomessa on edelleen noin miljoona tupa-
koijaa. Vuonna 2005 tydikiisistd miehistd 26 % ja naisista 18 % raportoi paivittdi-
sestd tupakoinnista. Miesten tupakointi on 1980-luvulta ldhtien véhentynyt ja nais-
ten tupakointi on pysynyt samalla tasolla. (Helakorpi ym. 2005.)

Tupakointi on terveydelle vaarallista. Tupakoivalla miehelld tai naisella riski sai-
rastua sepelvaltimotautiin on 2—3-kertainen tupakoimattomaan verrattuna (Jousilahti
ym. 1999, Baba ym. 2006). Sairastumisen riski on suurin niilld, jotka polttavat pal-
jon tai ovat polttaneet kauan (Burns 2003). Jo vdhdinen tupakointi (vihemmén kuin
viisi savuketta paivéssd) melkein kolminkertaistaa sairastumisen riskin (Rosengren
ym. 1992). Valtimotauteja sairastavalle tupakointi on erittdin vaarallista, silld se
vaikeuttaa sairauden heikentdmdd verenkiertoa entisestddn. Jos potilas lopettaa tu-
pakoinnin, sydédn- ja verisuonitaudeista aiheutuva kuolemanriski pienenee jopa 36 %
(Critchley ja Capewell 2003).

Tupakointi rinnastettaneen useimmiten keuhkosyOpéén, ja tdtd yhteyttd onkin
tutkittu jo kauan. 1950-luvun alussa Doll ja Hill (1954) tekivdt kyselyn Iso-
Britannian lddketieteen ammattikunnan tupakointitottumuksista. Kysely l&hetettiin
59 600 henkil6lle (miehet ja naiset yhteensd). Koska keuhkosyovin tiedettiin olevan
melko harvinainen naisilla ja alle 35-vuotiailla miehilld, aineistoon otettiin mukaan
24 389 mieslédédkarid, jotka olivat 35-vuotiaita tai vanhempia. Havaittujen ja odotet-

tujen kuolemien suhde oli tilastollisesti merkitsevé vain keuhkosydville (3°=8,5,
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p=0,04). Tupakoinnilla ei ollut vaikutusta sepelvaltimotukoksiin ja muihin sydén- ja
verisuonitauteihin kuolleisuuteen, vaikka sepelvaltimotukoskuolleisuus hieman nou-
sikin poltettujen savukkeiden lisddntymisen myota.

50 vuotta myohemmin tehdysséd prospektiivisessa tutkimuksessa selvitettiin pit-
kdaikaisen tupakoinnin ja toisaalta lopettamisen vaikutusta tupakointiin liittyviin
sairauksiin (hengityselinten sairaudet, kasvaimet ja verisuonitaudit) kuolemiseen.
1920-luvulla syntyneiden miesten pitkittynyt, jo varhaisaikuisuudessa aloitettu tu-
pakointi kolminkertaisti ikdvakioidun kokonaiskuolleisuusluvun, mutta tupakoinnin
lopettaminen 50 vuoden idssé puolitti riskitiheyden. Jos tupakoinnin oli lopettanut jo
30-vuotiaana, ikdvakioitu kuolleisuusluku oli likipitden tupakoimattomien tasolla.
(Dolly ym. 2004.)

Vuorotyoléiset saattavat polttaa enemmaén. Van Amelsvoort ym. (2004) paityivét
yhden vuoden seurantatutkimuksessa tulokseen, ettd vuorotyoldisilld pdivéssd pol-
tettujen savukkeiden méadrd nousi tilastollisesti merkitsevésti pdivity0ldisiin verrat-
tuna. Tutkimuksen lopussa vuorotyoldiset polttivat keskiméédrin 1,42 savuketta
enemman, kun taas pdivityoldiset keskimddrin 1,03 savuketta vihemmaén kuin tut-
kimuksen alussa. Tenkanen ym. (1998) tutkivat Helsinki Heart Study -aineiston
avulla muun muassa vuorotyon ja tupakoinnin yhteisvaikutuksia. Tupakointi jaettiin
kahteen ryhméddn: tupakoimattomat ja tupakoivat (nykyiset ja entiset). Paivityotd
tekevilld tupakoitsijoilla sepelvaltimotaudin RR oli 1,61 (1,05-2,48) ja vuorotydté
tekevilld tupakoitsijoilla 2,69 (1,76-—4,12) tupakoimattomiin pdivityOldisiin verrat-
tuna.

Tupakointi voi vaikuttaa myds melussa tyoskentelevdn tyontekijdn kuuloon.
Palmer ym. (2003) kartoittivat kyselytutkimuksessaan tupakoinnin ja melun yhteytta
itse raportoituihin kuulemisvaikeuksiin. Tutkimuksen mukaan tupakointi saattaa
vaikuttaa epdsuotuisasti kuulemiseen, mutta korkeilla melutasoilla sen vaikutus on

suhteellisen pieni verrattuna itse melun aiheuttamaan kuulon heikkenemiseen.

2.4.2 Alkoholi

Tupakoinnin ohella alkoholin kulutus on Suomessa hyvin yleistd. Vuonna 2008 al-
koholin kokonaiskulutus oli Suomessa 10,4 litraa sataprosenttista alkoholia asukasta

kohti (Mékeld ym. 2010). Mddrd on noin kolminkertaistunut 40 vuoden aikana.
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Vuodesta 2000 vuoteen 2008 alkoholin kokonaiskulutus lisdantyi noin 15 prosenttia,
miké asukasta kohti laskettuna oli noin 1,6 litraa. Tilastoimaton alkoholin kulutus on
niin ikddn noin kolminkertaistunut vuodesta 1968 vuoteen 2008. Alkoholin koko-
naiskulutus on lisddntynyt, mutta alkoholijuomien ldhes péivittdinen kdyttd on yha
harvinaista (Karlsson 2009). Alkoholijuomia juodaan padsddntoisesti viikonloppui-
sin ja iltaisin ja humala on suhteellisen yleistd. Viime vuosikymmenind eldkeikais-
ten alkoholink&ytt6 on ollut jatkuvassa kasvussa.

Kohtuullinen alkoholin kéyttd pienentdd sepelvaltimotaudin riskid (Marmot
1984, Bazzano ym. 2009, Foerster ym. 2009). Foersterin ym. (2009) tutkimuksessa
havaittiin, ettd alkoholin kdyton lisddminen nosti HDL-kolesterolia, triglyseridié
sekd systolista ja diastolista verenpainetta. HDL-kolesterolin suotuisa nousu johtui
viinin juomisesta. Kymmenen vuoden seurannassa sepelvaltimotaudin riski nousi
4,31:std 4,90:44n (p=0,03) alkoholin kdytdn lisddntymisen myotd. Yhteys oli J-
kirjaimen muotoinen. Alkoholin suojaava vaikutus sepelvaltimotautia vastaan katosi
paljon alkoholia juovilla, silli HDL-kolesterolin suotuisa nousu katosi kohoavan
verenpaineen vuoksi.

Millainen on alkoholin kdyton vaikutus sepelvaltimotaudin riskiin verenpainetau-
tia sairastavilla ihmisilld? Britton ym. (2009) tutkivat 5 164 henkild4, joilla oli léh-
totilanteessa hypertensio muttei sepelvaltimotautia. 20 vuoden aikana ilmaantui 623
sydéninfarktia. Verrattuna alle yhden annoksen viikossa alkoholia juoviin moni-
muuttujavakioidut HR:t olivat 1,05 (0,85-1,28), 0,78 (0,64-0,97) ja 0,57 (0,35—
0,95), kun alkoholiannoksia viikossa oli 1-4, 5-7 tai 8+. Eli mitd enemmaén alkoho-
lia ihminen joi, sitd pienempi oli syddninfarktin riski. Samanlaisia tuloksia saatiin,
kun vasteena oli rasitusrintakipu tai sepelvaltimotauti sisdltden sydédninfarktit, rasi-
tusrintakivun tai aikaisemman revaskularisaation.

Kohtuullinen alkoholin kayttd pienentid MBO:n prevalenssia. Alkerwin ym.
(2009) yhdistivdt meta-analyysissaan seitsemin eri alkoholia ja MBO:ta kisittelevaa
tutkimusta ja laskivat niiden avulla yhdistetyn OR:n sekd miehille ettd naisille. Kun
alkoholin kéytto oli kohtuullista (miehilld alle 40 g/péivéa, naisilla alle 20 g/péivé),
OR:t olivat 0,84 (0,75-0,94) ja 0,75 (0,64—0,89) verrattuna ei yhtddn alkoholia kéyt-
taviin. Athyroksen ym. (2007) poikittaistutkimuksessa selvitettiin alkoholin kdyton
ja mm. MBO:n ja sepelvaltimotaudin yhteyttd kreikkalaisten aikuisten (N=4 153)
keskuudessa. Alkoholin kdytto jaettiin viiteen luokkaan: ei ollenkaan, satunnaisesti,

vdhdn, kohtuullisesti (keskimédrin 2045 g etanolia péivissd) ja paljon (yli 45 g
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etanolia paivéssd). Kun tutkittiin MBO:n ja sepelvaltimotaudin prevalensseja ndissa
luokissa, trendit olivat laskevia (p=0,0001 ja p=0,0002) ei ollenkaan kiyttavista
kohtuullisesti kédyttdviin. Sen sijaan runsas kdyttd nosti mainittujen tautien preva-
lensseja.

Usein alkoholia kdyttdvét tupakoivat ja pdinvastoin. Hart ym. (2010) tutkivat 30
vuotta kestdneessd kohorttitutkimuksessa tupakoinnin ja alkoholin kdyton yhteisvai-
kutuksia tautikohtaiseen kuolleisuuteen. Suurin riskivaikutus tupakoinnilla ja run-
saalla alkoholin kéytolld (15+ annosta/viikko) oli kokonaiskuolleisuuteen: RR oli
2,71 (2,31-3,19) verrattuna tupakoimattomaan raittiiseen eldmdan. Tupakoivien
sepelvaltimotautikuolleisuuden RR oli 1,60—1,94 (alkoholin kéytosté riippuen, kaik-
ki tilastollisesti merkitsevid) verrattuna tupakoimattomiin ja raittiisiin ihmisiin. Jo
pelkkd tupakointi nosti selvésti riskid, ja suurimmillaan riski oli paljon juovilla tu-

pakoitsijoilla.

2.4.3 Vapaa-ajan lilkunta

Liikunnalla on mydnteisid vaikutuksia ithmisen terveyteen, ja liikkunnan puute voi
puolestaan olla riskitekijd. 2000-luvulla liikkkumattomuudesta on tullut neljanneksi
yleisin kuolinsyy (WHO 2009). Liikunta siis vihentdd kuolleisuutta ja pidentdi elin-
1an odotetta (Savela ym. 2010, Wen ym. 2011) seka ehkéisee ja hoitaa useita sydén-
tautien riskitekijoitd kuten kohonnutta verenpainetta (Whelton ym. 2002), kolestero-
lia (Durstine ym. 2001) ja lihavuutta (Saris ym. 2003). Suuressa (N=47 840) suoma-
laisessa seurantatutkimuksessa tyopaikalla tai vapaa-ajalla tapahtuva kohtuullinen
tai kova fyysinen liikkuvuus oli yhteydessd pienentyneeseen sepelvaltimotaudin
riskiin sekd miehilld ettd naisilla (Hu ym. 2007).

Liikuntasuositukset ovat tarkentuneet aikojen saatossa, ja nykyédén terveyttd edis-
tavin litkunnan suosituksena pidetddn reipasta litkkumista (esim. reipasta kévelya
vastaava teho) védhintdén 2 tuntia ja 30 minuuttia viikossa tai rasittavaa litkkumista
(esim. juoksua tai holkkdd vastaava teho) 1 tunti ja 15 minuuttia viikossa. Kesté-
vyysliikunnan lisdksi tarvitaan lihaskuntoa kohentavaa liitkuntaa ainakin kaksi kertaa
viikossa, ja jos halutaan merkittivisti kohentaa kuntoa, vihenti4 kroonisten sairauk-
sien riskid ja estdd lihomista, tulisi mainittu minimisuositus jopa kaksinkertaistaa.

(Husu ym. 2011.)
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Suomalaisen aikuisvédeston terveyskdyttdytyminen ja terveys -tutkimuksen mu-
kaan (Helakorpi ym. 2007) miehistd 63 % ja naisista 68 % kertoi harrastavansa va-
paa-ajan litkuntaa vdhintddn 2—3 kertaa viikossa. Vaikka pitkélld aikavililld vapaa-

ajan litkunta on lisddntynyt, tydmatkaliikunta on puolestaan vahentynyt.

2.5 Tyoperaisten riskitekijoiden keskinaiset yhteisvaiku-
tukset ja yhteisvaikutus metabolisen oireyhtyman
kanssa sepelvaltimotaudin riskiin

Melun, vuorotydn ja tyon fyysisen raskauden yhteisvaikutuksia sepelvaltimotaudin
riskiin ei ole tutkittu lainkaan, vaikka ne ovat kaikki erittdin yleisid tyoperdisia altis-
tuksia ja suuri mééra ihmisid altistuu esimerkiksi melulle ja vuorotyolle. Koska yh-
teisvaikutukset voivat huomattavasti nostaa sepelvaltimotaudin riskia, olisi tarkeata,
ettd niistd tiedettdisiin tydterveyshuollossa. Beggildin ym. (2001) tekemé poikittais-
tutkimus tanskalaisille tyontekijoille osoitti, ettd vuorotydntekijét raportoivat paiva-
tyotd tekeviin verrattuna korkeampia altistuksia tyOperdisille altistuksille, jotka ovat
yhteydessi sydédnsairauksiin.

Ty0perdisten altistusten ja toisaalta MBO:n riskitekijoiden vaikutuksia sepelval-
timotaudin riskiin on tutkittu, mutta altistusten ja MBO:n yhteisvaikutuksista sepel-
valtimotaudin riskiin ei toistaiseksi ole julkaistua tietoa. Tenkanen ym. (1998) osoit-
tivat, ettd teollisuudessa vuorotyon, tupakoinnin, litkunnallisen passiivisuuden tai
lihavuuden (BMI > 28kg/m?) yhteisvaikutus sepelvaltimotaudin riskiin on enemmin

kuin additiivinen ja véhintddnkin multiplikatiivinen.
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3. TUTKIMUKSEN TAVOITTEET

Viitoskirjatyon yleisend tavoitteena oli tutkia tyOperdisen altistumisen ja metaboli-
sen oireyhtymén lyhyen ja pitkén aikavilin erillis- ja yhteisvaikutuksia sepelvalti-

motaudin riskiin.

Yksityiskohtaisina tavoitteina olivat

1. tutkia tyoperdisten altistusten (melu, koettu fyysinen tyonkuormitus ja vuoro-
ty0) lyhyen ja pitkdn aikavilin erillisvaikutuksia sepelvaltimotaudin riskiin (I,
1)

2. tutkia nididen tyOperdisten altistusten yhteisvaikutuksia sepelvaltimotaudin
riskiin (II)

3. tutkia ndiden tyOperdisten altistusten vaikutusta verenpaineeseen ja edelleen
sepelvaltimotaudin riskiin (I1I)

4. tutkia ndiden tyOperdisten altistusten ja metabolisen oireyhtyman osatekijoi-

den yhteisvaikutuksia sepelvaltimotaudin riskiin (VI).
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4. TUTKIMUSAINEISTO JA -MENETELMAT

Tama luku on yleiskatsaus Helsinki Heart Study -aineistoon ja siitd tdtd vaitoskirja-
tyotd varten muodostettuihin kohortteihin. Luvussa 4.7 esitellddn téssd seké alkupe-

rdisissé julkaisuissa kdytetyt tutkimusmenetelmat.

4.1 Helsinki Heart Study

Helsinki Heart Study (HHS) eli Sepelvaltimotaudin ehkiisyprojekti oli satunnaistet-
tu ja plasebolla kontrolloitu viisivuotinen kaksoissokkotutkimus, joka aloitettiin
1980-luvun alkupuolella. Siind testattiin hypoteesia, ettd alentamalla seerumin ko-
konaiskolesterolipitoisuutta, eritoten LDL-kolesterolia, ja kohottamalla samanaikai-
sesti HDL-kolesterolia gemfibrotsiili-kolesterolilddkkeelld voitaisiin alentaa sepel-
valtimotaudin ilmaantuvuutta dyslipideemisten keski-ikdisten miesten joukossa
(Frick ym. 1987, Manninen ym. 1988).

Tutkimukseen kutsuttiin kaikkiaan 23 531 miestd, jotka olivat idltddn 40-55
vuotta ja tyOskentelivdt Posti- ja telelaitoksessa (PTL), Valtionrautateilld (VR) tai
jossain viidestd teollisuuslaitoksesta (kuva 2). Kaikista kutsuista 18 939 (teollisuus
N=6 046 ja valtio N=12 893) osallistui ensimmadiseen seulontaan. Jotta koehenkilo
olisi sopiva tutkimukseen sekd toiseen seulontaan, hinen kokonaiskolesterolinsa ja
HDL-kolesterolinsa erotuksen tuli olla > 5,2 mmol/l. Varsinaisessa ehkdisykokeessa
osallistujalla ei saanut olla viitteitd koronaaritaudista tai muista merkittdvistd sa-
manaikaisista sairauksista (lukuun ottamatta II tyypin sokeritautia ja WHO:n I ja II
luokan verenpainetautia). Ne, joilla oli viitteitd koronaaritaudista, sijoitettiin sekun-
daariseen ehkéisykokeeseen.

Kaiken kaikkiaan 4 744 osallistujaa (4 081 varsinaisessa ehkdisykokeessa ja 663
sekundaarisessa ehkéisykokeessa) otti osaa kaksoissokkoutettuun lddkekokeeseen.
Varsinaisen ehkdisykokeen tutkimusryhmaissd 1 310 oli VR:n, 1 371 PTL:n ja 1 400
teollisuuden tyontekijoitd. Tutkimusryhmé kasitti 17,3 % néiden tydpaikkojen 40—

55-vuotiaista miehistd ja 94,2 % tutkimuksen valintakriteerit tayttineistd. Varsinai-
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sen tutkimuksen paityttyd osallistujille tarjottiin ilmaista gemfibrotsiilia vuodesta
1987 vuoden 1995 loppuun. Noin kaksi kolmasosaa molemmista hoitoryhmistéd va-
litsi gemfibrotsiilin.

Varsinaisten tutkimusjoukkojen lisdksi aineistossa oli kaksi eri kontrolliryhmaa
michistd, jotka eivdt tdyttdneet seulontojen kolesterolikriteerid. HHS-tutkimus-

aineisto on kuvattu yksityiskohtaisesti muualla (Ménttéri 1984).

Kutsuttiin 1. senlontatarkastukseen
PTL + VR Teollisuus
15627 7 904

Saapui 1. seulontatarkastukseen
PTL + VR Teollisuus
12 893 : 6 046

[
Kutsuttiin 2. seulontatarkastukseen

PTL + VR Teollisuus
4763 2449
Saapui 2. seulontatarkastukseen Kontrollil
PTL + VR Teollisuus 2431
4 528 2332
Kutsuttiin tutkimusrvhméin
PTL + VR Teollisuus
2 844 1490
| Kontrolli2
Aloitti tutkimuksen 1164
PTL + VR Teollisuus
2 681 | 1400
| | Toissijainen ladkekoe
Gemfibrotsiili Plasebo Gemfibrotsiili Plasebo
2 046 2035 328 335

Kuva 2. Helsinki Heart Study -tutkimukseen kutsutut ja saapuneet henkil6t seulon-
nan eri vaiheissa Posti- ja telelaitoksen (PTL) ja Valtionrautateiden (VR) seka vii-
den teollisuuslaitoksen tyontekijoiden joukossa. Kuvassa esitetty myos kontrolli-
ryhmien (Kontrolli 1 ja 2) seki varsinaisen ja toissijaisen lddkekokeen ladkeryhmi-
en muodostuminen.

4.2 Tutkimuskohortit

Tdmén tutkimuksen aineistoon valittiin edellisessd luvussa kuvatusta HHS-
aineistosta vain teollisuuden tyontekijat, koska tyOperdiset altistukset eivét tekemis-
sdmme testianalyyseissd vaikuttaneet valtion tyontekijéiden sepelvaltimotautiriskiin
yhtd voimakkaasti kuin teollisuuden tyontekijoilld. Tarkempaa syytd ei voida téssé

vaiheessa sanoa, silli asian selvittdminen vaatisi tarkempia laajoja jatkoanalyyseja.
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Riippuen kéytetyistd tyOperdisistd altistuksista ja taustamuuttujista eri osajul-

kaisuja varten on muodostettu viisi (5) eri kohorttia (kuva 3).

Kohortti 1
6005
- ohortti 5
1502

1. SEULONTA
6046 oS
T P
2. SEULONTA !
| . ;
2332 e ; !
PRIMAARIPREVENTIO KOE ;
Gemfibrotsiili Plasebo ,«'kontrolli 2 '-” Kaontralli 1 .'J
703 6a7 |’ g
+ 115 115 401 763

| PSYKOSOSIAALINEN KYSELY N=19347

T
ILMAINEN GEMFIBROTSIILI | ‘
GN fele] ! PG PN Kontrolli 2 Kontrolli 1

172 430 459 146 243 497

T B =

*
v ' r - -

\ S Kohortti 2
- e 1804
Kohortti 3 % Kohortti 4

1288 /7 884

Kuva 3. Helsinki Heart Study -aineiston teollisuuden tyontekijéiden jakautuminen
tassd tutkimuksessa muodostettuihin viiteen eri kohorttiin.

4.2.1 Melukohortti ()

Tutkittavat (N=6 005) ovat osajoukko ensimmaéiseen seulontaan osallistuneista mie-
histid. Kaikkiaan ensimmaiseen seulontaan osallistui 6 046 teollisuuden tyontekijas.
Naistd 40 miehelld ei ollut ammattikoodia ja yhdelld miehelld oli epdsopiva ammatti
(kaivostyoldinen), joten heidit jétettiin pois tutkimusaineistosta. Suurin osa (72,3 %)
miehistd oli sinikaulustyontekijoitd, joiden neljd suurinta ammattiluokkaa olivat
paperi- ja kartonkityontekijét (9,9 %), puutavaratyontekijét (5,9 %), trukinkuljettajat
ym. (5,6 %) ja selluloosatyontekijét (4,8 %). Valkokaulustyontekijoistd 41,4 % oli
koneteknikoita, kemiallis-teknillisen alan teknikoita tai muiden teknisten alojen tek-
nikoita.

Kohorttia (kohortti 1) seurattiin vuodesta 1982 vuoden 1999 loppuun, jolloin seu-

ranta-ajan keskiarvo oli 15,9 vuotta. Seuranta-aikana ilmeni 1 166 sepelvaltimota-
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pausta, joista 165 johti heti kuolemaan. Muihin syihin kuoli seurannan aikana 439

tutkittavaa.

4.2.2 TyoOperaiset altistukset -kohortti (I1)

Vuorotyohon liittyvét kysymykset oli siséllytetty psykososiaaliseen kyselyyn, joka
ldhetettiin kokeen loppupuolella vuosina 1987—-1988 kaikille niille, jotka osallistui-
vat varsinaiseen tai toissijaiseen kokeeseen tai olivat jommassakummassa kontrolli-
ryhmiéssd (kontrolli 1 tai 2). Teollisuuden tyontekijoistd kyselyyn vastasi 70 %
(N=1947). Aineistosta poistettiin 143 miestd: 10 mieheltd puuttui ammattikoodi,
117 mieheltd puuttui tieto vuorotyostd, 14 miestd tydskenteli osa-aikaisesti ja 2
miestd tyoskenteli 6isin. Poissulkemisen jdlkeen tutkimusjoukko koostui 1 804 mie-
hestéd (kohortti 2). Aineistossa oli 344 miestd, jotka olivat jo jddneet elikkeelle vas-
tatessaan psykososiaaliseen kyselyyn. Heidét otettiin kuitenkin mukaan tutkimuk-
seen, silld heistd saataisiin tietoa tutkittaessa pitkdn aikavélin vaikutuksia.

Suurin osa (71,0 %) osallistujista oli sinikaulustyontekijoitd, joista 48,2 % oli
vuorotyontekijoitd, kun taas valkokauluksisista vain 9,0 % teki vuorotyotd. Kaikista
vuorotyontekijoistd perdti 93,8 % oli ollut samassa tydssdan yli viisi vuotta. Sini-
kauluksisten neljd suurinta ammattiryhmdd olivat paperi- ja kartonkityOntekijét
(9,8 %), puutavaratyontekijat (6,3 %), metsdtaloustyon johto (6,2 %) ja trukinkuljet-
tajat ym. (6,2 %). Valkokauluksisista 43,5 % oli koneteknikoita, kemiallis-
teknillisen alan teknikoita tai muiden teknisten alojen teknikoita.

Gemfibrotsiilin ei ole todettu vaikuttavan sepelvaltimotaudin riskiin suoraan vaan
valillisesti, silld se vdhentdd sepelvaltimotautitapauksia HDL-kolesterolin nousemi-
sen myd6td (Doggrell 2001) tai alentaa painoa insuliinin vahenemisen myo6ta (Robins
ym. 2008). Koska my0skéédn satunnaistamisen takia lddkettd saaneet eivit todenna-
koisesti poikenneet plaseboa syoneistd selittivien muuttujien suhteen, ei lddkkeen
kaytolle asetettu rajoituksia. Tutkimusjoukosta 46,9 % ei ollut koskaan syonyt gem-
fibrotsiilia, 31,5 % oli syonyt gemfibrotsiilia joko kaksoissokkokokeen aikana tai
sen jdlkeen ja 21,6 % oli syonyt gemfibrotsiilia koko ajan.

Kohortti 2:a seurattiin vuodesta 1987-88 vuoden 1999 loppuun, jolloin seuranta-
ajan keskiarvo oli 10,6 vuotta. Seurannan aikana ilmeni 344 sepelvaltimotapausta,

joista 45 kuolemaa. Muut syyt aiheuttivat 102 kuolemaa.

35



4.2.3 Verenpaineen seuranta -kohortti (111)

Varsinaiseen ja toissijaiseen tutkimukseen kuin myos osalle kontrolliryhmiin osal-
listuneista miehistd tehtiin vuositarkastus, johon kuului mm. verenpaineen mittaus.
Teollisuuden aineistossa oli yhteensd 1 450 miestd, jotka osallistuivat ndihin tarkas-
tuksiin ja jotka olivat my0s vastanneet psykososiaaliseen kyselyyn. Aineistosta pois-
tettiin 162 miestd puutteellisten tai sopimattomien tietojen vuoksi: puuttuva vuoro-
tyotieto (N=109), tyoskentely 6isin (N=2), tyoskentely osa-aikaisesti (N=14), puut-
tuva ammattikoodi (N=5) tai puuttuvia verenpainemittauksia ensimmaéiseltd ja/tai
viimeiseltd vuodelta (N=32). Lopullinen kohortti (kohortti 3) koostui 1 288 miehes-
td. Aineistossa oli 244 miestd, jotka olivat jo eldkkeelld psykososiaalisen kyselyn
aikaan. Heidéat péatettiin kuitenkin pitdd mukana aineistossa, koska tutkittiin myos
pitkén aikavélin vaikutuksia.

Kohortti 3:n osajoukolla, kohortti 4:114 (N=884), oli kaikki verenpainemittaukset
HHS:n alusta 1982 aina vuoteen 1990 asti. Kaiken kaikkiaan mittauksia oli 8 vuo-
den ajalta. Kontrolliryhmiin kuuluvat miehet (N=226) jitettiin pois, silld heilld ei
ollut 8 vuoden seuranta-aikaa. Koska sepelvaltimotautitapaukset sekd muut merkit-
tdvdt samanaikaiset sairaudet estivit kokeeseen osallistumisen, kyseiset osallistujat
jaivit pois edelld mainitusta osajoukosta. Ndin ollen kohortti 4:n osallistujat olivat
suhteellisen terveita.

Kohortti 3:n sepelvaltimotautiseuranta alkoi vuonna 1988 ja pééttyi vuoden 1999
lopussa, jolloin seuranta-ajan keskiarvo oli 10,6 vuotta. Vuoden 1999 loppuun men-
nessd ilmeni 288 sepelvaltimotapausta, joista 35 kuolemaa. Muu kuolinsyy oli 71

tutkittavalla.

4.2.4 Metabolinen oireyhtyma -kohortti (1V)

Teollisuuden tyontekijoistd 2 332 osallistui toiseen seulontaan ja heistd 1 364 kéytti
gemfibrotsiilia seuranta-ajan aikana. Tutkimuskohortti (kohortti 5, N=1 502) koostui
miehisti, jotka osallistuivat toiseen seulontaan mutta eivit kiyttdneet gemfibrotsiilia
missddn vaiheessa koetta (N=957) tai aloittivat sen vasta kaksoissokkokokeen jil-
keen (N=545). Kaiken kaikkiaan gemfibrotsiilia ei kdyttinyt 968 miestd, mutta jou-
kosta poistettiin 11 miestd puuttuvan ensimmadisen ja/tai toisen verenpaineen, glu-

koosin tai painon mittauksen takia.
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Niitd 545 miestd, jotka aloittivat gemfibrotsiilin kdyton kokeen jdlkeen, seurattiin
vain lddkkeen kdyton aloittamisajankohtaan asti. Kohortti 5:std 810 miestd osallistui
kokeisiin ja lopuilla 692 miehelld oli TLDL-kolesteroli alle 5,2 mmol/l toisessa seu-
lonnassa. Aineistorajoitukset tehtiin, koska kaikki metabolisen oireyhtymén viisi
osatekijdd mitattiin vain toisessa seulonnassa. Lisdksi ne, jotka kéyttiviat gemfibrot-
siilia, jdtettiin pois, silld aikaisempien tutkimusten mukaan metabolista oireyhtymdi
sairastavien on katsottu hyotyvan gemfibrotsiilin kdytostd (Rubins ym. 1999, Ten-
kanen ym. 1995).

Kokonaiskolesterolin ja HDL-kolesterolin erotuksen valintakriteerin takia tutki-
muskohortilla oli korkeampi kokonaiskolesterolin keskiarvo (7,30 mmol/l) ensim-
madisessd seulonnassa verrattuna koko tutkimuspopulaation kokonaiskolesterolin
keskiarvoon (6,34 mmol/l). Kuitenkaan HDL-kolesterolin keskiarvo ei vaihdellut
kovin paljon aineistoissa: 1,28 mmol/l tutkimuspopulaatiossa ja 1,23 mmol/l tutki-
muskohortissa.

Kohortti 5:3 seurattiin vuodesta 1982 vuoden 1999 loppuun, jolloin seuranta-ajan
keskiarvo oli 11,4 vuotta. Tadnd aikana ilmaantui 255 sepelvaltimotapausta, joista 47

aiheutti kuoleman. Muihin syihin kuoli seurannan aikana 71 miesta.

4.3 Ammattitiedot

Ammattitieto perustui 3-numeroiseen ammattikoodiin, jota kéytettiin vuoden 1980
véestonlaskennassa — suomalainen versio ammattien pohjoismaalaisesta luokittelus-
ta vuodelta 1965 (Tilastokeskus 1981). Tamé tieto saatiin rekisterit yhdistamalla
Tilastokeskukselta. Tietojen yhdistdmiseen kéytettiin henkilokohtaisia identifikaa-
tionumeroita. Pidammattiluokkia on kymmenen, joista luokat 0-2 ovat tutkimuksis-
samme valkokaulustyo6td ja luokat 3—9 sinikaulusty6td. Tutkimuspopulaatiossa suu-
rin osa (72,3 %, kun puuttuva tieto poistettu) tyontekijoistd oli sinikauluksisia. Nelji
suurinta ammattiryhmai olivat paperi- ja kartonkityontekijit, puutavaratyontekijit,
metsdtaloustyon johto ja trukinkuljettajat yms. Valkokaulustyontekijoistd 44 % oli
kemiallis-teknillisen alan teknikkoja, koneteknikkoja tai muiden teknisten alojen

teknikkoja.
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4.4 Ammattialtistukset

4.4.1 Melu ja fyysinen tyon raskaus

Koska HHS-aineisto ei sisdlld yksilokohtaista tietoa melun ja raskaan tyon altistuk-
sesta, altistustiedot saatiin suomalaisesta tyo-altistusmatriisista (FINJEM). Ensim-
maiset tietokoneistetut ammatti-altistusmatriisit (job-exposure matrix = JEM) esitel-
tiin 1970-luvun lopulla, ja siitd 1dhtien menetelmdd on pddsddntoisesti kdytetty epi-
demiologisissa tutkimuksissa. Matriisien oikeellisuudesta on laajasti keskusteltu
erilaisin johtopéétoksin (Coughlin ja Chiazze 1990, Int J Epidemiol 1993, Kauppi-
nen ym. 1998). Yksinkertaisuudessaan JEM on ammattien ja niihin liittyvien altis-
tusten ristiintaulukointi, jonka avulla tyShistoria voidaan kdéntdd mekaanisesti altis-
tumishistoriaksi tietokoneohjelman avulla. Kaikissa matriiseissa on ainakin ammat-
tiakseli ja altistusakseli, ja lisidimensioina voi olla esim. kalenteriaika, tehdas tai
sukupuoli.

FINJEM kehitettiin 1990-luvun alkupuolella. Se on monipuolinen informaatiojéar-
jestelma, joka siséltdad kaikkein merkittivimmait Suomessa esiintyvit fyysiset, kemi-
alliset, mikrobiologiset, ergonomiset ja psykososiaaliset altistukset tai rasitustekijét
usealta aikavililtd aina vuodesta 1945 ldhtien (Kauppinen ym. 1998). Altistusten
perusdimensiot ovat aiheuttaja, ammatti ja kalenteriaika. Jokaiselle altistukselle on
arvioitu altistuneiden méard sekd numeroina ettd prosenttiosuutena (prevalenssi P)
tyOvéestostd. Lisdksi on ilmoitettu keskimiédrdinen altistustaso (taso L [level]). FIN-
JEMin altistusten estimaatit perustuvat Tyoterveyslaitoksen parinkymmenen asian-
tuntijan pddtoksiin. Estimaattien taustat, terveysuhkien mééritelmét ja mitta-
us/kartoitusaineisto on dokumentoitu FINJEMin tietokantaan. Tarvittaessa matriisiin
voidaan luoda ja maééritelld uusia altistuksia seka lisdtd uusia aikajaksoja. Matriisia
péaivitetddn kolmen vuoden vélein.

Omissa tutkimuksissamme kidytimme melun (jatkuva ja impulssi) ja fyysisen
tyokuormituksen altistuksia ajanjaksolla 1985-1994. Impulssimelu on melua, joka
siséltdd niin korkeita melupiikkejd, ettd vastaava meluannos desibeleinid (dB(A))
aliestimoi melun aiheuttaman kuulonmenetyksen riskid (Starck ym. 2003). P ja L
yhdistettiin kohorttiaineistoon kayttdmélld kolmenumeroista ammattikoodia. Jatku-
valle tai impulssimelulle altistuneiden osuudet (P) olivat joko 0 % tai 100 %. Koska

ammatissa toisin sanoen altistui joko kaikki tai ei kukaan, analyyseissa kidytimme
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vain keskimédrdistd altistustasoa médrittelemdin altistumista. Ammattikohtaiset
keskiméérdiset altistustasot perustuvat Tyoterveyslaitoksen NoiseScan-tietokannan
melumittausaineistoihin (Pyykké ym. 2000). Koska FINJEMissd on ilmoitettu vain
80 dB ja sitd korkeammat altistustasot jatkuvalle melulle, ihmiset, jotka altistuvat
tyossdin 0—79 dB:n melulle, ovat tutkimuksessamme altistumattomia. Kaikki tutki-
muksemme miehet, jotka altistuivat impulssimelulle, tyskentelivit tehdasteollisuu-
den ammateissa. Kukaan valkokaulustyontekijoista ei altistunut melulle.

Analyyseissa jaoimme jatkuvan melun muuttujan kolmeen luokkaan: altistumat-
tomat, 80—85 dB:n altistus ja yli 85 dB:n altistus. Impulssimelumuuttujan jaoimme
kahteen luokkaan: altistumattomat ja altistuneet. Jos koehenkild oli altistunut im-
pulssimelulle, hén oli altistunut myds jatkuvalle melulle. Yhdistetty melumuuttuja
oli kolmeluokkainen: altistumattomat, jatkuvalle melulle altistuneet seka jatkuvalle
ja impulssimelulle altistuneet.

Koettu fyysinen tyonkuormitus perustuu tehtdviin, joissa koko ruumis joutuu te-
kemain dynaamista lihasty6td. Altistusestimaatit perustuvat Tilastokeskuksen vuon-
na 1990 tekeméén selvitykseen tydolosuhteista. Selvitystd varten haastateltiin noin
4 000:ta palkkatyontekijdi. Ne, jotka raportoivat tyonséd olevan fyysisesti melko tai
hyvin raskasta, luokiteltiin altistuneiksi (Kauppinen ym. 1998). Ammattikohtaiset
altistuneiden osuudet laskettiin suoraan selvityksen tuloksista. Altistustaso johdettiin
melko raskas ja hyvin raskas (pisteet vélilld 1-2) -vastausten jakaumasta. Jos vastaa-
jien lukumairé jossain ammatissa oli pieni, kdytettiin sopivaa toisen ammatin aineis-
toa. Vapaa-ajan aktiviteetit kuten urheilu tai kotityot eivit ole mukana. Joidenkin
ammattien tulokset on vahvistettu arvioijan subjektiivisen tiedon pohjalta.

Tutkimuksissamme kdyttima fyysisen tyokuormituksen mitta oli P:n ja L:n tulo.
Analyyseissa tdmd muuttuja luokiteltiin tertiileittdin. Ensimmaéisessa tertiilissd tulo
oli 0, toisessa tertiilissd 0,01-6,99 ja kolmannessa tertiilissd > 7,00. Koska tulo ka-
dottaa tiedon prevalenssista ja altistustasosta, saattaa altistustaso 0,12 olla luokitel-
tuna kolmanteen tertiiliin ja altistustaso 0,18 toiseen tertiiliin riippuen prevalenssista
(ks. taulukko 2). Vastaavasti, jos prevalenssi on pieni, saattaa suhteellisen korkea

altistustaso tulla aliluokitelluksi.
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Taulukko 2. Esimerkki FINJEM:std. Fyysisen tyokuormituksen prevalenssi (P),
taso (L) ja edellisten tulo (=raskaus) neljdsséd eri ammatissa ajanjaksolla 1985-1994.

Ammatti

(Tilastokeskuksen ammattikoodi) Prevalenssi (P%) Taso (L) Tulo (PxL)
Selluloosatyontekijat (734) 0 0 0,0
Paperi ja kartonkityontekijat (735) 29,6 0,18 5,33
Pakkaajat ja paketoijat (760) 59,0 0,12 7,08
Aputyontekijat (790) 79,9 0,70 55,9

4.4.2 Vuorotyo

Vuorotydtieto saatiin psykososiaalisesta kyselystd, joka ldhetettiin tutkittaville vuo-
sina 1987—-1988. Vuorotyd kirjattiin psykososiaalisessa kyselysséd seuraavalla kuusi-
portaisella asteikolla: pdivétyo, osa-aikatyd, 2-vuorotyd, 3-vuorotyd, epasaannolli-
nen tyo ja yotyd. Analyyseissd kdytimme kaksiarvoista muuttujaa (paivétyo, vuoro-
tyd — kaikki yhdistettynd). Epédsddnnéllisen tyon jirjestelmid, joissa perdkkiisten
aamu-, ilta- ja yovuorojen médri ja joskus myos pituudet vaihtelivat, oli aineistossa
vidhdn. Analyyseistd poistimme 14 osa-aikaty6té ja 2 yotyotd tekevad sekd 117 mies-

té, joilta puuttui vuorotyoétieto.

4.4.3 Ammatti- ja kyselypohjaisen altistuksen vastaavuus

Tydoaltistusmatriisi ei sisdlld yksilokohtaista, vaan ammattikohtaista altistustietoa.
Kun kiytetddn ammattipohjaista altistustietoa, altistuneeksi luokiteltu ryhmé saattaa
sisdltdd myds altistumattomia ihmisid ja pdinvastoin. Niin ikddn tyontekijét saattavat
altistua erisuuruisille altistusméaérille riippuen tyoskentelypaikasta.

Aineistomme vuorotydtieto on kyselypohjainen. FINJEM siséltdd muuttujan tyo-
ajan jarjestelyistd, joten mielenkiinnon vuoksi teimme vertailun, kuinka hyvin am-
matti- ja kyselypohjainen tieto vastaavat toisiaan. FINJEMisté [0ytyy tieto vain niis-
td ammateista, joissa vuorotyotd tekevid on ammattikunnasta vihintddn 5 %. Tyo-
ajasta on kysytty kolmiportaisella luokituksella: 0 = sddnndllinen paivityo (klo 06—
18), 1 =2-vuorotyd, sdédnndllinen iltatyd, viitkonlopputyd tai muu epdsddanndllinen
ty0, joka ei sisdlld yotyotd, ja 2 = sddnnoéllinen tai epédsddnnéllinen 3-vuorotyd,
sdannéllinen yotyd. Vuorotyon taso (level) on laskettu aritmeettisena keskiarvona 1-

ja 2-vastauksista. Néin ollen, jos taso on ldhempénad yhti (1), altistuneiden vallitseva
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tydmuoto on 2-vuorotyd, ja ldhempéni kahta (2) oleva keskiarvo tarkoittaa vastaa-
vasti 3-vuorotyon vallitsevuutta.

Koska aineistossamme on yhdistetty 2-vuorotyd, 3-vuorotyo ja epdsddnnollinen
ty0, vertailu tehtiin laskemalla vuoroty6téd tekevien osuus kussakin ammattiluokassa
ja vertailemalla osuutta FINJEMin antamaan ammattiluokan vuorotydn prevalens-
siin. Vertailuun otettiin mukaan vain ne aineistomme ammattiluokat, joissa tyonteki-

j0Oité oli vahintdén 20.

Taulukko 3. HHS-aineiston ja FINJEMin vertailu vuoroty0ldisten osuudesta am-
mattiluokittain ajanjaksolla 1985—-1994.

FINJEM

Am- Vuoro- vuoro- Ero

matti- tyota  tyota %-

koodi Ammattinimike N tekevia tekevia yks
540 Moottoriajoneuvon- ja raitiovaununkuljettajat 30 23 % 39% -16%
804  Muut vartijat (siviilitehtavat) 26 85 % 100% -15%
735  Paperi- ja kartonkityontekijat 125 83 % 97 % -14%
781  Varastotyontekijat 33 18 % 25 % -7 %
673 Rakennuspuutyontekijat 27 0% 6 % -6 %
671  Puutavaratyontekijat 80 70 % 73 % -3 %
651 Koneenasentajat ym. 40 5% 6 % -1 %
013  Koneteknikot 76 1% <5% 1%
652 Koneen- ja moottorinkorjaajat 39 26 % 24 % 2%
734  Selluloosatyontekijat 61 85 % 83 % 2%
775  Laitosmiehet (ei tekstiiliteoll.) ja takiloijat 27 26 % 24 % 2%
655 Hitsaajat ja kaasuleikkaajat 41 17 % 12 % 5%
660 Sahkoasentajat 44 11 % 6 % 5%
650 Koneenasettajat, koneistajat ja tyokaluntek. 40 48 % 40 % 8 %
005 Kemiallis-teknisen alan insinddrit 25 12 % <5% 12 %
677 Konepuusepat ym. 22 27 % 13 % 14 %
736  Oljynjalostustyontekijat 57 70 % 55 % 15 %
016  Muiden teknisten alojen tkenikot 69 20 % <56% 20%
014  Kemiallis-teknisen alan teknikot 83 23 % <5% 23%
757  Paperinjalostusalan vaihetyontekijat 31 81 % 58 % 23 %
771 Trukinkuljettajat, siirtolaitteen hoitajat 79 75 % 43 % 32 %
773  Kiinteiden koneiden ja moottorien kayttajat 51 86 % 50 % 36 %
672  Vaneri- ja kuitulevytyontekijat 31 55 % 13 % 42 %
760 Pakkaajat ja paketoijat ym. 43 84 % 38 % 46 %
670 Pyorean puutavaran kasittelijat 30 67 % 13 % 54 %

Yhteensé 1210 48 %

Vuorotyon prevelenssit aineistossa ja FINJEMissd vaihtelivat paljon (taulukko 3).
Paras vastaavuus oli koneenasentajien, koneteknikoiden, koneen- ja moottorikorjaa-
jien, selluloosatyontekijoiden sekid laitosmiesten ja takiloijien ammateissa. Ndissé
vuorotyoléisten prevalenssien erot olivat 1-2 %-yksikkod. Sen sijaan vaneri- ja kui-

tulevytyontekijoiden, pakkaajien ja paketoijien sekd pydredn puutavaran kasitteli-
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joiden ammateissa prevalenssien erot olivat suurimmat, jopa 54 %-yksikkod. Koska
pyoredn puutavaran kisittelijo6itd on FINJEMin mukaan vuonna 1990 ollut 864,
pakkaajia ja paketoijia 11 774 ja vaneri- ja kuitulevytyontekijoitd 3 143, meidin
aineistomme miehet ovat vain murto-osa kyseisten ammattien tyontekijoistd viidesta
eri teollisuuslaitoksesta. TyOnantajasta riippuen tyOajat voivat vaihdella suuresti,
joten erot selittynevit ainakin osittain silld. Joka tapauksessa aineistomme vuorotyo-

tieto on keritty kyselylld, joten se vastaa todellista tilannetta.

4.5 Metabolisen oireyhtyman maarittely ja elintapateki-
jat

Metabolisen oireyhtymédn maédrittelemiseksi ei ole yhtd ainoaa yleisesti hyviksyttyé
kansainvalistd kriteerid. Kéyttimamme kriteeri on sekoitus kansainvilisistd ja ai-
neistopohjaisista kriteereistd: (a) kansallisen kolesterolikoulutusohjelman aikuishoi-
topaneeli III (Adult Treatment Panel I1I, ATP III) (Eckel ym. 2005), (b) Maailman
terveysjarjeston (WHO) kriteeri kohonneelle verenpaineelle (Grundy ym. 2004) ja
(c) aineistomme kvartiilirajat. Aineistossamme esimerkiksi verenpaine oli melko
korkea, joten ATPIIL:n kriteeri (= 135 mmHg systoliselle verenpaineelle tai > 85
mmHg diastoliselle verenpaineelle) olisi ollut liian matala. Kdyttdimamme metaboli-
sen oireyhtymédn diagnoosin kriteerit olivat:

- kohonnut triglyseridi > 1,70 mmol/l (a)

- alentunut HDL-kolesteroli < 1,03 mmol/l ( a, c: 1. kvartiili)

- kohonnut verenpaine: > 140 mmHg yldpaine tai > 90 mmHg alapaine (b)

- kohonnut glukoosi > 4,59 mmol/l (c: 4. kvartiili)

- ylipaino, kun BMI > 28,4 kg/m” (c: 4. kvartiili).

ATPIII-kriteerin mukaan ihmiselld on metabolinen oireyhtymé, kun mitkd tahan-
sa kolme osatekijéa viidesta tiyttyvit.

Verenpaine mitattiin oikeasta kddestd kéyttden kalibroituja elohopea-
verenpainemittareita, joiden mansetti oli 10-12 x 40 cm. Mittaus tehtiin henkilon
istuessa ennen verikokeen ottamista. Ylipainon mittarina kdytettiin painoindeksid
(BMI), joka saadaan laskettua jakamalla painokilot pituuden nelidlld (m?). Pituus
mitattiin tdysind senttimetreind mitattavan ollessa ilman kenkid, ja paino pyoristet-

tiin 1&himpéén kilogrammaan henkilon ollessa pukeutuneena kevyeen sisdvaatetuk-
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seen. Rasvamittausten (triglyseridi, HDL-kolesteroli ja glukoosi) laboratoriomééri-
tykset on kuvattu tarkemmin muissa léhteisséd (Frick ym. 1987).

Tupakoinnista ja alkoholin kdytostd Kkysyttiin lomakkeella tutkimuksen alussa
(paivittdin poltettujen savukkeiden madrd ja vuosittainen alkoholin kdyttd). Tupa-
koinnista kdytimme kolmiluokkaista muuttujaa (tupakoimaton, vdhdn/kohtalaisesti
polttava, paljon polttava), jossa entiset tupakoijat koodattiin tupakoimattomiin. Al-
koholin kiytdstd oli paljon puuttuvaa tietoa, luultavimmin siksi, ettd osallistuja ei
halunnut kertoa alkoholin kdytdstddn. Jotta vakioinneissa ei menetettéisi tietoa, oli
puuttuva tieto omana luokkanaan alkoholin kdyton ilmaisevassa muuttujassa. Muut
kolme luokkaa olivat: ei kdyttdd (0 g puhdasta alkoholia vuodessa), vihdinen kayttd
(alle 1000 g puhdasta alkoholia vuodessa) ja kohtalainen/runsas kaytto (1000 g tai
yli puhdasta alkoholia vuodessa). Vertailun vuoksi yksi alkoholiannos sisdltdd 11—
14 grammaa puhdasta alkoholia, mikéd vastaa yhtd lasia (12 cl) viinid, pientd pulloa
(3,3 dl) olutta tai ravintola-annosta (4 cl) vikevéa alkoholijuomaa. Vapaa-ajan fyy-
sinen aktiivisuus koodattiin neliluokkaiseksi muuttujaksi kéyttden Gothenburgin
kyselylomaketta (Tenkanen ym. 1998). Kéytetyt luokat olivat: fyysisesti inaktiivi-
nen, jonkin verran fyysistd aktiviteettia (véh. 4 tuntia viikossa), sddnnollinen fyysi-

nen aktiviteetti viikoittain ja sddnnollinen harjoittelu kilpaurheilua varten.

4.6 Sepelvaltimotauti- ja kuolintiedot

Tauti- ja kuolintiedot saatiin sairaalan hoitoilmoitusrekisteristd HILMOsta (entisen
Stakesin, nykyisen THL:n ylldpitimd) ja kuolinsyyrekisteristd (Tilastokeskuksen
ylldpitdma). Useissa tutkimuksissa on osoitettu, ettd ndma rekisterit ovat riittdvan
luotettavia sepelvaltimotaudin epidemiologisiin tutkimuksiin (Paloméki ym. 1994,
Pietild ym. 1997). Pitkdn seuranta-ajan takia sepelvaltimotaudin mééritelmé perustui
ICD:n (International Classification of Diseases) 8. ja 9. version koodeihin 410414
vuosina 1982—-1995 ja 10. version koodeihin 120-125 vuosina 1996—-1999.
Kohortteja seurattiin vuodesta 1982 tai 1987—1988 vuoden 1999 loppuun. Pitkd
seuranta-aika antoi mahdollisuuden tutkia riskin muutosta ajan funktiona: vuoden

1991, 1995 tai 1999 loppuun.
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4.7 Tilastolliset analyysimenetelmat

Tutkimuksen aineistoa kuvailevat tunnusluvut on esitetty keskiarvoina, keskihajon-
toina tai prosentteina. Jatkuvien muuttujien keskiarvojen trenditestaukseen kéytim-
me varianssianalyysin trenditestid ja kategorisille muuttujille Cochran-Armitage-
trenditestid. Verenpaineen seurantatutkimuksessa ryhmien vilisid verenpaineen ta-
soeroja testasimme yksisuuntaisella varianssianalyysilla (ANOVA), ja ensimmaisen
ja viimeisen vuoden keskiarvojen vertailuun kiytimme parittaista t-testia.

Melun, raskaan tyon, vuorotyon ja metabolisen oireyhtymén osatekijéiden vaiku-
tuksia sepelvaltimotaudin riskiin tutkimme Coxin suhteellisten vaarojen mallilla.
Pédtetapahtumana oli sepelvaltimotauti tai siitd johtunut kuolema. Jos kuolinsyy oli
jokin muu kuin sepelvaltimotauti, tutkittavan seuranta loppui kuolinpédivdin ilman
padtetapahtumaa. Arvioidaksemme mahdollisten muokkaavien tai sekoittavien teki-
joiden vaikutuksia lisdisimme ne malliin eli vakioimme mallimme. Téllaisia muuttu-
jia olivat iki, sini-/valkokaulustyontekijé, tupakointi, alkoholin kdyttd ja vapaa-ajan
litkunta. Kédyttimamme tilastolliset ohjelmat olivat Windowsin Egret ja Windowsin
SPSS versiot 12.0.1, 14.0 ja 16.0 (SPSS Inc., Chicago, Illinois) sekd IBM SPSS Sta-
tistics 19 -versio.

Verenpaine, BMI, kokonaiskolesteroli ja tupakointi ovat kaikki tunnettuja sepel-
valtimotaudin riskitekijoitd ja ne kaikki liittyvdt myos melun vaikutuksiin. Niin
ollen ne ovat mahdollisia sekoittavia tekijoitd tutkittaessa melun vaikutuksia sepel-
valtimotautiin. Toisaalta melun vaikutuksesta verenpaineeseen (sen kohoamiseen)
vallitsee yksimielisyys (Stansfeld ja Matheson 2003) ja siihen liittyen on yleisesti
esitetty hypoteesi, ettd ainakin kohonnut verenpaine mutta mahdollisesti my0s elin-
tapamuuttujat muokkaavat melun vaikutusta sepelvaltimotaudin riskiin. Mallin va-
kiointi ndilld tekijoilla saattaakin johtaa ylivakiointiin (Babisch 1998). Oikeaoppi-
sesti tdta tulisi valttdd, vaikka vakioinnin tarkoitus on saada selville, mikd osuus on
kyseessd olevan kovariaatin vaikutusta.

Tutkimuksen lopussa osallistujat olivat 57-73-vuotiaita. Esimerkiksi vuonna
1996 suomalaisten tyontekijoiden eldkditymisen mediaani-ikd oli 60,1 vuotta ja pa-
kollisen eldkoitymisen ikd 65 vuotta (Tilasto Suomen eldkkeensaajista 1996). Nai-
den ikidrajojen mukaan tutkituista (kohortti 1) elakkeelld olisi ollut 43—77 %. Tutkit-
taessa riskien kdyttaytymistd eldkoitymisen jélkeen laskimme seuranta-ajan alkavan

tutkittavien taytettyd 60 tai 63 vuotta.
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Tyopaikoilla altistutaan usein monelle rasitteelle yhté aikaa. Eri tekijoiden vaiku-
tusmalli voi olla summautuva (additiivinen) tai kerrannainen (multiplikatiivinen).
Monialtistumisessa yhteisvaikutus voi olla summautuva eli additiivinen, toisiaan
voimistava eli supra-additiivinen eli synergistinen tai toisiaan heikentdva eli infra-
additiivinen eli antagonistinen. Additiivisia ja supra-additiivisia yhteisvaikutuksia
tunnetaan useiden fysikaalisten tyOperdisten altistusten vélilld. Jos eri tekijoiden
yhteisvaikutuksia ei oteta huomioon tydympaériston riskinarvioinnissa, altistumisesta
aitheutuva terveysriski arvioidaan usein todellista pienemmaéksi (Priha ym. 2007).

Rothman (1986) esittdd kolme tunnuslukua addiviitiselle yhteisvaikutukselle: yh-
teisvaikutuksesta johtuva suhteellinen lisdriski RERI (relative excess risk due to
interaction); yhteisvaikutuksesta johtuva ylimaardosuus AP (attributable proportion
due to interaciton) ja “synergia-indeksi” S (synergy index). Kahden dikotomisen
altistemuuttujan tapauksessa tunnusluvut saadaan laskettua kaavoilla:

RERI=RR;; —RRjp— RRy; +1
AP =RERI/RRy;
S=[RRy; - 1]/[(RRjp— 1) + (RRg; — 1)].

Jos additiivisessa mallissa ei ole yhteisvaikutusta RERI = 0 ja S = 1. Nollaa suu-
rempi RERI viittaaa synergistiseen yhteisvaikutukseen ja nollaa pienempi luku an-
tagonistiseen yhteisvaikutukseen. Tunnusluvut ja niiden luottamusvilit on laskettu
kdyttden apuna Anderssonin ym. (2005) tekemédd Excel-tiedostoa. Koska SPSS ei
tulosta Coxin regression yhteydessd kovarianssimatriisia, jota tarvitaan laskettaessa
luottamusviélejd, on kovarianssimatriisi laskettu kdyttaden SASin versiota 9.3.

Edelld mainituille tunnusluvuille voidaan laskea luottamusvilit usealla tavalla
(Assmann ym. 1996), ja ndmi luottamusvilit eivit vélttdimaittd ole tiysin yhtenevit

tilastollisen merkitsevyyden tulkinnassa. Tdémén takia olemme lisdksi testanneet

. . RERI
hypoteesia RERI = 0 kidyttden testisuuretta ¢ =

v Var(RERI)

koilla noudattaa likimain standardoitua normaalijakaumaa (Li ja Chambless 2007).

, joka suurilla otos-

Mahdollisen multiplikatiivisen yhteisvaikutuksen tutkimiseen kdytimme Coxin
regression yhteisvaikutusmuuttujan kerrointa S, ts. kun kolmen selittdvin muuttujan

[/’l (t)]eﬁle P2 Xy + B3 X3+ B4 X, X
0

tapauksessa malli kirjoitetaan muodossa A(t) = , missd

hy(¢) on perushasardi, kun kaikilla selittdjilld on arvo nolla, i, j = 1,2,3 ja i #j. Vaki-

oidussa mallissa olivat alkuperdiset 0/1-altistemuuttujat melu, raskas tyo ja vuorotyo
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(tai mets), jonka jdlkeen malliin lisdttiin vuorotellen kukin yhteisvaikutustermi. Jos

Pa:n p-arvo on pienempi kuin 0,05, on multiplikatiivinen yhteisvaikutus olemassa.

4.8 Tutkimuksen eettiset nakokulmat

Helsinki Heart Studylla on Sosiaali- ja terveysalan tutkimus- ja kehittimiskeskuksen
(Iyh. Stakes) lupa (DNro 1593/54/94) saada tietoja sairaaloiden poistoilmoitusrekis-
teristd, Tilastokeskuksen lupa (TK-53-193-94) saada kuolinsyyt vuoden 1999 lop-
puun sekd Tilastokeskuksen lupa (TK-53-1158-88) kdyttdd vuoden 1980 viestolas-

kennan ammattikoodia.
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5. TULOKSET

5.1 Tyoperaisten riskitekijoiden lyhyen ja pitkan aikava-
lin vaikutukset sepelvaltimotaudin riskiin

5.1.1 Tydperainen melu

Melun riskien tarkastelussa yhdistimme jatkuvan ja impulssimelun. Yleisesti voi-
daan todeta, ettd jos tutkittava altistui impulssimelulle, han altistui myds jatkuvalle
melulle. Tyoperdisen melun informaatio on FINJEMistd, joten pystyimme kéytti-
miin suurinta saatavilla olevaa kohorttia (N=6 005). Koska vakioinnissa tarvittava
tupakointitieto puuttui 5 mieheltd ja vapaa-ajan liikuntatieto 23 mieheltd, lopullises-
sa mallissa oli mukana 5 977 henkil64.

Melu oli tilastollisesti merkitsevé riskitekiji kaikilla seurantajaksoilla (taulukko 4
ja taulukot 3.1 ja 4.1). Niilld, jotka altistuivat molemmille meluille, sepelvaltimotau-
din iélla vakioidut suhteelliset riskit (RR) olivat 1,35; 1,44 ja 1,51 verrattuna melulle
altistumattomiin. Kun malliin liséttiin tupakointi, alkoholin kdytto sekd vapaa-ajan
litkunta, riskiestimaatit laskivat (1,12; 1,26 ja 1,42), mutta edelleen vuosien 1995 ja
1999 seurannoissa riskit olivat tilastollisesti merkitsevid. Niin ikdin mallin vakioi-
minen raskaalla ty6lld antoi melko samansuuruiset riskiestimaatit kuin edelld mai-
nittu neljalla muuttujalla vakiointi. Verrattuna pelkalla i4lla vakioituun malliin, 1dll&
ja ammattiluokalla vakioidun mallin RR:t laskivat paljon. Molemmille meluille al-
tistuneiden RR:t olivat 1,12 (0,83-1,52), 1,27 (0,99-1,61) ja 1,29 (1,06—1,59).

Osajulkaisussamme I tutkimme vield, sdilyyké melun vaikutus sepelvaltimotau-
din riskiin eldkoitymisen jélkeen. Kaikkien sekd sinikaulustyontekijoiden joukossa
riskiestimaatit olivat suurempia vanhemmalle véestolle (taulukko 5.I). Kummassa-
kin tyontekijoiden ryhmadssé (kaikki tai vain sinikaulustyontekijit) sekd kummassa-
kin seurannassa vain molemmille meluille altistuneilla oli tilastollisesti merkitsevés-
ti suurentunut (odotusarvoa 1 suurempi) sepelvaltimotaudin riski. Kun malli vakioi-

tiin 1dlld, systolisella verenpaineella, kokonaiskolesterolilla, tupakoinnilla ja
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BMI:1I4, oli melulle altistumattomiin verrattuna kaikkien tyontekijéiden joukossa
molemmille meluille altistuneiden suhteellinen riski 1,50 (1,14-1,99), kun seuranta
aloitettiin 60 vuoden iistd, ja 1,82 (1,31-2,54), kun seuranta aloitettiin 63 vuoden
1dstd. Pisimmaéssd seurannassa vastaavat riskit koko kohortille olivat 1,35 (1,12—

1,62) ja sinikaulustyontekijoille 1,22 (0,99-1,46) (taulukko 4.1).

5.1.2 Koettu tydn fyysinen raskaus

Tieto koetusta tyon fyysisestd raskaudesta saatiin myds FINJEMistd. Sen ansiosta
aineistona voitiin kayttdd suurinta kohorttia (N=6 005), josta puuttuvien tupakointi-
ja vapaa-ajanliikuntatietojen jdlkeen jéi jaljelle 5 977 ihmisté. Toisessa osajulkaisus-
samme (II) tutkimme raskaan tyon vaikutuksia sepelvaltimotaudin riskiin paljon
pienemmalld kohortilla (N=1 804) saatavilla olevan vuorotyétiedon takia. Talloin
riskit olivat paljon pienempid ja vain harva oli tilastollisesti melkein merkitseva
(p<0,05).

Miehet jaettiin tertiileihin raskaan tyon mukaan. Idlld vakioidussa mallissa sekid
2. tertiilin ettd 3. tertiilin sepelvaltimotaudin riski tuli tilastollisesti merkitsevaksi
verrattuna raskaalle tyodlle altistumattomiin, 1. tertiilin miehiin (taulukko 5). Ly-
himmaissi seurannassa 2. tertiilin riski oli 3. tertiilin riskid suurempi, mutta pidem-
missd seurannoissa riski oli suurin niilld, jotka olivat eniten altistuneita. Heilld se-
pelvaltimotaudin riski kasvoi kuitenkin vain vdhin seuranta-ajan pidentyessé ja oli
1,24; 1,27 ja 1,32. Kun malliin lisdttiin tupakointi, alkoholin kéyttd sekd vapaa-ajan
litkunta, riskiestimaatit laskivat paljon varsinkin lyhyemmilld seurantajaksoilla: pi-
simmadssa seurannassa 3. tertiilin RR oli 1,25 (1,09-1,43) verrattuna 1. tertiilin ris-
kiin. Vakiointi melulla pienensi riskejé vield lisdd. Suurin vaikutus riskiestimaattei-
hin oli mallin vakioinnilla ammattiluokalla. Tulos oli odotettu, silld valkokaulus-
tyontekijoistd vain 2,1 % altistui raskaalle tydlle, kun taas sinikaulustyOntekijoistéd
35,7 % altistui 2. tertiilin suuruiselle ja 46,0 % 3. tertiilin suuruiselle raskaalle tyol-
le.

Vuoden 1991 loppuun mennessi suurin osa tutkittavista oli yha tydeldmassé, kun
taas vuoden loppuun 1999 mennessd moni oli jo eldkoditynyt. Koska raskaan tyon
sepelvaltimotaudin riski oli suurimmillaan pitkéssd seurannassa, voidaan sanoa, ettd

altistuksen vaikutus taudin riskiin sdilyi vieléd eldkoitymisen jidlkeenkin.
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5.1.3 Vuorotyo

Vuorotyotieto saatiin psykososiaalisesta kyselystd, jota ei ldhetetty kaikille osallistu-
jille. Sen vuoksi tieto on saatavilla vain vajaalta 2 000 mieheltd. Alun perin aineis-
tossa oli 1 804 miestd, mutta koska vakioinnissa tarvittava tupakointitieto puuttui 3
micheltd ja vapaa-ajanliikuntatieto 7 mieheltd, lopullinen kohortti koostui 1794
miehesta.

Vuorotyo oli tilastollisesti merkitseva selittdjad sepelvaltimotaudin riskille kaikilla
seuranta-ajoilla ja melkein kaikilla eri vakioinneilla (taulukko 6). Suhteellinen riski
pieneni seuranta-ajan pidentyessd, ja idlla vakioidussa mallissa vuorotydn RR:t oli-
vat 1,66; 1,43 ja 1,37 verrattuna péivaty6hon. Toisin kuin muilla altistuksilla, vaki-
oimattoman mallin riskit olivat ikdvakioitua mallia pienemmat (1,62; 1,40 ja 1,34).
Vuorotyd siis lisdd sepelvaltimotaudin suhteellista riskid my0ds idstd riippumatta.
Kun malliin liséttiin tupakointi, alkoholin kdytto ja vapaa-ajan liikunta, riskiestimaa-
tit pienenivét hieman (1,60; 1,39 ja 1,34).

Mallin vakiointi raskaalla ty6lld nosti hieman suhteellisia riskejd [1,74 (1,17—
2,59), 1,51 (1,13-2,01) ja 1,40 (1,11-1,76)]. Vuorotydlld on siis my0s raskaasta
tyOstd riippumatonta vaikutusta sepelvaltimotaudin riskiin. Vakiointi melulla (tau-
lukko 3.IT) sen sijaan laski riskiestimaatteja, eli osa vuorotyon aiheuttamasta sepel-
valtimotaudin riskista johtuu melualtistuksesta.

Seuranta-ajan alussa osa tutkittavista oli jo jdényt eldkkeelle, ja pisimmén, yli
kymmenen vuotta kestdneen seurannan pidittyessd vuonna 1999 eldkdityneitd oli
varmasti jonkin verran lisdd, kun tutkittavien ik&jakauma oli 5773 vuotta. Osa vuo-
rotyOléisistd on my0s voinut vaihtaa paiviatyohon. Koska vuorotyon aiheuttama se-
pelvaltimotaudin riski pienenee ajan myo6té, ndyttéisi siltd, ettd altistuksen vaikutus

el seuraa perdssd vuorotyon loputtua vaan on suurimmillaan tydaikana.
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5.2 Tyoperaisten riskitekijoiden yhteisvaikutukset

Tydperdisten altistusten yksittdisvaikutuksia voi olla hankalaa tutkia, silld usein al-
tistusta ei ole ilman toista, jolloin altistuksia ei voi erotella toisistaan. Tutkimukses-
samme kaikki impulssimelulle altistuneet tyontekijét olivat altistuneet myos raskaal-
le tydlle, ja puolestaan raskaalle tyolle altistuneista 69 % oli altistunut myds melulle
(jatkuva tai molemmat). Tdssd tutkimuksessa kéytettyjen altistusten lisdksi on suuri
joukko muita tyOperdisid ergonomisia/fysiologisia ja fysikaalisia altistuksia seka
kemiallisia ja mikrobiologisiakin altistuksia, minkd vuoksi tyontekiji voi olla altis-
tunut yhdelle tai useammalle haittatekijélle.

Toisessa osajulkaisussamme (I1) tutkimme kahden altistuksen yhteisvaikutuksia.
Suhteelliset riskit olivat hieman korkeammat kuin yksittdisten altistusten RR:t. Pi-
simmadssé seurannassa molemmille meluille altistuneiden vuorotydldisten iélld vaki-
oitu sepelvaltimotaudin suhteellinen riski oli 1,65 (1,07-2,54) verrattuna melulle
altistumattomiin pdivétydldisiin, ja raskasta tyotd (3. tertiili) tekevien vuorotyolais-
ten 1dlld vakioitu riski oli 1,72 (1,25-2,38) verrattuna kevyempéd (1. tai 2. tertiili)
tyota tekeviin pdivityoldisiin (taulukko 4.11). Jos tyontekijd oli altistunut sekd mo-
lemmille meluille ettd raskaalle ty6lle, hdnen idlld vakioitu sepelvaltimotaudin suh-
teellinen riskinsd oli 1,68 (1,21-2,34) verrattuna altistumattomaan tyontekijéén.
Elintapamuuttujilla vakiointi pienensi selvisti riskiestimaatteja, mikd kertoo, ettéd
elintavoilla on mahdollinen oma vaikutuksensa taudin riskiin.

Taulukossa 7 on esitetty yhteisvaikutukset, kun tutkittavat on jaettu ryhmiin
kaikkien kolmen altistuksen mukaan. Referenssiryhména olivat kevyttd (1. tertiili) ja
melutonta pdivityotd tekevit. Kolmeen seuraavaan ryhméén kuuluivat ne, jotka te-
kivét vain vuorotyotd, meluista tyotd tai raskasta (2. tai 3. tertiili) tyotd. Ryhmissé
5-7 olivat ne, jotka olivat altistuneet kahdelle tekijélle, ja viimeisessd ryhmaéssé ne,
jotka tekivét sekd meluista ettd raskasta vuoroty6td. Aineistossa oli 1 794 miesta (ks.
luku 5.1.3). Taulukossa on esitetty idll4, tupakoinnilla, alkoholin kdytolld sekéd va-
paa-ajan litkunnalla vakioidut riskit.

Lyhimmaéssi seurannassa suurin tilastollisesti merkitsevd sepelvaltimotaudin suh-
teellinen riski [2,43 (1,17-5,02)] oli meluista vuoroty6td tekevilli. Kun seuranta-

aika piteni (vuoden 1999 loppuun) ja osa tutkittavista jai eldkkeelle, oli suurin RR
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[1,63 (1,04-2,56)] edelleen samalla ryhmilla. Tosin kaikille kolmelle altistuneiden
RR [1,61 (1,18-2,19)] oli likipitden samansuuruinen. Sen sijaan raskas ty0 yhdistet-
tynd vuoroty6hon tai meluun ei aiheuttanut tilastollisesti merkitsevdd sepelvaltimo-
taudin riskin nousua. Toisaalta pitkéssd seurannassa nimenomaan melu, tarkemmin
sanottuna yhdistetty melu, oli voimakkain riskitekijé (taulukko 3.II). On kuitenkin
huomioitava, ettd kaikki impulssimelulle altistuneet tekivit myos raskasta tyota.

Kaikki yhteisvaikutukset olivat toisiaan heikentdvia eli antagonistisia (RERI < 0
ja S < 1, taulukko 8), ja kaksi kolmesta yhteisvaikutuksesta oli antagonistisia my0s
silld oletuksella, ettd ne voimistaisivat toisiaan multiplikatiivisesti. Tosin yksikdén
additiivinen tai multiplikatiivinen yhteisvaikutus ei ollut tilastollisesti merkitsevé,
mutta niiden yhdenmukaisuus viittaisi todelliseen antagonismiin. Koska kaikki kah-
den altisteen yhteisvaikutukset ovat korkeintaan antagonistisia, loogisesti myos
kolmen altisteen yhteisvaikutusta voidaan pitdd korkeintaan antagonistisena. Eli
tyOperdisten altistusten vaikutukset sepelvaltimotaudin riskiin ovat toisistaan riippu-
via ja edelleen toisiaan heikentdvié, eli kahden tai kolmen altistuksen yhteisvaiku-
tuksen riski on pienempi kuin yksittdisten vaikutusten riskien perusteella voitaisiin
paédtelld. Esimerkiksi kevyttd vuorotyotd tekevén riskisuhde (1,70) ja raskasta péivé-
tyoté tekevén riskisuhde (1,45) ovat molemmat jopa suurempia kuin raskasta vuoro-
tyotd tekevén riskisuhde 1,28.

Antagonistisuus oli voimassa myds silloin kun tarkasteltavana oli kaksi altistusta
samanaikaisesti. Tutkittavat jaettiin neljadn ryhméén sen mukaan, olivatko he altis-
tumattomia kummallekin tekijdlle, altistuneita vain jommallekummalle tai molem-
mille altistuksille. Kun yhdistimme melun ja vuorotyon, vakioitu pisimmén seuran-
nan havaittu yhteisriski oli 1,45, ja RERIL:n, AP:n ja S:n arvot olivat 0,07; 0,05 ja
1,18. Tama oli vain yksi niukasti additiivinen (ei tilastollisesti merkitsevd) yhteis-

vaikutus muiden antagonististen yhteisvaikutusten joukossa.

5.3 Tyoperaisten riskitekijoiden vaikutukset verenpai-
neeseen ja edelleen sepelvaltimotautiin

Tyoperdisten altistusten vaikutuksia on tutkittu varsinkin verenpaineen yhteydessa.
Me tutkimme, kuinka systolinen verenpaine kéyttidytyi kahdeksan vuoden seuran-

nassa vuodesta 1982 vuoteen 1990. Yhteensd 884 henkilolle (kohortti 4, ks. luku
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4.2.3) oli saatavilla riittdvasti mittauksia, jotta niistd voitiin laskea vuosikeskiarvot.
Edelleen henkilot jaettiin kahdeksaan (8) altistusryhméén niin, ettd ensimmaisessa
ryhmaéssa olivat kevytta (kaksi alinta tertiilid) melutonta paivétyota tekevét ja toises-

sa ddripadssa raskasta meluisaa vuorotyota tekevit.

mmHg
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[] i T T T T T T T
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—a&— Melu ja mskas tyo (143) —&— Melu ja vuorotyd (138)
—a— Vuorotyd ja raskas tyd (15) —&— Kaikki kolme (102}

Kuva 4. Systolisen verenpaineen ikdvakioidut vuosikeskiarvot teollisuuden tyonte-
kijoilld kahdeksan seurantavuoden aikana altistusryhmén mukaan. Ryhmén nimen
perdssa suluissa ryhmén koko.

Seurannassa vain raskasta tyotéd tekevilld oli selvdsti muita korkeampi systolinen
verenpaine (kuva 4). Se laski kolmen ensimméisen seurantavuoden aikana mutta
kéédntyi sen jélkeen nousuun ja oli korkeimmillaan (143,1 mmHg) viimeisend seu-
rantavuonna. Viimeisend seurantavuonna toiseksi korkein keskiarvo (140,8 mmHg)
oli niilld, jotka olivat altistuneet kaikille kolmelle tekijélle. Taysin altistumattomien
ryhmén systolisen verenpaineen keskiarvot olivat samaa tasoa vain melulle tai vain
vuorotyélle altistuneiden ryhmien keskiarvojen kanssa. Kaikissa muissa paitsi pel-
kdn melun ryhmaissd viimeisen seurantavuoden keskiarvo oli suurempi kuin ensim-
maisen vuoden keskiarvo. Tilastollisesti merkitsevé ero oli kolmessa ryhmaissa: vain
raskas ty0, melu ja raskas ty0 seki kaikki kolme altistusta.

Verenpaineen nousu/korkeampi taso vain raskasta tyotd tekevien keskuudessa on
mielenkiintoinen, silld raskas ty6 (3. tertiili) yksindén ei ollut tilastollisesti merkit-
sevd sepelvaltimotaudin riskitekijd niilld, joilla verenpaine oli matala (< 90/140

mmHg) ldhtétilanteessa (taulukko 2.IV). Sen sijaan, jos ldhtétilanteen verenpaine oli
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korkea (= 90/140 mmHg), raskaan tyon tekijoitten iélld, tupakoinnilla ja alkoholin
kaytolld vakioitu sepelvaltimotaudin riski oli 2,51-kertainen (1,55—4,04) verrattuna
matalapaineisiin kevyen tyon tekijoihin. Niin ikdén tutkittaessa kahden altistuksen
yhteisvaikutuksia ei raskas ty0 yksinddn ollut sepelvaltimotaudin riskitekijé (tauluk-
ko 4.1I).

Molemmille meluille altistuneilla, joilla oli matala 1dht6tason verenpaine (<
90/140 mmHg), ei ollut kohonnutta sepelvaltimotaudin riskid (taulukko 3.IV). Jos
lahtotilanteen verenpaine oli korkea (> 90/140 mmHg), meluille altistuneiden tyon-
tekijoiden idlld, tupakoinnilla ja alkoholin kaytolld vakioitu sepelvaltimotaudin riski

oli 2,18-kertainen (1,30-3,66) verrattuna matalapaineisiin melulle altistumattomiin

5.4 TyoOperaisten riskitekijoiden ja metabolisen oireyh-
tyman yhteisvaikutukset sepelvaltimotaudin riskiin

Kiayttamdmme osatekijit metaboliselle oireyhtymaélle olivat BMI, verenpaine, glu-
koosi, HDL-kolesteroli ja triglyseridi. Analyyseissamme (IV) kdytimme kolmea
erilaista metabolisen oireyhtymén maaritelmaa:
1) MetSI: BMI > 284 kg/m’, verenpaine > 140/90 mmHg ja
glukoosi > 4,59 mmol/l
2) MetS2: BMI > 284 kg/mz, HDL-kolesteroli < 1,03 mmol/l ja
triglyseridi > 1,70 mmol/l
3) MetS: mitké tahansa kolme mainitusta viidestd osatekijésta
Naéistd MetS1 osoittautui tehokkaimmaksi sepelvaltimotaudin riskimittariksi yh-
dessd raskaan tyon kanssa: vakioitu suhteellinen riski oli 4,22 (2,18-8,19) verrattuna
lukko 4.1V). Yhteisvaikutuksen suhteellinen riski melun kanssa oli 2,69 (1,42-5,07),
ja ilman melua yksin MetS1:n aiheuttama sepelvaltimotaudin riski oli 3,5-kertainen
(1,84-6,65) verrattuna melulle altistumattomiin, joilla yksikdin MBO:n kolmesta
osatekijastd ei ollut koholla. Pienimmat sepelvaltimotaudin riskiestimaatit tulivat

MetS2-mairitelmalld: seké raskaan tyon ettd melun kanssa yhteisvaikutuksen RR oli

vain véhén yli yhden. Kun MBO:n osatekijoitd tutkittiin yksindan yhdessd melun tai
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raskaan tyon kanssa, sepelvaltimotaudin kovimmat riskitekijdt olivat verenpaine ja
glukoosi (taulukot 2.VI ja 3.VI).

Taulukossa 9 on esitetty melun, raskaan tyén ja MBO:n yhteisvaikutusten suh-
teelliset riskit, jotka vaihtelevat paljon seuranta-ajan mukaan. Riskit olivat suurim-
millaan lyhyelld ja pitkélld seuranta-ajalla eli silloin, kun suurin osa tutkittavista oli
tyoeldmadssd, ja toisaalta silloin, kun eldkeldisten osuus kasvoi. Kevyttd ja melutonta
tyotd tekevilli MBO:ta sairastavilla miehillad riskeissd on ndhtdvissid nouseva trendi
ajan myotd — suurimmillaan riski on ollut vuoden 1999 seurannassa, jolloin riski
sairastua sepelvaltimotautiin oli kaksi kertaa (RR=2,00) niin suuri kuin terveilld
altistumattomilla miehilld. Jos tyontekija oli altistunut sekd melulle ettd raskaalle
tyOlle ja sairasti lisdksi MBO:ta, oli sepelvaltimotaudin RR 2,18 (1,42-3,35) altis-

Kaikki melun ja raskaan tyon yhteisvaikutukset samoin kuin niiden yhteisvaiku-
tukset MBO:n kanssa olivat antagonistisia eli toisiaan heikentévid riippumatta seu-
ranta-ajasta ja kaytetysti MBO:n maaritelméstd. Taulukossa 10 on esitetty additii-
vista yhteisvaikutusta mittaavat tunnusluvut, kun MBO:n diagnoosina oli mitké ta-
hansa kolme tekijda viidestd (MetS). Aineistossamme kahden altistuksen havaitut
suhteelliset riskit olivat 1,40-1,53, jotka olivat kaikki alle odotetun (ts. RERI <0 ja
ja S < 1). Myo6s multiplikatiivisuusoletuksella kaksi yhteisvaikutuksista voisi olla
antagonistisia. Kuten luvussa 5.3 esitetyissd tuloksissa, ei nytkddn mikddn yhteis-
vaikutuksista ollut tilastollisesti merkitsevd, mutta niitten yhdenmukaisuus viittaisi
todelliseen antagonismiin. Kun kaikki kahden altisteen yhteisvaikutukset ovat anta-
gonistisia, loogisesti my0s kolmen altisteen yhteisvaikutusta voidaan pitda korkein-
taan antagonistisena. Melun, raskaan tyon ja MBO:n vaikutukset sepelvaltimotaudin
riskiin ovat siis toisistaan riippuvia ja edelleen toisiaan heikentdvid; on jopa vé-

hemmin vaarallista altistua kahdelle tekijélle kolmesta vain yhden sijaan (taulukko

9).
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6. POHDINTA

Tydperdinen melu, vuorotyd ja raskas tyd ovat kaikki omalta osaltaan haitallisia
korkean verenpaineen ja sepelvaltimotaudin altistuksia. Koska ndma rasitteet nivou-
tuvat usein yhteen ja niille altistuminen voi johtaa muihin epiterveellisiin elintapoi-
hin, niiden haittavaikutukset on pyrittdva erottamaan suorista tyovaikutuksista. Esi-
merkiksi vdahentddkseen melun aiheuttamia psyykkisid hairioitd ihminen saattaa tu-
pakoida enemman tai syodd epéterveellisemmin. Edelleen verenpainetauti, korkea
painoindeksi ja tupakointi saattavat kaikki merkitsevisti edistdd sepelvaltimotaudin
kehittymista.

Verenpainetauti ja BMI ovat metabolisen oireyhtymén osatekijoitd (Reaven
1988), mutta niiden lisdksi MBO:ssé saattaa esiintyd tai on odotettavissa myds lipi-
dihdiriitd (Hopkins ym. 1996). Kun ihminen altistuu ympériston tai tyopaikan me-
lulle, verenpainetauti voi olla merkki kohonneesta sepelvaltimotaudin riskistd, mutta
my6s muut tekijdt kuin itse verenpainetauti lisddvit riskid. Melamed ym. (1997)
16ysivit CORDIS-tutkimuksessaan yhteyden meluhdirion ja seerumin lipiditasojen
vililld. Sen sijaan sekd Melamedin ym. (1999) ettd Virtasen ja Notkolan (2002) tut-
kimuksissa melun ja syddntautikuolleisuuden yhteys oli melko heikko.

Yksittdisistd tekijoistd vuorotyd osoittautui tutkimuksessamme sepelvaltimotau-
din kovimmaksi lyhyen aikavélin riskitekijaksi, mutta pitkélla aikavalilld riski pie-
neni kun taas melun aiheuttama riski suureni. Vuorotydn aiheuttama lisériski johtui
osittain sepelvaltimotaudin perinteisisté riskitekijoistd, kuten korkeasta kolesterolis-
ta, tupakoinnista ja ylipainosta (taulukko 3.IT). Vuorotyontekij6illd on paivatydlai-
siin verrattuna erilaiset elintavat: joissakin ammateissa erityisesti tupakointi ja yli-
paino ovat yleisid ja myds ruokailutottumukset ja -rytmi muuttuvat erilaisten tyo-
aikojen myo6td (Harma 2000). Tenkasen ym. (1997) mukaan vuorotyd aiheuttaisi
myos itsendistd lisdriskid, joka on riippumaton muista tunnetuista riskitekijoistd ku-

ten myds tyOstressistd, ammatista ja sosiaalisesta taustasta.
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6.1 Lyhyen ja pitkan aikavalin vaikutusten etiologia

Sydintaudit ovat jo pitkdédn olleet suomalaisten tyoikdisten miesten johtava kuolin-
syy (Aromaa ym. 1999, Valkonen ym. 1990, Valkonen ym. 1993). Mistd tahansa
altistuksesta on hyva tietdd, kuinka nopeasti siithen liittyvd sepelvaltimotaudin riski
hivida (pienenee), kun altistus lakkaa. Esimerkiksi tupakoinnin aiheuttama sepelval-
timotaudin riski pienenee huomattavan nopeasti, kun tupakointi lopetetaan (Pipe
ym. 2010, U.S. Department of Health and Human Services 2010). Tyoperéisten al-
tistusten kohdalla — lukuun ottamatta vuorotydtd (Beggild ja Knutsson 1999a) — on
hyvin vdhén tutkittu, miten riski altistuksen lakattua vihenee. Vanhenevassa vies-
tossimme on kuitenkin kasvava joukko ihmisid — kaikki tydeldkkeelle jaavit — joille
tuo tieto olisi erittdin tirked. TyOperdinen altistuminen lakkaa vélittomésti, kun hen-
kilo jaa tyostddn eldkkeelle, mutta jaako myos altistuksen aiheuttama lisédriski taakse
vai seuraako se mukana? Davies ym. (2005) ovat osoittaneet, etti tydperdisen melun
aiheuttama sydéninfarktin riski on korkeimmillaan ty6aikana.

Meidédn tutkimuksessamme jatkuvan melun aiheuttama sepelvaltimotaudin riski
pieneni ajan myo6td: vuoden 1991 seurannassa riski oli suurin ja vuoden 1999 seu-
rannassa pienin (taulukko 1.I ja taulukko 3.II). Sen sijaan niilld, jotka altistuivat
sekd jatkuvalle ettd impulssimelulle, riski suureni ajan my6td. My0Os vuorotyon ai-
heuttama sepelvaltimotaudin riski pieneni ajan myo6té, kun taas raskaan tyon aiheut-
tama riski oli suurimmillaan vuoden 1999 seurannassa. Vuosien 1991 ja 1995 seu-
rannoissa ei riskiestimaateissa ollut eroja.

Meilld ei ole tietoa, kuinka moni tutkittavista oli jo jadnyt elikkeelle vuoden
1999 loppuun mennessi, mutta tutkittavien ikéjakauma oli 57-73 vuotta. Suomessa
eldkeiin mediaani oli 60,1 vuotta vuonna 1996. Mielenkiintoinen jatkotutkimus olisi
ulottaa seurantaa esimerkiksi 10 vuodella eteenpdin, jolloin tutkittavien ikdjakauma

olisi 67—83 vuotta ja periaatteessa kaikki olisivat jo eldkkeella.

6.2 Muuttujien yhteisvaikutukset

Tyoperdisten altistusten haittoja on perinteisesti arvioitu yksitellen, vaikka yleensa
tyontekijét altistuvat monille tekijoille samanaikaisesti ts. usein mitdén altistusta ei

ole ilman toista. Altistukset ovat siis kietoutuneet tiiviisti toisiinsa eiké niitd voi ero-
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tella toisistaan. Esimerkiksi meidén aineistossamme kaikki impulssimelulle altistu-
neet henkilot tekivit raskasta tyotd, ja raskasta tyotd tekevistd 69 % oli altistunut
melulle.

Koska tydeldmédssa on ergonomisia/fysiologisia, fysikaalisia, kemiallisia ja mik-
robiologisia haittatekijoitd, tyontekijd altistuu helposti kahdelle tai useammalle altis-
tukselle samanaikaisesti. Monialtistumisessa ty0oymparistotekijoiden yhteisvaikutus
voi olla toisistaan riippumaton, summautuva eli additiivinen, toisiaan voimistava eli
supra-additiivinen eli synergistinen tai toisiaan heikentdvi eli infra-additiivinen eli
antagonistinen (Priha ym. 2007). Additiivisen yhteisvaikutuksen ohella se voi olla
multiplikatiivinen eli additiivinen logaritmisella asteikolla (Tenkanen 1993).

Meidin aineistossamme tyOperdisten altistusten yhteisvaikutukset olivat padsaén-
toisesti antagonistisia riippumatta siitd, oletettiinko additiivinen vai multiplikatiivi-
nen yhteisvaikutus. Vaikka useimmat yhteisvaikutukset eivdt olleet tilastollisesti
merkitsevid, niitten yhdenmukaisuus viittaisi todelliseen antagonismiin. Melun, vuo-
roty0n ja raskaan tyon osalta kahden altistuksen havaitut yhteisvaikutusten suhteelli-
set riskit olivat 1,21-1,63. Additiivisuusoletuksella niiden olisi pitdnyt olla 1,85—
2,15 ja multiplikatiivisuusoletuksen nojalla 2,03—2,47. Kaikille kolmelle altistunei-
den riski sairastua sepelvaltimotautiin oli 1,61, kun taas odotetut riskit olivat 2,55 ja
3,45. Samanlainen kéyttdytyminen oli ndhtdvissd melun, raskaan tyon ja MBO:n
yhteisvaikutuksissa. Additiivisuusoletuksen nojalla kahden tekijén yhteisvaikutusten
olisi pitidnyt olla 2,53-2,83, mutta aineistossamme suhteelliset riskit olivat vain
1,43-1,61. Niin ikdan kaikkien kolmen altistuksen odotettu additiivinen yhteisriski
oli 3,53, mutta havaittu riski vain 2,18.

Voidaan siis sanoa, ettd tyOperdisten altistusten sekd MBO:n yhteisvaikutukset
sepelvaltimotaudin riskiin ovat toisistaan riippuvia ja edelleen toisiaan heikentdvia,
eli kahden tai kolmen altistuksen yhteisvaikutuksen riski on pienempi kuin yksittdis-
ten vaikutusten riskien summa. Kérjistden voidaan sanoa, ettid joskus on jopa vi-
hemmaén vaarallista sepelvaltimotaudin kannalta altistua kahdelle tai periti kaikille
kolmelle tekijille kuin vain yhdelle.

Kun tutkitaan sekoittavien tekijéiden jakaumia eri altistusryhmissd, yhteisvaiku-
tusten antagonistisuudelle ei 16ydy yhti selvéd selittdjdd. Kun esimerkiksi kdytetdin
verenpaineelle, BMI:lle ja HDL-kolesterolille samoja riskirajoja kuin MBO:n méaéri-
telmédssd, on vain vuorotyodlle altistuneiden ryhmisséd ylipainoisia 19 % (véhiten),

matalan HDL-kolesterolin ihmisid 20,6 % (véhiten) ja korkean verenpaineen ihmisié
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79,4 % (eniten). Tupakoitsijoita ryhmidssd on 36,5 % (melko paljon) ja alkoholia
paljon kayttavid 11,1 % (vdhan). Heidén sepelvaltimotaudin riskinsé oli 1,7 (suurin).
Vastaavasti vain raskaalle tyolle altistuneiden ryhméssd ylipainoisia on 19,7 % (va-
hén), matalan HDL-kolesterolin ihmisid 33,1 % (eniten), korkean verenpaineen ih-
misid 75,3 % (toiseksi eniten), tupakoitsijoita 31,5 % (toiseksi vihiten) ja alkoholia
paljon kéyttdvid 10,7 % (toiseksi vdhiten). Heiddn sepelvaltimotaudin riskinsé oli
1,45. Molemmissa ryhmissd on suhteellisen paljon korkean verenpaineen ihmisid,
mutta toisaalta nimé miehet painavat vihemmén ja kéyttavit alkoholia kohtuudella.
Vapaa-ajan liikuntaa harrastettiin molemmissa ryhmissé aktiivisesti.

Kun yhdistettiin em. kaksi altistusta, yhteisvaikutuksen sepelvaltimotaudin suh-
teellinen riski oli selvésti odotettua (2,15) pienempi, 1,28. Korkean verenpaineen
thmiset vdheniviét (73,3 %), mutta toisaalta ylipainoisia oli nyt 31,3 % (eniten) ja
alkoholia paljon kiyttavid 13,0 %. HDL-kolesteroli oli liian matala 22,9 %:1la tutkit-
tavista, ja tupakoitsijoita oli 35,9 %. Niin ikdén aktiivisten litkkujien maédrd viheni.
Useimmat muutokset tapahtuivat huonompaan suuntaan, vain verenpaine oli mata-
lampi kuin yksittdisten altistusten ryhmissd. Verenpaine voisi siten selittdd havaitut

antagonistiset yhteisvaikutukset.

6.3 Merkitys terveydenhuollolle

Koska melu, vuoroty0 ja raskas tyd ovat suomalaisessa ty0eldmaissd yleisid, ndma
tyOperdiset altistukset sepelvaltimotaudin yksittdisind aiheuttajina ovat merkittavia.
Lisdksi esimerkiksi tupakointi, ylipaino ja litkunnallinen passiivisuus lisddvit sepel-
valtimotaudin riskid vuorotyon kanssa enemmain kuin riskitekijéiden ja vuorotyon
yksittédisten riskisuhteiden perusteella voitaisiin arvioida (Tenkanen ym. 1998). Yh-
teisvaikutusten vuoksi sepelvaltimotaudin riskitekijoiden ennaltachkiisy vuorotyds-
sd on erityisen perusteltua.

Tyopaikalla pyritddn pitdmddn huolta turvallisesta tydympaéristostd, ja tyoterve-
yshuollossa pyritddn pitdiméén huolta tyontekijén terveydesté. Jos tyontekijéd altistuu
jollekin tyoperdiselle riskitekijélle, nditd altistuksia olisi pyrittdvd eliminoimaan ja
samaan aikaan olisi myds terveydenhuollossa pyrittiva aikaiseen diagnoosiin. Var-
sinkin raskaan tyon ja metabolisen oireyhtymén yhteisvaikutuksen aiheuttama yli

nelinkertainen additiivinen sepelvaltimotaudin riski (taulukko 4.IV) on suuri. Jos
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ylipainoisella raskaan tyon tekijilld verenpaine ja edelleen glukoosi nousevat, on

syytéd ryhtyé toimenpiteisiin tilanteen korjaamiseksi.

6.4 Tutkimusaineiston rajoitteet ja I0ydosten harhatto-
muus

6.4.1 Osallistujien edustavuus

Tutkimuksessamme on vahvuuksia ja heikkouksia. Vahvuuksia on se, ettd HHS on
hyvin maédritelty suuren teollisuuden tydntekijoiden joukon seurantatutkimus, jossa
on saatavilla paljon tarkoituksenmukaisia taustamuuttujia. Seuraamamme tyonteki-
joiden joukko oli jo keski-idn loppupuolella ja moni eldkdityi ennen seuranta-ajan
loppumista. Eldkkeelle siirtyminen mahdollisti pdéttelyn sepelvaltimotaudin riskisté
altistuksen jilkeen, mikd on yksi tutkimuksen vahvuuksia. Varsinkin vuorotyon ja
jatkuvan melun tapauksissa lyhyen aikavélin riskit olivat suurempia kuin pitkédn
aikavalin riskit.

Tutkimuksen yksi heikkous on siind, ettd osallistujien ammattitieto oli vain seu-
rannan alusta. Meill4 ei ole tietoa mahdollisista ammattialan vaihdoksista seuranta-
aikana kuten ei myoOskddn siirtymisestd pdiviatyohon tai eldkoitymisestd. Seuranta-
ajan alun korkea keski-iké (40—55 vuotta) voisi tehdd tutkimusjoukon valikoituneek-
si, koska esim. aikaisia keskeytyksid vuorotyon aloittamisen takia ei tutkimuksen
aikana esiinny. Toisaalta tutkimuksen alusta oli tieto, ettd vuorotyon tekijoistd suu-
rin osa (93,3 %) oli ollut samassa tydssé yli viisi vuotta ja yli puolet (57,7 %) yli 20
vuotta, mikd on tutkimuksen vahvuus.

Melun ja tyonkuormituksen altistus kerdttiin FINJEMistd. Tyoaltistusmatriisi ei
siten sisdlld tyontekijdkohtaista vaan ammattikohtaista altistustietoa. Laajoissakin
tutkimuksissa voisi olla kuitenkin mahdollista seurata kunkin osallistujan yksilokoh-
taisia altistuksia (Kauppinen ym. 1998). Ryhmiperusteisen altistustiedon kadyton
heikkous on, ettd altistuneeksi luokiteltu ryhmé saattaa sisdltdd myds altistumatto-
mia ihmisid ja pdinvastoin. Niin ikddn tyontekijét saattavat altistua eri suurille altis-
tusmaédrille riippuen tyoskentelypaikasta. Vuorotyon osalta meilld oli mahdollisuus

tehda vertailu rekisteri- ja kyselypohjaisen altistuksen vastaavuudesta. Vuoroty6liis-
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ten osuuksissa oli suuriakin eroja, mutta erot selittynevit ainakin osittain silld, ettd
tydaika riippuu paljon tyonantajasta.

Vaikka FINJEM-matriisin avulla arvioidut riskitekijétasot olisivat keskimadrin
oikein, regressioefekti vaikuttaa poikkeuksellisen matalia ja korkeita arvoja tasoitta-
vasti. Marmot ym. (1997) ovatkin sitd mieltd, etti ammattikohtaisiin altistuksiin
perustuvat riskit ovat yleensd matalampia kuin yksilokohtaisiin altistustietoihin pe-
rustuvat. My0Os seurantamuutokset eli siirtymiset tehtidvéstd toiseen tai eldkkeelle
vaikuttavat dilutoivasti, eli lasketut riskisuhteet 1dhenevdt RR-arvoa 1. Tutkimuk-
semme meluun ja tyonkuormitukseen liittyvét riskit saattavat siten olla aliestimoitu-
ja.

Raskaan tyon mittana kdytimme ammatin sisdisen prevalenssin ja raskaustason
tuloa. Edelleen miehet jaettiin raskaan tyon mukaan tertiileihin. Ryhmien koot vaih-
telivat sen mukaan, pidettiinko raskaana jo 2. tertiilin tyoté (ts. tulo > 0) vai vasta 3.
tertiilin tyotd (tulo > 7,00). Esimerkiksi systolisen verenpaineen seurannassa, jossa
perusjoukkona oli kohortti 4 (N=884), ensimmaiselld maaritelmalld vuorotyo ja ras-
kas ty0 -ryhmén koko oli 62 henkil64, kun se tiukemmalla mééritelmalla oli vain 15
miestd. Niin ikdédn kaikille kolmelle tekijélle altistuneiden ryhmékoot olivat 183 ja
102. Vuoroty6n mittari on helppo maéritelld (ei vs. kylld), mutta melun ja raskaan
tyOn mittareissa on usein eroavaisuuksia eri tutkimuksissa.

Antagonistiset yhteisvaikutusarviot saattavat johtua siitd, ettd monialtistuneitten
kukin altistustaso on keskiarvoa pienempi tai monialtistuneet vaihtavat ty6tién her-
kemmin kuin altistuneet keskimiérin. Talloin antagonistisuus kuvaisi valikoitunei-
suutta eikd kausaliteetti.

Verenpaineen seurantatutkimuksessa rajattiin miehet niihin, jotka eivét kaytti-
neet ladkitystd kohonneeseen verenpaineeseen seuranta-ajan alussa. Emme tieda,
aloittiko joku osallistujista lddkityksen ennen seuranta-ajan loppua. Tiedon puuttu-
minen on saattanut aiheuttaa harhaa tuloksiin, varsinkin verenpaineen tasojen véli-
siin erothin. Niin ikddn verenpaineeseen voi vaikuttaa melun aiheuttama kuulon
aleneminen ja kuulosuojainten kayttd (Johsson ja Hansson 1977, Talbott ym. 1990,
Lusk ym. 2002). Emme tiedd, kayttivitkd tutkimuksemme osallistujat kuu-

losuojaimia tai oliko jollakulla melun aiheuttama kuulon aleneminen.
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6.4.2 Metabolisen oireyhtyman mittaaminen ja elintapamuuttujat

Metabolisen oireyhtymén diagnostisten kriteerien erilaisuus on johtanut siihen, etté
MBO on voinut jdddi diagnosoimatta tai sovellettu kriteeriyhdistelma on aiheuttanut
ylidiagnostiikkaa. Joka tapauksessa kunkin diagnoosin tavoitteena on insuliiniresis-
tenssi, tila, jossa haima tuottaa insuliinia mutta sen teho on heikentynyt, jolloin li-
haksisto ja muut elimet ottavat glukoosia vastaan huonosti. Kun samaan aikaan
maksa tuottaa ja vapauttaa litkkaa glukoosia, on seurauksena verensokerin nousemi-
nen.

Meidan kdyttimamme diagnostiset osatekijat metaboliselle oireyhtymélle olivat
BMI, verenpaine, glukoosi, HDL-kolesteroli ja triglyseridi. Kédytimme myds kolmea
erilaista diagnoosimenetelmdd: MetS1, MetS2 ja MetS. Kahdessa ensimmaéisessa
MBO:n diagnoosin edellytyksend olivat tietyt kolme osatekijda (BMI, verenpaine ja
glukoosi tai BMI, HDL-kolesteroli ja triglyseridi), kun taas MetS-diagnoosiin riitti
mitkd tahansa kolme osatekijdd viidestd. Riippuen diagnoosimenetelmésti sepelval-
timotaudin riskiestimaatit olivat erisuuruisia (taulukko 4.VI), ja yhteisvaikutukset
raskaan tyon tai melun kanssa vaihtelivat suuresti. Mielestdimme on térkedd analy-
soida MBO:n vaikutuksia erilaisin diagnoosimenetelmin, silld riippuen myos tutki-
musaineistosta tulokset voivat vaihdella suuresti. Samansuuntaiseen johtopadtok-
seen tulivat myos Mozaffarian ym. (2008) tutkimuksessaan, joka kisittelee MBO:n
ja vanhusvieston kuolleisuuden vilisti yhteytta.

Verenpaineen osalta teimme riskilaskelmat, joissa tutkittavat jaettiin ryhmiin ve-
renpaineen ldhtdtason, tyoperdisen altistuksen sekéd kahdeksan vuoden aikana tapah-
tuneen verenpaineen nousun (8. ja 1. vuoden vuosikeskiarvojen erotus > 10 mmHg)
mukaan (taulukko 3.III). Lisdksi tutkimme systolisen verenpaineen tason muutosta
kahdeksan vuoden aikana (kuva 2.I1I) pienemmaltd osajoukolta, jonka jésenille oli
mahdollista laskea vuosikeskiarvo kaikille kahdeksalle seurantavuodelle.

Aineistossamme vain ldhtotason mittaukset oli tehty kaikille MBO:n osatekijoil-
le, mutta sen jdlkeen mittausten médrd vaihteli. Ndin ollen MBO:n diagnosointiin oli
kaytetty vain ldhtotason mittaustietoa. Todennékdistd on, ettd osa tutkittavista parani
seurannan aikana ja osa ei-diagnosoiduista sairastui. Meilld ei myoskadn ollut tietoa
mahdollisesta 14édkityksestd seurannan aikana. Varsinkin verenpaineen osalta timéa
saattaa aiheuttaa harhaa riskiestimaatteihin. Vain osa MBO:n osatekijéiden raja-

arvoista oli esim. ATP IIl:n mukaisia, ja kiytimme raja-arvoina my0s aineistostam-
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me laskettuja kvartiilirajoja. Nykyiset MBO:n osatekijoiden raja-arvot eivdt ehké
suoraan sovi epidemiologisiin tutkimuksiin, joissa kdytetddn vuosikymmenié vanhaa

aineistoa.

6.4.3 Yhdistaminen rekistereihin

Aineiston kokoamiseen tarvittiin monenlaisia rekistereitd. Tauti- ja kuolintiedot saa-
tiin Terveyden ja hyvinvoinnin laitoksen (THL) hoitoilmoitusrekisteristi HILMOsta
ja Tilastokeskuksen kuolinsyyrekisteristd. Suomalaiset rekisterit ovat hyvin tunnet-
tuja tarkkuudestaan (Gissler ja Haukka 2004). Uusissa pdivityksissd saattaa toki
tulla pienid muutoksia vanhoihin tietoihin, esim. ulkomailla kuolleen rekisterdinti on
viivastynyt tai kuolinsyy on muuttunut. Ammattitieto perustui kolmenumeroiseen
ammattikoodiin, jota kdytettiin Tilastokeskuksen vuoden 1980 viestonlaskennassa.
Melun ja tyonkuormituksen altistus puolestaan keréttiin Tyoterveyslaitoksen FIN-
JEMista.

Koska ammattitieto oli saatu pari vuotta ennen tutkimuksen alkua, tutkimuksen
alkuhetkelld tyopaikka on voinut olla eri tai se on voinut vaihtua tutkimuksen ede-
tessd. Melun ja tyOkuormituksen tieto perustui ammattikohtaiseen altistustietoon,
joten tutkittava on saattanut altistua tai toisinpdin kuin mitd tietoa olemme hénelle
kiyttineet. Koska myos altistuksen taso perustuu ammattikohtaiseen tietoon, eri
henkil6t ovat samassa ammatissa voineet altistua eri suuruisille pitoisuuksille, vaik-
ka meidén aineistossamme kaikille saman ammattikoodin henkildille on tallennettu

sama altistustieto.
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7. JOHTOPAATOKSET

Tutkimuksessamme (I) 16ysimme melulle altistuneille 25—-54 % suuremman riskin
sairastua sepelvaltimotautiin verrattuna melulle altistumattomiin. Riski vaihteli riip-
puen seuranta-ajan pituudesta, kdytetystéd referenssiryhmaésti ja vakioinnista. Lisdksi
pystyimme osoittamaan, ettd melualtistukseen liittyva lisériski seuraa tyontekijéa
pitkalti eldkoitymisen jilkeen.

Pitkdaikaisseurannassamme (II) 16ysimme meluista vuorotyotd tekeville 65 %
suuremman riskin sairastua sepelvaltimotautiin verrattuna melutonta pdivatyota te-
keviin, ja raskasta vuorotyotd tekevillé riski oli 72 % suurempi kuin kevytti paiva-
tyoté tekevilld. Jos ihminen altistui kaikille kolmelle riskitekijédlle (melu, vuorotyd,
raskas ty0), riski sairastua sepelvaltimotautiin oli 1,9-kertainen verrattuna em. riski-
ndyttdisi hdvidvdn vuorotydn loputtua, kun taas melun ja raskaan tyon riskit kasvoi-
vat seuranta-ajan pidetessid, kun osa tyontekijoistéd oli siirtynyt elékkeelle eikd enda
altistunut tyoperdisille tekijoille.

Verenpainetta nosti eniten raskas tyo, joko yksin, yhdessd melun kanssa tai yh-
dessd melun ja vuorotyon kanssa (III). Raskasta tyotd tekevien korkea sepelvaltimo-
taudin riski ndytti johtuvan hypertensiosta, silld ilman sitd raskas ty0 ei merkitsevés-
ti nostanut sepelvaltimotaudin riskid 8 vuoden seurannassa ja se nosti sitd vain hie-
man 12 vuoden seurannassa. Sen sijaan vuoroty0 nosti sepelvaltimotaudin riskié
ilman hypertensiota, ja hypertensiivisilld sepelvaltimotaudin riski oli 8 vuoden seu-
rannassa yli nelinkertainen normaalipaineisiin pdivity0ldisiin verrattuna. Pidemmas-
sd seurannassa, jossa osa tutkittavista oli jo eldkditynyt ja vuorotyd loppunut, ris-
kisuhteet pienenivit. Myds melu yhdessd hypertension kanssa oli tilastollisesti mer-
kitsevé sepelvaltimotaudin riskitekijé, mutta riskit selittynevét osittain vuoroty6lla ja
raskaalla ty6ll4, silld tutkimusaineistosta vain 3 % oli altistunut pelkdstdin melulle.

Metabolinen oireyhtymé ja sen yksittdiset osatekijdt yhdessd tyOperdisten altis-
tusten kanssa nostivat sepelvaltimotaudin riskid, mutta estimaatit vaihtelivat suuresti

riippuen MBO:n diagnoosimenetelmisti (IV). Jos MBO:n diagnosointiin kéytettiin
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korkeaa BMI:d ja triglyseridid sekd matalaa HDL-kolesteroliarvoa, sen aiheuttama
sepelvaltimotaudin riski oli selvésti pienentynyt yhdistettynd raskaan tyon suojaa-
vaan vaikutukseen, silld diagnoosin mukainen MBO ilman raskasta tyotd aiheutti
suuremman sepelvaltimotaudin riskin. Kun MBO maédériteltiin korkean BMI:n, glu-
koosin ja verenpaineen avulla, ei raskaalla ty6lld ollut suojaavaa vaikutusta. Niill4,
joilla oli MBO ja jotka altistuivat raskaalle tydlle, oli yli nelinkertainen riski (vaki-
oimaton yli viisinkertainen riski) saada sepelvaltimotauti verrattuna niihin, jotka
tekivit kevyttd pdivatyotd ja joilla kaikki kyseisen diagnoosin mukaiset osatekijét
olivat normaalitasolla. Tydperdisen melun ja MBO:n yhteisvaikutusten riskit olivat
likipitden samansuuntaiset raskaan tyon ja MBO:n yhteisvaikutusten kanssa. Yksit-
taisisti MBO:n osatekijoistd korkea glukoosi ja verenpaine yhdessé raskaan tyon tai
tyOperdisen melun kanssa aiheuttivat korkeimmat sepelvaltimotaudin riskin kohoa-
miset.

Vaikka usealle tekijdlle altistuneilla miehilld sepelvaltimotaudin riski oli suuri,
yhteisvaikutukset olivat yleensd antagonistisia. Yhteisvaikutus oli pienempi kuin
yksittdisvaikutuksista olisi voinut péételld riippumatta siitd, oletettiinko yhteisvaiku-
tus additiiviseksi vai multiplikatiiviseksi. Jotkin altistuskombinaatiot liittyivét jopa
pienempadén riskiin kuin oli yksittdisen altistuksen aiheuttama riski. Havainto voi
johtua myos siitd, ettd monialtistuneilla yksittiiset altistukset olivat keskimaardisti
heikompia tai lyhytaikaisempia.

Voiko tuloksia yleistdd nykypéivin tydeldmdan? Tutkimuksemme seuranta-aika
alkoi 1980-luvun alussa ja tutkittavat olivat keski-ikdisid miehid, joista suurin osa
oli ollut tyossddn melkein 15 vuotta. Vuosien saatossa tydskentelyolosuhteet varsin-
kin Suomessa ovat muuttuneet, tydperdinen melu on vihentynyt ja tyé on keventy-
nyt, mutta valitettavasti ainakin tyoperdisen melun vaikutus sepelvaltimotaudin ris-
kiin nayttdisi sdilyvdn. On mahdollista ja todennikdistd, ettd raskas tyo on vihenty-
nyt lansimaissa, muttei varmasti maailmalaajuisesti. Voimmekin pohtia, olisivatko
esimerkiksi metabolisen oireyhtymin aiheuttamat kovin erilaiset sepelvaltimotaudin
riskit eri puolilla maailmaa selitettdvissé erilaisilla tyoperdisilld altistuksilla (Tan
ym. 2004, Alberti ym. 2005). Lisdksi tuloksemme antavat ymmartéa, ettd tutkittaes-
sa MBO:n aiheuttamaa sepelvaltimotaudin riskid on tarpeellista diagnosoida MBO
eri tavoin, silld se voi merkittidvasti vaikuttaa sepelvaltimotaudin riskeihin riippuen

perusjoukosta.
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Joka tapauksessa on yleisesti tiedossa, ettd ammattiperusteisten altistustietojen
kaytolld verrattuna tyontekijdperusteisiin tietoihin on taipumusta alentaa riskiesti-
maatteja. Kansanterveyden ndkokulmasta on oleellista kiinnittdd huomiota varsinkin

suuriin riskiestimaatteihin, silld todellisuudessa riskit saattavat olla vield suurempia.
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KIITOKSET

Joskus tarvitaan aikaa, hdn sanoi.
- Toisinaan kestdd mahdottoman kauan, ennen kuin valkenee.
(Muumimamma)

Kun kymmenen vuotta sitten kirjauduin jatko-opiskelijaksi Tampereen yliopistoon,
ajattelin, ettd vaitoskirja olisi valmis noin viiden vuoden kuluttua. Toisin kévi, aikaa
meni tuplaten, kolmen lapsen syntymét rytmittiviat aikataulun toisin. Tdmén tyon
valmistumista voisi verrata neljannen lapsen syntymédn — “raskausaika” on ollut
mukava ja antoisa, mutta véliin on mahtunut myds “’pahoinvoinnin” péivid. Lisdksi
véitospdivadn (’laskettuun aikaan”) valmistautuminen on aiheuttanut paljon jénni-
tyksend ja stressind ilmenevid “’supistuksia”. Tutkimustyd on ollut mielekéstd, mutta
olen erittdin huojentunut, ettd se on nyt tdssd. Nyt minulla on mitd kiikkustuolissa
muistella ja on ohjeita jaettavaksi lapsille ja mahdollisille lapsenlapsille, jos joku
heistd heikkona hetkenddn suunnittelee véitoskirjan tekemista.

Viitoskirjatyd on tehty Tampereen yliopiston Terveystieteiden yksikossd. Alku-
vuosina tyOskentelin usein myds Helsinki Heart Studyn toimistolla Helsingissa.
Tutkimustani ovat taloudellisesti tukeneet Kansanterveyden tutkijakoulu (Doctoral
Programs in Public Health, DPPH), Tampereen kaupungin tiederahasto, Tampereen
yliopiston Kalle Kaiharin sydéntutkimuksen sditio ja Yrjo Jahnssonin sdétio. Kiitos
kaikille tukijoilleni.

Isoimman kiitoksen haluan lausua ohjaajalleni emeritadosentti Leena Tenkaselle.
Olen onnekas, ettd sain Leenan henkilokohtaiseksi oppaakseni akateemiseen maail-
maan. Leenalla on aina ollut aikaa auttaa ja neuvoa, kun olen apua tarvinnut. Leenan
kanssa olemme jakaneet eldméin ilot ja surut teen ja (sala)herkkujen dédressd. Kym-
menen vuoden aikana hén on ollut minulle kuin varamummo, ja kidydesséni Helsin-
gissd on hian miehensé Ollin kanssa useaan otteeseen tarjonnut kotoaan ydsijan. Kii-
tos siis myos Ollille juttutuokioista seké ilta- ja aamupaloista. Kiitos, Leena, kaikista
ndistd vuosista, olet ollut uskomaton ”terismummo”’!

Kun Leenan terveys heikkeni vuoden 2011 alussa, tuli toisesta ohjaajastani,
emeritusprofessori Matti Hakamasta vastuuohjaajani. Koska lapsiarki ja tyonteko
olivat jo jonkin aikaa vieneet suurimman osan ajastani, vaitdskirjan valmistuminen
oli kovasta halusta huolimatta viivdstynyt. Iso kiitos, Matti, ettd laitoit hihat heilu-
maan, aikataulutit projektin ja patistit minut valmistumaan.

Leenan ja Matin liséksi véitoskirjaprojektissa on ollut mukana muutama oleelli-
sesti tirked henkild. Kiitos Tydterveyslaitoksen tutkimusprofessori Mikko Harma ja
dosentti Timo Kauppinen kirjoitusavusta ja kommenteista osajulkaisuihini. Timolle
kiitos myos siitd, ettd perehdytit minut aikoinaan FINJEMin saloihin. Viitoskirjani
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esitarkastajia, Rekisteritutkimuksen tukikeskuksen paillikkod Irma-Leena Notkolaa
ja THL:n tutkimusprofessoria Pekka Jousilahtea haluan lampimaésti kiittdd saamista-
ni arvokkaista kommenteista ja korjausehdotuksista, jotka paransivat huomattavasti
kasikirjoitusta.

Viitoskirjani osajulkaisujen englannin kielen taitavasta ja ripedstd tarkastuksesta
kiitdn lampimésti Virginia Mattilaa M.A. Isosiskoani FT Riitta Virkkusta kiitdn té-
man tekstin kieliasun tarkastamisesta. Toisin kuin hénelle, minulle ei ole suotu kie-
lipdatd, ja kirjoittaminenkin vililld takkuaa. Kiitos, Riitta, myds tohtoritutkinnon
esikuvana olemisesta: mité isosisko edelld sitd pikkusisko perdssa!

Lammin kiitos kaikille ystévilleni sekd vanhemmilleni, jotka olette myd&tdeldneet
kanssani ndmé kymmenen vuotta. Kiitos, ditini Leena ja isédni Urho, ettd olette olleet
tukenani ja tarjonneet aina auttavan kitenne lapsiarjessa vierailujenne aikana. Kun-
pa Lieksa olisi ldhempénd, niin voisimme ndhdd useammin. Kiitos Tuirelle viikon-
loppuaamujen happihyppelyistd metsdn rauhassa sekd Tapiolle mukavista retkisti
yhdessa lasten kanssa. Kiitos, ettd olette olleet tarvittaessa myods lapsenvahteina.
Entistd opiskelutoveriani Lauraa kiitdn kannustuksesta ja neuvoista tyon loppuun-
saattamisessa. Kiitos, lapsuudenystdvéni Johanna ja entinen opiskelutoverini Solja,
ettd meiddnkin ystdvyytemme on kestdanyt turhan harvoista ndkemisistd huolimatta.
Toivottavasti tulevaisuudessa yhteistd aikaa on enemmain. Kiitos Sonjalle mukavista
juttutuokioista Helsingissd projektin alkuvuosina. Tampereen THL:n 7. kerroksen
tyokavereita haluan kiittdd lukuisista naurunhetkistd tydskennellesséni heiddn kans-
saan vuoden ennen nykyisté ty6tini. Olitte mahtavia tyokavereita ©

Lopuksi haluan kiittdd perhettéini kirsivillisyydestd pitkdn projektin aikana. Ra-
kas mieheni Harri on hoitanut huushollia, kun olen itse istunut tietokoneella. Eemil
aloitti syksylld koulun, Ainosta on kasvanut 5-vuotias pikkuneiti ja villiviikari Okko
tayttdd tammikuussa kolme. Anteeksi lapset, ettd diti on liian usein vastannut pyyn-
toihinne ’Sitkun..”. Suuren suuri kiitos, Harri, ettd olet jaksanut kiukkuilujani kaikki
ndma vuodet ja olet ollut uskomattoman ihana isd lapsillemme. Rakastan teitd kaik-
kia suunnattoman paljon, ja vastedes lupaan viettid enemmin aikaa kanssanne ¥
’Nytkun’-eldmé voi alkaa!

Ylojarvelld, lokakuussa 2013

Hanna Koskinen
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Virkkunen H, Kauppinen T, Tenkanen L. Long-term effect of occupational noise on the risk of coronary heart
disease. Scand J Work Environ Health 2005;31(4):291-199.

Objectives The aim of the study was to investigate the short- and long-term effects of occupational exposure to
continuous and impulse noise on the risk of CHD.

Methods The effect of noise on CHD was studied among 6005 Finnish middle-aged industrially employed men
(part of the screeners in the Helsinki Heart Study) in a prospective 18-year follow-up study. The CHD end points
(codes 410-414 in the ninth revision of the International Classification of Diseases and codes 120-125 in the tenth
revision) were obtained from official Finnish registers. The Finnish job-exposure matrix FINJEM provided
estimates of the proportion of exposed persons and the mean level of exposure among those exposed by
occupation. The relative risks (RR) of CHD and the 95% confidence intervals (95% CI) for noise exposure were
calculated from Cox’s proportional hazard models with adjustment for some other risk factors of CHD.
Results The short-term (9-year follow-up) relative risk of CHD for the combined noise (continuous noise
exceeding 80 decibels and impulse noise) was 1.38 (95% CI 1.04-1.82), and the long-term (18-year follow-up)
RR was 1.54 (95% CI 1.28-1.86). For blue-collar workers the corresponding estimates were 1.11 (95% CI 0.82—
1.51) and 1.29 (95% CI 1.05-1.57). Adjustment for other relevant risk factors did not materially change the results.
Conclusions In our long-term follow-up of industrially employed men, exposure to noise, especially to impulse
noise, was associated with a moderate, but statistically significant increase in CHD risk that persisted even after

the workers had passed the age of retirement.

Key terms follow-up; Helsinki Heart Study; job-exposure matrix; longitudinal study; register linkage.

Noise is a common environmental and occupational el-
ement in today’s urban and industrialized societies. The
health effects of noise exposure have been widely stud-
ied for decades. In addition to its effect on hearing, noise
may cause psychological or mental strain, annoyance,
sleep disturbances, and impairment of performance, and
it may enhance the development of hypertension and
cardiovascular diseases (1-3). There is a multitude of
studies on the association between occupational noise
and blood pressure. In their review article, Stansfeld et
al (4) concluded that the findings to date suggest an as-
sociation between occupational noise and hypertension.
In a meta-analysis of studies published before 2000, van
Kempen et al (5) concluded that a significant increase in
systolic blood pressure was evident for occupational noise
exposure although there were also contrary findings. The
finding that the effect of noise exposure on blood pres-
sure depended on job complexity was considered to have
had some influence on the contrasting results (6).

1 Helsinki Heart Study, Helsinki, Finland.
2 University of Tampere, Tampere, Finland.

Even while hypertension is one of the principal risk
factors for coronary heart disease (CHD), few studies
have focused on the association between occupational
noise and CHD, and cohort studies in this domain are
especially scarce. In an 8-year follow-up of the CORDIS
study, Melamed et al (7) found a trend towards a posi-
tive association between baseline noise exposure and the
incidence of cardiovascular morbidity and mortality. In
a register-based follow-up study, Virtanen & Notkola
(8) studied cardiovascular mortality among employed
Finnish men and found that the most important occupa-
tional exposures were high workload, low control of
one’s own work, noise, and shift work. In both of these
studies the associations between noise exposure and car-
diovascular mortality were fairly weak, however.

In an attempt to cope with the annoyance caused by
noise, a person may smoke more or adopt worse eating
habits. Hypertension, high body-mass index (BMI), and
smoking may all contribute markedly to the development

3 Finnish Institute of Occupational Health, Helsinki, Finland.
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of CHD. In addition, as hypertension and BMI are part
of the metabolic syndrome (9), their presence suggests
that other factors of the syndrome like dyslipidemia,
may be present or are to be expected (10). When occur-
ring among persons exposed to environmental or occu-
pational noise, hypertension may be a signal of in-
creased susceptibility to CHD risk caused not only by
hypertension as such, but also by various other factors.
In the CORDIS study Melamed et al (11) found that
noise annoyance was associated with serum lipid levels
independently of the actual noise levels. This finding
points to the importance of individual sensitivity in the
association of noise with CHD risk factors.

Cardiovascular diseases have long been the leading
cause of death among Finnish men of working age (12—
14). The age structure of western industrialized popu-
lations has been—and is still—changing, so that the pro-
portion of retired people will continue to increase.
Whether or not the increased CHD risk due to occupa-
tional exposure will persist long after the person is no
longer exposed is a highly relevant question for an in-
creasing number of people. To our knowledge, no stud-
ies have thus far been carried out that have focused on
the delayed, postretirement effects of occupational ex-
posure to noise on risk of CHD.

The aim of our study was to estimate the short- and
long-term effects of occupational exposure to noise on
the risk of CHD. For that purpose, we followed a co-
hort of industrially employed middle-aged men attend-
ing the first screening visit for the Helsinki Heart Study
in 1982 (15). Information on the level of noise expo-
sure for the participants was obtained by linkage to the
FINJEM job-exposure matrix using the occupational code
as the key (16). The outcome variable in this 18-year
follow-up consisted of fatal or nonfatal coronary

Table 1. Noise exposure of the cohort members by occupational
category.

Prevalence of noise
exposure (%)

Occupational category N

Un- Conti- Both
ex- nuous types
pos- orim- of
ed pulse noises

noise
0-2 White-collar? 1664 100 .
3 Agriculture, forestry, commercial fishing 236 83.9 16.1
5 Transport and communications work 209 50.2 4938
6 Manufacturing and related work® 1835 24.8 437 315
7 Manufacturing and related work © 1929 30.1 69.8 0.1
Other 132 674 32.6

a( = technical, physical, science, social science, humanistic and artistic
work; 1 = administrative, managerial and clerical work; 2 = sales work.

® Fine mechanical work; iron and metalware work; electrical work; wood
work.

¢ Graphic work; glass, ceramic and clay work; chemical processing and
related work.
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events and was obtained by linkage to population-
based registers.

Study population and methods

Study population and follow-up via linkage to
population registers

The participants (N=6005) in our study were part of the
participants (N=18939) from the first screening visit for
the Helsinki Heart Study, a 5-year, randomized, dou-
ble-blind, placebo-controlled, primary prevention trial
of a lipid-lowering drug, gemfibrozil, on middle-aged
men (40-56 years at entry) (15). The participants for
the trial were selected via two successive screenings at
two government agencies and five industrial companies.
Those included in the trial had nonhigh-density lipopro-
tein cholesterol of 25.2 mmol/l. After the 5-year trial,
the participants (both the placebo and treatment groups)
were invited to continue with the use of gemfibrozil as
treatment until the end of 1995. About two-thirds of both
groups continued on gemfibrozil; in other words, 23%
of the participants in our present study were on gemfi-
brozil during the follow up.

In the present follow-up cohort, only industrially
employed participants were included. The group com-
prised the occupational categories of iron and metal
work, machine work in plants, woodworking, and chem-
ical process work (table 1). The occupational catego-
ries were based on the three-digit occupational code
used in the 1980 census, a Finnish version of the Nor-
dic Classification of Occupations of 1965, which was
obtained by record linkage with Statistics Finland. There
are 10 major occupational categories in this classifica-
tion. We considered classes 0, 1, and 2 to be white-col-
lar work and classes 3 to 9 to be blue-collar work. Most
(72.3%) of the participants were blue-collar workers.
The 40 men without an occupational code and 1 man
with an unsuitable occupation (miner) were excluded.
The four biggest occupational categories were paper and
cardboard mill workers, sawyers, forklift operators and
the like, and pulp mill workers.

The cardiac end points were obtained from the
Hospital Discharge Register (kept by the National Re-
search and Development Centre for Welfare and Health)
and the Register of Deaths (kept by Statistics Finland).
Several studies have found these registers to be accu-
rate enough for epidemiologic purposes in studies of
CHD (17, 18). Because of the long follow-up, the defi-
nition of CHD was based on codes 410—414 of the In-
ternational Classification of Diseases (ICD), 8th and 9th
versions for the years 1982—-1995 and 120-125 of the
10th version for the years 1996—1999.



The cohort was followed from 1982 to the end of
1999 with a mean follow-up time of 15.9 years. Because
of the long follow-up time, we have presented results
with progressively longer follow-ups (until the end of
1991, 1995 and 1999). During the follow-up until the
end of 1999 there had been 1166 cases of coronary
events, of which 164 were fatal.

Linkage to the job-exposure matrix for estimates of
noise exposure

FINJEM is a multipurpose information system that cov-
ers major occupational exposures occurring in Finland
since 1945 (16). Agents, occupations, and calendar pe-
riods are the basic dimensions by which exposure is as-
sessed. Exposure is characterized by the proportion of
exposed (prevalence P) and the mean level of exposure
among the exposed (level L) by occupation and period.
The exposure estimates of the matrix are based on the
judgment of some 20 experts from the Finnish Institute
of Occupational Health. The bases for the estimates, def-
initions of agents, and measurement or survey data are
documented in the FINJEM database.

In this study exposures to continuous and impulse
noise from the period 1985-1994 were used. Impulse
noise refers to noise that includes such high noise peaks
that the equivalent noise dose in decibels underestimates
the risk of noise-induced hearing loss. The prevalence
and level were linked to the cohort data with the use of
the three-digit occupational code. The prevalence for
both types of noise exposure was assessed only qualita-
tively (either 0% or 100%) so that, in the analyses, only
the mean level of exposure was needed to quantify the
exposure. The occupation-specific mean levels were based
on data on noise measurements included in the NoiseS-
can database (19) of the Finnish Institute of Occupation-
al Health. For continuous noise only exposures of 80
dB or more were reported, and people exposed to noise
levels of 0—79 dB were considered to be unexposed. The
mean level of the noise exposure was 80-100 dB for
2958 (49.3%) men, and 580 (9.7%) men were assigned
as exposed to impulse noise. All of the men exposed to
impulse noise were employed in manufacturing and re-
lated work (table 1). None of the white-collar workers
were considered to be exposed to noise.

In the analyses, the noise variable was divided into
the following three classes (1 = unexposed, 2 = exposed
to 80-85 dB, 3 = exposed to >85 dB), and impulse noise
was divided into two classes [1 = 0 (unexposed), 2 = 1
(exposed)]. If the participant was exposed to impulse
noise, he was also exposed to continuous noise. The
combined noise variable consisted of three classes (1=
unexposed, 2 = exposed to continuous noise, 3 = ex-
posed to continuous and impulse noise).
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Exposure estimates of perceived physical workload
and standing work from the period 1985-1994 were
used. Perceived physical workload consisted of tasks in
which the whole body was exerted in dynamic muscu-
lar work. Leisure time was not included. Standing work
consisted of work done in a standing position. The pos-
ture of the trunk could vary. Leisure time was not in-
cluded. The data on perceived workload and standing
work originated from a national interview survey car-
ried out in 1990. In the analyses the measure of expo-
sure used was the product of the prevalence and the lev-
el.

Blood pressure, serum lipids and some lifestyle factors

Blood pressure was recorded from the right arm during
the first screening visit using calibrated mercury sphyg-
momanometers with cuffs measuring 12 x 40 cm. The
measurement was carried out with the participant in a
sitting position before the blood sample was taken.
Height was recorded to the nearest centimeter without
shoes, and weight was recorded to the nearest kilogram,
the participant wearing only light indoor clothing. Body
mass index (BMI) was calculated as weight (kilograms)
divided by height squared (meters?). The lipid measure-
ments in this lipid modulation trial have been described
in detail elsewhere (15).

Smoking habits were recorded by questionnaire at
the beginning of the study (daily consumption of ciga-
rettes), and a dichotomous variable (current smokers,
nonsmokers) was used in the analyses. Ex-smokers were
coded as nonsmokers.

Statistical analysis

The means of the systolic and diastolic blood pressure,
the BMI, and the total serum cholesterol and the smok-
ing percentages were used to compare possible differ-
ences between the groups for the combined noise vari-
able. To test the trend in the means, we used an analy-
sis-of-variance trend test for the continuous variables
and the Cochran-Armitage trend test for the categorical
variable.

To study the effect of noise exposure, we used Cox’s
proportional hazards models. Continuous noise was di-
vided into three classes, impulse noise into two classes,
and combined exposure to noise into three classes. To
evaluate the possible mediating or confounding effect
of other CHD risk factors, we added them to the model.

On entering the study, the men were 40-56 years of
age, and at the end of the study they were 57-73 years
of age. As the follow-up was long enough to allow for
most of the participants to be retired before the end
point, different follow-up times were used to study
whether aging (retirement of participants) had an effect
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on CHD risk. The analyses were performed using the
statistical packages Egret for Windows (Cytel Software
Corporation, Cambridge, MA, USA) and SPSS 12.0.1
for Windows (SPSS Inc, Chicago IL, USA).

Results

Noise and some risk factors for coronary heart disease

The groups formed by categories of combined noise
showed progressively increasing mean levels of systol-
ic blood pressure and total serum cholesterol with an
increasing level of noise among all of the workers (ta-
ble 2). For those exposed to both types of noise, the
mean level of systolic blood pressure was 142.0 mm Hg
compared with 139.3 mm Hg for those unexposed to
noise. The respective mean levels of the total serum cho-
lesterol were 6.5 mmol/l and 6.3 mmol/l. The same trend
was also present for the mean levels of BMI, but not
for the mean levels of the diastolic blood pressure. For
the blue-collar workers, a statistically significant trend
was found only for total serum cholesterol. The great-
est differences were found for smoking in both groups
of workers. There were 38.1% smokers among the
workers exposed to both types of noise compared with
29.4% among the unexposed workers (32.0% among
unexposed blue-collar workers).

Continuous and impulse noise and the risk of coronary
heart disease

The relative risk (RR) of CHD for all of the workers
exposed to a continuous noise level of >85 dB was sig-
nificantly increased for all of the follow-up times (table
3). Compared with the relative risk of the unexposed

men, those of all the workers were 1.45 (P<0.01), 1.42
(P<0.01), and 1.48 (P<0.01) when they were followed
to the end of 1991, 1995 and 1999, respectively. For the
blue-collar workers, the risks were somewhat smaller,
and that for the shortest follow-up was not significant.
In both worker groups the relative risks showed a clear
dose-response pattern for all of the follow-up times.
Impulse noise was a significant risk factor for all of the
workers when they were followed to the end of 1995 or
1999. When they were followed to the end of 1999, the
relative risk was 1.34 (P<0.01).

The combined noise was a significant risk factor for
all of the follow-up times (table 4). Those exposed to
both continuous and impulse noise had relative risks of
1.38 (P=0.03), 1.47 (P<0.01), and 1.54 (P<0.01) for
CHD when compared with those unexposed to noise. If
age alone was added to the model, the risk estimates
(1.34, 1.44, and 1.51) were still statistically significant.
Adding systolic blood pressure to the model changed the
estimates slightly (1.29, 1.38, and 1.46). When BMI,
smoking, and total serum cholesterol were added to the
model, combined noise exposure remained a significant
risk factor for the 1995 and 1999 follow-up times. When
adjusted for perceived physical workload, the results
were similar to those when age and systolic blood pres-
sure were added to the model. Adjustment for standing
work did not materially change the risk estimates; for
example, in the follow-up until the end of 1999, the rel-
ative risk for those exposed to both continuous and im-
pulse noise was 1.55 (95% CI 1.29-1.87) versus 1.54
(95% CI 1.28-1.86) with no adjustment. However, the
greatest effect on the relative risks shown in table 4 was
found when adjustment was made for white- and blue-
collar work—a crude proxy for social class. For exam-
ple, in the follow-up until the end of 1999, the adjusted
relative risks for noise in the group of all workers were 1,
1.13 (95% CI1 0.97-1.30), and 1.28 (95% CI 1.05-1.57).

Table 2. Systolic and diastolic blood pressure, body-mass index (BMI), total serum cholesterol, and smoking according to the noise
variables for all workers and the blue-collar industrial employed workers.

Worker group Systolic blood Diastolic blood BMI Total serum Smoking
pressure (mmHg) pressure (mmHg) (kg/m?) cholesterol (mmol/l) (yes)
N Mean SD N Mean  SD N Mean SD N Mean SD N %
All workers
No noise 3047 139.3 16.5 3047 89.9 1041 3046  26.1 3.0 3043 6.3 1.2 3043 294
Continuous noise only 2378 1415 17.0 2378 904 10.2 2378 265 3.1 2377 6.3 1.1 2377 337
Both noise types? 580 142.0 173 580 90.6 10.3 580 264 3.2 580 65 1.2 580 38.1
Test for trend P<0.01° P=0.13" P=0.01° P<0.01® P<0.01°
Blue-collar workers
No noise 1383 141.2 16.7 1383 90.8 10.1 1383 264 3.1 1382 6.4 1.2 1383 32.0
Continuous noise only 2378 1415 17.0 2378 904 10.2 2378  26.5 3.1 2377 6.3 1.1 2377 33.7
Both noise types? 580 142.0 17.3 580 90.6 10.3 580 264 3.2 580 65 1.2 580 38.1
Test for trend P=0.38" P=0.74"° P=0.92 P=0.01° P=0.01¢

@ Both continuous and impulse noise.
b Analysis-of-variance trend test (linear trend).
¢ Cochran-Armitage trend test.
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Table 3. Continuous and impulse noise as predictors of coronary heart disease (CHD) risk among all of the industrially employed men
and the blue-collar group for different follow-up times. (RR = relative risk, 95% Cl = 95% confidence interval)

Noise type All workers Blue-collar workers
N  CHDevents RR2 95% Cla  P-value® N  CHDevents RR? 95% Cl@ P-value®
Continuous
Follow- up in 1991
Unexposed 3047 237 1 . . 1383 132 1 . .
80-85 dB 1721 173 1.32  1.08-1.60 0.01 1721 278 1.06 0.85-1.33 0.60
> 85 dB 1237 137 145 1.18-1.79 <0.01 1237 206 1.17 0.92-1.49 0.19
Follow-up in 1995
Unexposed 3047 369 1 . . 1383 193 1 . .
80-85 dB 1721 278 1.37  1.18-1.60 <0.01 1721 278 1.17 0.98-1.41 0.09
>85 bB 1237 206 142 1.20-1.69 <0.01 1237 206 1.22 1.00-1.48 0.05
Follow-up in 1999
Unexposed 3047 509 1 . . 1383 271 1 . .
80-85 dB 1721 365 132 1.16-1.51 <0.01 1721 278 1.10 0.94-1.29 0.23
>85 bB 1237 292 148 1.28-1.71 <0.01 1237 206 1.23 1.05-1.46 0.01
Impulse
Follow-up in 1991
Unexposed 5425 486 1 . . 3761 381 1 . .
Exposed 580 61 119  0.91-1.55 0.21 580 61 1.04 0.79-1.36  0.77
Follow-up in 1995
Unexposed 5425 753 1 . . 3761 577 1 . .
Exposed 580 100 1.27  1.03-1.56 0.03 580 100 1.13 0.92-1.40 0.25
Follow-up in 1999
Unexposed 5425 1024 1 . . 3761 786 1 . .
Exposed 580 142 134 1.12-160 <0.01 580 142 1.19 1.00-1.42 0.06

2 Derived using a Cox proportional hazards model.

Table 4. Combined noise variable as a predictor of coronary heart disease (CHD) risk among all of the industrially employed men and the
blue-collar group for different follow-up times. (RR = relative risk, 95% Cl = 95% confidence interval, BMI =body mass index)

Worker group N CHD Unadjusted Adjusted
events
Age & systolic Age, systolic blood pres- Perceived physical
blood pressure sure, total serum choles- workload

terol, smoking & BMI

RR2 95% Cl2 P-valuez RR® 95% Cl2 P-value® RR2 95% Cl? P-value® RR2 95% Cl? P-value?

All workers
Follow- up in 1991
No noise 3047 237 1 . . 1 . . 1 . . 1 . .
Continuous noise 2378 249  1.37 1.15-1.64 <0.01 1.31 1.10-1.56 <0.01 1.27 1.06-1.52 0.01 1.31 1.09-1.58 <0.01
Both noise types® 580 61 1.38 1.04-1.82 0.03 129 0.97-1.70 0.08 1.16 0.88-1.54 0.30 1.29 0.97-1.72 0.08
Follow-up in 1995
No noise 3047 369 1 . 1 . . 1 . 1 .
Continuous noise 2378 384 1.37 1.19-159 <0.01 1.31 1.14-1.52 <0.01 1.28 1.11-1.48 <0.01  1.34 1.15-1.55 <0.01
Both noise types® 580 100 1.47 1.18-1.84 <0.01 1.38 1.11-1.73 <0.01 126 1.01-1.58 0.04 1.41 1.13-1.78 <0.01
Follow-up in 1999
No noise 3047 509 1 . 1 . . 1 . 1 .
Continuous noise 2378 515 1.35 1.19-153 <0.01 1.29 1.15-1.46 <0.01 1.27 1.13-1.44 <001 1.30 1.14-1.48 <0.01
Both noise types® 580 142 154 1.28-1.86 <0.01 146 1.21-1.76 <0.01 1.35 1.12-1.62 <0.01 1.46 1.20-1.77 <0.01
Blue-collar workers
Follow- up in 1991
No noise 1383 132 1 . . 1 . . 1 . . 1 . .
Continuous noise 2378 249 1.11 0.90-1.37 0.34 1.11 0.90-1.38 0.32 113 0.92-1.40 0.25 1.10 0.89-1.36 0.38
Both noise types® 580 61 1.11 0.82-1.51 049 110 0.81-1.48 0.56 1.04 0.77-1.41 079 1.09 0.80-1.48 0.58
Follow-up in 1995
No noise 1383 193 1 . . 1 . . 1 . . 1 . .
Continuous noise 2378 384 1.17 0.99-140 0.07 1.18 0.99-1.40 0.06 119 1.00-1.42 0.04 1.17 0.98-1.39 0.08
Both noise types® 580 100 1.26 0.99-1.60 0.06 1.24 0.98-1.58 0.08 1.18 0.93-1.51 017 1.25 0.98-1.59 0.08
Follow-up in 1999
No noise 1383 271 1 . . 1 . . 1 .
Continuous noise 2378 515 1.13 0.97-1.30 0.11 113 0.98-1.31 0.10 1.15 0.99-1.33 0.07 1.12 0.97-1.30 0.14
Both noise types® 580 142  1.29 1.05-1.57 0.02 1.28 1.04-1.56 0.02 0.99-1.49 0.06 1.27 1.03-1.55 0.02

2 Derived using a Cox proportional hazards model.
b Both continuous and impulse noise.
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It should be noted that these estimates were very close to
those obtained for the blue-collar workers (table 4). This
finding was to be expected since the white-collar work-
ers were not at all exposed to occupational noise.

Among the blue-collar workers, the combined noise
exposure was a significant risk factor only when the fol-
low-up lasted to the end of 1999. In this case, those ex-
posed to both types of noise had a relative risk of 1.29
(P=0.02) as compared with those who were unexposed.
The relative risk (RR 1.22) was almost statistically sig-
nificant (P=0.06) even when all the covariates (age,
systolic blood pressure, total serum cholesterol, smok-
ing, and BMI) were added to the model. Adjustment for
perceived physical workload or standing work did not
essentially change the estimates.

Effect of gemfibrozil treatment on the association
between noise and coronary heart disease

Adjustment for gemfibrozil did not essentially change
the risk estimates for the noise levels. However, when
we made a separate analysis for this small, dyslipidem-
ic group that was receiving treatment, the point esti-
mates for the relative risks at the subsequent noise lev-
els were 1.00, 1.53, and 1.28 compared with the unad-
justed values of 1.00, 1.37, and 1.47 in the all-partici-
pant group during the same follow-up until the end of
1995. A similar drop in risk for the combined noise level

was found when age, systolic blood pressure, total se-
rum cholesterol, and BMI were adjusted for (table 4).

Does the effect of noise on the risk of coronary heart
disease persist after retirement?

The age range of the participants was 40-56 years at
the beginning of the study, and at the end of the study it
was 57-63 years. The median age of retirement for Finn-
ish workers (eg, in 1996) was 60.1 years (20), and the
obligatory age of retirement was 65 years. To study the
carry-over effect of noise exposure on those who had
retired, we restricted the follow-up of the participants to
start from when they turned 60 or 63 years of age.

For both the blue-collar workers and all of the work-
ers combined, the risk estimates were higher for the old-
er population (table 5). In the group of all workers the
relative risk for combined noise was 1.50 (P<0.01, ad-
justed for age, systolic blood pressure, BMI, total se-
rum cholesterol, and smoking), and for the blue-collar
workers the corresponding risk was 1.31 (P=0.08) when
followed from the age of 60 years. However, in both
groups, only those exposed to the combination of con-
tinuous and impulse noise had an increased CHD risk,
not those exposed to continuous noise only. When the
workers were followed from the age of 63 years, the
corresponding risks were 1.89 (P<0.01) and 1.53

Table 5. Combined noise variable as a predictor of risk for 60-year-old and 63-year-old men among all the industrially employed men
and the blue-collar group. (RR = relative risk, 95% Cl = 95% confidence interval)

Follow-up N CHD Unadjusted Adjusted
in 1999 events
Age Age & systolic Age, systolic
blood pressure blood pressure,
total cholesterol,
smoking & body
mass index
RR? 95% Cl2 P-value®  RR?  95% Cl2P-value? RR? 95% Cl2 P-value*  RR? 95% Cl2P-value?
From 60 years of age
All workers
No noise 2197 217 1 . . . . 1 . . 1 . .
Continuous noise 1671 194  1.15 0.95-1.40 0.15 0.95-1.40 0.15 4 0.94-1.38 0.19 5 0.95-1.40 0.16
Both noise types® 418 64 1.60 1.21-2.11 <0.01 1.21-2.11 <0.01 6 1.18-2.06 <0.01 0 1.14-1.99 <0.01
Blue-collar workers
No noise 1019 120 1 . . 1 . . 1 . . 1 . .
Continuous noise 1671 194  0.97 0.77-1.22 0.79 097 0.77-1.22 0.78 0.97 0.77-1.22 0.78 1.00 0.80-1.26 0.98
Both noise types® 418 64 1.35 0.99-1.82 0.05 1.34 0.99-1.82 0.06 1.33 0.98-1.80 0.07 1.31 0.97-1.78 0.08
From 63 years of age
All workers
No noise 1513 138 1 . . . . 1 . . 1 . .
Continuous noise 1173 121 1.13 0.88-1.44 0.33 0.88-1.44 0.33 12 0.87-1.42 0.38 14 0.89-1.46 0.29
Both noise types® 291 47  1.89 1.36-2.63 <0.01 1.36-2.63 <0.01 4 1.32-2.56 <0.01 2 1.31-2.54 <0.01
Blue-collar workers
No noise 716 79 1 . . 1 . . 1 . . 1 . .
Continuous noise 1173 121 0.91 0.69-1.21 0.52 091 0.69-1.21 0.52 0.91 0.69-1.21 053 0.96 0.72-1.27 0.75
Both noise types® 291 47  1.53 1.06-2.19 0.02 1.53 1.06-2.19 0.02 151 1.05-2.17 0.03 1.53 1.06-2.19 0.02

a Derived using a Cox proportioned hazards model.
b Both continuous and impulse noise.
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(P=0.02), respectively. It is noteworthy that the corre-
sponding estimates for the long-term follow-up of the
whole cohort were 1.35 (P<0.01) and 1.22 (P=0.06) (ta-
ble 4).

Discussion

The results of our 18-year follow-up study of an indus-
trial cohort showed that CHD risk was moderately but
consistently elevated by occupational noise exposure
exceeding 80 dB and that the relative risks showed a
clear dose-response pattern with increasing levels of
noise exposure. Furthermore, the point estimates of the
relative risks were higher when the follow-up time was
extended to the end of 1999, and it was even higher
when the follow-up was limited to start when the par-
ticipants had reached the age of 60 years. The risk thus
seemed to persist even when the participants were 60
to 73 years of age (ie, when most of them were retired).
The estimates for the CHD risk associated with the ex-
posure to continuous and impulse noise varied between
1.22 (P=0.06) and 1.54 (P=0.001) depending on the ref-
erence group used and the covariates adjusted for.

Problems with an appropriate reference group with
respect to occupational class and noise exposure

When studying the effect of noise exposure on mean
levels of lifestyle factors and blood pressure in a cross-
sectional situation or when studying longitudinally its
effect on CHD risk, we analyzed the data both as an
entity and separately among blue-collar workers. As
seen in table 2, all of the white-collar workers belonged
to the unexposed group so that their inclusion or exclu-
sion had an impact on the reference group and thereby
on the relative risks. All of the differences between the
groups of unexposed and exposed to both types of noise
were greater if the white-collar workers were included
in the study population; the difference was found both
when the means of the lifestyle factors or the CHD risks
were studied. It is evident that factors other than noise
exposure may contribute to the differences in lifestyle
factors and CHD risk between white-collar and blue-
collar workers, and it would thus be reasonable to re-
strict the analysis to blue-collar workers only. Howev-
er, the cut-off point for noise exposure was set at 80 dB,
and it is probable that the unexposed blue-collar group
actually entailed more noise exposure than the white-
collar group and thus formed a less optimal reference
group due to poorer exposure contrast. The “true” rela-
tive risk of CHD may therefore lie somewhere between
the estimates obtained when first the all-participant
group was analyzed and then the blue-collar group.
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Confounders or mediators of effect with respect to
blood pressure and lifestyle factors

Blood pressure, BMI, total cholesterol, and smoking
were all more or less closely related to noise exposure
in our study, and they are also classic risk factors for
CHD. On the one hand, they are thus potential con-
founders for the noise—-CHD association and should be
adjusted for. On the other hand, there prevails a fairly
high consensus concerning the effect of noise on blood
pressure (hypertension) (21), and the hypothesis that at
least hypertension, but possibly also lifestyle factors,
also mediate the effect of noise on CHD risk seems plau-
sible. Therefore adjustment for them may lead to over-
control (22) and should be avoided, unless the aim of
the adjustment was to see what part of the effect goes
through the covariate in question. Faced with the ques-
tion “confounders or mediators of effect” we would an-
swer “both”, especially when the study group consisted
of both white-collar and blue-collar workers. We pre-
sented different adjustments to enable comparisons (ta-
ble 4). For example, perceived physical workload is re-
lated to noise exposure and may itself be a risk factor
for CHD, representing thus a putative confounder. When
added to the model, it decreased the risk estimates ap-
proximately to the same degree as age and systolic blood
pressure together. The greatest decrease in the risk esti-
mates was found—also among the blue-collar work-
ers—when age and the factors related to the metabolic
syndrome, systolic blood pressure, BMI and smoking,
and total serum cholesterol were simultaneously added
to the model. We can speculate that this finding signals
that a considerable part of the noise—CHD effect goes
through the noise—stress—metabolic syndrome pathway
(23-25).

In this context, it is interesting to compare the re-
sults from our long-term follow-up of the elderly par-
ticipants with the findings of Melamed et al (7), who
found that annoyance caused by noise was associated
with serum lipid levels independently of the actual noise
levels and that the effect of noise exposure on blood
pressure depended on job complexity (6). In our long-
term follow-up among the elderly, noise was a risk fac-
tor only if it involved impulse noise. It seems plausible
that especially that kind of noise is annoying and dis-
turbing. The finding that the relative risk of the group
with exposure to both continuous and impulse noise was
considerably decreased when the factors related to the
metabolic syndrome were added to the model also sup-
ports the hypothesis that the effect of noise on CHD risk
goes via the development of the metabolic syndrome.
Similarly, the finding that the relative risk of the corre-
sponding group of those treated with gemfibrozil was
only 1.28 versus 1.54 for the all-participant group leads
to the same conclusion, as gemfibrozil is known to
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decrease CHD risk, especially among those with meta-
bolic syndrome (26). However, the possibility remains
that the decrease in CHD risk due to noise exposure was
partly due to the elimination of the effect of confound-
ing factors.

Role of occupational noise among other occupational
risk factors for coronary heart disease

In their study on the work environment of Danish shift
and day workers, Boggild et al (27) observed that a high
proportion of shift workers was exposed to several oth-
er occupational risk factors, for example, noise, heat,
and physical workload in addition to various psychoso-
cial factors. They expressed the concern that “The pos-
sibility remains that shift work acts as a proxy for
other work-related risk factors for CVD and that the risk
of shift work is explained by these other risk factors [p
98]”. Obviously, the reasoning may also be reversed,
and we can ask whether the risk associated with noise
exposure could be explained by, for example, physical
workload or shift work. Indeed, in our study, part of the
risk associated with noise exposure was explained by
concurrent physical workload, but the workload did not,
by any means, explain all of it.

Our data did not include information on shift work,
but in another ongoing study on the joint effects of shift
work and occupational noise on the risk of CHD, we
used a subpopulation of the currently used population,
and, for these workers, information on shift work was
available. In that study we divided the data according
to the four groups of shift—,noise—; shift—,noise+;
shift+,noise—; and shift+,noise+ and compared the risks
in these groups. We found that exposure to continuous
and impulse noise involved a significantly increased
CHD risk even without shift work and even when only
blue-collar workers were included in the analysis.

Strengths and limitations of the study

The design of our study has both strengths and weak-
nesses. Among the strengths, we can note that it is a fol-
low-up study of a well-defined, large industrial popula-
tion with relevant background variables available. The
information on noise exposure was obtained from the
FINJEM, a job-exposure matrix constructed by indus-
trial hygienists based on Finnish data. The matrix evi-
dently does not provide exposure information on an in-
dividual level, but only information for the occupation-
al group in question. In large-scale studies it would,
however, be impossible to follow the exposure of each
participant (16). The effect of group-based exposure in-
formation is that the exposed group may contain unex-
posed persons (and vice versa), and this situation may
tend to mask the actual risk. The outcome variable
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(CHD) was obtained from Finnish population registers,
which are known for their reliability (17, 18).

One drawback of our study was that we had only
cross-sectional information on explanatory variables
such as occupation and blood pressure. The occupational
categories were based on the three-digit occupational
code used in the 1980 census. However, the stability for
most of the occupations was so high that cross-section-
al information on occupation represents life-long occu-
pational history fairly well (28). This situation is espe-
cially true for aged populations, in which the turnover
between occupations is low. Another drawback was that
we did not have the years of exposure available for the
analysis and, especially, the year of retirement. In any
case, about half of the participants were 65-73 years of
age at the end of the study. During the last 5 years of
the follow-up, a considerable proportion of the study
population must have retired and therefore was removed
from occupational exposure. One could expect that this
situation would result in a flattening of the pattern of
risk, particularly in the follow-up analysis of those aged
>60 years. The results, however, showed even higher
risk estimates for the elderly, suggesting thus that CHD
risk persists several years after the end of occupational
noise exposure.

One measurement of blood pressure is generally
considered insufficient for predicting the future devel-
opment of blood pressure or the risk of CHD. The rath-
er small change in the risk estimate for noise when
systolic blood pressure was added to the model can be
explained by the incompleteness of this variable rather
than by the lack of importance.

In conclusion, in our long-term follow-up of indus-
trially employed men, occupational exposure to noise,
especially to impulse noise, was associated with a mod-
erate, but statistically significant increased risk of CHD
that persisted even when the workers had passed the age
of retirement.
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Background: Shift work, noise, and physical workload are very common occupational exposures and they
tend to cluster in the same groups of workers.

Objectives: To study the short and long term effects of these exposures on risk of coronary heart disease
(CHD) and to estimate the joint effects of these factors.

Methods: The study population in this prospective 13 year follow up study of 1804 middle aged
industrially employed men was collected at the first screening for the Helsinki Heart Study. The CHD end
points (ICD-9 codes 410-414 and ICD-10 codes 120-125) were obtained from official Finnish registers.
The Finnish job-exposure matrix FINJEM provided information on occupational exposures. Relative risks
(RR) of CHD for the exposures were estimated using Cox’s proportional hazard models adjusting for
classical risk factors of CHD.

Results: The RR in the five year follow up for continuous noise combined with impulse noise was 1.28; for
shift work it was 1.59, and for physical workload 1.18, while in the 13 year follow up the RRs were 1.58,
1.34, and 1.31, respectively. When adjusted for white-collar/blue-collar status the RRs decreased
markedly. The RR in the 13 year follow up for those exposed to two risk factors was close to 1.7 and for
those exposed to all three, 1.87.

Conclusion: Shift work and continuous noise entailed an excess risk for CHD in the shortest follow up with
only a few retired workers but a decreasing risk during the longer follow up. For physical workload and
impulse noise the trend was opposite: the CHD risk was increasing with increasing follow up time despite
increasing numbers of retired workers.

trialised societies. Among workers in the European

Community, the average number who worked night
and shift was 17% in 2000." In Finland, where 23% worked in
shifts,' the frequency of 2- and 3-shift work has increased,
especially in industry, from 26% in 1984 to 36% in 2003.?
Different kinds of work schedules and irregular working
hours have various effects on an individual’s health,
performance, and wellbeing.” Shift work may also be related
to increased mortality.* * It has been estimated that approxi-
mately 10-20% of shift workers fail to adjust.®

The coronary heart disease (CHD) risk due to shift work
has been extensively studied for decades with both positive
and negative findings.”' In their review, Boggild and
Knutsson concluded that on balance shift workers were
found to have a 40% increase in CHD risk.” Meanwhile, a
somewhat later 22 year follow up study found no excess risk
of CHD associated with shift work.® In a later paper on the
work environment of Danish shift and day workers, Boggild
and colleagues’ elaborate on the issue. They found that shift
work was commonly associated with other work environ-
ment factors shown to be related to CHD, and they raised the
question whether shift work could be acting as proxy for
other work environment exposures. Indeed, shift work,
occupational exposure to noise, and physical workload
constitute a triad of factors that tend to cluster in the same
groups of workers; they have all been identified as CHD risk
factors," but none of them uniformly in all studies, leaving
the true culprit’s identity open.

Like shift work, occupational noise is also a very common
exposure—it has been estimated that in 2002 about 18% of
the Finnish work force was exposed to noise level >80 dB
and about 8% to noise level >85 dB." In a recent Danish
study on noise exposure in some high risk industries, Kock

N ight work and shift work are unavoidable in indus-

www.occenvmed.com

et al found that about 50% of the workers were exposed to
more than 85 dB(A)."”” The associations of both environ-
mental and occupational noise exposure with CHD risk
factors have been studied for decades, yielding both positive
and negative findings. In their meta-analysis, van Kempen
and colleagues" concluded that this relation between noise
exposure and ischaemic heart disease is still inconclusive.
However, after this meta-analysis Davies et al performed a
large CHD mortality follow up of Canadian lumber mill
workers with different levels of exposure to noise." They
found an exposure-response trend with an RR of 1.5 in the
highest exposure group. In our previous study based on a
larger population than the present one, we found a
significant excess risk of CHD, ranging from 25% to 60%,
depending on the length of follow up time and reference
group used.” The CHD risk of the workers exposed to noise,
especially impulse noise, persisted even when most of the
cohort was retired and thus no longer exposed to occupa-
tional noise.

Physical activity is a well known protective factor in
cardiovascular diseases (CVD) and in all-cause mortality."
Not only leisure time but also occupational physical activity
were found to reduce CVD and all-cause mortality.'”” On the
other hand, high physical workload was found to be a risk
factor in all-cause and CVD mortality." In a register and job
exposure matrix based study on cardiovascular mortality
among Finnish males, it was found that the most influential
job exposures were high workload, low control, noise, and
shift work."”

In contrast to psychosocial factors, physical workload,
noise, and shift work form a true triad of ““hard” occupational

Abbreviations: BMI, body mass index; CHD, coronary heart disease;
HHS, Helsinki Heart Study; RR, relative risk
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risk factors. For preventive purposes it would be important
to know not only their independent effects—if any—but also
their joint effects. As far we know, there are no
studies exploring the joint effects on CHD risk inside this
triad. In addition, does the increased risk persist, even
when there is no more exposure, or will it disappear as in case
of smoking and CHD risk, where the considerable excess
risk decreases when a person stops smoking?* This is a
new and pragmatic view when evaluating occupational
risks, and will be relevant for a growing number of older
workers.

The aim of the present study was to compare the short
term and long term effects of occupational exposures to
noise, physical workload, and shift work on risk of CHD
among industrially employed men. Secondly, we evaluated
the joint effect of these exposures and also studied the
persistence of this effect with increasing follow up time—that
is, increasing age of the worker.

METHODS

Study population and follow up via linkage to
population registers

The subjects were selected from among the participants of the
first screening visit for the Helsinki Heart Study (HHS), a five
year randomised, double blind, placebo controlled primary
prevention trial of gemfibrozil, a lipid lowering drug, in
middle aged men (aged 40-55 vyears at entry).” The
participants for the trial were selected via two successive
screenings at two government agencies (n =12 893) and five
industrial companies (n = 6046). All those with non-HDL
cholesterol below 5.2 mmol/l were excluded, as were those
who had CHD or any other major illness. However, a low
cholesterol control group was formed by randomly selecting
every seventh participant from those not fulfilling the
inclusion criteria. A second control group was formed from
those participants with non-HDL cholesterol above 5.2 mmol/l
at the first screening, but below 5.2 mmol/l at the second
screening. Those who fulfilled the lipid criterion at both
screenings, but had evidence of CHD, were included in a
secondary prevention trial. After the double blind trial all
trial participants were offered free gemfibrozil until the end
of 1995.

In the present follow up cohort, only participants employed
in industry were included (fig 1). At the end of the trial in
1986-87, a psychosocial questionnaire was sent to all those
who participated in the primary and the secondary trials,
and also to those in both control groups. The response rate
was 70% (n=1947) for the industrial group. After the
exclusion of those with missing information on occupation
or shift work status and a small group of part-time and
night workers, the study group comprised 1804 men. Of
these, 46.9% had never been on gemfibrozil, 31.5% had been
on gemfibrozil either during the double blind trial or
thereafter, and 21.6% continued medication after the double
blind trial.

Among the participants were 344 men who were already
retired when completing the questionnaire. However, we
decided to include all subjects in the study because of
examining the long term effects. The average age of
retirement in Finland is 59 years,”” and at the end of 1999
there were, if alive, 91.0% of men 59 years or older.

The cardiac end points were obtained from the Hospital
Discharge Register (kept by the National Research and
Development Centre for Welfare and Health) and the
Register of Deaths (kept by Statistics Finland). Several
studies have found these registers to be accurate enough
for epidemiological purposes in studies on CHD.” ** Because
of the long follow up, definition of CHD was based on codes
410-414 of the International Classification of Diseases (ICD),

First screening

|
| 6?46 | 1982
Second screening
|
| 2332
\
Double-blind trial
Gemfibrozil  Placebo Control g2 Control g1
| 818 || 812 | | 4o | | 763 |
\ \ \
| Psychosocial questionnaire |
\
Free gemfibrozil (—1995) 1987-88
\ \
Gemfibrozil No drug Control g2 Control g1
Continued Started Stopped  Never
389| [408| [161] [136] | 226 | | 484 |
Register follow-up 1999
Figure 1

Numbers of industrially employed participants in different
phases of the Helsinki Heart Stud))l/.

8th and 9th version for the years 1982-95 and 120-125 of the
ICD, 10th version for the years 1996-99.

The cohort was followed up from 1987-88 to the end of
1999 with a mean follow up time of 10.6 years. Due to the
long follow up time we present results with progressively
longer follow ups: to the end of 1991, 1995, and 1999. Until
the end of 1999 there were 344 cases of coronary events, of
which 45 were fatal.

Shift work status and occupation

Shift work was recorded in the questionnaire on the
following 6-point item: day work, part-time work, 2-shift
work, 3-shift work, irregular work, and night work. In the
analyses a dichotomised variable was used (day work, shift
work—all combined). Irregular shift systems, with variation
in the number and sometimes also the length of the
consecutive morning, evening, and night shifts, were a
minority in this sample. The 14 men working part-time, 2
men working nights, and 117 men without shift work
information were excluded.

Occupational information was based on the 3-digit
occupational code used in the 1980 census—a Finnish
version of the Nordic Classification of Occupations of
1965.” This information was obtained by record linkage with
Statistics Finland. The linkage was based on Personal
Identification Numbers. There are 10 major occupational
classes. We considered classes 0, 1, and 2 as white-collar
work and classes 3 to 9 as blue-collar work. The four largest
blue-collar occupational categories were paper and board
mill workers, sawyers, forestry supervisors, and forklift
operators etc. Forty four per cent of the white-collar
workers were technicians in chemical or mechanical engi-
neering or technicians working in other branches of
engineering. The 10 men without an occupational code were
excluded.

In this industrial study population, 71.0% of the partici-
pants were blue-collar workers. Among the blue-collar
workers, 48.2% were shift workers, compared with only
9.0% of the white-collar workers. Most of the participants in
the shift work groups (93.8%) had held their jobs for more
than five years.

www.occenvmed.com
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Linkage to FINJEM to obtain estimates of exposure to
noise or perceived physical workload

FINJEM is a multipurpose information system which covers
major occupational exposures occurring in Finland since
1945.>° Agents, occupations, and calendar periods are the
basic dimensions by which exposure is assessed. Exposure is
characterised by the proportion of exposed (P) and the mean
level of exposure among the exposed (L) by occupation and
period. The exposure estimates are based on the judgement of
about 20 experts at the Finnish Institute of Occupational
Health. The grounds for estimates, definitions of agents, and
measurement/survey data are documented in the FINJEM
database.

In this study exposures of continuous and impulse noise
are used for the period 1985-94. The latter is occupational
exposure to noise entailing such impulse that the
equivalent dose in dB underestimates the risk of noise
induced hearing loss. The proportion of exposed and the
mean level of exposure were linked to the data using 3-digit
occupational code. The proportion of exposed in both noise
exposures was either 0% or 100%, so in the analyses only the
mean level of exposure was used. The mean level of noise
exposure among 864 (47.9%) of the men exposed ranged
from 80 to 100 dBA. Of these, 184 (10.2% of all) were also
assigned as exposed to impulse noise. All men exposed to
impulse noise worked in manufacturing and related work
(table 1). None of the white-collar workers was exposed to
noise.

In the analyses both continuous and impulse noise were
divided into two classes: 0, =80 dB, and unexposed and
exposed respectively. If a man was exposed to impulse noise
he was also exposed to continuous noise. The combined noise
variable consisted of three classes (no noise, continuous
noise, continuous and impulse noises).

The FINJEM estimates from the period 1985-94 were used
to assess perceived physical workload, referring to tasks
where the whole body is exerted by dynamic muscular work.
Exposure estimates were based on data of the 1990 survey of
working conditions by Statistics Finland. About 4000 salaried
workers were interviewed in this survey. Those who
considered their work to be physically rather heavy or very
heavy were considered to be exposed. The level of exposure
was derived from the distribution of responses between
rather heavy and very heavy work (score between zero and
one). If the number of respondents in an occupation was
small, data from a suitable proxy occupation were used. The
exposure metric used in the analyses was the product of the
proportion of the exposed and the mean level of exposure in
that occupation. In the analyses this variable was categorised
into tertiles.

Virkkunen, Harmd, Kauppinen, et al

Blood pressure, serum lipids, and some lifestyle
factors

Blood pressure, height, and weight were measured at the first
screening visit by experienced nurses at the workplace clinics
of the participants. The lipid measurements in this lipid
modulation trial have been described in detail elsewhere.”!
Smoking habits were also recorded by questionnaire at the
first screening visit (daily consumption of cigarettes), and a
dichotomous variable (current smokers, non-smokers) was
used in the analyses. Ex-smokers were coded as non-
smokers.

Treatment with gemfibrozil

As shown in fig 1, some of the subjects in the present study
had participated in the clinical trial, and during our follow up
44.2% of the present study population were on gemfibrozil.

The triad of occupational exposures: shift work,
noise, and physical workload

There was a high degree of clustering among the three
exposures: among those with manufacturing and related
work (occupational category 7), 73.3% were exposed to noise,
70.9% to shift work, and 76.8% to physical workload, while
among white-collar workers, none were exposed to noise,
only 9.0% to shift work, and only 1.7% to physical workload
(table 1).

The Spearman correlation coefficient between combined
noise and physical workload (tertiles) was 0.58. A high
percentage of those exposed to noise were simultaneously
exposed to a higher level of physical workload (34.8%) or to both
physical workload and shift work (21.6%). All subjects exposed
to impulse noise were also exposed to physical workload.

Noise, shift work, physical workload, and levels of
some classical risk factors for CHD

An overview of the mean body mass index (BMI), systolic
blood pressure (SBP), diastolic blood pressure (DBP), and
serum total cholesterol as well as the percentage of smokers
and use of gemfibrozil by different occupational exposures is
given in table 2. Continuous noise exposed blue-collar
workers had the highest BMI, but other factors were highest
for blue-collar workers exposed to both types of noises.
Among unexposed white-collar workers the mean SBP was
137.1 mm Hg compared with 142.2 mm Hg in blue-collar
workers exposed to both noises. There were no substantial
differences between blue-collar day and shift workers, but
differences between white-collar and blue-collar day and
shift workers were more obvious. The greatest difference for
smoking was found between white-collar day workers and
shift workers: 28.2% of day workers smoked compared with

Table 1 Prevalence of noise exposure, shift work, and physical workload exposure by occupational category
Prevalence of noise exposure Prevalence of physical workload$
(%) (%)
Continuous  Both fypes  Prevalence of
Occupational category n Un-exposed noise of noises shift work (%) Un-exposed 2 tertile 3 tertile
0-2  White-collar* 524 100 9.0 98.3 1.5 0.2
3 Agriculture, forestry, commercial fishing 95 85.3 14.7 3.2 84.2 15.8
5 Transport and communications work 65 47.7 52.3 33.8 80.0 20.0
6 Manufacturing and related workt 513 23.2 41.1 357 32.2 1.9 10.5 87.5
7 Manufacturing and related works 561 26.7 73.1 0.2 70.9 23.2 54.7 22.1
Other 46 76.1 23.9 63.0 58.7 413
Total 1804 52.1 377 10.2 36.8 43.6 227 337
*0=technical, physical, science, social science, humanistic, and artistic work; 1=administrative, managerial, and clerical work; 2 =sales work.
tFine mechanical work; iron and metalware work; electrical work; wood work.
$Graphic work; glass, ceramic and clay work; chemical processing and related work.
§Product of proportion of exposed (prevalence P) and the mean level of exposure among the exposed (level L).
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Table 2 Means and standard deviations (SD) of body mass index (BMI), systolic and diastolic blood pressure (SBP, DBP), and
total serum cholesterol (TotC) and percentages of smoking among industrially employed white-collar and blue-collar (W/B)
workers by noise, shift work, and physical workload exposures

Use of gemfibrozil (%)
BMI (kg/m? SBP (mm Hg)  DBP (mm Hg)  TotC (mmol/I) Smoking
n Mean (SD) Mean (SD) Mean (SD) Mean (SD) Never Sometimes Always (%)

Noise
W No noise 524 26.0(2.9) 137.1 (15.8) 89.3 (9.0 6.8(1.1) 42.9 36.5 20.6 29.8
B No noise 416 26.6(3.1) 141.6 (16.3) 91.1 (10.0) 6.9 (1.1) 40.9 40.4 18.8 32.2
B Canfiens maik 680 267(28) 141.4(167) 90.6(100) 6.9 (1.1) 21 347 222 339
B Continuous and impulse 184 26.5(2.8) 142.2 (16.6) 91.4(10.0) 7.0 (1.1) 38.6 37.0 24.5 34.8

noise

Day or shift work
w Day work 477  26.0(2.9) 137.0(15.9) 89.3 (9.0) 6.8 (1.1) 43.2 36.5 20.3 28.2
w Shift work 47 262(26) 1380(149) 89.6(8.9) 7.2(1.3) 404 362 234 468
B Day work 663  26.6(2.9) 141.5(16.3) 91.1 (9.7) 6.9 (1.1) 41.5 37.1 21.4 323
B Shift work 617 266(29) 141.7(167) 90.6(103) 6.9 (1.1) 408 366 225 347

Physical workload*
W 1 tertile 515  26.0(2.9) 137.1 (15.9) 89.3 (9.0) 6.8 (1.1) 43.1 36.1 20.8 30.0
B 1 terfile 272 268(3.1) 1415(163) 90.6(104)  7.0(1.0) 390 408 202 332
B 2 tertile 401 26.8 (2.9) 141.0 (15.8) 90.7 (10.0) 6.9 (1.1) 42.4 35.9 21.7 31.4
B 3 tertile 607  26.5(2.8) 141.9 (17.1) 91.1(9.8) 6.9(1.1) 41.4 35.7 22.9 34.9
*Product of proportion of exposed (prevalence P) and mean level of exposure (level L).

46.8% of shift workers. Almost all (98.3%) white-collar
workers were unexposed to physical workload. However,
mean levels of SBP and DBP were considerably lower than in
unexposed blue-collar workers. The mean ages for different
occupational exposure groups varied between 52.3 and 53.0
years.

Statistical analysis

Means of SBP, DBP, BMI, and total serum cholesterol, and
percentages of smoking were used to compare possible
differences in the groups formed by occupational exposures.

To study the effect of the three occupational exposures on
risk of CHD, Cox’s proportional hazards models were used.
Noise exposure was studied as a combined variable of three
categories: no noise, continuous only, and both continuous
and impulse noise. Shift work was treated as a dichotomous
variable, and physical workload was categorised into tertiles.
To evaluate the possible mediating or confounding effect of
other CHD risk factors we added them into the model. For
joint effects we formed a new variable on the basis of the
dummy variables to represent different combinations of the
risk factor levels, as is usual in experimental design. In the
case of shift work (SW) and combined noise exposure (NO),
for instance, the study population was divided into the
following groups using a grouping variable: SW—&NO—,
SW—&NO+, SW+&NO—, SW+&NO+.

On entering the study the men were 45-62 years old and at
the end of the study they were 57-74 years old. As the follow
up was long enough to allow for most of the subjects to be
retired before the end-point, different follow up times were
used to study if aging (retirement of subjects) had an effect
on CHD risk. The analyses were performed using the
statistical packages Egret for Windows and SPSS 12.0.1 for
Windows.

RESULTS

Noise, shift work, and physical workload as
predictors of CHD risk

We estimated the CHD risks for the three exposures using
three follow up times, until the end of 1991, the end of 1995,
and the end of 1999 (table 3). At the end of 1991 most of the
subjects were still working, while at the end of 1999 most
were retired. By comparing the risks obtained using different
follow up times, we could see whether the risk persisted even

after retirement. For the noise exposure two different trends
emerged: “continuous noise only” was a significant risk
factor (RR = 1.48, p = 0.05) in the shortest follow up, but no
longer when the follow up was extended. In contrast, the risk
due to “both noises” increased with increasing follow up
time, with an RR = 1.58 (p = 0.01) when the follow up lasted
to the end of 1999. A fairly similar pattern was found for
physical workload with RR=1.31 (p=0.03) in the longest
follow up. In the case of shift work the risk clearly decreased
when the follow up was extended: those working shifts had
RRs of CHD of 1.59, 141, and 1.34 (for all, p=0.01)
compared with day workers.

By adjusting for some lifestyle related factors we explored
what part of the effect of the occupational factors on CHD
risk was possibly accounted for by lifestyle factors. The risks
associated with all three occupational factors decreased
somewhat, suggesting that the effect was partially mediated
by lifestyle. We also explored the effect when occupational
factors were adjusted for the remaining other factors. In case
of noise and shift work, and physical workload and shift
work the risks diminished but remained significant. If the
adjustment was made for white-collar/blue-collar status the
CHD risks decreased considerably.

The risk patterns were quite similar after adjusting for age
or treatment with gemfibrozil.

Joint effects of shift work, noise, and physical
workload

Table 4 shows first the joint effects of shift work and noise.
When followed up to the end of 1999, shift workers exposed
to both continuous and impulse noise had RR=1.59
(p=0.04) compared with unexposed day workers, and shift
workers with physical workload in the highest tertile had
RR =1.69 (p < 0.001) compared with day workers with no
or lower exposure to physical workload. Similarly, those
exposed to both continuous and impulse noise and physical
workload in the third tertile had RR = 1.68 (p < 0.001) when
compared with those unexposed to noise or greater physical
workload. The trends in the patterns of risk with increasing
follow up time (—1995 and —1999) mirrored those seen in
table 3 in all exposure combinations—that is, the RRs
associated with shift work decreased with increasing follow
up time (more workers retired), while the RRs associated
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with physical workload or a combination of continuous and
impulse noise increased with increasing follow up time.

The RRs of the joint effects of two exposures were mostly
higher than the RRs of the separate exposures, but did not
show any risk peaks. Adjustment for SBP, BMI, smoking, and
total cholesterol decreased the RRs somewhat, indicating one
possible lifestyle related pathway for the effect. Adjusting for
white-collar/blue-collar status considerably decreased the
risk estimates. Only the joint effects of shift work and
physical workload (RR=1.5, p=0.03) and noise and
physical workload (RR=1.44, p=0.06), remained signifi-
cant or borderline significant in the follow up until 1999. The
risk patterns were quite similar after adjusting for age or
treatment with gemfibrozil.

The unadjusted RR of those exposed to all three risk factors
was 2.21 (p=0.01) until the end of 1991 and 1.87
(p < 0.001) until the end of 1999 compared with those
unexposed to any of the factors.

DISCUSSION

In our follow up study of industrially employed, middle aged
males the common occupational exposures shift work, noise,
and physical workload all emerged as significant risk factors
of CHD. Their joint effects did not show any high risk peaks;
the RR of those with all three risk factors present was about
twofold compared with those with none of the factors. Shift
work and continuous noise entailed an excess risk for CHD in
the shortest follow up with only few retired workers but a
reduced risk during the longer follow up times with
increasing number of retired workers. For physical workload
and impulse noise the trend was opposite: the CHD risk
increased with increasing follow up time.

Possible pathways for the short term and long term
effects of the risk factors
The finding that occupational risk factors may extend their
effect into old age is not new. In a 25 year follow up of
mortality in the Whitehall study,” those in the lowest
employment grade compared with the highest had RR 3.12
when not retired and 1.86 when retired. The impact of
occupation thus remained considerable. As pointed out by
Kasl, there are different steps or transitions in the develop-
ment of CHD, and different mechanisms may influence these
steps.”® It is thus to be expected that a long follow up may
reveal different features of the putative risk factors.

Continuous noise involved increased CHD risk mainly
during the shortest follow up, when most of the subjects
were still employed, but if impulse noise and related
workload were present, the excess CHD risk persisted long
after the subjects had retired. In the study by Davies ef al on
CHD risk associated with exposure to noise, much higher
relative risks were evident for subjects during their employed
years."* We may speculate that noise has an effect both on
short term triggering mechanisms and on long term
processes enhancing atherosclerosis. It has been suggested
that noise may have direct physiological stress reactions via
the hypothalamus-pituitary-adrenal axis with secretion of
stress hormones followed by an increase of blood pressure
and heart rate, strong risk factors of CHD in the long term.”
According to Morrell ef al, noise may precipitate complica-
tions in susceptible subgroups, for example by triggering
arrhythmias—an example of short term effects.” Noise may
also have adverse psychosocial effects, such as problems of
sleeping, or stress related behavioural changes, such as
alcohol consumption or smoking—all risk factors of CHD
with both short and long term effects."”

The estimates of CHD risk due to shift work were higher in
the short term than in the long term follow up, although the
latter also remained steadily significant, suggesting the
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presence of both short term and long term risk factors—
short term meaning here ‘““during active working life”” and
long term, “during working life and retirement”. Like noise
exposure, shift work also entails adverse psychosocial effects
such as lack of social support and possible effort-reward
imbalance at work,”" but shift work can also induce CHD by
behavioural and circadian rhythm/sleep related pathways.>
The shift workers in this study smoked more than the day
workers, although they were physically more active than the
day workers.” In our earlier study,* shift work seemed to
trigger the effect of other, lifestyle related risk factors of CHD
(especially smoking and obesity), and it could thus be
hypothesised that after retirement, the disappearance of
these behaviour related joint effects would also rapidly
decrease the risk of CHD. We did not have information on
the possible shift related differences in diet, which could be
another mediating factor for the observed higher risk of CHD
among shift workers. However, earlier studies among
industrial workers indicate that even though 2- and 3-shift
work affects the circadian distribution of food intake, there
are no significant differences according to type of shifts in the
energy intake or in the quality of food.” Finally, transfer from
shift work to day work of subjects with symptoms related to
CHD, causing exposure misclassification, could also explain
the diminishing CHD risk among the shift workers.

The disruption of circadian rhythms may entail several
pathways to CHD, some related to the increases in the
frequency of sleep disturbances,” some due to changes in
other circadian rhythms. Many of these changes can trigger
short term stress reactions and mechanisms increasing the
clinical manifestations of CHD. Only six successive nights of
time in bed restricted to four hours per night increased the
activity of the sympathetic nervous system, increased evening
cortisol concentrations, and decreased glucose tolerance
similar to normal aging.”* The frequency of ventricular
extrasystoles increased by 49% among shift workers during
the first year of shift working in a prospective study of new
shift workers, the increase being significantly higher than
among the daytime workers.”” Experimental short term sleep
deprivation also increased peripheral circulation of leuko-
cytes, interleukins, and C-reactive protein, the latter being a
predictor of the risk of stroke and myocardial infarction.*® >
Recently, shift workers were found to have an increased
death risk for stroke, the highest risk being already observed
during the first five years after starting work.’

By physical workload the CHD risk became manifest
mainly during the longer follow up, when most of the
subjects had retired. It is noteworthy that those exposed to
impulse noise were all also exposed to physical workload.
This high correlation of the two exposures complicates the
search for the pathways for their effect on CHD risk and it
also complicates the ability of the study to separate their
affects on CHD risk.

Is there an independent effect on CHD risk of any of
the factors?

Firstly, it is questionable to apply the notion of “independent
effect” in the present case with a triad of exposures with a
high degree of simultaneous occurrence, and with partly
similar pathways to disease. Secondly, in the case of noise
and physical workload it would be questionable from a
statistical point of view to adjust for one of them when
studying the risk associated with the other, as they were
highly correlated. Thirdly, as the factors of the triad occur
mainly among blue-collar workers, we adjust for them when
adjusting for white-collar/blue-collar status. After these
caveats we consider and compare the effects of the separate
factors.
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Main messages

® The relative risks of CHD associated with shift work or
continuous noise decreased with increasing follow up
time (more workers retired).

® The impulse noise was always combined with physical
workload, and this combination entailed increased
long term risk of CHD.

® Those exposed to all factors of this triad had
approximately a twice greater CHD risk than those
exposed to none of them.

® The information on exposure to noise or workload was
obtained by linkage to the FINJEM job exposure matrix
that gives job specific and not individual specific
information on the exposition. The CHD risk due to
noise or workload may thus be underestimated.

There has been some concern about the contradictory
findings on the risk factor status of shift work. The 22 year
follow up in the Copenhagen Male Study found no
association between shift work and risk of CHD mortality,
and their study clearly showed that the lack of difference in
CHD risk was not due to the length of the study or aging of
the study subjects.® In our study the risk factor status of shift
work is obvious, and the only clear difference in the study
populations is that we have an industrial study cohort, while
the subjects in the Copenhagen Male Study came from
various occupational fields. In our study the risk estimates for
shift work ranged from 1.62 to 1.22, depending on length of
follow up, reference group, or factors adjusted for. In every
case it was significant or borderline significant (p=0.1). It
thus seems that shift work even has an independent effect.
The CHD risk due to continuous noise was present mainly
together with shift work, while the risk due to impulse noise
was significantly present in the longer follow up independent
of shift work. However, as impulse noise occurred only
together with physical workload, it is difficult to separate the
effects of these two factors on CHD risk.

Limitations of the study

Our study deals with industrially employed males in late
middle age, and most of them were retired at the end of the
follow up. It is thus predominantly a study of late effects, and
the risk estimates might be different for currently employed
subjects, especially in the case of shift work and exposure to
continuous noise, where the shorter follow up gave higher
estimates of risk than the longer one.

A drawback is that we do not have any information on
their job status during the follow up, either on promotions to
day work, or retirement. However, because of the high mean
age (40-55 years) at the start of the follow up, the cohort can
be regarded as a selected group and early drop-outs due to
starting shift work could not occur in this study.

The information on exposure to noise or workload was not
obtained through interview, as was the shift work status, but
by linkage to the FINJEM job exposure matrix. The risks
obtained through job specific information tend to be lower
than those based on person specific information.”” The risks
associated with exposures to noise or workload may thus be
underestimated.

The focus of the present study was on the triad of hard
occupational exposures, and although the lifestyle factors
and principal risk factors for CHD were taken into account,
psychosocial factors were not dealt with. The possibility of

Policy implications

o Shift workers with high cardiovascular risk should be
transferred to day work, if possible. Even a later

cessation of shift work exposure seems to decrease the
risk for CHD.

o If workers cannot avoid impulse noise they should
protect themselves from it.

effect modification or confounding by such factors remains
open.

Implications for research and prevention

The different trends in the long term risks of shift work,
noise, and physical workload after the retirement of most of
the workers indicate differences in the pathways from the
exposures to CHD. To study the different mechanisms of shift
work, noise, and physical workload in relation to cardiovas-
cular health, further studies are needed not only with the
regular follow up information of the health outcomes
studied, but also exposure, risk factors, and moderators of
cardiovascular health.

A recent study of retired monozygotic twins discordant on
exposure to night work showed that retired night workers
still had an increased risk for poor subjective health and
disturbed sleep.* We are aware of no earlier studies
indicating that the increased risk for CHD due to shift work
is diminished after cessation of the exposure with retirement
from work. Since this was not the case in relation to exposure
to physical workload and impulse noise, the observation
cannot be regarded as self-evident. The diminishing risk after
leaving shift work seems to support the recommendations
originally given by the ILO Night Work Convention 1990,*
that shift workers with high cardiovascular risk should be
transferred to day work, if possible. As shown by this study,
even a later cessation of shift work exposure seems to
decrease the risk for CHD.
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Shift work, occupational noise and physical workload with ensuing
development of blood pressure and their joint effect on the risk of coronary

heart disease

by Hanna Virkkunen, MSc," 2 Mikko Harmd, PhD,? Timo Kauppinen, PhD,? Leena Tenkanen, PhD 2

Virkkunen H, Harma M, Kauppinen T, Tenkanen L. Shift work, occupational noise and physical workload with
ensuing development of blood pressure and their joint effect on the risk of coronary heart disease. Scand J Work
Environ Health. 2007;33(6):425-434.

Objectives The change in systolic blood pressure (SBP) over an 8-year period was explored in groups defined
according to exposure to shift work, occupational noise, and physical workload. The impact of baseline SBP and
its increase in the relation to coronary heart disease (CHD) risk due to these exposures was also studied.
Methods The study cohorts (N=1288 for CHD follow-up, N=884 for SBP follow-up) consisted of industrially
employed middle-aged men from the Helsinki Heart Study. Shiftwork status was obtained from a questionnaire,
and other exposures were determined with the Finnish job-exposure matrix. SBP was measured in the Helsinki
Heart Study, and CHD end points were obtained from official Finnish registers. The joint effects of baseline SBP,
its change, and the exposure in question were estimated via Cox’s regression models.

Results During the SBP follow-up, the steepest SBP gradient was found for physical workload only and physi-
cal workload combined with noise; shift work alone or combined with noise primarily entailed a lower mean
SBP level than no such exposure. However, the shift workers had a relative risk of 1.71 [95% confidence interval
(95% CI) 1.01-2.87] even without an increase in SBP, but, with a baseline SBP of 2140 mmHg and an additional
increase, their relative risk rose to 4.62 (95% CI 2.31-9.24) when they were compared with day workers with
an SBP of <140 mmHg and no increase.

Conclusions In general, shift workers do not develop higher SBP levels than day workers, but, if they do, it
entails high CHD risk. Noise shows a similar pattern. In contrast, physical workload entails a significant increase

in SBP, and SBP is a key pathway to CHD risk.

Key terms job exposure matrix; longitudinal study; register linkage.

Noise, shift work, and physical workload are very com-
mon exposures during work and are frequently concur-
rent. The effects of these exposures (usually one at a
time, disregarding other exposures) on the development
of blood pressure, hypertension, or the risk of coronary
heart disease (CHD) have been studied for decades with
both positive and negative findings.

Most studies on noise exposure and blood pressure
or hypertension have shown a positive association (1-7),
but there are also studies that have not found any as-
sociation between noise exposure and blood pressure or
hypertension and other cardiovascular diseases (8—10).
In his review of 1989, Kristensen (8) ascertained that,
in over 50% of studies, weak correlations, no correla-
tions, and even negative correlations have been found

1 University of Tampere, Tampere, Finland.
2 Helsinki Heart Study, Helsinki, Finland.

between noise exposure and the risk of hypertension
and other cardiovascular diseases. According to a later
meta-analysis by van Kempen et al (11), the relationship
between noise exposure and CHD is still inconclusive.
However, in our previous study of the long-term effect
of occupational noise, the estimates of CHD risk in as-
sociation with exposure to continuous and impulse noise
varied between 1.22 and 1.54 depending on the reference
group used and the covariates adjusted for (12).

Shift work is also usually associated with hyperten-
sion, but both positive (13-15) and negative (16-20)
relationships have been reported. There is increasing
evidence showing that shift work is a risk factor for
CHD (21-24), although contrasting findings do indeed
exist (25).

3 Finnish Institute of Occupational Health, Helsinki, Finland.

Correspondence to: Hanna Virkkunen, Tampere School of Public Health, FI-30104 University of Tampere, Finland. [E-mail:

hanna.virkkunen @uta.fi]

Scand J Work Environ Health 2007, vol 33, no 6~ 429



Shift work, occupational noise and physical workload

As far as we know, there are no studies on the as-
sociation between physical workload and blood pressure
or hypertension, while at least two studies have found
a positive association between physical workload and
CHD (23, 26).

All of these exposures are thus potential risk factors
for CHD and call for preventive measures. The fact that
these factors tend to occur in combination complicates
prevention (23, 27). It would be important to ascertain
which of these exposures is(are) the true culprit(s) with
respect to CHD risk and what the pathways for that risk
are. In our previous study, we dealt in detail with the
joint effects of these three factors on CHD risk (23).
In our present study, the focus was on blood pressure
and hypertension with the following two aims: (i) we
studied the change in systolic blood pressure (SBP)
over an 8-year period in groups defined on the basis of
their exposure to shift work, occupational noise, and
physical workload and (ii) we explored the impact of
baseline SBP and an increase in it on CHD risk due to
these exposures.
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Figure 1. Numbers of industrially employed participants in different
phases of the Helsinki Heart Study (CHD = coronary heart disease, SBP
= systolic blood pressure).
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Study population and methods

Study population and follow-up via linkage to popula-
tion registers

The Helsinki Heart Study was a 5-year randomized,
double blind, placebo-controlled primary prevention
trial concerning gemfibrozil, a lipid-lowering drug, with
middle-aged men (40-55 years of age at entry) (28). The
participants were selected for the trial via two successive
screenings (in 1980-1982) at two government agencies
(N=12 893) and five companies (N=6046) involved in
mechanical engineering, paper and pulp, or oil industries.
The exclusion criteria at both screenings were a nonhigh-
density lipoprotein cholesterol level of <5.2 mmol/l,
CHD, any other major illness, or any combination of
the three. A control group was formed of the participants
with a nonhigh-density lipoprotein cholesterol level of
>5.2 mmol/l in the first screening, but a level of <5.2
mmol/l in the second screening. A secondary prevention
trial consisted of those who fulfilled the lipid criterion
at both screenings but had symptoms of CHD. After
the double blind trial, all of the trial participants were
offered free gemfibrozil until the end of 1995, and they
could continue in an “open-label” trial with two annual
examinations whether or not they chose treatment with
gemfibrozil. In addition, at the end of the double blind
trial, a psychosocial questionnaire was sent to all of
those who participated in the primary and secondary
trials, and also to those in the control group.

Study population for the present study

The requirement of a long-term follow-up of blood pres-
sure among industrial workers meant that the informa-
tion needed was available for only part of the study pop-
ulation of the Helsinki Heart Study (figure 1). First, they
should have participated in the trials or in the control
group, and they should have responded to the psycho-
social questionnaire (for information about shift work).
The 71% response rate resulted in 1450 men. With the
additional exclusion of those who, despite responding to
the questionnaire, did not give information about shift
work (N=109) or were night workers (N=2) or part-time
workers (N=14) or had no occupational code (N=5) or
did not have blood pressure measurements at least from
the first and the fifth years (N=32), the cohort consisted
of 1288 men. Cohort 1 was thus formed at the time the
psychosocial questionnaire was administered and after
the double blind trial. A subpopulation of cohort 1,
cohort 2 (N=884), had all blood pressure measurements
starting from the beginning of the study and continu-
ing until 1990, a total of 8 years. As the control group
(N=226) did not have an 8-year follow-up, they were
excluded. As CHD events, as well as any major illness,
were considered a reason to discontinue the trial, the



workers with such experiences were also excluded from
cohort 2, which thus consisted of relatively healthy and
compliant participants.

The selection procedure obviously caused cohorts
1 and 2 to be more dyslipidemic than a normal popu-
lation. However, the mean SBP at the first screening
was 140.4 mmHg in the source population (N=6046),
141.4 mmHg in cohort 1, and 141.4 mmHg in cohort 2.

For the follow-up of CHD the cardiac end points were
obtained from the Hospital Discharge Register (kept by
the National Research and Development Centre for Wel-
fare and Health) and the Register of Deaths (kept by Sta-
tistics Finland). Several studies have found these registers
to be accurate enough for epidemiologic studies on CHD
(29-30). Because of the long follow-up, the definition of
CHD was based on codes 410—414 of the International
Classification of Diseases (ICD), 8th and 9th versions,
for the years 1982-1995 and 120-125 of the ICD, 10th
version, for the years 1996-1999. Cohort 1 was followed
for CHD from 1988 to the end of 1999 with a mean fol-
low-up time of 10.6 years. By the end of 1999, there had
been 288 coronary events, of which 35 were fatal.

Among the participants, there were 244 men who
were already retired when they completed the ques-
tionnaire. However, we decided to include all of the
participants in the study for purposes of examining the
long-term effects. The average age of retirement in Fin-
land is 59 years (31), and at the end of 1999, 91.3% of
the men were aged 59 years or older, if alive.

Shiftwork status and occupation

Shift work was recorded in the psychosocial question-
naire (day work, part-time work, 2-shift work, 3-shift
work, irregular work, and night work). Irregular work
was a minority in this sample. In the analyses, a di-
chotomized variable was used (day and shift work, all
other types of work combined). Most of the participants
in the shift work groups (93.3%) had reported that they
had worked their shift work schedules for more than
5 years.

Occupational information was based on the 3-digit
occupational code used in the 1980 census—a Finnish
version of the Nordic Classification of Occupations of
1965 (32), obtained by record linkage with Statistics
Finland. The linkage was based on personal identifica-
tion numbers. We considered major occupational classes
0, 1, and 2 to be white-collar work and classes 3 to 9
to be blue-collar work. The four biggest blue-collar
occupational classes were paper and board mill work-
ers, forestry supervisors, forklift operators and the like,
and sawyers (a total of 29.7% of blue-collar workers).
Altogether 46.4% of the white-collar workers were
technicians in chemical or mechanical engineering or
technicians working in other branches of engineering.

Virkkunen et al

Linkage to the Finnish job-exposure matrix for
estimates of exposure to noise or perceived physical
workload

The Finnish job-exposure matrix (FINJEM) is a mul-
tipurpose information system covering major occupa-
tional exposures occurring in Finland since 1945 (33).
The proportion of those exposed and the mean level of
exposure from the period 1985-1994 were linked to our
data using a 3-digit occupational code.

Occupational exposure to impulse noise was con-
sidered to be exposure to noise entailing impulses for
which the equivalent dose in decibels underestimates the
risk of noise-induced hearing loss (34). The proportion
of those exposed to continuous or impulse noise was
either 100% or 0% (ie, either exposed or not) so that, in
the analyses, only the mean level of exposure was used.
The mean level of noise exposure among 624 (48.4%) of
the men exposed ranged from 80 to 100 dBA. Of these,
134 (10.4% of all) were also exposed to impulse noise.
In the analyses, workers were considered to be exposed
to noise if they were exposed to continuous (>80dB) or
impulse noise or both. If a man was exposed to impulse
noise, he was also exposed to continuous noise.

In the FINJEM, perceived physical workload refers
to tasks in which the work requires dynamic work of the
large muscle groups. The exposure estimates were based
on data of the survey of work conditions carried out by
Statistics Finland in 1990. About 4000 salaried workers
were interviewed in this survey. Those reporting that
their work was physically rather heavy or very heavy
were considered to be exposed (33). The exposure metric
used in our study was the product of the proportion of
the exposed and the mean level of exposure in that oc-
cupation. In the analyses this variable was categorized
into tertiles (no, low, or medium-high exposure).

Blood pressure, smoking and treatment with gemfibrozil

The participants in the trial groups had their blood pres-
sure measured four times per year, and the control group
underwent blood pressure measurement once a year.
The blood pressure of the participants was measured by
experienced nurses at the workplace clinics using cali-
brated mercury sphygmomanometers with cuffs measur-
ing 10 to 12 cm x 40 cm. The measurement was carried
out with the participants in a sitting position before their
blood was sampled. In this study hypertension was de-
fined as a systolic blood pressure (SBP) of 2140 mmHg
or a diastolic blood pressure (DBP) of 290 mmHg.

Smoking habits were also recorded in a question-
naire at the first screening visit (daily consumption of
cigarettes), and a dichotomous variable [current smok-
ers, nonsmokers (including ex-smokers)] was used in
the analyses.

Scand J Work Environ Health 2007, vol 33, no6 421
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Most of the participants in our present study had par-
ticipated in the clinical trial, and, during our follow-up,
73.4% of the study population was on gemfibrozil. The
treatment group was thus used as a covariate when CHD
risk was estimated.

Statistical analysis

To study the effect of shift work, noise, and physical
workload on the change in SBP over the 8-year period,
we grouped the study population in two different ways
according to exposure. First, we formulated all of the
possible combinations of these three exposures, cal-
culated the annual mean values of SBP for all of those
who had their SBP measured every year of the follow-up
(N=884 in cohort 2), and presented graphs of the change
in SBP according to exposure combinations. A one-way
analysis of variance (ANOVA) was used to compare the
differences between the exposure groups, and paired
samples t-tests were used to compare the means of the
first and last years. Second, the same cohort was used to
explore the change in SBP according to different levels
of one specific exposure, and the study population was
divided into groups by the level of the exposure in ques-
tion, ignoring the other exposures.

We further studied the effect of an increase of
>10.0 mmHg in SBP on CHD risk for those with a
baseline level of <140 or 2140 mm Hg, together with
exposure or nonexposure, the exposure being shift work,
noise, or physical workload. We thus formed a dummy
variable system on the basis of a (2 x 2 x 2) risk vari-
able (SBP change x SBP baseline x exposure) and used
Cox’s models to estimate the relative risks with and
without covariates. To study the short-term and long-
term effects of the exposures on CHD risk, we followed
cohort 1 (N=1288) from 1988 to 1995 (8 years) and to

1999 (12 years). The analyses were performed with the
statistical package SPSS 14.0 for Windows (SPSS Inc,
Chicago, IL, USA).

Results

Triad of shift work, noise and physical workload

The three exposures overlapped to a high degree. Of
the 475 shift workers (table 1), only 8.8% were exposed
to shift work only, but, of this group, 54.5% was also
exposed to both noise and physical workload. Similarly,
the exposure of “noise only” was rare, but noise often
occurred in combination with physical workload or
with both physical workload and shift work. Physical
workload was a common exposure in that, of all of
those exposed (N=884), 82.1% were exposed to physi-
cal workload, generally in combination with noise or
shift work.

Most of the white-collar workers were unexposed or
exposed to shift work only (table 1). None of the white-
collar workers were exposed to noise. In contrast, among
those working in manufacturing and related works
(occupational classes 6 and 7), <1% were unexposed.
Physical workload, alone or in combination, was the
most common exposure in these occupational classes.

The greatest difference for smoking was found be-
tween those in the “no exposure” and those in the “shift
work only” groups (30.7% versus 42.9%). There were
only slight differences in the first year’s mean levels
for total serum cholesterol. The mean SBP and DBP
levels were highest, 138.4 mmol/l and 90.0 mmol/l,
respectively, for those exposed to noise only. The mean
SBP level was lowest, 133.9 mmol/l, for the shift work-
ers exposed also to noise, and the shift workers without

Table 1. Percentage distribution of the exposure groups by occupational classes, prevalence of smoking, and first year’s means and
standard deviations (SD) for systolic and diastolic blood pressure and total serum cholesterol among industrially employed workers.

Exposure group N Occupational classes? (%) Smoking Systolic blood Diastolic blood  Total

(%)  pressure (mmHg)  pressure  cholesterol

(mmHg) (mmol/1)

0-2 3 5 6 7 Other Mean SD Mean SD  Mean SD

No exposure 404 893 870 224 03 02 0 307 1341 139 872 87 6.7 0.7

Shift work only 42 88 0 10.2 03 1.0 0 429 1341 154  86.3 10.1 72 141
Noise only 35 0 0 327 06 42 0 286 138.4 132 900 92 6.8 0.8
Physical workload® only 125 14 0 122 196 92 182 36.0 1375 132 895 86 6.8 0.7
Shift work + noise 81 0 0 122 0 186 0 400 1339 135 865 7.9 6.5 0.7
Shift work + physical workload ® 93 0.6 0 82 39 136 545 36.6 1355 131 885 8.0 6.7 0.8
Noise + physical work load® 249 0 104 0 477 151 212 349 135.0 139 874 87 6.7 08
Shift work + noise + physical workload® 259 0 26 20 278 380 6.1 36.7 136.3 124 883 838 6.8 0.8

Total 1288 363 77 49 363 403 33 346 . . . . .

2 0-2 white-collar (0 = technical, physical, science, social science, humanistic and artistic work; 1 = administrative, managerial and clerical work; 2 = sales
work); 3 agriculture, forestry, commercial fishing; 5 transport and communications work; 6 fine mechanical work, iron and metal ware work, electrical
work, wood work; 7 graphic work; glass, ceramic and clay work; chemical processing and related work.

b Exposure to physical workload present when the product of the prevalence and level was in the second or third tertile.
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exposure to noise or physical workload had the lowest
mean DBP level, 86.3 mmol/l.

Change in systolic blood pressure on the basis of all
combinations of the three exposures

Figure 2 shows the findings from cohort 2, in which all
of the participants had a complete series of measure-
ments.

During the first 2 or 3 years, the mean SBP level
decreased in all of the exposure groups. This change
can be considered to be a trial effect, as the participants
received (in both phases of the trial) intense health coun-
seling, in addition to the lipid-lowering drug. However,
gradually, the effects of the health education wore off,
and the participants’ SBP level started to increase. At
the end of the open-label phase, the mean SBP level
was higher than at its beginning in all of the groups ex-
cept the “noise only” group. In figure 2, the SBP of the
“physical workload only” and the combinations contain-
ing physical workload are constantly above those of the
“no exposure” group throughout the 8-year follow-up,
while those of the “shift work only” or “shift work and
noise” group are close to those of the “no exposure”
group. Table 2 presents the tests related to the findings
shown graphically in figure 2, and it confirms the role
of physical workload with respect to SBP. When the
means of the first and last years of the follow-up are
compared, a significant or close-to-significant increase
in SBP was found for exposure to “physical workload
only”, “noise and physical workload”, and the “all three”
groups. As cohort 2 was necessarily a “healthy cohort of
survivors”, we compared the findings with those from
the original background cohort (N=1320), for which
all available persons were included whether or not they

Virkkunen et al

had a complete follow-up. The findings were essentially
similar to those shown in figure 2 (results not shown).

Change in systolic blood pressure according to the
main exposure groups

Figure 3 shows the mean SBP levels for the different cat-
egories of noise, shift work, and physical workload when
no attention has been paid to concurrent exposures. The
mean SBP of those not exposed to noise was lower than
that of those exposed to continuous noise, but the SBP of
those exposed to both continuous and impulse noise was
fairly inconsistent in this respect. The SBP mean levels
of the 3-shift workers and day workers were similar
throughout the follow-up, but those with 2-shift or ir-
regular shift work had constantly higher levels. The fact
that 67.7% of the 2-shift workers but only 21.8% of the
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Figure 2. Mean levels of systolic blood pressure according to differ-
ent combinations of occupational exposures among the industrially
employed workers.

Table 2. Level of systolic blood pressure and hypertension during the first and last year of the 8-year follow-up among the industrially
employed workers (cohort 2) in groups formed on the basis of exposure to shift work, noise, and physical workload.

Exposure group N Mean First year of follow-up Last year of follow-up t-Test to

age® compare

(vears) Systolic blood ~ Hyper- Systolic blood Hyper- rpeatns %f

pressure tensives® pressure tensives® Iérsst ;enar

(mmHg) (%) (mmHg) (o fastyenr

Mean  SD P-value® Mean  SD P-value®

No exposure 285 52.5 1333 127 - 439 1345 147 - 519 0.09
Shift work only 27 52.6 1306 150 097 333 1313 134 096 51.9 0.77
Noise only 22 55.0 1364 102 095 63.6 1348 136 1.00 682 0.57
Physical workload ¢ only 81 521 136.7 138 038 519 1405 149 0.02 617 <0.01
Shift work + noise 55 51.6 1335 122 100 418 1364 16.6 0.98 491 0.15
Shift work + physical workload ¢ 62 52.2 1354 134 092 59.7 136.7 151 0.96 66.1 0.48
Noise + physical workload ¢ 169 53.1 1349 128 0.87 491 137.7 149 0.31 57.4 <0.01
Shift work + noise + physical workload ¢ 183 51.8 1369 118 0.05 536 1388 146 0.04 607 0.05

a Age at baseline.

b According to the criterion of >140 mmHg for systolic blood pressure or >90 mmHg for diastolic blood pressure.

¢ Two-way (age included) analysis of variance, posthoc (Tukey HSD) comparison for the difference from the no exposure group.
d Physical workload exposure present when the product of the prevalence and level was in the second or third tertile.
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Figure 3. Mean levels of systolic blood pressure (SBP) according to oc-
cupational exposures among the industrially employed workers. Number
of workers in parentheses. (DW = day work, SW = shift work)

3-shift workers belonged to the third tertile of exposure
to physical workload may offer some explanation for
the differences between the shiftworker groups, as the
clearest differences between the mean SBP levels were
found for the tertiles of physical workload. During the
8-year follow-up, the unexposed workers had the lowest
SBP levels, and those in the third exposure tertile for
physical workload had the highest levels.

Role of an increase in systolic blood pressure in the
risk of coronary heart disease due to exposure to shift
work, noise or physical workload

We finally explored the joint effects of the baseline
SBP level, its increase, and the occupational exposure

430  Scand J Work Environ Health 2007, vol 33, no 6

in question (table 3). The study population was divided
into groups according to the occupational exposure in
question, their mean SBP level during the first year of
the Helsinki Heart Study (<140 versus >140 mmHg),
and the change in SBP level between the first and the
last year. If the SBP level decreased, did not change, or
increased <10.0 mmHg, SBP was considered to be “not
elevated”.

The combination of shift work and elevated SBP
showed the greatest risk of CHD. Compared with day
workers who were normotensive (in terms of SBP <140
mmHg) in the first year and whose mean level did not
change (reference group), all other combinations had a
significant risk of CHD in both follow-ups. There were
even factors other than hypertension in the pathway
between shift work and CHD risk as the relative risk
of normotensive shift workers, when compared with
normotensive day workers, was 1.71 (P=0.04). Shift
workers whose SBP was >140 mmHg in the first year
and showed an increase of >10.0 mmHg during follow-
up had a short-term relative risk of 4.62 (P<0.001) and
a long-term relative risk of 3.59 (P<0.001).

The combination of elevated SBP and noise exposure
was also a risk factor for CHD. When followed to the
end of 1995, those whose SBP was elevated at the begin-
ning of the study and for whom it still increased had a
relative risk of 3.44 (P<0.001). The long-term relative
risk was 3.06 (P<0.001).

The normotensive workers who were exposed to
physical workload had a relative risk of 0.96 (P=0.88)
when they were compared with the normotensive work-
ers who were not exposed to physical workload. In
addition, if the workers exposed to physical workload
had an SBP of <140mmHg and had an increase of
>10.0 mmHg, their relative risk was 2.03 (P<0.01) in
the short-term follow-up and 2.27 (P<0.001) in the
long-term follow-up, both relative risks being very close
to those of the corresponding groups among those not
exposed to physical workload. However, with both an
elevated baseline SBP level and a subsequent increase
in it, the relative risk was 3.33 (P<0.001) in the shorter
follow-up and 3.27 (P<0.001) in the longer follow-up.
These risks were approximately twice that seen in the
corresponding groups among those not exposed to
physical workload. The excess CHD risk associated
with physical workload seems thus to go predominantly
through markedly elevated levels of SBP. With each
of the occupational exposures, adjustment for age and
smoking (factors that can be considered to be both ef-
fect mediators and confounders) brought some changes
in the risk patterns. Adjustment for the other exposures
(potential confounders) slightly decreased the relative
risks, but they remained significant for the most part.
Similarly, adjustment for treatment with gemfibrozil did
not essentially change the estimates.
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Table 3. Systolic blood pressure (SBP) during the first year of the Helsinki Heart Study, the SBP change, and shift work, noise or physi-
cal workload as a predictor of coronary heart disease (CHD) risk among industrially employed men (cohort 1) for different follow-ups.
The relative risks (RR) with 95% confidence intervals (95% Cl) and P-values were derived using Cox proportional hazards models with
different covariates.

Time of follow-up Elevated N CHD Unadjusted Adjusted for Adjusted®
SBP2 cases age and smoking
(N)
RR 95% Cl RR 95% Cl RR 95% Cl

Follow-up until 1995

Day work
<140 SBP (1st year) No 377 29 1 1 1
<140 SBP (1st year) Yes 136 26 2.62 1.54-4.45¢ 244  1.43-4.15¢4 2.56 1.5-4.36¢
>140 SBP (1st year) No 253 43 2.36 1.48-3.78¢ 2.33  1.45-3.73¢ 2.33 1.45-3.74¢
>140 SBP (1st year) Yes 47 9 2.73 1.29-5.78¢ 244  1.15-5.16¢ 2.7 1.28-5.74¢
Shift work
<140 SBP (1st year) No 220 28 1.71 1.01-2.87¢ 1.71 1.01-2.87¢ 1.59 0.93-2.71
<140 SBP (1st year) Yes 87 16 2.57 1.40-4.73¢ 2.57  1.39-4.73¢ 2.43 1.31-4.52¢
>140 SBP (1st year) No 133 24 2.52 1.47-4.33¢ 2.38  1.39-4.10¢ 2.37 1.36-4.12¢
>140 SBP (1st year) Yes 35 11 4.62 2.31-9.24¢ 425  2.11-8.53¢ 4.29 2.12-8.72¢
Noise exposuref
No
<140 SBP (1st year) No 321 27 1 1 1
<140 SBP (1st year) Yes 105 14 1.64 0.86-3.12 1.91 1.24-2.92¢ 1.60 0.84-3.05
>140 SBP (1st year) No 199 34 2.16 1.31-3.59¢ 2.07  1.44-2.98¢ 2.15 1.29-3.56¢
>140 SBP (1st year) Yes 39 9 2.95 1.39-6.28¢ 197  1.07-3.64¢ 2.92 1.37-6.22¢
Yes
<140 SBP (1st year) No 276 30 1.30 0.77-2.19 157  1.06-2.35¢ 1.20 0.70-2.05
<140 SBP (1st year) Yes 118 28 3.03 1.79-5.15¢ 248  1.55-3.97¢ 2.85 1.67-4.89¢
>140 SBP (1st year) No 187 33 2.23 1.34-3.71¢ 198  1.29-3.04¢ 2.09 1.24-3.51¢
>140 SBP (1st year) Yes 43 1 3.44 1.70-6.93¢ 315  1.74-571¢ 3.15 1.54-6.449¢
Physical workload exposure ¢
No
<140 SBP (1st year) No 298 29 1 1 1
<140 SBP (1st year) Yes 85 16 2.04 1.11-3.76¢ 1.55 0.81-2.95 2.02 1.09-3.71¢
>140 SBP (1st year) No 153 26 1.88 1.11-3.19¢ 2.02  1.21-3.35¢ 1.89 1.12-3.22¢
>140 SBP (1st year) Yes 26 4 1.63 0.57-4.63 242  1.12-5.20¢ 1.64 0.58-4.66
Yes
<140 SBP (1st year) No 299 28 0.96 0.57-1.62 1.23 0.73-2.08 0.89 0.53-1.51
<140 SBP (1st year) Yes 138 26 2.03 1.19-3.44¢ 279 1.64-4.74¢ 1.91 1.12-3.25¢
>140 SBP (1st year) No 233 41 1.90 1.18-3.05¢ 215  1.29-3.57¢ 1.79 1.10-2.89¢
>140 SBP (1st year) Yes 56 16 3.33 1.81-6.13¢ 3.27  1.62-6.59¢ 3.07 1.65-5.70¢
Follow-up until 1999
Day work
<140 SBP (1st year) No 377 52 1 1 1
<140 SBP (1st year) Yes 136 36 2.12 1.38-3.24¢ 1.43 0.85-2.42 2.05 1.34-3.15¢
>140 SBP (1st year) No 253 67 2.13 1.48-3.06° 194  1.30-2.90¢ 2.09 1.46-3.01¢
>140 SBP (1st year) Yes 47 13 2.30 1.25-4.23¢ 196  1.03-3.75¢ 2.28 1.24-4.18¢
Shift work
<140 SBP (1st year) No 220 45 1.55 1.04-2.31¢ 1.34 0.90-1.99 1.41 0.93-2.14
<140 SBP (1st year) Yes 87 26 2.43 1.52-3.90¢ 2.61 1.70-4.00¢ 2.28 1.41-3.67¢
>140 SBP (1st year) No 133 35 2.11 1.37-3.23¢ 2.00 1.33-3.01¢ 1.94 1.25-3.02¢
>140 SBP (1st year) Yes 35 14 3.59 1.99-6.48¢ 2.86  1.59-5.14¢ 3.28 1.80-5.98¢
Noise exposure
No
<140 SBP (1st year) No 321 44 1 1 1
<140 SBP (1st year) Yes 105 21 1.55 0.92-2.60 1.89  1.02-3.48¢ 1.51 0.90-2.55
>140 SBP (1st year) No 199 53 2.14 1.43-3.18¢ 1.76  1.04-2.99¢ 212 1.42-3.16¢
>140 SBP (1st year) Yes 39 12 2.58 1.36-4.89¢ 1.55 0.54-4.41 2.56 1.35-4.85¢
Yes
<140 SBP (1st year) No 276 53 1.43 0.96-2.13 0.93 0.55-1.56 1.34 0.88-2.03
<140 SBP (1st year) Yes 118 41 2.90 1.90-4.44¢ 193  1.14-3.28¢ 2.77 1.79-4.26¢
>140 SBP (1st year) No 187 49 2.1 1.40-3.16¢ 1.84  1.14-2.96¢ 2.00 1.32-3.03¢
>140 SBP (1st year) Yes 43 15 3.06 1.71-5.51¢ 2.88  1.55-5.33¢ 2.86 1.58-5.20¢
(continued)
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Table 3. Continued.

Time of follow-up Elevated N CHD Unadjusted Adjusted for Adjusted®
SBPa cases age and smoking
N
™) RR 95% Cl RR 95% Cl RR 95% Cl
Physical workload exposure 9
No
<140 SBP (1st year) No 298 44 1 1 1
<140 SBP (1st year) Yes 85 20 1.75 1.03-2.96¢ 157  0.93-2.67 1.73 1.02-2.93¢
>140 SBP (1st year) No 153 39 1.91 1.24-2.94¢ 175 1.14-270¢ 1.92 1.25-2.96¢
>140 SBP (1st year) Yes 26 5 1.39 0.55-3.50 127 05-3.210 1.39 0.55-3.51
Yes
<140 SBP (1st year) No 299 53 1.21 0.81-1.81 118 0.79-1.76 1.15 0.77-1.73
<140 SBP (1st year) Yes 138 42 2.27 1.49-3.46° 214 1.40-327° 217 1.41-3.33¢
>140 SBP (1st year) No 233 63 1.99 1.36-2.93°¢ 191 1.30-2.81° 1.91 1.29-2.82¢
>140 SBP (1st year) Yes 56 22 3.27 1.96-5.46°¢ 269  1.61-4.52¢ 3.09 1.84-5.19¢

2 SBP elevated if the mean level of the last year minus the mean level of the first year was >10.0 mmHg.
b Day-shift work adjusted for noise, noise and physical work load adjusted for day—shift work.

¢ P<0.001.

4 P<0.01.

¢ P<0.05.

fNoise exposure present if there was continuous or impulse noise.

9 Physical workload exposure present when the product of the prevalence and level was in the second or third tertile.

Discussion

In our follow-up, we explored the change in SBP among
workers exposed to shift work, noise and physical work-
load. We also studied the impact of baseline SBP and its
increase on the risk of CHD due to these occupational
exposures.

In our 8-year follow-up of the change in SBP, the
most marked increase was found among those with a
high physical workload—alone or in combination with
shift work or noise or both. Moreover, the development
of hypertension (in terms of SBP 2140 mmHg) seemed
to be a key factor in the pathway between physical work-
load and CHD in that, without hypertension, physical
workload entailed no excess risk of CHD over the first
8 years and only a marginal risk had appeared by the
end of the 12-year follow-up. By contrast, shift work
entailed a significant risk even among normotensives
when they were compared with normotensive day work-
ers. In other words, if they also developed hypertension,
their CHD risk was high, over fourfold that of the nor-
motensive day workers. In the case of noise exposure,
the findings were influenced by the two other exposures,
shift work and physical workload, as only 2.7% of the
workers were exposed to noise only.

Implications for comparisons with other studies

On the average, shift work did not entail a higher risk of
SBP than day work in our study. However, had our study
population been comprised primarily of 2-shift workers,
a positive association would have been found, but, had
3-shift workers dominated, the association would have
been negative. This difference between the two types of
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shift work was probably due to the difference in physical
workload among the 2-shift and 3-shift workers in that
physical workload was more common among the 2-shift
workers than among the 3-shift workers. It is thus to be
expected that findings depend on the populations studied.
Indeed, there are also other studies with no or negative
findings (16-20), but, on the other hand, several studies
have found a positive association between shift work and
hypertension (13—15). It seems that, even in the future,
contrasting findings will continue to be reported until the
most important concurrent exposures have been detected
and included in the analyses. We have introduced one
such factor, physical workload, to be considered together
with shift work and noise exposure.

In our study, a greater physical workload clearly
predicted an increase in SBP, and an increase was evi-
dent throughout the follow-up, the highest levels always
being measured for workers in the third workload tertile.
The influence of physical workload was also evident in
respect to the SBP levels of the workers with different
exposure combinations. While the mean SBP values of
the shift work and noise group were generally below the
means of the no exposure group, those of the physical
workload and noise group and the physical workload and
shiftwork group were constantly higher. We conclude
that a dependence on concurrent exposures influences
the findings.

Strengths and weaknesses of the study

There was a clear trial effect in all of the groups of
workers with respect to intense health education in that
a clear drop in the SBP levels of the groups occurred for
2-3 years. The phenomenon was similar in both arms of



the trial. As the follow-up lasted 8 years, this phenom-
enon may have concealed a slight increase in the SBP
levels. Gemfibrozil treatment as such did not influence
the results, but the selection criteria for the trial ensured
that our study population was more dyslipidemic than
a normal population. However, at the first screening,
the mean SBP level of the source population was 140.4
mmHg, and for our study cohort it was 141.4 mmHg.
The selection thus had a modest effect on blood pres-
sure. In addition, our study population consisted of
employed middle-age men and was thus not a popula-
tion-based sample.

There are pros and cons when a study population is
divided into all possible combinations of three expo-
sures. Although this division gave us the advantage of
knowing exactly the exposures to which the participants
were exposed, some of the groups were small (eg, 2.7%
exposed to noise only), and there were many compari-
sons and tests. It is evident therefore that some of the P-
values may have been due to chance. However, the main
message of our study does not lie in the significance of
separate values, but, instead, in the consistency of the
overall findings.

Moreover, having used combined exposure groups,
we were not able to compare our results properly to
those of other studies in which only the effects of noise
or the effects of shift work were studied. Boggild et al
(27) found that shift work was commonly associated
with other work environment factors shown to be related
to CHD, and they raised the question of whether shift
work could be acting as a proxy for other differences in
the work environment. Indeed, in our study, less than
10% of the shift workers were exposed to shift work
only, and the elevated levels of SBP among 2-shift
workers could well be ascribed to concurrent exposure
to physical workload.

The job status of the workers was recorded at the
beginning of the CHD follow-up in our study, and we
have no information about any change in jobs, transfers
to day work or retirement during follow-up. However,
because of the high mean age (45-60 years) at the begin-
ning of the follow-up, we assumed that the cohort was a
selected group and that early dropouts due to shift work
would not occur. Most of the participants in the shift
work groups (93.3%) reported at the beginning of the
study that they had worked their shift work schedules
for more than 5 years, and as many as 57.7% had done
so for more than 20 years. Therefore, we were studying
the long-term effects of these exposures rather than the
short-term effects.

The information on exposure to noise or physical
workload was obtained by linkage to the FINJEM and
was, therefore, not obtained at the individual level as
was the information about shift work, which came from
the interview. The risks elicited through job-specific
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information tend to be lower than those based on per-
son-specific information (35). The risks associated with
exposures to noise or physical workload may thus have
been underestimated.

We knew that, at the beginning of the follow-up,
no one used antihypertensive medication, but we did
not know whether any of the participants started such
medication before the end point. This lack of informa-
tion may have biased the results, probably by leveling
out the differences. Along with noise exposure, noise-
induced hearing loss and the use of personal hearing
protection may also affect blood pressure (36-38). We
did not know whether the workers in our study used any
personal hearing protection or if they had noise-induced
hearing loss.

The focus of our study was on the change in SBP
with respect to a triad of hard occupational exposures.
Apart from smoking, we did not take into account tra-
ditional lifestyle factors and other risk factors of CHD
or psychosocial factors. The shift workers felt that they
had less control over their jobs than did the day workers,
while there were no differences in work demands and
social support (22, 27, 39). According to Peter et al (40)
job stress may partly mediate the effects of shift work on
cardiovascular risk. Effect modification or confounding
by psychosocial or lifestyle factors thus remains a pos-
sibility in our study.
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Dual role of physical workload and occupational noise
in the association of the metabolic syndrome with
risk of coronary heart disease: findings from the

Helsinki Heart Study

Hanna-Leena Koskinen,"? Timo Kauppinen,® Leena Tenkanen'-2

ABSTRACT

Objectives Previous evidence indicates that occupational
exposure to physical workload or noise entails
development of hypertension and risk of coronary heart
disease (CHD). However, vigorous physical activity
lessens the risks of the metabolic syndrome (MetS) and
CHD. We explored this issue by studying the joint effect
of physical workload or noise and MetS on risk of CHD.
Methods This 18-year follow-up study comprised 1502
middle-aged men employed in industry who participated
in the second screening for the Helsinki Heart Study but
were not treated with gemfibrozil, the trial drug. The CHD
endpoints (ICD-9 codes 410—414 and ICD-10 codes
120—125) were obtained from official Finnish registers.
The Finnish job-exposure matrix FINJEM provided
information on occupational exposures. The joint effect of
baseline MetS levels and both occupational exposures
was estimated using Cox's regression models.

Results Workload and noise increased CHD risk due to
increased blood pressure, glucose or body mass index
(BMI), separately or combined: the joint effect of
workload and MetS defined using these three
components yielded an RR of 5.21 (95% CI 2.70 to
10.05). However, when MetS was defined using
elevated BMI, high triglycerides and low high-density
lipoprotein cholesterol, an RR of 2.19 (95% ClI 1.11 to
4.30) among those with MetS only reduced to 1.20 (95%
Cl 0.61 to 2.35) if concurrently exposed to workload.
Conclusions Occupational exposure to workload or
noise modifies CHD risk differently depending on which
definition of MetS is used. In the presence of physical
workload or noise, hypertension and blood glucose were
the best predictors.

INTRODUCTION

The increasing incidence of cardiovascular disease
(CVD) and diabetes in affluent industrialised soci-
eties led to study of their aetiology and prevention.
Reaven’s' suggestion that insulin resistance was
the root cause of a cluster of CVD risk factors led to
an expansion of research in this field. Several
international panels reviewed the findings and
suggested how the insulin resistance syndrome or
the metabolic syndrome (MetS), as it was later
called, should be defined.? ® The widely used defi-
nition by the National Cholesterol Education
Program Adult Treatment Panel III (ATPIII)?
assumes that the five components of MetS (obesity;,
elevated blood pressure, high blood glucose, high
triglycerides and low high-density lipoprotein

What this paper adds

» In industrial settings occupational exposures to
physical workload and noise tend to occur
simultaneously and both are known to entail
increased levels of blood pressure and risk of
coronary heart disease (CHD).

» However, physical activity also lessens the risk
of both the metabolic syndrome (MetS) and
CHD.

» We found that occupational exposure to
workload attenuated the CHD risk due to MetS
if MetS was characterised by high body mass
index (BMI) and risk levels of lipids.

» However, when MetS was characterised by
high BMI, blood pressure and glucose levels, the
risk of CHD was substantially increased among
those exposed to physical workload or noise.

» When evaluating CHD risk due to MetS among
subjects exposed to physical workload or
noise, blood pressure and glucose have higher
predictive value.

cholesterol (HDL-C)) are of equal importance, and
if three of them reach a fixed risk level then the
individual has MetS. In contrast to Reaven’s
approach, the ATPIII does not assume there is
a single common cause behind the MetS compo-
nents. The questions, ‘Do the components repre-
sent some entity?’ and ‘Can any three components
represent this—possible—entity?’, were thus left
open.

The ATPIII definition of MetS was designed for
preventive purposes: to bring about a change in
lifestyle in obese and sedentary individuals. Indeed,
as reviewed by Gill and Malkova,* the association
of physical activity with risk of coronary heart
disease (CHD) has been studied for more than
50 years” and physical activity is now recom-
mended as one of the best ways to reduce CHD
risk due to MetS.® However, occupational physical
activity differs from leisure-time physical activity
both in duration and in individual opportunity
for choice, with the result that at some point it
may constitute a workload. Many early studies
with a finding of a protective effect evaluated
a common measure for leisure-time physical
activity and occupational physical activity without
differentiating between them. When studying the
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association between risk of CHD mortality and physical activity
at work and during leisure time, Holterman et a/ found that high
physical work demands caused a significant increase in CHD
mortality. However, moderate and high levels of leisure-time
activity had a protective effect in all categories of occupational
activity,” even among those with pre-existing CVD.® Even
though many studies estimated CHD risk separately for occu-
pational physical activity and found a protective effect,” !
opposite findings were also reported.”>"'® In some recent
studies, both leisure-time and occupational physical activity
were found to improve some factors related to MetS, especially
HDL-C."~* It could thus be anticipated that, in two groups
with a similar MetS background, those engaging in vigorous
occupational physical activity would have a lower CHD risk
than those who were sedentary. On the other hand, the long
term energy demands involved in physical workload may exceed
the worker’s capacity and become a source of aerobic strain®’
culminating in accelerated progression of atherosclerosis.'

The association of occupational noise with elevated blood
pressure and risk of CHD has also been studied for decades.?! %
Today, there is consensus that there is an association between
noise exposure, especially occupational noise, and elevated blood
pressure.?*?° However, the association with CHD risk was long
considered to be more controversial?® until several recent studies
consistently reported a significant association,'? 10 30732

Different findings may be due to different methods of
measuring exposure to noise, but measurement of the effect may
also be complicated by intervening factors. First, the effect may
depend on individual noise sensitivity, a factor interposed
between noise exposure and effects on health.* Features of the
job itself may also modify the cardiovascular risk due to occu-
pational noise. Melamed et a/** found an interactive effect of
chronic exposure to noise and job complexity on changes in
blood pressure. Other concurrent occupational exposures may
also interfere with the effect measured. In our earlier study
within the Helsinki Heart Study, we found that exposures to
noise and to physical workload were very closely associated,
thus influencing each other’s CHD risk.'® Previous findings have
thus shown that both occupational noise and physical workload
carry a risk of CHD, and one pathway may be through hyper-
tension. However, in contrast, physical workload may improve
HDL-C levels and could therefore protect against CHD.

The aim of the present study was to explore how the two
occupational exposures modify the CHD risk associated with
MetS and its components. For that purpose we first studied the
joint effects of these exposures with the baseline levels of the
separate components of MetS, and second we studied the joint
effect of the two occupational exposures and MetS with special
focus on two definitions of MetS: the BMI—lipid definition and
the BMI—blood pressure—glucose definition.

MATERIALS AND METHODS

The source population

The Helsinki Heart Study (HHS) was a 5-year randomised,
double-blind, placebo-controlled primary prevention trial of
a lipid-lowering drug, gemfibrozil, in middle-aged men
(40—56 years at entry).”® To find a suitable dyslipidaemic study
group for the trial, all middle-aged men from two governmental
agencies and five industrial companies were invited to partici-
pate in two screenings. If their non HDL-cholesterol was
=5.2 mmol/l at the first screening, they were eligible for the
second screening. Those who fulfilled the lipid criterion at both
screenings and did not have CHD or any other major illness
were invited to participate in the primary trial, while those
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fulfilling the criteria, but with evidence of CHD, were invited to
participate in a secondary prevention trial.*® From the industrial
companies 6046 men participated in the first screening and 2332
in the second screening. After the double-blind trial, all trial
participants were offered free gemfibrozil until the end of 1995.
About two thirds of participants in both trial arms (the placebo
and the gemfibrozil) chose to take gemfibrozil.

The study was approved by the ethics committee of the
Helsinki University Central Hospital in 1980 and an extension
was approved by the Ministry of Welfare and Health in 1987
with permission to link the necessary register based information
to the HHS data. The time range of these permissions has
been subsequently extended by Statistics Finland and by the
National Research and Development Centre for Welfare and
Health (STAKES). The personal identification code was replaced
with a study number for data handling, so subjects cannot be
identified.

Study cohort in the present research and its follow-up via
linkage to population registers

Our study cohort consisted of all men employed in industry
who attended the second screening with measurement of all five
MetS components but were not taking gemfibrozil at any time
(N=957) or started taking it only after the double-blind trial
(N=>545). To avoid confounding, these 545 men were followed
up only until they started taking gemfibrozil, as those with
MetS have been found to benefit from treatment with gemfi-
brozil.>” % Of the study cohort, 810 participated in the trials and
692 had non-HDL-cholesterol <5.2 mmol/l at the second
screening.

Due to the selection criterion of having non-HDL-C
=5.2 mmol/], the study cohort had higher mean total choles-
terol levels (7.30 mmol/l) in the first screening than the source
population with 6.34 mmol/l. However, the mean levels of
HDL-C did not differ much across groups: 1.28 mmol/l in the
source population and 1.23 mmol/I in the study cohort.

The cardiac endpoints were obtained from the Hospital
Discharge Register (kept by STAKES) and the Register of Deaths
(kept by Statistics Finland). Several studies have found these
registers to be sufficiently accurate for epidemiological studies on
CHD.* The definition of CHD was based on codes 410—414 of
the International Classification of Diseases (ICD), 8th and 9th
revisions for the years 1982—1995 and 120—I125 of ICD, 10th
revision for the years 1996—1999. The study cohort was
followed up from 1982 to the end of 1999 with 255 subjects
experiencing coronary events, 47 of which were fatal.

Occupational code

The study cohort consisted of men working in oil refineries, the
wood-processing industry (paper, sawmill, plywood) and heavy
engineering. Our information on occupational categories was
based on the three-digit occupational code used in the 1980
census in Finland. It was obtained by record linkage with
Statistics Finland.

Linkage to FINJEM to obtain estimates of exposure to noise or
perceived physical workload

FINJEM is a multipurpose information system (job-exposure
matrix) covering all occupations and major occupational expo-
sures occurring in Finland since 1945.%C The proportions of those
exposed in an occupation (%) and the mean level of exposure
among those exposed (in exposure-specific units) from the
period 1985—1994 were linked to the present data using the
three-digit occupational code.
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In FINJEM the exposure estimates of physical workload were
based on data from the 1990 survey of working conditions by
Statistics Finland. About 4000 salaried workers were interviewed
in this survey. Those who considered their work to be physically
rather heavy or very heavy were considered to be exposed. The
proportion of those exposed was calculated for occupations
directly from the results of the survey. The level of exposure was
derived from the distribution of responses between rather heavy
and very heavy work (score between 0 and 1). If the number of
respondents in an occupation was small, data from a suitable
proxy occupation were used.

In the present study the exposure metric used in the analyses
was the product of the proportion of those exposed and the
mean level of exposure in that occupation. This variable was
mostly used categorised into tertiles. None of the white-collar
workers was exposed to physical workload, while those in the
metal, wood and chemical processing industries were exposed.

FINJEM assigns exposure to noise only to occupations where
the noise measurements have shown relatively high exposure
levels, typically over 75 dB(A). FINJEM also indicates occupa-
tions in which noise exposure includes high-level impulses. The
proportion of workers exposed to continuous or impulse noise in
an occupation was set in FINJEM at either 0% or 100%, so in the
analyses only the mean level of exposure was used.

In the present analyses workers were deemed to be exposed to
noise if they were exposed to continuous (=80 dB) and/or
impulse noise. If a worker was exposed to impulse noise he was
also exposed to continuous noise. The combined noise variable
consisted of three categories (no noise, continuous noise,
continuous and impulse noises). None of the white-collar
workers was exposed to noise. Most of these men were techni-
cians, engineers or engaged in other administrative or office
work, while those in wood, pulp and paper, or metal and
electrical work were exposed to noise.

Blood pressure, blood glucose, serum lipids and some lifestyle
factors
Blood pressure was recorded from the right arm using calibrated
mercury sphygmomanometers. The measurement was carried
out with the subject in a sitting position before the blood sample
was taken. Obesity was available in terms of BMI, calculated as
weight in kilograms divided by height in metres squared.
Glucose and serum lipids were collected and measured by the
National Public Health laboratory using standard methods as
described in detail elsewhere.** The blood pressure, BMI and
HDL-C values were mean values of the first and second
screening measurements, while triglycerides and glucose were
based on one measurement only.

Smoking habits and alcohol consumption were recorded from
a questionnaire completed at the beginning of the study (daily
consumption of cigarettes, annual consumption of alcohol),
and a three-scale variable (non-, light and heavy smokers) was
used for smoking with ex-smokers coded as non-smokers. For
alcohol consumption, four categories (non-, light, heavy
consumption and missing information) were used. Leisure-time
physical activity was recorded as a four-scale variable using the
Gothenburg questionnaire.*!

Diagnosis of MetS

There are no commonly accepted international criteria for the
diagnosis of MetS. The criteria used in this study were a mixture
of international and data-based criteria: (a) the National
Cholesterol Education Program (NCEP) Adult Treatment Panel
Il (ATPIII) criteria,® (b) the WHO criteria for elevated blood

668

pressure and (c) quartile limits of the data. Blood pressure was
quite high among participants, therefore the ATPIII criteria
(=135 mm Hg systolic blood pressure or =85 mm Hg diastolic
blood pressure) would have been too low for this study popu-
lation. In contrast, the criteria levels for glucose and BMI were
too high for our material, and therefore the quartile limits were
used. The diagnostic criteria used for MetS were:
— elevated triglycerides: =1.70 mmol/I (a)
— reduced HDL-C: =1.08 mmol/I (a, c: first quartile)
— elevated blood pressure: =140 mm Hg systolic blood pressure
or =90 mm Hg diastolic blood pressure (b)
— elevated glucose: =4.59 mmol/I (c: 4th quartile)
— obesity BMI: =28.4 kg/m? (c: 4th quartile).
According to ATPIII criteria, any three of the five components
at risk level constitute a diagnosis of MetS.

Statistical analysis

Mean baseline levels of systolic (SBP) and diastolic blood pres-
sure (DBP), BMI, triglycerides, glucose and HDL-C were used to
compare possible differences in the groups due to noise or
physical workload exposures. One-way ANOVA was used to
test the statistical significance of the differences between
exposure groups. Before testing, the triglyceride values were
log-transformed.

Cox’s proportional hazards models were used to study the
joint effect of noise or physical workload exposure and MetS on
risk of CHD. Noise and physical workload exposures were
treated as dichotomous or three-level variables, and the separate
components of MetS were dichotomised. Different definitions of
MetS were applied, but in all cases a three-level variable was
created indicating (1: no, 2: possible and 3: found) the presence
of MetS. To estimate joint effects, we formed a new variable to
represent different combinations of the risk factor levels. The
model is equivalent to a model which includes both main effects
and the interaction. To evaluate the possible mediating or
confounding effects of other CHD risk factors, such as smoking
and alcohol consumption, we added them into the model. The
analyses were performed using the statistical package SPSS 15.0
for Windows.

RESULTS

Baseline levels of the METS components by categories of
physical workload and occupational noise

In case of physical workload, those in the second tertile
of exposure had the highest levels of most MetS components
(table 1). With increasing levels of workload, the MetS compo-
nent levels improved, particularly HDL-C which increased from
1.22 to 1.27 mmol/l (p=0.005, t test). The HDL-C levels were
even slightly higher than in the first tertile of workload (mostly
sedentary workers).

If the group with no noise was compared to the two groups
exposed to continuous noise (80—85 dB and 90—100 dB), there
was an increasing trend in the BMI means (p=0.006, ANOVA
trend test). By contrast, those exposed to both continuous and
impulse noise and to a high level (third tertile) of workload as
well showed a different pattern. In this group triglycerides were
lower and HDL-C higher than among those with continuous
noise only, and were even better than among those with no
noise exposure. It seems that the effect of high workload (third
tertile) was reflected in these findings. However, the findings
among those with exposure to noise only (not workload) show
that noise entailed increased SBP, BMI and triglycerides, and
decreased HDL-C, although no dose—response pattern with
increasing levels of noise was found.
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Table 1 Baseline mean levels and proportions of subjects without risk levels of SBP, DBP, BMI, triglycerides, glucose or serum HDL-C by levels of
exposure to physical workload or occupational noise
SBP DBP BMI Triglycerides Glucose HDL-C
% Of Mean 2140 Mean 290 Mean =284 Mean 21.70 Mean 24.59 Mean <1.03
N exposed mm Hg % mm Hg % kg/m?> % mmol/l % mmol/l % mmoll %
Physical workload* 1
1st tertile 611 19.0 139.5 46.8 89.6 499 265 23.6 1.90 419 4.34 24.2 1.24 26.2
2nd tertile 391 60.6 142.9 58.6 90.8 583 269 28.1 2.01 46.0 4.28 22.8 1.22 21.4
3rd tertile 500 71.6 142.7 56.2 90.2 544  26.6 25.2 1.88 40.8 4.36 28.4 1.27 21.4
ANOVA for differences (p) <0.001 0.13 0.18 0.14§ 0.28 0.02
Noise dB E
No noise 761 35.0 140.1 47.6 90.1 53.0 264 23.7 1.88 40.1 4.31 23.3 1.24 259
Continuous noise ~ 80—85 403 84.4 143.2 57.8 90.4 541  26.7 24.8 2.01 47.6 437 26.3 1.23 21.0
90—-100 183 7.0 141.6 57.4 89.3 541 271 32.2 2.02 48.1 4.31 24.6 1.23 25.1
Continuous and impulse 155 100.0 143.2 61.9 90.1 548  26.7 26.5 1.76 355 4.37 329 1.32 14.2
noise
ANOVA for differences (p) <0.01 0.61 0.05 <0.01§ 0.53 0.01
Noise (without physical workload)
No noise 495 138.8 44.2 89.4 493 264 22.0 1.88 39.8 4.34 23.2 1.24 253
Continuous noise ~ 80—85 63 144.1 61.9 924 60.3 27.2 28.6 2.09 55.6 4.35 30.2 1.21 333
90—100 53 141.1 52.8 88.0 434 270 321 1.81 453 4.34 26.4 1.23 26.4

*Product of proportion of exposed (prevalence p) and mean level of exposure.
1% Of exposed to occupational noise.

$% Of exposed to physical workload.

§Test was based on log-transformed values.

BMI, body mass index; DBP, diastolic blood pressure; HDL-C, HDL-cholesterol; SBP, systolic blood pressure.

Joint effects of components of MetS and occupational workload
or noise on risk of CHD
The joint effects of occupational workload and the separate
components of MetS on CHD risk differed considerably. The
CHD risks due to elevated blood pressure or glucose were
markedly increased by simultaneous exposure to workload, but
not so in the case of BMI or HDL-C (table 2). For example in the
case of elevated glucose without exposure to workload (first
tertile; mostly sedentary workers), the RR was 1.82 (95% CI
1.17 to 2.82) compared with those with neither exposure, but
2.56 (95% CI 1.69 to 3.88) when both exposures were present.
Similarly, workload increased the RR due to elevated blood
pressure from 2.26 (95% CI 1.39 to 3.66) to 3.04 (95% CI 1.89 to
4.90). By contrast, workload slightly decreased the RRs due to
high BMI or low HDL-C. If adjusted for leisure-time physical
activity and occupational noise exposure, the patterns of risk
were not essentially changed, but if adjusted for age, smoking
and alcohol consumption, the risks were attenuated. If all
covariates were added to the model simultaneously, the esti-
mates were close to or slightly lower than the estimates
obtained after adjusting for age, smoking and alcohol. The
greatest drop was seen in the joint effect of workload and blood
pressure, yielding an RR of 2.25 (95% CI 1.34 to 3.78) and in
workload and glucose with an RR of 1.76 (95% CI 1.09 to 2.85).
Noise exposure markedly increased the RR due to elevated
glucose from 1.74 (95% CI 1.19 to 2.56) to 2.92 (95% CI 1.70 to
5.00) compared to those with neither exposure (table 3).
Without elevated glucose there was practically no gradient of
risk by increasing levels of noise exposure, but together with
glucose there was a trend of borderline significance (p=0.11). By
contrast, a significant trend (p=0.02) was seen for increasing
levels of noise exposure in the absence of low HDL-C, but not if
this was present. Despite similarities in workload in their joint
effects with the MetS components, noise exposure always
increased the CHD risks due to these components. If adjusted
for age, smoking and alcohol consumption, the risks were
somewhat decreased, but when adjusted for physical workload,
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the risks were distinctly decreased, suggesting that a consider-
able proportion of the CHD risk was due to the simultaneous
presence of workload. After adjusting for all covariates simul-
taneously, the greatest decrease was seen in the joint effect of
noise (both) and blood pressure yielding an RR of 1.95 (95% 1.08
to 3.52) and in noise (both) and glucose with an RR of 1.98 (1.08
to 3.62).

The joint effect of physical workload and the
BMI—hypertension—glucose definition (MetS1) of MetS was
high: RR 5.21 (95% CI 2.70 to 10.05) compared to those with
neither exposure (table 4). When MetS was defined in terms of
BMI, HDL-C and triglycerides (MetS2), the picture was
different. There was a clear reduction in risk for those exposed to
workload: the RR of 2.19 (95% CI 1.11 to 4.30) among those
exposed to METS2 only was reduced to 1.20 (95% CI 0.61 to
2.35) if they were concurrently exposed to physical workload. It
is noteworthy that workload per se was not a protective factor.
Indeed, it was a significant risk factor with an RR of 1.60 (95%
CI 1.07 to 2.38) compared to those with neither risk factor
present, and only efficiently reduced the CHD risk due to
METS2. The joint effects of noise with MetS1 and MetS2
revealed patterns similar to those seen for workload.

Finally, we compared the patterns of risk when MetS was
defined using all five components: BMI, blood pressure, HDL-C,
glucose and triglycerides. MetS had a close to additive effect
with both workload and noise with a nearly threefold increased
risk among those exposed both to MetS and either of the
occupational exposures. Again, when the joint effect of MetS
and noise exposure was adjusted for workload, the risks
decreased considerably, but this was not the case when the joint
effect of MetS and workload was adjusted for noise (data not
shown).

As part of the MetS components had been measured at the
first screening visit for the Helsinki Heart Study, we repeated
some of the analyses described in tables 2 and 3 using that earlier
but more extensive and less dyslipidaemic data (see online
supplement).
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Table 2 Physical workload and baseline blood pressure, BMI, triglycerides, glucose and serum HDL-C as joint predictors of coronary heart disease

risk among men employed in industry

Leisure activity and
occupational noise,

Age, smoking and alcohol,

Men Incidence Unadijusted adjusted adjusted
N N Rate RR 95% CI RR 95% CI RR 95% CI

Workload and blood pressure

1 tert, <90/140 mm Hg 247 22 1.2 1 1 1

2 tert, <90/140 mm Hg 119 21 15.2 2.15 (1.18 to 3.90)* 2.09 (1.13 to 3.85)* 2.21 (1.24 to 4.14)**

3 tert, <90/140 mm Hg 166 24 12.4 1.75 (0.98 to 3.12) 1.64 (0.88 to 3.03) 1.60 (0.90 to 2.86)

1 tert, =90/140 mm Hg 364 65 15.9 2.26 (1.39 to 3.66)*** 2.23 (1.38 to 3.63)** 2.12 (1.31 to 3.44)**

2 tert, =90/140 mm Hg 272 48 15.4 2.17 (1.31 to 3.60)** 2.12 (1.25 to 3.57)** 2.09 (1.26 to 3.47)**

3 tert, =90/140 mm Hg 334 75 212 3.04 (1.89 to 4.90)*** 2.85 (1.70 to 4.78)*** 2.51 (1.55 to 4.04)***
Workload and BMI

1 tert, <28.4 kg/m? 467 59 10.6 1 1 1

2 tert, <28.4 kg/m? 281 46 14.4 1.36 (0.93 to 2.00) 1.34 (0.89 to 2.01) 1.37 (0.93 to 2.02)

3 tert, <28.4 kg/m? 374 74 18.2 1.74 (1.24 to 2.45)** 1.64 (1.09 to 2.44)* 1.53 (1.08 to 2.16)*

1 tert, =28.4 kg/m? 144 28 17.6 1.69 (1.08 to 2.65)* 1.66 (1.05 to 2.61)* 1.56 (0.99 to 2.45)

2 tert, =28.4 kg/m? 110 23 17.8 1.68 (1.04 to 2.72)* 1.65 (1.00 to 2.73) 1.72 (1.06 to 2.79)*

3 tert, =28.4 kg/m? 126 25 17.9 1.71 (1.07 to 2.74)* 1.63 (0.98 to 2.71) 1.45 (0.90 to 2.32)
Workload and triglycerides

1 tert, <1.70 mmol/I 355 47 10.6 1 1 1

2 tert, <1.70 mmol/I 21 42 16.8 1.60 (1.06 to 2.43)* 1.58 (1.03 to 2.44)* 1.69 (1.11 to 2.56)*

3 tert, <1.70 mmol/I 296 56 16.6 1.59 (1.08 to 2.35)* 1.48 (0.95 to 2.30) 1.47 (1.00 to 2.18)

1 tert, =1.70 mmol/I 256 40 14.8 1.44 (0.95 to 2.20) 1.44 (0.94 to 2.20) 1.48 (0.97 to 2.26)

2 tert, =1.70 mmol/l 180 27 13.5 1.30 (0.81 to 2.09) 1.26 (0.77 to 2.07) 1.33 (0.83 to 2.14)

3 tert, =1.70 mmol/l 204 43 20.6 2.02 (1.33 to 3.05)*** 1.91 (1.20 to 3.02)** 1.7 (1.13 to 2.60)*
Workload and glucose

1 tert, <4.59 mmol/I 463 57 10.3 1 1 1

2 tert, <4.59 mmol/I 302 46 13.1 1.27 (0.86 to 1.88) 1.25 (0.83 to 1.88) 1.32 (0.89 to 1.95)

3 tert, <4.59 mmol/I 358 62 15.4 1.51 (1.05 to 2.16)* 1.43 (0.95 to 2.15) 1.37 (0.96 to 1.97)

1 tert, =4.59 mmol/I 148 30 18.4 1.82 (1.17 to 2.82)** 1.82 (1.17 to 2.83)** 1.66 (1.07 to 2.59)*

2 tert, =4.59 mmol/l 89 23 234 2.30 (1.42 to 3.73)*** 2.23 (1.36 to 3.68)** 2.10 (1.29 to 3.42)**

3 tert, =4.59 mmol/l 142 37 25.5 2.56 (1.69 to 3.88)*** 2.42 (1.52 to 3.86)*** 1.96 (1.29 to 2.98)**
Workload and HDL-C

1 tert, >1.03 mmol/I 451 58 10.6 1 1 1

2 tert, >1.03 mmol/I 284 52 15.7 1.50 (1.03 to 2.17)* 1.47 (0.99 to 2.19) 1.52 (1.05 to 2.22)*

3 tert, >1.03 mmol/l 393 79 18.2 1.76 (1.25 to 2.46)** 1.65 (1.10 to 2.46)* 1.50 (1.07 to 2.12)*

1 tert, =1.03 mmol/I 160 29 17.3 1.69 (1.08 to 2.64)* 1.69 (1.08 to 2.65)* 1.55 (0.99 to 2.43)

2 tert, =1.03 mmol/l 107 17 14.3 1.37 (0.80 to 2.35) 1.32 (0.76 to 2.30) 1.35 (0.78 to 2.31)

3 tert, =1.03 mmol/l 107 20 17.6 1.70 (1.02 to 2.82)* 1.62 (0.95 to 2.78) 1.55 (0.93 to 2.59)

The relative risks (RR) with 95% Clsand p value were derived using Cox’s proportional hazards models with different covariates.

*p<0.05; **p<0.01; ***p<0.001.
tPer 1000 person-years.

BMI, body mass index; HDL-C, HDL-cholesterol; 1 tert, 1st tertile; 2 tert, 2nd tertile; 3 tert, third tertile.

DISCUSSION
In this follow-up of middle-aged men working in industry, we
studied the joint effects of occupational exposures to physical
workload or noise and MetS on risk of CHD. Strong modifica-
tions of the effect of MetS were seen, but the findings differed
considerably depending on which MetS criteria were used. If
MetS was defined by high BMI, high triglycerides and low
HDL-C, then CHD risk was markedly decreased by a protective
effect of physical workload, while those not exposed to such
a workload showed a significant gradient of risk due to
increasing levels of MetS. However, if MetS was defined by high
BMI, glucose and blood pressure, then no protective effect of
exposure to workload was seen: those exposed to both MetS and
workload had a greater than fivefold increased risk compared to
those with neither exposure. The joint effects of occupational
noise and the different MetS definitions were similar to those
reported for workload and MetS.

Among the single components of MetS, high levels of glucose
and high blood pressure emerged as the best indicators of future
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CHD risk among those exposed to workload or occupational
noise, especially the latter. We used the tertile limit of
4.59 mmol/l as the cut-off point for a high glucose level, which
is far lower than recommended by MetS criteria,? ® and yet the
two categories of baseline measurement of glucose could
differentiate those exposed to noise with a high CHD risk from
those with a marginal risk. Although associations of occupa-
tional noise and cardiovascular diseases, hypertension and CHD
have been reported in several studies,'> 2”31 32 the importance
of the hypertension—glucose part of MetS has not been studied
in this context.

The beneficial effect of physical exercise on several components
of MetS and on risk of CHD has been well documented.* ¢ *?
Occupational physical activity, and even workload, have also
been found to improve lipid levels, especially HDL-C.!” 17 43

To what extent workload also improved the other compo-
nents of MetS or risk of CHD has been a matter of controversy,
probably because most studies did not differentiate between
vigorous occupational physical activity and direct workload.
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Table 3 Occupational noise and baseline blood pressure, body mass index (BMI), triglycerides, glucose and serum HDL-C as joint predictors of
coronary heart disease risk among men employed in industry

Physical workload,

Age, smoking and alcohol,

Men Incidence Unadjusted adjusted adjusted
N N Rate RR 95% CI RR 95% CI RR 95% CI
Noise and blood pressure
No, <90/140 mm Hg 300 33 9.3 1 1 1
Cont, <90/140 mm Hg 185 27 11.8 1.26 (0.76 to 2.09) 1.09 (0.64 to 1.87) 1.18 (0.71 to 1.96)
Both, <90/140 mm Hg 47 7 12.9 1.38 (0.61 to 3.12) 1.08 (0.46 to 2.56) 1.34 (0.59 to 3.03)
No, =90/140 mm Hg 461 84 16.0 1.73 (1.15 to 2.58)** 1.67 (1.11 to 2.50)* 1.54 (1.03 to 2.31)*
Cont, =90/140 mm Hg 401 78 17.9 1.94 (1.29 to 2.92)** 1.72 (1.11 to 2.66)* 1.77 (1.18 to 2.67)**
Both, =90/140 mm Hg 108 26 235 2.60 (1.55 to 4.35)*** 2.03 (1.13 to 3.65)* 218 (1.30 to 3.66)**
Noise and BMI
No, <28.4 kg/m? 581 83 12.2 1 1 1
Cont, <28.4 kg/m? 427 72 14.9 1.23 (0.89 to 1.68) 1.07 (0.76 to 1.52) 1.20 (0.87 to 1.64)
Both, <28.4 kg/m? 114 24 19.8 1.65 (1.04 to 2.59)* 1.29 (0.76 to 2.19) 1.57 (0.99 to 2.49)
No, =28.4 kg/m? 180 34 16.9 1.40 (0.94 to 2.08) 1.35 (0.90 to 2.02) 1.33 (0.89 to 1.98)
Cont, =28.4 kg/m? 159 33 18.0 1.48 (0.99 to 2.22) 1.33 (0.87 to 2.03) 1.45 (0.96 to 2.17)
Both, =28.4 kg/m? 4 9 20.6 1.72 (0.87 to 3.42) 1.35 (0.65 to 2.83) 1.48 (0.74 to 2.96)
Noise and triglycerides
No, <1.70 mmol/l 456 72 13.0 1 1 1
Cont, <1.70 mmol/I 306 54 14.7 1.14 (0.80 to 1.63) 0.99 (0.68 to 1.45) 113 (0.80 to 1.61)
Both, <1.70 mmol/I 100 19 17.4 1.37 (0.83 to 2.28) 1.07 (0.61 to 1.89) 1.31 (0.79 to 2.18)
No, =1.70 mmol/l 305 45 13.9 1.10 (0.76 to 1.60) 1.09 (0.75 to 1.58) 1.08 (0.74 to 1.58)
Cont, =1.70 mmol/l 280 51 17.1 1.35 (0.94 to 1.93) 1.19 (0.81 to 1.75) 1.30 (0.91 to 1.87)
Both, =1.70 mmol/l 55 14 25.2 1.99 (1.13 to 3.54)* 1.56 (0.83 to 2.92) 1.79 (1.01 to 3.19)*
Noise and glucose
No, <4.59 mmol/l 584 78 11.4 1 1 1
Cont, <4.59 mmol/I 435 70 13.8 1.21 (0.87 to 1.66) 1.06 (0.75 to 1.50) 1.24 (0.89 to 1.71)
Both, <4.59 mmol/I 104 17 14.8 1.30 (0.77 to 2.20) 1.04 (0.58 to 1.86) 1.34 (0.79 to 2.28)
No, =4.59 mmol/l 171 39 19.7 1.74 (1.19 to 2.56)** 1.73 (1.18 to 2.54)** 1.67 (1.13 to 2.45)**
Cont, =4.59 mmol/| 151 35 22.2 1.99 (1.33 to 2.96)*** 1.75 (1.15 to 2.67)** 1.68 (1.12 to 2.51)*
Both, =4.59 mmol/l 51 16 32.0 2.92 (1.70 to 5.00)*** 2.32 (1.27 to 4.21)** 2.20 (1.27 to 3.80)**
Noise and HDL-C
No, >1.03 mmol/l 564 83 12.4 1 1 1
Cont, >1.03 mmol/I 431 78 15.7 1.28 (0.94 to 1.74) 1.12 (0.80 to 1.57) 1.26 (0.92 to 1.72)
Both, >1.03 mmol/I 133 28 19.7 1.63 (1.06 to 2.51)* 1.28 (0.78 to 2.12) 1.50 (0.97 to 2.30)
No, =1.03 mmol/I 197 34 16.3 1.35 (0.90 to 2.01) 1.33 (0.89 to 1.99) 1.30 (0.87 to 1.94)
Cont, =1.03 mmol/l 155 27 16.1 1.32 (0.86 to 2.04) 117 (0.75 to 1.85) 1.26 (0.82 to 1.95)
Both, =1.03 mmol/l 22 5 215 1.78 (0.72 to 4.38) 1.40 (0.55 to 3.57) 1.82 (0.73 to 4.49)

The relative risks (RR) with 95% Cls and p-value were derived using Cox’s proportional hazards models with different covariates.

"p<0.05; **p<0.01; ***p<0.001.
tPer 1000 person-years.
BMI, body mass index; Cont, continuous; HDL-C, HDL-cholesterol.

However, when this was done, as by Fransson et al* it was
found that exercise, walking or standing at work were associated
with decreased risk of acute myocardial infarction, while lifting
or carrying at work, and an occupational workload perceived to
be strenuous, were related to an increased risk of myocardial
infarction. Furthermore, in our previous work we showed that
there was a dose—response relationship between level of work-
load and blood pressure during follow-up. We also showed that
an increase in blood pressure was an essential factor in the excess
of CHD risk among those exposed to workload.* Against this
background, our present findings that physical workload
decreased the CHD risk in MetS defined according to one set of
criteria but increased it in MetS defined by other criteria, were to
be expected.

Alcohol consumption has an effect both on risk of CHD and
on lipid levels, but the effect is fairly complicated, at least in the
Finnish setting. In our previous study, the risk of CHD showed
a U-shaped pattern, and increasing levels of alcohol consump-
tion were associated with increasing levels of HDL-C, but also
increasing levels of blood pressure, so there was no uniform

Occup Environ Med 2011;68:666—673. doi:10.1136/0em.2010.057075

effect on MetS.*S Drinking habits in Nordic countries differ from
those in Mediterranean countries, especially among blue-collar
workers with frequent binge drinking. White-collar workers
drink more often, but less during one episode. The effects are
different on CHD risk as the same amount of alcohol has a lower
protective effect among weekend binge drinkers than among
those with regular moderate intake.*® In the present study we
adjusted for these problematic factors.

It may be questioned to what extent the findings of the present
study are relevant for work today as the follow-up started at the
beginning of the 1980s and the subjects were middle-aged men,
most of whom had been in their jobs for nearly 15 years.
Unfortunately, at least in the case of noise, the exposures persist.
Kock er al*’ reported that a substantial proportion of Danish
industrial workers were exposed to noise levels above 85 dB(A).
It is possible that physical workload has been substantially
reduced in Western countries, but certainly not worldwide. We
may even speculate that, considered globally, the differences
in the profiles of CHD risk due to MetS in different parts of
the world*® % may be partially attributable to occupational
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Table 4 Occupational noise (=80 dB and/or impulse noise) or physical workload (second or third tertile) and metabolic syndrome (0, 1—2 or 3—5
components present) as joint predictors of coronary heart disease (CHD) risk among men employed in industry

Physical workload Noise
Age, alcohol and Age, alcohol and
Unadjusted Trend SMoking, adjusted Unadijusted Trend  SMoking, adjusted
N Inct RR 95% CI p RR  95% CI N Inct RR 95% CI p RR  95% CI
Occupational  MetS1#
exposure
No 0 183 69 1 1 219 87 1 1
No 1-2 382 134 198 (1.14 to 3.45)* 1.86 (1.07 to 3.24)* 494 139 1.62 (1.02 to 2.58)* 1.46 (0.92 to 2.33)
No 3 46 254 3.83 (1.84to 7.95)*** <0.001 3.30 (1.58 to 6.89)** 48 31.0 3.70 (1.95to 7.00)*** <0.001 3.50 (1.84 to 6.65)***
Yes 0 200 11.6 1.71 (0.92 to 3.16) 1.69 (0.91 to 3.15) 164 10.1 1.16 (0.64 to 2.12) 1.16 (0.64 to 2.12)
Yes 1-2 631 17.2 254 (1.51 to 4.28)*** 2.23 (1.32t0 3.75)** 519 17.6 2.07 (1.31 to 3.25)** 1.86 (1.18 to 2.93)**
Yes 3 60 34.1 5.21 (2.70to 10.05)*** <0.001 4.22 (2.18to 8.19)*** 58 29.2 3.53 (1.89to 6.62)***  0.001 2.69 (1.42 to 5.07)**
Occupational  MetS2$
exposure
No 0 270 103 1 1 345 124 1 1
No 1-2 294 127 1.28 (0.81 to 2.00) 1.24 (0.79 to 1.95) 355 13.6 1.13 (0.77 to 1.66) 1.13 (0.77 to 1.66)
No 3 47 21.6 219 (1.11 to 4.30)* 0.04 1.89 (0.96 to 3.73) 61 17.2 1.42 (0.76 to 2.65) 0.26 1.33 (0.71 to 2.49)
Yes 0 382 16.2 1.60 (1.07 to 2.38)* 1.47 (0.99 to 2.20) 307 15.1 1.23 (0.84 to 1.79) 1.21 (0.83 to 1.76)
Yes 1-2 433 185 1.86 (1.26 to 2.74)** 1.73 (1.17 to 2.56)** 372 185 1.54 (1.08 to 2.18)* 1.50 (1.05 to 2.13)*
Yes 3 76 122 1.20 (0.61 to 2.35) 092 1.08 (0.55 to 2.13) 62 140 1.15 (0.58 to 2.25) 0.57 1.04 (0.53 to 2.05)
Occupational MetS#
exposure
No 0 120 74 1 1 147 17 1 1
No 1-2 318 11.6 1.59 (0.84 to 3.01) 1.52 (0.80 to 2.88) 406 13.7 1.82 (1.04 to 3.20)* 1.75 (0.99 to 3.07)
No 3-5 173 17.8 251 (1.29 to 4.88)**  <0.01 2.26 (1.16t0o 4.39)* 208 17.2 231 (1.27 to 4.19)** <0.01 2.03 (1.12 to 3.70)*
Yes 0 133 10.6 1.45 (0.69 to 3.03) 1.44 (0.68 to 3.02) 106 109 1.43 (0.69 to 2.97) 1.47 (0.71 to 3.06)
Yes 1-2 484 17.0 2.36 (1.29 to 4.31)** 2.16 (1.18 t0 3.94)* 396 15.8 2.10 (1.20 to 3.66)** 1.96 (1.12 to 3.43)*
Yes 3-5 274 201 2.81 (1.51 to 5.23)** 0.02 232 (1.25t04.33)** 239 21.0 2.85 (1.60to5.06)*** 0.01 2.43 (1.37 to 4.33)**

]’he relative risks (RR) with 95% Cl and p values were derived using Cox's proportional hazards models.

p<0.05; **p<0.01; ***p<0.001.
tIncidence rate per 1000 person-years.

+Number of components of metabolic syndrome (MetS1: body mass index (=28.4 kg/m?), blood pressure (=140/90 mm Hg) and glucose (=4.59 mmol/l); MetS2: body mass index,
HDL-cholesterol (=1.03 mmol/l) and triglycerides (=1.70 mmol/l); MetS: any three of the above mentioned 5 components present).

exposures. Our findings further suggest that research on CHD
risk associated with MetS may benefit from study of the risks
according to the different definitions of MetS, as they may vary
considerably depending on the population studied. A somewhat
similar conclusion was drawn by Mozaffarian et ali”® in their
study on MetS and mortality in older adults.

A limitation of our study was that the study population was
more dyslipidaemic (higher non-HDL-cholesterol levels) than
the source population. However, when the analyses were
repeated for the MetS components HDL-C, blood pressure and
BMI using a less dyslipidaemic subpopulation, the findings were
essentially similar, especially as regards workload (see online
supplement). A further limitation was that we had only one or
two measurements of the MetS factors and no information on
medication during the follow-up, which especially in the case of
blood pressure, may cause some bias in the risk estimates
obtained. Another issue is the cut-off points used for the MetS
components: we used only some of those recommended by the
ATPII definition of MetS. It seems that the limits set for
today’s use are not directly applicable in epidemiological studies
to decades old data.

In our study population, exposure to noise was to a great
extent associated with exposure to physical workload. For
example 100% of those exposed to both continuous and impulse
noise were also exposed to high workload (third tertile).
Therefore, no statistical adjustments can fully distinguish
between their effects; in the estimates of CHD risk for noise,
there remains an effect of workload and vice versa.

It is well known that when occupation based exposure esti-
mates are used rather than worker based estimates, the risk

672

estimates generally tend to be flattened. Considering public
health, the possibility that the correct estimate for the joint
effect of occupational exposure to workload and the glucose—
blood pressure definition of MetS on CHD risk could be more
than fivefold greater merits attention.

In conclusion, occupational exposure to workload or noise
modified CHD risk associated with different definitions of MetS
in different ways. It increased the risk in those with MetS
defined according to BMI, blood pressure and glucose but,
especially workload, effectively attenuated the risk in those with
MetS defined according to BMI and lipids.
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