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Joint effect of shift work and adverse life-style factors on the risk of
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Objectives The joint effect of shift work and certain adverse life-style factors on coronary heart disease (CHD)
was studied.

Methods Base-line measurements were obtained for a 6-year follow-up of an industrially employed cohort
(N=1806), whose shiftwork status was recorded from a questionnaire filled out by a sample of the cohort. The CHD
end points (codes 410—414 of the 9th revision of the International Classification of Diseases) were obtained from
official Finnish registers. In order that the joint effects of shift work and life-style factors on the risk of CHD could
be studied, dichotomized variables and their combinations as a dummy variable system in Cox’s proportional
hazards models were used.

Results The relative risks were 1, 1.6 [95% confidence interval (95% CI) 1.1—2.5], 1.3 (95% C10.9—2.1), and
2.7 (95% CI 1.8—4.1) for the following combinations of shift work (SW) and smoking (SM): SW-&SM-, SW-
&SM+, SW+&SM-, and SW+&SM+, respectively; and the corresponding figures for shift work and obesity (BMI
>28 kg/m?) were 1, 1.2 (95% C10.8—1.9), 1.3 (95% C10.9—1.9), and 2.3 (95% CI 1.5—3.6), respectively. In both
cases the effect was at least multiplicative. For the shift workers the relative risk for CHD rose gradually with
increasing numbers of adverse life-style factors, but for the day workers there was no clear dose-response pattern.
Conclusions Shift work seems to trigger the effect of other, lifestyle-related risk factors of CHD and therefore

calls for active prevention among shift workers.

Keyterms circadian rhythm, interaction, obesity, physical activity, smoking, thrombosis.

The question of whether or not shift work is associated
with coronary heart disease (CHD) has been studied since
the middle of the century. While the early studies were
mostly inconclusive or even negative (1), later prospec-
tive studies have repeatedly shown a positive association
between shift work and CHD (2—25). Although these
studies have now established shift work as a risk factor
for CHD, many problems still remain. In their classical
paper Fox & Adelstein (6) posed the question “Work or
way of life?” Today, it seems more relevant to formu-
late it thus: “Work and way of life jointly?” In cancer
research there are numerous studies on the joint effects
of various occupational exposures and, for instance,
smoking, the most important of the adverse life-style fac-
tors (7). There exist as yet no such studies in the context
of shift work, life-style, and CHD, although such studies
would be important from a preventive point of view (8).

1 Helsinki Heart Study, Helsinki, Finland.

Smoking is a classical risk factor for CHD, with sev-
eral pathways for its effect (9, 10). Little physical activ-
ity during leisure time is another established CHD risk
factor for men (11—13). Obesity is associated with sev-
eral risk factors for CHD. First, it predisposes to increas-
ing levels of insulin resistance (14—15), and, second,
either as a consequence or independently, it is associat-
ed with an unfavorable lipid profile, hypertension, and
decreased fibrinolytic capacity (16, 17). All these life-
style factors are fairly commonly found, and they are of-
ten found in clusters.

In our previous paper on the CHD risk associated with
shift work among industrially employed Finnish men, we
showed that shift work was associated with a 30—50%
excess risk of CHD and that the risk could not be entire-
ly explained by differences in life-style factors, total se-
rum cholesterol, or high-density lipoprotein (HDL)
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cholesterol among shift workers and day workers (4).
This result does not mean that the life-style factors are
of no importance in the assessment — and prevention —
of CHD risk among shift workers. The present work is a
continuation of our previous research, and its aim was to
study the joint effects of shift work and the life-style fac-
tors smoking, obesity, and lack of leisure-time physical
activity on the risk of CHD through the use of data col-
lected in the Helsinki Heart Study.

Subjects and methods

Study population and the follow-up

The subjects were selected from among the participants
of the first screening visit for the Helsinki Heart Study,
a 5-year, placebo-controlled coronary prevention trial
with middle-aged men (40—55 years of age at entry)
(18). The participants for the trial were selected via suc-
cessive screenings at 2 government agencies and 5 in-
dustrial companies. The industrial cohort comprised men
working in oil refineries, the wood-processing industry
(paper, sawmill, plywood) and heavy engineering. The
volunteers were eligible for the trial if their serum non-
high-density lipoprotein cholesterol was 25.2 mmol/l in
both pretreatment screenings and if they had no evidence
of CHD or any other major illness.

In the present follow-up cohort, only participants
employed in industry were included. The subjects came
from different selection phases of the Helsinki Heart
Study; this procedure was followed to ensure that the
subjects were representative of the source population.
First, a reference group was selected by systematic sam-
pling from among the people who did not fulfill the se-
lection criteria in the first screening. Second, all those
who did fulfill the criteria in the first screening, but not
in the second, were chosen as a second reference group.
After the double blind trial phase, the treatment group
was revealed to the participants, and its members were
allowed to choose whether or not they wanted to contin-
ue with the medication (gemfibrozil group) or whether
to begin with it (placebo group). At the end of the dou-
ble blind trial in 1986—1987, a psychosocial question-
naire was also mailed to those in the intervention and ref-
erence groups. The response rate was 70% (N=1947) for
the industrial group. Of these 38% belonged to the refer-
ence groups that had never been on gemfibrozil, 16% be-
longed to either of the trial groups, but did not continue
on medication, and 46% belonged to one of the trial
groups and chose to continue (or start) medication. Af-
ter the exclusion of those with missing information on
occupation or shiftwork status and a small group of part-
time workers, the study group comprised 1806 men.

Our follow-up lasted from the administration of the
questionnaire to the end of 1993, with a mean follow-up
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time of 5.6 years. The end points were obtained from the
Hospital Discharge Register and the Register of Deaths
kept by Statistics Finland. Several studies have found
these registers to be accurate enough for epidemiologic
purposes in studies of CHD (19). In accordance with our
previous study (20), our definition of CHD was based
on codes 410—414 of the International Classification of
Diseases, 9th revision.

Occupation and shiftwork status

We used broad occupational categories in our study, but
the information was based on the 3-digit occupational
code used in the 1980 census — a Finnish version of the
Nordic Classification of Occupations from 1965. This
information was obtained by record linkage with Statis-
tics Finland. In the analyses, occupation was used as a
dichotomized variable: white-collar workers (academic
and clerical) versus blue-collar industrial workers. The
latter group comprised the occupational categories of iron
and metalware work, machine work in plants, woodwork-
ing, and chemical process work.

Shift work was recorded in the questionnaire on the
following 6-point scale: 1 = day work, 2 = part-time
work, 3 = 2-shift work, 4 = 3-shift work, 5 = irregular
work, and 6 = night work. In the analyses a dichotomized
variable was used (1 = day work, 2 = shift work, all com-
bined). The 14 men working part-time were excluded.

In this industrial study population, 71% of the par-
ticipants were blue-collar workers. Among the blue-col-
lar workers, 48% were shift workers, compared with only
9% of the white-collar workers. Most of the participants
in the shiftwork groups had held their jobs for more than
5 years.

Life-style factors

All the life-style factors used in our study were recorded
at the first screening visit in 1982. In the interview, smok-
ing habits were recorded on a 7-point scale taking into
account the number of cigarettes smoked and the time at
which the respondent had given up smoking. We then
used a dichotomized variable (0 for never or past smok-
ing and 1 for current smoking) in our study. Leisure-time
physical activity was recorded with the 4-point Gothen-
burg scale (21), but a dichotomized variable was used in
the analyses. Body mass index was calculated as weight
in kilograms per square meter of height.

Blood pressure and serum lipids

Blood pressure was recorded from the right arm during
the first screening visit, with calibrated mercury sphyg-
momanometers with cuffs measuring 12x40 cm. The
measurement was carried out in a sitting position before
the blood sample was taken. The lipid measurements in
this lipid modulation trial have been described in detail
elsewhere (18).



Statistical methods

To study the joint effects of shift work and the different
life-style factors, we first formed a new variable on the
basis of the dichotomized variables to represent differ-
ent combinations of the risk factor levels, as is usual in
experimental design. In the case of shift work (SW) and
obesity (BMI), for instance, the study population was di-
vided into the following groups by using a grouping var-
iable: SW-&BMI-, SW-&BMI+, SW+&BMI-,
SW+&BMI+. The relative risks (RR) of CHD among
those belonging to the last 3 groups in comparison with
the 1st (nonobese day workers) were then estimated us-
ing Cox proportional hazards models (22). With this ap-
proach, the statistical interaction term is implicitly in-
cluded in the model and serves as a correction of the
model. Such correction would be needed if the initial as-
sumption of a multiplicative joint effect of smoking and
obesity did not prove to be appropriate. When the risks
were estimated according to the given description, we
were able to see immediately how far or close the effect
was from multiplicative.

Restilts

We first explored the overall CHD risk associated with
the life-style factors by analyzing simultaneously the ef-
fects of shift work, smoking, obesity, and sedentary life-
style (table 1). Both smoking and obesity were signifi-
cant risk factors if only age was adjusted for, but, if total
serum cholesterol and HDL cholesterol were added to the
model, the risk estimate for obesity dropped considera-
bly. In contrast, the estimate for CHD risk associated with
shift work was not altered whether or not total choles-
terol and HDL cholesterol were added as covariates.
(This finding suggests that the effect of shift work does
not operate via serum lipid levels, while that of obesity
does.) When analyzed simultaneously with the other life-
style factors, the effect of sedentary life-style appeared
to be marginal.

Tenkanen et al

Figure 1 shows the joint effects of shift work and dif-
ferent life-style factors in terms of the crude incidences
of CHD. Shift work enhanced the adverse effect of the
life-style factors on CHD risk; in the case of smoking
and obesity, the joint effect was at least multiplicative.
This impression was confirmed when the relative risks
of the joint effects were modeled (table 2). Even seden-
tary life-style, when combined with shift work, entailed
an 87% excess risk (P<0.02) in a comparison with phys-
ically active day workers, and the risk due to smoking
was strongly accentuated among shift workers. If total
cholesterol and HDL cholesterol were added as covari-
ates, the risk patterns were flattened, as could be expect-
ed. The flattening effect of HDL cholesterol exceeded
that of total cholesterol (results not shown). When com-
paring the joint effect of shift work and increasing num-
bers of adverse life-style factors on CHD risk (figure 2,
table 3), we clearly saw how shift work enhanced the
CHD risk due to adverse life-style. While among day
workers those with 2—3 adverse life-style factors had
about twice the risk of those with no such factors, among

Tahle 1. Shift work and life-style factors as simultaneous predic-
tors of coronary heart disease (CHD) risk among industrially em-
ployed men. The relative risks (RR) with 95% confidence inter-
vals (95% Cl) were derived using Cox proportional hazards mod-
els with different covariates. (Tot C = total serum cholesterol,
HDLC = high-density lipoprotein cholesterol, BMI = body mass
index)

Risk group Reference Relative risk
group
Age-  95% Cl2 Age-Tot  95% CI®
adjusted C-HDLC-
adjusted
Shift work Day work 1.46 1.07—2.00 148 1.08—2.03
Smoking  Non or past
smoking 1.76 1.28—2.42 .52 1.10—2.10
Sedentary  Physically
active 1.08 0.77—1.51 1.00 0.71—1.40
Obese (BMI BMI
>28 kg/m?) <28 kg/mz 145 1.056—2.02 1.14  0.82—1.60

a For age-adjusted RR.
b For age-Tot C-HDLC-adjusted RR.
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Figure 1. Crude incidences of coronary heart disease (CHD) by shiftwork status and the life-style factors obesity (BMI=body mass index), sedentary
life-style, and smoking. The number of CHD cases in each category is given at the foot of the corresponding bar.
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Table 2. Joint effect of shift work and some life-style factors on
the risk of coronary heart disease among industrially employed
men. The relative risks with 95% confidence intervals were de-
rived via Cox proportional hazards models with age as a covariate.
(RR = relative risk, 95% Cl = 95% confidence interval, BMI =
body mass index)

Life-style factor RR 95% Cl
Smoking
Day work
Non or past smoker 1 .
Smoker 1.61 1.05—2.48
Shift work
Non or past smoker 1.34 0.88—2.06
Smoker 2.69 1.76—4.12
Leisure-time physical activity
Day work
Physically active 1 .
Sedentary 1.19 0.76—1.85
Shift work
Physically active 1.42 0.83—2.42
Sedentary 1.87 1.19—2.94
Obesity
Day work
BMI <28 kg/m? 1 .
BMI 228 kg/m? 1.19 0.75—1.90
Shift work
BMI <28 kg/m?2 1.29 0.87—1.91
BMI 228 kg/m? 2.32 1.50—3.57

shift workers the corresponding relative risk was more
than 3 (table 3). The accumulation of adverse life-style
factors was reflected in the levels of serum lipids in that
the HDL cholesterol levels decreased and triglyceride
levels increased as the number of life-style factors in-
creased (table 4). The changes were, however, similar
among the day and shift workers.

Incidence of CHD
per 1000 man years

Day work Shift work

Number of the factors: smoking,
sedentary life style,and BMI>28 kg/m?

[] none present
one present
2-3 present

Figure 2. Crude incidences of coronary heart disease (CHD} by
shiftwork status and level of accumulation of the factors smoking,
sedentary life-style, and obesity. The number of CHD cases in each
category is given at the foot of the corresponding bar.
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These analyses where based on data from the entire
population of industrially employed men, and conse-
quently a higher proportion of the white-collar workers
were day workers than shift workers. To control for po-
tential confounding by occupational group, we repeated
the analyses using only blue-collar workers, although the
group of day workers was thereby considerably de-
creased. The risk pattern among the shift workers was
closely similar to the one we have presented in this re-
port, while for the day workers the confidence intervals
were larger and the results were less conclusive. Never-
theless, the principal results remained the same.

Discussion

Our main finding was that shift work persistently accen-
tuated the CHD risk associated with the adverse life-style
factors smoking, sedentary life-style and obesity, the joint
effect being at least multiplicative. The overall average
effect of shift work on CHD risk was of the same mag-
nitude as the effect of belonging to a group with a body
mass index of >28 kg/m?, but clearly lower than, for ex-
ample, the CHD risk due to smoking. However, although
the dichotomized variables used for the life-style factors
were fairly crude instruments for the assessment of CHD
risk, a clear dose-response relationship emerged between
the degree of clustering of these factors and the risk of
CHD among shift workers, but not among day workers.

Model considerations

A multiplicative effect of the risk factors included in this
study was the basic assumption when risks were mod-
eled using the Cox model or any similar approach. If, in
reality, the effect of the risk factors is less than multipli-
cative, for example, additive, or more than multiplica-
tive, then an interaction term can be added to the model

Table 3. Joint effect of shift work and the number of adverse
life-style factors [smoking, sedentary life-style, obesity (body
mass index >28 kg/m?)] on the risk of coronary heart disease
(CHD) among industrially employed men. The relative risks with
95% confidence intervals were derived via Cox proportional haz-
ards models with age as a covariate. (RR = relative risk, 95% Cl =
confidence interval)

Shiftwork status RR 95% ClI
Day work
0 factors present 1 .
1 factors present 1.98 1.04—3.77
2—3 factors present 1.92 0.99—3.71
Shift work
0 factors present 1.04 0.41—2.63
1 factors present 2.54 1.27—5.05
2—3 factors present 3.62 1.90—6.90
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Table 4. Base-line levels of total serum cholesterol (TotC), high-density lipoprotein cholesterol (HDLG) and triglycerides (TG) in catego-
ries of shiftwork status and the number of adverse life-style factors present, smoking, sedentary life-style, obesity (body mass index
>28 kg/m?).2

Shiftwork status Entire cohort Intervention group?

Number of TotC (mmol/l) HDLG (mmol/T) Number of TG (mmol/l )
subjects subjects
Mean SD Mean SD Mean SD
Day work
0 factors present 275 6.6 11 1.33 0.30 171 1.7 14
1 factors present 476 6.9 1.0 . 0.29 351 1.8 1.0
2—3 factors present 387 7.0 1.0 117 0.27 313 2.1 1.3
Shift work
0 factors present 155 6.9 1.1 1.36 0.34 100 1.6 0.7
1 factors present 236 6.8 1.1 1.25 0.29 173 1.8 1.0
2—3 factors present 274 7.0 11 1.18 0.28 215 2.2 1.4

2 The triglyceride measurements were available only for the intervention group.

to correct for its bad fit. The statistical interaction was
thus a purely technical, model-dependent construct, not
to be confused with the notion of biological interaction
(22). Unfortunately, the tests designed to help decide
whether or not the interaction term was needed have very
little power and are not useful without abundant data (22,
23).

The method we used is one way to proceed when joint
effects are studied. First, we showed the crude inci-
dences of CHD by combinations of risk factor levels
(without any assumptions). Second, in order to adjust for
covariates, the modeling was performed so that a new
variable representing the combinations of the risk factor
levels was formed and used in the framework of the Cox
models. By comparing the unadjusted risk estimates with
those adjusted, we gained information on the importance
of the covariates, and by viewing the pattern of the risk
estimates, we were able to evaluate the joint effect con-
cretely. In the case of smoking and shift work the multi-
plicative model would yield: RR (smoking only) x RR
(shift work only) = 1.61x1.34 = 2.16, and the additive
model would yield: RR (smoking only) + RR (shift work
only) - 1 = 1.61+1.34-1=1.95, while the true joint RR
was 2.69 with confidence limits of 1.76 and 4.12. Ac-
cording to Saracci (7) we would conclude that the effect
is nearly multiplicative. As the interaction term of smok-
ing and shift work did not reach statistical significance,
we would — this time — come to the same conclusion
using formal statistical reasoning. In the case of body
mass index, similar calculations would lead to the con-
clusion that the effect of shift work and obesity on CHD
risk is at least multiplicative.

Possible pathways for the effect

The effect of smoking on CHD risk is mediated through
several mechanisms. First, smoking has a long-term ef-
fect on the development of atherosclerosis, as autopsy
studies have shown that smokers have more atheroma-

tous plaques in coronary vessels than nonsmokers (9, 24).
The underlying mechanisms of this phenomenon are not
definitively known, but both nicotine and carbon mon-
oxide may promote injury of the coronary artery endothe-
lium and thus make it vulnerable to plaque formation (9).
Smoking may also lower defense mechanisms and main-
tain chronic infections that contribute to plaque forma-
tion (25). It may promote the development of insulin re-
sistance (26), with accompanying unfavorable lipid pro-
file (15), or possibly also directly reduce the level of HDL
cholesterol (27). Second, in addition to these long-term
effects, smoking may act as a short-term trigger in the
infarction process by increasing platelet aggregability and
fibrinogen levels and enhancing the formation of intra-
coronary thromboses (10). The effects of obesity on CHD
risk are also mediated through different pathways, one
being the promotion of the development of the insulin
resistance syndrome with high triglyceride levels and low
levels of HDL cholesterol (15, 28) and another being the
influence of the hemostatic functions, especially by de-
creasing fibrinolysis, either directly or via increased trig-
lyceride levels (29). The effect of little physical activity
is parallel with that of obesity in that both exert an unfa-
vorable effect on the lipid profile and on fibrinolytic ac-
tivity predisposing to thrombosis and increased CHD risk
(30, 31). The unfavorable effect on the lipid profile was
clearly seen in our study, as increased numbers of ad-
verse life-style factors entailed considerable changes in
the triglyceride and HDL cholesterol levels (table 4).
While life-style factors may promote the atherogenic
processes via multiple mechanisms, it is possible that
shift work contributes to several of the mechanisms. Shift
workers commonly complain about fatigue and sleep
loss, especially during night shifts (32). On the other
hand, fatigue and sleep loss may entail a decreased im-
mune response, and shift work may so accelerate the in-
fection-smoking-CHD sequelae (25, 33). Furthermore,
most metabolic processes, fibrinolysis included, follow
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a circadian rhythm, while shift work has been shown to
desynchronize the circadian pattern (34). Especially fi-
brinolytic activity is greatly reduced during early morn-
ing hours in relation to increased plasminogen activator
inhibition (35). It can be speculated that work during
night shifts, with greatly decreased fibrinolytic activity
or the desynchronization of the whole cardiovascular cir-
cadian system, could, in the long run, lead to increased
plaque formation. Decreased fibrinolysis is also of great
interest in relation to the well-established early-morning
peak of different CHD events (35). Nearly half of the
study participants were being treated with gemfibrozil, a
drug that, in addition to its effect on serum lipids, influ-
ences fibrinolysis (36). According to our previous study,
shift workers benefit more from treatment with gemfi-
brozil than day workers do although their mean lipid lev-
els do not essentially differ from those of day workers
(4). This finding adds some support for the hypothesis
that shift work may aggravate the adverse effects of life-
style factors on fibrinolytic activity and therefore increase
CHD risk.

A hormonal pathway from shift work to increased
CHD risk is also a plausible possibility. Most physiolog-
ical functions follow a circadian pattern, and, especially
in cases of rapidly rotating 3-shift work, desynchroniza-
tion occurs (37, 38). This desynchronization may involve
similar pituitary and adrenocortical responses such as vi-
tal exhaustion (ie, an increase in cortisol secretion with
accompanying deterioration of some CHD risk factors)
(39).

Another putative pathway through which shift work
can increase CHD risk due to adverse life-style could be
job stress. Stress-related persistent fatigue has been found
to decrease fibrinolytic capacity (40) and predispose to
thrombosis — in much the same way as adverse life-style
factors do.

The history of research on shift work and coronary
heart disease has shown that it is difficult to assess the
risk from shift work properly, mainly due to problems
with separating the effect of shift work from the effects
of other confounding or intervening factors. It is also dif-
ficult to maintain a proper study design, as people keep
moving from the shiftwork risk group into the daywork
reference group. One further reason for the difficulties
in assessing the risk could be that, in addition to having
an “independent” effect, shift work magnifies and aggra-
vates the effects of other noxious agents or occupational
or life-style factors. The observed effect would thus de-
pend on various other, possibly as yet unmeasured, fac-
tors, and this possibility could add extra variability and
uncertainty to the measurement.

In conclusion, shift work seems to trigger the effects
of other, lifestyle-related risk factors of CHD. Whatever
the pathways for this effect, it calls for preventive meas-
ures in everyday health care work.
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