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Objectives  This study tested a feasible method for screening for cardiovascular risk at the worksite and
investigated the effects of a long-term comprehensive program of life-style intervention to prevent cardiovascu-
lar disease.

Methods Employees in the public sector filled out a self-administered questionnaire with questions on social,
medical, and work-related factors. The respondents numbered 454 (80%). A score sum for cardiovascular risk
was calculated (range 1—20, median 7.0), and the 128 subjects with a sum above 8 were invited to a health
examination including blood sampling. Thereafter the subjects were invited to participate, following randomiza-
tion, in a comprehensive, 18-month, life-style intervention program to improve cardiovascular risk or in a
control group.

Results The intervention group significantly decreased body mass index, diastolic blood pressure, heart rate,
low-density lipoprotein (LDL) cholesterol, and smoking habits during the intervention. The initially elevated
serum cortisol, as a marker of stress reaction, normalized in the intervention group. In the control group LDL
cholesterol also decreased, but the glucose and triglyceride levels increased, and smoking habits were un-
changed. Sick days for a given period decreased after 1 year in the intervention group but not in the control
group.

Conclusions Several cardiovascular risk factors can be improved and morning serum cortisol normalized during
a long-term life-style intervention program with a randomized design using a worksite population of middle-
aged subjects. The use of a 2-step screening program, with an initial questionnaire followed by a health check of

subjects with elevated risk, is feasible for worksite settings.
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Cardiovascular morbidity and mortality are still of great
importance for public health in Sweden, with widening
health gaps in the working population (1). New guide-
lines on the prevention of cardiovascular risk factors
have focused on individual risk calculations based on
data on smoking, hypertension, and hyperlipidemia, as
well as data on other risk factors (2, 3). In most cases
of primary cardiovascular prevention, an initial period
of life-style modification is advocated, including weight
reduction among the obese, smoking cessation, im-
proved diet and physical activity, all well-established
components as previously discussed in detail (2, 3).
Such change is, however, not always easy to accom-
plish, and numerous studies have addressed the

difficulties of implementing life-style programs in un-
selected healthy populations, even if sometimes im-
pressing results have been achieved (4). In Sweden sev-
eral population-based studies have initiated life-style
programs among cardiovascular risk patients with var-
ying results (5—8). Not many studies have, however,
been randomized or have lasted long enough to permit
conclusions to be drawn about the methodology and
effects.

At the worksite, cardiovascular prevention is a mat-
ter of great importance because many employees have
to leave the workforce prematurely each year due to the
health consequences of ischemic heart disease. How-
ever, so far not many randomized intervention studies
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have been published on the prevention of cardiovascular
disease (CVD) at the worksite (9—11). It is also still
unclear which method of screening for cardiovascular
risk factors should be recommended in this setting, as
traditional screening programs (eg, with blood sampling
on a broad basis) are often costly, time-consuming, and
of limited value (12). In addition, traditional cardiovas-
cular screening does not always take psychosocial fac-
tors and stress into account, in spite of their importance
for cardiovascular health (13) and general well-being.
One interesting laboratory marker of stress is serum cor-
tisol (14), and a good marker of aging and anabolism or
catabolism is dehydroepiandrosterone (DHEA) (15),
both seldom used in the evaluation of life-style inter-
vention studies.

The aim of the present study was 2-fold, namely, to
test a feasible method of screening for cardiovascular
risk patients at the worksite and to test the effects of a
comprehensive program of life-style intervention to pre-
vent CVD (eg, special care in comparison with usual
care).

Subjects and methods

Subjects and screening

Helsingborg is a city in southern Sweden with 110 000
inhabitants. Many persons belonging to the employed
part of the population work in the public sector with the
city council of Helsingborg as their main employer. In
this study we initially selected 4 branches of the local
public sector with a total of 568 employees, most of
them middle-aged women between 40 and 50 years of
age, who worked as nurses, cleaners, gardeners, driv-
ers, or transportation workers.

The 1st step in the screening procedure was to hand
out a self-administered questionnaire with 54 questions
on family history of cardiovascular disease, current life-
style, medical history, and current treatment, as well as
psychosocial factors, social network characteristics, and
work-related stressors. The questionnaire was complet-
ed by 454 subjects (80% response rate). All the ques-
tions were allocated a cardiovascular risk score based
on known associations with CVD. The sum of the risk
scores (range 1—20, median 7.0) was calculated for
each respondent.

The persons (N=128) with a risk score sum of =9
were randomized into a life-style intervention study for
18 months and then invited for an individual health
check including a physical examination by nurses. Blood
sampling was carried out within 1 week after the health
check and randomization procedure. An intermediate
health check was offered at 12 months. Of the 65 sub-
jects randomized into the intervention group, 5 did not
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show up for the baseline health examination, 16 were
dropouts or excluded for medical reasons at 12 months,
and 1 subject was lost to follow-up at 18 months. In the
control group of 63 invited subjects, the corresponding
figures were 10, 5, and 2 subjects, respectively. There-
fore, at 12 months, a total of 44 subjects from the inter-
vention group and 48 from the control group could be
evaluated, and after 18 months the corresponding num-
bers were 43 and 46 subjects, respectively.

The persons who dropped out before the baseline
health examination were more often divorced, smokers,
or on long-term sick leave than were the participants.
With respect to the baseline variables, the other drop-
outs during the study did not differ from subjects fol-
lowed for the whole study period.

There were no differences in age or gender between
the intervention and control groups at the beginning of
the study. The mean age of the initially participating 56
women and 36 men was 49.7 (range 28—65) years.

Physical examination

The subjects were weighed in light indoor clothing, and
their height was measured without shoes. Their body
mass index (BMI) was calculated. The waist was meas-
ured at the umbilicus level and the hip measurement was
taken at the widest part of the hips. A waist-to-hip ratio
was calculated. Pulse rate and blood pressure were
measured twice, using a cuff of appropriate size, after
10 minutes of supine rest, and the mean figures of the 2
measurements were recorded.

Laboratory investigation

Blood samples were drawn for blood glucose, hemo-
globin, serum lipids [total cholesterol, low-density lipo-
protein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, and triglycerides], gamma glutamyl
transferases, alkaline phosphatase, cortisol, plasma in-
sulin, and plasma DHEA in the morning (between
0730—0900) after overnight fasting. All the variables
were analyzed at the Department of Clinical Chemis-
try, Helsingborg Hospital, except DHEA, which was
analyzed at the Department of Clinical Chemistry, Uni-
versity Hospital, Malmo, using routine methods. LDL
cholesterol was calculated according to Friedewald’s
formula after analyses for other lipid variables
(AXON™ System, Technicon, Diagnostic Division,
Terrytown, NY, USA).

Life-style intervention

The subjects randomized into the comprehensive pro-
gram of life-style intervention (“special care”) were of-
fered 16 group sessions a year with educational and
practical content, in addition to individual counseling
by a nurse. All the activities took place outside the work-
place, at a health center, but were scheduled during



workhours to improve the attendance rates. Weight re-
duction among the obese, improved diet, and physical
activity, as well as stress management and smoking ces-
sation, were all part of this program, based on lectures,
discussions, video sessions, and outdoor activities. The
program continued for 18 months with new health
checks at 12 and 18 months. The subjects randomized
into the control group received standard written and oral
advice about cardiovascular risk factors at the beginning
of the intervention (“usual care”), but they did not par-
ticipate in any other activities. In both groups the per-
sons on medication (including antihypertensives) were
asked not to change the treatment during the study peri-
od in order to avoid any drug interference with the out-
come variables (blood pressure and metabolism); oth-
erwise they were excluded.

Time spent by staff

One full-time and one part-time nurse spent a total of
200 hours on the group sessions, including preparation
time, and about 450 hours on individual counseling for
the subjects belonging to the intervention group. In ad-
dition, other people, such as nutritionists, physiothera-
pists and a physician, spent about 30 hours altogether
on lectures or practical training for the group members
(eg, cooking). Therefore a final total of about 680 hours
was spent on the project, not including the time needed
for the blood sampling.

Registered sick days

The mean number of sick days was registered for a 4-
month period (September-December) during the 1st and
2nd year of the study.
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Statistics

Means and standard deviations have been given for the
variables in the tables. Intragroup comparisons between
the baseline and follow-up (12 and 18 months) values
were carried out by use of an analysis of variance
(ANOVA) for linear trends in repeated measurements.
Intergroup comparisons were carried out by use of an
analysis of covariance (ANCOVA). A chi-square test
was used to compare proportions. The results for skewed
variables such as insulin and triglycerides were log-
transformed before the calculations. The baseline corti-
sol levels were compared between the groups with an
unpaired Student’s t-test. Changes in the mean number
of sick days within the groups were compared with a
paired t-test. Logistic regression analyses were used to
calculate the differences in sedentary life-style and
smoking status. A P-value of <0.05 was considered sig-
nificant.

Results

In the intervention group a significant reduction trend
(ANOVA) was recorded for BMI (-0.7 kg/m? after 12
months and 0.5 kg/m? after 18 months), diastolic blood
pressure [-5.4 mm Hg (-0.09 kPa) after 12 months and
-5.7 mm Hg (-0.76 kPa) after 18 months], heart rate
(~1.4 beats/min after 12 months and —3.5 beats/min af-
ter 18 months), LDL cholesterol (-0.3 mmol/l after 12
months and —0.3 mmol/l after 18 months), and the
LDL:HDL ratio (-0.5 after 12 months and —0.5 after 18
months), but an increasing trend for HDL cholesterol

Table 1. Results of the life-style intervention on the clinical variables of the cardiovascular risk patients (N=43) and controls (N=46).
The results of the analysis of variance (ANOVA) for linear trends in repeated measurements within groups and the analysis of covariance
(ANCOVA) for differences between groups are also presented. (BMI = body mass index)

Time of measurement BMI Waist:hip ratio Blood pressure Heart rate (beats/min)
(kg/m?) Systolic (mm Hg?) Diastolic (mm Hg?)
Mean SD Mean  SD Mean SD Mean  SD Mean  SD
Baseline
Intervention group 28.8 5.9 0.86 0.07 132.2 18.7 78.7 10.0 68.1 9.1
Control group 26.7 5.2 0.86 0.09 132.9 17.1 75.9 9.3 70.5 9.0
12 months
Intervention group 28.1 5.7 0.85 0.08 127.6 14.9 733 9.3 66.7 8.9
Control group 26.8 4.6 0.86 0.09 130.2 155 748 9.2 68.8 7.2
18 months
Intervention group 28.3 5.7 0.86 0.07 128.5 21.6 73.0 11.3 64.6 8.0
Control group 26.7 4.6 0.87 0.08 131.7 18.6 75.5 9.8 68.2 7.3
ANOVA
Intervention group 0.032 0.261 0.101 0.001 0.006
Control group 0.732 0.394 0.554 0.808 0.071
ANCOVA
Intervention group 0.021 0.156 0.652 0.022 0.668

@ 1 mmHg = 0.133 kPa.
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Table 2. Results of the life-style intervention on the laboratory variables of the cardiovascular risk patients (N=43) and controls (N=46). The
for differences between groups are also presented. (C = cholesterol, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density
able at 18 months)

Time of measurement Hemoglobin (g/l) Total C (mmol/l) LDL-C (mmol/l) HDL-C (mmol/l) LDL:HDL ratio

Mean SD Mean SD Mean SD Mean SD Mean SD

Baseline

Intervention group 141.7 12.0 5.8 0.9 4.00 0.85 1.21 0.30 3.55 1.28

Control group 141.1 12.0 5.7 1.0 3.86 0.97 1.24 0.31 3.29 1.08
12 months

Intervention group 144.0 11.4 5.7 0.8 3.74 0.78 1.32 0.30 3.07 1.15

Control group 142.2 10.7 5.7 1.0 3.79 0.87 1.26 0.34 321 1.03
18 months

Intervention group 1411 9.0 57 0.9 3.71 0.77 1.27 0.30 3.10 1.01

Control group 141.3 10.7 5.7 11 371 0.97 1.28 0.33 3.07 1.09
ANOVA

Intervention group 0.612 0.537 0.005 0.029 0.001

Control group 0.864 0.690 0.049 0.160 0.019
ANCOVA

Intervention group 0.255 0.769 0.259 0.038 0.056

Table 3. Results of the life-style intervention on the risk scores
and life-style variables of the cardiovascular risk patients (N=43)
and controls (N=46). The results of the analysis of variance
(ANOVA) for linear trends in repeated measurements within
groups, and the analysis of covariance (ANCOVA) for differences
between groups are also presented.

Time of measurement Risk score Sedentary Daily
life-style smokers
Mean  SD (%) (%)

Baseline

Intervention group 103 15 30 65

Control group 108 2.2 33 65
12 months

Intervention group 80 21 26 37

Control group 102 23 37 63
18 months

Intervention group 9.0 22 26 40

Control group 100 2.2 28 59
ANOVA

Intervention group 0.001 0.628 0.018

Control group 0.009 0.514 0.519
ANCOVA

Intervention group 0.001 0.656 0.034

2 Logistic regression applied to the calculation of differences in seden-
tary life-style and smoking habits.

(0.1 mmol/l after 12 months and 0.1 mmol/l after 18
months) and triglycerides (0.2 mmol/l after 12 months
and 0.3 mmol/l after 18 months).

In the control group a significant reduction trend was
recorded for LDL cholesterol (=0.1 mmol/l after 12
months and —0.2 mmol/l after 18 months) and the
LDL:HDL ratio (-0.1 after 12 months and —0.2 after 18
months), but an increasing trend was found for
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triglycerides (0.2 mmol/l after 12 months and 0.2 mmol/
1 after 18 months) and glucose (0.2 mmol/l after 12
months and 0.4 mmol/l after 18 months). Significant
group differences for trend (ANCOVA) were recorded
for BMI, diastolic blood pressure, and HDL cholester-
ol, all in favor of the intervention group [table 1 (on page
59) and table 2].

Serum cortisol differed between the groups already
at the beginning of the study in that the intervention
group showed a higher mean level, 479 (SD 134) nmol/
1, than the control group, 420 (SD 137) nmol/l
(P=0.043). Cortisol was later normalized, and no sig-
nificant differences within or between the groups were
evident by the end of the study. DHEA did not change
in either group (table 2).

The smoking prevalence decreased in the interven-
tion group, from 65% at the beginning of the study to
37% (12 months) and 40% (18 months), but no change
was recorded in the control group, and therefore a sig-
nificant group difference was recorded (ANCOVA).
This difference influenced the decrease in the mean risk
score, from 10.3 (SD 1.5) to 9.0 (SD 2.2), after 18
months in the intervention group (P=0.042). The risk
score also decreased in the control group, but, since the
decrease was smaller, a significant group difference was
recorded between the groups (ANCOVA). No difference
in either group was recorded for the proportion of sed-
entary subjects (table 3).

The mean number of sick days in the last 4-month
period of the year decreased in the intervention group
from 6.0 (SD 16.5) at the beginning of the study to 2.9
(SD 9.4) during a similar period after 1 year (P=0.03),
but increased in the control group from 4.5 (SD 12.0)
to 7.4 (SD 22.7) during the same period (P=0.04).
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results of the analysis of variance (ANOVA) for linear trends in repeated measurements within groups and the analysis of covariance (ANCOVA)
lipoprotein cholesterol, y-GT = gamma glutamyl transferase, ALP = alkaline phosphatase, DHEAS = dehydroepiandrosterone, NA = not avail-

Triglycerides (mmol/l) Glucose (mmol/l) Insulin (mU/) y-GT (kat/l) ALP (kat/l) Cortisol (nmol/l) DHEAS (mol/l)
Mean sSD Mean SD Mean SD Mean SD Mean SD Mean SD Mean  SD
131 0.66 4.84 0.61 95 6.4 0.38 0.18 2.55 0.69 4788 133.8 478  2.60
1.36 0.75 5.05 1.65 79 47 0.49 0.44 2.55 0.81 419.8 136.5 466 2.48
1.46 0.66 4.95 0.69 100 8.6 0.40 0.21 2.74 0.85 4208 153.1 459 251
1.53 0.88 5.23 2.19 78 4.0 0.45 0.27 2.50 0.76 4102 1112 471 279
1.63 0.89 4.96 0.53 9.0 48 0.42 0.28 2.67 0.85 4735 1242 NA
1.59 0.78 5.40 1.97 74 39 0.52 0.37 2.54 0.74 448.7  130.3 NA
0.003 0.107 0.414 0.223 0.150 0.823 0.359
0.001 0.001 0.556 0.419 0.887 0.207 0.781
0.600 0.054 0.964 0.279 0.114 0.276 0.373
Discussion The increase in the triglyceride levels in both groups

This study has shown the following: (i) that a 2-step
screening procedure for cardiovascular risk evaluation
is feasible in a worksite setting and (ii) that a compre-
hensive program of life-style intervention (special care)
at the worksite is superior to usual care in reducing some
cardiovascular risk factors, most notably obesity (BMI)
and diastolic blood pressure, as well as increasing HDL
cholesterol, after 18 months. The changes in the control
group were more mixed, including a decrease in glu-
cose and triglyceride levels but improvement in LDL
cholesterol. The increase in fasting glucose in this group
may merely have been a marker of an aging effect after
1 year of follow-up.

An interesting aspect is that a marker of stress re-
sponse, morning serum cortisol, was higher at the be-
ginning of the study among the subjects in the interven-
tion group than among those in the control group, but it
normalized during the follow-up. This result may even-
tually have been caused by an initial reaction to alarm-
ing information among the subjects of the intervention
group with respect to their cardiovascular risk factors
and the immediate start of a long-term intensive life-
style intervention program. Nevertheless, after some
time, this initial alarm reaction seemed to have vanished,
as no group differences in serum cortisol levels re-
mained in the follow-ups. This interpretation of results
is supported by the fact that heart rate, as a marker for
sympathetic activation, fell in the intervention group
during the study. DHEA did not change in either group,
in spite of life-style changes in the intervention group.
This finding would imply a possible change in DHEA
levels (15). The same was true for plasma insulin.

is so far unexplained, but it could possibly have been
secondary to a change in dietary habits.

One shortcoming of the study was that several par-
ticipants dropped out or were excluded due to interfer-
ing illness or a change in medication, thus violating the
study protocol. Nevertheless, a majority remained in the
study for the entire 18 months, 89 of the 113 subjects
(of 128 invited) who attended the baseline health ex-
amination. As the study sample was small, the study can
also be regarded as a pilot study that should preferably
be followed by larger confirmative studies using a sim-
ilar design (eg, a 2-step screening method).

Earlier studies have shown that the worksite is a suit-
able arena for cardiovascular screening and intervention
for risk factors (9), even if positive effects are some-
times very modest (11). Clinical improvements have
been shown for a reduction in blood pressure, choles-
terol, and smoking rates (9, 16—17). These studies have
mostly been carried out among men, and therefore data
from studies involving middle-aged women are often
lacking. An earlier study from a large car factory in
Sweden (Volvo) has shown that women who report
good health also have low levels of risk factors, in con-
trast to many men, for whom this correlation between
health status and risk factors is not as straightforward
(18). In the same study no deterioration in quality of
life and subjective well-being was recorded after a life-
style intervention program resembling the one used in
our study (19).

Another aspect is the evaluation of cost-effective-
ness associated with a worksite screening and preven-
tion program. This aspect was not included in our study,
but an indication of the health economic benefits is the
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fact that the mean number of sick days decreased in the
intervention group but not in the control group. Future
studies should look further into this aspect and include
measures of the financial costs and benefits associated
with intervention programs. Especially the substantial
time spent by staff members should be taken into ac-
count.

In conclusion, several cardiovascular risk factors can
be improved and morning serum cortisol can be normal-
ized using a life-style intervention program with a ran-
domized design in a worksite population of middle-aged
subjects. The use of a 2-step screening program, with
an initial questionnaire followed by a health check of
subjects with elevated risk, is feasible for worksite set-
tings.
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