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The possibility of lifestyle and
biological risk markers to predict
morbidity and mortality in a cohort of
young men after 26 years follow-up

Lars-Goran Persson,' Hans Lingfors," Mats Nilsson,? Sigvard Mélstad®

ABSTRACT

Objectives: To study the association between lifestyle
and biological risk markers measured at one occasion,
morbidity and mortality from cardiovascular disease
(CVD) and cancer, and morbidity from diabetes
approximately 26 years later.

Design: A follow-up study of a cohort of men,

33-42 years old at baseline.

Setting: Primary healthcare centre in Sweden.
Participants: All 757 men, living in the community of
Habo in Sweden in 1985, and all 652 of these
participating in a health examination in 1985-1987.
Interventions: Health profile and a health dialogue with
a nurse. A doctor invited the high-risk group to further
dialogue and examination. Intervention programmes were
carried out in the primary healthcare centre and in
cooperation with local associations.

Main outcome measures: CVD and cancer diagnoses
from the Swedish National Board of Health and Welfare.
Data from pharmacy registers of sold drugs concerning
diabetes mellitus.

Results: The participants were divided in three groups
based on summarised risk points from lifestyle
(smoking, physical activity, alcohol consumption) and
biological risk markers (body mass index (BMI), blood
pressure, serum cholesterol) selected from the health
profile. Comparisons were done between these groups.
The group with the lowest summarised total risk points
had a significantly lower risk for CVD and cancer
compared with the group with the highest summarised
risk points. The group with the lowest risk points
concerning lifestyle had a significantly lower risk for CVD,
and the group with lowest risk points for biological risk
markers had a significantly lower risk for both CVD and
cancer compared with the groups with the highest risk
points. Smoking and serum cholesterol were the most
important risk factors. In association to diabetes, BMI
and smoking were the most important risk factors.
Conclusions: Risk factors measured on one occasion
seemed to be able to predict CVD, cancer and diabetes
26 years later.

Strengths and limitations of this study

= A long follow-up time of a cohort of rather
young men with a high participating rate in the
baseline health examination. Few other studies
have focused on this young group earlier, espe-
cially in primary healthcare.

= Individual data concerning morbidity and mortal-
ity from cardiovascular disease and cancer from
registers belonging to the Swedish Board of
Health and Welfare. Individual register data of
sold drugs for treatment of diabetes mellitus. All
data from the baseline examination and these two
registers were based on personal code number.

= The cohort is rather small and many men could
have probably changed lifestyle and biological
risk markers during follow-up time.

= Other risk factors can also influence the risk for
these diseases, for example, food habits. In the
baseline examination, there were only a few
questions concerning food habits and these were
not indexed in the health profile.

premature death (before 75 years of age) in
Sweden as well as in other Western countries.'
The incidence of diabetes mellitus is rapidly
increasing worldwide, and diabetes is linked to
CVD. According to the INTERHEART study,
more than 90% of the risk for acute myocar-
dial infarction could be explained by nine
modifiable risk factors, among them diabetes,
several of them being lifestyle factors.” The
same factors in addition to cardiac disease
were associated to 90% of stroke in the
INTERSTROKE study.* Lifestyle is also related
to risk for cancer.” © Some kind of global risk
assessment can be used to estimate the risk for
future death in CVD. SCORE (Systematic
COronary Risk Evaluation) is one such risk
assessment system for estimation of 10-year risk
of fatal CVD, developed by the European
Society of Cardiology (ESC) and modified for

- . 7 8 .
Correspondence to INTRQDUCTION . . use in Sweden. SCQRE is also recom-
Dr Lars-Géran Persson; Cardiovascular disease (CVD) is the most mended by ESC for use in Sweden and other
Lars-goran.persson@rijl.se common cause of total mortality and European countries.’
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Another kind of risk assessment tool, a pedagogic health
profile, was developed and used in a primary prevention
programme for men, 33-42 years of age, in the commu-
nity of Habo in Sweden. Each of the 10 risk factors consid-
ered being most important for CVD and cancer was
graded in four or five levels.'” Seven of these risk factors
are the same as in the later INTERHEART study.

Rather few studies concerning cohorts of men younger,
and a little older, than 40 years with a follow-up time of
more than 20 years have been published. The study of
male British doctors and a Finnish study of business execu-
tives, with follow-up time of 50 and 32 years, respectively,
are examples of studies with unusually long follow-up
time."' ¥ The follow-up of the male British doctors
showed a progressive decrease in mortality rates among
non-smokers in relation to continuous smokers. On group
level, the continuous smokers lost 10 years of life. The
Finnish study showed that among men who smoked and
had a baseline serum cholesterol >6.5 mmol/L, the risk of
death increased progressively with systolic blood pressure.

The men in the Whitehall study and the 23-year mortal-
ity follow-up study in Israel were 40 years and above.'” '*
In the 38-year follow-up of the Whitehall study, there was
a risk score based on smoking, diabetes, employment
grade, blood pressure, serum cholesterol and body mass
index (BMI). Men in the highest 5% risk score had a
15-year shorter life expectancy compared with men in
the lowest 5% risk score. The Israel study showed that a
number of established risk factors for cardiac heart
disease (CHD), among them a single casual assessment
of blood pressure, could predict mortality.

To our knowledge, no studies on a cohort of men as
young as in our study have been organised and carried
out in primary care with a follow-up time of more than
20 years. The British Regional Heart Study included
men 40-59 years from 24 primary healthcare centres,

15

but it was organised from University institutions.

The principal aim of this study is to test the ability of
lifestyle and biological risk markers measured in young
men on one occasion to predict morbidity and mortality
from CVD, and cancer, and morbidity from diabetes
approximately 26 years after the initial examination.
Another aim is to study CVD, cancer and mortality in
the non-participant group, and compare with the
participants.

METHODS
Baseline examination
In 1985, all 757 men aged 33-42 years, living in the com-
munity of Habo in Sweden were invited to a health exam-
ination and health dialogue, which was carried out in
1985-1987. In total, 6562 men attended ( participation rate
86%). A questionnaire was used which included questions
about personal history of CVD and diabetes, prevalence of
mental symptoms, lifestyle, stress and social network. Most
of the questions had been included in questionnaires used
in previous studies. The biological risk markers measured
were: BMI, blood pressure, serum cholesterol, serum trigly-
cerides and blood glucose. The lifestyle factors were:
smoking, self-reported physical activity and alcohol con-
sumption.m The results from the questionnaire and mea-
surements were included in a pedagogic health profile.
Ten risk factors considered being most important for CVD
and cancer were graded in 1-5 risk points.m Self-estimated
physical activity during leisure time and self-estimated
mental stress were graded in 1-4 risk points, and heredi-
tary for diabetes mellitus in 0, 4 or 5 risk points.

The design of this health profile and ranges denoting
risk points are shown in table 1.

Explanations
Heredity death: Highest risk point for father or mother
registered (except for accidents or infections).

Table 1 Health profile showing limits for classification into different risk groups (risk points)
Risk factor studied Risk points
2 3 4 5

Age (years) at death of father or mother if Father >95 7094 60-69 50-59 <50
dead

Mother >95 7594 65-74 55-64 <55
Number of diabetics among parents or - - 1 >2
siblings
Use of alcohol (g per week) 0 1-49 50-109 110-249 >250
Smoking (g tobacco per day) 0 ex-smoker 1-14 15-24 >25
Physical exercise during leisure time 1 2 3 4 =
(self-estimation)
Mental stress (self-estimation) <40 40-69 70-89 >90 -
Mental health (estimation by nurse) 1 2 3 4 5
BMI (kg/m?) <20 20-24 25-29 30-39 >40
Arterial blood pressure (mm Hg) <40 years <140/<85 >140/>85 >155/>90 >160/>95 >170/>105

>40 years <150/<90 >150/>90 >160/>95 >170/>95 >180/>115
Serum cholesterol (mmol/L) <4.6 4.6-5.9 6.0-7.7 7.8-9.5 >9.6

BMI, body mass index.
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Physical exercise during leisure time: Risk point 1 means
regular hard physical training and competition, and risk
point 4 means physically inactive leisure time.'®

Mental stress: Visual analogue scale, mm (0-100).

Mental health: According to judgement by nurse, 1
means good mental health, 4 means need of group
therapy with muscular relaxation and 5 means need for
individual contact with a doctor or a psychologist.

Arterial blood pressure: Highest risk point for systolic or
diastolic blood pressure registered.

This health profile served as a pedagogic tool in a
health dialogue with a specially trained nurse. The main
aim of this health dialogue was to improve lifestyle in a
patientcentred way. The health profile was also used to
categorise the men in a high-risk and a low-risk group
according to specially defined criteria, based on both
lifestyle and biological risk markers."” All men in the
high-risk group were invited to see a doctor for further
discussion about risk factors and how to lower these
mainly through non-pharmacological measures. The
doctor decided if complementary tests and pharmaco-
logical treatment were to be recommended. Specially
designed intervention programmes were recommended
to those with high-risk points. The intervention pro-
grammes were carried out in the primary healthcare
centre and in cooperation with local associations. As
intervention, all participants had a health dialogue with a
nurse, and besides this altogether 418 men of the 652
men who attended the health examination were recom-
mended some kind of intervention measures.

The baseline examination and the results after 1-year
follow-up have been described earlier.'” In the baseline
study, a rather thorough examination of the 105 (14%)
non-participants was carried out through a telephone
interview, study of medical records and information
from different registers. '’

In the present follow-up study, only some of the base-
line risk factors from the health profile are used as pre-
dictive factors. These are the lifestyle factors: smoking,
alcohol consumption and self-estimated physical activity,
and the biological risk markers: serum cholesterol,
blood pressure and BMI.

Follow-up study

Data from all 757 men were gathered from registers at
the Swedish National Board of Health and Welfare con-
cerning CVDs. International Classification of Diseases
(ICD) was used, ICD-9 diagnoses until 1997 were: 410,
411, 431-6 and ICD-10 diagnoses from 1997 were: G45,
121-22, 161, 163-66 and FN. Register data concerning
cancer were diagnose, time of death and causes of
death. Data from the register of patients treated in hos-
pital, and causes of mortality were available up to 2013,
and cancer data up to 2012. All CVD diagnoses and all
cancer diagnoses, including death from CVD and
cancer, respectively, were grouped together. This gave
two groups: those men who at least once had got a car-
diovascular diagnose or a cancer diagnoses and those

who had not got such diagnose. Data were also gathered
from pharmacy register of sold drugs concerning dia-
betes mellitus with Anatomical Therapeutic Chemical
Classification (ATC) codes AI0A and A10B during 2013.

Statistical methods

Descriptive results are presented as numbers and per-
centages. To evaluate different health/risk factors uni-
variable logistic regression was used. As outcome CVD or
cancer including death was used. As explanatory vari-
ables biological and lifestyle factors as well as sum-
marised risk points, calculated from the health profile,
were used. Results are presented as ORs with 95% ClIs. If
the CI includes one, then the results are considered to
be non-significant from a statistical point of view. SAS
statistical software has been used for the analysis.

RESULTS

In the follow-up of mortality 1987-2012 of the whole
cohort of 757 men, 69 men (9%) had died, 49 (8%)
participants and 20 (19%) in the non-participant group.
The most frequent causes were death from cancer and
CVD (26 and 23 men, respectively). There was a signifi-
cant increased total mortality among the non-
participants in relation to the participants with OR 2.90
(CI 1.58 to 5.28). Comparing participants and non-
participants, there was no significant increase in mortal-
ity of either CVD or cancer.

In the baseline examination performed in 1985-1987
of the 652 participants, one man had had a myocardial
infarction, none had had a stroke, five men had diabetes
mellitus, and four of these were treated with insulin and
had probably diabetes type 1. In the follow-up register
study of the 652 men who participated in the baseline
examination, there were 5ldiagnosed myocardial infarc-
tions, 36 stroke (ischaemic or haemorrhagic) and 40
percutaneous coronary intervention or by-pass opera-
tions. In total, there were 91 men with at least one diag-
nosed CVD. There were 93 men among the participants
who had got a cancer diagnose. The most frequent
forms were cancer in prostate, skin and gastrointestinal
canal with 33, 13 and 11 cases, respectively.

Logistic regression analyses were performed in several
comparisons where the men were divided in risk groups
according to the risk points in the health profile
(table 1). The risk points for the baseline lifestyle
(smoking, alcohol consumption and self-estimated phys-
ical exercise) and biological risk markers (blood pressure,
serum cholesterol and BMI) used in the follow-up ana-
lysis were summarised and divided in three groups, 9-14
(low-risk group, 162 men), 15-18 (medium-risk group,
326 men) and 19-29 (high-risk groupl164 men). The risk
points for lifestyle and biological risk makers were also
divided in the groups with summarised risk points 3-5,
6-8 and 9-14, respectively. The number of men in the
different lifestyle groups was 140, 358 and 154, and in the
biological risk marker groups 257, 337 and 58.
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These different groups and separate lifestyle and
biological risk markers were compared and analysed in
association to CVD (table 2).

The groups with lowest summarised total risk points
and lowest separate summarised risk points for lifestyle
and biological risk markers had a significantly lower risk
for fatal and non-fatal CVD, compared with the groups
with highest summarised risk points. Concerning single
risk factors smoking and high serum cholesterol
>4.6 mmol/L were associated with a significantly higher
risk for CVD.

The same groups were analysed in association to
cancer (table 3).

The group with the lowest total summarised risk
points and the group with lowest summarised risk
points for biological risk markers had a significant
lower risk for cancer compared with the group
with the highest summarised risk points. The compar-
isons between the lifestyle groups were nearly signifi-
cant. None of the single individual lifestyle or
biological risk markers was significantly associated
with cancer.

The number of men with medication for diabetes
(insulin and/or tablets) was 58 (8%). In table 4, the
same individual risk factors are analysed in association to
diabetes mellitus.

Men who were smokers, and especially men with BMI
>25, had a significantly increased risk for diabetes
mellitus.

Table 3 Risk reduction presented as OR and 95% Cls
for cancer inclusive death

Cancer OR 95% Cls
Summarised risk points in the health profile
Low-risk vs high-risk group 0.34 0.17 to 0.70
Middle-risk vs high-risk group 0.78 0.48t0 1.28
Lifestyle risk factors
Low-risk vs high-risk group 0.55 0.28 to 1.07
Middle-risk vs high-risk group 0.62 0.37 to 1.02
Biological risk factors
Low-risk vs high-risk group 0.37 0.18 t0 0.79
Middle-risk vs high-risk group 0.67 0.34 t0 1.32

The data are presented as comparisons between different groups,
according to summarised selected risk points (lifestyle plus
biological risk factors) in the health profile (low-risk 9-14,
middle-risk 15—18 and high-risk group 19-29 risk points),
summarised lifestyle or biological risk markers (low-risk 3-5,
middle-risk 6-8 and least favourable group 9—14 risk points).

If the Cl includes 1.0, then the risk reduction or increase is not
statistically significant.

DISCUSSION

This follow-up study after approximately 26 years showed
that the group with the most favourable lifestyle had a
significantly lower risk for fatal and non-fatal CVD but
not for cancer. The group with most favourable bio-
logical risk markers had a significantly lower risk for
both fatal and non-fatal CVD and cancer. Men who were
smokers or had high serum cholesterol at the baseline

Table 2 Risk reduction or risk increase presented as OR and 95% Cls for cardiovascular disease inclusive death

Cardiovascular disease OR 95% Cls
Summarised risk points in the health profile
Low-risk vs high-risk group 0.34 0.16 to 0.71
Middle-risk vs high-risk group 0.86 0.52t0 1.42
Lifestyle risk factors
Low-risk vs high-risk group 0.44 0.22 to 0.89
Middle-risk vs high-risk group 0.63 0.38 to 1.05
Biological risk factors
Low-risk vs high-risk group 0.31 0.15 to 0.66
Middle-risk vs high-risk group 0.59 0.30to 1.15
Individual lifestyle and biological factors
Smoking: risk point 35 vs risk point 1-2 2.54 1.4510 4.45
Physical exercise: risk point 3—4 vs risk point 1-2 1.09 0.66 to 1.82
Alcohol: risk point 2—3 vs risk point 1 0.87 0.52to0 1.44
Alcohol: risk point 4-5 vs risk point 1 0.75 0.27 to 2.07
BMI: risk point 3 vs risk point 1-2 1.30 0.88 to 1.92
BMI: risk point 4-5 vs risk point 1-2 1.69 0.78 to 3.67
Blood pressure: risk point 2 vs risk point 1 1.10 0.82 to 1.49
Blood pressure: risk point 3-5 vs risk point 1 1.21 0.66 to 2.22
Serum cholesterol: risk point 2 vs risk point 1 1.47 1.05 to 2.04
Serum cholesterol: risk point 3-5 vs risk point 1 2.15 1.11t0 4.16

The data are presented as comparisons between different groups, according to summarised selected risk points (lifestyle plus biological risk
factors) in the health profile (low-risk 9—14, middle-risk 15-18 and high-risk group 19-29 risk points), summarised lifestyle or biological risk
markers (low-risk 3-5, middle-risk 6—-8 and high-risk group 9—-14 risk points).

If the Cl includes 1.0, then the risk reduction or increase is not statistically significant.

BMI, body mass index.
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Table 4 Risk reduction or risk increase presented as OR and 95% Cls for pharmacological treated diabetes, for
comparisons between different risk groups according to the health profile

Diabetes OR 95% Cls

Individual lifestyle and biological risk factors
Smoking: risk point 3-5 vs risk point 1-2 2.35 1.16 t0 4.76
Physical exercise: risk point 3—4 vs risk point 1-2 0.66 0.36 to 1.22
Alcohol: risk point 2—3 vs risk point 1 1.03 0.55t0 1.94
Alcohol: risk point 4-5 vs risk point 1 1.07 0.30 to 3.78
BMI: risk point 3 vs risk point 12 3.46 2.191t0 5.48
BMI: risk point 45 vs risk point 1-2 11.97 4.78 to 30.01
Blood pressure: risk point 2 vs risk point 1 1.23 0.86 to 1.76
Blood pressure: risk point 3-5 vs risk point 1 1.50 0.73 to 3.08
Serum cholesterol: risk point 2 vs risk point 1 1.35 0.89 to 2.05
Serum cholesterol: risk point 3-5 vs risk point 1 1.81 0.78 to 4.19

If the Cl includes 1.0, then the risk reduction or increase is not statistically significant.

BMI, body mass index.

examination had a significantly higher risk for CVD.
Significant single risk factors to develop diabetes were
smoking and overweight or obesity. Self-estimated phys-
ical exercise during leisure time measured as in the
health profile had no significant association to CVD,
cancer and diabetes. When comparing the participants
and non-participants, there was a significantly higher
total mortality among the non-participants.

The strength in our study is a high baseline participa-
tion rate, and the long follow-up time of a rather young
cohort of men together with individual follow-up data
acquired from the Swedish National Board of Health
and Welfare, and data from pharmacy register of sold
drugs concerning diabetes mellitus. All data from the
baseline examination and these two registers were based
on personal code number.

There are some limitations in the follow-up study. The
cohort is rather small and therefore the different CVD
and cancer diagnoses were grouped together. The rela-
tive importance for the potential risk factors could be
different in relation to the different diagnoses. The risk
for CVD and cancer are only analysed in association to
selected risk factors included in the health profile.
There are several other risk factors for CVD and cancer,
for example, food habits. In the questionnaire used in
the baseline health examination, there were only four
questions about food habits and these were not indexed
in the health profile. We have only registration of life-
style and biological risk markers at one occasion, and
many men have probably changed both lifestyle and bio-
logical risk markers during follow-up. According to the
British Regional Heart Study, these changes does not
matter on group level, at least in a larger group.'”

There can be several reasons why we could not show a
significant risk for cancer among smokers in our study.
The most frequent form of cancer in this study was pros-
tate cancer, where smoking is not an established risk
factor, and that cancer forms most related to smoking
comes later in life. Many men, who were smokers at
baseline, have probably stopped smoking. This is a
national trend in Sweden during these years.18

Other studies have also shown an increased mortality
among non-participants, mostly older at baseline.'” In a
Finnish study of initially healthy businessmen 30-35
years at baseline with 28 years follow-up, total mortality
was significantly higher among the non—palrticipants.20
Coronary deaths were predicted by smoking, blood pres-
sure and serum cholesterol. Our own study of the non-
participant group at baseline showed that these men
could be divided in three groups: those men who had
already been to another health examination, those who
already had contact with healthcare because of different
illnesses and those who were not interested to partici-
pate at all.'” Men in this last mentioned group, 47% of
the total non-participant group, were significantly more
often registered at the temperance board, more often
living alone and more unemployed during the past
2 years preceding the baseline examination in compari-
son with the participant group.

Other studies have shown that smoking is an estab-
lished risk factor for CVD, cancer, diabetes and all-cause
mortality."' '° *' High self-estimated physical activity is
protective for CVD and cancer and lowers mortality.”* **
In the British Regional Heart Study, several of the estab-
lished risk factors were predictive of CHD in 15 years of
follow-up despite changes in risk factors measured in
some individuals.'” The men in that study were 40-59
years old at baseline. In a study of two Italian cohorts in
the Seven Countries Study, many risk factors could
predict mortality from CVD after 35 years of follow-up,
for example, blood pressure, serum cholesterol, smoking
and physical inactivity.®* These men were also 40-59
years at baseline. A younger cohort of men 18-39 years
at baseline was followed for 25 years. Blood pressures at
baseline were predictive of morbidity and mortality of
CVD and all-cause mortality.25

In another study, the lifetime risk for total CVD was
calculated.”® Those with optimal risk factor profile lived
up tol4 years longer than those with at least two major
risk factors. This strengthens the importance to lower
risk factor burden both through individual and commu-
nity measures. An improved version of this health
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examination and dialogue was ‘Live for Life’ in pn'rnarg
health centres in the county of Skaraborg in Sweden.”
It was an intervention programme for men and women
30 and 35 years old. In the community of Habo where
this intervention programme was most complete and
combined with community intervention, premature mor-
tality before the age of 75 decreased both in men and
women more than in Sweden.”® Another successful
Swedish example of an intervention programme in
primary healthcare is the Viasterbotten Intervention
Programrne.29 30

In conclusion, this study showed that favourable life-
style and biological risk markers could predict morbidity
and mortality from CVD and cancer after 26 years
follow-up, even in this at baseline rather young group of
men. The most important risk factors for CVD were
smoking and serum cholesterol and for diabetes
smoking and BMI.
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