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1 BACKGROUND

Although the mortality of coronary heart disease has decreased in most western countries in
the last two decades it is still the most common cause of death. Positive changes in well-
known cardiovascular risk factors (blood pressure, cholesterol, smoking habits) may partly
explain the decrease(1-5). The decline could also be due to decreased incidence of first
coronary event, decreased recurrence of coronary event, or decreased case fatality rates. Thus,
important factors seem to be a combination of primary prevention and improvements in acute
coronary care(1, 4-9). Despite the decreased incidence of coronary events, the incidence of
obesity has increased in western societies. This may be a paradox because obesity is well
understood as a risk factor for cardiovascular disease(10-16). However, changes in dietary
intake and changes in physical activity should be addressed in order to understand the

association between disease and the obesity epidemic.

1.1 Changes in risk factors and cardiovascular disease

The majority of studies who have estimated the contribution of changes in risk factors to
trends in coronary heart disease have analysed data from cross-sectional studies(1, 3-5, 9, 17).
The estimated changes in risk factors have been based on ecological studies and not based on
longitudinal changes calculated from cohort studies. Population-based decreases in the most
important risk factors have been associated with a population-based decrease in
cardiovascular mortality. However, a statistical significant association may not necessarily
express causality. Some of the decrease could be explained by other factors, which coincided
with the cardiovascular intervention. Multivariate analyses from longitudinal cohort studies
may give us further information on the association between cardiovascular disease and its risk
factors. Although several studies have assessed longitudinal changes of body weight and
blood pressure as cardiovascular risk factors, the results have been inconsistent(12, 15, 18-
25). Assessments of longitudinal changes in serum lipids have been scarcely reported(26).

In order to assess the association between cardiovascular risk factors and the disease,
the mutual association between the risk factors should be addressed. Knowledge of possible
associations between two characteristics may help us to find preventive actions to reduce
cardiovascular disease risk. If two characteristics are associated with cardiovascular disease, a
risk reduction in one characteristic may also result in improved profile in the other

characteristic. Other factors (extraneous variables) could confound these associations or be



effect modifiers. Although the main goal is to reduce the risk of cardiovascular disease,
intermediate steps of changing the level of extraneous variables or changing the variables of

interest in restricted areas of an extraneous variable could be of importance.

1.2 Tracking

Tracking of a characteristic is defined as the ability to maintain the same position within a
distribution over time(27, 28), or the ability to predict future values from earlier
measurements(29). In the literature there is no consensus of a single method of assessing
tracking. A number of methods may be employed (30). Studies on tracking of cardiovascular
risk factors have been published(31-43). However, the majority has investigated tracking
during childhood(3 1-36), or from adolescence into adulthood(33, 37-42). Most of the studies
of tracking concerning young adulthood or middle aged individuals either lack assessments
and comparisons between the most common cardiovascular risk factors(37, 38, 42, 43), lack
comparison between the sexes(37), or they are based on selected groups of individuals and not
on a general population. In order to analyse trends or fluctuations over time for a given
characteristic, knowledge about tracking may be of importance. The concept of tracking may
also help us to examine possible associations between a characteristic’s development over

time and cardiovascular disease.

2 AIMS OF THE THESIS

® To assess the stability of cardiovascular risk factors over time, and to assess sex
differences.
. To investigate the association between change of body weight with change of blood

pressure, and to assess sex differences.
. To estimate possible predictors for tracking of cardiovascular risk factors.
° To assess the association between change of body weight and change of serum lipids

grouped by baseline age, baseline weight and by change of smoking status.



3 SUBJECTS AND METHODS

3.1 Data source
Between 1974 and 1994-95 four health surveys have been carried out in the municipality of
Tromse, northern Norway. The first survey, carried out be the University of Tromse in 1974
and called the Tromse Heart Study, comprised men only and was initiated in order to
investigate predictors and prevalence of coronary heart disease. The following three
cardiovascular surveys, in 1979-80, in 1986-87 and in 1994-95, included both men and
women and were carried out in co-operation with the National Health Screening Service. All
persons invited received a mailed letter of invitation along with a questionnaire on the reverse
side (appendices B-E). The procedures and the questionnaires in each survey were mainly the
same. The questionnaires included the following topics:

e  Current or previous history of cardiovascular diseases.

e  Physical activity, at work and at leisure.

e  Smoking habits.

e  Ethnic origin.

e  Family history of cardiovascular diseases.

At each survey the participants met to a physical examination. Specially trained personnel
measured blood pressure and non-fasting blood samples were taken. Height and weight were
determined and the questionnaire was checked. A few follow-up questions were asked and the
participants were given a second questionnaire, which they were asked to answer at home and
return by airmail. The second questionnaire included the following topics:

e Dietary habits, including intake of alcohol.

e  Current or previous history of illnesses.

e  Family history of illnesses.

e  Social and psychological conditions.

The Tromse Study in 1974, also referred to as Tromse I

The whole male population (n=8867) between 20 and 49 years of age (born 1925 — 1954)
were invited to this first survey in 1974. A total of 6595 attended the examination, 74.4%
response rate. The method for measuring blood pressure is presented in paper L. The methods

for measuring height, weight and serum lipids are presented in detail elsewhere(44).



Table 1. Number of participants according to examination year, age and sex. The

Tromse Study.

Men

Age 1974 1979-80 1986-87 1994-95
Invited Attended % Invited Attended % Invited Attended % Invited Attended

%

20-24 1662 1265 76.1 1784 1028 576 2075 1160 559

25-29 1995 1538 77.1 2261 1477 653 2210 1318 59.6 2920 1515 51.9
30-34 1741 1362 78.2 2279 1714 75.2 2327 1583 68.0 2651 1556 58.7
35-39 1250 925 740 1786 1422 79.6 2261 1710 75.6 2474 1649 66.7
4044 1095 768 70.1 1211 1001 82.7 1893 1485 784 2324 1681 723
45-49 1124 737 656 1077 912 84.7 1318 1076 81.6 2094 1604 76.6
50-54 1085 924 85.2 1048 892 85.1 1595 1306 81.9
5559 990 836 844 1077 918 85.2
6064 415 353 85.1 906 796 87.9
65-69 810 691 85.3
70 + 1630 1149 70.5
Total 8867 6595 744 11483 8478 73.8 14537 10413 71.6 18481 12865 69.6
Women

20-24 1999 1382 69.1 2103 1303 62.0

25-29 2286 1734 759 2194 1572 71.6 3138 1794 57.2
30-34 2087 1784 85.5 2367 1848 78.1 2681 1798 67.1
35-39 1539 1376 894 1988 1681 846 2359 1811 76.8
4044 1088 998 91.7 1722 1526 88.6 2138 1718 80.4
45-49 958 868 90.6 1177 1059 90.0 1981 1665 84.0
50-54 961 874 90.9 1449 1281 88.4
55-59 367 326 88.8 1025 941 91.8
6064 855 774 90.5
65-69 970 860 88.7
70 + 2482 1651 66.5
Total 8867 6595 744 9957 8142 81.8 12879 10189 79.1 19078 14293 74.9

The Tromse Study in 1979-80, also referred to as Tromse II

Invited residents were all men born between 1925 and 1959 (aged 20 — 54) and all women
born between 1930 and 1959 (aged 20 —49). The invited population comprised 21440
individuals and the response rate was 77.5%, 16620 men and women(45). All details

concerning the methods of measuring cardiovascular risk factors are given in paper I

The Tromsg Study in 1986-87, also referred to as Tromss III

A total of 27416 individuals, all men born between 1925 and 1966 and all women born
between 1930 and 1966, were invited to this third survey. The response rate was 75.1%,
20602 participants. In addition, a 10% random sample of youths aged 12 to 19 years was
invited(46). The methods of measuring the variables used in this thesis are given in paper II
and II1.
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The Tromse Study in 1994-95, also referred to as Tromss IV
Invited were all 37559 individuals aged 25 and above who were resident in the municipality.
A total of 27158 men and women attended the survey, 72.3% response rate. The methods of

measuring the variables used in this thesis are given in paper II and III.

Table 1 shows the number of invited and attended participants according to examination year,
age and sex. In the last three surveys the attendance rate increased with age and women had a

higher attendance rate than men.

3.2 Cohorts

Each of the four surveys may be defined as a cohort that may be followed until a specified
illness or death. The surveys may also be connected in order to assess longitudinal changes in
cardiovascular risk factors such as blood pressure, BMI, and serum lipids. Figure 1 shows a
flowchart of the participants in three cohorts. The first cohort consists of all men who
attended the first survey in 1974. The second cohort consists of all participants followed from
the 1979-80 survey. The third cohort consists of all persons who attended the third survey in

1986-87. Table 2 lists the surveys and number of persons included in each paper.

Table 2. Data sources.

Persons examined in Number
Paper 1 Tromse I, 11, and III 4195
Paper II and Paper IV Tromse I and IV. 15624

Paper I11 Tromse II, III and IV, or two out of the three. 18372




Invited to Tromse |
n= 8867

Participants, Tromse I
n=6595

Invited to Tromse 11
n=5596

!

Participants, Tromse I1
n = 5003 (89.4%)

Invited to Tromse 11
n=4394

Participants, Tromse 11
n=4195 (95.5%)
Paper 1

Invited to Tromse IV
n=3732

Participants, Tromsg [V
n = 3616 (96.8%)

Figure 1. Flowchart of participants in the Tromsse Study**.

Invited to Tromss 1
n= 21440

\4

Participants, Tromsa 11
n = 16620 (77.5%)
Paper HHT*

!

Invited to Tromsa [11
n= 13885

Participants, Tromse [11
n= 12278 (88.4%)
Paper I1T*

Invited to Tromse IV
n=11311

!

Participants, Tromse [V
n = 10448 (92.4%)
Paper I1T*

Invited to Tromsa 111
n=27416

A4
Participants, Tromse I1I
n=20602 (75.1%)

Invited to Tromse IV
n= 17915

!

Participants, Tromse IV
n= 15624 (87.2%)
Paper Il and paper IV

* Paper Il comprises those who participated in at least two out of the last three surveys,

n =18372 persons.

**Percentages reflects the response rate.



4 MAIN RESULTS

“Tracking of blood pressure in adult men: the Tromse Study 1974-1986.”

Tracking of systolic and diastolic blood pressure was assessed using the cohort who attended
the first survey in 1974. This cohort comprised 4183 men aged 20 — 49 years in 1974 who met
at three consecutive examinations (Tromsg I — Tromsg ). Tracking was assessed by three
different methods: Pearson’s correlation coefficient, Foulkes and Davis’ tracking index and
calculation of the proportion of participants who either remained in the same sextile group at
all three examinations or the proportions of participants who changed sextile group relative to
the baseline examination. A moderate degree of tracking was found in all of six 5-year age
groups for all three methods. The youngest participants had the lowest coefficients for both
systolic and diastolic blood pressure. Otherwise, there was no clear age trend. Estimation of
intrasubject variation according to sextile group at baseline showed the largest variation in the
first and the last sextile. This trend was apparent in all age groups although the youngest

participants had the largest degree of variation of blood pressure.

“Impact of Body Weight on Blood Pressure with a Focus on Sex Differences. The
Tromsse Study, 1986 — 1995.”

Our objective in this paper was to study the relationship between change of systolic and
diastolic blood pressure with BMI change and baseline BMI in more than 15000 men and
women. In all age groups in men and women, an increase in systolic and diastolic blood
pressure, and in BMI was observed between Tromse 1l and Tromsg IV. Systolic blood
pressure increased approximately linearly by age, whereas the increase in diastolic blood
pressure was not associated with age. The increase in BMI was highest in the youngest age
groups, and higher for women than for men after the age of 25. A positive association was
observed between blood pressure change and BMI change. BMI at baseline was only
associated with systolic and diastolic blood pressure change in women. To prevent a blood
pressure increase it seems to be more important for obese women not to increase their weight

compared to both non-obese women and men in general.



“Tracking of cardiovascular risk factors. The Tromse Study 1979 —1995.”

Tracking of systolic and diastolic blood pressure, BMI, HDL cholesterol, total cholesterol and
triglycerides was studied using data from more than 17000 men and women who attended at
least twice in Tromse 11 — Tromse IV. Tracking was assessed by different methods and
comparisons were made between the sexes. For systolic and diastolic blood pressure, and
BMI in women only, tracking was observed to increase with age. Although no clear age trend
was observed for serum lipids, the youngest participants had the lowest degree of tracking.
The significant highest coefficients were observed for BMI. The following coefficients in
decreasing order were total cholesterol, HDL cholesterol, systolic blood pressure, diastolic
blood pressure, and triglycerides, both in men and women. Tracking was also assessed as the
ability to maintain a position in a high-risk group over time. The tracking coefficients were
given as odds ratio estimates. The odds for men in the upper sextile of baseline BMI of being
in the upper sextile at later examinations was 32 times higher than for men in the other five
sextiles. The estimate for women was significantly higher than for men with an odds ratio of
38. The magnitude for the other risk factors were noticeable lower than for BMI. Sex

differences were observed for systolic and diastolic blood pressure.

“Change of serum lipids and body mass index by age, sex, and smoking status. The
Tromse Study 1986 — 1995.”

The association between change of BMI and change of serum lipids was assessed in more
than 15000 men and women who attended the surveys in 1986-87 and 1994-95. A BMI
increase was significantly associated with a decrease in HDL cholesterol and an increase in
total cholesterol and triglycerides. The association was generally weaker in the oldest 10-year
age group and also significantly weaker for women than for men. The observed association
was modified by initial BMI. The estimated effects for change of HDL cholesterol and total
cholesterol in persons in the upper part of baseline BMI were weaker than for persons in the
middle or lower part of baseline BMI. Differences were also found between persons who were
consistent smokers/non smokers and persons who changed their smoking habits between the
two surveys. It was observed that the association between change of BMI and change of
serum lipids was weaker in person who changed their smoking habits (significant p values in

HDL cholesterol and triglycerides, both in men and women).



5 DISCUSSION
5.1 Statistical methods

5.1.1 Methods of tracking classification

In epidemiological literature tracking is used to describe the development of a certain
characteristic over time. Different tracking indices are developed in order to classify tracking.
Pearson’s or Spearman’s correlation coefficient is the most used tracking index in medical
research. The advantage of this index is that it is easy to interpret and it is well known to most
readers of medical journals. The drawback is that the coefficient can only be calculated from
two points of time. Other methods, which handle three or more measurements per individual,
may be employed. Methods that we have used in Paper I and III are listed below.

e Pearson’s correlation coefficient (Paper I).

e Foulkes and Davis’ tracking index(27) (Paper I). The index ranges from O to 1 and may
be calculated from two or more measurements per individual. Tracking is defined to be
present whenever the index is larger than 0.5.

e Each participant was categorised in a sextile group at each examination. The proportion
of participants who remained in the same sextile throughout all of three examinations was
calculated. The proportion of participants who changed one or two groups relative to the
initial examination was also calculated. These proportions were compared to the
estimated proportions given that no tracking was present; i.e. each participant was
randomly categorised to one of six groups at each examination (Paper I and HI).

e A regression model(47), which controls for dependencies between repeated observation
and estimated by a technique called generalised estimating equations (GEE)(48) was

presented (Paper III). The model for subject i at time point ¢ = £ or #; is defined as

Yy = Bo+ BiYu, + Bati + Bt + 2 PajXij + 2. Pk Zig + it »
J k
- Y, is the dependent variable for subject / at time £, or #3

- t; is the baseline examination, #; and ¢; is the second and third examination, respectively

- Bypis the intercept



- Byis the standardised regression coefficient used as the tracking index and Y; is the

initial value of the dependent variable for subject i at time ¢;

- P, is the regression coefficient of time at the baseline examination
- Bais the regression coefficient of time and ¢ is time of examination of the dependent

variable (¢; or t3)

- fajis the regression coefficient of the time dependent covariate j and X, is the time

dependent covariate j for subject i

- Psy is the regression coefficient of the time independent covariate k and Z;; is the time

independent covariate & for subject {

- g, is the measurement error of subject i.

The concept of tracking may also be employed to assess the degree of maintenance of the
position in a high risk group of a certain risk factor over time. Tracking in the upper level
(lower for HDL-cholesterol) was thus presented by a model(49), which may be interpreted as
an ordinary logistic regression analysis(50), and estimated using GEE (Paper III).

Model: logit{ P(Y;; =1)] = Bo + Yy, + Bty + Bt + 3. Paj Xijt + 2. Pk Zik + €ir »
J k

where ¢! is the odds ratio estimate of tracking in a high risk group of a specified risk factor.

The other B’s are coefficients for time dependent and time independent covariates.

5.1.2 Change in risk factors

Multiple linear regression models were used to analyse the relationship between blood
pressure change and BMI change (Paper II), and between change of serum lipids and BMI
change (paper IV). We used data from the last two Tromsg studies to calculate change as the
difference between two measurements. However, given that we also had access to three or
four measurements per individual, the change estimates could have been calculated using data

from more than two examinations. The obvious advantage using data from three or four
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examinations compared to the presented results in paper Il and paper IV, is the inclusion of

one extra measurement for women and two extra measurements for men. If we don’t restrain

the inclusion criteria to attendance at all examinations, another advantage would have been an
increase in number of individuals studied. Our decision not to include data from the first two
examinations was based on several point of views:

1. If we included data from Tromse I we would have had one more measurement for men
but not for women. One focus in our analyses was to present sex specific results. We
believe that sex comparisons should be performed between equal birth cohorts for men
and women.

2. There was a difference in procedures of collecting data between the first and the last three
surveys. In Tromsg I five specially trained secretaries and two physicians participated, but
one person did all examinations. In Tromse II - Tromse [V the University of Tromse, in
co-operation with the National Health Screening Service (SHUS), carried out the
examinations and different persons did the examinations at different stations.

3. There was a change in method of collecting blood pressure between Tromse II and
Tromse 111 (paper I and paper III). Especially diastolic blood pressure would be affected
by this change(51). Thus, excluding Tromse II from the analyses eliminated the
methodical problem of assessing longitudinal blood pressure change (paper II).

4. In including the last three surveys we would have included the same birth cohorts for men
and women. However, a measure of change would not be straightforward. A likely choice
would be to estimate a linear regression coefficient of longitudinal change for each
person. Interpretation of results tend to get more complicated as the models get more
advanced. We wanted to present our results for an audience who most likely would prefer
the simplest statistical models.

5. In a separate set of analyses we included data from the last three surveys. Figure 2 shows
the association with blood pressure change and BMI change estimated as a linear
regression coefficient over time for each individual. Compared to paper II, the general
impression and the conclusion remained virtually unchanged. This was apparent for the

association between serum lipids change and BMI change, as well (results not shown).
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Figure 2. Change of systolic and diastolic blood pressure by change of BMI and
quartiles of baseline BMI. The Tromse Study

* Ten-year change estimated from linear regression models.

5.1.3 Model assumptions

Classical multiple linear regression models assume the error terms to be mutually independent
identical distributed Gaussian variables. Model assumptions can be assessed by residual
analyses. In all general linear models used in paper II and paper IV the model assumptions

were checked and found to be sufficiently fulfilled.
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The GEE models used in paper I1I require few assumptions about the distribution of the
dependent variable. Some of the elements of GEE are listed below (see appendix A for further
details).

e The GEE approach is a general method for fitting mathematical models to data involving
repeated response measurements on the same subjects.

e The responses may be either discrete or continuous.

e The method allows the user to account for intra-subject correlations, often treated as
nuisance parameters, among repeated observations.

e Different subjects can have different numbers of repeated measurements.

e Correlations are specified in the form of a working correlation matrix, which can have a
variety of possible structures.

¢  The model parameters are estimated by iteratively solving a system of equations based on
quasi-likelihood theory.

e In quasi-likelihood we only need to specify the relationship between the outcome mean
and the covariates (referred to as the link function), and between the mean and the
variance.

e  The estimates for the regression parameters and their variances are consistent even under

weak assumptions about the actual correlation matrix.

In paper 111, where we assessed tracking in the upper levels of each risk factor, the
dependent variable were categorised as binary responses. The link function, g, between the
marginal expectation and the covariates was given as the logit function,

g(,u,-j)= ]n[,u,-j f(l ~ Hij )J, where uj; is the expectation of the dependent variable. For binary

responses the variance is completely determined by the response mean. In cases where the
response is close to Gaussian, the link may be given as the identity function, and the variance

is a constant, independent of 4;; . In situations with Gaussian responses, restricted maximum

likelihood (REML) functions may be used instead of the quasi-likelihood theory. The
covariance structure for the repeated measurements need still to be specified. The most
common structures are compound symmetric, autoregressive order one, and unstructured(52).
In the present analyses we used unstructured covariance pattern, which indicates that no

mathematical pattern is imposed on the covariance matrix.
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5.2 Methodological considerations

5.2.1 Validity

The validity of a study can be separated into two components, internal and external validity.
Internal validity refers to the validity of inferences drawn from the population under study and
prerequisite external validity, which refers to the generalizability of the study results. Possible

biases resulting from internal validity are selection bias, information bias and confounding.

Selection bias

Selection bias is a bias that arises when individuals included in a study are not representatives
of the target population for the study (53). The common element of such biases is that the
relation between exposure and disease is different for those who participate and those who
should be theoretically eligible for study(54). Since the whole population in the municipality
of Tromse was invited to the Tromse Study, selection bias could be present due to non-
responders. However, in population-based studies with a high response rate selection bias is
normally not a large problem. The overall response rate in each of the four Tromse studies is
considered as high with rates in the range between 70 to 82 percent (table 1). A comparison
between responders and non-responders showed a lower mean age among non responders and
lower response rates for men than for women. It is not possible to compare other baseline
characteristics between responders and non-responders. There are, however, other ways of
assessing differences. Baseline characteristics between individuals who participated and
dropped out of subsequent examinations were compared (paper I and paper II). Except for age
and current smokers there were no significant differences between the two groups. Previous
findings from the Tromse Study showed agreeable results between individuals who returned

and did not return the second questionnaire(55).

Information bias

Information bias can occur whenever there exist errors or misclassifications in the
measurements of subjects, but the consequences of the errors are different, depending on
whether the distribution of errors for one variable depends on the actual value of other
variables(54). Misclassifications of discrete variables can be of two types; Differential
misclassifications are error that depends on the values of other variables, and nondifferential
misclassifications are errors that do not depend on other variables. Variables used in Paper I —

Paper 1V were, in addition to age and smoking, mainly the aforementioned cardiovascular risk
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factors blood pressure, serum lipids and BMIL. We have no indication of serious errors in these
variables. Serum lipids were measured in a non-fasting state. The value of triglycerides may
depend on the time since last meal(56). However, when we adjusted for time since last meal
in the multivariate analyses it had no effect on the estimates of interest (paper III and paper
IV). Other potential sources of bias could be seasonal variations or time of day. Values of
blood pressure could especially depend on time of year and time of day. However, since there
were no selection of time on study for each person, we believe that the factor did not

influence the assessed relationships.

Confounding and interactions

In regression analyses one goal is to quantify the relationship of one or more independent
variables to a dependent variable and is of particular interest when the research question
concern disease etiology. The concepts of confounding and interaction are both relevant when
we are trying to identify determinants of a disease. Confounding exists if meaningfully
different interpretations of the relationship of interest result when an extraneous variable or a
covariate is ignored or included in the data analysis(57). A confounder should be associated
both with the independent variable and the response of interest. However, if a factor represent
a step in the causal pathway between exposure and disease it should not be treated as
confounding factor. There are ways of avoiding or adjusting for confounding. In our analyses
we either stratified on possible confounders such as age, sex, and smoking, or we included the
possible confounding variable in the regression model as a covariate. Interaction is the
condition where the relationship of interest is different at different levels of the extrancous
variable(57). In Paper II the relationship of interest was between change of BMI and change
of blood pressure. Interaction was assessed for BMI change and baseline age and BMI change
and baseline BML. In paper IV the relationship of interest was between BMI change and
change of serum lipids. Interactions were assessed for BMI change and baseline BMI, BMI

change and baseline age, and for BMI change and change of smoking status.

Generalizability

Generalization may depend on a study group’s being a representative subgroup of the target
population. This definition would then limit the population to those individuals who might
have been included in the study. However, generalization is not simply a matter of statistical
generalization. To assess statements of more universal associations we have to gather

information from different populations. In the Tromse Study we assessed associations
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between cardiovascular risk factors and also the stability of risk factors over time. Other
studies and other study populations have addressed these associations, maybe not in the same
subgroups and with the same range of risk factors as the present results. It is important to
compare results between different population. Associations between risk factors may vary due
to differences in dietary habits, ethnic differences or differences in other characteristics.
Although the participants in the Tromse Study are not statistically representatives for the
population of Norway, we believe that the inferences drawn from the study could be
generalised to the Norwegian population. In Tromsg, the incidence of cardiovascular disease,
mortality, education, and lifestyle is in accordance with data from other parts of Norway(58).
A relative high proportion of the population in the municipality of Tromse comprises a
homogeneous set of individuals. Although some of the inhabitants are of Sami or Finnish

origin, few ethnic differences are present.

5.3 Risk factors

In medicine there are two principal, and mutually incompatible, interpretations of the term
risk. 1: The probability, or chance, that an individual without disease will develop disease
over a defined age or time interval. 2: A combination of the chance of an adverse effect and
its severity(53). Statisticians and biologists usually favour the first definition. Risk factors
usually relate to specific characteristics of populations, and relate to the increase of the
individual’s probability of experiencing and adverse reaction, disease, or other medical
problems. A risk factor should not be interpreted as a factor of causality. Although a
statistically significant association is observed between a characteristic and a disease, the
characteristic may not be a causation of the disease. Causality may be determined by a
commonly used list of criteria (59), which was introduced in order to answer the fundamental
question: “is there any other way of explaining the set of facts before us, is there any other
answer more likely than cause and effect?”

Risk factors for cardiovascular disease are assessed in this thesis. The stability of such
factors over time was investigated in paper I and paper III. Associations between change of
BMI with change of blood pressure and serum lipids were addressed in paper II and paper IV.
Other risk factors such as sex, age, or daily smoking were also assessed, either as covariates in

multivariate analyses or in strata specific analyses.
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5.4 Obesity and cardiovascular risk factors

An expert consultation on obesity was convened by WHO in Geneva in 1997(60). It was
recognised that overweight and obesity in adults represents a rapidly growing threat to the
health of populations, and are prevalent in both developing and developed countries. In fact,
overweight and obesity are now so common that they are replacing the more traditional public
health concerns such as undernutrition and infectious diseases as some of the most significant
contributors to ill health.

In cross-sectional and in longitudinal cohort studies height and weight are widely used
measures of body composition. Consequently, BMI is a widespread measure and is
considered to provide the most useful population level measure of obesity. Although BMI can
be used to estimate population based prevalence of obesity and the risk associated with it, it
does not account for the wide variation in the nature of obesity between different individuals.

In the Tromse Study BMI the prevalence of overweight and obesity has increased in
every birth cohort during 15 — 20 years of follow-up(61). Similar findings are presented in
other studies(62-65). Screening of persons aged 40 — 42 years in eight Norwegian counties
between 1994-96 to 1997-99 showed that the prevalence of obesity increased in practically all
segments of the population(64). The Coronary Artery Risk Development in Young Adults
(CARDIA) cohort experienced substantial weight gains from 1985-1986 to 1995-1996 in men
and women in different ethnic groups aged 18 —30 years at baseline(62). Data from the
National Health and Nutrition Examination Survey (NHANES) documented a substantial
increase in overweight among adults in a series of national surveys in USA(63). Secular
adverse trend of obesity is also documented world-wide(60).

The obesity epidemic may result in adverse risk profile and increased incidence of
major diseases. Obesity is well established as a risk factor for non communicable diseases
such as cardiovascular disease and non-insulin dependent diabetes mellitus (NIDDM), and
also other health problems including various psychosocial consequences(60, 66-71). The
secular increase of obesity should therefore be followed by increase in other diseases. A
paradox may be the observed cardiovascular decline in western societies, and also the
improved risk profile in other risk factors such as blood pressure and serum lipids(1, 5, 6, 8,
65, 72-75). However, the decline in the incidence of coronary disease may have been slowed
by the increasing prevalence of obesity. Furthermore, factors that may support the decline are
positive changes in dietary intake and improved medical surveillance and primary and
secondary intervention. We know that high intake of saturated fat is harmful to health. In

western countries there has been a shift towards larger intake of mono- and polyunsaturated
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fatty acids, which favours the risk profile along with lower prevalence of smokers(75-77).
Unsaturated fatty acids may also have a positive influence on blood coagulation and modifies
the thromboembolic disease process.

There is a further need of assessing the impact the increased prevalence of obesity has

on the disease process and also its association with intermediate risk factors.

5.4.1 Blood pressure

High levels of systolic and diastolic blood pressure is associated with increased risk of
coronary heart disease and stroke(78-84). The decline in coronary events over the last decades
has been accompanied with a decline in blood pressure levels(2, 4, 65, 74). Despite an
increase in obesity and a decline in blood pressure positive associations have been
documented between the two characteristics(85). Significant associations between
characteristics measured cross-sectionally should also be assessed in longitudinal follow-up
studies. In paper Il we documented positive associations between longitudinal weight change
and systolic and diastolic blood pressure change. Significant association was observed in all
age groups and in different levels of baseline BMI. Baseline BMI was also associated with
blood pressure change. However, the association was much weaker than with BMI change

and significant in women only.

5.4.2 Total cholesterol

Total cholesterol is documented to be one of the most pronounced risk factors for
cardiovascular disease (78, 86-88). The improved profile of total cholesterol over the past
decades has been documented to account for a large part of the cardiovascular decline(4, 89).
The dietary influence on serum lipids is widely documented. Saturated fatty acids, which
raises cholesterol levels, may be substituted in the diet by other nutrients such as poly- and
monounsaturated fatty acids and carbohydrates. Several studies have reported a relatively
stable mean intake of dietary fat(74, 90). However, a significant decrease in consumption of
higher-fat animal products has been observed. Consequently, the decline in total cholesterol is
believed to be associated with an increase in the ratio of polyunsaturated to saturated fatty
acids(90). Although there is a positive association between cholesterol decrease and improved
diet, a direct association between body weight and total cholesterol are observed in a

numerous of studies(91-94). Longitudinal associations between changes in these two
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characteristics are also documented(95, 96), and were further explored in different strata of
sex, age, baseline BMI, and change of smoking status (paper IV). The most important result

was that individual increase in BMI leads to increased levels of total cholesterol.

5.4.3 High density lipoprotein cholesterol

An inverse relationship between HDL cholesterol and cardiovascular events have been
documented in several studies(78, 87, 97, 98). However, in contrast to total cholesterol a
favourable secular trend of HDL cholesterol has not been reported. HDL cholesterol levels
have either fallen or remained unchanged(90, 99). The observed decline in HDL cholesterol
may be explained by an adaptation to a diet lower in fat and may be a reflection of the
decrease in total cholesterol. Changes in body weight have been associated to changes in HDL
cholesterol(96, 100). In paper IV we further elucidated this relationship in strata of sex, age,

baseline BMI, and change of smoking status.

5.4.4 Triglycerides

High levels of triglycerides are also linked to incidence of cardiovascular disease(87, 88, 101,
102). The associations are, however, not assessed in the same numbers as for total cholesterol
and results are somewhat inconsistent, especially in men(103). Studies have documented that
the strength of the association is dependent on cholesterol levels(104, 105). A meta-analyses
of population-based prospective studies concluded, however, that triglycerides is a risk factor
for cardiovascular disease in a general population, independent of HDL cholesterol(106).
Studies of secular trends have shown adverse development of triglyceride levels(90, 107).
Less attention has been given to the influence of diet. However, high levels of triglycerides
are closely correlated to low levels of HDL cholesterol. Due to this correlation, the
association between triglycerides and coronary heart disease often become non significant
when adjusted for HDL cholesterol in multivariable analyses. In the past, triglycerides have
gradually been accepted as a cardiovascular risk factor. Longitudinal analyses of change of
triglycerides have been scarcely presented. We found that increase of BMI was significantly
associated with increase of triglycerides in all strata of sex, age, initial BMI, and change of

smoking habits (paper IV).
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5.4.5 Sex differences

The incidence of coronary heart disease is severalfold higher in men than in women,
depending on age. However, the relative impact of risk factor levels is not reported to differ
between the sexes for many of the established risk factors. For instance, Njelstad et. al. did
not observe sex differences in the relative risk for myocardial infarction for systolic blood
pressure, HDL cholesterol, total cholesterol, triglycerides, and BMI(78). A difference in
impact of smoking was, however, reported. The sex differences in stroke incidence and
mortality do not follow the differences in coronary heart disease. In the Finnmark Study it
was only observed a 36 percent higher stroke incidence in men(79), and Selmer reported only
a slightly higher stroke mortality in men than in women in all age groups younger than 80
years of age(80). Although several studies have assessed the association between
anthropometric variables (including BMI) and other cardiovascular risk factors in both men
and women, few studies have focused on sex differences. Sex specific results from the
Framingham Offspring Study showed that the prevalence of adverse levels of most CHD risk
factors increased significantly by an increase in each one unit of BMI(91). Although no test
for sex differences was presented, the estimates and their confidence intervals between the
sexes coincided enough to give evidence of no sex difference. Studies with focus on sex
differences in the association between BMI change and risk factor change are also missing. In
paper II and paper IV one of our aim was to address sex differences. We observed that a BMI
increase was significantly stronger associated with serum lipids increase in men compared to
women. The strongest sex difference was observed for change of triglycerides, and the
weakest difference for change of HDL cholesterol. For change of systolic and diastolic blood
pressure the same pattern of sex difference was observed. However, the predicted increase in
blood pressure induced by the increase in BMI was modified by baseline BMI in women but
not in men. Women in the upper quartile of baseline BMI had a higher increase in blood
pressure compared to women in the first quartile of baseline BMI, and also compared to men
in general.

The observed sex differences for cardiovascular events are still debated. Some have
hypothesised that the abdominal body fat distribution could explain the sex difference.
Larsson et. al. concluded that body fat distribution or a factor highly correlated with waist:hip
ratio, may help to explain the sex difference in coronary heart disease(108). Others have
discussed the role of menopause and oral contraceptive use(105). Cigarette smoking,
hypertension and hypercholesterolemia are risk factors for coronary heart disease in both

sexes. Observed differences in these factors have not explained the observed coronary sex
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difference. High levels of HDL cholesterol, which are protective against coronary events, are
reported higher throughout life in women than in men. In men and women with NIDDM the

cardiovascular difference is markedly reduced(109).

5.5 Stability of cardiovascular risk factors

Tracking coefficients is also referred to as stability coefficients(40). A high degree of stability
does not necessarily mean that a characteristic is constant over time. The stability refers to a
constant position in the characteristic’s distribution over time. We found that the stability of
blood pressure, BMI, and serum lipids tended to be lowest for adults early in their twenties
(paper | and paper 11I). However, this is in contrast to the fact that the variability in each risk
factor increases with age. Thus, despite lower standard deviations in early adulthood a higher
degree of tracking was not observed.

In addition to the methods of tracking classification presented in paper I and paper III
several other approaches can be found in the literature(30). Parametric and nonparametric
methods may be employed. Spearman’s and Pearson’s correlation coefficient are widely used.
Another approach is to divide the characteristic of interest into percentile groups or groups
according to some predetermined cut point. When only two time points are available it is then
reasonable straightforward to calculate the percent of subjects who stayed in the same group
in both examinations. The problem of using the latter method is that the degree of tracking
may highly depend on the grouping of data. Furthermore, when more than two time points are
available it becomes more and more complicated to classify tracking according to each
subject’s movements between the groups in the different follow-up examinations. We divided
the risk factors into six groups (sextiles) at each of three examinations (paper and paper 11I).
Each subject’s movement between the sextile groups was registered. We had to determine a
definition of tracking or no tracking. Persons who “tracked” were those who stayed within the
same sextile at all examinations. Persons who moved one or two groups away from the
baseline sextile group were also classified as “trackers”. The obvious problem in using this
definition of tracking is the difficulty of comparing the results with other studies. A
comparison could only be valid with studies that have characteristics measured with the same
number of time points. The range and variation in the measurements should be of equal
magnitude and the time span between each examination should be the same as in our study.
The number of time points and length of time span is, however, a general problem when we

compare tracking results between studies.
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Other nonparametric methods are Cohen’s kappa, Kendall’s coefficient of concordance,
or a tracking index given by Nishio et al.(30). Examples of parametric tracking methods are
also given in the review by Twisk et al.(30). We used Foulkes and Davis’ tracking index to
assess the stability of systolic and diastolic blood pressure in men (paper I). The Foulkes and
Davis’ index determine the probability that two individuals selected at random will have
growth curves that do not cross over the considered time period. The estimated probability is
simply the number of curves that do not cross divided by the total number of pairwise
permutations of growth curves. The index obviously ranges between 0 and 1, and a value
greater than 0.5 indicates tracking because two randomly selected growth curves would then
be more likely not to cross. We used growth curves given as polynomial of second degree.
The tracking results varied around 0.5 depending on the given age group. Consequently, our
data indicated results close to no tracking of systolic and diastolic blood pressure. Results
from the other two methods used in paper I indicated, however, a moderate degree of
tracking. Our experience was that the Foulkes and Davis’ index, estimated from three time
points, did not give us a satisfactory answer of the degree of tracking. The problem could be
the fitting of individual growth curves. What is the correct individual growth function of
systolic and diastolic blood pressure change over time?

Knowledge about the development over time of cardiovascular disease risk factors is
important because it may lead to early detection of increased cardiovascular risk. In that
respect the concept of tracking plays a major role. Although tracking defines the stability of a
characteristic over time, it also pertains to the predictability of earlier measurements to values
measured later in life. If we are able to identify persons before they get an increased risk
profile, it would benefit public health concerns. Early interventions are preferable compared
to disease treatments later in life. Our results indicated moderate degree of tracking of blood
pressure and serum lipids. The individual prediction in each of these factors would only be of
moderate precision. Consequently, only population-based statements of later values predicted
from earlier measurements could be precise.

Not surprisingly, tracking of BMI was pronounced higher than tracking of blood
pressure and serum lipids (paper III). Men and women had a relatively constant position in the
body weight distribution. Once achieved a position in the body weight distribution in early
adulthood most people remain in that position later in life. An implication could be that it is
hard to break out of the usual trend. Analyses have shown that persons who undergo a weight
program positively loose weight at first, but after a period of time the probability of gaining
weight up to the same initial level is extremely high(110).
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Variability and measurement errors are factors that could lead to an underestimation of
tracking. Blood pressure and serum lipids are characteristics that may vary according to time
of day or time of year. The measurement precision in these variables is satisfactory, but we
still believe that the measurement precision of body height and body weight is better. Since
body height and body weight also are more constant according to seasonal variability, some of
the observed difference in tracking between BMI and serum lipids and blood pressure could
be explained by these differences.

Assessment of tracking in high-risk groups is maybe more of a public health interest
than tracking in general. We estimated the odds ratio (OR) between persons who were in the
upper sextile of a specified risk factor with persons in the other five sextiles of a risk factor to
be in the upper sextile at later examinations (paper III). As with tracking in general, BMI had
the pronounced highest estimates and triglycerides the lowest. One drawback of the log linear
regression model is the simplification of the independent variables, which were divide in two
categories (high risk sextile or not). Surely, persons who are located in the first sextile will
most likely have lower odds of ending in the upper sextile than persons in the second to fifth
sextile. The model does not separate persons in the five first sextiles at baseline. One way of
omitting this problem is to implement the baseline risk factors as five dummy variables with
the first sextile as the reference category. Another way is simply just to leave the risk factor as

a continuos variable.

5.5.1 Predictors of tracking

In paper 11l we also tried to assess possible predictors for tracking. To our knowledge no other
study has addressed this issue. We focused on tracking in the upper part of the distribution of
each risk factor. A person was classified to “track” whenever he/she remained in the upper
sextile at a [ater examination. Most of the specified independent baseline variables (age,
systolic blood pressure, BMI, HDL cholesterol, total cholesterol, triglycerides, and current
smokers) were significantly associated with tracking in each risk factor. In paper II and paper
IV we documented a significant association between BMI change and blood pressure change
or serum lipids change. What about the association between BMI and tracking of blood
pressure or serum lipids? We observed that persons with increased BMI had increased odds of
remaining in the high risk sextile in each risk factor. Consequently, persons with higher levels
of BMI had lower odds of improving their risk profile compared to person with lower BMI

levels. These results are well compatible with the fact of a positive association between BMI
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and blood pressure and serum lipids. They also correspond well to the presented results that a
BMI increase predicts increases in other cardiovascular risk factors. An important action is
thus to reduce increased levels of BMI. However, given the apparent lack of substantial, long-
term success at weight reduction, perhaps greater emphasis should be placed on prevention of
obesity. There is a general agreement that increased physical activity, both at work and at
leisure, is good for health and would contribute to a lower risk profile. However, it seems to
be extremely hard to force an increase in physical activity on to a population. I have no simple

solution for this problem. Maybe more extreme actions should be introduced?

5.5.2 Sex differences in tracking

There are few tracking studies that have included both adult men and adult women(38, 42, 43,
111, 112). Although sex specific results are reported, the focus has not been on sex
differences. Cohorts have mostly been based on small or selected groups(38, 43, 111) and
differences between different risk factors have not been reported(38, 42, 43, 111, 112).
Rosner et al(43) and the Dormont High School Study(111) have documented blood pressure
correlations slightly higher for females than for males. We did not document such a sex
difference (paper III). However, for tracking in the upper part of the systolic and diastolic
blood pressure distribution the coefficients were significant higher for women than for men.
In the Cardia Study, white men had higher correlation coefficients for total cholesterol
compared to white women(42). The same sex difference was also documented in the
Virmland Cohort(112). These results are in agreement with ours. We found higher total
cholesterol tracking coefficients in men than in women. But we also found lower tracking
coefficients for HDL cholesterol in men compared to women. Therefore, we would like to
empbhasis that no common sex trend was observed for all the studied risk factors. We could

not conclude of a general sex difference in tracking of cardiovascular risk factors.
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6 FURTHER RESEARCH

Much is still unknown of future implications caused by the ongoing obesity epidemic. Further
research of health consequences is needed. We have assessed the relationship between BMI
and other cardiovascular risk factors. Analyses on the relationship between longitudinal
change of risk factors and diseases are also warranted. Especially, if we focus on the
association between BMI change and cardiovascular disease, it would be of importance to
compare the associations in different levels of other factors. Maybe a BMI increase has a
more adverse impact on cardiovascular risk above certain threshold values of factors such as
blood pressure, total cholesterol, HDL cholesterol, or triglycerides. Each person’s initial
weight or initial BM1 may modify the association. Sex differences or differences in strata of
smoking habits could also be detected.

The degree of tracking of a characteristic is related to the characteristic’s stability over
time. The relation depends, however, on the time-related trend in the population. If, fore
instance, a population-based increase or decrease in a factor is not observed, then persons who
“track” will experience small changes over time for the given factor. On the other hand, if a
secular increase is observed (as for BMI) persons who “track” will also experience a
correspondingly increase. The association between tracking and change of risk factors should
be addressed. Furthermore, if we observe a significant association between risk factor change
and cardiovascular disease, will the degree of tracking also contribute as a disease predictor?

In paper III we assessed possible predictors for tracking. We feel that this topic could
be further explored. Are there different characteristics between those who “tracks” and those
who do not? Could it be that persons who have a high degree of tracking in one risk factor
also have a high degree of tracking in other risk factors? Is there an association between
tracking and change in other risk factors? Is there a connection between predictors for risk
factor change and predictors for tracking? We have shown a strong association between BMI
change and blood pressure change, and between BMI change and serum lipids change. How is

the association between BMI change and tracking in these risk factors?
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7 CONCLUSIONS

The present study has addressed longitudinal changes in cardiovascular risk factors and also
assessed the association between BMI change with changes in other risk factors.

We showed a moderate to high degree of tracking for systolic and diastolic blood
pressure, HDL cholesterol, total cholesterol, and triglycerides and a higher degree of tracking
for BMI. Tracking was higher for total cholesterol compared to HDL cholesterol, especially in
men. Tracking was slightly higher for systolic blood pressure than for diastolic blood
pressure, but was lower compared to cholesterol. The lowest tracking coefficients were seen
in triglycerides. Although we demonstrated some sex differences in tracking, a common
pattern of difference was not observed. A common age trend was that persons in their early
twenties had the lowest degree of tracking.

Tracking in high-risk groups compared to tracking in general showed mostly agreeable
results with regard to differences between the risk factors. However, it was demonstrated
significant higher coefficients for systolic blood pressure, diastolic blood pressure, and BMI
in women than in men.

Baseline values of age, systolic and diastolic blood pressure, BMI, HDL cholesterol,
total cholesterol, triglycerides, and current smoker were all significant predictors for tracking
in high-risk groups for several of the considered risk factors.

Change of BMI was significantly associated with change of systolic and diastolic blood
pressure. Obese women were more likely to increase their blood pressure with increasing
BMI compared to lean women and men in general.

Change of BMI was also associated with change of serum lipids. The association was

generally stronger in men than in women and weakest for persons at or above 50 years of age.
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The Generalized Estimating Equation (GEE) approach(48)

Let (y,-j,x,j) be the observations for subjects i =1,...,K and times L j=1,...,n;, where

»ij is the response variable and x;;isa px1vector of covariates. Let y;be the n; x1vector

Vits-..a¥iy. | and x; be the n; x pmatrix {x;,...,x;, ) for the ith subject.
il in; i ixp il in; )

In the quasi likelihood approach, a known transformation of the marginal expectation of the
outcome is assumed to be a linear function of the covariates, and the variance is assumed to

be a known function of its expectation. Let p;be the expectation of y; and assume that
wi = h(xB), )
where B is the vector of regression parameters. The inverse of / is referred to as the link

function. The variance of yj; is expressed as

gluy ) é. @)

Let R; (o) be the n; x n; working correlation matrix for each y;, which is fully specified by

the s x 1 vector of unknown parameters o . The working covariance matrix for y; is
1/2 1/2
Vi = Ai Ri (a)A, /¢ 5 (3)

where A;is a n; x n;diagonal matrix whose jth diagonal element is given by g(,uij )

The GEE estimators is the solution of the score-like equation system

’

K op -1 _
g[a—ﬁ] Villyi—ni=0 ()

Equation (4) is designed to guarantee consistency of the regression coefficients when the link
function is correctly specified. It is not necessary for the working correlation matrix to be
correctly specified to obtain a consistent and asymptotically Gaussian estimate for the

regression parameters, or for estimating their variances consistently.
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English translation of the questionnaire used in the cardiovascular disease
study in Oslo* 1972-73, Norwegian counties 1974-78 (Finnmark, Oppland
and Sogn og Fjordane) and Tromse 1974.

English translation; Mr. Kevin McCafferty

Tick “'yes/no"” or "yes", as appropriate.

Part A

Have you, or have you had:
a heart attack?
angina pectoris (heart cramp)?
any other heart disease?
hardened arteries in the legs?
a cerebral stroke?
diabetes?

Are you being treated for:
high blood pressure?

Do you use:
nitroglycerine?

Part B
Do you have pain or discomfort in the chest
when:
- walking up hills or stairs, or walking fast
on level ground?
- walking at normal pace on level ground?

If you get pain or discomfort in the chest when
walking, do you usually:

(1) stop?

(2) slow down?

(3) carry on at the same pace?

If you stop or slow down, does the pain
disappear:

(1) within 10 minutes?

(2) after more than 10 minutes?

Do you have pain in the calf while:
- walking?
- resting?

If you get pain in the calf, then:
- does the pain increase when you walk
faster or uphill?
- does the pain disappear if you stop?

Do you usually have:

- cough in the morning?

- phlegm chest in the morning?
Part C

Exercise and physical exertion in leisure time.
If your activity varies much, for example
between summer and winter, then give an
average. The questions refer only to the last
twelve months.

Tick “YES” beside the description that fits
best:

(1) Reading, watching TV, or other
sedentary activity?

(2) Walking, cycling, or other forms of
exercise at least 4 hours a week?
(including walking or cycling to place
of work, Sunday-walking, etc.)

(3) Participation in recreational sports,
heavy gardening, etc.? (note: duration
of activity at least 4 hours a week).

(4) Participation in hard training or sports
competitions, regularly several times a
week?

Part D*

Do you smoke daily at present?
If“Yes™:
Do you smoke cigarettes daily?
(handrolled or factory made)

If you do not smoke cigarettes at present:
Have you previously smoked cigarettes
daily?

If “Yes”, how long is it since you stopped?
(1) Less than 3 months?
(2) 3 months to 1 year?
(3) 1 to 5 years?
(4) More than 5 years?

For those who smoke or have smoked
previously:



How many years altogether have you
smoked daily? Number of years ............
How many cigarettes do you, or did you, smoke

daily? Give number of cigarettes per day
(handrolled + factory made)
Number of cigarettes .......

Do you smoke tobacco products other than
cigarettes daily?

- cigars or cigarillos?

- a pipe?

If you smoke a pipe, how many packs of
tobacco (50 grams) do you smoke per week?
Give average number of packs per week.
Number of tobacco packs ............

(1) mostly sedentary work? (e.g., office

work, watchmaker, light manual work)

(2) work that requires a lot of walking?
(e.g., shop assistant, light industrial
work, teaching)

(3) work that requires at lot of walking and
lifting? (e.g., postman, heavy industrial
work, construction)

(4) heavy manual labour? (e.g., forestry,
heavy farmwork, heavy construction)

During the last 12 months, have you had to
move house for work reasons?

Is housekeeping your main occupation?

Have you within the last 12 months received
unemployment benefit?

Are you at present on sick leave, or receiving
rehabilitation allowance?

Do you receive a complete or partial disability
pension?

PartE

Do you usually work shifts or at night?
Can you usually come home from work:

- every day?

- every weekend?
Are there periods during which your working
days are longer than usual? (e.g.: fishing
season, harvest)

*In Oslo preset groups of cigarettes smoked per
day and packs of pipe tobacco smoked per day
(see original questionnaire)

During the last year, have you had: (Tick
“YES” beside description that fits best):

Part F (alternatives: yes, no, don’t know)

Have one or more of your parents or sisters or
brothers had a heart attack (heart wound) or
angina pectoris (heart cramp)?

In Finnmark and Tromsg only:

Are two or more of your grandparents of
Finnish origin?

Are two or more of your grandparents of Lapp
origin?









MELDING OM SKJERMBILDEFOTOGRAFERING Skjermbildefotograferingen kommer na til
OG HJERTE-KARUNDERS@KELSE Deres distrikt.

Tid og sted for Deres frammete vil De finne

(Gjelder bare den person brevet er adressert tif) ) nedenfor.
' ) Denne gangen vil en del av befolkningen f4
= tilbud om hjerte-karundersekelse. De tilharer

denne gruppe. En orientering om undersekelsen

uep 'BSWC er gitt i vedlagle brosjyre.

=1 Vennligst fyll ut sporreskjemaet pd baksiden
og ta det med til undersekelsen. Ta ogsd med
2 tuberkulinkort eller helsebok, om De har.

Fravaer bes meldt pa vedlagte seddel.

/ Med hilsen

_] TROMS@ HELSERAD FYLKESLEGEN | TROMS
FAGOMRADET MEDISIN, UNIVERSITETET | TROMS®
' STATENS SKJERMBILDEFOTOGRAFERING

i - TKUIISA - us 108

Fodt dato Personnr. Kommuna Kretsnr.

Forste
bakstav
N.. .. Maotested Kjonn etternavn Dag og dato Klokkaslett



A
Har De, eller har De hatt:

Hjerteinfarkt? . ... ... ... .. ..
Angina pectoris (hjertekrampe)? .. | |
Annen hjertesykdom ? ... . . ... ., ..
Areforkalkning i bena? .. ... .. ... .
Hjerneslag? . ... ... .... .. ......
Sukkersyke? ... ... ..
Er De under behandling for:
Hoyt blodtrykk ? | 0, || e
Bruker De
Nitroglycerin? |

Far De smerter eller ubehag i brystet narDe:
Gaér i bakker, trapper eller fort pa flat mack?
Gar i vanlig takt pd flat mark ? | |

Hvis De {3r ter eller ybehag i brystet
veld gande ,SPT:I'ZreDe j; % : g1 brys

{1 Stanse?
2 Saktne farten? .., . .......
3 Fortsette i samme takt?

Hvis De stanser eller saktner farten,
forsvinner sm a dau:

1 Etter mindre enn {0 minutter? . . .,
2 Etter mer enn 10 minutter? | .
Far De smerter i tykkleggen ndr De
G3ar? ...
Eriro? .. ....
Hvis De far leaggsmerter,besvar da.:

Forverres smertene ved raskere
mpo eller i bakker? . .

Gir smertene seg ndr De stopper ?
Har De vanligvis:

J

i
Bevegalse og Kroppelig gnstrengelse |
s i Uid., )
Hvis aktiviteten varjerar meget
mellom sommer og vinter s& ta el
gjerinomsnitk.

Leles

Sporsmalet. gielder bare det siste aret.
Seit kryss i den ruten hvar JJA" passer best.

1 Lesar,ser pa {jernsyn eller annen
stillesittenda beskjeftigelse 7 .. . ..
2 Spaserer syicler eller baveger Dam pd

annen make minst 4 timer {uken? . .
Heri medregnas ogsi gang ellar sykling
(h'l arbeidestedet, sondagsturer m.m. )

3 Driver mosjonsidrett, tyngre hage-
arbeid e.LI.? A Yg .. .g. .
(Her}t at yirksomheten ska! vare minst
4 timer | ulcanr.

4 Trener hardt eller driver konkurranse-
i rﬁtt regelmessig og flere ganger
twuken? .0 Lo 0 T 0L DT

D

Royker De daglig for tiden? .........

Hvis s t var ,JA®ps rige s at
dovarda " pi forrige sporamdl,

Rayker De sigaretter daglig? ......
(handrullede elter fabrikkframstiite)

Hvis De ikke royker sigaretter nd, besvar das
Har De roykt sigaretter daglig bidligere 7 | 11

Hyis De svarte ., JA", hvor lenge er det
siden De sluttet?

1 Mirdra enn 3 minader? ., ...... o
2 3 mineder - 14- 1

3 1 - 5 37

4 Marenn 5382 L.

Besvares av dem som royker na eller har
rpykt tidligere :

Hvor mange ar tilsamman har De Q-1
roykt daglig? . ... .. .. ... ...,

Hvor wmange sigaratter rpvker ellar
roykte e daglig? Oppgi artallgr.dag be
(hdndrullede + fabrikk framstilta)

Royker De noe annet enn sigaretter daglig?
Sigarer eller sarutter /cigarilios? || | o

Pn'pe? ......... e e e e e e e . 63

Hvis De royker pipe, hvor mange pakker
tobatkk (SOgrarvﬂp .3

bruker De i pipa pr.uke 1 moissmon
. - . . ) Hl
Oppai gjermomenittlig antail pakker pr.uke. .

Kok ,-:&%*arl

o
[

E

Har De vanligvis skiftarbeid eller nattarbeid?sr
Kan De vanligvis komme hjem {ra arbeidet:
Hverdag? . ...................«u
Hver helg? . .. ... .. e i - @
Har De i perioder lengre arbeidsdager
enn vanlig? ., ... .. et e e
{ f.eles. under secongfiske,cnnearbeld)
Har De i lopet av siste 3ret hatt:
Settkryss i den ruten hvorLJA” passerbet

1 Owverveiende stillesittende arbeid? .. =
(f.exs. skrivebordsarb.,urmakersrd , montaring )

2 Arbeid som krever at B2 i~ mz
(f.aks. akspadi bororb , latt indust~ard., uniervian |
3 Arbeid hvor De g3r og lofter mya® . .
(f.aks. postbud, tyrgre industnarb , bygningsarp
4 Tungt kroppsarbeid ? . ... .......
({.eks skogsarbeid, bungt jordbnkiat tu~ot
Dygreysars

Har De i lopetavde siste 12mead m8ttat
lytte fra hjemstedet p3 grurn av

G

Har noen | Deres husstand (utenom
Dam selv ) viert innkalt Ll narmere under-
sckelse hos distriktslegen etter forru'ge
hjerte-kar undersokeise ? ol

orandring i arbaidssituasjones? .. ..., . —_—

Er husmoararbaid Dares kovedurka 7., ... ™ F__|

Har De i lopet av de siste 12 mad f3E0 e
arbeidsledignetstrygd 7 . ... ..., | |
Er De for tiden sykmeldt,eller f3r De pe
attforingspenger? .. ... o o L Lol
Har De {ull eller delvis uforepensjon?. . _— }

F A [ et

Har en eller {lare av foreldre eller sasken F Ti‘-‘
hatt h{er_i’.efr{xfarkf..(sa'r P3 hjertet) SRR
eller angina pectoris Chijertekrampal)? | 7 E:‘J‘ ]
Er to eller flare av Deres besteforeldre =i 2
av finsk L ',,.,‘_.__,...,.
Er to eller flere av Deres beste foreldre i
av samiske w7 0 0T Lo




English translation of the questionnaire used in the cardiovascular disease
study in Norwegian counties 1977-83 (Finnmark, Sogn og Fjordane,

Oppland) and Tromse 1979-80

English translation; Mrs. Anne Clancy and Mr. Kevin McCafferty

Tick “yes/no” or “yes", as appropriate.

Part A

Have you, or have you had:
a heart attack?
angina pectoris (heart cramp)?
any other heart disease?
arteriosclerosis of the legs?
a cerebral stroke?
diabetes?

Are you being treated for:
high blood pressure?

Do you use:
nitroglycerine?

Part B

Do you have pain or discomfort in the chest
when:
- walking up hills or stairs, or walking fast
on level ground?
- walking at normal pace on level ground?

If you get pain or discomfort in the chest when
walking, do you usually:

(1) stop?

(2) slow down?

(3) carry on at the same pace?

1f you stop or slow down, does the pain
disappear:

(1) within 10 minutes?

(2) after more than 10 minutes?

Do you have pain in the calf while:
- walking?
- resting?

If you get pain in the calf, then:
- does the pain increase when you walk
faster or uphill?
- does the pain disappear if you stop?

Do you usually have:

- cough in the moming?

- phlegm chest in the morning?
Part C

Exercise and physical exertion in leisure time.
If your activity varies much, for example
between summer and winter, then give an
average. The questions refer only to the last
twelve months.

Tick “YES” beside the description that fits
best:

(1) Reading, watching TV, or other
sedentary activity?

(2) Walking, cycling, or other forms of
exercise at least 4 hours a week?
(including walking or cycling to place
of work, Sunday-walking, etc.)

(3) Participation in recreational sports,
heavy gardening, etc.? (note: duration
of activity at least 4 hours a week).

(4) Participation in hard training or sports
competitions, regularly several times a
week?

PartD

Do you smoke daily at present?

If “Yes™
Do you smoke cigarettes daily?
(handrolled or factory made)

If you do not smoke cigarettes at present:
Have you previously smoked cigarettes
daily?

If “Yes”, how long is it since you stopped?
(1) Less than 3 months?
(2) 3 months to | year?
(3) 1 to 5 years?
(4) More than 5 years?

For those who smoke or have smoked
previously:
How many years altogether have you
smoked daily? Number of years ..............



How many cigarettes do you, or did you, smoke
daily? Give number of cigarettes per day
(handrolled + factory made)

Number of cigarettes .......

Do you smoke tobacco products other than
cigarettes daily?

- cigars or cigarillos?

- a pipe?

If you smoke a pipe, how many packs of
tobacco (50 grams) do you smoke per week?
Give average number of packs per week.
Number of tobacco packs ...........

PartE

Do you usually work shifts or at night?
Can you usually come home from work:

- every day?

- every weekend?
Are there periods during which your working
days are longer than usual? (e.g.: fishing
season, harvest)

During the last year, have you had: (Tick
“YES” beside description that fits best):

(I) mostly sedentary work? (e.g., office

work, watchmaker, light manual
work)

(2) work that requires a lot of walking?
(e.g., shop assistant, light industrial
work, teaching)

(3) work that requires at lot of walking and
lifting? (e.g., postman, heavy industrial
work, construction)

(4) heavy manual labour? (e.g., forestry,
heavy farmwork, heavy construction)

During the last 12 months, have you had to
move house for work reasons?

Is housekeeping your main occupation?

Have you within the last 12 months received
unemployment benefit?

Are you at present on sick leave, or receiving
rehabilitation allowance?

Do you receive a complete or partial disability
pension?

Part F (alternatives: yes, no, don’t know)

Have one or more of your parents or sisters or
brothers had a heart attack (heart wound) or
angina pectoris (heart cramp)?

In Finnmark and Tromse only:

Are two or more of your grandparents of
Finnish origin?

Are two or more of your grandparents of Lapp
origin?

Part G

Has anyone in your household (other than
yourself), been called in to a doctor for further
medical examination after the previous
cardiovascular disease survey?









HE LS E U N D ER S ¢ K ELSENITR 0 M S ¢ Helseundersokelsen kommer né til Deres distrikt.

(Gjelder bare den person som brevet er adressert til.) Tid og sted for frammote vil De finne nedenfor.

De finner en orientering om undersokelsen i
den vedlagte brosjyren.

Vi ber Dem vennligst fylle ut sporreskjemaet pa
baksiden og ta med dette til underspkelsen.

— _| Vi ber Dem eventuell melde fra om fraveer pa
den vedlagte fraveersmeldingen.

# 1ecos, 00

Med hilsen
L — KOMMUNEHELSETJENESTEN | TROMSO
FYLKESLEGEN | TROMS UNIVERSITETET | TROtASO
STATENS HELSEUNDERS@KELSER
Fadi dato Personnr. Kommune Kretsnr.
Forste
bokstav i
Molested Kjonn etternavn Dag og dato Klokkeslett
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HOYDE VEKT ANM 70 " P ] KODE 75 AVVIK ARM MAN APPNR.  TSMI 82
MALING 1 MALING 2 MALING 3
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Har en eller flere av foreldre eller sosken hatt
hjerteinfarkt (sar pa hjertet) eller angina
pectoris {hjertekrampe)? ............. 00000000000 12

*EGEN:SYKDOM!

Har De, eller har De hatt:

Hjerteinfarkt? ...
Angina pectoris (hjertekrampe)?
Hjerneslag? ........cooiviiinnn.
Sukkersyke? .....ovvineiiiiiiiiiiiicieeiaaes 18

Er De under behandling for:
Hoyt blodteykk? . ... 17

Bruker De:

Nitroglycerin? .

Far De smerter eller ubehag i brystet nar De:
Gar i baxker trapper eller

Dersom De far smerter eller vondt
i brystet ved gange, pleier De da:

Stoppe? ..iveeeiieiiennns

Fortsette i samme takt?
Dersom De stopper eller saktner farten,
gar da smertene bort:

Etter mindre enn 10 minutter?

Etier mer enn 10 minutter?.....................
Har De vanligvis:

Hoste om morgenen?
Oppspyit fra brystel om morenen"

Bevegelse og kroppsllg aktivitet i Deres fritid.
Dersom aktiviteten varierer mye, f.eks. mellom
sommer og vinter, s3 ta ett gjennomsnitt.
Sporsmalet gjelder bare det siste aret.
Sett kryss 1 den ruten som passer best.

Leser, ser p2 fjernsyn eller annen

stillesittende beskjeftigelse? .............. .. .25

Spaserer, sykler eller beveger Dem pa

(Her skal De ogsa regne med gang eller
sykhing til arbeidsstedet, sondagsturer mm } |

Drniver mosjonsidrett, tyngre hagearbeid el.? ..
{Merk at aklviteten skal vare i minst
4 timer 1 uken.)

Trener hardt eller driver konkurranseidrett
regelmessrg og flere ganger i uken?

Hvor ofte bruker De salt kjott
eller sait fisk til middag?
Sett kryss 1 den rulen som passer best.

Aldri eller sjeldnere enn en gang
imaneden .........

Inntil en gang i uke .
Inntil to ganger i uken
Mer enn to ganger i uken .

Hyor ofte pleier De & stro ekstra salt
pa middagsmaten?

Selt kryss i den rulen som passer best.

Sjelden eller aldri
Av og lil eller ofte .....
Alitid eller nesten alitid

Hva slags margarin eller smor bruker De
vanligvis pa brodet?
Sett kryss i den ruten som passer best.

Bruker ikke smor eller margarinpd brod ...... 28
Smor .
Hard margarin ...
Myk (Soft) margarin .....
Smar/margarin blanding
Hva slags fett blir vaniigvis brukt til
matlaging | husholdningen Deres?

Sett kryss i den ruten som passer best.

Smor eller hard margarln
Myk (Sott) margarln eller alie

Crmets
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Royker De daglig for tida?..........cccceeennnnn, 30
Dersom svaret er «JAn, svar da p3 dette:
Royker De sugarelter daglig? ......cooeininn 3
de eller fabril tilte)

Dersum De ikke royker sigaretter na,
svar da p3 dette:
Har De roykt sigaretter daglig tidligere? ....... 32
Dersom De svarte «JA., hvor lenge er det
da siden De sluttet?
Mindre enn 3 maneder? .......
3 maneder — 13r? .
1-5ar? .........
Merenn 5 ar? ..
Skal besvares av de som royker
na eller som har roykt tidligere:

Hvor mange ar lil sammen har |
De roykt daglig? .....occoeveiiiniiiiiiini a4

Hvor mange s:‘garener royker eller
roykte De daglig

Gi opp antallet sigaretter daglig ............... 6
(handrullede + fabrikkiramstilte)

Royker De noe annet enn sigaretter daglig?
Sigarer eller serutter/sigarillos?......... ..
PIPE? oo a1

Dersom De royker pipe, hvor mange pakker
tobakk (50 gram) bruker De i pipen
pa en uke?

Sigaretter

Gi opp giennomsnilllig tall pa

pakker i uken

Hvor mange kopper kaffe drikker De

vanligvis hver dag?

Sett kryss i den ruten som passer best.
Drikker ikke kaffe, eller mindre

NN enKoPP «.oovivririnirir e as
1 — 4 kopper .
5 — B kopper ....

9 eller flere kopper ....
Hva slags kaffe drikker De vanllgvls hver dag?

Kokekatle

Filterkafle .. .
Pulverkafle ... 48
Kofteintri kaffe .48

Drikker ikke katfe .

Har De i de siste 12 mnedene
fatt arbeidsledighetstrygd? .............coooiitn 51

Er De for tiden sykemeldt, eller
far De attforingspenger? .

Har De full eller delvis uforepensjon? .............. 53

Har De vanligvis skiftarbeid eller
nattarbeid .......cociiviiiiiii 54

Har De i det siste dret hatt:

Selt kryss i den ruten som passer best.
For det meste stillesittende arbeid? .......... 55
(l.eks. skrivebordsarb., urmakerarb. monlering}
Arbeide som krever at De gar mye? ..........
{f.eks. ekspeditorarb., lett industriarb.. undervisn.)
Arbeide der De gir og lofter mye? ...........
{f.eks. postbud, tyngre industriarb.. bygningsarb.}
Tungt kroppsarbeid? .......c.ooevieiiannnnan.
{f.eks. fungt ji tungt bygringarb.}

Er husmorarbeid hovedyrket Deres?..

Har noen i husstanden Deres (utenom

Dem selv) veert innkalt til nazrmere under-

sokelse hos lege etter den siste hjerte-
karunderspkelsen? ......c.ocveiiiiiiiiiiiiinn. 57

Dersom denne helseundersokelsen viser at
De bor undersokes narmere: Hvilken almen-
praktiserende iege onsker De da 3

bli henvist til?

Skriv navnet pa legen her 1

Ikka skriv her

0§ B fR Do

000

i




QUESTIONNAIRE 1, TROMS@
SURVEY 1986-87

English translation; Mrs. Anne Clancy and
Mr. Kevin McCafferty

A FAMILY
Have one or both of your parents, or any of
your siblings (brothers and sisters) had a
heart attack or angina pectoris
(heart cramp)?

Yes No Don't know

B OWN ILLNESSES

Have you, or have you had: Yes No
A heart attack? 0O
Angina pectoris (heart cramp)? 0 O
A cerebral stroke? C 0O
Diabetes? c O

Are you receiving treatment for:  Yes No
High blood pressure?

Do you use nitroglycerine?

CSYMPTOMS

Do you get pain or discomfort

in the chest, when: Yes No
Walking up hills, stairs or walking

fast on level ground? 0 0o
Walking at ordinary pace

on level ground? o B

If you get pain or discomfort in your
chest when walking, do you usually :

Yes
Stop ]

Slow down O
Carry on at the same pace ]

If you stop or slow down, does the pain
disappear:

Yes
After less than 10 minutes? O
After more than 10 minutes? 0O

D EXERCISE

Exercise and physical exertion in leisure
time. If your activity varies much, for
example between summer and winter, then
give an average. The questions refer only to
the last twelve months.

Tick “yes" in the most appropriate box:

- Reading , watching TV or other Yes
sedentary activity?

- Walking, cycling or other forms of
exercise at least 4 hours a week?
(including walking or cycling to place
of work, Sunday walking ,etc. ) I

- Participation in recreational sports,
heavy gardening, etc.? (Note: duration
of activity at least 4 hours a week)

- Participation in hard training or sports
competitions regularly several times
a week?

E SALT/ FAT

How often do you use salted meat or
salted fish for dinner?

Tick the appropriate box Yes
Never or less than once a month

Once a week or less

Twice a week or less

More than twice a week

How often do you add extra salt to
your dinner ?

Tick the appropriate box

Rarely or never

Sometimes or often

Always or nearly always

s

Qoo

What type of margarine or butter do
you usually use on your bread?

Tick the most appropriate box Yes
Do not use margarine or butter
on bread

Butter

Margarine

Soft (soya) margarine spread
Butter/ margarine mixtures

oooaoo

What type of cooking fat do you
normally use in your household ?
Tick the appropriate box.

Butter or hard margarine

Soft (soya) margarine or oil
Butter/ margarine mixtures

oooxE
8

F_ SMOKING

Do you smoke daily at present? ~ Yes No



If “Yes “: ]
Do you smoke cigarettes daily? O
(hand-rolled or factory made)

If you do not smoke cigarettes at

present:

Have you previously smoked Yes No
cigarettes on a daily basis? C O
If “Yes”, how long is it since you

gave up smoking ? Yes
More than 3 months? u]

3 months to 1 year? 0

1-5 years? n]
More than 5 years? C

The following questions are to be answered
by those who smoke at present or who have
smoked previously.

How many years altogether have you
smoked on a daily basis: ................

How many cigarettes do you smoke or did
you smoke daily: ...
(hand-rolled + factory made)

Do you smoke anything else other than

cigarettes daily? Yes
Cigars, cigarillos, cheroots ? ad
Pipe? 0

If you smoke a pipe, how many packets of
tobacco (50 gr.) do you smoke in a week?
Give the average number of packets a

week: L

G COFFEE

How many cups of coffee do you usually
drink daily?

Tick the most appropriate box Yes
Do not drink coffee, or less than
one cup

1 -4 cups

5 - 8 cups

9 or more cups

What type of coffee do you usually
drink daily?

Coarse ground coffee for brewing
(boiled)

Finely ground filter coffee

Instant coffee

Caffeine free coffee

Do not drink coffee

H EMPLOYMENT

Oooa

OooDooo

Have you received unemployment
benefit within the past Yes No
12 months? O O

Are you at present on sick leave,
or receiving rehabilitation

allowance? O d

Are you on a full time or partial  Yes No

disability pension? 0 O
Do you usually work shifts or
do night work? 0O o

During the past year have you had :

Tick the most appropriate box. Yes

- Mostly sedentary work? (office
work, watchmaker, light manual
work)

- Work requiring a lot of walking?
(shop assistant, light industrial
work, teaching )

- Work requiring a lot of walking
and lifting? (postman, heavy industrial
work, construction ) O

- Heavy manual labour?

(forestry, heavy farmwork, heavy

construction) L
Is house-keeping your main Yes No
occupation? O 0

1 FOLLOW - UP EXAMINATION

Has any one in your household (other than
yourself) been called in to a doctor for
further medical examination

after the previous cardiovascular  Yes No
disease survey? 0 o

If as a result of this survey you need further
medical examination, which general
practitioner do you wish to be referred to ?
Write the doctor’s name here:

No particular doctor ...









Innbydelse til "NA HAR DU
HELSEUNDERS@KELSEN SJANSEN™

Fodselsdato  Personnr. Kommune Kretsnr.

Helseunderspgkelsen kommer na til Tromsp. mulighet til 8 komme. Mot selv om du kjenner deg frisk,
TId og sted for frammgte finner du nedenfor. Du finner om du er under legebehandling, eller om du har fatt mait
ogsi en orlentering om undersgkelsen i den vedlagte kolesterol og blodtrykk i den senere tid.
brosjyren.

Vi ber deg fylle ut sporreskjemaet pd baksiden og ta Vennlig hilsen
det med til underspkelsen. Kommunehelsetjenesten

Undersgkelsen blir mest verdifull om frammotet Fagomradet medisin, Universitetet i Tromsp
blir sa fullstendig som mulig. Vi haper derfor at du har Statens helseunderspkelser

"GRIPSHNSEN—
e MOT FRAM!"
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Hvordan har din fysiske aktiviteti fritiden vert di s s'e
arzt? Tenk deg et ukentlig giennomsnitt for dret.
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English translation of invitation with the first questionnaire used in the health

survey in Tromsg 1994/95

Translation based on translations by Kevin McCafferty and Anne Clancy

HEALTH SURVEY
INVITATION

"This is your chance"

Date of birth Social security No.

Municipality Electoral ward No.

Welcome to the Tromso
Health Survey!

The Health Survey is coming to Tromse.
This leaflet will tell you when and where.
You will also find information about the
survey in the enclosed brochure.

We would like you to fill in the form overleaf
and take it witl you to the examination.

The more people take part in the survey,
the more valuable its results will be. We
hope, therefore, that you will be able to
come. Come along even if you feel
healthy, if you are currently receiving
medical treatment, or if you have had
your cholesterol and blood pressure
levels taken recently.

Yours sincerely,
Municipal Health Authorities
Faculty of Medicine - University of Tromse

National Health Screening Service

"This is a real opportunity — Take it!"

Your own health

What is your current state of health?
Tick one box only.

Poor

Not so good

Good

Very good

oooag

Do you have, or have you ever had:
YES NO Age first time

Myocardial infarction O O years
Angina pectoris o 0O years
Stroke/ [n years
brain haemorrhage
Asthma o a years
Diabetes o 0O years
Do you take medicine for high blood pressure?
At the moment [u]
Used to, but not any longer (u}
Never have [u]

Have you during the last year suffered from pains
and/or stiffness in muscles and joints that have lasted
continuously for at least 3 months?

YES O NO O

Have you in the last two weeks felt:
Very
No Alittle Alot much

Nervous or worried? o O (u] (u]
Anxious? o O a a
Secure and calm? o o (u] (u]
Irritable? o a ] [u]
Happy and optimistic? o 0 ] (u}
Down/depressed? o o 0 0
Lonely? o o u} O
Smoking

Did any of the adults at home smoke while you were
growing up? YES O NO O

Do you now, or have you previously, lived with daily
smokers after your 20% birthday?

YES O NO O
If "YES", for how many years in all? Years
How many hours a day do you normally spend in

smoke-filled rooms? Hours
Put 0 if you do not spend time in smoke-filled rooms.



.

Do you yourself smoke: YES NO
Cigarettes daily? u} u}
Cigars/ cigarillos daily? 0 0
Pipedaily  ? u} a]

If you previously smoked daily, how long is it since
you stopped? Years

If you smoke daily at the moment, or have smoked
before:

How many cigarettes do you smoke/did you
smoke per day? Cigarettes

How old were you when you began smoking

daily? Age Years

How many years in all have you smoked

daily? Years
Exercise

How has your physical activity in leisure time been
during this last year? Think of your weekly average for the
year. Time spent going to work counts as leisure time.

Hours pr. week

None Lessthan1 1-2 3 or more

Light activity u] [u] u] (W]
(not sweating or

out of breatl)
Hard activity ] o u} u}
(sweating/

out of breatl)
Coffee

How many cups of coffee do you drink daily?

Put 0 if you do not drink coffee daily. Cups
Boiled coffee ooo
(i.e., grind boiled and allowed to draw)

Other coffee oo
Alcohol

Are you a teetotaler? YES O NO D

How many times a month do you normally drink
alcohol? Do not count low-alcohol beer. Times
Put 0 if less than once a month.

How many glasses of beer, wine or spirits do you
normally drink in a fortnight? Do not count low-alcohol
beer. Put 0 if less than once a month.
Beer Wine Spirits
Glasses Glasses Glasses

oo 0o 0o

Fat

What kind of margarine or butter do you normally use
on bread? Tick one box only.
Don't use butter/ margarine
Creamery butter
Hard margarine
Soft margarine
Butter/ margarine blend
Light margarine

OoBooooo

Education/work

What is the highest level of education you have
completed?

7-10 years primary/secondary school, u}
modern secondary school,
folk high school
Technical school, middle school, vocational.. 0
school, 1-2 years' senior high school
A-levels/High school diploma, (3-4 years)

0

College/university, less than 4 years u}
College/ university, 4 or more years u}

What is your current work situation?
Paid work
Full-time housework
Education, military service
Unemployed, redundant
[u]

00oo

How many hours of paid work do you have pr. week?
Hours

Do you receive any of the following benefits?
Sickness benefit (sick leave)
Rehabilitation benefit
Disability pension
Old-age pension
Social welfare benefits
Unemployment benefit

a

o e o |

Iliness in the family

Have one or more of your parents or siblings had a
heart attack or had angina (heart cramp)?

YES NO DON'T KNOW
] W] 8]
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Tracking of blood pressure in adult men: the Tromsg

Study 19741986

T WILSGAARD. T BRENN and E ARNESEN

Instinute of Community Medicine, University of Tromso, N-9037 Tromso, Norway

Background Elevated blood pressure is a major risk factor
for cardiovascular diseases. The object of this study was
to assess the degree of blood pressure tracking among
adult men in Tromse. Northern Norway.

Methods A cohort of 4183 men 20-49 years old partici-
pated in three consecutive examinations (1974, 1979
and 1986). Tracking was assessed within each 5 year
age group by three different methods: Pearson’s correla-
tion coeflicient, Foulkes and Davis® tracking index and
the proportion of men whose blood pressure at the sub-
sequent examinations had changed from one ol six base-
line sixtile groups. Variations in each individual’s blood
pressure (intrasubject variation) over the three examina-
tions were also computed.

Results All age groups displayed a statistically significant
degree of tracking (p < 0.00010), where the youngest

individuals had the least and those aged 35-39 years (in
1974) the largest degree of tracking for all three applied
methods. Both pressures displayed a similar pattern
across the age groups and tracking coelficients in gener-
al were lower lor diastolic than for systolic blood pres-
sure. The intrasubject variation pattern showed that
individuals with blood pressure readings in the upper or
lower tails at the baseline examination had a Jarger
degree ol variation than those who had values in
between.

Conclusions This analysis suggests that individuals tend
w0 retain their relative blood pressure level in a popula-
tion throughout early adulthood and adult life.

Keywords blood pressure, tracking, longitudinal, men.
intrasubject variation.

Introduction

Blood pressure is a biological variable with a tendency
to vary during the day and during the year. Values are
particularly likely to change in situations ol stress, such
as during a medical examination, It has also been docu-
mented that blood pressure values tend to increase with
age'™'. Despite these instabilities an elevated level of
blood pressure has been well-established as a major risk
factor for cardiovascular disease*'". In Norway it is rec-
ommended that individuals with mild hypertension are
closely followed in order, if necessary, to start interven-
tion with drug treatment or lifestyle changes. A lot of
people with mild hypertension are not registered by the
health care system. It would be easier to identify these
people if one can establish a dependency of blood pres-
sure values from early adulthood through mid-life. A
longitudinal investigation of blood pressure variation is
therefore of importance.

Tracking of the measured characteristic has been
defined as maintenance of the same level over time, rel-
ative to other subjects. Most previous investigations of
blood pressure tracking have been examined during
childhood!!-", or from adolescence into adulthood'™16.
Studies on tracking among adult individuals'™'* have
been scarce. Most studies have focused on selected
groups of individuals and reports based on the general
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population have been lacking. We had an opportunity to
investigate blood pressure tracking in a population-
based study. which has Tollowed 4138 men, aged 20-49
years, in three consecutive examinations, in 1974, 1979
and 1986.

Methods

The study population

In 1974 the entire population of men in the municipality
ol Tromsg, aged 2049 years, was invited to participate
in the Tromsp Study. The same men were also invited
for consecutive examinations in 1979 and 1986. The
attendance rate at the baseline examination was 74%.
76% of the men who participated in 1974 also attended
the second examination and in 1986 the attendance rate
was 84%.

The examination methods used have been described
in detail elsewhere!®-2!. The University of Tromsg and
local health authorities have been responsible for the
study and the examinations in 1979 and 1986 were car-
ried out in co-operation with the National Health
Screening Service.

Correspondence to: T Wilsgaard, lastitute of Community Medicine, University
of Tromse, N-9037 Tromso. Norway.

© 1998 Isis Medical Media Limited
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Invited to baseline examination
(1974), n = 8867

Did not attend
n 1974,
n=2280

Y

 {

Participants baseline examination
(1974), n = 6587

A

Participants second examination
(1979), n = 4994

Y

Participants third examination
(1986), n= 4183

Fig. 1 Flowchart of male paracipams; the Tromse Study
1974-1986

Figure | shows a flow-chart of the study participants
at the three examinations. This longitudinal study focus-
es on the 4183 individuals who participated in all three
examinations. No individuals .were excluded, not even
those who were on anti-hypertensive drug treatment in
1974 or started drug treatment during the study period.
The cohort were divided into six 5 year age groups
according to age in 1974,

Blood pressure measurements

In 1974' the blood pressure was read to the nearest
even number of mmHg. After 4 min of rest, two read-
ings were taken at 4-5 min intervals using a mercury
sphygmomanometer on the left upper arm, with the sub-
ject in a sitting position. Systolic blood pressure was
measured when the first Korotkoff sound appeared
(Phase 1) and diastolic blood pressure was defined as
the pressure at the disappearance phase of the Korotkoff
sound (Phase 5). If there was no Phase 5, the pressure at
Phase 4 was recorded. In 1979 blood pressure was
measured using the same standards as in 1974. Howev-
er, this time the right upper arm was used and after 2
min of rest the two readings were taken with a I min
interval. In all three examinations blood pressure was
measured by personnel trained according to tape record-
ings produced by the London School of Hygiene and
Tropical Medicine. However, in 1986°' the blood pres-
sure was recorded with an automatic device (Dinamap

Vital Signs Monitor 1846, Critikon Inc, Tampa, FL).
After the participants had been scated for 2 min, three
recordings were made on the upper right arm at 2 min
intervals. The lowest blood pressure values in all three
examinations were used i this report.

Data analysis

The word ‘tracking’ has been used to describe at least
two different situations. It may reflect either the ability to
predict subsequent observations from earlier measure-
ments??, or the maintenance of relative or percentile rank
within a population over time>***. In this paper, the later
definition has been used. We have used three methods to
classify tracking of blood pressure. All calculations were
performed within each 5 year age group. as well as for all
men as a total. The first measure is Pearson's correlation
coefficient. Although it does not it fully into either of the
tracking definitions, it is still the most commonly used
measure of tracking found in the literature. The coelfi-
cient can only be used as a measure ol tracking between
two measurements per individual. We had three sets of
data and consequently needed a more flexible method.
Foulkes and Davis®® have developed a tracking coefficient
for studies with two or more examinations. The coeffi-
cient (or index), labelled as . is based on whether or not
the relative positions ol the observations from each pair
of individuals are changed over time (often referred to as
‘crossing ol growth curves'). In instances where there are
observations {rom two points of time, the growth curve is
given as a linear function of time and. correspondingly,
with three observations the function is polynomial of sec-
ond degree. We calculated the tracking index using data
from all three studies and the tracking indices lor the
three possible combinations of two measurements. The
third method we applied was to split the data into sixtle
groups for each 5 year age group and at the following
examinations determine the number of individuals whose
blood pressure remained in the same sixtile group and the
number who changed (o another group. These numbers
were compared with the values expected had the individ-
uals at each measurement been assigned randomly to the
different sixtile groups.

We also examined how each individual’s three blood
pressure values varied (intrasubject variation) in terms
of the standard deviation. After transforming the raw
blood pressure data into normal scores derived from
each age group, we calculated the standard deviation
over the three examinations for each individual.

All processing of data was done using the SAS soft-
ware package®.

Results
Table 1 presents different baseline characteristics of all
men according to whether or not they attended all three
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Table 1 Age-adjusted descriptive measures of dilferent characteristies taken at the baseline examination in 1974: the Tromso

Study 1974-1986

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Total cholesterol, mmol §-!
Trigtycerides, mmol |

Body height, cm

Body weight, kg

Body mass index, kg m?
Current smoker, %

Physical activity at leisure, regular or hard training, %

examinations. A comparison of the means showed no
significant differences between the two groups (p values
ranged from 0.83 to 0.12). However, the prevalence of
current smokers was significant smaller (p < 0.005) in
the group who attended all three examinations. Further-
more. the men who did not attend all three examinations
were younger than the men who did attend all three
(mean age 31.83 years compared with 34.82 years).
Table 2 gives a presentation of the sample sizes and
the means and standard deviations lor each ol the three
blood pressure examinations according lo age. As expect-
ed, given that individuals were 5 years older, there was an
increase in systolic and diastolic blood pressure means
from 1974 to 1979. However, there was almost no

Participants in all three examinations

Yes nn = 4183 No n = 2403
Mean (SD) Mean (SD)
126.5 (14.9) 126.5 (15.0)
77.8 (11.4) 78.0 (11.5)
6.6 (1.3) 6.6 (1.4)
1.4 (0.8) 1.5 (0.8)
176.8 (6.7) 177.1 (6.7
75.0 (10.1) 75.1 (10.1)
24.0 (2.7 240 (2.7)
58 63
24 23

increase in the systolic means and even a decrease in the
diastolic means from 1979 to 1986. This is duc to
methodological differences: in the first two examinations
blood pressure was measured manually, whereas in 1986
it was measured using an automatic device.

The age-specific blood pressure correlations between
the various examinations are shown in Table 3. For sys-
tolic blood pressure, the age-specific correlations ranged
from 0.409 to 0.623. The corresponding values lor the
diastolic pressure ranged from 0.327 to 0.575. The high-
est coefficients were recorded between the second and
third examination and the lowest ones between the irst
and third examination. With a single exception, the sys-
tolic blood pressure showed a consistently higher corre-

Table 2 Descriptive measures of systolic and diastolic blood pressure in men examined three times: the Tromse Study 1974-1986

1974

Age (years) SBP? DBP®

in 1974 n Mean (SD)  Mean (SD)
20-24 502 124.5(13.3) 73.8(11.3)
25-29 790 125.5(13.4) 75.9 (10.1)
30-34 820 125.8(13.3)  76.9 (10.5)
35-39 702 127.7(14.5) 794 (11.1)
4044 688 127.7 (16.6) 804 (11.5)
45-49 681 129.2(16.6) 82.1(11.6)
Total 4183 126.8 (14.8) 782 (11.4)

“$BP = systolic blood pressure.
'DBP = diastolic blood pressure.

1979 1986
SBP DBP SBP DPB

Mean (SD) Mean (SD) Mean (SD)  Mean (SD)
128.8 (11.6) 78.8(10.2) 127.3(12.9) 74.4(10.0)
129.3 (12.1) 81.6 (5.2) 128.3(12.1)  77.5(9.6)

129.1 (12.6) 82.7 (9.6) 129.2 (13.4)  78.8(10.0)
130.8 (13.9) 84.7(10.2) 131.4(152) 81.2(104)
131.6 (14.7) 85.2(10.5) 134.0(17.0) 824(10.7)
135.1 (17.3) 87.2(10.5) 138.7(18.7) 83.8(11.0)
130.8 (14.0) 83.5(10.3) 131.5(15.5) 79.8(10.7)
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Table 3 Pearson’s correlation coclficients for paired combinations of the bload pressure examinations: the Tromso Study 1974 -1986

Age (years) in 1974 Systolic blood pressure

[C 1L I, 111
20-24 0.430 0.483
25-29 0.567 0.602
30-34 0.520 0.579
35-39 0.594 0.623
40-44 0.558 0.593
45-49 0.577 0.587
Total 0.556 0.598

4l = basehne examination, 1974,
Pl = second examination, 1979,
CHI = third exammation. 1986,

lation than the diastolic pressure and the smallest corre-
lations appeared in the youngest age group for both.
There was no other clear trend between correlation and
age: however. most ol the largest correlations were in
the 35-39 year age group.

The correlation analysis was also performed with
adjustment for time since last meal and anti-hyperten-
sive drug treatment (data not given). These variables had
a small impact, or no impact on the correlations. In
addition. a calculation ol the correlation coellicients
excluding_men on anti-hypertensive drug treatment (i =
288) displayed only smail differences from the coefli-
cients of the ull data set: there were no clear differences
between the younger and older age groups. A compari-
son with the correlations from the last row in Table 3
showed slightly smaller coefticients in the reduced data

Diastolic blood pressure

I, L1 11, 11k 1,1
0.409 0.349 0.506 0.332
0.507 0.402 0.483 0.369
0.456 0.429 0.547 0.347
0.460 0.534 0.575 0.418
0.476 0.463 0.513 0.379
0.409 0.509 0.523 0.327
0.460 0.485 0.557 0.403

set (absolute values of 0.005, 0.008. 0.003, 0.033. 0.022
and 0.024, respectively).

From the group of men who did not participate in all
three examinations and are therefore excluded from the
present analysis, 811 men participated in 1974 (mean
systolic and diastolic pressures 127.2 and 78.5 mmHg)
and 1979 (mean systolic and diastolic pressures 132.1
and 84.6 mmHg). and 449 men participated in 1974
(mean systolic and diastolic pressures 126.0 and 75.6
mmHg) and 1986 (mean systolic and diastolic pressures
130.8 and 79.3 mmHg). A correlation analysis on these
men did not show any trend towards lower or higher
coefficients according to age compared with the num-
bers presented in Table 3.

Table 4 shows Foulkes and Davis’ tracking coeffi-
cient for the blood pressure observations in each pair of

Table 4 Foulkes and Davis” wracking coelficients for various combinations of the blood pressure examinations: the Tromsp Study

19741986

Age (years) in 1974

1L L 11, I1I¢ I, 11
20-24 0.692 0.707 0.674
25-29 0.738 0.749 0.703
30-34 0.722 0.737 0.697
35-39 0.752 0.747 0.698
40-44 0.736 0.740 0.687
45-49 0.741 0.733 0.688
Total 0.733 0.738 0.693

I = baseline examination. 1974,
"I = second examination, 1979,
CHI = third examination. 1986.

Systolic blood pressure

Diastolic blood pressure

LIL I LI 1L, 111 I, 1 L IL 111
0514 0.677 0.704 0.653 0.491
0.574 0.688 0.712 0.663 0.505
0.558 0.702 0.724 0.658 0.515
0.581 0.738 0.741 0.682 0.556
0.563 0.718 0.722 0.659 0.526
0.565 0.724 0.732 0.666 0.537
0.563 0.717 0.735 0.678 0.541
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Table 5 The proportion of sixtile group changes between the three blood pressure examinations: the Tromse Study 1974-1986

Age (years) in 1974

Number of sixtile groups changed from baseline examination®

Systolic blood pressure

Diastolic blood pressure

273

0 1 2 3+445
20-24 0.090 0239 0311 0.36!1
25-29 0.134 0.291 0305 0270
30-34 0.101 0310 0290 0.299
35-39 0.108 0348 0295 0.249
40 - 44 0.118 0.301 0.311 0.270
45-49 0.117 0328 0275 0.280
Total 0.119 0316 0272 0293
Expected® 0.028 0.139 0222 061t

0+1+2 0 1 2 34445 0+142
0.639 0.088 0247 0271 0394 0.606
0.730 0.090 0257 0273 0380 0.620
0.70t 0.098 0241 0.291 0370 0.630
0.751 0.108 0302 0289 0.301 0.699
0.730 0.108 0.278 0251 0363 0.637
0.720 0.110 0253 0319 0318 0682
0.707 0099 0278 0304 0319 0681
0.389 0.028 0.139 0222 0611 0.389

) = no changes (results in the same sixtile group in alf examinations). 1-5 = the number of sixtile groups change from the haseline examination.

bResult expected had there been no degree of tracking among examinations.

examinations, as well as for all thrce measurements
jointly. Indices for both blood pressures were slightly
smaller Tor the youngest age group than for the others
and the diastolic blood pressure indices were all smaller
than those Tor the systolic pressure. The data shows
tracking in instances where the index is > 0.5 and all
computed indices for two blood pressure measurements
were significantly (p < 0.0001) greater than 0.5.

The last column ol systolic blood pressure and the
Jast of diastolic blood pressure in Table 4 give indices
for the situation where all threc measurements per indi-
vidual are considered. For systolic blood pressure all
coefficients were significantly greater than (.5, even
though they ranged Irom 0.514 to 0.581. Interestingly.
for diastolic blood pressure, the youngest men exhibited
a tracking coefficient < 0.5, thus indicating no degree of
tracking.

Table 5 shows the proportion of men who remained
in the same sixtile group, or moved into another group.
All individuals were classified to one of the six possible
change categories (0-5), given as the number of sixtile
groups change from the baseline group. Thus, an indi-
vidual who, during the three examinations, was
observed in sixtile Group 2, I and 2, was classified to
Change Category 1, an individual observed in Groups 1,
3 and 2 was classified to Change Category 2. and, final-
y. and individual in Groups 1, 3 and 5 was classified to
Change Category 4. As seen, 63.9-75.1% of men, vary-
ing with subject age, moved a maximum of two steps
away from the baseline sixtile group. These percentages
are much higher than the expected 38.9% had the three
blood pressure measurements been uncorrelated. The
corresponding values observed for diastolic blood pres-
sure ranged from 60.6 to 69.9%. Consequently, the

numbers were slightly smaller than for the systolic pres-
sure.

Figures 2 and 3 show the patterns of intrasubject vari-
ation for cach age group across the sixtile groups. The
absolute values ol the intrasubject variation, as mea-
sured by standard deviation (SD) between three z-
scores. is in itself ol little interest: what is important is
the relative degree of systolic and diastolic blood pres-
sure variation across the age and sixtile groups. For sys-
tolic blood pressure the intrasubject variation followed
the same trend across the sixtile groups in every age
group. The intrasubject variation was relatively high in
the first sixtile group, then it decreased to an almost
constant level in Groups 2, 3 and 4, and increased again

04 -

20-24 years
--- 25-29 years
— 30-34 years
— 35-39 years
~—— 40-44 years
— 45-40 years

Intrasubject variation

0 I 1 L ) 3
1 2 3 4 5 6

Sixtile group at the baseline examination

Fig. 2 Means (adjusted for high blood pressure treatment) of
the SD of the normal scores of systolic blood pressure from
three examinations by sixtile groups for each 5 year age
group. The Tromse Study 1 974-1986.
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Fig. 3 Mcans (adpusted for high blood pressure treatment) of
the SD of the normal scores of diastolic blood pressure fremi
three examinanions by sixtile groups for each 5 vear age
group. The Tromso Study 1974- 1986,

in the last two groups. There was no much variation
across the age groups, but it is worth noting the lfarger
intrasubject variation in the youngest age group.

A similar picture was present for diastolic blood pres-
surc (Figure 3). However, the intrasubject variation patter
showed a reversed § shape and there were larger dilfer-
ences between the age groups in the first part of the dias-
tolic blood pressure distribution than in the last part,

Discussion

A significant degree of blood pressure tracking was
observed in all age groups. Except for the youngest age
group and the 35-39 year group. tracking was not very
different. Thus. individuals with baseline ages 25-34
and 40-49 years were equally likely to keep their blood
pressure rank position over time. However, the data
showed that the strength of tracking decreased with time
between examinations. The British Hypertension Soci-
ety (BHS) has issued guidelines suggesting that, where
possible, diastolic blood pressure should be brought to
below 90 mmHg and systolic blood pressure should be
below (60 mmHg™. Men who have blood pressures
below the BHS’s fixed cut-off points at a young age
may still be at risk of crossing these cut-off points fater
in life. Knowledge of tracking may be helpful in identi-
fying individuals at risk of developing hypertension.

An advantage of the present study may relate (o cer-
tain data-set characteristics. Firstly, the cohort is based
on a general population and not on a selected group of
individuals. Secondly, the cohort is relatively large com-
pared with the total population in the considered age
group. In fact, 47% of the population of men in Tromsg,
aged 2049 years in 1974, were followed over a lime
period of 12 years. Finally, the cohort consists of a

homogeneous group ol individuals: Tew ethnic dilfer-
ences (race andfor religion) are present.

Some people dropped out due to missing one or both
ol the last two examinations. A concern may be what
would have happened to the tracking coeflicients had
they attended. Table 1 shows that there were no major
dilferences in baseline characteristics between the men
who did and those who did not attend all three examina-
tions, This indicates that there are no diflerences in
tracking between the two groups. This assumption is
Turther strengthened by the fact that the correlations cal-
culated from the drop-out group (not presented in a
table) showed no trend ol difference compared with the
correlations in the present study.

Although the three applied trucking methods are not
directly comparable. they all showed the same trend of
tracking in the six dilferent age groups. However, as
seen in the fast column of Table 4, Foulkes and Davis’
tracking index for three measurements per individual
indicated that there was no tracking present in the two
youngest age groups. This unexpected result contradicts
the other coefficients presented in this report and may
relate to the fact that our fitted growth curve (a second
degree polynomial) is not optimal for each individual.
There are a few other tracking methods that apply 1o sit-
uations with more than two measurements per individ-
ual’’. Foulkes and Davis’™ method was chosen because it
is easy to interpret and it also handles situations when
there are only two measurcments.

We noticed that tracking was slightly smaller for the
diastolic than the systolic blood pressure. This is similar
to most other findings'”'%%. The explanation may be
that the measurement error for diastolic blood pressure
may be greater than for systolic blood pressure. It is also
known that the diastolic blood pressure has a tendency
to decrease with time elapsed since last meal® ¥ and,
because our examinations were non-fasting. the correla-
tions may be under-estimated. When we brought the
‘time since last meal’ variable in for adjustment purpos-
es, the recalculated correlations were not changed.

The finding that tracking was smallest for the youngest
age group is consistent with other reports!™%%, The rea-
son for the weak tracking in young individuals may
relate to the considerable changes of lifestyle knowing
to take place during early adulthood. This period of lile
is characterised by moving out of the childhood resi-
dence, rapid shifts between school and work, irregular
income and leisure-time activities.

Most tracking coefficients were highest for the 35-39
age group. However, if we follow this group as a birth
cohort we find that it has the highest tracking coeffi-
cients, both for the observations between 1974 and (979
and between 1979 and 1986. The University ol Manito-
ba Follow-up Study covered a wider age range than
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ours®®. The strongest evidence of tracking was observed
for men in the 45-55 age group. The study sample.
however, was restricted to men who were found fit for
pilot training in World War 1.

The methods used in this paper do not consider
potential confounding factors. Several variubles are
well-known to be related to blood pressure variability:
changes in physical activity, smoking habits, alcohol
intake and other dietary habits may certainly influence
the blood pressure level. Changes in potential confound-
ing variables may also be caused by the fact that partici-
pants in a longitudinal study change their behaviour
after an examination because they are informed about
their results. Obviously there is a strong possibility that
subjects with hypertension undergo a treatment and/or
change their dietary habits in order to reduce particular-
ly high blood pressure values, Tracking coefficients may
be under-estimated because ol this possible change in
confounding variables. However, when we removed
results from the men who were on anti-hypertensive
drug treatment, there were no important differences in
the degree ol tracking.

The switch from a standard sphygmomanometer {0
an automatic blood pressure measurement  device
(Dinamap) is a change ol procedures that should be
noted. A study*? comparing these two methods conclud
ed that the systolic blood pressure readings were about
the same and that Dinamap showed shightly lower dias-
tolic values. The dilference diminished at a higher mea-
surement level (diastolic pressures 95 mmHg). This
result is compatible with the present mean decrease
(Table 2). The study® also suggested that there is a lin-
car relationship between readings from the two meth-
ods. Correlation analysis showed coefTicients just below
0.90 lor systolic blood pressure and coefficients just
below 0.80 for diastolic blood pressure. The tracking
methods used in this paper are independent of linear
ransformations which indicates that the switch to
Dinamap does not lead to an under-estimation of the
blood pressure tracking coefficients. Furthermore, if we
compare the correlations from the first and second
examination with the correlations from the second and
third examination (where Dinamap is used) we notice
that the latter displays the highest coefficients (for both
systolic and diastolic pressures). A hypothesis that
Dinamap under-estimates the tracking coefficients is not
supported by this result.

Our analysis of the SD of the normal scores for each
individual showed larger variability for the first and last,
than the other sixtile group. This may be explained by
the effect of the regression to the mean. The reason why
the intrasubject variation was slightly larger in the right
than the left tail of the systolic blood pressure distribu-
tion may relate to the fact that blood pressure, as other

biologic characteristics. has a distribution skewed to the
right. In addition, we believe that individuals with high
blood pressure are particularly likely to try to reduce
their blood pressure level.

1t is not easy to explain why the intrasubject variation
was slightly dilferent between the two blood pressures.
One may speculate that the reason can be found in the
inherent differences in the two blood pressure distribu-
tions. For example. the fact that the systolic blood pres-
sure distribution has a heavier right side tail may
provide one answer to why the intrasubject variation in
the Jast two sixtiles is larger for systolic blood pressure.

In conclusion, the findings in this longitudinal study
show that adult men, (o a certain extent, keep their blood
pressure rank position within the population over time.
Thus. a value registered in early aduithood seems to be a
good predictor ol later life blood pressure fevel, but the
likelihood 1o stay in the same position within a popula-
tion gets smaller over time.
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ORIGINAL INVESTIGATION

Impact of Body Weight on Blood Pressure
With a Focus on Sex Differences

The Tromse Study, 1986-1995

Tom Wilsgaard, MSc; Henrik Schirmer, MD; Egil Amesen,

Background: The prevalence of obesity and hyperten-
sion is increasing in Western societies. We examined the
elfects of initial body mass index ([BMI| weight in kilo-
grams divided by height in meters squared) and change
in BMI on change in blood pressure, and we assessed sex

differences.

Methods: A gencral population in the municipality of
Tromse, northern Norway, was examined in 1986 and
1987 and again in 1994 and 1995. Altogether, 75% of the
individuals, women aged 20 to 56 years and men aged
20 1o 61 years, attended the baseline examination. A
total of 15624 individuals (87% of all still living in the
municipality) were examined twice.

Results: Mcan BMI increased between the examina-
tions, more for the younger than the older examinees,
and also more among women than men (P<.001). Ad-
justed for several covariates, BMI change was associated

MD

with systolic and diastolic blood pressure change for both
sexes (regression coefficients: 1.43 195% confidence in-
terval (CI), 1.23-1.64] and 0.90 [95% Cl, 0.76-1.04], re-
spectively, for men; and 1.24 {95% CI, 1.09-1.39] and
0.74195% CI, 0.63-0.84] for women). Baseline BM1 was
associated with systolic and diastolic blood pressure
change for women only (regression coefficients: 0.38 [95%
Cl1,0.30-0.47] and 0.17 ]95% CI,0.11-0.23], respectively)

Conclusions: For women, both BMI at baseline and BMI
change were independently associated with blood pres-
sure change. For a given increase in BMI, obese women
had a greater increase in blood pressure than lean women.
This was not the case for men, for whom BMI change was
the only significant predictor. Furthermore, a BMI in-
crease for obese women induced a greater systolic blood
pressure increase compared with men.

Arch Intern Med. 2000;160:2847-2853

From the Institute of

Community Medicine,
University of Tromso,

Tromso, Norway

NCREASED BLOOD pressure and hy-

pertension are related to in-

creased mortality and cardiovas-

cular morbidity.'* Blood pressure

is well known to increase with
age,” and age has been thought to be an
independent cause of the increase.'® Sev-
eral studies, however, show that this hy-
pothesis is only valid in populations with
ahigh intake of salt and fatty acids oralarge
increase in body weight by age.'"""* A num-
ber of reports have elucidated the associa-
tion between different characteristics (age,
leisure habits, levels of physical activity, se-
rum cholesterol levels, etc) and blood pres-
sure change.'®* The majority of these re-
ports conclude that attained weight and
weight change are the strongest predic-
tors of absolute blood pressure level and
blood pressure change. This causal asso-
ciation is supported by studies showing that
weight reduction decreases blood pres-
sure and consequences of hypertension
such as left ventricle hypertrophy.?** Fur-
thermore, blood pressure change is re-
ported to be associated with serum lipid lev-
els, fatty acid levels, salt intake, and alcohol

consumption.'*"**" Although most stud-
ies on cardiovascular risk factors have focused
on men, sex differences have been shown
in the effects of changes in weight and blood
pressure on cardiovascular mortality.? Dif-
ferences between the sexes are present for
other cardiovascular disease risk factors as
well. 2% However, to our knowledge, no
study has focused on sex differences in the
effects of initial body weight and weight
change on blood pressure change. Nor has
there been a focus on the interacting effects
of initial body weight and weight change on
blood pressure change. Does the effect of
weight change vary by initial body weight?
Ashealth problems due to obesity increase,
investigations on effects of obesity and weight
change should be a high priority for cardio-
vascular research in the coming years.

In this report we had an opportu-
nity to investigate a general population of
more than 15000 men and women exam-
ined twice over an 8-year period. The aim
was to examine the effects of initial body
mass index (BMI [calculated as weight in
kilograms divided by the square of height
in meters|) and BMI change on blood pres-
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SUBJECTS AND METHODS

THE STUDY POPULATION

The study population consisted of men and women who
participated in two population surveys carried out with an
8-year interval in Tromso, Norway. In the 1986-1987 sur-
vey, all men born between 1925 and 1966 and all women
born between 1930 and 1966 were invited to participate.
A total of 20602 individuals were examined, 75 1% of those
invited. All men and women aged 25 years and over were
invited to a second examination in 1994-1995. Eligible for
the present study were 15624 individuals who partici-
pated in both surveys, 87.2% of all screened in 1986-1987
and still living in Tromse. Individuals with missing infor-
mation on blood pressure, serum lipid levels, age, smok-
ing status, or BMI were excluded from the study (n=144)
Women who had been pregnant at least once (n=335) were
excluded as well. Hence, the present study group con-
sisted of 7669 men aged 20 to 61 years and 7476 women
aged 20 10 56 years at the end of 1986

The Umversity of Tromse and local health authon-
tics have been responsible for the study, and the examina-
tions were carried out in cooperation with the National
Health Screening Service.

MEASUREMENTS

The methods and questionnaires used 1n the 2 surveys are
described in detail elsewhere ' Specially trained person-
nel using automatic devices such as the Dinamap Vital Signs
Monitor 1846 (Critikon Inc, Tampa, Fla) recorded blood
pressure. Aflter the participants had been seated for 2 min-
utes, 3 rccordings were made on the upper right arm at
2-minute intervals. The lowest blood pressure values in

both examinations werc used in this report. Height was mea
sured 1o the nearest centimeter and weight to the nearest
hall kilogram with an electronic scale

As a standardized method of classifying obesity,
BM! was used. Serum hpid levels were measured tn mil-
limoles per hter. Varables used from the questionnaires
included current smoker (yes/no), salt intake (3 catego-
ries on extra salt at dinner: rarely or never, sometimes or
often, always or nearly always), 3 variables of alcohol
consumption (beer, wine, and liquor; each with 5 cat-
egorics according to amount of consumption: never or
just a few times a year, once or iwice a month, about
once a week, 2-3 tmes a week, more or less daily), meno-
pausal status, leisure-time physical acuivity (sedentary,
moderate, regular, hard), and history of blood pressure
treatment (yes/no)

STATISTICAL ANALYSIS

In order to investigate various vanables' impact on blood
pressure change, muluple hinear regression analyses were
used. Focus was on BMI and BMI change (ABMI), and ad-
ditional variables resulting from the questionnaires and the
physical examinations were included as covariates. Two-
way interactions were modeled as the products of age and
ABMI and of baseline BMI and ABML.

In order to estimate the means of the dependent vari-
ables (systolic and diastolic blood pressure change) in sub-
groups adjusted for covariates, bascline BMI values were
categonized into quartile and ABMI values were divided tnto
5 categories (ABMI cutpoints: 0, 1, 2, 3). Means were also
estimated with stratification by age group.

Changes were the difference between the second and
first examinauons (ie, ABMI=BMI [1994-1995]-BMI
[1986-1987]). All analyses were sex spectfic, and the data
were processed using the SAS software package. ™

sure change in each sex. Are these 2 variables indepen-
dent predictors of blood pressure change? How do they
interact with each other? Additional data on character-
istics such as age, smoking habits, triglyceride levels, cho-
lesterol levels, menopausal status, history of blood pres-
sure treatment, intake of salt and alcohol, and leisure-
time physical activity allowed us to make adjustments
and to explore additional effects of the most common risk
factors for cardiovascular disease.

S EETT.

A relatively small proportion (12.8%) of all individuals
who attended the first survey and still lived in Tromse
in 1994-1995 did not attend the second survey. A com-
parison of baseline characteristics between the dropout
group and the study group used in both analyses (indi-
viduals who did not drop out) is presented in Table 1.
A comparison of mean values between the 2 groups shows
that the largest difference observed was in the age vari-
able. Both male and female participants at both exami-
nations had significantly higher mean age (P<.001). Also
worth noting was the higher prevalence of current smok-
ers in the dropout group (P<.001).

Mean increases in systolic blood pressure, diastolic
blood pressure, and BMI between 1986-1987 and 1994-
1995 were shown for all age groups for both men and
women (Table 2). At baseline, younger subjects had lower
values than older subjects. The rate of increase in systolic
but not diastolic blood pressure increased with age. The
rate of increase in BMI decreased with age for men. Women
belonging to the 3 youngest age groups had an equal mean
increase in BML. For systolic and diastolic blood pressure,
no sex differences in SDs were observed. For BMI, how-
ever, a greater increase in variability was observed for
women. Change in smoking status showed the opposite
tendency compared with blood pressure and BMI. In all
age groups and for both sexes, the relative number of cur-
rent smokers dropped significantly between the 2 exami-
nations. Furthermore, there was a tendency for younger
individuals to smoke more frequently.

In all 5-year age groups, a mean BMI increase was
registered (Figure 1). For men, a negative linear asso-
ciation between age and BMI increase was observed. The
mean increases in BMI for the youngest and oldest age
groups were 1.66 and 0.26, respectively. For women this
trend was not as pronounced. A drop in mean BMI in-
crease was not clearly observed until after age 40 years,
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Table 1. Descriptive Characteristics of Subjects Whoe Particpated In the Baseline Examination (1986-1987)
but Net the Follow-up Examination (1994-1895) of the Tromsp Study*

Men Women
1
Participated in Did Not Parlicipate lrlI Partictpated in Did Not Pariicipate In
Follow-up (n = 7669) Follaw-up (n = 1315) Follow-up (n = 7476) Follow-up (n = 1011)
Age in 1986, yt 39.7 (10.8) 34.6 (10.6) 37.8(9.5) 328(9.1)
Systolic biood pressure, mm Hgt 129.5 (14.0) 129.8 (14.7) 119.8 (14.5) 121.2 (14.9)
Diastotic biood pressure, mm Hot 76.3(10.8) 75.5 (12.2) 72.7 (10.1) 72.8(10.9)
Body mass indext 24.7(3.0) 242(32) 23.2 (3.5) 23.0(3.8)
Total cholesterolf
mmoliL 5.9(1.2) 5.6 (1.3) 57(1.2) 5.4 (1.1)
mg/dL 227.8 (46.3) 216.2 (50.2) 220.1 (46.3) 208.5 (42.5)
HDL cholesterolt
mmolL 1.36 (0.34) 1.37 (0.37) 1.64 (0.37) 1.62 (0.39)
mgldL 52.1 (13.1) 529 (14.3) 63.3(14.3) 62,5 (15.1)
Triglyceridest
mmol/L 1.62 (0.97) 1.60 (1.12) 1.12(0.62) 1.12(0.73)
mg/dL 62.5 (37.5) 61.8 (43.2) 43.2 (23.9) 43.2 (28.2)
Current smoker, % 45.2 56.8 45.8 59.1
Leisure-time physical activity, %3 274 28.3 96 124
*HDL indicates high-density lipoprotein.
1 Values are mean (5D).
YRegular or hard training.
Table 2. Blood Pressure, Body Mass index, and Smoking Status by Sex and Age In the Tromsa Study
Men Women
1
Age In Change in I T Change In
Characteristic 1986, y No. 1986-1987 1994-1995* No. 1986-1987 1994-1995*
Systolic blood pressure, mm Hgt 20-29 1518 127.7 (11.6) 1.6 (11.1) 1633 116.1 (9.9) 1.2(103)
30-39 2427 127.1 (12.0) 2.2 (11.4) 2620 116.1 (11.5) 5.1(11.4)
40-49 2088 129.3 (13.3) 46(13.6) 2195 1222 (15.2) 7.8(13.9)
50-61% 1636 135.2 (17.5) 7.9(17.0) 1028 130.1 (19.0) 9.6 (16.3)
Diastalic biood pressure, mm Hgt 20-29 1518 68.7 (8.8) 3.3(8.8) 1633 67.7 (8.4) 0.5(8.7)
30-39 2427 74.3(9.5) 2.7 (8.8) 2620 71.0 (8.8) 1.4(8.4)
40-49 2088 79.1 (9.9) 21 (9.6) 2195 75.6 (9.8) 1.3(9.0)
50-61% 1636 82.5 (10.5) 0.9 (10.6) 1028 79.0 (11.1) 0.3(10.2)
Body mass Indext 20-29 1518 236(2.9) 15(1.7) 1633 221 (3.0} 1.6(22)
30-39 2427 24.4(2.9) 1.1(1.6) 2620 22.6 (3.0) 16(1.9)
40-49 2088 253 (2.8) 1.0(1.5) 2195 24.0 (3.6) 16(29)
50-61% 1636 254 (3.0) 0.6 (1.6) 1028 247 (3.7) 1.3(21)
Current smoker, % 20-29 1518 44.1 ~2.3 1633 54.4 -87
30-39 2427 478 -8.3 2620 477 -4.0
40-48 2088 42.8 -6.6 2195 41.0 -4.5
50-61% 1636 453 -10.9 1028 376 -5.8

*The 1994-1995 value minus the 1986-1987 valve.
t Values are mean (5D).
+For women, 50 to 56 years.

and there was a significant sex difference (P<.001).
Women older than 24 years had significantly higher mean
BMI increases compared with men.

Table 3 presents regression coefficients for ABMI,
baseline BMI, age, and smoking status from 2 models.
In addition to blood pressure treatment, the first model
included all variables listed in the table. The second model
was further adjusted for changes in triglyceride levels,
total cholesterol level, high-density lipoprotein choles-
terol level, menopause status, and baseline leisure-time
physical activity. Change in BMI was a strong predictor
for blood pressure change for both men and women. The

P value for BMI change was lower than the P values for
all other covariates in each model (except for age re-
gressed on systolic blood pressure for men). Baseline BMI
was significantly related to both blood pressures for
women. For men, however, this relationship was not pres-
ent (P<.001 and P=.001 for sex differences for systolic
and diastolic blood pressure, respectively). Age at base-
line was a strong predictor of change in systolic blood
pressure, but not diastolic blood pressure. Change in
smoking status was not an independent predictor of blood
pressure change in men. For women, however, change
in smoking status was significantly related to blood pres-
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sure change. The estimated cocilicients in the 2 models
in Table 3 were quite similar, and there was no evidence
that the adjustment variables confounded the variables
of interest. Salt intake was nonsignificant in every analy-
sis and thus was excluded as a covariate. Alcohol intake
was significant in some analyses, but did not change the
estimates of the variables of interest and was also ex-
cluded (there were 1016 missing observations).

To explore the possible effects of menopause, strati-
fied multiple regression analyses were performed. The
results for women of various ages (<40, 40-50, and >50
years) were consistent across the strata. With systolic

ABMI
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Figure 1. Mean body mass index change (ABM) by sex and age in the
Tromsa Study, 1966-1987 and 1994-1995

blood pressure change as the dependent variable, regres-
sion coefficients for the age strata were 1.23, 1.28, and
1.18, respectively, for ABMI and 0.42, 0.39, and 0.47, re-
spectively, for baseline BMI (P<.001 for all). Concor-
dant results for diastolic blood pressure were also ob-
served. Furthermore, analyses stratified by menopause
at the second survey showed stratum-specific regres-
sion coefficients (menopause {yes/no[ and systolic and
diastolic blood pressure, respectively) of 1.28,1.20, 0.75,
and 0.74 for ABMI and 0.40, 0.35, 0.20, and 0.13 for base-
line BMLI. Tests of interactions between menopause and
ABMI and between menopause and baseline BMI were
insignificant.

The association between age and blood pressure
change is presented in Figure 2. Whereas approxi-
mately horizontal lines were observed for diastolic blood
pressure change, an increasing trend was observed for
systolic blood pressure change. The blood pressure in-
creases for men in the 3 youngest age groups were not
significantly different and on the same level as for women
aged 20 to 24 years.

Figure 3 and Figure 4 further elucidate sex dif-
ferences and the relationships between the independent
variables from Table 3 for blood pressure change. Both
figures show stratified means of blood pressure change
adjusted for several covariates. The stratifications were
2-way cross-tabulations for ABMI X age groups (Figure
3) and for ABMI X baseline BMI in quartiles (Figure 4).
Although the figures focus on the stratified results, all
statistical tests, including interaction terms, were ana-
lyzed without the above groupings as results from mul-
tiple regression analyses controlling for all the main
effects listed in Table 3. Consistent in both figures was a

Table 3. Mulllple Linear Regression Analyses of Change in Syslolic and Diastolic Biood Pressure In Ihe Tromss Study, 1986-1995+
Men (n = 7669) Waomen (n = 7476)
[y I 1
pt B {95% CIi¢ Bt B (95% Cl)¢ P
Systolic Blood Pressure

ABMI 1.38 1.43 (1.23 to 1.64) 1.23 1.24 (1.09 to 1.39) .14
BMI In 1986-1987 0.04 0.04 (-0.06 t0 0.15) 0.36 0.38 {0.29 to 0.46) <.001
Age In 1986-1987 0.26 0.27 (0.24 0 0.30) 027 0.30 {0.25 to 0.34) .32
Smoking status

Never smoker Reference value

Stopped smoking -0.56 -0.98 (-1.97 lo 0.00) -1.11 -1.34 (-2.37 to -0.31) 62

Started smoking 0.09 0.43 (-1.07 to 1.92) -1.92 -1.79(-3.32 t0 -0.25) .04

Consistent smoker 028 0.19 {-0.47 to 0.86) -0.32 -0.38 (-1.00 10 0.24) 22
Model correlation coefficient {R) 0.23 027 0.31 0.34

Qlastollc Blood Pressure

ABMI 0.95 0.90 (0.76 to 1.04) 0.73 0.74 (0.63 lo 0.84) 07
BMI in 1986-1987 ~0.02 0.01 (-0.06 to 0.08) 0.15 0.17 (0.1 to 0.23) .001
Age In 1986-1967 -0.03 -0.01(-0.04 t0 0.01) -0.00 0.02 {-0.01 to 0.05) 05
Smoking status

Never smoker Reference value

Stopped smoking -0.34 -0.34 {-1.03 to 0.35) -0.85 -0.92 (-1.64 to -0.19) .01

Started smoking 0.06 0.31 (-0.73 to 1.36) -0.60 -0.48 (-1.56 to 0.60) 83

Consistant smoker -0.38 -0.33 (-0.79 to 0.14) 0.16 0.17 {-0.27 to 0.60) 13
Maode! correlation coefficlent (R) 0.21 0.27 0.18 0.24

*ABMI indicates body mass index change.

tModel with ABMI, BM! at baseline, age, smoking status, and blood pressure treatment,
+Model with additional adjustment for leisure-time physical activity in 1986-1967 and changes in total cholesterol, triglyceride, and high-density lipoprotein

cholesterol levels and menopausal status.

§R represents the square root of the proportion of the variance of the response variable explained by the lull model.
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Figuee 2. Mean change of systolic and diastolic blood pressure by sex and age
in the Tromso Study. 1986-1987 and 1994-1395, adjusted for baseline body
mass index and leisure-time physical activity and lfor changes in body mass
index, total cholesterol, high-ensity lipoprotein cholesterol, triglycerides,
smoking status, menopause stalus, and blood pressure treatment.

positive linear relationship between ABMI and blood
pressure change for both men and women.

Figure 3 shows that the relationships between sys-
tolic blood pressure change and ABMI differed across the
age groups. Older men and women had a higher mean
increase in systolic blood pressure than younger men and
women. There was no significant interaction between age
and ABMI (P=.39 and P=.11 for men and women,
respectively). For diastolic blood pressure, no age pat-
tern appeared.

For men, baseline BM1 was nonsignificant as a pre-
dictor for systolic and diastolic blood pressure change
(Figure 4). For women, however, a prediction of blood
pressure increase is best modeled with stratification by
baseline BMI. If 2 women have an equal increase in BMI
but unequal baseline BMI, the woman with the higher
baseline BM1 is likely to have a greater increase in blood
pressure. This association was observed for both sys-
tolic and diastolic blood pressure, although it was more
pronounced for systolic blood pressure. Interactions be-
tween baseline BMI and ABMI were nonsignificant for
women and men for diastolic blood pressure (P> .42 in
all 3 models). The significant interaction for men for sys-
tolic blood pressure indicates that the linear association
between ABMI and blood pressure change (the slope of
the regression lines) varies with baseline BM1 level. How-
ever, Figure 4 presents no obvious and clear distinc-
tions between the estimated lines. Assessment of the in-
teraction is not straightforward. Worth noting is that the
largest difference in systolic blood pressure change across
the baseline BMI quartiles was observed for ABMI be-
tween 2 and 3.

— N

In the present study we have shown that in a general Nor-
wegian population, both baseline BMI and ABMI were
independent predictors of systolic and diastolic blood pres-
sure change in women. For a given BMI increase, obese

Syslolic

1

Biood Pressurg Change, mm Hg
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20
No. of No. af
Men Age.y Women
169 | o 1518 20-29 1633
® 2427 30-39 2620
12 A 2088 40-49 2195
@ 1636 50-61° 1028
B
4 A= %

Women

ABMI

Figure 3. Mean systolic and diastolic blood pressure change by age and
body mass index (ABMI) in the Tromsg Study, 1986-1987 and 1994-1995,
adjusted for baseline 8M! and leisure-time physical activity and lor changes
in total cholesterol, tugh-density lipoprotein cholesterol, triglycerides,
smoking slatus, menopause status, and blood pressure treatment. Asterisk
indicates age 50 to 56 years for women.

women had a greater systolic and diastolic blood pres-
sure increase than lean women. In men, blood pressure
change was associated with ABMI, but the blood pres-
sure increase was independent of the BMI value at base-
line. Another sex difference worth noting was that in obese
women a given BMI increase induced a much greater
systolic blood pressure increase than in obese men. For
men and women with baseline BMI greater than 28 with
a BMI increase between studies greater than 3, systolic
blood pressure increased by 5.1 mm Hg and 13.3 mm Hg,
respectively.

Even though this and other studies support a causal
association between BMI increase and blood pressure in-
crease, the underlying pathophysiological mechanism is
not fully understood. Increased BMI is associated with
increased blood pressure as well as with increased se-
rum, glucose, insulin, aldosterone, and renin levels and
with increased sympathetic tone.>** All the latter fac-
tors are thought to increase blood pressure by increas-
ing vascular volume or peripheral resistance. In a ran-
domized trial, however, an analysis of heterogeneity of
the effect of weight reduction in hypertensive obese pa-
tients showed that only 72% of the patients responded
with a decrease in blood pressure despite successful weight
reduction®; this finding casts doubts on a direct effect
of increased BMI on blood pressure. In addition to be-
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Figure 4. Mean change of systolic and diastolic blood pressure change by
baseline body mass index (BM1) quartiles and BMI change (ABMI) in the
Tromse Study, 1966-1987 and 1994-1995, adjusted for baseline age and
leisure-time physical activity and for changes in total cholesterol,
high-density lipoprotein cholesterol, triglycerides, smoking status,
menopause status, and blood pressure treatment.

ing associated with BMI, sympathetic tone is also asso-
ciated with other factors that have an independent ef-
fect on blood pressure, such as psychological factors and
physical activity.*® In addition, BMI-induced change in
sympathetic tone could, through adaptation as seen with
baroreceptor response, lead to increased tone that does
not respond to decreased BMI.

An assessment of why a sex difference is present in
our data is far from easy. Noteworthy is the observed dil-
ference in ABMI development (Figure 1 and Table 2). The
8-year BMI increase was significantly greater for women
than men. In addition, the BMI variation within each ex-
amination (1986-1987 and 1994-1995) was greater for
women, as was the increase in BMI variation between the
2 examinations.

One should look at differences in other risk fac-
tors and determinants of cardiovascular disease as
well. The majority of earlier studies have focused on
cardiovascular risk factors for men. Until recently
there have been few studies on women®® and only a
few studies have looked at sex differences in cardio-
vascular risk in the same study population. Some of
the existing articles have shown that the age-specific
incidence of cardiovascular disease is significantly
higher for men than for women.22%3¢ However,
attempts to explain this difference by looking at a

number of etiological variables have not given any
answer."? A study examining risk factors for myocar-
dial infarction showed that the relative risk asssociated
with increases in variables such as blood pressure,
total cholesterol, high-density lipoprotein cholesterol,
and triglycerides did not display any sex differences.?
An exception was that smoking had a much larger
relative detrimental impact in women. This result is in
accordance with the findings of other studies.’

A hypothesis that the observed sex differences in
this article may be related to possible effects of meno-
pause is contradicted by the stratified multivariate
regression analyses. The consistent resulis across the
age and the menopause (yes/no) strata are a good indi-
cation that there is no interaction between ABMI and
baseline BMI associated with menopause. These results
also provided further evidence that there were no inter-
actions between ABMI and baseline BMI associated with
age. Furthermore, menopause status and change of
menopause status were used as categorical variables for
adjustment purposes in all multiple analyses in this
study. Although these variables contributed a signifi-
cant independent effect on diastolic blood pressure
change (P=.007), they did not confound the observed
effects of ABMI or baseline BMI.

One potential source of bias was that a significant
number of subjects with diseases may have influenced
BMI and blood pressure measurements. In fact, 14.8%
of the men and 10.4% of the women reported that they
had a history of asthma, angina, heart attack, diabetes,
or stroke. Excluding these subjects from the analyses did
not change the presented results or trends.

Individuals who reported a history of antihyperten-
sive drug treatment (n=1117) were not excluded. A sec-
ondary analysis excluding these individuals did not change
the results. Furthermore, coefficients estimated from a
multiple regression analysis restricted to individuals with
a history of drug treatment displayed estimates quite simi-
lar to those in Table 3. The regression coelficients for
ABMI for men and women for systolic and diastolic blood
pressure were 1.49, 1.31,0.84, and 1.02, respectively. For
baseline BMI, the estimates were 0.01, 0.20, -0.28 and
0.14, respectively. Even though a negative value was dis-
played (diastolic blood pressure for men), the effect was
not significant (P=.07).

Some men and women who participated in the first
survey never participated in the second survey, and these
dropouts might have contributed to another interpreta-
tion of our analyses. Table 1 shows the baseline charac-
teristics for the dropouts compared with those who at-
tended both examinations. No major differences were
detected, although the dropout group was clearly younger
than the study group. Plausible explanations for this age
difference are that younger individuals are more likely
to move and that younger individuals are known to par-
ticipate less often in health surveys.

Other studies have shown a positive association be-
tween baseline BMI and ABMI for blood pressure change.
In the Framingham offspring, a consistent association be-
iween ABMI and blood pressure change was shown. '
However, the focus was not on sex differences or on the
association with baseline BMI. The baseline age of the
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Framingham participants was 20 to 29 years; when we
restricted our analyses to this age group, our coeffi-
cients for ABMI were remarkably similar to those in the
Framingham study.

A study in the biracial population of Evans County™
presented results consistent with those in our study.
Change in BMI was positively correlated with blood pres-
sure change. For white women, baseline BMI showed an
association as well (although it had only borderline sig-
nificance for systolic blood pressure [P=.055}). The Evans
County study did not address the association between
baseline BMI and ABMI.

Another study that addressed the same questions as
our study was the Normative Aging Study.” The study
included only men and was not population based. Men
with systalic blood pressure greater than 140 mm Hg or
diastolic blood pressure greater than 90 mm Hg were ex-
cluded. In contrast to our results, the study showed that,
in a multiple regression analysis, baseline weight, in ad-
dition to the percentage weight change, was a signifi-
cant predictor of systolic and diastolic blood pressure
change. The study did not address the question ol inter-
action between the 2 variables. The exclusion criteria of
the Normative Aging Study would have excluded 26%
of our subjects older than 40 years, which would have
left us with a biased and healthier study population than
a normal, general population.

In conclusion, independent of ABMI, baseline BMI
was found 1o be a predictor of systolic and diastolic blood
pressure change in women but not in men. In both scxes,
ABMI was also a significant predictor ol blood pressure
change. The implication is that obese women arc more
likely than lean women to have increases in blood pres-
sure with increasing BMI, and a BMI increase in obese
women induces a greater systolic blood pressure in-
crease than in obese men. To counter this effect, it scems
to be more important for women with a high baseline BM1
not to increase their weight compared with women with
lower baseline BMI values.
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Tracking of Cardiovascular Risk Factors

The Tromso Study, 1979-1995

Tom Wilsgaard, Bjarne K. Jacobsen, Henrik Schirmer, Inger Thune, Maja-Lisa Lechen, Inger Njelistad, and Egil

Arnesen

Tracking of cardiovascular risk factors (blood pressure, body mass index (BMI), and serum lipids) has not
been studied much in a general, adult population. No known study has compared tracking of these factors for
both sexes. In the present study, 17,710 men and women aged 20-61 years at baseline attended two or three
population-based health surveys in Tromsa, Norway, over 16 years (between 1979-1980 and 1994-1995).
Tracking coefficients were estimated by using different methods, and possible predictors of tracking were found.
There was a high degree of tracking for BMI (overall tracking coefficients: 0.85 for men, 0.80 for women).
Relatively high (or moderate) tracking was found for systolic blood pressure (respective sex-specific coefficients:
0.52, 0.54), diastolic blood pressure (0.48, 0.48), high density lipoprotein cholesterol (0.55, 0.64), and total
cholesterol (0.77, 0.65). The lowest coefiicients were for triglycerides (0.43, 0.39). Analysis of tracking in the
upper sextile confirmed these results. Although some baseline predictors were associated with tracking, the
effects were relatively weak. When predictors for tracking in the upper sextile were assessed, significant
associations were found with relatively strong efiects. No major sex differences were observed in tracking.
However, women were more likely than men to remain in the upper sextile of systolic and diastolic blood

pressures and of BMI. Am J Epidemiol 2001;154:418-26.

blood pressure; body mass index; cohort studies; lipids

Biologic and lifestyle variables such as serum lipids,
blood pressure, smoking habits, and body weight are all risk
factors for cardiovascular diseases (1-4). If one assessment
was representative of the long-term level of these risk fac-
tors, this measurement could predict discase occurrence.
Tracking of a characteristic has been defined as either the
stability of a certain variable over time (c.g., maintenance of
a relative position within a distribution of values over time)
or the predictability of later values from earlier measure-
ments (5-7), and it is therefore of considerable interest.
Most earlier studies have examined tracking of risk factor
levels in childhood or adolescence into adulthood (8-13).
The few existing papers concerning adults cither did not
assess sex differences (14, 15) or did not investigate a broad
number of variables (12, 14, 15). Furthermore, few have
analyzed large samples from a general population.

Tracking of cardiovascular risk factors may facilitate
understanding of how a variable changes over time.

Received for publication May 23, 2000, and accepted for publica-
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Knowledge about tracking is important for several reasons,
for example, to be able to identify in early adulthood per-
sons at increased risk of cardiovascular disease. Assessment
of sex differences in the stability of a certain variable over
time may lead to a better understanding of sex differences in
the incidence of cardiovascular diseases. Furthermore,
knowledge of tracking of different characteristics provides
the opportunity to investigate and compare the degree of
tracking between different risk factors within a population.
The first purpose of this study was to address sex differ-
ences and degree of tracking of blood pressure, body mass
index (BMI), and serum lipids in a general population of
more than 18,000 persons examined two or three times over
a period of 16 years. To quantify the tendency for subjects
to maintain high levels of these variables over time, tracking
was also assessed by focusing on the upper distributions of
these risk factors. The second purpose was to investigate
predictors of tracking (dichotomized), both in general and
restricted to the upper distributions of risk factors.

MATERIALS AND METHODS
Study population

The persons included in the study were men and women
who participated in at least two of three population sur-
veys carried out between 1979-1980 and 1994-1995 in
the municipality of Tromsg, northern Norway (table 1). In
1979-1980, all men born between 1925 and 1959 and all
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TABLE 1. Number (percentage) of participants, by examination year and sex, in the Tromsg Study, Tromse, Norway, 1979-1995
Men Women Total
Invited Attended Invited Attended Invited Attended
Invited and attended
In 1979-1980 11,483 8,478 9,957 8,142 21,440 16,620
In 1986-1987 14,537 10,413 12,879 10,189 27,416 20,602
In 1994--1995* 9,850 8,242 9,501 8,300 19,351 16,542
Subjects included in the study
In 1979-1980 and 1986-1987 only 1,011 (10.9) 819 (9.0) 1,830 (9.9)
In 1979-1980 and 1994-1995 only 504 (5.5) 414 (4.5) 918 (5.0)
in 19861987 and 1994--1995 only 2,561 (27.7) 2,615 (28.7) 5,176 (28.2)
In all three examinations 5,177 (55.9) 5,271 (57.8) 10,448 (56.9)
All subjects 9,253 (100) 9,119 (100) 18,372 (100)

* Participants who attended at least one of the previous two examinations.

women born between 1930 and 1959 were invited to par-
ticipate in a health survey. The total number examined was
16,621 (78 percent attendance rate). Men born between
1925 and 1966 and women born between 1930 and 1966
were again invited to participate in a second health survey
in 1986-1987. The invited population consisted of 27,416
men and women (75 percent attendance rate). All men and
women aged 225 years who lived in the area were invited
to a third cxamination in 1994-1995. Of those persons
who attended at least one of the previous two surveys,
19,351 were invited to this last survey; 16,542 were exam-
ined (85 percent attendance rate). The 18,372 men and
women who had participated in at least two of the three
surveys were eligible for the present study. Persons with
missing measures of blood pressure, BMI, high density
lipoprotein (HDL) cholesterol, total cholesterol, or tri-
glycerides; with missing information about smoking
habits; or with treatment for hypertension were excluded from
the study (n = 156). Women who were pregnant at one of
the examinations werc also excluded (n = 506). Hence,
data on 9,168 men and 8,542 women were included in the
present analyses.

Measurements

At each survey, the weight, height, and blood pressure of
all participants were measured. Blood samples were taken,
and the subjects answered a questionnaire (variables of
interest were “‘current smoker” (yes/no) and “treatment for
hypertension” (yes/no)). The methods used at the three
examinations were almost identical and are presented in
detail elsewhere (16, 17). Height and weight were measured
with subjects wearing light clothing and no shoes. BMI was
calculated as weight in kilograms divided by the square of
height in meters (kg/m?).

Personnel trained by physicians and by listening to tape
recordings of Korotkoff sounds, which were produced by
the London School of Hygiene and Tropical Medicine
(United Kingdom), measured blood pressure. In 1979-1980,
after subjects rested for 4 minutes, two readings—separated
by a I-minute interval—were taken by using a standard
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stethoscope and mercury sphygmomanometer. The first and
fifth Korotkoff phases represented systolic and diastolic
blood pressures, respectively. In 1986-1987 and 1994-
1995, blood pressure was recorded by using an automatic
device (Dinamap Vital Signs Monitor 1846; Critikon Inc.,
Tampa, Florida). After participants rested for 2 minutes in a
sitting position, three readings werce taken on the upper right
arm, scparated by 2-minute intervals. In 1979-1980, the
average of the two blood pressure readings was used
whereas in 1986-1987 and 1994-1995, the average of the
last two readings was used.

Blood pressures measured with the Dinamap device are
slightly lower than thosc measured with a sphygmoma-
nometer (Erkameter; ERKA, Bad Télz, Germany), espe-
cially for diastolic blood pressure (18). However, there is a
linear relation, with correlation coefficients of 0.9 for sys-
tolic blood pressure and 0.8 for diastolic blood pressure.
Therefore, to adjust for the change in method, we trans-
formed our Dinamap measurements into predicted values of
Erkameter measurements.

The nonfasting blood samples were analyzed at the
Department of Clinical Chemistry, University Hospital of
Tromsg. The laboratory was standardized against the World
Health Organization’s Lipid Reference Laboratory in
Prague (Czech Republic). In 1979-1980, total cholesterol
was measured dircctly by using the enzymatic oxidase
method and a commercially available kit (Boehringer-
Mannheim, Mannheim, Germany). Triglyceride levels were
enzymatically determined as glycerol (Boehringer 15725;
Boehringer-Mannheim). In 1986-1987 and 1994-1995,
total cholesterol and triglycerides were analyzed by using
colorimetric methods and commercially available kits
(CHOD-PAP for cholesterol, GPO-PAP for triglycerides;
Boehringer-Mannheim). HDL levels were measured after
precipitation of lower-density lipoproteins with heparin and
manganese chloride.

Analyses

Tracking indices may be calculated by using different
methods. In our study, we used two methods. The first was
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introduced by Twisk et al. (19) and is a multivariate linear
regression model, as follows:

Y, = Bo + BiYi, + Baty + Bt
+ ZB4jx.j: + Ek‘, BsiZi + € ()

o Y, is the dependent variable (which, in the present
study, may be blood pressure, BMI, HDL cholesterol,
total cholesterol, or triglycerides) for subject i at time t,
or 15, and the baseline examination of each subject is
modeled as time ¢, (either 1979-1980 or 1986-1987).

o t=1,is the sccond examination (either 19861987 or
1994-1995), and ¢ = 5 is the third cxamination (if any
in 1994-1995).

= By is the intercept.

« B, is the standardized regression coefficient used as
the tracking index, and Y, is the initial value of
the dependent variable for subject / at time ¢,.

« B, is the regression coefficient of time at the baseline
examination.

- Py is the regression coefficient of time, and ¢ is time of
examination of the dependent variable (¢, or f3).

* B, is the regression cocfficient of the time-dependent
covariate j, and X,, is the time-dependent covariate j
for subject i.

o P is the regression coefficient of the time-indepen-
dent covariate k, and Z is the time-independent
covariate k for subject /.

g, is the measurement crror for subject i.

The tracking cocfficient ; may be interpreted as the predic-
tion of the dependent variable’s initial value when the
dependent variable changes at time £ and £;.

The present model has several advantages compared with
other tracking models. 1t handled missing values of the
dependent variable, so a balanced data set was not required.
All of the available longitudinal data could be used to cal-
culate the tracking indices. Use of covariates, both time
dependent and time independent, allowed us to adjust for
possible confounders. The statistical technique used, which
controls for dependencies between repeated observations in
the same subject, is called generalized estimating equations
(GEE) (20).

The second method presented the proportion of subjects
who remained in the same sextile throughout the different
examinations. We also classificd the number of sextiles
changed relative to the subject’s initial examination. All
proportions were compared with the proportions expected
if all subjects were classified randomly to a sextile group
at each examination. If the changes from one examination
to the next had been random, we would have expected
38.9 percent of the subjects to have changed fewer than
three sextiles. Comparisons between observed and
expected proportions would have been valid only if the
observed numbers were restricted to subjects who
attended all three examinations. Hence, the number of par-
ticipants included in these calculations was reduced to
5,014 men and 4,917 women.

To assess the tendency to maintain a high level of a cer-
tain risk factor over time, we used a method comparable to
an ordinary multivariate logistic regression analysis.
However, the difference was that GEE were used to control
for dependencies between repeated observations of the same
participant. Participants were dichotomized to a binary vari-
able according to whether they belonged to the upper sextile
of the specified risk factor. Tracking coefficients were given
as odds ratios for participants belonging to the upper sextile
at the initial examination who maintained this position at
later examinations.

The same models—interpreted as an ordinary logistic
regression analysis—were also used to investigate the pre-
dictors of tracking (dichotomized). Tracking was defined by
two classification methods: first, tracking was present
whenever participants maintained their baseline position in
a sextile; second, tracking was present whenever subjects
maintained their position in the upper sextile.

Two-sided p values of less than 0.05 were considered sta-
tistically significant. All statistical analyses were carricd out
by using the SAS software system (21).

RESULTS

Overall means and standard deviations, and means
according to sextile groups of bascline characteristics, are
presented in table 2. In every sextile, women had lower
mean values of systolic and diastolic blood pressures, BMI,
total cholesterol, and triglycerides than men did. Men had
lower mean values of HDL cholesterol.

Table 3 shows the standardized regression coefficients that
were interpreted as tracking coefficients according to age for
blood pressure, BMI, and serum lipids. The coefficients were
adjusted for age, blood pressure treatment, time of baseline
examination (1979-1980 or 1986-1987), and time of follow-
up examination (1986-1987 and/or 1994-1995). For systolic
and diastolic blood pressures, and for BMI in women, the
tracking coefficients tended to increase with age. The tracking
coefficients for BMI were higher than for all other risk fac-
tors, and the ones for triglycerides were the lowest. There was
no sex difference for systolic blood pressure, diastolic blood
pressure, and triglycerides. Overall, the observed coefficients
for systolic blood pressure, diastolic blood pressure, BMI,
HDL cholesterol, total cholesterol, and triglycerides were
0.52, 0.48, 0.85, 0.55, 0.77, and 0.43 for men and 0.54, 0.48,
0.80, 0.64, 0.65, and 0.39 for women, respectively.

To study the influence of smoking habits, we stratified for
smoking (never smoker, stopped smoking, started smoking,
consistent smoker) in a scparate sct of analyscs. The coeffi-
cients for subjects who changed their smoking habits tended
to be lower than those for subjects who were either consis-
tent smokers or never smokers, although the differences did
not reach significance (results not shown in tables).

A higher-than-expected proportion of subjects did not
change sextile over the three examinations (table 4).
Changes of one (or two) sextile(s) represented participants
who moved one (or two) sextile(s) away from the baseline
sextile in at least one of the two examinations that followed
the baseline examination. These proportions may be com-
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TABLE 2. Means of baseline characteristics, by sextiie group and sex, the Tromso Study, Tromso,

Norway, 1979-1995
Baseline Means Sexile
predictor® (SDT) 1 2 3 4 5 6
Men (n = 9,168)
Systolic BPt (mmHg) 132.2 (13.4) 1143 122.5 128.4 133.6 140.0 154.3
Diastolic BP (mmHg) 82.5 (10.0) 68.4 76.0 80.0 84.0 88.9 98.3
Body mass index (kg/m?) 24.3 (2.9) 20.5 223 234 246 259 29.0
HDLt cholesterol {mmolfiter) 1.42 (0.42) 0.95 1.16 1.30 1.44 1.61 2.08
Total cholesterol {mmol/liter) 5.88 (1.29) 414 4.94 5.50 6.05 6.70 7.96
Triglycerides (mmolfiter) 1.62 (0.97) 0.67 0.97 124 1.55 1.99 3.30
Age (years) 35.2 (9.6) 221 27.0 32.0 36.4 42.3 51.0
Women (n = 8,542)

Systolic BP (mmHg) 122.6 (13.3) 106.1 113.7 118.6 123.0 129.2 144.8
Diastolic BP (mmHg) 79.0 (9.0} 66.6 72.8 76.7 80.0 84.2 93.6
Body mass index (kg/m?) 22.6 (3.9) 189 20.5 21.6 22.6 241 28.2
HDL cholesterol (mmoVliter) 1.70 (0.40) 1.17 1.42 1.58 1.74 1.85 235
Total cholesterol {(mmol/fiter) 5.58 (1.18) 4.06 4.75 5.20 5.68 6.28 7.52
Triglycerides (mmol/fiter) 1.08 (0.59) 0.52 0.71 0.86 1.04 1.30 2.06
Age (years) 32.9(8.2) 221 26.4 30.6 34.4 38.9 45.8

* For each baseline predictor, each sexlile represents a different set of subjects; the predictor was measured

in either 1979-1980 or 1986-1987.

+ SD, standard deviation; BF, blood pressure; HDL, high density lipoprotein.

pared with what is expected given that each subject was ran-
domly assigned to a sextile at each examination. For all risk
factors, a significantly higher proportion of participants
changed fewer than three sextiles, clearly indicating the
presence of tracking. No major sex difference was observed.,
although tracking seemed to be higher for women than for
men. BMI was an exception. The rank order of the risk fac-
tors, from highest to lowest, for which both men and women
changed fewer than three sextiles was as follows: BMI, total
cholesterol, HDL cholesterol, systolic blood pressure, dia-
stolic blood pressure, and triglycerides. To more easily
assess the stability of each risk factor over time and to use
all available data, we calculated the proportions of partici-
pants who remained in the same sextile between two exam-
inations. We found that 32.1, 31.6, 49.9, 36.2, 39.9, and 27.1
percent of the men remained in the same sextile of systolic
blood pressure, diastolic blood pressure, BMI, HDL choles-
terol, total cholesterol, and triglycerides, respectively. The
corresponding estimates for women were 33.7, 32.1, 47.5,
36.3, 40.7, and 28.0.

There were no strong baseline predictors for tracking in
the same sextile for blood pressure, BMI, and serum lipids,
although some were statistically significant (results not
shown). A few sex differences were found, however.
Tracking of BMI was significantly associated with age,
HDL cholesterol, total cholesterol, triglycerides, and current
smoking. For men, only triglycerides contributed statisti-
cally significantly. In addition, BMI at baseline had a sig-
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nificant association with tracking of systolic and diastolic
blood pressures in women, but not in men.

Table 5 shows the tracking coefficients expressed as odds
ratio estimates for participants in the upper sextile (for HDL,
the lowest sextile) at baseline, relative to all other subjects,
remaining in the upper sextile (lowest sextile for HDL) at
later examinations. The coefficients for the youngest sub-
jects (aged 20-24 years) tended to be the lowest, but no
other age trend was observed. Consequently, the results
were presented without any age stratification. The odds ratio
for the BMI coefficient is notable because it is much higher
than the odds ratios for the other coefficients. Participants in
the upper sextile of baseline BMI had more than 30 times
higher odds of remaining in this sextile at later examinations
compared with participants in the other five sextiles. There
was no significant sex difference in the odds ratio estimates
for serum lipids. For blood pressures and BMI, the estimates
for women were significantly higher (p < 0.003). The pro-
portion of participants who remained in the high-risk group
(upper sextile) varied from 40 to 75 percent.

For cardiovascular risk factors, participants who main-
tained their position in the upper sextile (lower sextile for
HDL cholesterol) at later examinations were categorized as
tracking in the upper (lower) sextile. Table 6 shows the asso-
ciation between tracking and baseline variables. All baseline
risk factors (except HDL cholesterol and, for women, cur-
rent smoker) were significantly associated with tracking of
systolic and diastolic blood pressures in the upper sextile.
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TABLE 3. Tracking coefficlents* (SEf) for cardi I
Norway, 19791995

risk f

tors, by age at basellne and sex, the Tromso Study, Tromso,

Sextile of

Body

baseline age No. S{as’l:ofllc Diaasll:olic mass HDLt " " Total Triglycerides
{years) index
Men (n = 9,168)
20-24 1,366 0.50 (0.02) 0.38 (0.03) 0.80 (0.02) 0.53 (0.09) 0.70 (0.02) 0.30 (0.03)
25-29 1,600 0.51 (0.03) 0.46 (0.03) 0.84 (0.01) 0.52 (0.08) 0.74 (0.02) 0.41 (0.03)
30-34 1,765 0.57 (0.02) 0.47 (0.02) 0.83 (0.02) 0.52 (0.08) 0.72 (0.02) 0.46 (0.03)
35-38 1,271 0.49 (0.02) 0.48 (0.02) 0.83 (0.02) 0.56 (0.09) 0.72 (0.02) 0.49 (0.04)
39-46 1,707 0.56 (0.02) 0.52 (0.02) 0.82 (0.01) 0.53 (0.07) 0.73 (0.02) 0.45 (0.03)
47-61 1,459 0.55 (0.02) 0.50 (0.02) 0.82 (0.02) 0.62 (0.08) 0.69 (0.03) 0.43 (0.03)
Overall 9,168 0.52 (0.01) 0.48 (0.01) 0.85 (0.01) 0.55 (0.03) 0.77 (0.01) 0.43 (0.01)
Women (n = 8,542)
20-24 1,531 0.50 (0.02) 0.43 (0.02) 0.73 (0.02) 0.51 (0.06) 0.62 (0.02) 0.33 (0.04)
25-29 1,748 0.53 (0.02) 0.45 (0.02) 0.76 (0.02) 0.66 (0.02) 0.68 (0.02) 0.35 (0.03)
30-34 1,852 0.56 (0.02) 0.45 (0.02) 0.79 (0.02) 0.66 (0.02) 0.69 (0.02) 0.39 (0.06)
35-38 1,175 0.55 (0.02) 0.52 (0.02) 0.79 (0.03) 0.62 (0.06) 0.65 (0.02) 0.37 (0.09)
39-46 1,608 0.59 (0.02) 0.55 (0.02) 0.82 (0.01) 0.69 (0.02) 0.66 (0.02) 0.45 (0.06)
47-56 628 0.61 (0.04) 0.55 (0.03) 0.82 (0.04) 0.66 (0.04) 0.65 (0.05) 0.51 (0.05)
Overali 8,542 0.54 (0.01) 0.48 (0.01) 0.80 (0.01) 0.64 (0.02) 0.65 (0.01) 0.39 (0.02)

* Standardized regression coefficients with the baseline measurement as the independent variable and later measurements as
dependent variables; all coefficients adjusted for age, treatment for hypertension, time of baseline examination (19791980 or 1986—1987),

and time of follow-up examination (1986—1987 and/or 1994-1995).

+ SE, standard error; BP, blood pressure; HDL, high density lipoprotein.

For tracking of BMI in the upper sextile, all variables listed
in table 6 were significant predictors (p < 0.01). Significant
predictors for tracking of HDL cholesterol in the lower sex-
tile were BMI, triglycerides, current smoker, and age (and
systolic blood pressure in women only). Systolic blood pres-
sure in men and HDL cholesterol in women were not signif-
icant as baseline predictors for tracking in the upper sextile
of total cholesterol. Except for age in men, all listed vari-
ables were significant predictors for tracking of triglycerides
in the upper sextile. For most of the independent variables
considered, direct relations were observed between the vari-
able and the odds of remaining in the upper sextile. For
some variables, an inverse relation was found, however.
Current smokers had decreased odds for tracking of systolic
blood pressure, diastolic blood pressure (in men), and BML
Higher values of HDL cholesterol were associated with
decreased odds for tracking of BMI and triglycerides.

DISCUSSION

In this paper, we have presented tracking coefficients and
predictors for tracking of systolic blood pressure, diastolic
blood pressure, BMI, HDL cholesterol, total cholesterol, and
triglycerides in a population-based cohort study over a
period of 16 years. For both men and women, significant
tracking coefficients were found for all six cardiovascular
risk factors. However, when the degree of tracking is evalu-

ated, the magnitude rather than the significance of the coef-
ficients should be used. Nonfasting triglycerides, for which
our tracking coefficients were close to 0.30 in the youngest
age groups, are hardly stable over time. Systolic and dia-
stolic blood pressures and HDL cholesterol in men, for which
the overall coefficients were at or just below 0.50, showed a
moderate degree of tracking. For total cholesterol, HDL cho-
lesterol in women, and BMI, the tracking coefficients were
more than 0.50, indicating relatively high stability over time.

Tracking was strongest for BMI in both men and women,
and there was no significant sex difference for tracking of
blood pressure and triglycerides. For tracking in the upper
sextile, a similar picture was observed; BMI had the highest
level of tracking and triglycerides the lowest. Compared
with men, women had a significantly higher level of track-
ing of systolic and diastolic blood pressures and of BMI in
the upper sextile. Otherwise, there were no sex differences.

To understand the implications of the odd ratios presented
in table 5, we compared them with the corresponding per-
centages of remaining in the upper sextile calculated from 2
x 2 tables (predictive values of the baseline measurement).
An odds ratio of 38.3 (BMI in women) translates into a pre-
dictive value of 71 percent, whereas odds ratios of 10 and 5
correspond to predictive values of approximately 52 and 41
percent, respectively. These percentages indicate that,
although the difference between odds ratios of 38 and 10
(BMI and cholesterol in women) is rather high, the differ-
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TABLE 4. Estimated probabliities of changing sextile group in a 16-year foiiow-up,* the Tromso Study,
Tromso, Norway, 1979-1995

No. of sextile groups changed relative to the baseline examinationt

0 1 2 0+14+2 3+4+5
Men (n =5,014)
Systolic BPE 0.134 0.320 0.295 0.749 0.251
Diastolic BP 0.130 0.306 0.299 0.735 0.265
Body mass index 0.294 0.445 0.193 0.932 0.068
HDLY cholesterol 0.185 0.359 0.268 0.812 0.188
Total cholesterol 0.205 0.397 0.261 0.863 0.137
Triglycerides 0.102 0.254 0.293 0.649 0.351
Expected§ 0.028 0.139 0.222 0.389 0.611
Women (n = 4,917)
Systolic BP 0.158 0.341 0.290 0.789 0.211
Diastolic BP 0.130 0.319 0.292 0.741 0.259
Body mass index 0.278 0.441 0.206 0.925 0.075
HDL cholesterol 0.182 0.371 0.261 0.815 0.185
Total cholesterol 0.211 0.400 0.261 0.872 0.128
Triglycerides 0.104 0.276 0.280 0.660 0.340
Expected§ 0.028 0.139 0.222 0.389 0.611

* Unadjusted resulls.

1 0, no changes (in the same sextile group in all examinations); 1-5, number of sextile groups changed
relative to the baseline examination.

1 BP, blood pressure; HDL, high density lipoprotein.

§ The expected distribution if no tracking took place (the subjects were randomly assigned to a sextile group
at each examination).

ence between the corresponding predictive values (71 and and for covariates, whereas the predictive values in table 5
52 percent) is more moderate. Notc that predictive values are unadjusted results. However, if we consider a predictive
calculated from the odds ratios do not necessarily coincide value of 51.3 percent (HDL cholesterol in women), the cor-
with the percentages shown in table 5. The odds ratios were responding unadjusted odds ratio would be 9.8, almost equal
adjusted for dependencies between repeated obscrvations to the odds ratio given in table 5. It is not straightforward to

TABLE 5. Percentage of subjects who remained in the upper sextlie and odds ratio estimates for
subjects In the upper sextile (relative to subjects in the other five sextlles) of being in the upper
sextiie at Jater examinations,* the Tromso Study, Tromso, Norway, 18791995

Baseline Men (n = 9,168) Women (n = 8,542) p value
upper sextilet for sex
of %3 OR§ 95% Cl§ %3 OR 95% ClI difference
Systolic BP§ 50.6 6.5 58,74 59.5 8.7 76,99 0.0007
Diastolic BP 48.4 49 4.3,56 54.0 6.1 54,69 0.0002
Body mass index 71.0 324 28.3, 37.1 75.2 38.3 33.1,44.2 0.003
HDL cholesterol 50.2 9.4 8.4,105 51.3 10.2 9.1,11.4 0.4
Total cholestero! 61.5 12.9 11.4,145 63.7 10.6 9.3, 12.2 0.3
Triglycerides 40.2 4.7 42,53 41.3 4.8 43,53 0.5

* In each of the six models, the coefficient was adjusted for age, treatment for hypertension, time of baseline
examination (1979-1980 or 1986-1987), and time of follow-up examination (1986—1987 and/or 1994-1995).

1 For high density lipoprotein (HDL) cholesterol, odds ratios were estimated for subjects classified in the lower
sextile.

1 Percentage of subjects who remained in the upper sextile.

§ OR, odds ratio; Cl, confidence interval; BP. blood pressure.
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TABLE 6. Sex-specific odds ratlo estimates of baseline predictors of remaining In the upper sextiie reiative to the baseilne

examination,t the Tromso Study, Tromsp, Norway, 1979-1995

Remained in the upper (lower for HDL$ cholesterol) sextile at fater examinations for

Baseline -
predictor s{as;;uc DiaBs'l:ohc . HDL ) ) Total Triglycerides
Men (n = 9,168)
Age (10 years) 2.09%*+ 2,124+ 1.39%+ 2.16%**
Systolic BP (15 mmHg) —5 —5 1.38%++ 1,334+
8ody mass index (3 kg/m?) 1.348%+ 1.52¢++ —5 1.66%** 1.26%*+ 1.01%%>
HDL cholesterol (1 mmolfiter) 0.30*** —§ 1.28%#* 0.28***
Total cholesterol (1 mmolfiter) 1.14%%* 147+ 1.38%+* —§ 1.87***
Triglycerides (1 mmol/liter) 1.18%** 1.27%** 1.61%** 1.67 1.55%%* —§
Current smoker (yes/no) 0.84* 0.85* 0.84++ 1.30%** 1.28%+* 1.20*
Women (n = 8,542)

Age (10 years) 3.24%** 2.76%** 1.90%** 0.79*++* 3.66%** 1.65%**
Systolic 8P (15 mmHg) —5 —5 1.62+++ 1.10° 1,214 1.43%+
Body mass index (3 kg/m?) 1.47%*+ 1.48>** —§ 1.41%+¢ 1.30%+* 1.65%»*
HDL cholesterol (1 mmoliter) 0.36*** —§ 0.12%*%
Total cholesterol (1 mmolfiter) 1.17%%* 1.24%%* 1.37%%* -5 1.87%+*
Triglycerides (1 mmoliter) 1.29%*+ 1.30%+* 1.79%** 2.20%** 2.06%** —§
Current smoker (yes/no) 0.70%** 0.744*>* 2.42%4+ 1.48%+* 1.66%¥*

*p<0.05;** p<0.01;*** p<0.001.

1 All coefficients adjusted for age, treatment for hypertension, time of baseline examination (1979-1980 or 1986—1987), and time of
follow-up examination (1986—1987 and/or 1994-1995); only significant coefficients are presented.

$ HOL, high density lipoprotein; BP, blood pressure.
§ Variable not included.

set a cutoff point for the level of the predictive value to clas-
sify tracking. In a general population, predictive values of
about 50 percent may be moderate, however, although they
are still important markers for later classification in high-
risk groups, depending on the variable in question. In this
study, HDL cholesterol and total cholesterol showed odds
ratios of about 10, with corresponding predictive values of
about 50 percent, whereas the predictive values for systolic
blood pressure, diastolic blood pressure, and triglycerides
ranged between 40 and 50 percent.

For tracking of the risk factors in the upper sextile (table
6), most of the bascline predictors had significant and rela-
tively large effects. There were no clear sex differences,
although the odds ratios for the baseline predictors tended to
be stronger for women than for men.

Although the distributions of many of the variables exam-
ined in this study were quite different between men and
women, a lack of sex difference in tracking was observed
for some variables. This finding may be remarkable; how-
ever, a sex difference in baseline distribution does not nec-
essarily imply that the stability of a variable over time
should differ as well.

Comparisons of the tracking coefficients found in this
study with those of other studies were hampered because
both the methods used and the time span considered
differed. To our knowledge, the Amsterdam Growth and

Health Study (11), which introduced the GEE tracking
coefficients, is the only one that has used a directly compa-
rable method. However, that study had a mean baseline age
of 13 years and included only 181 subjects. The tracking
coefficients for systolic blood pressure, diastolic blood
pressure, and total cholesterol were considered not to differ
between the sexes and were estimated to be 0.43, 0.34 and
0.71, respectively. For HDL cholesterol, the coefficients
were 0.51 and 0.65 for men and women, respectively. These
results may be relevant to the results obtained for our
youngest age group.

The correlation coefficient is the most frequently used
measure of tracking. The advantage of the GEE tracking
coefficient, which also ranges between —1 and 1, is that the
GEE method uses all available data; allows for adjustment
of covariates, both time dependent and independent; and
accounts for the correlation among the repeated observa-
tions for a given subject. The GEE also handle missing
values.

In a comparison with the traditional method, a correla-
tion analysis between the first and the last surveys showed
coefficients of 0.52, 0.46, 0.79, 0.50, 0.66, and 0.39 for
systolic blood pressure, diastolic blood pressure, BMI,
HDL cholesterol, total cholesterol, and triglycerides in
men, respectively. For women, the respective coefficients
were 0.60, 0.49, 0.80, 0.61, 0.68, and 0.38. These coeffi-
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cients tended to be lower than the GEE tracking coeffi-
cients. In an earlier paper from the Tromsg Study (22), we
found correlation coefficients of blood pressure lower but
also still comparable to the present results. A total of 4,183
men aged 2049 years at baseline were examined in 1974,
1979-1980, and 1986-1987, and the correlation coeffi-
cicnts between the first and last examinations were 0.46
and 0.40 for systolic and diastolic blood pressures, respec-
tively. The Cardiovascular Risk in Young Finns study (13)
presented tracking of serum lipids in subjects with an ini-
tial age of 18 years. The 12-year Spearman’s correlation
coefficients were 0.54, 0.73, and 0.49 for HDL cholesterol,
total cholesterol, and triglycerides in men and 0.56, 0.51,
and 0.37 in women, respectively. Thesc estimates were
somewhat higher than those found in our youngest age
group. However, considering the small sample size—65
men and 51 women—the general impression is comparable
to the Tromsg Study. The findings in the Framingham
Study (23), which included 1,605 men and women aged
49-82 years, agree with those from the oldest age group in
the Tromsg Study. The 8-year correlation cocfficients for
HDL cholesterol and total cholesterol were 0.68 and 0.69
for men and 0.60 and 0.61 for women, respectively. In the
Dormont High School Study (24), tracking was assessed
for systolic blood pressure, diastolic blood pressure, and
weight. The mean baseline age was 34 years, and the
respective 12-year correlation coefficients for 202 subjects
were 0.38, 0.44, and 0.88 for men and 0.54, 0.54, and 0.81
for women.

Classification of the change in sextile group relative to
the baseline examination (table 4) provided further and
unadjusted information about the stability of the tracking
variables (compared with the GEE method). Although the
mcthods address the same questions, the interpretation is
somewhat different, because the results shown in table 4
reflect exactly the proportions of movement between the
sextile groups.

Scveral studies have shown results of tracking in the
upper part of the distribution of risk factors (8, 11, 13, 14).
However, it is difficult to compare these findings with the
present results. Most studies show the frequency of subjects
who remain (or the relative likelihood of remaining) in a
high position between two examinations. In the Amsterdam
Growth and Health Study (11), the odds ratios for subjects
who were at risk at the age of 13 years to still be at risk 15
years later were 4.0, 4.8, 14.1, and 10.4 for systolic blood
pressure, diastolic blood pressure, HDL cholesterol, and
total cholesterol, respectively. No significant sex differences
were found.

Although some studies have used baseline measurements
as predictors for later values (13, 19, 25), to our knowledge
no study has classified subjects who maintain their relative
position over time (subjects who track) and then assessed
predictors for tracking. Consequently, our results could not
be compared with other studies.

There were some sources of bias in this study. People who
were treated for hypertension in at least one of the examina-
tions were not excluded from the analyses. However, in a
scparate set of analyses, we did exclude subjects with a his-
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tory of treatment for hypertension. None of the results pre-
sented was altered significantly, and all conclusions
remained unchanged. If we had excluded subjects who had
a history of blood pressure treatment (1,339 men and
women), we would have missed 16.5 percent of our cohort
with a baseline age of more than 39 years.

The problem of mecasurcment error may have had an
impact on tracking. Single values of blood pressure and
serum lipids may not reflect a person’s true level as well as
a single value of BMI, which may lead to underestimation
of tracking, especially for systolic and diastolic blood pres-
sures and for triglycerides. Since this study was nonfasting,
it could have influenced the values of some of the variables.
Mcasurements of diastolic blood pressure and triglycerides,
in particular, may be associated with “time since last meal.”
However, including this variable in our models did not
change the results.

Clinical implications for cardiovascular disease may be
drawn from the present results. The stability of BMI over
time indicates that we can, with a relatively high degrec of
certainty, identify participants who maintain their high BMI
value. To improve the general health profile of persons later
in life, a focus on physical activity and change in food habits
during adolescence and young adulthood is therefore advo-
cated. Although the predictability of initial values of blood
pressure and scrum lipids was lower than that of BMI, the
implication of maintaining a high level should not be over-
looked. Several studies have shown that a reduction in total
cholesterol or an increase in HDL cholesterol predicts a
reduction in cardiovascular disease (26, 27). Identification
of subjects in the upper part of the total cholesterol distribu-
tion (lower part for HDL cholesterol) is therefore of clinical
importance in preventive medicine. The same can be said
for systolic and diastolic blood pressures, for which, in this
study, the odds ratios were slightly lower than the odds ratio
for cholesterol.

In conclusion, over a period of 16 years, we found a high
degree of tracking of BMI for young and middle-aged men
and women, in cither the general BMI distribution or the
upper part of the distribution. The stability of blood pres-
sure, HDL cholesterol, total cholesterol, and triglycerides
over time was more moderate, but still not negligible. Values
from other baseline variables had a relatively low pre-
dictability of the overall tracking of a specified risk factor,
whereas baseline predictors contributed a relatively strong
association to tracking in the upper sextile. With the excep-
tion that women were more likely to stay in the upper
sextile of systolic and diastolic blood pressures, no major
sex differences were detected in this study.
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ABSTRACT

The steady increase in body weight is currently considered to develop into a major health
problem in western societies. How body weight increase influence upon established disease
risk factors, thus has become an important task to investigate. We assessed the association
between eight-year change of body weight and serum lipids in a population-based study
comprising 15,624 men and women aged 20 — 61 years at baseline in 1986. Comparisons
between different strata of age, sex, initial weight and categories of smoking status were also
addressed. Significant associations between body mass index (BMI) change and change of
high density lipoprotein (HDL) cholesterol, total cholesterol and triglycerides were observed
in all 10-year age groups both in men and women. The weakest associations were observed in
persons older than 50 years of age and the associations were also weaker in women than in
men. Different associations were observed in the quartiles of baseline BMI. For the heaviest
persons, HDL and total cholesterol changes were less pronounced than in persons with middle
or low baseline BMI. The association between BMI change and serum lipid change was
stronger for persons who were consistent smokers or non-smokers at the surveys compared to
persons who changed their smoking status. We conclude that an increase in body weight has

been shown to have an adverse effect upon major disease risk factors.

Keywords: cohort studies; body weight; lipids; association
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High density lipoprotein (HDL) cholesterol, total cholesterol, triglycerides and body weight
are all considered to be risk factors for cardiovascular diseases(1-4). Changes in each of these
risk factors have also been associated with cardiovascular morbidity and mortality(5-13).
Although some of the studies have analysed data from longitudinal cohort studies randomised
from a general population most of the conclusions have been drawn from selected groups,
clinical trials or cross sectional studies. Cohort studies, which address the association between
change of body weight and change of serum lipids, are also presented(14-23). Many of these
are hampered with small sample sizes(13, 16, 19, 20, 22), selected age groups(16, 20) or do
not include both men and women(14, 20, 22, 23). To our knowledge, no study has
simultaneously assessed the association between change of body weight on change of HDL
cholesterol, total cholesterol and triglycerides in both men and women. Furthermore, no study
has focused on these associations in different strata of age, baseline weight and categories of
smoking status change. We had the opportunity to assess these associations in a population-
based cohort study of more than 15,000 men and women examined in 1986-87 and again in

1994-95.

MATERIALS AND METHODS

Study population

The persons in the study were men and women who participated in two population surveys
carried out in 1986-87 and 1994-95 in the municipality of Tromsg, northern Norway. In 1986-
87 all men (n = 14,537) born between 1925 and 1966 and all women (n = 12,879) born
between 1930 and 1966 were invited to participate. The attendance rates were 71.6 percent
and 79.1 percent, respectively. In 1994-95, 17,915 persons were still living in the municipality
and they were all invited to the follow-up survey. Eligible for the present study were those

who participated in both surveys, which comprised 15,624 men and women (87.2 percent of
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those who participated in 1986-87 and who still were living in the municipality in 1994-95).
Persons with missing information on age, serum lipids, body mass index (BMI; kymz), or
smoking status were excluded from the study (n = 162). So were all those 335 women who
where pregnant in at least one of the examinations. If a person increased his/her body height
with more than five centimetres between the 1986-87 and the 1994-95 survey, the variable
was considered as miscoded in one of the surveys. A total number of 32 miscoding were
found. However, in 23 cases we found and imputed the correct body height from one of the
previous surveys conducted in 1974 or 1979-80. The nine persons with no previous record of
height were considered as missing. Hence, the present analyses comprised 7,660 men aged 20

— 61 years and 7,458 women aged 20 — 56 years at the end of 1986.

Measurements

In both surveys the participants attended a physical examination. Non-fasting blood samples
were taken and weight, height, and blood pressure were measured. The participants retumed a
one-page questionnaire and were asked to complete a second questionnaire at home. The
methods and questionnaires used in both surveys were almost identical and are described in
detail elsewhere(24). Height and weight were measured with participants wearing light
clothing and no shoes. Height was measured to the nearest centimetre and weight to the
nearest half-kilogram on regularly calibrated scales. As a measure of obesity, we used the
body mass index. Serum total cholesterol and triglycerides were analysed by enzymatic
colorimetric methods with commercial kits (CHOD-PAP for cholesterol and GPO-PAP for
triglycerides; Boehringer-Mannheim, Mannheim, Germany). Serum HDL cholesterol was
measured after the precipitation of lower density lipoproteins with heparin and manganese

chloride. The non-fasting blood samples were analysed at the Department of Clinical
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Chemistry, University Hospital of Tromse. The laboratory was standardised against the World

Health Organisation‘s Lipid Reference Laboratory in Prague (Czech Republic).

Analyses

Analyses were sex specific and further grouped by age, change of smoking status, or quartiles
of baseline BMI. Change of serum lipids and BMI was calculated as the difference between
the 1994-95 value minus the 1986-87 value. Change of smoking status was coded into four
categories (never smoker, stopped smoking, started smoking, consistent smokers) using
changes in the variable current daily smoker (yes/no) from both surveys. The primary aim was
to examine the association between change of serum lipids (HDL cholesterol, total cholesterol
and triglycerides) and change of BMI. Multiple linear regression analyses were used with
change of serum lipids as the dependent variable. The analyses were adjusted for baseline age,
baseline BM], a history of blood pressure treatment (yes/no), and change of smoking status.
All analyses were carried out by using the SAS software system(25). All p-values less than or

equal to 0.05 were considered as statistical significant.

RESULTS

In both sexes, an eight-year increase in total cholesterol, triglycerides and BMI was observed
for all age groups, except for total cholesterol in 50 — 61 years old men (Table 1). For HDL
cholesterol, only small mean changes were observed. The Table also shows age and sex
specific levels of current smokers. The prevalence of female smoker was higher in the
youngest age group and lower in the oldest age group compared to male smokers.

Table 2 shows the result of the multiple regression analyses. Significant associations
between BMI change and serum lipid change are shown in all age groups both in men and

women. The associations for men were all stronger than for women (10 out of 12 p-values for
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sex difference were significant). Regression coefficients were lowest in the oldest age group
except for HDL cholesterol in men. However, when we removed persons aged 50 years or
more the association between BMI change and serum lipid change did not vary significantly
across the age groups. For total cholesterol in women, however, the association decreased
with age.

Table 3 shows a significant association between serum lipid change and BMI change in
each quartile of baseline BMI both in men and women. However, the magnitude of the
association differed between the quartiles. For HDL cholesterol and total cholesterol the
strongest associations were observed in the first three quartiles of baseline BMI. Persons who
increased their body weight and were in the fourth quartile had a more favourable decrease n
HDL cholesterol and increase in total cholesterol than persons in the middle or lower part of
the baseline BMI distribution. As in the previous table, significant sex differences were
observed in this table.

Figure 1 further elucidates the association between BMI change and serum lipid change
grouped by quartiles of baseline BMI. Regardless of baseline BMI, lipid profiles were more
adverse the larger was the BMI increase (given in five strata according to units of change with
cut points at 0, 1, 2, 3). There was no apparent trend that any particular baseline BMI group
came out better or worse than the other groups. However, for HDL cholesterol in men in the
upper part of baseline BMI with an increase of BMI higher than 2 kg/m’, a more favourable
decrease was observed. Although a significant interaction between baseline BMI and BMI
change were observed for HDL cholesterol in women (p = 0.02 in Table 3), a clear trend of
difference between the lines were not observed in Figure 1. Furthermore, when we excluded
persons who reported a history of angina, myocardial infarction or stroke, the interaction term
became non significant (p = 0.11). For total cholesterol, a better profile was observed for

persons in the fourth quartile of baseline BML The differences between the quartiles
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increased with increase in BMI change. Men in the fourth quartile of baseline BMI with a
BMI increase between 2 — 3 units (7.2 kg — 10.8 kg for a 1.80 meters tall person) registered a
mean total cholesterol increase of 0.28 mmol/l compared to men in the second quartile of
baseline BMI who registered a 0.57 mmol/l increase. Distinct differences between the
different parts of baseline BMI were not observed for triglycerides.

BMI change for persons who either had started or stopped smoking between 1986-87
and 1994-95 was weaker associated with serum lipids compared to persons who either were
consistent smokers or non-smokers (results not shown). Consequently, we coded the smoking
variable into two categories; change or no change. A BMI increase for persons who changed
their smoking status induced a significant lower decrease of HDL cholesterol and increase of
triglycerides compared to persons who did not change their smoking status (Table 4). This

trend was less apparent for total cholesterol.

DISCUSSION

The association between change of serum lipids and change of body mass index stratified for
possible effect modifiers such as sex, age, baseline weight, and change in smoking status have
been examined in a general Norwegian population over an eight-year period. A direct and
significant association was present between BMI change and change of total cholesterol and
triglycerides in all strata of sex, age, and smoking status. An inverse significant association
was present when assessing HDL cholesterol. A BMI increase in the oldest individuals
induced a more favourable change in total cholesterol and triglycerides compared to younger
individuals. Women had better profiles than men and it was observed a stronger association in
persons who did not change their smoking status compared to persons who changed their

smoking status.
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When we excluded persons aged 50 years or more no significant interaction between
age and BMI change was observed, except for total cholesterol in women (Table 2). The
weaker association in the oldest age group may be explained by a different change pattem in
BMI and serum lipids. Total cholesterol, triglycerides, and BMI are known to increase with
age. However, the risk factor levels have been observed to peak at late middle age and even
decline in older ages(18, 26-28). This trend was confirmed in our analyses as well with
weaker increases in the 50 — 61 year age group for BMI and total cholesterol in both sexes,
and for triglycerides in men only.

The current study included questionnaire information of diseases such as angina,
myocardial infarction or stroke. These factors may have confounded or biased the observed
associations. A total of 557 men and 166 women did report a history of such diseases in at
least one of the two surveys. We repeated the analyses after excluding these persons. The
results in Table 2, 3 and 4 remained virtually unchanged. Worth noting was that the
significant interaction terms (table 3) between baseline BMI and BMI change in women
became non-significant for HDL cholesterol and triglycerides, p > 0.10.

Other sources of bias may be present in the study. A comparison between people lost to
follow-up with the participants who attended both surveys did not give us any reason to
suspect a selection bias(29). Although persons who did not participate in follow-up were
younger, pronounced differences in cardiovascular risk factors such as systolic and diastolic
blood pressure, BMI, and serum lipids were not observed. The high response rates, above
70% in 1986-87 and 87% at follow-up, further strengthen our confidence of no serious bias.

The observed difference between those that changed and did not change their smoking
status could not easily be explained. However, in our population significant different mean
levels of weight change were observed in the different categories of change of smoking status

(ANOVA F-statistics > 90 both for men and women). This is also partly confirmed in the
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literature where weight gain is strongly related to smoking cessation(30, 31). In our
population this association is not equally strong for change of smoking status and serum lipids
(all F-statistics < 10). Consequently, one may speculate that this difference in association
could influence the association between BMI change and serum lipid change in such a way
that the association is weaker for persons who change their smoking status.

In our analyses we easily could have used body weight and weight change instead of
BMI and BMI change. Because body height remains stable over time in the age range
considered, results would obviously be quite similar. Especially when focusing on change
between two surveys the observed change of weight could be just as good as a predictor for
serum lipid change as the observed change of BMI. However, a lkg change of body weight
does not necessarily induce equal change in serum lipids between persons of different heights.
Thus, we believe that BMI change is a better measure of obesity change. In a separate set of
analyses we did, however, use weight and weight change as independent variables. The
results and conclusions remained for the most part unchanged.

Although no study has, to our knowledge, presented strata specific results directly
comparable to our study, the present results may still be compared to other papers. The
Nijmegen Cohort Study(21) showed a significant association between weight gain and change
of total cholesterol in 2,335 men and women. The study did not focus on sex differences.
However, a higher correlation coefficient was seen for men, which is in agreement with our
observation that a BMI increase for men induces a higher total cholesterol increase than for
women. Data from the Framingham Study revealed that an increase in BMI is associated with
an increase in total cholesterol and a decrease in HDL cholesterol among 4,435 men and
women up through the 50 — 64 year age group(18). As in our study and in the Nijmegen
Cohort Study there seemed to be a stronger association between weight increase and total

cholesterol increase in men than in women. However, the Framingham Study did not register
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a sex difference for HDL cholesterol. The Framingham Offspring Study has also
demonstrated significant associations between BMI change and serum lipid change in an
eight-year follow up period(16). The study included 397 men and 497 women aged 20 — 29
years. As the other studies have shown, the regression coefficients for men were higher than
for women.

Similar results have also been presented from the MONICA Augsburg Cohort(17). A
feature common for the above-mentioned studies is the lack of analyses in strata of initial
weight and also in strata of smoking status change. Although the studies did include both men
and women, significance tests for sex difference were not performed. We are not aware of
population-based studies for men and women, which also include serum triglycerides. A few
smaller studies do exist. The Adelaide 1000 comprised 382 men and 273 women who
volunteered for a fitness programme. It was found that changes in weight and lipids were
significantly related and the relationship was stronger for men than for women(32). The San
Antonio Family Heart Study(15) and a paper by Noppa(14) also confirmed some of the
present results. Although the above mentioned studies collected blood samples after a
specified period of fast, they are comparable to our non-fasting results. We had the
opportunity to adjust for the variable “time-since-last meal”. However, despite that the
variable in itself was significant in our models, it did not change the variables of interest and
were thus not considered to be a confounder.

The strong association between weight increase and serum lipid increase may have
profound public health implications. In western countries the prevalence of obesity is
increasing(33, 34), which may be a paradox with respect to the fact of a decreasing trend in
the mortality of coronary heart diseases(35-37). However, improvements in medical
surveillance and primary and secondary medical intervention could explain much of the

decline. Other factors that could support a decreasing mortality trend are dietary intake. A
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significant association between individual fatty acids and cholesterol have been
established(38). Different effects between serum lipids and saturated, monounsaturated and
polyunsaturated fatty acids are also observed. It is clear that saturated fatty acids are
hypercholesterolemic and that unsaturated fatty acids elicit a hypocholesterolemic effect
compared with saturated fatty acids(39).

If the use of polyunsaturated fatty acids increases in western countries it could have a
positive influence on serum lipids levels. Furthermore, diets high in mono- or polyunsaturated
fatty acids have a positive influence on blood coagulation and appear to improve morbidity
and mortality by modifying the disease process. Despite a possible improvement in the use of
fatty acids, there are no indications that the obesity epidemic is not harmful to health. The
significant association between weight increase and unfavourable changes in serum lipids
may result in unfavourable coronary heart disease outcomes in the coming years.

In conclusion, significant and strong associations were found between BMI increase and
serum lipid increase (decrease for HDL cholesterol) in a general adult population. The
associations were significantly stronger for men than for women, generally weaker for older
persons, and weaker for persons in the upper quartile of baseline BMI for HDL and total
cholesterol. Persons who changed their smoking status had better profiles compared to
persons who either were consistent smokers or non-smokers at both surveys. The well-known
body weight increase in western societies may thus be associated with an adverse serum lipid

profile and an increased risk of serious disease.
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Table 1. Serum lipids, body mass index, and smoking status by sex and age. The Tromss Study 1986 -
1995.

Men Women
Change in Change in
Age in 1986 No. 1986-87 No. 1986-87
1994-95* 1994-95*

HDL Cholesterolt

20 — 29 years 1518 1.32(0.28) -0.03 (0.26) 1627 1.55(0.33) -0.00(0.30)

30 -39 years 2422 1.35(0.33) 0.00(0.27) 2613 1.62(0.36) 0.03 (0.29)

40 — 49 years 2084 1.38(0.35) 0.02(0.28) 2191 1.69 (0.39) 0.01(0.32)

50 - 61 yearst 1636 1.42(0.37) 0.01 (0.29) 1027 1.73(0.41) -0.05 (0.31)
Total Cholesterolf

20 — 29 years 1518 5.00(0.97) 0.59 (0.75) 1627 4.95(0.91) 0.35(0.78)

30 — 39 years 2422 5.72(1.11) 0.38(0.83) 2613 5.32(0.99) 0.40 (0.73)

40 — 49 years 2084 6.27(1.19) 0.18 (0.86) 2191 6.01(1.15) 0.53(0.93)

50 - 61 years} 1636 6.53 (1.16) -0.00 (0.90) 1027 6.92(1.31) 0.10(1.03)
Triglyceridest

20-29 years 1518 1.46(0.88) 0.32(1.13) 1627 1.06(0.53) 0.11 (0.67)

30— 39 years 2422 1.61(0.97) 0.22(1.10) 2613 1.04 (0.56) 0.14 (0.65)

40 — 49 years 2084 1.69(1.06) 0.12 (1.07) 2191 1.17(0.69) 0.23 (0.71)

50 — 61 years} 1636 1.68(0.91) 0.03 (0.96) 1027 1.35(0.71) 0.18(0.73)
Body mass indext

20 - 29 years 1518 23.6 (2.9) 1.5(1.7) 1627 22.1 (3.0) 1.6 (2.2)

30 — 39 years 2422 244 (2.9) 1.1 (1.5) 2613 22.6 (3.0) 1.6 (1.9)

40 — 49 years 2084 25.3 (2.8) 1.0 (1.5) 2191 24.0 (3.6) 1.6 (2.0)

50 - 61 years} 1636 25.4 (3.0) 0.6 (1.6) 1027 24.7 (3.7) 1.3 (2.0)
Current smoker (%)

20 - 29 years 1518 44.1 2.2 1627 54.5 -8.7

30 - 39 years 2422 47.8 -8.2 2613 47.8 -4.0

40 — 49 years 2084 42.8 -6.6 2191 41.0 4.4

50 — 61 years} 1636 453 -10.8 1027 37.6 -5.8

*The 1994-95 value minus the 1986-87 value.
+ Values are mean (SD); HDL, high density lipoprotein.

1 For women, 50 — 56 years.
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Table 2. Change of body mass index (ABMI) as a predictor for change of serum lipids by sex and age*.

Multiple linear regression analyses. The Tromse Study 1986 — 1995.

Coefficient (B) with 95 % confidence interval (CI) for ABMI

Men Women P value for
px10? 95%CI Px10? 95%CI S i tierence
AgesT - AHDL Cholesterol -
20 - 29 years -39 47,32 -2.8 -34,-2.1 0.01
30— 39 years -34 41,27 -33 -39,-27 0.73
40 — 49 years 4.0 -48,-3.2 -2.7 -34,-2.0 0.0t
50 - 61 yearsj -3.7 -4.6,-2.8 -2.0 -29,-1.0 0.008
P value, agexABMI
20 - 61 years} 0.93 0.14
20 - 49 years 0.52 0.79
Age strata ATotal Cholesterol
20 -29 years 12.8 10.7,149 9.3 7.6,109 0.008
30 -39 years 14.0 11.9, 16.1 8.1 6.6,9.5 <0.001
40 — 49 years 10.8 8.4, 133 7.0 5.0,9.0 0.004
50 - 61 years} 9.6 68,124 6.6 35,98 0.19
P value, agexABMI
20 - 61 yearst 0.0t 0.14
20 - 49 years 0.15 0.01
Age strata ATriglycerides
20 —-29 years 19.8 16.6,23.0 105 9.1, 11.9 <0.001t
30 - 39 years 223 195,251 9.6 83,108 <0.001
40 — 49 years 20.5 175,236 9.7 82,111 <0.001
50 — 61 yearst 14.7 11.7,17.6 74 52,97 <0.001
P value, agexABMI
20 - 61 years} 0.02 0.06
20 - 49 years 0.80 0.16

* Adjusted for baseline age, baseline BMI, smoking category and blood pressure treatment.
1 HDL, high density lipoprotetn.

1 For women, 20 - 56 years.

20
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Table 3. Change of body mass index (ABMI) as a predictor for change of serum lipids by sex and quartiles
of baseline BMI*. Multiple linear regression analyses. The Tromse Study 1986 — 1995.

CoefTficient (B) with 95 % confidence interval (CI) for ABMI

Men Women P value for
Px10? 95%CI Px10> 95%CI sex difference
Baseline BMI AHDL Cholesterol
1. quartile 4.5 -54,-3.6 -2.5 -34,-1.6 0.001
2. quartile 4.0 -4.9,-3.2 3.6 -44,-2.8 0.34
3. quartile -39 -48,-3.1 -2.7 -34,-20 0.03
4. quartile -3.0 -3.6,-24 23 -29,-18 0.07
P value, BMIxABMI 0.002 0.02
Baseline BMI ATotal Cholesterol
1. quartile 13.6 11.1,16.1 113 9.1,134 0.005
2. quartile 15.7 13.2,18.2 95 73,118 <0.001
3. quartile 135 11.1,15.9 9.6 7.7,11.5 0.001
4. quartile 84 62,105 6.0 43,76 0.03
P value, BMIxABMI <0.001 <0.001
Baseline BMI ATriglycerides
1. quartile 19.1 16.3,21.9 68 54,83 <0.001
2. quartile 185 155,215 102 8.7,11.8 <0.001
3. quartile 21.1 18.0,24.2 11.0 93,126 <0.001
4. quartile 19.4 164,225 94 8.0,10.8 <0.001
P value, BMIXABMI 0.08 0.02

* Adjusted for baseline age, baseline BMI, smoking category and blood pressure treatment.
1 HDL, high density lipoprotein.
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Table 4. Change of body mass index (ABMI) as a predictor for change of serum lipids by sex and smoke
category*. Multiple linear regression analyses. The Tromss Study 1986 — 1995.

Coefficient (B) with 95 % confidence interval (CI) for ABMI

Men Women P value for
Bx10* 95%CI Bx10? 95%CI sex difference

Smoking status AHDL Cholesterol

Changed -1.3 -22,-04 -0.7 -1.5t00.1 0.25

Not changed -4.0 -4.5,-3.6 -3.0 -34,-26 <0.001
P value, ABMIxsmoke <0.001 <0.001
Smoking status ATotal Cholesterol

Changed 9.2 6.6,11.8 6.9 4.6,9.1 0.07

Not changed 124 11.1,13.6 8.1 7.1,9.2 <0.001
P value, ABMIxsmoke 0.06 0.26
Smoking status ATriglycerides

Changed 159 126,193 6.3 45,81 <0.00t

Not changed 20.1 185,217 10.0 9.1, 10.8 <0.001
P value, ABMIxsmoke 0.03 <0.00t

* Adjusted for baseline age, baseline BMI and blood pressure treatment.

1 HDL, high density lipoprotein.
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LEGEND TO FIGURE

Figure 1. Mean change of high density lipoprotein (HDL), total cholesterol, and triglycerides
by baseline body mass index (BMI) and BMI change (ABMI) in the Tromsg Study 1986-87 —

1994-95, adjusted for baseline age, smoke category, and blood pressure treatment.
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