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Aims To document tracking patterns, if any, over time, of classical cardiovascular risk
factors in men and women participants in the Vorarlberg Health Monitoring and
Promotion Programme (VHM&PP)
Methods and Results 67 413 men and 82 237 women underwent a total of 454 448
standardised examinations in the 15 year period 1985–1999. Measures included were
systolic and diastolic blood pressure, height, weight and fasting sample for total
cholesterol, triglycerides, gamma-gt and blood glucose. Tracking coefficients were
calculated by multivariable regression models using the GEE estimation method. All
variables showed evidence of significant tracking over time, whether estimated in
10-year age bands or among individuals categorized as being at high risk using
cut-points proposed by international guidelines. Effects were most marked for body
mass index (0.87, SE 0.005 in men and 0.89, SE 0.003 in women), and were also
associated with increasing age. Women who died during follow-up showed stronger
tracking patterns for triglycerides and gamma-gt and weaker effects for blood
pressure, but there was no effect on patterns according to survival in men. Tracking
coefficients were weaker among initially high-risk individuals.
Conclusions This is the largest study yet of adults to demonstrate significant tracking
effects of cardiovascular risk factors over time. The strength of this effect should be
considered in assessing effectiveness of risk factor modification programmes. The
study is novel too in highlighting more fully differences according to gender and social
circumstances and in taking account of the impact on long-term survival.
© 2003 The European Society of Cardiology. Published by Elsevier Science Ltd. All
rights reserved.

KEYWORDS
Cardiovascular risk
factors;
Longitudinal studies;
Body mass index;
Tracking;
Mortality

Introduction

While there has been much research in recent
decades on risk factor profiles for predicting car-
diovascular disease,1 there has been considerably
less analysis of longitudinal changes in these risk
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factors in the healthy population in order to predict
future values by earlier measurements.2 Since risk
factors show a greater impact on the development
of cardiovascular disease the longer they are
present,1 it is important to know how stable a given
measurement is likely to be. Tracking may be de-
fined as the longitudinal stability of a certain risk
factor or the predictability of a measurement early
in life for values later in life.3,4 While it is well
understood that risk factor profiles may change
over the life-course, (a cohort or secular effect)
and that risk profiles of individuals can be altered
by concerted modification (as for instance in life-
style change or in response to treatment) the track-
ing concept implies that an individual's rank order
of risk stays relatively constant over time, so that
for instance a child with high normal weight or
blood pressure is more predisposed to having patho-
logical levels requiring treatment later on.5 This
implies a systematic effect in that individuals at
high risk may be predicted to remain so. Tracking
weakens, when individuals move from low risk to
moderate or high risk, or from high risk to moderate
or low risk. From a clinical perspective therefore,
tracking patterns may need to be modified or
maintained depending on risk status. Segments of
the population that are at a higher order of risk
should be motivated to lower their risk by all means
possible, the rest to maintain their status. The
degree of tracking of a certain risk factor is a
measure for the attainability of this aim. Whether
this phenomenon continues to be important
throughout adult life is not well researched. Most
conventional risk scores for instance are derived
from long-term epidemiological follow-up based on
relatively few examination points.

Longitudinal study designs involving repeated
measurements on the same subjects over a longer
time period are required to perform tracking analy-
ses. Up to now, only a limited number of studies
have fulfilled these criteria. Most studies have con-
cerned children rather than adults,5–9 women as a
group have been under-researched10 and no studies
to date have been on a scale sufficient to assess the
relationship, if any, between tracking pattern and
mortality.

In Vorarlberg, the westernmost province of
Austria, population-based documentation of cardio-
vascular risk factors has been performed routinely
since 1970 by the Agency for Social- and Preventive
Medicine. From the outset, this ongoing extensive
risk factor surveillance and treatment referral pro-
gramme has comprised medical examinations of
more than two thirds of the entire population of this
province.11–13 Documentation was considered to

provide the basis for a scientifically justified
approach to prevent diseases and to promote
the health of the population. The acronym VHM&PP
(Vorarlberg Health Monitoring and Promotion
Programme) was created to refer to it.

The purpose of the present study was to address
the tracking of classical cardiovascular risk factors,
body mass index, systemic blood pressure, glucose,
serum lipids, as well as gamma-gt in a healthy
population of approximately 150 000 persons exam-
ined on repeated occasions over a period of 15
years, comprising a total of more than 450 000
examinations. To our knowledge, it is the first such
study to examine patterns in both men and women
on such a scale over a prolonged time period of
follow-up and surveillance.

Methods

Study population

Men, 67 413 (44.9%) and women, 82 237 (55.1%), a
total of 149 650 individuals, participated in the
VHM&PP between 1985 and 1999. During this
period, men underwent 191 629 (42.2%) and women
262 819 examinations (57.8%); a total of 454 448
in all. Informed consent to store and process the
data was obtained from all participants at each
examination time-point and ethical approval was
obtained. The participants# age range was between
19 and 96 years with a mean age of 42 years
(standard deviation=15 years) for both men and
women. Socio-demographic details are given in
Table 1. More women than men were examined,
men were more likely to be married than women,
there was a representative range across social class
groups and the vast majority were of Austrian ori-
gin, though migrant workers were also included. A
total of 5373 persons died in the course of follow-up
and cause of death was linked in the database.

Measurements

The VHM&PP participants underwent unequal
number of repeated examinations, ranging from
one up to 14 visits. The examinations were taken at
arbitrary time-points during a fifteen-year period
from 1985 to 1999. They were performed in a
standardized way by trained general practitioners
and internists and included a physical examination
and the recording of socio-demographic infor-
mation. The methodology has been described
previously.11 The physical examination included
fasting blood sample and measurements of height,
weight and blood pressure. Systolic and diastolic
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blood pressure were measured with a mercury
sphygmomanometer in the sitting position. Total
cholesterol, triglycerides, gamma-gt and blood
glucose were determined enzymatically by two
central laboratories. The two laboratories under-
went a standardized internal and external qual-
ity procedure. Between 1985 and 1988 glucose
measurement was done in a non-fasting manner.
Only fasting glucose measurements after 1989 were
used for statistical analysis.

Tracking and its assessment

Tracking refers to the tendency of individuals to
maintain their rank or position within a group over
time. Longitudinal data for at least two points in
time are necessary, and correlations between the
measurements are used to estimate tracking. A
measure of the strength of a correlation is provided
by the coefficient of correlation, in this case called

a tracking coefficient. Values of a tracking coeffi-
cient range between −1 and 1, however since nega-
tive values indicate an inverse relationship, which
is unlikely between repeated measurements, only
values from 0 to 1 are of importance. Since corre-
lations are influenced by factors such as age at the
first observation, measurement variability and the
time span between measurements, tracking coeffi-
cients should be estimated through a statistical
model that is able to adjust for these factors.
Multivariate adjusted tracking coefficients are re-
ported in table 5, 6 and 7. The following is a
suggested guide to the interpretation of tracking
coefficients: <0.30 low correlation, 0.30 to 0.60
moderate, 0.60 to 0.90 moderately high, >0.9 high
correlation. Low correlation means that intra-
individual changes of risk factor values from the
initial to subsequent examinations are very likely.
Positive and negative changes count the same way.
A tracking coefficient is just a pure measure for
longitudinal changeability. That does not inform
about the direction of individual changes. To evalu-
ate additionally directions of change, tracking can
be further assessed by focusing on maintaining a
certain characteristic over time.

Statistical analysis

Prevalence of selected high risk factor categories
(obesity, hypertension, hypercholesterolaemia,
hypertriglyceridaemia, hyperglycaemia and el-
evated gamma-gt) were calculated for the baseline
examinations and followed for their persistence
at subsequent examinations. This categorization,
based on cut-points proposed by international
guidelines,1 has been reported previously.11 Multi-
variable logistic regression analyses were per-
formed to study the effect of socio-demographic
indicators for remaining in a high risk factor class
for the participants who were at high risk at the
initial examination and who had at least two exami-
nations. Variables for these regression models were
selected according to their bivariate association
with the dependent variable evaluated through
Chi-square and Mann–Whitney U tests.

Tracking coefficients for the different risk fac-
tors were calculated according to the procedure
outlined by Twisk et al.14 by multivariable regres-
sion models using the GEE estimation method:15

Yit��0��1Yit1��2t��3Fagei��4Smokingi�´it

where Yit is the z-transformed risk factor variable
for measurements of individual i from t2 to tm (for
t1 the first and tm the last examination). Fagei
means the age at the individual#s initial

Table 1 Sociodemographic characteristics of the partici-
pants, VHM&PP 1985 to 1999

Men Women

n % n %

Baseline age groupsa

20–24 years 7893 11.7 12 561 15.3
25–34 years 18 619 27.6 20 601 25.1
35–44 years 14 503 21.5 16 037 19.5
45–54 years 12 563 18.6 14 037 17.1
55–64 years 8610 12.8 10 370 12.6
65 years and older 5225 7.8 8631 10.5
Total 67 413 45.0 82 237 55.0
Marital statusb

Single 12 092 18.5 12 887 15.8
Married 48 232 73.7 52 511 64.4
Divorced 3521 5.4 9648 11.8
Widowed 1602 2.4 6444 7.9
Work statusc

White collar 33 883 52.3 42 976 54.2
Blue collar 23 899 36.9 30 034 37.9
Self employed 7056 10.9 6275 7.9
Austrian origin
Austrian 60 932 90.4 75 823 92.2
Mortality 2942 4.4 2451 3.0
Number of examinations
Only one examination 25 808 38.3 27 539 33.5
Two examinations 13 812 20.5 15 901 19.9
Three examinations 8859 13.1 10 955 13.2
Four and more examinations 18 934 28.1 27 842 33.4
Interval to second examination
Within 1, 5 years 8292 12.3 12 693 15.4
Between 1, 5 and 3 years 17 364 25.8 22 648 27.5
Later 15 949 23.7 19 357 23.5
Only one examination 25 808 38.3 27 539 33.5

aFour missing values.
b2717 (1.8%) missing values.
cIncluding pensioners, housewives were classified according

to their husband's job, 5531 (3.7%) missing values.
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examination, Smokingi means whether the indi-
vidual is a current smoker at the first examination.
´it is the measurement error for individual i at
examination t. The regression coefficient �1
represents in its standardized form the tracking
coefficient. It is standardized from −1 to 1 by
using subgroup-specific z-transformed variables16

and can be interpreted similarly to a simple
correlation coefficient. Statistical tests of
subgroup differences (gender, mortality)
between tracking coefficients were performed by
using the test statistic (�1subgroup1-�1subgroup2)/
√(se(�1subgroup1)

2+se(�1subgroup2)
2), where se(�1) is the

robust standard error17 of the tracking coefficient. To
take account of possible false-positive significant
results through multiple comparisons a hierarchical
procedure for sub-groups comparisons was chosen;
only in case of an overall significant effect of for
instance, mortality, differences between subgroups
such as causes of deaths were evaluated.

p-values smaller than 0.05 were considered to
indicate statistical significance. Statistical analysis
was performed using Stata18 and SPSS statistical
software.19

Results
Baseline risk factor values for individuals’ initial
examinations are reported in Table 2, separately
for men and women. These show the expected sex
differences, with women in general having signifi-
cantly lower values than men. However the pattern
according to age differed considerably between
men and women. In men only systolic blood pres-
sure and glucose level continued to rise among
those 65 years and older, mean values of all the
other variables tended to be lower in the older

compared with the middle-aged group. In women
body mass index and diastolic blood pressure levels
stabilised, but all other variables were highest in
the oldest group. Values for gamma-gt show a wide
range at all ages, reflected in the standard devi-
ation. Smoking rates declined steeply with age in
the case of both men and women.

Table 3 shows for selected risk factor categories
whether individuals who were ‘at risk’ at the initial
examination maintained that risk status at the sub-
sequent examination. The effect was most marked
in the case of obesity; 79.5% of the men and 83.2%
of the women with an initial body mass index
greater than 30 kg/m2 were still in the same
category at the next examination. The pattern was
less consistent for the other risk factors. Severe
hypertension for instance persisted in only 46.2%
of the male and 49% of the female participants;
however it must be noted that treatment may well
have been initiated in the interim, though such
information is not recorded in the database.

Socio-economic indicators as well as lifestyle
factors such as smoking showed significant associ-
ations with the stability of a risk factor, evaluated
by logistic regression analyses to assess predictors
for remaining at high risk (Table 4). While the odds
are modest, because of the huge sample size, they
are statistically significant. Women for instance
were more likely to persist in the obesity category,
but less likely to keep elevated triglycerides, glu-
cose or gamma-gt. Blue collar and self-employed
workers were also more likely to maintain an ad-
verse risk factor profile. In general, risk factors
were more likely to persist in older individuals. This
was most pronounced in the case of elevated glu-
cose. The odds of having a glucose level greater

Table 2 Means and standard deviations of baseline risk factor values by sex and age-groups, VHM&PP 1985 to 1999

Men Women

20–44 years 45–64 years 65 years and
older

20–44 years 45–64 years 65 years and
older

Body mass index (kg/m2)a 24.6 (3.4)b 26.3 (3.5) 25.8 (3.5) 22.9 (4.1) 26.2 (4.6) 26.1 (4.4)
Systolic blood pressure (mmHg) 126.9 (15.4) 138.3 (19.8) 148.6 (21.1) 119.1 (15.5) 138.3 (21.2) 153.1 (21.6)
Diastolic blood pressure (mmHg) 79.8 (10.2) 85.0 (11.3) 84.4 (10.6) 76.1 (9.9) 84.2 (11.3) 85.4 (10.9)
Total cholesterol (mg/dl) 208.8 (45.8) 236.1 (45.8) 232.5 (45.5) 198.0 (37.5) 239.1 (45.8) 250.9 (47.3)
Triglycerides (mg/dl) 144.9 (104.0) 171.0 (115.5) 151.0 (94.1) 100.0 (55.1) 128.8 (78.1) 150.9 (85.6)
Glucose (mg/dl)c 83.8 (17.7) 94.6 (31.0) 98.5 (35.7) 82.0 (15.4) 91.7 (26.2) 98.6 (34.0)
Gamma gt (mg/dl) 21.6 (29.2) 30.3 (42.1) 26.0 (34.8) 11.25 (15.0) 17.0 (23.6) 18.5 (22.7)

% %
Regular smoking 30.2 23.7 14.7 24.7 11.5 4.2

aExcluding 2100 (1.4%) missing values within body mass index and blood pressure and 4500 (3.1%) missing values within
cholesterin, triglyceride, glucose and gamma-gt (values missing partly due to missing consent of the participants).

bMeans (standard deviations).
cExcluding measurements before introduction of fasting glucose measurement.
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than 100 mg/dl increased on average by 4% per
life-year gained. Elevated gamma-gt was more
likely to persist in smoking individuals rather than
in non-smokers. Remaining with an elevated
gamma-gt greater than 28 mg/dl was also signifi-
cantly more frequent in participants who died later
in the observation period, but otherwise the effect
of subsequent death was not consistent.

In addition to these results contrasting first and
second visits, which might be influenced by either a
regression effect to the mean or the clinical effect
of intervention, the calculated tracking coef-
ficients making use of all measurements over
repeated visits showed clearly that there are con-
siderable differences regarding the stability of risk
factor variables. As may be seen in Table 5, there
are statistically significant relationships between
baseline and subsequent measures in the case of all
variables, irrespective of the age of original examin-
ation. In the case of both men and women, relation-
ships were strongest with body mass index, followed
by gamma-gt and total cholesterol levels. Body mass
index showed tracking-coefficient values greater
than 0.8 in all age- and sex-groups. In general
relationships tended to be stronger from the age of
35 years and upwards than for the youngest cohort
group. Men and women differed most notably in the
case of gamma-gt. In this parameter, men showed
tracking coefficients between 0.70 and 0.72, much
higher than the coefficients in women (between 0.49
and 0.68). Similarly, as with the results reported in
Table 3, women showed a higher degree of tracking
for blood pressure, body mass index and cholesterol.

Tracking coefficients are categorized according
to whether individuals died or not during follow-
up in Table 6. Mortality did not have any statisti-
cally significant effects on tracking coefficients of
cardiovascular risk factors in men, but it did signifi-

cantly influence degree of tracking of systolic blood
pressure, triglyceride, glucose and gamma-gt in
women. Tracking coefficients were lower for sys-
tolic blood pressure (0.52 vs 0.58) and higher for
triglycerides (0.68 vs 0.62), glucose (0.66 vs 0.60)
and gamma-gt (0.73 vs 0.65) in women who died in
the course of the study. It may be seen however
that the magnitude of the difference in coefficients
between survivors and those who died is not
great.

Significant effects of mortality in women could
also be seen when calculating tracking coefficients
for individuals with elevated risk factors at their
initial examinations only (Table 7). What is chiefly
notable here, by contrast with the general tracking
patterns seen in Table 5, is that the tracking coef-
ficients are not as strong, whether for survivors or
not, in high risk individuals as they are for the group
as a whole. There continue to be differences in
pattern between women and men. Women who
died during follow-up tracked significantly better
for high cholesterol (greater than 250 mg/dl), high
triglyceride (greater than 200 mg/dl) and high
gamma-gt (greater than 28 mg/dl). In all three
variables, tracking was significantly higher in
women who died during follow-up.

Disease-specific patterns were also evaluated.
Deaths from cardiovascular disease revealed the
highest tracking coefficients among women: 0.47
(0.05) for cholesterol, 0.47 (0.07) for triglycerides
and 0.46 (0.1) for gamma-gt. For deaths through
stroke the coefficients were quite similar: 0.47
(0.08) for cholesterol, 0.36 (0.1) for triglycerides
and 0.46 (0.1) for gamma-gt. Cancer as cause of
death showed lower tracking with 0.42 (0.06) for
cholesterol, 0.30 (0.09) for triglyceride and 0.21
(0.14) for gamma-gt. There were no significant
disease-specific effects of mortality in men.

Table 3 Elevated risk factors by sex for individuals with at least two examinations, VHM&PP 1985 to 1999

Men Women

Elevated at 1st
examination

Still elevated at 2nd
examination

Elevated at 1st
examination

Still elevated at 2nd
examination

n % na % n % na %

Body mass index >30 kg/m2 3616 8.8 2827/3556 79.5 5595 10.3 4582/5506 83.2
Blood pressure >160/95 mmHg 4754 11.5 2157/4670 46.2 5779 10.6 2794/5703 49.0
Total cholesterol >250 mg/dl 10341 25.4 6311/10152 62.2 11958 22.6 7730/11698 66.1
Triglycerides >200 mg/dl 8894 22.0 5018/8714 57.6 4542 8.6 2220/4463 49.7
Glucose >100 mg/dlb 1992 15.4 894/1915 46.7 1872 12.2 757/1800 42.1
Gamma-gt >28 mg/dl 9280 22.8 6368/9097 70.0 3591 6.8 1980/3517 56.3

aProportion of individuals keeping the high risk factor level from the first examination at the second examination, excluding
individuals with missing values.

bExcluding non fasting glucose.
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Table 4 Factors for remaining in the high risk class at the second examination, calculated by multiple logistic regression analyses, VHM&PP 1985 to 1999

Body mass index Blood pressure Total cholesterol Triglycerides Glucose Gamma-gt
>30 kg/m2 >160/95 mmHg >250 mg/dl >200 mg/dl >100 mg/dl >28 mg/dl
n=5362a n=10113 n=21271 n=12885 n=3584 n=12355
Odds Ratio (95% CI), Sig.b Odds Ratio (95% CI), Sig. Odds Ratio (95% CI), Sig. Odds Ratio (95% CI), Sig. Odds Ratio (95% CI), Sig. Odds Ratio (95% CI), Sig.

Age (per year) 0.99 (0.99–1.01). p=0.1 1.02 (1.01–1.03). p<0.001 1.02 (1.01–1.03). p<0.001 1.01 (1.01–1.02). p<0.001 1.04 (1.03–1.05). p<0.001 1.02 (1.01–1.03). p=0.001
Female vs male gender 1.28 (1.15–1.43). p<0.001 1.01 (0.92–1.09). p=0.92 1.07 (1.01–1.14). p=0.03 0.69 (0.64–0.75). p<0.001 0.77 (0.67–0.88). p<0.001 0.53 (0.49–0.58). p<0.001
Blue vs white collar 1.11 (0.99–1.24). p=0.07 1.04 (0.95–1.13). p=0.41 1.04 (0.98–1.11). p=0.18 1.09 (1.01–1.18). p=0.02 1.29 (1.12–1.49). p<0.001 1.13 (1.04–1.23). p=0.004
Self empl. vs white collar 1.21 (0.97–1.50). p=0.09 1.08 (0.93–1.26). p=0.32 1.00 (0.90–1.11). p=0.92 1.08 (0.95–1.22). p=0.26 0.92 (0.70–1.19). p=0.51 1.02 (0.89–1.17). p=0.764
Non- vs Austrian origin Not in the final model Not in the final model 0.75 (0.60–0.93). p=0.01 Not in the final model Not in the final model 0.69 (0.53–0.89). p=0.004
Smoker vs non-smoker Not in the final model 0.91 (0.81–1.01), p=0.08 Not in the final model 1.25 (1.15–1.35), p<0.001 1.10 (0.93–1.31), p=0.28 1.16 (1.06–1.26), p=0.001
Months from baselinec Not in the final model Not in the final model 1.01 (1.00-1.02), p=0.09 0.98 (0.97-0.99), p=0.001 1.00 (0.99-1.01), p=0.44 0.98 (0.97-0.99), p<0.001
Year of baseline examc Not in the final model Not in the final model 1.00 (0.99–1.01), p=0.88 Not in the final model 1.09 (1.05–1.13), p<0.001 0.98 (0.97–0.99), p<0.001
Death 0.85 (0.67–1.08), p=0.188 Not in the final model Not in the final model Not in the final model 1.18 (0.69–2.02), p=0.54 1.31 (1.10–1.58), p=0.003

aOnly participants who were ‘at risk’ at the first examination and who had a second examination qualified for these analyses.
bCalculated by multiple logistic regression analyses with ‘remaining at risk (yes/no)’ as dependent variable. An Odds Ratio greater than 1 expresses a higher chance to remain in the

high risk factor class.
cThe results of the logistic regression analyses were adjusted for the time between the initial and the second examination as well as for the year of the initial examination, as

appropriate.
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Discussion

Confirmation of tracking patterns
This analysis confirms the significant tendency for
risk factors in adults to track over time, utilising the
method described previously by Twisk et al.4 and
employed also in the analysis of the Tromso study.2

The strength of this particular analysis is the scale
of the database available, which allows for a more
precise estimate of this effect than was possible in
previous studies, particularly among women where
the question has been less well studied to date. It is

clear that there is a strong consistent effect over
time, particularly for body mass index. Most studies
of tracking have mainly concerned children.5–9 Only
a few studies have to date reported tracking coef-
ficients in adults. The results of the comparable,
though smaller-scale Tromso Study, were based on
the analysis of non fasting blood samples whereas
the present results are solely based on fasting blood
samples. Triglycerides showed considerably lower
tracking coefficients (between 0.3 and 0.49 in men
and 0.33 and 0.51 in women) in comparison to the
present study. However, with the exception of

Table 5 Tracking coefficients for cardiovascular risk factors and gamma-gt, by age at baseline and sex, VHM&PP 1985 to 1999

Men n=36760a

Baseline age-groups
Systolic bp. Diastolic bp. Body mass index Cholesterol Triglycerides Glucoseb Gamma-gt

25–34 years 0.39 (0.01)c 0.35 (0.01) 0.85 (0.02) 0.66 (0.01) 0.56 (0.01) 0.37 (0.03) 0.70 (0.01)
35–44 years 0.41 (0.01) 0.36 (0.01) 0.88 (0.01) 0.65 (0.01) 0.58 (0.01) 0.51 (0.03) 0.72 (0.01)
45–54 years 0.46 (0.01) 0.39 (0.01) 0.88 (0.01) 0.63 (0.01) 0.59 (0.01) 0.63 (0.03) 0.72 (0.01)
55–64 years 0.47 (0.01) 0.37 (0.01) 0.87 (0.01) 0.63 (0.01) 0.61 (0.01) 0.64 (0.04) 0.72 (0.01)
65 years and older 0.46 (0.02) 0.37 (0.02) 0.89 (0.01) 0.66 (0.02) 0.60 (0.01) 0.67 (0.04) 0.71 (0.02)
25 years and older 0.52 (0.004) 0.39 (0.004) 0.87 (0.005) 0.66 (0.005) 0.62 (0.004) 0.60 (0.02) 0.72 (0.005)

Women n=46638
Systolic bp. Diastolic bp. Body mass index Cholesterol Triglycerides Glucose Gamma-gt

25–34 years 0.36 (0.01) 0.32 (0.01) 0.85 (0.01) 0.61 (0.01) 0.47 (0.01) 0.35 (0.02) 0.49 (0.01)
35–44 years 0.42 (0.01) 0.37 (0.01) 0.88 (0.01) 0.62 (0.01) 0.55 (0.01) 0.47 (0.02) 0.61 (0.01)
45–54 years 0.46 (0.01) 0.39 (0.01) 0.89 (0.01) 0.63 (0.01) 0.59 (0.01) 0.58 (0.03) 0.65 (0.01)
55–64 years 0.45 (0.01) 0.37 (0.01) 0.89 (0.01) 0.61 (0.01) 0.63 (0.01) 0.68 (0.04) 0.68 (0.01)
65 years and older 0.42 (0.01) 0.36 (0.01) 0.88 (0.01) 0.66 (0.01) 0.63 (0.01) 0.72 (0.03) 0.68 (0.01)
25 years and older 0.59 (0.004) 0.43 (0.004) 0.89 (0.003) 0.69 (0.004) 0.63 (0.004) 0.60 (0.015) 0.65 (0.005)

aOnly participants with at least two examinations qualified for this analyses.
bCalculated for measurements after 1989 (introduction of fasting glucose measurements).
cTracking coefficients (standard errors), estimated as standardized regression coefficients of the baseline measurement through

GEE models. Adjusted for age, smoking, body-mass-index and days from baseline, as appropriate. Triglycerides, glucose and
gamma-gt were transformed logarithmically.

Table 6 Tracking coefficients in men and women 25 years and older, by survivorship, VHM&PP 1985 to 1999

Men Women

Survived Died during follow-up Survived Died during follow-up
n=35189a n=1571 n=45277 n=1361

Body mass index 0.87 (0.005)b 0.88 (0.04) 0.89 (0.003) 0.88 (0.03)
Systolic blood pressure 0.51 (0.004) 0.52 (0.02) 0.58 (0.004) 0.52 (0.02)c

Diastolic blood pressure 0.39 (0.005) 0.41 (0.02) 0.43 (0.004) 0.41 (0.03)
Total cholesterol 0.66 (0.005) 0.66 (0.02) 0.70 (0.004) 0.70 (0.02)
Triglycerides 0.62 (0.004) 0.62 (0.02) 0.62 (0.004) 0.68 (0.02)c

Glucose 0.60 (0.02) 0.60 (0.09) 0.60 (0.015) 0.66 (0.068)
Gamma-gt 0.72 (0.005) 0.74 (0.02) 0.65 (0.005) 0.73 (0.02)c

aParticipants with at least two measurements excluding missing values.
bTracking coefficients (standard errors), estimated as standardized regression coefficients of the baseline measurement through

GEE models. Adjusted for age, smoking, body-mass-index and days from baseline, as appropriate. Triglycerides, glucose and
gamma-gt were transformed logarithmically. Models were calculated separately for the four subgroups.

cDifferences are statistically significant (p<0.05) for systolic blood pressure, trygliceride and gamma-gt in women.
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triglycerides, as might be expected for this reason,
the order of tracking was the same, body mass
index showed the highest degree of tracking, fol-
lowed by cholesterol levels and blood pressure. The
findings for cholesterol from the Framingham
Study20 are also in agreement with the present
results, indicating tracking coefficients for total
cholesterol of 0.69 in men and 0.61 in women. The
Dormont High School Study (mean baseline age 34
years) reported coefficients of 0.38, 0.44, and 0.88
for systolic blood pressure, diastolic blood pressure
and body mass index in men and 0.54, 0.54 and 0.81
in women.21 We may reasonably therefore conclude
that tracking occurs in adults as well as children,
most especially in relation to body mass index.
While conventional risk prediction scores may not
necessarily take this explicitly into account, it
should be considered by clinicians in assessing the
feasibility of a given individual making successful
efforts to modify risk.

Potential study limitations

There are some limitations to the VHM&PP to be
mentioned, primarily due to the mechanism of re-
cruiting the participants into the study. Although
the sample is very large and covers a substantial
part of the whole population of the region and
hence is likely to be representative, it is still a
self-selected sample. There were differences re-
garding the participation of women and men. Par-
ticipation of women was higher and more equally

distributed across the age-span, whereas partici-
pation of men was less frequent in the youngest and
oldest age groups. In addition, there are varying
numbers of examinations at different time-points
taken by the participants. There were of course
individuals with elevated risk factors at their initial
examinations who did not return for a second visit,
whose outcome is therefore, not considered here,
since our primary focus was on the impact of track-
ing so that only those who returned for further
follow-up have available data.

Another limitation concerns medication of the
individuals at risk. Since the recording of medi-
cation data was not available, no analyses on the
influences of treatment on tracking could be per-
formed. We do know, however, from the standard
protocol employed by the physicians that frequency
of recall is influenced by level of risk factor
detected since this is a well-established primary
care treatment programme. We may therefore,
infer that those with elevated risk factors were
likely to have received treatment, which may
explain why levels of blood pressure and glucose
were less likely to track for instance and also why
the high-risk individuals were generally less consist-
ent trackers. Persons who were treated for hyper-
tension and for hypercholesteraemia were not
excluded from the analyses. This should not be
treated as a drawback at a clinical practice level
however, since it offers a useful reflection on
real life situations for practitioners. It should be

Table 7 Tracking coefficients for men and women with elevated risk factors at initial examination, by survivorship, VHM&PP 1985
to 1999

Men Women

Survived Died during follow-up Survived Died during follow-up

Body mass index >30 kg/m2 0.58 (0.01)a 0.62 (0.04) 0.55 (0.01) 0.56 (0.06)
n=3124b n=205 n=4779 n=225

Blood pressure >160/95 mmHg
Systolic blood pressure 0.33 (0.01) 0.29 (0.04) 0.28 (0.01) 0.23 (0.05)
Diastolic blood pressure 0.26 (0.01) 0.30 (0.05) 0.28 (0.01) 0.33 (0.04)

n=4112 n=382 n=5151 n=421
Total cholesterol >250 mg/dl 0.31 (0.01) 0.33 (0.04) 0.31 (0.01) 0.38 (0.03)c

n=8812 n=516 n=9984 n=574
Triglycerides >200 mg/dl 0.27 (0.01) 0.24 (0.05) 0.26 (0.01) 0.40 (0.05)c

n=7524 n=375 n=3820 n=285
Glucose >100 mg/dlc 0.45 (0.02) 0.38 (0.12) 0.53 (0.02) 0.64 (0.09)

n=2121 n=70 n=2116 n=42
Gamma-gt >28 mg/dl 0.37 (0.01) 0.43 (0.04) 0.18 (0.02) 0.35 (0.07)c

n=7487 n=427 n=2905 n=181

aTracking coefficients (standard errors), estimated as standardized regression coefficients of the baseline measurement through
GEE models. Adjusted for age, smoking, body-mass-index and days from baseline, as appropriate. Triglycerides, glucose and
gamma-gt were transformed logarithmically. Models were calculated separately for the four subgroups.

bParticipants with elevated risk factor at initial visit and with at least two measurements, excluding missing values.
cDifferences regarding mortality are statistically significant (p<0.05) only in women, for cholesterol, trygliceride and gamma-gt.
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noted in this context that in the Tromso study,
where treatment status was known, there was no
appreciable effect on the tracking patterns.2

Clinical implications for risk factor
modification

The contribution of tracking has important impli-
cations for intervention programmes. It can be
brought to the attention of individuals as part of
risk factor modification counselling that a tendency
identified even when relatively young is likely to
persist, particularly in the case of overweight and
obesity. Given the epidemic proportions of obesity
worldwide22 it is important to be aware that indi-
viduals will have inherent difficulty in altering their
relative rank order in respect of body weight, a
well-established clinical fact in obesity clinics
which is underlined systematically here. This sug-
gests that public health strategies that shift the
population average in the appropriate direction
from the earliest age might in the long-term be
more successful than individual-level strategies
that target high risk individuals after clinically sig-
nificant overweight has been established.23 Inter-
vention is most likely to be effective the younger
the age of the individuals, based on these findings.

Our data are also interesting in assessing the
influence of socio-demographic factors on this phe-
nomenon as it is now well established that social
variations have an important influence on patterns
of heart disease.22 We demonstrate for instance
that those in less affluent groups are more likely to
sustain high risk status, in keeping with what we
know about the likely differential effectiveness of
health promotion interventions according to social
class23 The results of this study further suggest that
particular attention needs to be paid to those who
continue to smoke, for the same reason. Since
there can be no physiological basis for these
differences it does suggest scope for successful
modification in risk if sufficient support is provided.

The differences identified between men and
women are seen to be of increasing clinical impor-
tance, given the general ageing profile of western
populations. It has long been established that in the
post-menopausal period, women's risk factor pro-
files for cardiovascular disease deteriorate, though
the reasons for this are controversial.24,25 What is
interesting in the present study is the degree to
which the patterns among the older men and
women diverge, though both share the expected
rise in systolic blood pressure and glucose levels.
Moreover, the tracking patterns differ among
men and women too, suggesting that consider-

ation of this fact should be taken account of in
likely strategies for risk factor treatment and
intervention.

The significance for long-term prognosis is more
difficult to interpret. Are people who track more
likely to die than those who do not and are high-risk
individuals who track at more or less risk than those
who do not? Comparable previous studies also did
not address a possible survivor effect. In most of
these studies participants were too young and the
sample sizes were too small to address this issue.
To our knowledge, no previous study has reported
the association between tracking and mortality in
adults. From the findings in this study there seems
little effect on mortality of tracking per se, in men,
but some effect in women, though the magnitude
of the effect is small. Since individuals are tracking
at all levels of risk one might not expect much
effect on mortality per se from tracking and this
seems to be the case here. However that fact that
in women there is a more marked tracking effect
for triglyceride and gamma-gt levels in relation to
mortality and that this is more pronounced among
high risk women for total cholesterol as well, sug-
gests that prolonged high risk exposure is impor-
tant. Given that we know risk factor levels tended
to dip in older men but continued to rise in older
women, the implications are that risk factor modi-
fication might well be beneficial in the latter
group, though this has been controversial in the
past.1

In conclusion, this very large scale population
based clinical intervention programme affords a
detailed examination of risk factor profiles over
long-term follow up, confirms the importance of
risk factor tracking as a phenomenon in adults,
highlights differences between men and women
that merit further study and affords an opportunity
to examine for the first time the effect on all cause
and disease specific mortality.
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