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Objectives. It is well established that morbidity and

mortality patterns in cardiovascular diseases vary

strongly over time, yet the determinants of such

trends remain poorly understood. To assess the poten-

tial contribution of secular or cross-generation pat-

terns, we evaluated birth cohort-related trends across

the 20th century of risk factors in a large database of

Austrian men and women.

Subjects and setting. Trends in risk factors were inves-

tigated for 1 81 350 adults aged 20–79 years born

between 1905 and 1975 undergoing 6 98 954 health

examinations between 1985 and 2005 as participants

of the Vorarlberg Health Monitoring and Promotion

Programme.

Results. There was clear evidence of cohort-related

shifts in all risk factors. Total serum cholesterol and tri-

glyceride declined markedly, particularly in the young-

est cohorts, as did systolic and diastolic blood pressure

in both men and women. By contrast, fasting glucose

showed a strong rising tendency in both sexes and at

all ages, most markedly in young males. Average glu-

cose levels were between 4 and 15 mg dL)1 higher in

individuals at the same age born 20 years later. In

males, body weight expressed in kg m)2 (body mass

index) was increasing as well; however, in women,

patterns were most marked at the 90th percentile.

Conclusion. These findings provide strong evidence of

population wide secular shifts and suggest that in

addition to period influences, most probably through

treatment intervention and lifestyle change, determi-

nants across the life-course are programming shifts

from childhood onwards.
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Introduction

The cardiovascular diseases (CVD), stroke, coronary

heart disease (CHD) and related conditions diabetes

mellitus and obesity, dominate the global health

agenda. Whilst prevalent for decades in the developed

world, their incidence is escalating in developing

countries [1]. The application recently of a case–con-

trol model by Yusuf et al. [2] has re-enforced the

importance across five continents of the cardinal risk
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factors, smoking, blood pressure and lipoprotein pro-

file but sheds little light on the longer-term determi-

nants of such proximal risk factor profiles. It is well

established that mortality patterns in CHD and stroke

can vary, often dramatically, between countries and

over time, yet the reasons remain unclear [3, 4]. The

degree to which trends in mortality are explained by

falling or rising incidence, by successful clinical inter-

vention, or a combination of both, continues to be

both topical and indeed controversial [5–7]. In the last

decade, several lines of enquiry have deepened our

understanding of how and why such variability

occurs. It is more than ever important to understand

trends across successive generations as we now know

that factors across the life-course may programme risk

factor profiles into adult life. Work by Barker [8] and

others has established that programming of blood

pressure and lipoprotein profile can be determined

in utero and in the early childhood years and such

risk factor patterns are also known to track across the

life-course [9]. Accordingly trends in CHD and stroke

may be set decades before the conditions become

manifest in late adult life and may vary considerably

across generations [10, 11].

A major shortcoming has been the lack of widespread

population surveillance data, particularly on a scale

that can distinguish secular or cross-generation pat-

terns. The international MONICA surveillance system

confirmed definitively considerable between-country

variation in risk factor profiles and the relative influ-

ence of short-term risk factor shifts on outcome but

again can tell us little of secular trends because coun-

try level samples are relatively modest in size and the

observation period relatively short [12]. Models to

predict mortality at individual or population level

derived for instance from the Framingham Study

become rapidly dated [13]. Several analyses indicate

that average blood pressure and cholesterol levels

may be falling in some countries [10, 14–18]. Con-

versely, it is an issue of international concern that

body mass index (BMI) and obesity are rising, partic-

ularly amongst young people [19]. Few datasets have

the power to demonstrate definitively secular or birth

cohort trends as well as period influences across an

entire population. Our objective was to examine the

trends in risk factors across 20 years of monitoring in

the Vorarlberg Health Monitoring and Promotion Pro-

gramme (VHM&PP), containing nearly 7 00 000

observation points and hence affording the opportun-

ity in a very large longitudinal database to examine

trends in risk factors over a century with participation

of successive cohorts born from the beginning of the

20th century.

Methods

Study population and measurements

The VHM&PP is a population-based risk factor sur-

veillance programme in Vorarlberg, the westernmost

province of Austria. It is routinely performed by the

Agency for Social and Preventive Medicine and

addresses all adults of the entire province. From its

outset in 1985, this ongoing extensive risk factor sur-

veillance and treatment referral programme have com-

prised medical examinations of more than two-thirds

of the entire population of this province. All adults of

the regions were invited annually to participate by a

combination of different measures such as written

invitations, television, radio and newspaper reports,

but participation remains voluntary and in that sense

self-selected. A total of 1 81 350 individuals, 83 788

men (46.2%) and 97 562 women (53.8%) between

the ages of 20 and 79 years, participated in the

VHM&PP between 1985 and 2005 and were included

into this study. Relative to the population numbers

measured at the national Census in 1991 (Statistik

Austria), 73.7% of all men and 84.0% of all women

underwent at least one examination during the study

period. Mean age of participants at first examination

was 41 years in both men and women. Regarding

work status, 53.7% of the participants were classified

as white collar, 37.1% as blue collar and 9.2% as

self-employed. Housewives were classified according

to their husbands’ jobs, students according to their

fathers or mothers’ job, pensioners according to their

previous work status. The vast majority were of Aus-

trian origin, although migrant workers were also

included. Non-Austrian origin is <10%. During the

study period, men underwent 3 02 220 (43.2%) and

women 3 96 734 examinations (56.8%), a total of
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6 98 954 in all. The participants underwent unequal

numbers of repeated examinations, ranging from 1 to

21 examination visits. More than half of the partici-

pants (52.2%) had three or more examinations. Per-

formed examinations varied from 22 130 to 42 933

per year. Re-examinations were voluntary as well.

People were motivated to return through an organized

recall system based on the written re-invitations.

Year-wise participation rates were similar from age 30

to age 79 and were highest between 50 and 59 years

of age. In males, annual participation rates increased

almost linearly from 12.2% in 1985 to 20.4% in 2004

and fell in 2005. In females, rates increased from

17.5% to 23.4%. Annual participation rates were con-

siderably smaller in the youngest age-group. Between

20 and 29 years of age, male participation varied

from 5.5% to 6.9%, female participation from 7.5%

to 11.5% without a clear trend over the time period.

Details of the programme methodology and character-

istics of the study population have been described

previously [9, 20–21]. All examinations were per-

formed in a standardized manner by trained general

practitioners and internists and included a physical

examination and the recording of socio-demographic

information. The physical examination included a

fasting blood sample and measurement of height,

weight, blood pressure, total cholesterol, triglyceride,

gamma-glutamyltransferase (GGT) and blood glucose.

Two central laboratories that underwent regular inter-

nal and external quality procedures performed serum

measurements. Measurements were made on fasting

blood samples. Data show a high degree of complete-

ness; however, there were up to 0.8% missing values

within the recorded measurements. Fasting glucose

was only determined from 1989 to 2005 and GGT

measured at 25 �C from 1985 to 2002. Informed con-

sent to store and process the data was obtained from

all participants at each examination visit. Institutional

review board approval was obtained by the research

ethics committee of Innsbruck Medical University and

the ethics committee of the province of Vorarlberg.

Statistical analysis

Data were categorized in 10-year bands according

to year of birth (ranging from 1905 to 1984) and

chronological age (from 20 to 79 years). Risk factor

levels were estimated by using General Estimating

Equation (GEE) population-averaged models to take

account of the correlations amongst repeated observa-

tions on the same participants [22]. GEE models

allow unequal numbers of repeated measurements and

unequal time intervals between measurements. GGT

and triglycerides were logarithmically transformed to

utilize this parametric analytic technique. All models

were calculated separately for men and women and

for the different birth cohorts to prevent the so called

identification problem in age-period cohort models,

caused by the dependencies of the variables age,

cohort and period. The model used can be formulated

as follows:

Riskfactorx ¼ b0 + b1 (age) + b2(age
2) + b3 (year of

examination) + b4 (number of visits) + b5 (age x

number of visits) + b6 (job status) where riskfactorx is

the measurement instance for any given risk factor for

a subject. Interactions were only included when statis-

tically significant. Risk factor levels estimated in this

way were adjusted for age, period (year of visit),

number of visits, work status and their interactions as

appropriate. Group means were thus predicted by the

model and reported for each individual cohort by age

category, assuming middle age of the age group.

Because of the large sample size, SE and confidence

intervals for the estimated means were very small and

therefore in the interests of clarity of presentation

these are not reported in the tables. Because of the

fact that we have constructed separate models for

each cohort to account for the identification problem

in this type of analysis, direct statistical comparison

of trends between cohorts is inappropriate, so we did

not show any P-values.

To illustrate changes in the dispersion of each of the

risk factor measures across age for each birth cohort,

we plotted unconditional quantile curves for the 10th,

50th and 90th percentiles. We estimated these curves

by quantile regression based on the quadratic B-spline

expansions [23]. This is a flexible approach to estima-

ting quantile curves: estimates are not constrained by

an underlying global model, but are determined inde-

pendently and hence are able to reflect unusual
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features of the data. However estimates may be unsta-

ble where data are sparse. Estimation of quantile

curves were based on the first examination of each par-

ticipant only. stata 9.0 (StataCorp, College Station,

TX, USA) and the R package quantreg [24] were used

to perform the calculations. All analyses were per-

formed separately for men and women.

Results

Table 1 shows the number of participants together with

the number of medical examinations across the differ-

ent cohort and age groups. Sample sizes were smaller

in the highest age groups. Numbers of examination

visits recorded peaked in the age group 40–49 years.

Tables 2 and 3 show the cross-tabulated estimations

of the average risk factor levels in relation to cohort

and age groups. The expected relationship with age,

the horizontal direction, is clear in each cohort. Mean

levels of all risk factors tend to rise, although only

systolic blood pressure and glucose increased beyond

the age of 70 and over, all other risk factors tended to

plateau in the middle-age period between 50 and

70 years.

The vertical axis demonstrates the secular patterns.

This shows steadily decreasing levels, particularly in

more recently born cohorts, in both men and women

of serum total cholesterol and triglyceride, systolic

and diastolic blood pressure, except the age group of

70–79 years. For instance, the female cohort born

between 1925 and 1934 demonstrates the expected

rise in systolic blood pressure between the ages of 50

and 70 years of over 7 mmHg, but in fact has an

average blood pressure at 70 years that is almost

Table 1 Number of participants and medical examinations, tabulated for selected ages by birth cohorts

Birth cohorts

Age groups

Total number20–29 30–39 40–49 50–59 60–69 70–79

Males

1905–1914 1449 (3191) 1449 (3191)

1915–1924 2790 (6560) 1016 (8608) 3806 (15168)

1925–1934 5627 (11438) 3170 (23435) 604 (11220) 9401 (46093)

1935–1944 7605 (14269) 5274 (31771) 1346 (20725) 1 (35) 14226 (66800)

1945–1954 7463 (12998) 6212 (30266) 2070 (21531) 3 (64) 15748 (64859)

1955–1964 7666 (11517) 9218 (31855) 2894 (21387) 11 (69) 19789 (64828)

1965–1974 10506 (17924) 4979 (17990) 12 (71) 15497 (35985)

1975–1984 3861 (5264) 11 (32) 3872 (5296)

Total number 22033 (34705) 21671 (62875) 16723 (65993) 12982 (64809) 7309 (50784) 3070 (23054) 83788 (302220)

Females

1905–1914 2579 (5491) 2579 (5491)

1915–1924 4802 (11239) 1774 (14871) 6576 (26110)

1925–1934 6959 (15603) 3552 (30798) 665 (14850) 11176 (61251)

1935–1944 9101 (18901) 5143 (41596) 1066 (23290) 1 (50) 15311 (83837)

1945–1954 9044 (17233) 6227 (38849) 1766 (24378) 3 (63) 17040 (80523)

1955–1964 9691 (15954) 8974 (40192) 2514 (24543) 10 (69) 21189 (80758)

1965–1974 13642 (27539) 4506 (22474) 10 (77) 18158 (50090)

1975–1984 5521 (8637) 12 (37) 5533 (8674)

Total number 28854 (52130) 22536 (79936) 17852 (82370) 13878 (81646) 9423 (65390) 5019 (35262) 97562 (396734)

Data represent numbers of participants for each cohort (number of medical examinations). Medical examinations are separately grouped by birth
cohorts and age groups and do not necessarily match with participants.
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7 mmHg lower than the cohort born 20 years earlier

between 1905 and 1914. Similarly, the cohort born in

1955–1964 shows an average rise of over 5 mmHG

in systolic blood pressure between the ages of 20 and

40 years, but this is more than 7 mmHg lower com-

pared with those born in 1935–1944. Up to the age of

60 years, average GGT levels are clearly falling as

well. Over the age of 60, there is a marked upward

trend in males. Fasting glucose showed a strong rising

tendency over both sexes and all age groups. Average

glucose levels were between 4 and 15 mg dL)1

higher in individuals at the same age born 20 years

later. In males, body weight expressed in kg m)2

(BMI) was increasing as well; however, in females,

the secular pattern is less clear. Smoking showed a

heterogeneous pattern, as demonstrated in Table 4,

with rates tending to fall in most male groups, but

higher prevalence amongst younger-born generations

of women.

In Figs 1–3, the 10th, 50th and 90th percentile dis-

tributions of selected risk factors are presented; In

women, the increase across cohorts in BMI increase

seems to be confined to the highest end of the dis-

Table 2 Estimated means for body mass index (BMI) and blood pressure, tabulated for selected ages by birth cohorts

Birth cohorts

Males (n ¼ 83788) age groups Females (n ¼ 97562) age groups

20–29 30–39 40–49 50–59 60–69 70–79 20–29 30–39 40–49 50–59 60–69 70–79

BMI (kg m)2)

1905–1914 25.4 25.6

1915–1924 26.1 26.0 26.3 26.1

1925–1934 26.3 26.6 26.7 26.2 26.8 26.9

1935–1944 26.0 26.6 27.1 25.0 26.1 26.9

1945–1954 25.2 26.1 26.8 23.7 25.0 26.2

1955–1964 23.9 25.2 26.1 22.0 23.3 24.6

1965–1974 24.0 25.4 22.2 23.2

1975–1984 24.3 22.4

Systolic blood pressure (mmHg)

1905–1914 148.8 153.8

1915–1924 145.2 148.1 148.4 150.7

1925–1934 139.0 143.5 145.0 139.7 145.4 147.0

1935–1944 132.2 137.4 140.5 129.3 136.3 141.0

1945–1954 127.4 130.3 134.3 120.6 126.1 131.8

1955–1964 125.7 126.2 128.1 116.6 118.0 121.9

1965–1974 124.5 125.5 115.3 115.4

1975–1984 123.9 114.5

Diastolic blood pressure (mmHg)

1905–1914 83.1 84.1

1915–1924 84.6 83.8 85.1 84.5

1925–1934 84.9 84.5 83.5 84.6 85.2 83.8

1935–1944 83.6 84.9 84.2 81.3 83.7 83.9

1945–1954 80.7 82.8 83.7 77.2 79.9 81.6

1955–1964 78.4 80.2 81.5 74.7 75.9 77.5

1965–1974 77.8 79.1 73.8 73.9

1975–1984 76.9 72.6

Estimated means by cohort-stratified General Estimating Equation population-averaged models, adjusting for age, working status, year of
examinations, number of visits and interactions.
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tribution, that is the 90th percentile, consistent with

an increase in obesity but not in overweight gener-

ally. Men, by contrast, show shifts in all three per-

centiles. The rise in glucose is also consistent

across the three percentiles, is most marked in the

median and 5th percentiles and in the youngest

Table 3 Estimated means of laboratory values, tabulated for selected ages by birth cohorts

Birth cohorts

Males (n ¼ 83788) age groups Females (n ¼ 97562) age groups

20–29 30–39 40–49 50–59 60–69 70–79 20–29 30–39 40–49 50–59 60–69 70–79

Cholesterol (mg dL)1)

1905–1914 230 263

1915–1924 235 225 252 251

1925–1934 237 232 216 240 242 240

1935–1944 233 233 222 226 231 233

1945–1954 220 228 223 209 218 223

1955–1964 199 216 219 190 203 211

1965–1974 192 206 186 198

1975–1984 179 183

Triglycerides (mg dL)1)

1905–1914 127 137

1915–1924 135 120 130 124

1925–1934 140 129 116 117 120 116

1935–1944 143 135 126 98 110 114

1945–1954 134 136 132 89 94 103

1955–1964 111 122 128 89 85 86

1965–1974 103 112 86 77

1975–1984 96 83

Glucose (mg dL)1)

1905–1914 86.7 94.9

1915–1924 90.2 96.1 91.1 97.5

1925–1934 87.3 95.1 102.0 87.5 93.5 100.3

1935–1944 83.8 94.1 100.9 84.3 90.2 96.7

1945–1954 80.5 90.1 99.1 81.4 86.7 93.0

1955–1964 77.9 85.7 93.0 78.6 83.4 89.2

1965–1974 82.5 89.6 80.4 85.8

1975–1984 92.1 82.8

Gamma-glutamyltransferase (GGT) (U/L)

1905–1914 18.0 14.3

1915–1924 19.3 17.7 13.8 13.3

1925–1934 20.7 19.2 18.6 13.0 13.0 13.3

1935–1944 20.7 20.1 20.0 11.2 12.2 13.4

1945–1954 18.2 19.2 20.0 9.2 10.3 12.0

1955–1964 14.4 16.4 18.6 8.9 9.1 9.8

1965–1974 13.1 15.4 8.3 9.0

1975–1984 13.8 8.7

Estimated means by cohort-stratified General Estimating Equation (GEE) population-averaged models, adjusting for age, working status, year
of examinations, number of visits and interactions. Triglycerides and GGT were transformed logarithmically for calculating the GEE models,
estimated means thus obtained are geometric means.
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cohorts. The secular trends downwards for choles-

terol (Fig. 3) and blood pressure (data not shown)

are right across the distribution in the case of both

men and women. Furthermore, the rate of rise in

blood pressure with age seems to be slowing

slightly across younger cohorts.

Table 4 Number of regular smokers, tabulated for selected ages by birth cohorts

Birth cohorts

Age groups

20–29 30–39 40–49 50–59 60–69 70–79

Males (n ¼ 83788)

1905–1914 1449 (14.4%)

1915–1924 2790 (20.3%) 1016 (11.7%)

1925–1934 5627 (26.7%) 3170 (19.3%) 604 (8.3%)

1935–1944 7605 (29.4%) 5274 (24.5%) 1346 (14.4%)

1945–1954 7463 (37.5%) 6212 (32.2%) 2070 (24.9%)

1955–1964 7666 (41.1%) 9218 (34.0%) 2894 (24.9%)

1965–1974 10506 (32.8%) 4979 (25.4%)

1975–1984 3861 (28.7%)

Females (n ¼ 97562)

1905–1914 2579 (2.7%)

1915–1924 4802 (7.5%) 1774 (3.8%)

1925–1934 6959 (11.0%) 3552 (7.6%) 665 (4.5%)

1935–1944 9101 (19.7%) 5143 (13.2%) 1066 (8.5%)

1945–1954 9044 (28.7%) 6227 (22.7%) 1766 (14.3%)

1955–1964 9691 (36.0%) 8974 (27.7%) 2514 (19.9%)

1965–1974 13642 (28.4%) 4506 (18.8%)

1975–1984 5521 (22.9%)

Data represent the number of regular smokers (>1 cigarette per day) for each cohort (%).

Fig. 1 Estimated percentile curves (10th, 50th and 90th) for body mass index (kg m)2) by sex, age and birth cohorts.
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Discussion

In this study, we demonstrate in a large and comprehen-

sive longitudinal dataset, in which we could construct

eight cohort groups for both sexes, clear secular trends

for all the measured cardiovascular risk factors. During

the 20 year observational period across all age bands,

there were downwards declines in blood pressure,

serum triglyceride and total cholesterol level, of GGT,

recently recognized as an independent predictor of

oxidative stress in diabetes and atherosclerosis [21, 25],

a steady rise in blood glucose, most marked in youngest

men and less dramatic but nonetheless significant rises

in BMI, particularly amongst the older groups of men.

Fig. 3 Estimated percentile curves (10th, 50th and 90th) for cholesterol (mg dL)1) by sex, age and birth cohorts.

Fig. 2 Estimated percentile curves (10th, 50th and 90th) for glucose (mg dL)1) by sex, age and birth cohorts.
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One of the key epidemiological observations about

many cardiovascular risk factors is that they tend to

rise with age, hence the accumulated risk across mid-

dle and later life that translates into actual event out-

comes. This study demonstrates that, as well as that

expected rise with age, the secular trends between

cohorts are of a comparable magnitude. This is a very

important finding that deserves widespread recogni-

tion by policymakers and those concerned with health

promotion and disease prevention. If the downwards

secular trend of for instance total serum cholesterol or

blood pressure in effect counters the impact of the

age-related rise in risk, then for more recently born

cohorts one would expect to see downwards trends in

age-specific CHD and ischaemic stroke mortality.

Conversely, rates of obesity and diabetes will rise

because of upward shifts in serum glucose and BMI,

particularly with increased life expectancy. The find-

ings of this age-period cohort analysis are consistent

with the clinical shift to a caseload characterized by

heart failure and metabolic syndrome rather than the

aggressive hypertensive and thrombotic disease of the

past [3, 4, 10].

There are interesting age or sex differences. Average

cholesterol level is falling over time in both men and

women, but within cohorts middle aged men have

higher average levels than older men whereas women’s

cholesterol levels plateau at a later age. Both men and

women are taller than in the past (between 3 and 5 cm

in these data); however, the weight gain in men is relat-

ively higher than in women and therefore the BMI pat-

tern is less marked in women than in men. In both

sexes, the shift is most marked in the highest percentile.

Obesity in Austria is not as yet a major issue in the

youngest respondents. Data from the international 2002

World Health Organization Health Behaviours in

School-Going Children study suggest some of the most

active adolescents in Europe, a situation that may lend

some relative protection from the global pattern of

childhood obesity [26]. The global obesity epidemic

almost certainly also has a strong period component,

with the most susceptible adults consuming too much

in a situation of net energy imbalance [19]. If this

phenomenon can be observed in a country of middle-

ranking risk of CVD [27] where high levels of physical

fitness are the norm, such as Austria, there is a salutary

message for what lies ahead globally in relation to the

diabetes epidemic.

These findings have implications also for the debate

about the extent to which individual lifestyle change or

treatment intervention contributes to observed declines

in incidence or mortality [4, 7]. Recent models that

attempt to quantify this contribution use estimates

based on the available population risk factor surveil-

lance, and make assumptions about the impact of rand-

omized-controlled trial evidence on treatment benefit

[5, 6]. For instance, the impact model [6] suggests

about 60% of the decline in mortality is attributable to

lifestyle change and 40% to treatment. Such models

assume that best practice from the literature is widely

available in patient care. However, there are no meas-

ures of compliance in the general population and few

health care systems document comprehensively such

information in relation to care outcomes [28]. Secular

declines across the population distribution such as we

show in this analysis suggest a population wide shift

rather than an impact of intervention with high-risk

individuals and imply therefore that the effect of treat-

ment availability may be over-estimated. Severe hyper-

tension is a major treatment success and whilst

certainly the availability of widespread antihyperten-

sive treatment for mild-to-moderate hypertension has

been the case since this observation period began, this

could not have affected the entire population spectrum,

particularly the youngest groups. A recent between-

country analysis over 10 years of the MONICA data

also shows that the shifts in blood pressure are occur-

ring across the percentiles, that is amongst normoten-

sive as well as hypertensive individuals [18] and the

authors also conclude that the high risk or treatment

strategy cannot therefore be the main factor at play.

Similarly, the widespread availability of lipid lowering

agents in the last decade could not account for the con-

sistent patterns seen over time and across percentiles in

total serum cholesterol.

From the evidence of our analysis, it is likely there-

fore that the population shifts are even more profound

than previously considered, although this may not

necessarily be at the level of conscious health behav-
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iours. Smoking pattern in our analysis clearly varies

across sexes and over time, showing both increased

prevalence amongst younger born women and some

evidence of decline, particularly amongst men, as one

would expect with a highly culturally determined

individual habit. By contrast, the other risk factors

show very much more consistent patterns and are

more likely to be a product of underlying policy-dri-

ven determinants of population health. It is plausible

that the genesis of these positive trends lies with diet

and food supply, particularly fruit and vegetables

across the calendar year and the widespread impact of

refrigeration, food transport and supermarket supply

systems in the latter part of the 20th century. Con-

versely, the ready availability of quantities of cheap

calorie dense food is having the opposite effect on

glycaemic load and hence risk of diabetes. Whilst

undoubtedly there are adult level impacts, the data

also lend support to the hypothesis that early life

influences may be an important driving force for these

patterns of blood pressure, cholesterol and glucose,

rather than adult lifestyle changes alone [8, 29] as

they occur not just in the youngest born cohorts but

in the oldest groups born in the early part of the

20th century.

The generalizability of our study is limited by the

fact that participation in the VHM&PP is voluntary

so that the study sample was self-selected and does

not necessarily represent the population throughout

the 20 year study period and re-examinations were

clearly nonequally distributed. Nonetheless 73.7% of

all men and 84% of all women underwent at least

one examination during the study period, making it

unlikely that selection bias fully could explain the

observed patterns. Our results are in line with previ-

ous studies analysing trends in cardiovascular risk

factors but have the power to suggest that the

recently seen declines in western developed econom-

ies are a product of secular as much as period shifts

in risk factors.
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