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Background: Epidemiological evidence has shown that lower salt intake reduces hypertension-related disease
mortality. Japan has experienced a drastic decrease in cardiovascular mortality, although this varies across
regions. This regional variation does not necessarily match the local patterns of reported average salt intake. In
this study, we examined population-level risk factors for hypertension-related disease mortality, focussing on the
average household dietary consumption of salt intake sources. Methods: We prepared an ecological panel dataset,
with prefecture as the unit of analysis, by referring to public statistics and market research data from 2012 to 2015.
We collected prefectural averages of household dietary consumption related to salt intake and other nutrients
that may affect hypertension control. We used demographic characteristics, medical care availability and local
economy indices as covariates. Panel data analysis with fixed-effects modelling was performed, regressing prefec-
tural-level mortality from ischaemic heart diseases, subarachnoid and intracerebral haemorrhage and cerebral
infarction on dietary consumption and the selected covariates. Results: We confirmed the average household
consumption of salt equivalents of discretional salt intake sources to be positively but only weakly associated with
mortality from ischaemic heart diseases and cerebral infarction. Household expenditure on processed foods was
positively associated with ischaemic heart disease mortality. Conclusions: These findings may suggest that the
reduction of salt in processed foods, in addition to individual behavioural change, could be useful for decreasing
mortality from ischaemic heart diseases in the Japanese population. Ecological factors related to decreasing cere-
brovascular disease mortality in the context of the ageing Japanese population require further investigation.
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

Introduction

Hypertension is a major risk factor for cardiovascular disease
mortality,1,2 and accumulated evidence has demonstrated the effect-

iveness of reducing dietary salt intake for controlling hypertension and
cardiovascular disease incidence at the individual level.3–5 At the
ecological level, a lower level of average salt intake is shown to be
related to lower mortality and a lower prevalence of hypertension-
related diseases.3 A recent population-based intervention in the UK suc-
cessfully reduced population-level salt intake through food standards
regulation and a public campaign on the salt content of processed
foods, although the impact on population health remains to be seen.6

Japan has experienced a substantial decrease in hypertension
prevalence and stroke mortality since the 1970s.7–9 These changes were
attributed to a remarkable reduction in the dietary salt intake at the
time.10 However, a recent study has revealed that salt intake in Japan
has not changed since the 1980s.3,11,12 Despite remaining high dietary salt
intake, the mortality from cardiovascular diseases has paradoxically
continued to drop, and differs across prefectures in ways that do not
necessarily match the prefectural patterns of average salt intake.13

As Rose14 has convincingly argued, a distinct mode of epidemio-
logical studies should be designed to address the population-level
determinants of disease distributions, rather than the determinants
of individual cases. Indeed, relatively little is known about cross-
sectional population-level variation in salt intake compared with
knowledge about individual-level variation.15

In this study, we aimed to clarify the association between mortality
from hypertension-related diseases and average household dietary

consumption related to salt intake at the prefectural level in Japan
where dietary salt intake remains higher than the recommended
levels.12 Because hypertension is the second largest determinant of
mortality from non-communicable diseases in Japan,7 we expected
population-level risk factors to have important implications for
public health control targets in the context of an ageing population.

Methods

Study design

For the purposes of this study, we chose an ecological and panel
study design. We adopted the prefecture as the unit of analysis and
created a panel dataset from 2012 to 2015. We gathered data on each
of the 47 prefectures in Japan for all 4 study years, yielding 188
observations for the analysis.

Variables and their data sources

Outcome

The outcome variables in this study were prefecture-specific
mortality from hypertension-related diseases, drawn from publicly
published Japanese vital statistics from 2012 to 2015.13 Mortality is
related to disease prevalence and incidence, but it is not equal to
these indices because it is affected by many other factors such as
health service availability. We chose to use mortality as a proxy
marker of the disease distribution at the population level with
careful consideration of local health service availability and other
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potential confounders. We selected the following causes of death
(with International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision codes): ischaemic heart
diseases (I20–I25), subarachnoid haemorrhage (I60, I69.0),
intracerebral haemorrhage (I61, I69.1) and cerebral infarction (I63,
I69.3).

Average household consumption of dietary salt and
related food items

A previous study in Japan identified the average share of discretion-
ary sodium intake from self-cooking as 54.7% of the total dietary
sodium intake, with processed foods consumed at home and dining
out accounting for the rest.16 The largest food group in terms of
dietary sodium intake was seasoning with seasoning salt, soy sauce
and miso paste, contributing more than 60% of the total sodium
intake.

We estimated the average household consumption of salt equiva-
lents from soy sauce, seasoning salt and miso paste as a surrogate
marker of discretionary dietary salt consumption in the household.
More specifically, we referred to publicly available data derived from
the governmental Family Income and Expenditure Survey (FIES) to
obtain the prefecture-specific average household consumption of
these food items each year from 2012 to 2015.17 The FIES
randomly sampled households with two or more persons in the
prefectural capital cities to collect consumption records for 6 con-
secutive months, refreshing half of the sample every 3 months. The
sample size was around 5500 households each year. Due to the above
sampling frame, one-person households and households in rural
areas may not be adequately reflected in our dataset.

For this study, we assembled data on the yearly household con-
sumption of soy sauce (l/year), salt (kg/year) and miso paste (kg/
year) in each prefecture. Furthermore, we calculated salt equivalents
(kg/year) from the data on the consumption of these three
seasonings by referring to the mean salt equivalents of each
seasoning, published in the Standard Tables of Food Composition
in Japan, 2010.18 More specifically, the salt equivalent of soy sauce is
15.0 g/84.7 ml, that of seasoning salt is 99.1 g/100 g and that of miso
paste is 12.0 g/100 g.

Because processed foods consumed at home and dining out are
also significant sources of salt intake,16 we assembled data on the
yearly amount of household expenditure (in tens of thousands of
Japanese yen, or 90 US dollars) on processed food and eating out
from the FIES. In the FIES, processed foods included lunch boxes,
sandwiches, fried and grilled foods (e.g. fried/grilled chicken or fish)
and other ready-to-eat foods (e.g. stewed/flavoured/seasoned/
simmered fish, beans or vegetables). To make comparisons across
prefectures and years, we calibrated the expenditure values using the
consumer price index of prefectural differences and the over-year
calibrator, with the indices of 2015 as a reference.19

Other household dietary consumption

We added salted and dried fish as a minor source of salt consump-
tion.16 We also adopted five other food items from the FIES: fresh
vegetables, fresh fruits, raw fish/shellfish, seaweed and bean curd.
These food items are rich in potassium, calcium, omega-3 fatty
acids, dietary fibre and vegetable protein, all of which can affect
hypertension control.20

Demographic characteristics, economic factors and
medical care at the prefecture level

We considered demographic characteristics, economic factors and
medical care accessibility to be potential confounders. The
percentage of the prefectural population aged �65 years and the
sex ratio (men per 100 women) for each prefecture were obtained

from estimates issued by the National Institute of Population and
Social Security Research.21

We also included the crude prevalence of metabolic syndrome and
candidate obese conditions for those aged 40–74 years as a conven-
tional cardiovascular risk factor, available at https://www.mhlw.go.
jp/bunya/shakaihosho/iryouseido01/info02a-2.html. The National
Health Checkup Programme was newly introduced by the
Ministry of Health, Labour and Welfare for all persons aged 40–
74 years in the nation to specifically screen for metabolic
syndrome conditions (waist circumference of >85 cm for males
and >90 cm for females, plus more than two of the following
conditions: dyslipidaemia, hypertension or high blood sugar).22

To account for the influence of household size, we obtained the
average size of households with two or more persons for each
prefecture from the FIES. We included the prefectural average
taxable income by referring to the number of taxpayers and total
amount of taxable income issued by the National Tax Agency of
Japan.23 We also included population density per inhabitable area,
drawn from the System of Social and Demographic Statistics of
Japan.24

Finally, as a surrogate marker of medical care accessibility, we
used the number of medical care institutions per 100 000
population for each prefecture and year.24 We also referred to
JRSR–CI for Academia, a commercial data source provided by
IMS Japan, Inc. that included the entire monthly market sales of
antihypertensive drugs in Japan from June 2012 to December 2015.
We limited these data to orally administered drugs mainly used in
the outpatient treatment of hypertension. We estimated annual sales
in 2012 by doubling the data from July to December 2012. We
counted the number of tablets per person per year. We did not
use the defined daily dose as a standardized measurement unit
because this information was not available for some of the newer
drugs. We expected little variance in healthcare availability under the
universal public health coverage in Japan.

Statistical analysis

We conducted a panel data analysis, taking the prefectural mortality
as a target variable, regressed on household dietary consumption and
other covariates. Panel data analysis is useful to counteract
misspecification by unobserved and time-invariant confounders.25

We expected that prefectural characteristics that were not likely to
change over the study period (e.g. medical technology, performance
of the local health care system, dietary habits and culture and welfare
policy) should be adequately controlled in the fixed-effects model.
We estimated a fixed-effects model and a random-effects model, and
we then used the Hausman–Wu test. We also added an ad hoc
analysis stratified by average yearly salt-equivalent consumption at
the median of 3.54 kg/year/household.

For the data processing and statistical analysis, we used Stata
version 12.1 (StataCorp., College Station, TX, USA). No internal
review board approval was needed for this study because the data
were obtained from databases that were open to the public or an-
onymously constructed for commercial use.

Results

Table 1 shows the descriptive statistics on the panel data from 2012
to 2015.

We confirmed that the mortality from hypertension-related
diseases and the household consumption of soy sauce, seasoning
salt and miso paste and the consumption of salt equivalents from
seasonings varied widely across the prefectures. There was a
decreasing trend in mortality from hypertension-related diseases
over the study period.

Table 2 shows the results of the panel data regression analysis.
The Hausman–Wu test suggested that for mortality from

ischaemic heart diseases (P = 0.735), the results of the random-
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effects model were not statistically different from those of the fixed-
effects model. The test results for subarachnoid and intracerebral
haemorrhage (P = 0.020) and for cerebral infarction (P = 0.000)
suggested that the fixed-effects model produced less biased
estimates and should be adopted. Because the differences in coeffi-
cient estimation were observed for the covariates and not for salt-
related consumption, the tables present the results of the fixed-
effects models. The results of the Hausman–Wu test were similar
for the salt-equivalent variable.

As the left column of table 2 shows, the average household ex-
penditure on processed foods was positively associated with
mortality from ischaemic heart diseases (coefficient = 1.288, P =
0.013 with each seasoning variable), suggesting that each increase
by 10 000 Japanese yen (90 US dollars) in the average annual
household expenditure on processed foods was associated with an

increase in disease-related mortality of about 1.2 deaths per 100 000
population. When we categorized the expenditure by tertiles, we
confirmed a dose-response increasing trend with the mortality
(data not shown). We did not find consistent results for the con-
sumption of soy sauce or seasoning salt or for the salt equivalents of
discretional salt sources. Contrary to our expectations, the consump-
tion of miso paste showed a negative association with morality from
ischaemic heart diseases (coefficient =�0.950, P = 0.013).

As for mortality from subarachnoid and intracerebral haemor-
rhage, seasoning salt showed the largest positive coefficient (coeffi-
cient = 0.382, P = 0.238), and expenditure on processed food also
showed a relatively large positive effect (coefficient = 0.309, P = 0.397),
while the consumption of soy sauce (coefficient =�0.396, P = 0.057)
and miso paste (coefficient =�0.442, P = 0.085) unexpectedly
showed negative associations. Finally, seasoning salt

Table 1 Descriptive statistics on hypertension-related disease mortality, household dietary consumption, demographic characteristics and
economic factors for 47 prefectures, 2012–15, Japan (N = 188)

Mean SD Min Max Mean by year

2012 2013 2014 2015

Hypertension-related

disease mortality (per

100 000 population)

Ischemic heart diseases

(I20–I25)

60.2 15.48 33.3 105.3 62.8 60.7 59.9 57.3

Subarachnoid (I60, I69.0)

and intracerebral (I61,

I69.1) haemorrhage

40.0 8.15 25.4 65.6 40.9 39.8 39.8 39.5

Cerebral infarction (I63,

I69.3)

64.1 17.18 27.9 105.3 67.2 65.8 62.4 60.8

Household dietary salt

consumption per

household per year

Soy sauce (l) 5.9 1.23 3.5 11.2 6.3 6.1 5.7 5.7

Seasoning salt (kg) 2.0 0.81 0.7 5.9 2.0 2.2 2.0 1.9

Miso paste (kg) 5.7 1.42 3.1 9.5 5.9 5.8 5.6 5.4

Salt equivalents of the

above seasonings (kg)a
3.7 1.01 2.1 8.1 3.8 3.9 3.7 3.6

Expenditure on processed

foods (10 000 JPY)b
11.3 1.15 8.6 13.9 11.2 11.3 11.2 11.4

Expenditure on eating

out (10 000 JPY)b
15.3 2.66 8.1 23.9 15.2 15.4 15.4 15.3

Other household dietary

consumption per

household per year

Fresh vegetables (kg) 173.7 17.67 137.1 222.6 174.8 175.0 174.1 170.9

Fresh fruit (kg) 82.4 11.32 54.4 112.5 86.4 83.5 82.0 77.7

Raw fish and shellfish (kg) 29.9 5.33 17.8 49.5 31.2 30.6 29.1 28.9

Salted and dried fish (kg) 8.4 2.40 1.9 15.7 8.6 8.7 8.1 8.2

Seaweed (kg) 1.2 0.43 0.5 3.6 1.2 1.2 1.2 1.2

Bean curd (cake portion) 79 9.27 54 119 77 79 79 80

Demographic characteris-

tics, economic factors

and medical care avail-

ability in the prefecture

Percentage of the

population aged �65

years (%)

27.0 2.85 17.7 33.9 25.6 26.6 27.5 28.3

Sex ratioc 93.1 3.70 87.7 100.4 93.1 93.1 93.1 93.2

Average size of

households comprising

two or more people

3.0 0.13 2.8 3.5 3.0 3.1 3.0 3.0

Average income of

taxpayers (1000 JPY)

5152 912.36 3966 9732 4917 5227 5191 5274

Population density of

inhabitable areas (per

inhabitable km2)

1365.2 1735.95 240.6 9609.4 1369.3 1367.9 1365.4 1358.1

Crude prevalence of

metabolic syndrome

and candidate

conditions (age 40–74)

in the National Health

Checkup Program (%)

26.5 0.02 23.3 33.0 26.6 26.4 26.5 26.6

Medical care institutions

per 100 000 population

88.2 13.28 61.8 119.4 87.7 88.2 88.3 88.8

Sales of antihypertensive

drugs (per prefectural

population)

105 13.87 71 159 110 106 103 101

a: Salt equivalent of soy source = 15.0 g/84.7 ml, salt equivalent of seasoning salt = 99.1 g/100 g and salt equivalent of miso paste =12.0 g/
100 g.

b: Adjusted for the consumer price index as of 2015.
c: Number of men per 100 women in each prefecture.
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(coefficient = 0.383, P = 0.359) and salt equivalents of discretional
salt consumption (coefficient = 0.417, P = 0.276) showed positive
and relatively large effects on mortality from cerebral infarction.
These results were similar before and after adjusting for other
food consumptions in table 1.

Table 3 shows the ad hoc analysis stratified by yearly salt-
equivalent consumption. A significant association between
processed food expenditure and ischaemic heart disease mortality
remained only in prefectures with higher salt consumption. The
coefficient of seasoning salt consumption was different between
high- and low-consumption prefectures and was positively and sig-
nificantly associated with higher cerebral infarction mortality in pre-
fectures with lower salt consumption.

Discussion

Our ecological panel data analysis confirmed that the salt-equivalent con-
sumption of major discretional salt intake sources was positively
associated with increased mortality from ischaemic heart diseases and
cerebral infarction; a 1-kg increase in the salt-equivalent consumption
per household per year corresponded to �0.40 more deaths per
100 000 population. Likewise, an increase in household seasoning salt
consumption of 1 kg per year was related to higher mortality from all
three of the examined conditions, corresponding to about 0.40 more
deaths per 100 000 population. However, the association between
seasoning salt consumption and mortality differed between prefectures
with high and low salt consumption. We further found that each increase
by 10 000 Japanese yen in expenditure on processed foods was related to
nearly 1.28 additional deaths caused by ischaemic heart diseases per
100 000 population, especially in prefectures with higher salt consump-
tion. These findings are in line with previous epidemiological findings
showing that reducing salt intake resulted in lower blood pressure and
reduced cardiovascular disease mortality at the individual level.4,26 This
study results are also in accordance with recent nutrition surveys in Japan,
which showed that the source of salt intake has extended from
discretional intake using seasonings to less discretionary intake through
processed foods.16

This study may add to the existing literature showing that at the
ecological level, the influence of non-discretional salt consumption
on ischaemic heart disease mortality may be larger than that of
discretional salt consumption. Salt intake among Japanese people
remained higher than that recommended for the effective
prevention of cardiovascular diseases,12 and adherence to salt
reduction in dietary habits is very low.27 Our findings suggest that
public policy seeking to regulate the salt content of processed foods,
in addition to individual behavioural modification to reduce
discretional salt use, may effectively achieve population-level
reductions in ischaemic heart disease and related mortality in
Japan, as has been seen in other countries such as the UK.10

Our results did not show consistent associations between salt intake
sources and stroke mortality, which requires some discussion. An epi-
demiological evaluation in a Japanese community setting confirmed the
attribution of hypertension to the incidence and mortality of cerebral
infarction and subarachnoid haemorrhage in the 1970s and 1980s.28

However, the most recent results from a large registry of stroke patients
indicated that the type of cerebral infarction changes from atheroscler-
osis-based infarction to cardiogenic thrombotic infarction with atrial
fibrillation, which may not be attributable to hypertension.29 This
registry also indicated that the prevalent use of antithrombotic
medication in older patients may be an emerging risk factor for
intracerebral haemorrhage.30 These observations may indicate that
the attribution of stroke incidence to hypertension and salt intake is
attenuated in the context of Japan’s ageing population, and further
epidemiological evaluation is required.

Our models did not show a consistent association of the local
availability of health care institutions, antihypertensive medication
use, demographics and average income with hypertension-relatedT
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disease mortality. After adjusting for these covariates, decreasing
trends in the mortality over the study period remained (data not
shown in the tables). Thus, the decreasing mortality from stroke is
unlikely to be attributable to the performance of the health care
system or changes in the economic or demographic structures of
the prefectures. Ecological factors related to decreasing cerebrovas-
cular disease mortality in Japan require further investigation.

This study adopted an ecological design to explore the determinants
of mortality from hypertension-related diseases at the prefectural level.
Compared with individual-level epidemiological studies to determine
risk factors for identifying individual cases, the ecological study design
is suitable to seek for the potential causes of disease distributions across
populations.14 Although individual lifestyle modification is often
proposed,27,31 recommendations from ecological studies may be more
suitable for structural change that modifies the distribution of lifestyle
risk factors in the population as a ‘cause of causes’.32 In fact, a recent
systematic review on existing salt reduction policies in different
countries concluded that in addition to interventional programmes
that target individuals, population-wide interventions through refor-
mulation should be incorporated to enhance the effectiveness and
efficiency of salt reduction interventions.33

Finally, contrary to our expectations, we found a negative associ-
ation between the consumption of salty miso paste and ischaemic
heart disease mortality. The traditional Japanese diet is characterised
by the high use of miso paste accompanied by vegetables and fish,
which are rich in potassium, dietary fibre and omega-3 fatty acids
that may have antihypertensive effects.34–36 When we included the
average consumption of these food items, however, the significance
of miso paste remained. Some experiments have indicated that miso
inhibits angiotensin-converting enzyme activity.37 However, an as-
sociation between the habitual consumption of miso paste and
hypertension-related disease mortality has not been demonstrated
in epidemiological studies.38

This study had several limitations. First, our study had a repeated
cross-sectional panel design, which precludes any causal inference.
Second, we used household dietary consumption data from the FIES,
which sampled households comprising two or more people in major
cities with prefectural government offices. Therefore, the household con-
sumption of one-person households and households in rural areas may
not be adequately reflected in our dataset. In addition, household con-
sumption estimates in the FIES were based on household reports of
expenditures and purchased quantities for each food item in a survey
month rather than actual ingestion within a time period. The salt-
equivalent consumption of our dataset had a moderate correlation
with the estimated average individual salt intake in the National
Health and Nutrition Examination Survey39 (Pearson’s correl-
ation = 0.405), and the consumption should also reflect salt intake
other than that at the individual level. Third, we adopted sales
quantities of hypertensive medications without adjustment for the
defined daily dose, and we may have failed to correctly reflect the ef-
fectiveness of the medications. Finally, because this was an ecological
analysis, our results should be interpreted very carefully in light of the
potential for ecological fallacy and superficial causal inference.

In conclusion, our ecological panel data analysis revealed that
ischaemic heart disease mortality was related to the average household
expenditure on processed foods, especially in regions of high salt con-
sumption. This may suggest that reduction of the salt content of
processed foods can be a useful policy window for decreasing
mortality from ischaemic heart diseases in Japan. Ecological factors
related to decreasing stroke mortality require further investigation.
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Key points

� A recent decrease trend in cardiovascular mortality in Japan
was accompanied by remaining high salt intake and regional
disparity in this mortality.
� An ecological panel data analysis was conducted to identify

prefectural-level determinants of cardiovascular mortality.
� Mortality from ischaemic heart diseases was related to

household expenditure on non-discretional salt intake
sources, rather than that on discretional intake sources.
� Results indicated that regulation on the salt content of

processed food may reduce cardiovascular mortality in
Japan.
� Ecological factors related to stroke mortality need further

investigation in the context of population ageing in Japan.
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Corné A.M. Roelen2,3

1 Department of Research and Business Development, HumanTotalCare, Utrecht, The Netherlands
2 Department of Epidemiology and Biostatistics, VU University, VU University Medical Center, Amsterdam, The

Netherlands
3 Division of Community and Occupational Medicine, Department of Health Sciences, University of Groningen,

University Medical Center Groningen, Groningen, The Netherlands

Correspondence: Albert-Jan van der Zwaard, Department of Research and Business Development, HumanTotalCare, PO
Box 85091, 3508 AB Utrecht, The Netherlands, Tel: +31 (0) 30 299 6 299, e-mail: albert-jan.van.der.zwaard@arboned.nl

Background:: The Framingham score is commonly used to estimate the risk of cardiovascular disease (CVD). This
study investigated whether work-related variables improve Framingham score predictions of sickness absence due
to CVD. Methods: Eleven occupational health survey variables (descent, marital status, education, work type, work
pace, cognitive demands, supervisor support, co-worker support, commitment to work, intrinsic work motivation
and distress) and the Framingham Point Score (FPS) were combined into a multi-variable logistic regression model
for CVD sickness absence during 1-year follow-up of 19 707 survey participants. The Net Reclassification Index (NRI)
was used to investigate the added value of work-related variables to the FPS risk classification. Discrimination
between participants with and without CVD sickness absence during follow-up was investigated by the area under
the receiver operating characteristic curve (AUC). Results: A total of 129 (0.7%) occupational health survey par-
ticipants had CVD sickness absence during 1-year follow-up. Manual work and high cognitive demands, but not
the other work-related variables contributed to the FPS predictions of CVD sickness absence. However, work type
and cognitive demands did not improve the FPS classification for risk of CVD sickness absence [NRI = 2.3%; 95%
confidence interval (CI) �2.7 to 9.5%; P = 0.629]. The FPS discriminated well between participants with and without
CVD sickness absence (AUC = 0.759; 95% CI 0.724–0.794). Conclusions: Work-related variables did not improve
predictions of CVD sickness absence by the FPS. The non-laboratory Framingham score can be used to identify
health survey participants at risk of CVD sickness absence.
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

Introduction

The World Health Organization estimates that 17.7 million people
worldwide died from cardiovascular disease (CVD) in 2015, rep-

resenting 31% of all global deaths.1 Of these deaths, an estimated 7.4
million were due to coronary heart disease and 6.7 million were due
to stroke. In Europe, CVD caused 3.9 million deaths, which accounts
for 45% of all deaths in 2015.2 Moreover, CVDs are responsible for
the loss of more than 64 million disability-adjusted life years, which
is about a quarter of all disability-adjusted life years lost due to
disease in Europe.2 Most CVDs can be prevented by addressing
lifestyle risks such as tobacco use, unhealthy diet, overweight and
physical inactivity. People who are at high CVD risk need early
detection and management by counseling and medicines.1

In the past seven decades, the Framingham heart study has
identified age, sex, high blood pressure, smoking, dyslipidemia and
diabetes as the major risk factors for developing CVD.3 The point
scores on these risk factors were combined into a Framingham score
which is predictive of the 10-year CVD risk.4,5 Framingham scores
are widely used in primary health care to early detect people at risk
of CVD when they consult their general practitioner (GP). The use

of Framingham scores in public and occupational health care is
restricted, because the scores rely on blood pressure measurements
and blood cholesterol levels. D’Agostino et al.4 developed a non-
laboratory version of the Framingham score, in which blood
pressure measurement is replaced by patient-reported systolic
blood pressure and blood cholesterol measurements are replaced
by the body mass index calculated from patient-reported length
and weight. The non-laboratory Framingham score predicts CVD
as accurately as the original, and therefore it was concluded that the
non-laboratory Framingham score can be used for CVD risk assess-
ments in situations where laboratory testing is inconvenient or un-
available.6–8 Potentially large numbers of individuals at risk of CVD
could be detected if the non-laboratory Framingham score were
implemented in occupational health surveys.

Occupational health surveys focus on health risks and work stress.
In a recent overview of systematic reviews, Fishta and Backé9 found
that work stress was significantly associated with an increased CVD
risk. In a review of 27 cohort studies in Europe, the USA and Japan,
Kivimäki and Kawachi10 found evidence that job strain and long
working hours were associated with work stress and elevated risk
of both coronary heart disease and stroke. The excess risk for
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