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Abstract

Background: Web-based health applications, such as self-assessment tools, can aid in the early detection and prevention of
diseases. However, there are concerns as to whether such tools actually reach users with elevated disease risk (where prevention
efforts are still viable), and whether inaccurate or missing information on risk factors may lead to incorrect evaluations.

Objective: This study aimed to evaluate (1) evaluate whether a Web-based cardiovascular disease (CVD) risk communication
tool (Heart Age tool) was reaching users at risk of developing CVD, (2) the impact of awareness of total cholesterol (TC),
HDL-cholesterol (HDL-C), and systolic blood pressure (SBP) values on the risk estimates, and (3) the key predictors of awareness
and reporting of physiological risk factors.

Methods: Heart Age is a tool available via a free open access website. Data from 2,744,091 first-time users aged 21-80 years
with no prior heart disease were collected from 13 countries in 2009-2011. Users self-reported demographic and CVD risk factor
information. Based on these data, an individual’s 10-year CVD risk was calculated according to Framingham CVD risk models
and translated into a Heart Age. This is the age for which the individual’s reported CVD risk would be considered “normal”.
Depending on the availability of known TC, HDL-C, and SBP values, different algorithms were applied. The impact of awareness
of TC, HDL-C, and SBP values on Heart Age was determined using a subsample that had complete risk factor information.

Results: Heart Age users (N=2,744,091) were mostly in their 20s (22.76%) and 40s (23.99%), female (56.03%), had multiple
(mean 2.9, SD 1.4) risk factors, and a Heart Age exceeding their chronological age (mean 4.00, SD 6.43 years). The proportion
of users unaware of their TC, HDL-C, or SBP values was high (77.47%, 93.03%, and 46.55% respectively). Lacking awareness
of physiological risk factor values led to overestimation of Heart Age by an average 2.1-4.5 years depending on the (combination
of) unknown risk factors (P<.001). Overestimation was greater in women than in men, increased with age, and decreased with
increasing CVD risk. Awareness of physiological risk factor values was higher among diabetics (OR 1.47, 95% CI 1.46-1.50 and
OR 1.74, 95% CI 1.71-1.77), those with family history of CVD (OR 1.22, 95% CI 1.22-1.23 and OR 1.43, 95% CI 1.42-1.44),
and increased with age (OR 1.05, 95% CI 1.05-1.05 and OR 1.07, 95% CI 1.07-1.07). It was lower in smokers (OR 0.52, 95%
CI 0.52-0.53 and OR 0.71, 95% CI 0.71-0.72) and decreased with increasing Heart Age (OR 0.92, 95% CI 0.92-0.92 and OR
0.97, 95% CI 0.96-0.97) (all P<.001).

Conclusions: The Heart Age tool reached users with low-moderate CVD risk, but with multiple elevated CVD risk factors, and
a heart age higher than their real age. This highlights that Web-based self-assessment health tools can be a useful means to interact
with people who are at risk of developing disease, but where interventions are still viable. Missing information in the self-assessment
health tools was shown to result in inaccurate self-health assessments. Subgroups at risk of not knowing their risk factors are
identifiable and should be specifically targeted in health awareness programs.
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Introduction

During the last decade, access to the Internet and the proportion
of the population using it to seek health information have
markedly increased [1,2]. Online health information seekers are
typically searching for information regarding a specific disease
or medical problem, including the potential to diagnose their
own health status [3,4]. Health professionals, public health and
governmental organizations, and private health providers are
therefore using the Internet as a medium to disseminate health
information and preventative educational programs. This makes
the Internet a valuable instrument for increasing consumer
awareness, promotion of healthy behaviors, and disease
prevention [5,6]. Web-based health applications, such as
self-assessment health tests or behavior change programs, that
combine high-quality health information with interactive
components can therefore play a role to benefit prevention, early
detection, or treatment of non-communicable diseases [7-9].

The impact that Web-based health assessment tools can have
on public health depends on the audience they reach, as well as
on the quality and reliability of the information they provide.
Criticism of Web-based health applications has been raised
suggesting that they may not be reaching the people who need
these tools the most: those at risk of developing disease, and
where prevention efforts are still viable [10,11]. Furthermore,
there is concern about the potential harm that can be caused by
inaccurate health assessments provided on the Internet that can
deliver incorrect diagnoses and/or cause delays in seeking
appropriate medical care [12,13]. This can arise due to poorly
designed Web applications that are not based on scientific
evidence. Alternatively, inaccurate health assessment results
may arise from users providing inaccurate information due to
inputting the information incorrectly, not understanding
questions, or they may not know the answer to the questions
[14]. This may be particularly pertinent to tools that require
information on physiological risk factors, which are unknown
to a large part of the population [5,15].

The potential impact of Web-based health assessment tools on
disease prevention is large, but they need to reach users with
an elevated disease risk and provide accurate health assessments.
Therefore, the aim of the current study was to (1) evaluate
whether a Web-based health assessment tool communicating
cardiovascular disease (CVD) risk was reaching users at risk
of developing CVD, (2) evaluate the impact of awareness of
physiological risk factors on the health assessment provided by
the CVD risk communication tool, in particular total cholesterol
(TC), HDL-cholesterol (HDL-C), and systolic blood pressure
(SBP), and (3) evaluate the key predictors of awareness and
reporting of physiological risk factors in order to understand
who in the general population is more likely to provide
physiological measures to Web-based tools.

Methods

Study Design
The current study was based on a global database from users
of the Heart Age tool. Heart Age was developed to help users
better understand their risk of CVD, which when given as a
traditional percentage can be a difficult concept to understand
(eg, “your risk of a CVD event in the next 10 years is 12%”)
[16,17]. Heart Age is a Web-based tool that obtains an
individual’s CVD risk factor information through a series of
questions, calculates percentage risk of developing CVD within
the next 10 years according to the Framingham risk score, and
then translates this risk into a “Heart Age” [18]. An individual’s
Heart Age corresponds to the age of a person with the same
predicted CVD risk but with all other risk factors considered
as normal. This means that depending on their CVD risk, a
person’s Heart Age could be younger or older than their
chronological age. For example, a 55-year-old man with normal
risk factors would have a 10% risk of CVD; accordingly, a
40-year-old man with a 10% risk of CVD (due to unhealthy risk
factors) would have a Heart Age of 55 years. The Heart Age
tool aims to make users aware of their risk of developing a CVD
event and which risk factors are contributing to this risk, in
order to motivate them to make lifestyle changes. Therefore the
target audience is anyone at risk of developing a CVD event,
but where prevention efforts are still viable, as these users can
benefit the most from awareness of their current status and
potential interventions. After completion of the Heart Age test,
users can sign up for a free Web-based health program providing
personalized diet and lifestyle advice to lower one’s Heart Age.
The Heart Age tool is directed at the general population, but in
particular it intends to reach users with unhealthy risk factors.
Heart Age was launched globally in 2009 as part of a brand
marketing campaign by Flora/Becel, a margarine brand, via
on-pack messages, advertisements on television, newspapers,
in store applications, etc. The campaign focused on raising
awareness of heart health; it was not targeted at specific at risk
groups. The tool is available via free open access websites
available in different languages [19].

Users
Data from 3,374,769 users of the Heart Age tool was collected
between July 2009 and December 2011. The tool was launched
in 14 countries, including United Kingdom, Germany, the
Netherlands, Belgium, Finland, Austria, Poland, Turkey, Ireland,
Portugal, Slovenia, Greece, Australia, and Brazil. By using the
tool, users consented to the privacy policy, which could be
accessed via a link on the website, and which stated that personal
information provided could be collected and used in an
aggregated way to evaluate the use of the site and services
provided. Visitors to the website did not receive any incentives
for using the tool. All of the information users entered was
stored in a format where individuals could not be identified.
The use of Heart Age was restricted to users aged between 20
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and 80 years old with no history of heart disease. This group
was selected because this was the population on which the
original CVD algorithms were validated, and people with
existing heart disease have different levels of risk of a future
CVD event. A disproportionate number of users of the Heart
Age tool reported to be 20 years old (9.59%,
323,547/3,374,769), possibly because this was the default
setting. Therefore, to prevent artificial overrepresentation of 20
year olds, analysis was restricted to users aged 21-80 years.

To identify repeat users, prior to starting the self-assessment
users were asked to indicate whether they had used the tool
before. All return users were excluded from analysis to prevent
duplication (n=143,682). Another 32,700 users whose TC,
HDL-C, SBP, and body mass index (BMI) values were all
missing or beyond defined valid ranges based on clinical
judgment (ie, 80 mmHg≤ SBP ≤220 mmHg; 77 mg/dl≤ TC
≤423 mg/dl; 25 mg/dl≤ HDL ≤90 mg/dl; 15≤ BMI ≤45) were
excluded from analysis as it was not possible to calculate a
Heart Age for these users. As the tool was never promoted in
Brazil and the number of users from Brazil was very low
(n=102), it is likely that most entries were from a select group
of internal users; therefore, all Brazilian users were excluded
from the analysis. Finally, 130,647 users were excluded based
on identical data of date of using the tool, BMI, TC, HDL, SPB,
Heart Age, and 10-year CVD risk, which was mainly due to
testing the functionality of the tool during the developmental
phase. This resulted in a final dataset of 2,744,091 users. Among
those users who were excluded due to reasons other than being
20 years old (n=307,137), the mean age was 40.98 (SD 14.29)
years and 50.78% (155,969/307,137) were women.

Materials
The Heart Age tool assessed CVD risk factors by self-report.
Users completed a Web-based questionnaire that asked for
information on demographic data (ie, age, gender, height, and
weight; family history of CVD), physiological measures (ie,
TC, HDL-C, and SBP values), other CVD risk factors (ie,
smoking status and diabetes prevalence), and use of
antihypertensive or cholesterol lowering medication. Further
information was also obtained relating to CVD disease but was
not relevant to the aims of the current study.

Questions were mostly presented as closed questions with locked
answer options (eg, “yes/no” or “male/female”). Family history
of CVD was assessed by asking “Have either of your parents
ever had heart problems (ie, heart attack, stroke, angina, or heart
surgery?)”. Smoking status and diabetes prevalence were
determined by asking “Do you smoke?” and “Do you have
diabetes?” Use of antihypertensive and blood cholesterol
lowering medication was assessed with the questions “Are you
taking or have you ever taken medication to lower your blood

pressure?” and “Are you taking or have you ever taken
medication to lower your cholesterol?” Questions on age, height,
weight, and physiological measures were asked using an open
answer format. Users could choose in which unit they wanted
to enter their values for height (cm or inch) and weight (kg or
lb); units for cholesterol were pre-determined and differed per
country (mmol/l or mg/dl). Physiological measures were
assessed by asking “Do you know your cholesterol level?” and
“Do you know your blood pressure?” If users indicated “yes”,
a sub-dialogue box opened and they could enter a value for TC
and HDL-C or for SBP, respectively. The sub-dialogue boxes
also contained explanations stating that “HDL cholesterol is
sometimes known as ‘good’ cholesterol” and that “Systolic
blood pressure is the higher number (eg, where blood pressure
is 120/80, 120 is the systolic reading)”. All subject data were
automatically captured in a database. See Figure 1 for a
screenshot of the Heart Age tool. Screenshots of the complete
user journey through the Heart Age tool are provided in
Multimedia Appendix 1.

Depending on the availability of the physiological measures
per individual, 10-year CVD risk and Heart Age could be
calculated using different algorithms. There was one full
algorithm when all physiological measures were known, and 5
alternatives for when one or more of the physiological measures
were missing. The following alternative algorithms were
available: (1) TC & HDL, (2) TC, SBP, BMI, (3) TC, BMI, (4)
SBP, BMI, and (5) BMI. The CVD algorithms were developed
using Framingham cohort data as sex-specific multivariable
risk functions based on Cox proportional-hazards regression.
The full CVD risk algorithm included data on age, gender, TC,
HDL-C, SBP, antihypertensive medication use, smoking status,
and diabetes [18]. Detailed information about the development
and validation of the algorithms to calculate 10-year CVD risk
can be found elsewhere [20,21]. Once calculated, CVD risk was
translated into a Heart Age [20]. An individual’s Heart Age
corresponds to the age of a person with the same predicted CVD
risk but with all other risk factors considered as “normal”. The
reference values for “normal” risk factors in the full Heart Age
algorithm, were defined as not smoking, not diabetic, SBP=125
mmHg (130 mmHg if 60 or above), TC=180 mg/dl, and
HDL-C=45 mg/dl [18]. For the alternative models where total
cholesterol was present without HDL-C, the reference value for
a person with “normal cholesterol” was increased to 200 mg/dl
to increase the sensitivity of these models. To keep Heart Ages
within a reasonable range, it was decided that Heart Age should
be capped if it was 15 years lower or higher than chronological
age, or if it fell below 18 or exceeded 80 years of age, in order
to alert people of the need for change and medical advice
without creating alarm. An overview of all CVD and Heart Age
algorithms is provided Multimedia Appendix 2.
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Figure 1. Screenshot of the Heart Age tool.

Data Analysis
Physiologic measures were analyzed both as continuous
variables and dichotomous variables (normal vs high or normal
vs low). Users were classified as having high TC if TC≥240
mg/dl, low HDL-C if HDL-C≤40 mg/dl [22], and high SBP was
defined as SBP≥140 mmHg [23]. BMI was calculated from
self-reported data on height and weight, and overweight and

obesity were defined as BMI≥25 kg/m2 and BMI≥30 kg/m2

respectively [24]. All values beyond valid ranges were
considered missing and treated as case-wise missing in analyses.
To evaluate Heart Age data independent of chronological age,
the difference between Heart Age and chronological age was
calculated as “relative Heart Age”.

To evaluate the effect of awareness of TC, HDL-C, and/or SBP
values on Heart Age, a subsample was used consisting of users
with valid values available on all physiological measures
(173,397/2,744,091; 6.32% of the total population). For the
users in this subsample, we calculated Heart Age based on the
full algorithm and each of the five alternative algorithms.
Repeated measures analysis of covariance (ANCOVA) were
then conducted to test for significant differences in relative
Heart Age between the full and alternative algorithms, adjusting
for the effects of age, gender, and country. To evaluate if there
were differential associations based on CVD risk category, age,
and gender (ie, factors strongly associated with CVD risk),
univariate ANCOVAs were conducted stratifying for CVD risk

category, age, and gender. To account for multiple comparisons,
P values in post-hoc tests were adjusted using a Bonferroni
correction. Results are presented per gender, 10-year age
categories, and 10-year CVD risk categories based on the
Framingham risk score [18].

To evaluate the associations between subject characteristics and
awareness of the three physiological cardiovascular risk factor
values, logistic regression analyses were conducted based on
the total sample. A separate regression model for each
characteristic was conducted (ie, demographics, risk factors,
CVD risk estimates, physiological measures (continuous and
categorical, and awareness thereof), controlling for the effect
of age, gender, and country.

Results

Characteristics of Users of the Web-Based Tool
Of the 2,744,091 Heart Age users included in the data analysis,
the majority were from United Kingdom (31.19%, n=855,822),
Germany (18.35%, n=503,502), the Netherlands (18.33%,
n=503,063) Belgium (15.01%, n=411,948), and Finland (9.18%,
n=251,952). The other countries contributed with 0.04% (n=995)
to 2.33% (n=64,050) to the studied sample. The age distribution
of Heart Age users covered the complete spectrum from 21-80
years of age. The number of users in their early 20s was high
and peaked again between 40 and 50 years of age. Of the total
sample of 2,744,091 users, 22.76% (n=624,639) were 20-29
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years old, and another 23.99% (n=658,357) were 40-49 years
old. After age 60, the number of Heart Age users decreased
sharply, with 10.92% of users (n=299,665) aged 60-69 years
and only 2.94% of users (n=80,753) aged 70-80 years.

The demographic characteristics and risk factor profile of the
sample are presented in Table 1. On average, users had a Heart
Age that exceeded their chronological age and reported multiple
unhealthy CVD risk factors. The physiologic measures were
normally distributed across the sample with mean values for
TC and HDL in the normal range and for SBP and BMI above
the normal range. Almost one third of the 2,744,091 users
reported having a family history of CVD (32.84%, n=901,134)
and prevalence of diabetes was low (3.39%, n=93,020). Heart
Age was used more often by women (56.03%, n=1,537,490)
than by men. Female users of the tool had on average a lower

CVD risk and a lower relative Heart Age than men, a lower
prevalence of modifiable risk factors, and more favorable
physiological risk factor values, with the exception of TC.
Interestingly, family history of CVD was more frequent among
female users (35.70%, n=548,949) than male users (29.19%,
n=352,185). Compared to the total sample, users with valid
values for all physiologic measures and BMI were older. There
were also more diabetic people, people with a family history of
CVD, and fewer smokers in this subsample of users. Mean TC,
HDL-C, and SBP values were similar between the total and
subsample. Users in the subsample had fewer unhealthy CVD
risk factors than the total sample. While the 10-year CVD risk
of users with valid values for all physiologic measures and BMI
was higher compared to that of the average user (due to older
chronological age), the average user had a higher relative Heart
Age than the users in the subsample.

Table 1. Characteristics of users of the Heart Age tool, per gender and for a subsample of users with complete valid values for TC, HDL-C, and SBP.

Subsample (n=173,397)Women (n=1,537,490)Men (n=1,206,601)Total sample (N=2,744,091)Characteristics

Demographics

52.5 (12.0)42.9 (13.8)42.9 (14.3)42.9 (14.0)Age in yrs, mean (SD)

85,107 (49.08)0 (0.00)1,206,601 (100.00)1,206,601 (43.97)Male gender, n (%)

26.0 (4.3)25.6 (5.2)26.3 (4.3)25.9 (4.8)BMI (m/kg2), mean (SD)a

CVD risk estimate, mean (SD)

53.6 (15.3)46.2 (16.4)47.8 (16.2)46.9 (16.3)Heart Age, yrsb

1.2 (8.5)3.3 (6.7)4.9 (5.9)4.0 (6.4)Heart Age minus age, yrsb

9.90 (9.59)4.69 (5.66)10.30 (11.26)7.15 (9.03)10-yr CVD risk, %

1.9 (1.4)2.8 (1.4)3.1 (1.4)2.9 (1.4)Total unhealthy CVD risk factors,
n

Risk factor prevalence, n (%)

20,253 (11.68)326,886 (21.26)314,452 (26.06)641,338 (23.37)Current smoker

91,721 (52.90)698,620 (45.46)693,071 (57.46)1,391,691 (50.74)Overweight, BMI≥25a

26,525 (15.29)274,393 (17.86)201,322 (16.69)475,715 (17.34)Obese, BMI≥30a

12,448 (7.18)43,443 (2.83)49,577 (4.11)93,020 (3.39)Diabetic

23,432 (13.51)51,633 (15.00)35,624 (13.00)87,257 (14.11)High TC (≥240 mg/dL)c

27,881 (16.08)10,451 (10.68)20,616 (22.07)31,067 (16.25)Low HDL-C (≤40 mg/dL)d

13,716 (7.91)56,330 (6.66)60,506 (9.75)116,836 (7.97)High SBP (≥140 mmHg)e

76,919 (44.36)548,949 (35.70)352,185 (29.19)901,134 (32.84)Family history of CVD

Physiologic measures, mean (SD)

195.5 (44.6)197.7 (46.6)193.5 (44.0)195.9 (47.0)TC (mg/dL)c

58.6 (15.6)62.5 (15.1)61.6 (16.4)58.5 (15.6)HDL-C (mg/dL)d

126.1 (13.0)122.4 (14.6)127.1 (13.3)124.6 (14.4)SBP (mmHg)e

aUsers with valid BMI values (n=2,742,818 in total sample; 1,206,092 men and 1,536,726 women).
bHeart Age was calculated from different algorithms depending on available valid values of TC, HDL-C, and SBP.
cUsers with valid TC values (n=618,210 in total sample; 274,102 men and 344,108 women).
dUsers with valid HDL-C values (n=191,219 in total sample; 93,380 men and 97,839 women).
eUsers with valid SBP values (n=1,466,836 in total sample; 620,684 men and 846,152 women).
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Awareness of Physiological Risk Factors
The majority of Heart Age users were not aware of their TC
values (77.47%; n=2,125,881) or HDL-C values (93.03%;
n=2,552,872). Awareness of SBP values was relatively the
highest, with 53.45% (n=1,466,836) of the users reporting valid
values. Of all users, 6.37% (n=174,670) reported valid values
for all three physiological risk factors.

Estimated Impact of Awareness of Physiological Risk
Factors on Heart Age (in Subsample With Complete
CVD Risk Factor Values)
Relative Heart Age, as calculated according to the five
alternative algorithms, was compared to the relative Heart Age
calculated with the full algorithm. This was done among the
subsample of users with complete valid values for all
physiologic measures and BMI to enhance comparability across
algorithms. Alternative algorithms generally overestimated
Heart Age, resulting in a significantly higher relative Heart Age
than the full algorithm (P<.001). Alternative algorithms that
were based on two physiological measures were closer to the
full algorithm than alternative algorithms with only one, or no,
physiological measure. The mean differences in relative Heart
Age between the alternative and full models, adjusted for age,

gender, and country, was 2.1 years (SD 0.1) for the alternative
algorithm #1 (TC & HDL-C), 2.2 years (SD 0.1) for alternative
algorithm #2 (TC, SBP, & BMI), 3.0 years (SD 0.1) for
alternative algorithm #4 (SBP & BMI), and 3.9 years (SD 0.1)
for alternative algorithm #3 (TC & BMI). The alternative
algorithm #5, which included BMI as the only physiological
measure, deviated most from the full algorithm, with on average
4.5 (SD 0.1) years higher than the full algorithm.

ANCOVAs comparing the difference in relative Heart Age
between the full and all alternative algorithms revealed
significant effects of age, gender, and CVD risk category
(P<.001). These analyses were also restricted to the subsample
of users with complete valid values for all physiologic measures
and BMI. Figure 2 shows the adjusted differences in relative
Heart Age between the alternative and full algorithms per gender
and then per 10-year age categories. For all alternative
algorithms, the overestimation of the relative Heart Age
increased with age. For women, alternative algorithms
overestimated relative Heart Age significantly more than for
men, except for alternative algorithm #4, for which no gender
effect was seen (P=.84). As shown in Figure 3, for all alternative
algorithms, the overestimation of the relative Heart Age lessened
with increasing CVD risk.

Figure 2. Mean difference in relative Heart Age (i.e. the difference between users’ Heart Age and chronological age) between the full and alternative
algorithms per gender and age category. The analysis was restricted to a sub-sample of users with complete valid values for total cholesterol (TC),
HDL-cholesterol (HDL-C), systolic blood pressure (SBP) and BMI (n=173,397), and adjusted for age, gender and country where appropriate. Means
are estimated marginal means. * significantly different, p < 0.001.
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Figure 3. Mean difference in relative Heart Age (i.e. the difference between users’ Heart Age and chronological age) between the full and alternative
algorithms per category of absolute 10 year CVD risk based on Framingham risk score [18]. The analysis was restricted to a sub-sample of users with
complete valid values for total cholesterol (TC), HDL-cholesterol (HDL-C), systolic blood pressure (SBP) and BMI (n=173,397), and adjusted for age,
gender and country where appropriate. Means are estimated marginal means. * significantly different, p < 0.001.

Association Between Subject Characteristics and
Awareness of Physiological Risk Factor Values
Adjusted odds ratios for the relations between users’
characteristics and their awareness of TC, HDL-C, and SBP are
presented in Table 2. Relatively, age, total number of risk
factors, and awareness of other physiological risk factors were
the strongest predictors. Among men, awareness of HDL-C
values was 26% (95% CI 25-27) higher, while awareness of
SBP values was 20% (95% CI 79-80) lower, compared to
women. For all three physiological risk factors, an increase in
awareness was associated with increasing age (ie, 5-7% per
additional year). Diabetes and family history of CVD were
consistently associated with higher awareness of physiological
risk factor values. Diabetics were 1.47-1.74 times more likely
to know their values than non-diabetics, and awareness among
users with a family history of CVD was 22-43% higher
compared to users without a family history of CVD. Users with
overweight or obesity were significantly more aware of their
SBP values (OR 1.13, 95% CI 1.12-1.14 and OR 1.20, 95% CI
1.19-1.21) compared to normal weight users, but significantly

less aware of their HDL-C values (OR 0.89, 95% CI .89-.91
and OR 0.91, 95% CI .73-.75).

Awareness of the three physiological risk factors decreased with
increasing number of unhealthy CVD risk factors (by 41-47%
per additional risk factor) and with increasing Heart Age (by
3-8% per additional Heart Age year). Among current smokers,
awareness of TC, HDL-C, and SBP was 29-48% lower
compared to non-smokers. Users with high SBP values were
significantly less likely to be aware of their TC and HDL-C
values compared to those with normal SBP, with OR 0.94 (95%
CI 0.93-0.95) and OR 0.46 (95% CI 0.34-0.63) respectively.
Using the exact value of a physiological measure as predicting
variable, instead of classification into unhealthy or normal
values, generally did not lead to a better fit of the logistic
regression models. Awareness of the three physiological risk
factor values was strongly interrelated (ie, users who knew one
value were very likely to also know the other values). This was
particularly the case for awareness of TC and HDL-C values;
users who were aware of their TC were over 4000-fold more
likely to also know their HDL-C and vice versa.
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Table 2. Adjusted logistic regression examining the relations between users’ characteristics and their awareness of TC, HDL-C, and SBP values

(N=2,744,091)a.

Awareness SBPbAwareness HDL-CbAwareness TCb

Characteristics R2OR (95% CI)R2OR (95% CI)R2OR (95% CI)

Demographics

.1231.05 (1.05-1.05).0851.06 (1.06-1.06).1641.07 (1.07-1.07)Age, yrs

.0030.80 (0.79-0.80).0021.26 (1.25-1.27).0001.08 (1.08-1.09)Gender, male

CVD risk estimate

.0090.97 (0.97-0.97).0420.92 (0.92-0.92).0110.97 (0.96-0.97)Heart Age, yrsc

.0021.02 (1.02-1.02).0200.94 (0.94-0.94).0110.96 (0.96-0.97)10-yr CVD risk, %

.1410.53 (0.53-0.53).0650.59 (0.59-0.60).1100.54 (0.54-0.54)Total unhealthy CVD risk factors, n

Risk factor prevalence

.0050.71 (0.71-0.72).0070.52 (0.52-0.53).0040.67 (0.66-0.68)Current smoker

.0021.13 (1.12-1.14).0010.90(0.89-0.91).0001.05 (1.04-1.06)Overweight, BMI≥25d

.0021.20 (1.19-1.21).0010.74 (0.73-0.75).0001.03 (1.02-1.04)Obese, BMI≥30d

.0011.47 (1.46-1.50).0011.48 (1.45-1.51).0031.74 (1.71-1.77)Diabetic

.0040.67 (0.66-0.68).0001.07 (1.06-1.09)——High TC (≥240 mg/dl)e

.0001.05 (1.01-1.10)——.0070.46 (0.34-0.63)Low HDL-C (≤40 mg/dl)f

——.0010.79 (0.77-0.80).0000.94 (0.93-0.95)High SBP (≥140 mmHg)g

.0021.22 (1.22-1.23).0011.26 (1.24-1.27).0061.43 (1.42-1.44)Family history of CVD

Awareness of physiological measures

.0694.68 (4.65-4.72).3794364.73 (3,797.62-5,016.52)——Awareness TC values

.0276.24 (6.13-3.34)——.2084,125.41 (3,589.46-4,741.37)Awareness HDL-C values

——.0566.18 (6.08-6.29).0824.85 (4.81-4.89)Awareness SBP values

aAll logistic regressions were adjusted for age, country, and gender where appropriate. All ORs were significant (P<.001) with the exception of low
HDL-C and awareness of SBP (P=.024).
bR2 shows the Nagelkerke R2 unique variance attributable to this variable after controlling for age, gender, and country where appropriate.
cHeart Age was calculated from different algorithms depending on available valid values of TC, HDL-C, and SBP.
dUsers with valid BMI values (n=2,742,818), reference category is normal weight (BMI<25).
eUsers with valid TC values (n=618,210).
fUsers with valid HDL-C values (n=191,219).
gUsers with valid SBP values (n=1,466,836).

Discussion

Principal Results and Implications
The potential positive impact of Web-based health assessment
tools on public health is highly dependent upon whether the
tools reach the right audience and the quality of health
assessment that is provided. This study evaluated whether a
health assessment tool communicating CVD risk was reaching
an audience with elevated risk, evaluated the impact of having
correct input information (eg, awareness of key physiological
risk factors), and examined whether certain subgroups were less
likely to provide complete input information. Overall, the Heart
Age tool was shown to reach the intended audience of people
who are at risk of developing a CVD event, and it was
demonstrated that missing information on physiological risk

factors resulted in overestimation of (relative) Heart Age.
Specific subgroups of people were indeed at higher risk for not
providing complete risk factor information. The Heart Age tool
reached on average users who were at moderate risk (men) and
low risk (women); few users had a high risk (>20% CVD risk).
Of note, the average Heart Age user had multiple CVD risk
factors. Prevalence of smoking, overweight, and obesity among
Heart Age users was within the usual ranges commonly observed
in the studied countries [25-27]. However, rates of high TC,
high SBP, and diabetes were lower [15,26,28,29]. This may be
explained by the underrepresentation of people aged 60 years
and older and to high rates of undiagnosed diabetes commonly
seen in these populations [30-32]. Information bias may also
play a role in the relatively low prevalence of high TC and SBP,
as TC and SBP levels of those who were aware of their values
may systematically differ from those who were not aware [33].
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Others previously reported that specific population groups that
are more likely to have high CVD risk, like older people, and
those with preventable health problems or chronic conditions,
and people of lower socioeconomic status are generally less
likely to search for health information, possibly due to limited
Internet access and usage [3,10,34,35] and relatively low eHealth
literacy (ie, ability to seek, find, understand, and apply health
information from electronic sources) [36]. The accessibility of
Web-based health applications to these population groups at
particularly high (absolute) CVD risk should therefore still be
improved (eg, through increasing Internet access in public
places, developing health apps for mobile use, using user
friendly language, and targeted promotion).

The Heart Age tool was designed to reach people at risk of
developing CVD, where interventions are still viable. The
absolute risk of the current users was lower than expected,
suggesting that the tool may be reaching a large proportion of
“healthy” users. However, on average, these people had multiple
unhealthy CVD risk factors, and their heart age was on average
4 years older than their real age. This suggests that their risk
factors are elevated for their age, and they have high lifetime
risk of developing CVD if nothing is done to improve their
lifestyle. Therefore, the audience reached by Heart Age was the
intended audience—a group that is a good target for disease
prevention. This is of particular interest for younger people
where a low absolute 10-year CVD risk can be falsely reassuring
[37-40], especially in the presence of multiple raised risk factors.
Heart Age was shown to be more likely perceived as a wake-up
call among younger (30-45 year old) smokers and/or obese users
[41]. Previous studies also showed that Heart Age motivated
people to make healthy behavior changes or had an emotional
impact [7,42,43], and led to greater reductions in cholesterol,
blood pressure, and CVD risk than when a percentage for
10-year CVD risk was provided [42]. This highlights that health
self-assessment tools, and particularly Heart Age, can be useful
for health promotion at the population level.

A large proportion of Heart Age users did not know their TC,
HDL-C, or SBP values and therefore received an overestimation
of (relative) Heart Age that may cause inappropriate distress
among users of the tool. This highlights the importance of
complete risk factor information for reliable risk communication
of Web-based health self-assessment tools. Therefore,
Web-based health assessment tools should mention the potential
impact of not knowing your risk factors and encourage users
who have not recently been tested to get tested. As expected,
the more physiological risk factors that were known, the more
accurately (relative) Heart Age was predicted. Because
awareness of TC alone did not add much to the accuracy of
predicted Heart Age, cholesterol tests should generally measure
both TC and HDL-C concentrations. Furthermore, the use of
proxy-measures to estimate lacking physiological risk factor
values in Web-based health applications should be explored
and validated. These could include questions on whether people
are diagnosed with hypertension or hypercholesterolemia or
have been prescribed cholesterol-lowering medication. The
Heart Age tool is continuously improved based on current
learnings, and its algorithms are fine-tuned to increase its
accuracy; this may include space for new measurements that

improve the performance of the tool but also important
variations that may be necessary for different countries or ethnic
groups. The finding that overestimation of Heart Age diminished
with increasing CVD risk is presumably attributable to the
capping of Heart Age. Precautionary measures to restrict
extreme outcomes of Web-based health assessment tools may
generally be useful to limit large inaccuracies in predicted
disease risk. Withholding people who have incomplete risk
factor information from accessing Web-based self-assessment
tools may be a missed opportunity as the Heart Age tool has
been shown to motivate women to get their cholesterol tested
[41].

Smokers and people with several unhealthy CVD risk factors
were particularly at risk of not being aware of their (other)
physiological CVD risk factors. Therefore, if health
self-assessment tools are targeted at these groups, special
attention should be paid to a thorough inventory of all relevant
risk factors, a careful communication of the estimated disease
risk within some confidence limits, and compelling
encouragement to get to know one’s risk factor values. As
awareness of physiological CVD risk factors by itself has been
shown to motivate people to take preventive actions [44,45],
awareness of risk factor values should generally be promoted
among smokers and those with other known CVD risk factors.
This also aligns with the general policy in CVD risk prevention,
which encourages looking at the combination of all CVD risk
factors [22,46]. The finding that awareness of physiological
risk factors decreased with increasing Heart Age needs to be
considered with care as this may be partly explained by Heart
Age being overestimated when risk factor information is
missing. The number of total CVD risk factors explained
6.5-14.1% of the variation in awareness of risk factors,
indicating that other characteristics beyond risk factors may be
more important predictors of awareness of TC, HDL-C, and
SBP.

Strengths and Limitations
The current study was based on a large sample size of almost
three million Heart Age tool users, providing confidence in
findings. Moreover, the sample was drawn from 13 countries,
enhancing the generalizability of results. However, there are
some limitations that should be taken into account when
interpreting the results. First, the data are self-reported and not
verified for accuracy through objective measures; this is
particularly an issue for physiological data, which are not always
accurately recalled or may not be from a recent measurement.
Second, the impact of awareness of physiological risk factors
on Heart Age was estimated based on a relatively small and
healthy subsample of Heart Age users; therefore, this finding
may not be generalizable. Thus, while from this study the impact
of missing risk factor information is shown to be a concern,
future research is required to investigate the effect of awareness
of physiological CVD risk factors on Heart Age in a sample
where self-reported information on awareness of physiological
risk factor values is combined with objective measurements of
all Heart Age tool parameters.
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Conclusions
Heart Age is a Web-based CVD risk communication tool, which
was found on average to reach people with multiple elevated
CVD risk factors and a Heart Age higher than their real age.
This highlights that Web-based self -assessment health tools
can be a useful means to interact with people who are at risk of
developing disease, and where interventions are still viable.
Missing information in the self-assessment health tools was

shown to result in inaccurate self-health assessments. This
demonstrates the importance of complete input information into
health self-assessment tools and the need to encourage people
who do not know their values to get tested. Specific subgroups
of people were found to be particularly at risk for not having
complete input information required for health self-assessment
tools, and as such, more care needs to be taken if health
self-assessment tools are being deployed to these groups. Extra
efforts need to be made to raise awareness in these subgroups.

Acknowledgments
All authors were involved in the design of the study and drafting or revising the manuscript for intellectual content, and all
approved the final version to be published.

Conflicts of Interest
NN, MC, and RSN are employees of Unilever R&D. The Heart Age tool was developed by Unilever R&D and has registered
trademarks and a granted patent.

Multimedia Appendix 1
Screenshots of the Heart Age tool.

[PPTX File, 1MB-Multimedia Appendix 1]

Multimedia Appendix 2
Full and alternative algorithms used to calculate 10-year CVD risk and Heart Age.

[PDF File (Adobe PDF File), 1MB-Multimedia Appendix 2]

References

1. Kummervold PE, Chronaki CE, Lausen B, Prokosch HU, Rasmussen J, Santana S, et al. eHealth trends in Europe 2005-2007:
a population-based survey. J Med Internet Res 2008;10(4):e42 [FREE Full text] [doi: 10.2196/jmir.1023] [Medline:
19017584]

2. Rice RE. Influences, usage, and outcomes of Internet health information searching: multivariate results from the Pew
surveys. Int J Med Inform 2006 Jan;75(1):8-28. [doi: 10.1016/j.ijmedinf.2005.07.032] [Medline: 16125453]

3. Fox S. Health Topic: 80% of internet users look for health information online. 2011 Feb 01. URL: http://www.pewinternet.org/
~/media//Files/Reports/2011/PIP_Health_Topics.pdf [accessed 2013-10-28] [WebCite Cache ID 6KhiH3ciA]

4. Ybarra ML, Suman M. Help seeking behavior and the Internet: a national survey. Int J Med Inform 2006 Jan;75(1):29-41.
[doi: 10.1016/j.ijmedinf.2005.07.029] [Medline: 16129659]

5. Lira MT, Kunstmann S, Caballero E, Guarda E, Villarroel L, Molina JC. Cardiovascular prevention and attitude of people
towards behavior changes: state of the art. Rev Med Chil 2006 Feb;134(2):223-230 [FREE Full text] [Medline: 16554932]

6. Logan RA. Evaluating consumer informatics: learning from health campaign research. Stud Health Technol Inform
2004;107(Pt 2):1147-1151. [Medline: 15360992]

7. Ayres K, Conner M, Prestwich A, Hurling R, Cobain M, Lawton R, et al. Exploring the question-behaviour effect: randomized
controlled trial of motivational and question-behaviour interventions. Br J Health Psychol 2013 Feb;18(1):31-44. [doi:
10.1111/j.2044-8287.2012.02075.x] [Medline: 22519696]

8. Murray E, Burns J, See TS, Lai R, Nazareth I. Interactive Health Communication Applications for people with chronic
disease. Cochrane Database Syst Rev 2005(4):CD004274. [doi: 10.1002/14651858.CD004274.pub4] [Medline: 16235356]

9. Parekh S, Vandelanotte C, King D, Boyle FM. Improving diet, physical activity and other lifestyle behaviours using
computer-tailored advice in general practice: a randomised controlled trial. Int J Behav Nutr Phys Act 2012;9:108 [FREE
Full text] [doi: 10.1186/1479-5868-9-108] [Medline: 22963354]

10. Bessell TL, Silagy CA, Anderson JN, Hiller JE, Sansom LN. Prevalence of South Australia's online health seekers. Aust
N Z J Public Health 2002 Apr;26(2):170-173. [Medline: 12054338]

11. Levy JA, Strombeck R. Health benefits and risks of the Internet. J Med Syst 2002 Dec;26(6):495-510. [Medline: 12385532]
12. Cline RJ, Haynes KM. Consumer health information seeking on the Internet: the state of the art. Health Educ Res 2001

Dec;16(6):671-692 [FREE Full text] [Medline: 11780707]

J Med Internet Res 2014 | vol. 16 | iss. 9 | e215 | p. 10http://www.jmir.org/2014/9/e215/
(page number not for citation purposes)

Neufingerl et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v16i9e215_app1.pptx&filename=56ae38efc79073e9f8a413e98b07dc6a.pptx
https://jmir.org/api/download?alt_name=jmir_v16i9e215_app1.pptx&filename=56ae38efc79073e9f8a413e98b07dc6a.pptx
https://jmir.org/api/download?alt_name=jmir_v16i9e215_app2.pdf&filename=363f384d3593f76b1dca865ca273dcea.pdf
https://jmir.org/api/download?alt_name=jmir_v16i9e215_app2.pdf&filename=363f384d3593f76b1dca865ca273dcea.pdf
http://www.jmir.org/2008/4/e42/
http://dx.doi.org/10.2196/jmir.1023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19017584&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2005.07.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16125453&dopt=Abstract
http://www.pewinternet.org/~/media//Files/Reports/2011/PIP_Health_Topics.pdf
http://www.pewinternet.org/~/media//Files/Reports/2011/PIP_Health_Topics.pdf
http://www.webcitation.org/

                                                6KhiH3ciA
http://dx.doi.org/10.1016/j.ijmedinf.2005.07.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16129659&dopt=Abstract
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0034-98872006000200014&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16554932&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15360992&dopt=Abstract
http://dx.doi.org/10.1111/j.2044-8287.2012.02075.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22519696&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD004274.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16235356&dopt=Abstract
http://www.ijbnpa.org/content/9//108
http://www.ijbnpa.org/content/9//108
http://dx.doi.org/10.1186/1479-5868-9-108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22963354&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12054338&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12385532&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=11780707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11780707&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Robinson TN, Patrick K, Eng TR, Gustafson D. An evidence-based approach to interactive health communication: a
challenge to medicine in the information age. Science Panel on Interactive Communication and Health. JAMA 1998 Oct
14;280(14):1264-1269. [Medline: 9786378]

14. Nijland N, van Gemert-Pijnen J, Boer H, Steehouder MF, Seydel ER. Evaluation of internet-based technology for supporting
self-care: problems encountered by patients and caregivers when using self-care applications. J Med Internet Res 2008
May;10(2):e13 [FREE Full text] [doi: 10.2196/jmir.957] [Medline: 18487137]

15. Tolonen H, Keil U, Ferrario M, Evans A, MONICA Project WHO. Prevalence, awareness and treatment of
hypercholesterolaemia in 32 populations: results from the WHO MONICA Project. Int J Epidemiol 2005 Feb;34(1):181-192
[FREE Full text] [doi: 10.1093/ije/dyh298] [Medline: 15333620]

16. Angus J, Evans S, Lapum J, Rukholm E, St Onge R, Nolan R, et al. "Sneaky disease": the body and health knowledge for
people at risk for coronary heart disease in Ontario, Canada. Soc Sci Med 2005 May;60(9):2117-2128. [doi:
10.1016/j.socscimed.2004.08.069] [Medline: 15743659]

17. van Steenkiste B, van der Weijden T, Stoffers HE, Kester AD, Timmermans DR, Grol R. Improving cardiovascular risk
management: a randomized, controlled trial on the effect of a decision support tool for patients and physicians. Eur J
Cardiovasc Prev Rehabil 2007 Feb;14(1):44-50. [doi: 10.1097/01.hjr.0000239475.71805.1e] [Medline: 17301626]

18. D'Agostino RB, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, et al. General cardiovascular risk profile for
use in primary care: the Framingham Heart Study. Circulation 2008 Feb 12;117(6):743-753 [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.107.699579] [Medline: 18212285]

19. Heart UK, World Heart Foundation, Unilever. Heart Age. 2013. Heart Age Calculator URL: http://www.heartage.me/
[accessed 2013-10-28] [WebCite Cache ID 6Khrp6jdw]

20. Cobain M. Heart Age Assessment. USA patent US 8,409,104 B2. 2013 Apr 2. Conopco Inc URL: http://www.google.com/
patents/US8529456 [accessed 2014-09-14] [WebCite Cache ID 6SaA1YGlv]

21. D'Agostino RB, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, et al. General cardiovascular risk profile for
use in primary care: the Framingham Heart Study. Circulation 2008 Feb 12;117(6):743-753 [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.107.699579] [Medline: 18212285]

22. National Cholesterol Education Program (NCEP) Expert Panel on Detection‚ Evaluation‚Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel III). Third Report of the National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report.
Circulation 2002 Dec 17;106(25):3143-3421 [FREE Full text] [Medline: 12485966]

23. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Böhm M, et al. 2013 ESH/ESC guidelines for the management
of arterial hypertension: the Task Force for the Management of Arterial Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). Eur Heart J 2013 Jul;34(28):2159-2219 [FREE Full text] [doi:
10.1093/eurheartj/eht151] [Medline: 23771844]

24. WHO. Obesity and overweight. 2013. URL: http://www.who.int/mediacentre/factsheets/fs311/en/index.html [accessed
2013-10-28] [WebCite Cache ID 6KhdL6Ic1]

25. Organisation for Economic Co-operation and Development (OECD). Health at a Glance: Europe 2012.: OECD Publishing;
2012. URL: http://www.oecd.org/els/health-systems/HealthAtAGlanceEurope2012.pdf [accessed 2014-09-14] [WebCite
Cache ID 6SaB9KXcI]

26. WHO. Global Status Report on Noncommunicable Diseases 2010. Geneva: World Health Organization; 2011.
27. WHO. WHO Report on the global tobacco epidemic. 2013. URL: http://www.who.int/tobacco/global_report/2013/

appendix_x_graph_10_1.pdf [accessed 2014-03-20] [WebCite Cache ID 6ODBEX9sq]
28. Australian Bureau of Statistics. 2013. Health Survey: Updated Results URL: http://www.abs.gov.au/ausstats/abs@.nsf/

Lookup/80E00969554B94C7CA257B8200179637?opendocument [accessed 2013-10-28] [WebCite Cache ID 6KhfL7yMu]
29. International Diabetes Federation. Diabetes Atlas, third edition. Brussels, Belgium: International Diabetes Federation; 2006.
30. Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, cardiovascular risk factors, and coronary heart disease: a

prospective follow-up study of 14 786 middle-aged men and women in Finland. Circulation 1999 Mar 9;99(9):1165-1172
[FREE Full text] [Medline: 10069784]

31. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates of the prevalence of diabetes for 2011 and
2030. Diabetes Res Clin Pract 2011 Dec;94(3):311-321. [doi: 10.1016/j.diabres.2011.10.029] [Medline: 22079683]

32. International Diabetes Federation. IDF Diabetes Atlas, 5th edition. 2013. URL: http://www.idf.org/diabetesatlas [accessed
2013-10-28] [WebCite Cache ID 6Khnlh8yl]

33. Deutekom M, Aziz Y, van Dis I, Stronks K, Bossuyt PM. [The Dutch National Colesterol Test: participants mainly healthy].
Ned Tijdschr Geneeskd 2008 Nov 1;152(44):2425-2429. [Medline: 19055144]

34. Andreassen HK, Bujnowska-Fedak MM, Chronaki CE, Dumitru RC, Pudule I, Santana S, et al. European citizens' use of
E-health services: a study of seven countries. BMC Public Health 2007;7:53 [FREE Full text] [doi: 10.1186/1471-2458-7-53]
[Medline: 17425798]

35. Eng TR, Maxfield A, Patrick K, Deering MJ, Ratzan SC, Gustafson DH. Access to health information and support: a public
highway or a private road? JAMA 1998 Oct 21;280(15):1371-1375. [Medline: 9794322]

J Med Internet Res 2014 | vol. 16 | iss. 9 | e215 | p. 11http://www.jmir.org/2014/9/e215/
(page number not for citation purposes)

Neufingerl et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9786378&dopt=Abstract
http://www.jmir.org/2008/2/e13/
http://dx.doi.org/10.2196/jmir.957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18487137&dopt=Abstract
http://ije.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15333620
http://dx.doi.org/10.1093/ije/dyh298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15333620&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2004.08.069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15743659&dopt=Abstract
http://dx.doi.org/10.1097/01.hjr.0000239475.71805.1e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17301626&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=18212285
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.699579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18212285&dopt=Abstract
http://www.heartage.me/
http://www.webcitation.org/

                                                6Khrp6jdw
http://www.google.com/patents/US8529456
http://www.google.com/patents/US8529456
http://www.webcitation.org/

                                                6SaA1YGlv
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=18212285
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.699579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18212285&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=12485966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12485966&dopt=Abstract
http://eurheartj.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23771844
http://dx.doi.org/10.1093/eurheartj/eht151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23771844&dopt=Abstract
http://www.who.int/mediacentre/factsheets/fs311/en/index.html
http://www.webcitation.org/

                                                6KhdL6Ic1
http://www.oecd.org/els/health-systems/HealthAtAGlanceEurope2012.pdf
http://www.webcitation.org/

                                                6SaB9KXcI
http://www.webcitation.org/

                                                6SaB9KXcI
http://www.who.int/tobacco/global_report/2013/appendix_x_graph_10_1.pdf
http://www.who.int/tobacco/global_report/2013/appendix_x_graph_10_1.pdf
http://www.webcitation.org/

                                                6ODBEX9sq
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/80E00969554B94C7CA257B8200179637?opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/80E00969554B94C7CA257B8200179637?opendocument
http://www.webcitation.org/

                                                6KhfL7yMu
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=10069784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10069784&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2011.10.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22079683&dopt=Abstract
http://www.idf.org/diabetesatlas
http://www.webcitation.org/

                                                6Khnlh8yl
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19055144&dopt=Abstract
http://www.biomedcentral.com/1471-2458/7/53
http://dx.doi.org/10.1186/1471-2458-7-53
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17425798&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9794322&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Neter E, Brainin E. eHealth literacy: extending the digital divide to the realm of health information. J Med Internet Res
2012;14(1):e19 [FREE Full text] [doi: 10.2196/jmir.1619] [Medline: 22357448]

37. Williams CL, Hayman LL, Daniels SR, Robinson TN, Steinberger J, Paridon S, et al. Cardiovascular health in childhood:
A statement for health professionals from the Committee on Atherosclerosis, Hypertension, and Obesity in the Young
(AHOY) of the Council on Cardiovascular Disease in the Young, American Heart Association. Circulation 2002 Jul
2;106(1):143-160 [FREE Full text] [Medline: 12093785]

38. Marteau TM, Lerman C. Genetic risk and behavioural change. BMJ 2001 Apr 28;322(7293):1056-1059 [FREE Full text]
[Medline: 11325776]

39. Tymstra T, Bieleman B. The psychosocial impact of mass screening for cardiovascular risk factors. Fam Pract 1987
Dec;4(4):287-290. [Medline: 3692036]

40. Lloyd-Jones DM, Dyer AR, Wang R, Daviglus ML, Greenland P. Risk factor burden in middle age and lifetime risks for
cardiovascular and non-cardiovascular death (Chicago Heart Association Detection Project in Industry). Am J Cardiol 2007
Feb 15;99(4):535-540 [FREE Full text] [doi: 10.1016/j.amjcard.2006.09.099] [Medline: 17293199]

41. Soureti A, Murray P, Cobain M, van Mechelen W, Hurling R. Web-based risk communication and planning in an obese
population: exploratory study. J Med Internet Res 2011 Nov;13(4):e100 [FREE Full text] [doi: 10.2196/jmir.1579] [Medline:
22126827]

42. Lopez-Gonzalez AA, Aguilo A, Frontera M, Bennasar-Veny M, Campos I, Vicente-Herrero T, et al. Effectiveness of the
Heart Age tool for improving modifiable cardiovascular risk factors in a Southern European population: a randomized trial.
Eur J Prev Cardiol 2014;Feb 3:1-2.

43. Soureti A, Hurling R, Murray P, van Mechelen W, Cobain M. Evaluation of a cardiovascular disease risk assessment tool
for the promotion of healthier lifestyles. Eur J Cardiovasc Prev Rehabil 2010 Oct;17(5):519-523. [doi:
10.1097/HJR.0b013e328337ccd3] [Medline: 20195154]

44. Aubin M, Godin G, Vézina L, Maziade J, Desharnais R. Hypercholesterolemia screening. Does knowledge of blood
cholesterol level affect dietary fat intake? Can Fam Physician 1998 Jun;44:1289-1297 [FREE Full text] [Medline: 9640523]

45. Mooney LA, Franks AM. Impact of health screening and education on knowledge of coronary heart disease risk factors. J
Am Pharm Assoc (2003) 2011 Nov;51(6):713-718. [doi: 10.1331/JAPhA.2011.10127] [Medline: 22068192]

46. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, European Association for Cardiovascular Prevention
& Rehabilitation (EACPR), ESC Committee for Practice Guidelines (CPG). European Guidelines on cardiovascular disease
prevention in clinical practice (version 2012). The Fifth Joint Task Force of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of nine societies and
by invited experts). Eur Heart J 2012 Jul;33(13):1635-1701 [FREE Full text] [doi: 10.1093/eurheartj/ehs092] [Medline:
22555213]

Abbreviations
ANCOVA: analysis of covariance
BMI: body mass index
CVD: cardiovascular disease
HDL-C: high density lipoprotein cholesterol
TC: total cholesterol
SBP: systolic blood pressure

Edited by G Eysenbach; submitted 28.11.13; peer-reviewed by C Bonner, R Peters, A Lerman; comments to author 14.03.14; revised
version received 24.04.14; accepted 10.07.14; published 26.09.14

Please cite as:
Neufingerl N, Cobain MR, Newson RS
Web-Based Self-Assessment Health Tools: Who Are the Users and What Is the Impact of Missing Input Information?
J Med Internet Res 2014;16(9):e215
URL: http://www.jmir.org/2014/9/e215/
doi: 10.2196/jmir.3146
PMID: 25261155

©Nicole Neufingerl, Mark R Cobain, Rachel S Newson. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 26.09.2014. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete

J Med Internet Res 2014 | vol. 16 | iss. 9 | e215 | p. 12http://www.jmir.org/2014/9/e215/
(page number not for citation purposes)

Neufingerl et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2012/1/e19/
http://dx.doi.org/10.2196/jmir.1619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22357448&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=12093785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12093785&dopt=Abstract
http://europepmc.org/abstract/MED/11325776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11325776&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3692036&dopt=Abstract
http://europepmc.org/abstract/MED/17293199
http://dx.doi.org/10.1016/j.amjcard.2006.09.099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17293199&dopt=Abstract
http://www.jmir.org/2011/4/e100/
http://dx.doi.org/10.2196/jmir.1579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22126827&dopt=Abstract
http://dx.doi.org/10.1097/HJR.0b013e328337ccd3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20195154&dopt=Abstract
http://europepmc.org/abstract/MED/9640523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9640523&dopt=Abstract
http://dx.doi.org/10.1331/JAPhA.2011.10127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22068192&dopt=Abstract
http://eurheartj.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22555213
http://dx.doi.org/10.1093/eurheartj/ehs092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22555213&dopt=Abstract
http://www.jmir.org/2014/9/e215/
http://dx.doi.org/10.2196/jmir.3146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25261155&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information
must be included.

J Med Internet Res 2014 | vol. 16 | iss. 9 | e215 | p. 13http://www.jmir.org/2014/9/e215/
(page number not for citation purposes)

Neufingerl et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

