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Abstract
Background: Involving pharmacists in clinical care could improve the identification of subjects at
risk for cardiovascular (CV) disease. Data on web-based approach involving pharmacists for CV
disease risk assessment are very limited. Methods: We first developed a web-based CV risk assessment tool to be used by pharmacists that includes demographic, lifestyle, biological and anthropometric information. Biological and anthropometric data were collected in independent laboratories. We then assessed the feasibility and validity of this approach by inviting adults who
previously (within 6 months) participated in a Swiss standardized population-based study to fill
out the web-based platform. Attrition rates and correlations were used to assess the feasibility
and validity, respectively. Proportions were expressed as percentages and continuous variables
were expressed as means ± standard deviations (SD). Main Outcomes Measure: Proportions of
participants who 1) agreed to participate; 2) filled out the questionnaire and had their biological
and anthropometric measures taken; 3) only filled out the questionnaire; and 4) only had their biological and anthropometric measures taken. Correlations were used to compare continuous variables (body mass index [BMI], waist circumference, systolic blood pressure, fasting blood glucose, total plasma cholesterol, HDL plasma cholesterol, LDL plasma cholesterol, triglycerides) col*
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lected via both studies. Results: Overall, 218 (53.2% women) adults of the population-based study
were eligible and were contacted to participate, from April to November 2013. Of these, 140
(64.2%) agreed to participate. The majority (67/140, 47.8%) both filled out the questionnaire and
had their biological/anthropometric measures taken, whereas only 2.8% and 7.1% only filled out
the questionnaire or only had their biological measures taken, respectively. Except for systolic
blood pressure, fasting glucose, and triglycerides, the correlations between the measures obtained
in the population-based study and the web-based approach were generally greater than 0.80,
suggesting very good correlations. Conclusions: A web-based CV risk assessment via pharmacists
is a feasible and valid approach. This web-based approach should be adapted to lower attrition,
and its impact on CV risk factors should be further tested.
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1. Introduction
Cardiovascular (CV) disease is a major cause of mortality and morbidity worldwide [1]. Both behavioral (e.g.,
unhealthy diet, sedentary lifestyle, psychological stress, smoking, and alcohol consumption) and physiological
(e.g., high blood pressure, hypercholesterolemia, and hyperglycemia) factors are associated with CV disease
[2]-[4].
Most of these factors are modifiable, and previous studies have highlighted the opportunity to act on these
risk factors in order to reduce the likelihood of CV disease. The likelihood of CV disease is generally determined using health risk assessment strategies [5]. So far, the majority of individual CV risk assessment relies on
physician involvement. However, this conventional physician-based approach might be suboptimal due, in part,
to the shortage of physicians and their lack of time for preventive care.
The management of patients with CV risk factors is currently suboptimal. For example, half of hypertensive
subjects remain untreated or uncontrolled [6]. The incidence of CV disease will increase in the next decades, and
suboptimal management is likely to increase in parallel [7]. Because the resources providing face-to-face physician-patient interactions are not increasing at the same pace as CV disease and risk factors, innovative methods
are required.
Involvement of other healthcare providers such as pharmacists could meaningfully contribute to better identifying subjects at risk for CV disease and to mitigating the CV disease burden by reducing risks through appropriate interventions (e.g., lifestyle changes, suggestion to consult a physician). Pharmacists are freely accessible
and knowledgeable healthcare providers [8] with skills and knowledge that can help patients manage important
health-related factors and conditions. In addition, evidence from clinical trials supports the use of pharmacist-based interventions to reduce CV risk factors [9]-[17]. Accordingly, in some healthcare systems (e.g., Switzerland), pharmacists are asked by law to influence and motivate their patients to take care of their health [18].
Unfortunately, pharmacists often lack the time required to ask patients all the relevant questions to perform an
optimal CV risk assessment. Therefore, new approaches such as web-based questionnaires to complete the assessment generally performed at the counter have been explored.
Accumulating evidence suggests that the use of web-based approaches may also facilitate the promotion of
favorable health behavior and the control of CV risk factors [19] [20]. For example, a recent systematic review
and meta-analysis found that Internet-based interventions significantly reduced systolic blood pressure in a
magnitude comparable to the blood pressure reduction reported in meta-analyses of face-to-face lifestyle counseling [21]. Web-based health risk assessment with tailored feedback for individual health promotion has also
emerged [22]. So far, web-based approaches involving pharmacists have generally been limited to controlling
drug interactions and/or adherence [23]. Data on the use of web-based approaches specifically involving pharmacists for the prevention, management, or risk assessment of CV disease are limited [24].
Recognizing this, we aimed to determine the feasibility of a web-based CV risk assessment via pharmacists.
To do so, we first developed a web-based platform (Health Audit) and then assessed its validity using data from
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the population-based Bus Santé study. We suggest that this web-based CV risk assessment could be used by
pharmacists, including at the counter, to contribute—in close collaboration with primary-care physicians—to
better identifying subjects at risk for CV disease and to mitigating their risk by reducing risks through appropriate interventions.

2. Methods
2.1. Health Audit
We developed a web-based online questionnaire (Health Audit http://www.net-care.ch/) that aims to help individuals manage their own health through a CV risk factor evaluation by pharmacists. The Health Audit was elaborated after a systematic review of the literature on the risk factors and prevention of CV disease [3] [4] (a free
demonstration is available at http://www.net-care.ch/). The online electronic questionnaire is based on reliable
key indicators that identify and evaluate the risk of developing CV disease [2]-[4]. In addition to demographics,
family history, personal medical history, and current treatment information, data pertaining to lifestyle and behavioral and physiological factors was collected to help the patients create a tailored health strategy. Embedded
within the Health Audit, a CV risk assessment termed the “Health Score”, is calculated according to an algorithm, based on the validated Interheart study [4]. The Health Score combines the following ten key indicators:
psychosocial stress, nutrition, physical activity, smoking status, alcohol consumption, fasting glucose, total cholesterol, arterial blood pressure, waist circumference, and oxidation. Health Score points are assigned proportionally to the β coefficients of the model, and the score is expressed as a percentage. The score is interpreted as
a proxy of the patient’s health potential and shows the areas in which the patient could focus on to improve his
or her score to approach the ideal score (100%). The patient can also request a health counseling session with a
pharmacist, who provides tailored advice based on the individual results.
Notably, all information is entered directly into the web-based electronic questionnaire by the participants. If
no recent anthropometric and/or biological measures are available, the participants can go to one of the 6 affiliated yet independent laboratories in the State of Geneva (Switzerland), where the necessary biological and
anthropometric measures are taken using standardized methods. Affiliations with independent laboratories are
aimed to ensure the reproducibility of the measures and the confidentiality of the results.
A description of the methods and protocols used to measure arterial blood pressure, fasting glucose, and lipids
(total cholesterol, HDL cholesterol, triglycerides, LDL cholesterol) by these affiliated independent laboratories
is presented in supplementary Table 1.
The Health Audit is aimed to be a web-based CV risk assessment that is widely available to public. To ensure
confidentiality, two different servers with multiple firewalls are used. The first server is used to send a confirmation email to the participant, who then must fill out the online electronic subscription form. The personal data
(surname, first name, address) are saved in the first server. The participants choose a password, allowing them to
electronically request their results summary, including the Health Score. The second server is used to anonymously collect the participants’ health-related information. The document summarizing the results cannot be
associated with the participant, and the information is sent online to the respondent through a secured email. All
the collected data are saved for five years and then destroyed. Before this feasibility and validity study conducted from April to November 2013, the web-based approach was pretested in 300 volunteers.

2.2. Bus Santé Study
The Bus Santé study has been described elsewhere [6] [25] [26]. Briefly, this cross-sectional population-based
study collects information on CV risk factors in the State of Geneva (Switzerland). Subjects are independently
selected throughout each year to represent the canton’s non-institutionalized adult residents. Eligible subjects are
identified using a list of residents established by the local government that includes all potential eligible participants except persons living illegally in the country. Stratified random sampling is used to select participants by
gender within each 10-year age stratum, selecting a number of participants that is proportional to the corresponding population distribution. Each participant receives several self-administered, standardized questionnaires.
Each participant brings along their filled-in questionnaires, which are checked for correct completion by trained
interviewers (a full visit can be watched on http://epidemiologiepopulation.hug-ge.ch/video_busSante.html). A
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Table 1. Study-specific protocols and methods for biological and anthropometric measures.
Health Audit study
Protocols

2 *

BMI [kg/m ]

Self-reported

Methods

Protocols

Methods

BMI is calculated as
weight (in kg)/height
(in m2).

Body weight is measured
with the subject lightly
dressed, without shoes
and using a medical
scale (precision 0.5 kg),
and standing height is
measured using a medical
gauge (precision 1 cm).

BMI is calculated as
weight (in kg)/height
(in m2). Mean of
3 measures

Circumferences to within
1 mm with a centimetre
tape, with waist mid-way
between the lowest rib
and the iliac crest with
the subject standing at the
end of gentle expiration

Circumferences to within
5 mm with a centimetre
tape, with the subject
standing, 2 cm below
belly button

Waist circumference [cm]

Systolic blood pressure
[mmHg]

Bus Santé study

Arterial blood pressure
is measured once in the
sitting position on the
right arm after at least
5 minutes rest using
a standard protocol

Manual measure with
sphygmomanometer
(Lian Classic Spengler)

Arterial blood pressure
is measured thrice in the
sitting position on the
right arm after at least
10 minutes rest using
a standard protocol.

Validated automated
oscillometric
sphygmomanometer
(Omron® HEM-907,
Matsusaka, Japan).
Mean of 3 measures

Fasting glucose [mmol/L]

Commercially available
enzymatic kits (Roche
Cobas c501, CV 2.5%)

Commercially available
enzymatic kits (Bayer
Technicon Diagnostics,
CV 1.4%)

Total cholesterol

Commercially available
enzymatic kits (Roche
Cobas c501, CV 3.3%)

Commercially available
enzymatic kits (Bayer
Technicon Diagnostics,
CV 1.2%)

HDL-cholesterol

Commercially available
enzymatic kits (Roche
Cobas c501, CV 3.6%)

Commercially available
enzymatic kits (Bayer
Technicon Diagnostics,
CV 1.2%)

LDL-cholesterol

Commercially available
enzymatic kits (Roche
Cobas c501, CV 2.3%)

Calculated using the
Friedewald formula

Triglycerides

Commercially available
enzymatic kits (Roche
Cobas c501, CV 2.2%)

Commercially available
enzymatic kits (Bayer
Technicon Diagnostics,
CV 1.5%)

Lipids
[mmol/L]

*

only available for 54 participants.

clinical exam is performed, including measuring arterial blood pressure and collecting fasting blood samples to
measure serum fasting glucose and lipids. There are no language restrictions; the participants must only be able
to understand and answer the questionnaires. The participation rates varied between 58% and 62%. The Bus
Santé study was approved by the ethical research committee of the Geneva University Hospitals.
Study-specific protocols and methods for biological and anthropometric measures are listed in Supplementary
Table 1.

2.3. Feasibility and Validity of the Health Audit Approach
To assess the feasibility and validity of the Health Audit approach, we invited subjects who participated in the
Bus Santé study within the previous 6 months to use the Health Audit web-based approach. The inclusion crite-
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ria were as follows: Geneva residents, aged 20 to 74 years, and not institutionalized. Internet access and a personal email address were also required to participate. Study participation included the following steps: 1) receiving an invitation by letter and confirmation by phone call; 2) completing the subscription form on the
web-based electronic questionnaire; 3) filling out the Health Audit web-based questionnaire (including biological and anthropometric measures taken at specific laboratories); and 4) receiving the results (including the CV
risk assessment Health Score) by email. Because we aimed to determine the validity of the biological and anthropometric measures collected via the affiliated independent laboratories proposed in the Health Audit approach,
all participants were invited to have fasting blood glucose and lipids measured at these specific laboratories. To
be considered complete, each participant had to follow all four steps of the process. The specific independent
laboratories were compensated (value of 30 Swiss Francs, 1 Swiss Francs ≈ 1 US$) for taking the biological and
anthropometric measures, and a gift card (with a value of 25 Swiss Francs) was offered to each participant. All
participants gave written informed consent. This feasibility and validation study was approved by the ethical research committee of the Geneva University Hospitals.

2.4. Statistical Analysis
To determine the feasibility and validity of the Health Audit web-based approach, the following judgment criteria were set. We first determined the proportions of participants who 1) agreed to participate; 2) filled out the
questionnaire and had their biological and anthropometric measures taken; 3) only filled out the questionnaire;
and 4) only had their biological and anthropometric measures taken. Based on a previous report [27], we considered a proportion greater than 90% as reflecting low attrition; otherwise attrition was considered high. Then,
we determined correlations between continuous variables (body mass index [BMI], waist circumference, systolic blood pressure, fasting blood glucose, total plasma cholesterol, HDL plasma cholesterol, LDL plasma cholesterol, triglycerides) collected via both studies. Correlations of 0.80 or greater were considered good. Notably,
waist circumference but not BMI was measured in the specified independent laboratories. We therefore calculated the BMI using the participants’ self-reported weights and heights in the Health Audit questionnaire (BMI =
weight/[height] 2, in kg/m2).
The proportions were expressed as percentages. Continuous variables were expressed as the mean ± standard
deviation (SD). Correlations were based on Pearson’s correlation coefficient (r). We determined a priori that a
minimum sample size of 60 participants was necessary to have a power > 0.80 to detect a statistically significant
correlation with an alpha error of 0.05 for at least one of the biological or anthropometric measures.

3. Results
3.1. Feasibility of the Health Audit Approach
The study flowchart is illustrated in Figure 1. Overall, 218 (53.2% women) Bus Santé study participants were
eligible and were contacted to participate in the study. Of these, 140 (64.2%) agreed to participate. The participation rates were similar between men and women (64.8% and 63.6%, respectively). Of the 78 subjects not included, 39 (50.0%) were unreachable, 2 (2.6%) had no Internet access, and 37 (47.4%) refused to participate.
Of the 140 participants (mean age = 48.2 ± 10.9, 70/140 [50%] women, median days since Bus Santé study
participation = 163.2), 59 (42.1%) did not fill out the questionnaire and did not visit an affiliated independent
laboratory to have their biological/anthropometric measures taken. The majority (67/140, 47.8%) of participants
filled out the questionnaire and went to have their biological/anthropometric measures taken, whereas only 2.8%
(4/140) or 7.1% (10/140) only filled out the questionnaire or only went to have their biological measures taken,
respectively. The Health Score was computed for 56 participants, with a mean of 70.1% ± 8.5.

3.2. Validity of the Health Audit Approach
Information on biological measures (total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, and
fasting glucose), waist circumference, and systolic blood pressure was available for 77 (54.9%) subjects. BMI
data were available for fewer participants (N = 54). With the exception of waist circumference, the means/medians were similar between the Bus Santé study and the Health Audit web-based approach (Supplementary Table 2). The mean waist circumference obtained in the Bus Santé study was lower than that obtained in the
Health Audit web-based approach (87.8 cm vs 90.3 cm, respectively; p value = 0.03). The correlations between
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Figure 1. Study flowchart.
Table 2. Means (±standard deviation) of CVD risk factors (N = 77 participants), by studies.
Health Audit study

Bus Santé study

P values

BMI [kg/m ]

24.86 ± 3.66

24.98 ± 3.53

0.86

Waist circumference [cm]

90.35 ± 10.37

87.84 ± 9.18

0.12

Systolic blood pressure [mmHg]

119.81 ± 13.45

119.66 ± 16.05

0.95

Fasting glucose [mmol/L]

5.05 ± 0.72

5.01 ± 0.75

0.74

Total cholesterol

5.30 ± 1.08

5.58 ± 1.06

0.11

HDL-cholesterol

1.51 ± 0.37

1.41 ± 0.35

0.09

LDL-cholesterol

3.49 ± 0.98

3.67 ± 0.92

0.24

Triglycerides

1.13 ± 0.79

1.11 ± 0.66

0.86

2 *

Lipids [mmol/L]

*

only available for 54 participants.

the measures obtained in the Bus Santé study and the Health Audit web-based approach were greater than 0.80,
suggesting very good correlation between the studies (Figure 2). The correlations for systolic blood pressure,
fasting glucose, and triglycerides were below 0.80.

4. Discussion
In this study, we found evidence that a web-based tool evaluated by pharmacists is a feasible approach to generate a CV risk assessment in adults.

353

A. de Toledo et al.

Figure 2. Bus Santé and Health Audit correlation plots, Panel A - H. Footnote: panel A) Body mass
index (pearson correlation r = 0.98, p value = 0.86), panel B) waist circumference (r = 0.77, p value
= 0.12), panel C) systolic blood pressure (r = 0.66, p value = 0.95), panel D) glycemia (r = 0.71, p
value = 0.74), panel E) total cholesterol (r = 0.85, p value = 0.11), panel F) HDL-cholesterol (r =
0.84, p value = 0.09), panel G) LDL-cholesterol (r = 0.83, p value = 0.24), panel H) triglycerides (r =
0.71, p value = 0.86).

Approximately 64% of subjects who were originally selected at random from the population and contacted for
this study agreed to participate. Approximately 40% of the participants who initially agreed to participate eventually did not fill out the online questionnaire or did not have their biological and anthropometric measures at
the specific independent laboratories. Thus, the overall participation rate was only 30.7% (67/218) for both filling out the online questionnaire and having biological/anthropometric measures taken. High attrition is fre-
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quently reported in studies using web-based approaches; this represents a major limitation of the use of the Internet in chronic health management [27] [28]. Factors that enhance internet participation rates have been reviewed; these factors include pressing health concerns and tailored online communication [27]. It is unlikely that
subjects invited to participate in the feasibility and validity study had pressing health concerns. Indeed, these
subjects already participated in the Bus Santé study within the previous 6 months, during which they received
health status information, including their arterial blood pressure, serum fasting glucose, and lipid profile. This
certainly decreased the attractiveness of participating. Although the Health Audit provides an individual CV risk
assessment and highlights risk factors that should be considered first, further efforts to better tailor this approach
must be made to improve the participation rate. Additionally, to validate the procedure for collecting biological
and anthropometric data proposed in the Health Audit in case no recent measures were available, subjects were
systematically asked to visit specified affiliated independent laboratories in the State of Geneva. This requirement also further decreased the participation rate.
Only 0.9% (2/218) of the randomly invited participants did not have Internet access. This rate is consistent
with data showing that a very high percentage of inhabitants in Switzerland have Internet access. Internet access
in Switzerland increased from 61.4% to 85.2% between 2002 and 2012 (16% in 1997) [29]. The same source
shows that 60% of people aged 60 and older have Internet access. Additionally, the effect of socioeconomic
disparities on Internet access are decreasing, at least in Western countries [29].
Biological and anthropometric measures obtained using a web-based approach and evaluated by pharmacists
correlate well with the measures obtained using standardized procedures from a population-based study. Lower
correlations were found for triglycerides, fasting glucose and systolic blood pressure. Several factors can, at
least in part, explain these lower correlations. Blood pressure is known to present high intra-individual variability [30], which lowers the correlation. In addition, different protocols were used to measure systolic blood pressure. Although all the biological markers were measured using different methods in the Health Audit and Bus
Santé studies, glucose and triglycerides are also highly dependent on diet and fasting. In the Bus Santé study,
blood samples were systematically collected between 7.30 am and 10.30 am to favor the fasting state. By contrast, participants in the Health Audit study went to the laboratories for blood sampling at any time throughout
the day. It is therefore possible that fasting compliance was lower, as suggested by the slightly elevated glucose
and triglyceride values observed in the Health Audit study.
Both opportunities and challenges exist in using the Internet for assessing health risks, promoting healthy lifestyles, and managing health-related conditions. In addition to the possible impact on CV risk factors, an Internetdelivered program has the potential to reduce the number of visits to the doctor and is thus a very cost-effective
approach [31].
Still, the impact on CV risk factors of using web-based CV risk assessment involving pharmacists compared
to usual care remains to be tested. Although a recent systematic review on the effects on CV risk factors of Internet-delivered multiple modifiable lifestyle interventions complementary to usual care found no evidence of
superiority of Internet-based approaches [31], one study (out of 9 identified studies) involving pharmacists stood
out with respect to its efficacy. In a 3-group randomized controlled trial in 778 participants with uncontrolled
essential hypertension and Internet access in Washington State (USA), Green et al. showed that pharmacist care
management delivered through secure Web communications with patients significantly improved blood pressure
control in patients with hypertension [24].
Although the integration of pharmacists in the multidisciplinary care of inpatients enhances patient outcomes
and is becoming standard practice [32], pharmacists are not systematically involved in the multidisciplinary care
of outpatients, notably in terms of CV risk factor prevention and management. The added value of pharmacists
to quality-improvement strategies has been reported, notably in the domain of blood pressure management [33]
[34]. In Switzerland, authorities predict a shortage of physicians in the 2030s, which will lead to a consultation
shortage of 11 million, which is one-third of the total number of medical consultations in 2007 [35]. Similar
physician shortages are expected in other countries [36].
Pharmacists and other healthcare providers should be more involved in patient care in the 21st century. By
assessing and evaluating risk factors and helping people improve their lifestyle and health behaviors, pharmacists can contribute to improving chronic disease prevention and therefore to reducing healthcare costs [37]-[40].
In addition to being more involved in patient care in the 21st century, pharmacists should also use 21st century
tools such as web-based, secured, patient-friendly platforms. Mechanisms by which pharmacists could innovatively provide professional primary care services via a Web-based delivery model have been proposed [41].
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Web-based pharmacy systems have been shown to prevent serious adverse drug events [23]. However, very few
studies have explored the feasibility of using a web-based CV risk assessment performed by pharmacists.

Strengths and Limitations
This study has several strengths and limitations. Participants were recruited from an ongoing population-based
study that randomly selects adult inhabitants of the State of Geneva. Previous studies on web-based health risk
assessments have generally included voluntary participants, which may bias the participation rate (because voluntary subjects are more likely to participate). The Health Audit includes a score that can help a patient to focus
on a given factor based on his individual priorities. This is in line with evidence suggesting that web-based interventions should be self-guided and tailored to individual priorities [42]. Compared with other web-based approach, the Health Audit combines several interrelated lifestyle risk factors. This is consistent with recent evidence suggesting that multiple lifestyle interventions are more effective than a single intervention [31].
Biological and anthropometric measures were taken throughout the study. Although the cost of the measures
is limited (CHF 30.00), participation—at least in the biological and anthropometric measures component of the
study—is likely to be lower if these measures are not offered. Additionally, weight and height were measured in
the Bus Santé study, whereas they were self-reported in the Health Audit. Comparison (i.e., correlation analysis)
of BMI values should therefore be made cautiously.

5. Conclusion
Internet and related technologies are innovative tools that can be used for the risk assessment, prevention, and
management of CV disease. CV risk assessment by pharmacists seems to be a feasible and valid approach.
While this web-based approach should be further adapted to reduce attrition rates, and the impact of this approach on CV risk factors requires further study, we suggest that web-based CV risk assessment could be used
by pharmacists, including at the counter, to contribute to better identifying subjects at risk for CV disease and to
mitigating their risk by reducing risks through appropriate interventions. Such interventions would include lifestyle changes counseling and primary or secondary CV appropriate prevention. Ideally, this should be made in
close collaboration with primary-care physicians.
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