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Abstract
This paper presents a new study based on a machine learning technique, specifically an artificial neural 
network, for predicting systolic blood pressure through the correlation of variables (age, BMI, exercise level, 
alcohol consumption level, smoking status, stress level, and salt intake level).  The study was carried out 
using a database containing a variety of variables/factors. Each database of raw data was split into two parts: 
one part for training the neural network and the remaining part for testing the performance of the network. 
Two neural network algorithms, back-propagation and radial basis function, were used to construct and 
validate the prediction system. According to the experiment, the accuracy of our predictions of systolic blood 
pressure values exceeded 90%. Our experimental results show that artificial neural networks are suitable 
for modeling and predicting systolic blood pressure. This new method of predicting systolic blood pressure 
helps to give an early warning to adults, who may not get regular blood pressure measurements that their 
blood pressure might be at an unhealthy level. Also, because an isolated measurement of blood pressure is 
not always very accurate due to daily fluctuations, our predictor can provide the predicted value as another 
figure for medical staff to refer to.
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Introduction

Hypertension is a major global public health issue. According to the National Institutes of Health 
(NIH), around one in three adults in the United States has hypertension.1 It is a chronic medical 
condition characterized by persistent high blood pressure (BP) with systolic blood pressure (SBP) 
and diastolic BP readings of higher than 140 and 90 mmHg, respectively.2
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Health consequences

Untreated high BP or hypertension may damage major organs of the body, including the heart, 
kidneys, and brain. Recent studies have shown that hypertension is related to many diseases, such 
as stroke, loss of consciousness, memory loss, heart disease, cardiovascular disease, and damage 
to eyes and kidneys.3–8 Another study has also shown that people who have consistent high blood 
pressure in their 20s are more likely to develop atherosclerosis by the time they reach middle age.9 
Most people with high blood pressure or hypertension often have no signs or symptoms, even if 
their blood pressure readings have already reached an emergent level. Thus, they may notice noth-
ing for years, even as their heart, blood vessels, kidneys, brain, or other body parts are damaged by 
high blood pressure. The early detection or prediction of consistently high blood pressure to mini-
mize the risk of hypertension and its complications is the first step in hypertension care. However, 
the fact is that many people, especially young and middle-aged adults, do not undergo regular 
monitoring of their blood pressure in order to prevent hypertension.

Factors associated with high BP

According to the World Health Organization,1 high blood pressure is very often associated with 
health factors such as old age, tobacco use, stress, a lack of physical activity, the harmful use of 
alcohol, and obesity. The following is a discussion of the factors associated with high blood 
pressure.

Age.  Sparrow et al.10 used multiple linear regression analyses to show that the SBP of a person 
aged over 50 years increases more rapidly than that of someone between the ages of 20 and 39 years.

Male/female.  According to a survey,11 the blood pressure of men is usually higher than that of 
women of the same age. In fact, men are at a higher risk of developing hypertension and cardiovas-
cular disease than premenopausal women of the same age.

Body mass index.  Obesity, as indicated by body mass index (BMI), has become a serious public 
health issue all over the world. Golino et al.12 carried out a study to predict blood pressure by the 
machine learning method and concluded that BMI, waist circumference, and waist–hip ratio have 
a relationship of correlation with heart diseases such as hypertension, shock, and cardiovascular 
diseases.

Alcohol consumption.  According to Criqui et al.,13 alcohol consumption seems to be significantly 
related to SBP and diastolic blood pressure for both men and women. Hartung et al.14 obtained a 
similar result, concluding that both males and females’ blood pressure readings are related to alco-
hol consumption. They also found that the blood pressure of a regular consumer of medium quanti-
ties of alcohol is much lower than that of one who drinks excessive amounts daily, which shows 
that the relationship between blood pressure and alcohol intake quantity is not a linear one.

Exercise level.  Many studies14 have shown that a person’s blood pressure drops in response to 
heightened physical activity. A lack of physical activity also increases a person’s risk of becoming 
overweight, raising the likelihood that the individual will develop hypertension.

Stress level.  The American Heart Association (AHA) has pointed out that although stress is not a 
confirmed risk factor for high blood pressure, many studies on the subject are currently being 
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carried out. In a stressful situation, people’s bodies react by releasing stress hormones into the 
blood, which raises their blood pressure.15

Salt intake level.  A study by Denton et al.16 showed that eating too much salt contributes to a signifi-
cant rise in both SBP and diastolic blood pressure.

Smoke status.  Tobacco and exposure to secondhand smoke have a significant effect on blood pres-
sure. Experiments have shown that a person’s blood pressure will temporarily increase a few min-
utes after that person starts smoking.17,18

Model to predict blood pressure

In this article, a new model for predicting blood pressure is presented. It will allow health service 
providers to predict a person’s blood pressure based on that person’s health-related information. 
This prediction model is not meant for patients who are undergoing treatment, as such patients 
would already be having their blood pressure measured using standard equipment. The model is 
designed for people who are not getting regular blood pressure measurements. For example, in a 
telemedicine consultation, the doctor may want to predict whether a person is at risk of high blood 
pressure. The information on that person, together with this model, would provide a prediction of 
that person’s blood pressure before an actual measurement is made. In another situation, a person 
may want to review his or her health status using an online computer program such as an expert 
system. The expert system would gather all of the relevant data and health-related information on 
that person under consultation and give predictions on the person’s potential risk of developing 
various conditions, including high blood pressure. The model in this article would be a valuable 
tool for such predictions, as it provides a preliminary assessment of a person’s blood pressure.

Some studies19,20 have indicated that there are people who are at risk of developing hyperten-
sion, yet do not get their blood pressure checked regularly. Therefore, it is desirable to develop 
a method that can predict blood pressure using factors relating to a person’s age and lifestyle 
(BMI, exercise level, alcohol consumption level, smoking status, stress level, and salt intake 
level). The method discussed in this article is a method for predicting the SBP of a person when 
given factors associated with blood pressure. It is not intended to replace actual measurements, 
but simply to provide an early warning of an individual’s risk of developing hypertension and 
cardiovascular diseases.

Literature review

This article proposes a new model that will allow health personnel or doctors to know the predicted 
value of an individual’s blood pressure based on that person’s health-related information, obtained 
through the use of a neural network. Conway et al.7 proposed a blood plasma model to evaluate the 
relationship between the magnesium ions present in a person’s blood plasma and that person’s SBP 
using an artificial neural network (ANN). Their result showed that the neural network can uncover 
the complexity of the relationship between the input variables and help the researcher to under-
stand the role of magnesium in SBP and glucose. However, the objective of their study was to 
determine the relationship between the magnesium ions in blood plasma and SBP, which differs 
from the aim in our article.

Golino et al.12 carried out a study to predict a person’s blood pressure using a classification tree, 
which is a machine learning technique. The variables used for the prediction were physical condi-
tions, such as BMI, waist and hip circumference, and waist-to-hip ratio. The machine learning 
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technique that they used differs from the technique used in this article, which is the ANN. Also, 
they only used the physical condition of a person to predict that person’s blood pressure, whereas 
we also apply some health-related information of a person (e.g. age, stress, and exercise levels) in 
the prediction.

Kupusinac et al.21 presented a study using an ANN to estimate a person’s cardio-metabolic risk 
(CMR), with the aim of achieving early prevention of atherosclerosis and cardiovascular diseases. 
No prediction of blood pressure was carried out. They used gender, age, waist-to-height ratio, BMI, 
and blood pressure as the primary risk factors and high-density lipoprotein (HDL)-, low-density 
lipoprotein (LDL)-, and total cholesterol levels; triglycerides; glycemia; fibrinogen; and uric acid 
as the secondary risk factors. The output CMR-coefficient is a relative measure of CMR in the 
interval [0, 1]. They obtained a result by estimating CMR with a best accuracy of 82.76 percent 
after analyzing different parameters of the ANN. In their experiment, they tested the trained ANN 
using a training dataset and an unknown dataset. However, the goal of their research was to esti-
mate a value that would indicate a person’s risk of developing cardio-metabolic disease, which is 
different from the objective in this article of predicting the SBP.

A review of the impact of telemonitoring blood pressure on hypertension outcomes was given in 
AbuDagga et al.19 Directly measuring BP at home or in the office is crucial for controlling and man-
aging BP. For patients with diabetes, monitoring blood pressure and blood glucose at home is manda-
tory for self-managing the disease.20 As discussed in Koopman et al.,20 this may appear to be a simple 
process in daily life, but in practice there could be all kinds of obstacles and complications involved 
in uploading the readings from the measurement device. However, this article focuses on the indirect 
gathering of information on BP by predictions based on other physical attributes of the patient.

A thorough review indicated that no studies have been carried out based on the same idea as that 
in our model. Hence, the concept presented in this article is a new one in the field of telemedicine. 
As a tool for predicting blood pressure, it can be used as a component of an expert system related 
to medical consultations.

Clinical relevance

It must be noted that a person’s normal blood pressure range should correspond to that person’s age 
group.10 It is well known that blood pressure has a daily pattern that can vary across several BP 
readings within a day. Blood pressure is usually lower when a person is asleep, rising during the 
day and reaching a peak in mid-afternoon. Blood pressure values then begin to drop again and dur-
ing sleep can be 20 percent lower than during the day.

The clinical relevance of the method developed in this article is explained as follows. Suppose 
the blood pressure of a person is not available or the person is at a remote location. Figure 1 shows 
an ANN that can be used to predict the SBP of a person based on a database used in this study. In 
this example, the person has to input some values related to age, gender, height, weight, stress, and 
exercise levels. The neural network will give a prediction of that person’s SBP. Assuming that the 
predicted value is larger than the hypertension alarm value, the user should be given a warning. For 
example, if the predicted value is 150 mmHg, which is more than the SBP of 142 mmHg for a per-
son aged 52 years, the user should receive an alert.

Another scenario on the usefulness of the blood pressure predictor is as follows. A person pro-
vides all of the relevant information for the neural-network-based blood pressure predictor, and his 
blood pressure measurement is also taken (Figure 2). Suppose that the measured value seems nor-
mal, but the predicted value is alarming. A recommendation would then be given to the person to 
double-check his blood pressure. For example, if the measured value was 138 mmHg for a person 
aged 52 years but the predictor gives a value of 150 mmHg, the relatively low value of his SBP 



Kwong et al.	 231

measurement could be inaccurate. In such a situation, the person is advised to have further meas-
urements of his blood pressure taken.

Figure 1.  Predicting without measuring.

Figure 2.  Predicting with measurement.
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In this article, the machine learning method of an ANN is used to determine the relationship 
between the correlated variables (age, gender, BMI, stress level, exercise level, alcohol consump-
tion level, smoking status, and salt intake level) and the SBP value. A trained neural network would 
then be used to predict the SBP when the input variables are provided.

Materials and methods

ANN

The ANN is based on an intelligent computational model and uses a computer network system to 
simulate the biological neural network. It consists of an input layer of source information, at least 
one middle or hidden layer of computational neurons and an output layer of computational neu-
rons.22–24 The ANN has the ability to discover the existence of a nonlinear relationship between its 
inputs and outputs. It has played a major role in many scientific and industrial applications, such 
as time series prediction, pattern recognition, decision making, load forecasting, and event predic-
tion.19,25–29 In this article, we aim to use neural networks to determine the correlation between the 
input variables and the output, which is SBP. Essentially, we would like to use an ANN as a tool to 
predict the value of a person’s blood pressure, given some health-related measurements and per-
sonal data.

For example, Figure 3 shows ANN structures using different databases in this study. Based on 
the database, an ANN structure with seven inputs (age, BMI, stress level, exercise level, alcohol 
consumption level, smoking status, and salt intake level) and four hidden nodes is shown in Figure 
3. The common objective of this structure is to predict SBP based on the different input variables.

The strength of a neural network is its learning capability. A problem can be solved by first 
training the neural network using some training examples or instances of input–output pairs. Two 
well-known algorithms for the training of neural networks are the Back Propagation algorithm and 
the radial basis function (RBF) network. The interconnection weights between the different layers 
in an ANN will be obtained at the end of the training session.

Back-propagation neural network.  The Back Propagation neural network is a typical architecture of 
a multi-layered feed-forward neural network.22,23,30–32 A typical Back Propagation neural network 
usually consists of layers of neurons, and the objective is to train the network weights so as to mini-
mize the mean-square error of the network output. Figure 3 shows the architecture of a typical 
Back Propagation neural network with seven inputs, one hidden layer with four hidden nodes, and 
one output value.

RBF neural network.  Our RBF neural network is composed of one hidden layer.33,34 In an RBF net-
work, the hidden layer can implement better nonlinear mapping from the data space to the feature 
space. The most common basis function chosen is a Gaussian function, which means that the closer 
the input is to the center of the Gaussian function, the larger will be the response of the node. In 
stage 1 of the training of the RBF network, the self-organizing feature map (SOFM) was used as a 
clustering algorithm to determine the weights between the input and the hidden layer. At each hid-
den node, the basis function used was a Gaussian function. In the second stage, the weights between 
the hidden and output layer were determined by a least-mean-square (LMS) algorithm.

Statistics

The data were collected from the health and body conditions of 498 people and included SBP, gen-
der, age, BMI, smoking status, exercise level, alcohol consumption level, stress level, and salt intake 
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level.35 These variables are believed to be correlated with a person’s blood pressure reading. The 
descriptions of the variables are shown in Table 1. Among the 498 cases, 236 were male, accounting 
for 47 percent of the data, while the remaining 262 cases were female. Due to the obvious influence 
of gender difference, the author split the data into male and female sets, respectively.

Figure 3.  Structure of an artificial neural network.

Table 1.  Description of the variables.

Variable Description

Systolic blood pressure (SBP) Continuous variable (mmHg)
Gender Binary variable (M—male; F—female)
Age Continuous variable (year)
Body mass index (BMI) Continuous variable (kg/m2)
Smoking status Binary variable (yes, no)
Exercise level Categorical variable (low, medium, high)
Stress level Categorical variable (low, medium, high)
Alcohol level Categorical variable (low, medium, high)
Salt intake level Categorical variable (low, medium, high)
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Results

The experiments were carried out by two different algorithms of ANNs: Back Propagation and 
RBF. The Back Propagation algorithm was first used for the training of an ANN. The output was 
the predicted value of the SBP. The inputs were the factors used for the prediction (age, gender, 
BMI, stress level, exercise level, alcohol consumption level, smoking status, salt intake level), and 
the number of hidden nodes varied from 1 to 10.

The RBF algorithm was also used for the training of an ANN, which mapped the relationships 
between SBP and the input variables belonging to different clusters. The number of naturally 
formed clusters was determined, and these then provided the weights between the input and hidden 
layers. The maximum number of clusters varied from 1 to 10. In the second stage, the weights were 
determined by an iterative LMS algorithm.

The flowchart of the algorithm is shown in Figure 4. The experiment was carried out and repeated 50 
times for each problem instance, and the average value of the results was presented. To evaluate the ANN 
with different hidden nodes/clusters, the algorithm varied the number of nodes/clusters from 1 to 10.

It is very important to emphasize that the testing data were kept separate from the training data. 
A certain percentage (60%, 70%, 80%, or 90%) of the data from the database was used for training, 
and the rest was used for testing the performance of the trained neural network. The predicted SBP 
value from the neural network was compared with the value in the database. The average accuracy, 
defined below, was recorded, and the standard deviation was also obtained

Accuracy 
Predicted Value Measured Value

Measured Value
= −

−
× 1 1000%

The blood pressure prediction model was coded in MATLAB R2014b and run on an Intel Core 
2 Quad 2.83 GHz PC with 8 GB of RAM. The computation times of the experiments are presented 
in the following parts.

Back-propagation ANN

In our experiment, we have already investigated the parameters relating to the performance of the neural 
network, such as different hidden neurons of ANN and different proportions for training and testing. 
The experiment was repeated 50 times, and the average of the results on accuracy and standard devia-
tion was obtained. The trained neural network was tested by two sets of data: the first set was the data 
used to train the ANN, and the second set was the data reserved for testing. The experiment was carried 
out using the MATLAB neural network toolbox. The algorithm of the toolbox was set to trainlm, and 
the learning rate of toolbox was defined as 0.3. One hidden layer of neurons was used initially in the 
Back Propagation algorithm, and an architecture of two hidden layers was also examined later. We 
examined the issue of the maximum number of iterations in the training of the Back Propagation net-
work. We found that the training settled down within 200 iterations. Two typical performance graphs are 
shown in Figure 5. In our experiment, we allowed the maximum number of iterations to reach 200.

Results based on males.  The ANN used one hidden layer at the beginning of this experiment. Dif-
ferent percentages of the database were used for the training of the Back Propagation ANN. As 
shown in Figure 6, lines of different color stand for different proportions (60–40, 70–30, 80–20, 
and 90–10) of training and testing from the dataset. Based on the testing data, it is obvious that the 
best result was obtained when 80 percent was used for training and the remaining 20 percent for 
testing the performance of the ANN. As the number of hidden nodes increased (from 1 to 10), the 
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Figure 4.  Flowchart of the ANN algorithm.
BP: back propagation; ANN: artificial neural network; RBF: radial basis function.
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performance achieved using the training data kept improving, while the results based on the testing 
data got worse. This is because when the number of hidden nodes increased, the neural network 
had a greater degree of freedom to learn the relationship between the inputs and the output based 
on the training data. Hence, the accuracies based on the training data improved as the number of 
hidden nodes increased. On the other hand, the use of more hidden nodes decreased the generaliza-
tion capability of the neural network. When the unseen testing data was presented to the neural 
network, the prediction accuracies appeared to decrease as the number of hidden nodes increased. 
Taking the two graphs on accuracy into consideration, we found that using four hidden nodes gives 
the best overall result when their averages are calculated.

Results based on females.  A similar experiment was carried out for the female cases in the dataset. 
Referring to the different proportions on the use of data (Figure 7), and on the accuracy of predic-
tions using the testing data, the use of 80 percent data for training gave the “best” result. Again, it 
seemed that more hidden nodes would give better results when using the training data, which means 
that the ANN had already learned the corresponding relationship of the training data well. However, 
the trained ANN with more hidden nodes did not perform well when using the testing data. Taking 
the average of the two results into consideration, the use of four hidden nodes gave the best result.

Results based on both genders.  A case combining the male and female datasets was carried out in this 
section. The experiment was run and repeated 50 times, after which the average accuracy was calcu-
lated. The number of hidden nodes varied from 2 to 10. In the case combining both genders, the 
gender information of each sample was defined as another input in the ANN. In Table 2, the perfor-
mance of this case was compared with those of cases of datasets separated by gender. The last row 
shows that the prediction accuracy with a combined gender dataset is lower than that with male cases.

Results based on two hidden layers.  In this part, a Back Propagation ANN with two hidden layers was 
used to obtain the prediction value of the blood pressure. To test the performance of the network, the 
results were compared with the experiment using male data with one hidden layer. In this test, 
80 percent of the data were used for training, with the remainder being used for testing. Each experi-
ment was also repeated 50 times, and then, the average result was calculated. In the network with 
two hidden layers, the number of hidden nodes for each layer varied from 2 to 10. As shown in Table 3, 

Figure 5.  Two performance graphs of convergence obtained by Back Propagation ANN.
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the average accuracy using the network with one hidden layer was always higher than the network 
with two hidden layers. Hence, having two hidden layers did not help the Back Propagation ANN to 
obtain a predicted blood pressure value in this problem.

RBF network

In this experiment, some related parameters were investigated to test the performance of the RBF 
neural network. As shown in Figure 3, the RBF network in this article is a two-layer network 

Figure 7.  Performance of trained Back Propagation ANN using the female data.

Table 2.  Comparison of the performances of the combined and separated datasets.

Number of 
hidden nodes

2 3 4 5 6 7 8 9 10

Male 91.66% 91.69% 91.59% 91.62% 91.40% 91.22% 91.13% 90.94% 90.47%
Combined 90.86% 90.97% 91.02% 91.08% 91.12% 91.15% 91.13% 91.19% 91.14%
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whose output forms a linear combination of the basis function computed by the hidden units. The 
basis functions in the hidden layer produce a localized response to the input, and each hidden unit 
has a localized receptive field.

Let X and Y be the set of the input and output data, respectively. Let (xi, yi), i = 1, 2, 3,…, NumT 
be such a training sample, where NumT is the number of training data. Let C be the set of centers/
clusters. The algorithm of the RBF network used in this article is summarized into three steps:

Step 1: weight initialization. The weights in the hidden layer are determined by a clustering 
algorithm, and the weights in the output layer are initialized to small random values.

Step 2: calculation of activation. The activation level hj of the hidden unit j is calculated by

h
X C X C

j
j
T

j= −
− ⋅ −











exp
( ) ( )

2 2σ

The activation level nj of an output unit is determined by

n W hj ij i= Σ

Step 3: weight calculations. In the hidden layer, the SOFM clustering algorithm is used to 
update the weights. In the output layer, the weight is learned by a LMS algorithm. The weights 
are adjusted by

W t W t Wij ij ij( ) ( )+ = +1 ∆

where Wij(t) is the weight from the unit i to unit j at the tth iteration and ΔWij is the weight 
adjustment.

The weight change is computed by

∆W hij j i=ηδ

where η is a trial-independent learning rate and δj is the error at the unit j

δ j j jd n= −

where dj is the desired output activation and nj is the actual output at the output unit j.
Similar to the Back Propagation ANN, different proportions were used for training and different 

numbers of clusters were carried out in the experiment. However, the RBF helps the kernel func-
tion of ANN rather than the optimization algorithm. The experiment was repeated 50 times, and the 
average of the results in terms of accuracy and standard deviation was calculated. Again, the trained 

Table 3.  Comparison of the performances of one and two hidden layers.

Number of nodes on 
each layer

2 3 4 5 6 7 8 9 10

One hidden layer 91.66% 91.69% 91.59% 91.62% 91.40% 91.22% 91.13% 90.94% 90.47%
Two hidden layers 89.84% 89.05% 88.04% 85.94% 84.48% 82.57% 81.36% 81.20% 80.91%
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network was tested based on two sets of data: data used to train the ANN and data reserved for 
testing. The learning rate of this algorithm was set to 0.3 and the maximum iteration was set to 100. 
The network had already settled down with 100 iterations, and there was no advantage to having 
more iterations.

Results based on males.  In this case of RBF NN, Figure 8 shows that having more clusters did 
nothing to improve performance. Our experiment found that five clusters were enough for the 
problem. Different percentages of the database were used for the training of the RBF ANN. In 
Figure 8, lines of different colors stand for different proportions (60–40, 70–30, 80–20, and 90–
10) of training and testing data from the dataset. Based on the testing data, it seems that the best 
result was obtained when 70 percent was used for training and the remaining 30 percent for testing 
the performance of the ANN.

Results based on females.  A similar experiment was carried out for the female cases as shown in 
Figure 9. Again different percentages (60%, 70%, 80%, and 90%) of the database were used for 
the training of the RBF ANN. Based on the testing data, it seems that the best result is obtained 
when 90 percent is used for training and the remaining 10 percent for testing the performance of 
the ANN.

Figure 8.  Performance of trained RBF ANN using the male data.
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Summary of the results

The computation times of the experiments are summarized in Table 4. In the experiment, the neural 
network was tested by the number of hidden nodes/clusters from 1 to 10. Also, each case of experi-
ment was run 50 times to calculate the average accuracy. The average computation time of the 
ANN was calculated with different proportions of training and testing data. The results showed that 
the RBF ANN runs faster than the Back Propagation ANN in obtaining the predicted BP value.

A summary of the major results is shown in Table 5. It can be seen that the accuracy was around 
90 percent for both male and female cases. The number of nodes used in the middle layer of the 
neural network was also comparable.

Discussion

Gender is the only constant factor among the input variables. Other variables, such as BMI and 
smoking status, change according to a person’s lifestyle. Also, using a separated ANN for male 
cases was shown to lead to better results than using a combined dataset. The database showed that 
the subjects ranged in age from 18 to 64 years, with 236 male and 262 female cases. Many of the 
results have been presented in the previous section. The reliability of the proposed approach was 

Figure 9.  Performance of trained RBF ANN using the female data.
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evaluated by comparing the ANN-predicted SBP value against the data used for both training and 
testing. The main criterion for evaluation should be the result obtained based on the testing data, 
and accuracy of over 90 percent was obtained.

Both of the ANNs studied in this article had a structure with only one hidden layer. In fact, the 
use of two hidden layers did not produce better results than the use of one hidden layer. It is also 
understood in the field of ANN that one hidden layer is sufficient to represent any nonlinear func-
tion, provided that enough hidden nodes are used.

We also found that using four hidden nodes in the Back Propagation ANN was sufficient for good 
performance. We attempted to use more hidden nodes in the training of both the Back Propagation and 
RBF networks, but the performance of the prediction was no better than when just a few hidden nodes 
were used. This observation is not surprising, as it is well known that using more hidden nodes merely 
introduces more parameters into the predictor (ANN). The neural network tries to “memorize” the 
training cases rather than to generalize and strengthen its learning capability. This issue of over-train-
ing should be avoided; the use of just a few hidden nodes has verified that our approach is correct.

The results suggest that the Back Propagation and RBF networks in the current study are compara-
ble. The Back Propagation structure provides a default ANN configuration, and the learning effort 
goes into the training to find the interconnection weights between the layers. However, the RBF is a 
more refined structure, and the neural network is trying to turn the training data into clusters. In gen-
eral, the time required for training is faster for an RBF network than for a Back Propagation network.

Limitations of the study

This study has several limitations. First, the size of the database used in the experiments was not 
very large. In order to obtain better predictions, the database should contain more samples for the 
training of ANN. Second, some attributes provided in the database, such as stress, exercise, alco-
hol, and smoking status, were subjective values without detailed and clearer information. With the 
use of telemedicine technology,36 many attributes and health-related data, including the patient’s 

Table 4.  Average computation time.

Algorithm of 
ANN

Dataset Proportion 
(90/10)

Proportion 
(80/20)

Proportion 
(70/30)

Proportion 
(60/40)

BP ANN Male 2.14 s 2.10 s 2.02 s 1.94 s
Female 2.10 s 2.04 s 1.94 s 1.94 s

RBF ANN Male 0.99 s 0.86 s 0.68 s 0.57 s
Female 1.12 s 0.94 s 0.74 s 0.69 s

BP: back propagation; ANN: artificial neural network; RBF: radial basis function.

Table 5.  Experimental results.

Algorithm 
of ANN

Dataset Number 
of hidden 
nodes

Proportion 
(training/
testing)

Accuracy 
using 
trained data

Standard 
deviation using 
trained data

Accuracy 
using 
testing data

Standard 
deviation using 
testing data

BP ANN Male 4 80/20 90.25% 0.0858 94.28% 0.0559
Female 4 80/20 88.52% 0.1259 93.74% 0.0609

RBF ANN Male 5 70/30 91.71% 0.0698 91.06% 0.0715
Female 5 90/10 92.02% 0.0544 90.44% 0.0768

BP: back propagation; ANN: artificial neural network; RBF: radial basis function.
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BP, can be gathered online. These would form a valuable database for predicting BP. To conclude, 
further studies using a larger database should be carried out, along with the use of more input vari-
ables for the neural network.

Conclusion

This article has proposed a machine learning method to predict SBP using the back-propagation 
(Back Propagation) neural network and the RBF network. The results from this article indicate that 
a blood pressure predictor can be developed based on the ANN models that were proposed. The 
average accuracy of the prediction is over 90 percent. The results obtained from the Back 
Propagation neural network and RBF network are in agreement.

Our results indicate that the machine learning technique can be an efficient tool for analyzing 
the relationship between a person’s SBP and his age and lifestyle factors (BMI, exercise level, 
alcohol consumption level, smoking status, stress level, and salt intake level). It must be empha-
sized that this method does not aim to replace the direct measurement of a person’s blood pressure. 
However, the method provides an estimated value in a telemedicine or expert system consultation. 
It also provides a reference value to compare with the measured value if a measurement is taken. 
This can contribute to the development of an SBP predictor, which can provide early warnings of 
the risks of hypertension and cardiovascular disease.
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Introduction

The prevalence of foot ulcers among individuals with diabetes mellitus in Denmark is estimated to 
be at least 22,000 and the annual incidence is 3000 based on cases treated in a hospital setting.1 
Approximately 15% of patients with diabetes will have at least one diabetes-related foot ulcer dur-
ing their lifetime,1 and 40%–60% of ulcers will recur within 5 years.2–4 Diabetes is associated with 
ischaemia, neuropathy and deformities that lead to a particularly high risk of developing foot ulcers 
and a low likelihood of ulcer healing.5 These ulcers cause considerable physical discomfort and 
affect the patient’s mobility and quality of life.1 The total annual direct economic cost of diagnos-
ing and treating individuals with incident diabetic foot ulcers in Denmark has been estimated at 
793 million Danish Kroner (DKK) (€106 million) per year.5

Wound monitoring via telemedicine is currently being implemented in Denmark, also for dia-
betic foot ulcers, under a National Action Plan for the deployment of telemedicine and is expected 
to be available in all regions and municipalities by 2017.1,5,6 However, there is little evidence that 
telemedicine in the monitoring of diabetic foot ulcers improves ulcer healing or patient outcome in 
general.1,7 An optimistic so-called ‘business case’ was published in support of the National Action 
Plan, but no high-quality studies are available that consider the economic aspects of the use of 
telemedicine for ulcer monitoring.6,8

As a consequence, a large Danish pragmatic randomised controlled trial (RCT) of telemedicine 
consultations in the monitoring of diabetic foot ulcers was undertaken in the Region of Southern 
Denmark.8 The clinical and organisational results have been published elsewhere,9,10 and the cur-
rent article reports the economic evaluation. The main purpose of the trial was to generate informa-
tion for the decision-making process regarding the national introduction of telemedicine 
consultations in the monitoring of patients with diabetic foot ulcers. The RCT was part of the 
RENEWING HEALTH11 project in which nine European regions examined the effect of telemedi-
cine in a broad, interdisciplinary perspective in patients with chronic diseases, including diabetes 
mellitus.11,12

Aim and objectives

The aim of this study was to perform an economic analysis, piggybacked on an RCT, to compare 
the costs and effects of telemonitoring (TM) with standard monitoring (SM) in individuals with 
diabetic foot ulcers. The following three steps were performed:

1.	 Descriptive statistics and calculation of average use of resources, average costs and average 
effects;

2.	 Cost-effectiveness analysis (CEA) and calculation of incremental cost-effectiveness ratio 
(ICER) for amputations;

3.	 Sensitivity analysis:
a.	 Bias corrected bootstrap analyses on 5000 re-samples to evaluate the overall uncer-

tainty of the estimated ICER;
b.	 One-way sensitivity analyses to assess the robustness of the study results.

Methods

A recent publication by the European Wound Management Association has recommended using 
the Model for ASsessment of Telemedicine (MAST) when evaluating telemedicine in wound 
care.13 MAST advocates the use of a multidisciplinary assessment comprising seven different 
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domains.14 This article uses the MAST approach and focuses on the fifth domain of economic 
aspects. The economic evaluation follows international guidelines for the conduct of health eco-
nomic evaluation of health interventions as stated by CHEERS – Consolidated Health Economic 
Evaluation Reporting Standards.15

The clinical study

The RCT was conducted in 2010–2014 at seven departments and outpatient clinics of five hospitals 
and included all 22 municipalities in the Region of Southern Denmark.8 A pragmatic study design 
was applied, and patients diagnosed with a diabetic foot ulcer starting treatment in one of the spe-
cialised ulcer outpatient clinics were eligible for the clinical study. The aim of the clinical trial was 
to investigate, whether a telemedicine approach to ulcer treatment could be used as an alternative 
to conventional monitoring at the outpatient clinic.16 The participants were assessed for comorbid-
ity and the need for surgical intervention prior to randomisation. The per protocol telemedical 
monitoring consisted of two tele-consultations in the patient’s own home and one consultation at 
the outpatient clinic. SM comprised three outpatient clinic visits. The three-visit cycle continued 
until the study endpoint, that is, patients stayed in the study until one of the following endpoints 
occurred: ulcer healing, amputation, patient withdrawal of consent, patient moving to a hospital 
department not using telemedicine monitoring of diabetic foot ulcers, death, or 1 year (365 days) 
without healing (i.e. the ulcers were considered chronic).

The telemedical consultations were conducted by telephone or online written consultations 
between the specialised municipal nurse and doctors at the outpatient clinic. These consultations 
were supplemented by an uploaded screen image of the ulcer and a detailed written assessment via 
the online database.17 If needed, the treatment strategy was revised, and the next consultation was 
carried out as required (i.e. telemedical or outpatient consultation), and the indication for further 
images was agreed between the nurse and physician. Patients randomised to standard care fol-
lowed the usual practice and treatment provided by the outpatient clinic, where all consultations 
took place in the outpatient clinic. In both groups, municipal nurses provided standard daily care 
to the study participants in their own home under supervision of a municipality nurse specialised 
in ulcer care. Home care was delivered after an algorithm determined by clinical judgment, usually 
twice or three times a week. The healthcare professionals received training in use of the telemedi-
cine system,17 and diabetic foot ulcer management competencies were upgraded among the 
involved municipality nursing staff.

Cost estimation and prices

Healthcare sector resource use and costs were estimated using a variety of sources. The following 
elements were included: (1) admissions, (2) outpatient visits at hospitals, (3) emergency depart-
ment visits, (4) all visits to general practitioner, (5) staff training, (6) investment and running costs 
of the telemedicine equipment, (7) time used by home care nurse on ulcer consultations and trans-
port and (8) patient time used on transport to hospital for ulcer consultations. Elements 5–8 were 
based on questionnaires and interviews from the RCT, whereas elements 1–4 were identified for 
individual patients from national health administrative databases. Also, time used by staff regard-
ing the wound-related outpatient visits in element 2 was recorded in the RCT.

Table 1 presents 2012 unit costs used in the analysis. DKK were converted to EURO (€) using 
the exchange rate €1 = 7.5 DKK. As the magnitude of the investment costs were minor compared 
to the other cost components in the CEA (see Table 3), minimal efforts were put into estimating 
these with great precision in accordance with the recommendations.18 Investment costs covered 
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staff training, establishing the service infrastructure and project management. Investment costs 
were based on staff knowledge and details from an internal Odense University Hospital19 docu-
ment containing an overview of the budget for national implementation of telemedicine.

Hospital staff completed questionnaires about the type of consultation and the time used. Average 
salaries from the university hospital were used for valuing staff time, under the assumption of 1481 
effective work hours per year. The number of home care consultations and the time used on consulta-
tions and transportation were recorded in questionnaires filled out by the home care nurses. The 
patient’s distance to hospital was recorded by hospital staff when the patient was enrolled in the study. 
The value of patient time used was estimated from the average national income from Statistics 
Denmark, under the assumption of 1481 effective work hours. Furthermore, the RCT study show that 
28.5% of the patients were in the workforce, and thus had costs related to lost productivity.20

The Equivalent Annual Cost (EAC) method18 was used to handle hardware investments and 
establishment costs by converting them to an annual cost, assuming a 2-year life span for mobile 
phones and IT equipment and a 5-year life span for establishment costs. The above calculation 

Table 1.  Unit costs (€, 2012 prices).

Cost type Total annual pricea

Investment and running costs
  Technical infrastructure €13,454
 � Project management, evaluation activities, meetings, 

administration
€12,770

  Staff training in wound management €8966
 � Meetings, project activities for hospital staff, producing 

guideline material
€5112

  Running cost – licence for running the TM service €23,333
  Running cost – local system integrationsb  
  Running cost – education/IT support €9705
  Price per hour/unit
Time used by staff  
  Doctors €68.63
  Nurses €33.93
  Podiatrist €30.26
  Secretarial €33.43
  Other hospital staff €41.56
  Municipal home care nurses (consultations) €33.93
  Patient time (saved transportation)c €26.45
  Telemedicine device – mobile phone €14.77 per patient treated

Effects on patient use of healthcare
  Admissions (DRG-value in TM/SM group)d €6100 and €6322 per admission
  TM outpatient visit (DAGS-value) €16.60 per visit
  General practitioner visits/contacts to emergency doctor €8.31 average per visit

IT: information technology; TM: telemonitoring; SM: standard monitoring; DRG: diagnosis-related group; DAGS: Danish 
Ambulatory Grouping System.
a�Investment/running costs are the total annual cost for running the TM service the first year for 204 patients (the annual 
number of patients receiving the service at Odense University Hospital – not the number of RCT patients).

bIt is uncertain whether extra costs for this component may apply.
c28.5% of patients were in the workforce and thus incurred lost productivity.
dThe corresponding median values were €0 and €89 per admission, indicating skewed data.
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assumed that 204 foot ulcers were treated at Odense University Hospital annually, based on esti-
mates from the clinical department regarding the annual expected number of patients. Cost and 
effectiveness outcomes were not discounted as the analysis was limited to 6 months.

Information about patient use of healthcare services (e.g. inpatient and outpatient activity, gen-
eral practitioner visits) was drawn from the Danish National Patient Register21 that records every 
healthcare encounter for all Danish citizens. Each healthcare service was assigned a standardised 
cost (reimbursement), so that cost estimates were based on the number of encounters recorded in 
the Danish National Patient Register multiplied by the ascribed standardised DRG/DAGS rate22 
and fee-for-service rates for general practitioner activities reflecting average costs.

Analysis

Handling of missing data.  In the main CEA analysis, missing values were handled by mean imputa-
tion conditional on the assigned group, that is, replacing a missing value with the mean value of the 
available cases in either the TM or the SM group.23

The economic evaluation.  The primary outcome for the CEA was incremental cost per 1% change in 
amputation rate. Follow-up for amputations was approximately 6 months and for costs 6 months 
after study inclusion. In the data analysis, differences in the average use of resources, costs and 
effects per patient in the intervention and control groups were calculated. Differences in costs and 
number of amputations were compared in the two groups and combined in a CEA. The ICER, 
which is the additional cost per additional health outcome, that is, amputation, was then calculated 
according to the standard formula: ICER = (C1−C2)/(E1−E2), where C1 and E1 were the cost and 
effect in the intervention group, and C2 and E2 were the cost and effect in the control group.

Data handling, sensitivity analysis, statistical methods and assumptions.  It was intended to keep all patients 
in the analysis in order to analyse data by the intention-to-treat principle (ITT). According to ITT, all 
randomised patients in a study should be analysed regardless of whether they have completed the 
study or not or received the treatment. The full ITT principle is only applicable when complete meas-
urements on the primary outcomes for all randomised patients exist.24 In this case, no measurements 
on the primary outcomes exist for the dropout patients, and it is further considered unethical to use 
data from patients who have withdrawn their consent, and hence ITT is not performed.

Data were entered into EpiData version 3.125 before transfer to the statistical package Stata 
version 12 for analysis. The two patient groups were compared using appropriate statistical tests 
for testing differences in costs and effects, that is, t-test for normally distributed continuous data, 
χ2-test for categorical data and the non-parametric Mann–Whitney test for non-normally distrib-
uted data. Statistical significance was set at p < 0.05. The analyses were performed on means for 
all variables included in the economic evaluation. The overall uncertainty of the estimated ICER 
was evaluated through probabilistic sensitivity analysis in terms of a 5000 bootstrap re-sample 
with a 95% confidence interval. A cost-effectiveness plane was used to illustrate the 5000 boot-
strap re-sample of ICER.

Results

The data and descriptive statistics

Data for 24 patients were not included in the economic (and clinical) evaluation; 2 patients with-
drew consent after randomisation, 8 had participated before, 3 did not have an ulcer on the foot and 
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11 had insufficient data and were excluded for a variety of reasons.10 Hence, the CEA was carried 
out on individual data from a total of 374 patients (181 in the SM group and 193 in the TM group). 
Most variables were 100% complete, and imputed values were used for three elements in the CEA 
(home care visits were 63% complete while total outpatient visits and distance from patient’s home 
to hospital were 95% complete).

The patients in the two groups had no significant differences at baseline on demographic and 
clinical characteristics, that is, age, gender, height, weight, body mass index, smoking, comorbidi-
ties and years with diabetes. A statistically significant difference in mortality rate in the two 
groups was observed; see the clinical study for a discussion of this result.10 Average costs per 
patient 6 months before inclusion in the study were calculated based on admissions, outpatient 
visits, emergency department visits and general practitioner visits and showed no statistically 
significant differences in the two groups. Hence, no adjustments for baseline values were made in 
the following analyses.

Average resource use and average costs

Table 2 shows a statistically significant difference in total staff time used on outpatient consul-
tations (156 min for the TM group compared with 266 min for the SM group). This is expected, 
given the study design. Furthermore, the total time used by staff on telemedicine consultations 
was 68 min for the TM group. The between-group differences in staff time used for telephone 
consultations and other outpatient visits were not statistically significant, but the number of 
telephone contacts was significantly higher in the TM group (0.3 contacts vs. 0.2 contacts). 
Again, this is expected given the study design. Total staff time (time spent on the four consulta-
tion types combined) was statistically significantly higher in the SM group (306 min) than the 
TM group (255 min), due to fewer outpatient visits in the TM group and less time used by 
nurses and podiatrists.

The number of total hospital consultations was fairly similar in the TM and SM groups (6.9 vs. 
6.2), but the TM group had more municipal home care consultations (40 contacts vs. 35 contacts), 
and hence higher staff time. On average, a TM patient used less time than an SM patient on trans-
port for outpatient visits (122 vs. 273 min). The TM group had fewer hospital admissions. As Table 
2 shows, only four resource elements showed a statistically significant difference.

Unit costs were multiplied by the quantities to calculate total costs. Table 3 shows that from a 
broad healthcare sector perspective, the total costs of TM were €2039 lower per patient treated than 
in the SM group. This was mainly due to fewer admissions and lower outpatient costs in the 
6-month follow-up period. This difference was not statistically significant, however.

The distribution of total cost per patient in the two groups 6 months after study inclusion is 
shown in Figure 1. As noted by Drummond,18 cost data are often non-normally distributed with a 
skewed and heavy right-hand tail of individuals who make frequent use of healthcare services. This 
was also the case in our data. The mean total cost in the TM and SM groups was €12,356 and 
€14,395, respectively; the corresponding median numbers were €6503 and €7677. One TM patient 
and one SM patient had a total cost above €100,000; this difference is explored in more detail in 
the sensitivity analysis.

Incremental cost-effectiveness ratio

No statistically significant difference could be detected between the TM and SM groups in the 
primary outcome, that is, amputations, but there was an absolute difference in the primary out-
come. The following results of the CEA should thus be interpreted with great caution.



Fasterholdt et al.	 251

T
ab

le
 2

. 
A

ve
ra

ge
 u

se
 o

f r
es

ou
rc

es
 p

er
 p

at
ie

nt
 in

 t
he

 T
M

 a
nd

 S
M

 g
ro

up
.

T
yp

e 
of

 c
os

ts
M

ea
n 

us
e 

pe
r 

pa
tie

nt
 (

6 
m

on
th

 fo
llo

w
-u

p)
p-

va
lu

e

 
T

M
 g

ro
up

, N
 =

 1
93

SM
 g

ro
up

, N
 =

 1
81

 

Pa
tie

nt
s’ 

us
e 

of
 h

os
pi

ta
l c

on
su

lta
tio

ns
 r

ec
or

de
d 

in
 th

e 
cli

ni
ca

l s
tu

dy
 

(A
) 

St
af

f t
im

e 
us

ed
 o

n 
te

le
-c

on
su

lta
tio

ns
67

.6
 m

in
C

I: 
52

.7
2–

82
.4

7
–

–
–

 
(B

) 
St

af
f t

im
e 

us
ed

 o
n 

ou
tp

at
ie

nt
 c

on
su

lta
tio

ns
15

6.
3 

m
in

C
I: 

13
5.

63
–1

77
.0

3
26

5.
6 

m
in

C
I: 

23
2.

33
–2

98
.8

6
0.

00
*

 
(C

) 
St

af
f t

im
e 

us
ed

 o
n 

te
le

ph
on

e 
co

ns
ul

ta
tio

ns
3.

4 
m

in
C

I: 
2.

00
–4

.9
0

2.
6 

m
in

C
I: 

1.
00

–4
.2

0
0.

44
 

(D
) 

St
af

f t
im

e 
us

ed
 o

n 
ot

he
r*

 c
on

su
lta

tio
ns

27
.7

 m
in

C
I: 

21
.6

2–
33

.8
8

37
.7

 m
in

C
I: 

29
.4

4–
46

.0
4

0.
06

 
(E

) 
T

ot
al

 h
os

pi
ta

l s
ta

ff 
tim

e 
us

ed
 o

n 
co

ns
ul

ta
tio

ns
 (

A
+

B+
C

+
D

)
25

5.
1 

m
in

C
I: 

22
7.

92
–2

82
.3

3
30

5.
9 

m
in

C
I: 

27
1.

27
–3

40
.6

0
0.

02
*

To
ta

l h
os

pi
ta

l t
im

e 
us

ed
 o

n 
co

ns
ul

ta
tio

ns
 a

cc
or

di
ng

 to
 s

ta
ff-

ty
pe

 
D

oc
to

rs
71

.4
 m

in
C

I: 
63

.4
6–

79
.3

6
72

.3
 m

in
C

I: 
64

.0
1–

80
.6

9
 

 
N

ur
se

s
13

6.
1 

m
in

C
I: 

12
0.

60
–1

51
.6

5
17

2.
7 

m
in

C
I: 

14
9.

04
–1

96
.2

6
 

 
Po

di
at

ri
st

37
.3

 m
in

C
I: 

29
.7

5–
44

.8
5

50
.3

 m
in

C
I: 

40
.8

5–
59

.7
4

 
 

Se
cr

et
ar

y
9.

4 
m

in
C

I: 
6.

73
–1

2.
17

9.
7 

m
in

C
I: 

6.
94

–1
2.

48
 

 
O

th
er

 s
ta

ff
0.

9 
m

in
C

I: 
0.

03
–1

.6
9

1.
8 

m
in

C
I: 

0.
25

–3
.2

8
 

To
ta

l h
os

pi
ta

l c
on

su
lta

tio
ns

 a
cc

or
di

ng
 to

 ty
pe

 
(F

) 
N

um
be

r 
of

 t
el

e-
co

ns
ul

ta
tio

ns
3.

0
C

I: 
2.

55
–3

.4
7

–
–

–
 

(G
) 

N
um

be
r 

of
 o

ut
pa

tie
nt

 v
is

it
2.

8
C

I: 
2.

46
–3

.2
0

5.
4

C
I: 

4.
76

–6
.0

4
0.

00
*

 
(H

) 
N

um
be

r 
of

 t
el

ep
ho

ne
 c

on
ta

ct
s

0.
3

C
I: 

0.
22

–0
.4

3
0.

2
C

I: 
0.

09
–0

.2
5

0.
02

*
 

(I)
 N

um
be

r 
of

 o
th

er
 c

on
ta

ct
sa

0.
7

C
I: 

0.
54

–0
.9

1
0.

7
C

I: 
0.

51
–0

.8
3

0.
68

 
(J)

 T
ot

al
 n

um
be

r 
of

 h
os

pi
ta

l c
on

su
lta

tio
ns

 (
F+

G
+

H
+

I)
6.

9
C

I: 
6.

12
–7

.6
6

6.
2

C
I: 

5.
50

–6
.9

9
0.

24
U

se
 o

f h
om

e 
ca

re
 r

es
ou

rc
es

 r
ec

or
de

d 
in

 th
e 

cli
ni

ca
l s

tu
dy

 
N

um
be

r 
of

 h
om

e 
ca

re
 c

on
su

lta
tio

ns
39

.8
C

I: 
34

.0
5–

45
.6

4
34

.8
C

I: 
28

.4
5–

41
.0

7
0.

25
 

T
im

e 
us

ed
 b

y 
ho

m
e 

ca
re

 n
ur

se
 (

co
ns

ul
ta

tio
ns

 +
 tr

an
sp

or
t)

11
63

.6
 m

in
C

I: 
97

2.
92

–1
35

4.
29

89
3.

6 
m

in
C

I: 
69

5.
56

–1
09

1.
60

0.
06

Pa
tie

nt
s’ 

us
e 

of
 o

th
er

 r
es

ou
rc

es
 

N
um

be
r 

of
 e

m
er

ge
nc

y 
ro

om
 v

is
its

0.
3

0.
4

0.
38

 
N

um
be

r 
of

 o
th

er
 o

ut
pa

tie
nt

 v
is

itb
10

.1
9.

1
0.

16
 �

T
im

e 
us

ed
 b

y 
pa

tie
nt

s 
(t

ra
ns

po
rt

 t
o 

ho
sp

ita
l o

ut
pa

tie
nt

 c
on

su
lta

tio
ns

, 
i.e

. B
)

12
1.

8 
m

in
27

3.
2 

m
in

 

 
N

um
be

r 
of

 a
dm

is
si

on
s

1.
16

1.
35

0.
33

 �
N

um
be

r 
of

 c
on

ta
ct

s 
to

 g
en

er
al

 p
ra

ct
iti

on
er

 o
r 

em
er

ge
nc

y 
do

ct
or

28
.7

C
I: 

24
.0

1–
33

.3
9

24
.1

C
I: 

19
.9

3–
28

.2
9

0.
15

C
I: 

co
nf

id
en

ce
 in

te
rv

al
; T

M
: t

el
em

on
ito

ri
ng

; S
M

: s
ta

nd
ar

d 
m

on
ito

ri
ng

; R
C

T
: r

an
do

m
is

ed
 c

on
tr

ol
le

d 
tr

ia
l.

a O
th

er
 c

on
ta

ct
/c

on
su

lta
tio

ns
 =

 ty
pe

 o
f v

is
it 

w
as

 u
nk

no
w

n 
(c

od
ed

 e
ith

er
 a

s 
m

is
si

ng
 o

r 
ot

he
r)

.
b� T

o 
av

oi
d 

do
ub

le
-c

ou
nt

in
g,

 t
he

 n
um

be
r 

of
 o

th
er

 o
ut

pa
tie

nt
 v

is
its

 w
as

 t
he

 r
es

id
ua

l c
al

cu
la

te
d 

as
: n

um
be

r 
of

 v
is

its
 (

D
A

G
S-

ac
tiv

ity
 fo

r 
6 

m
on

th
s)

 –
 t

ot
al

 n
um

be
r 

of
 o

ut
pa

tie
nt

 c
on

ta
ct

s 
fr

om
 t

he
 R

C
T

 
st

ud
y.



252	 Health Informatics Journal 24(3) 

T
ab

le
 3

. 
A

ve
ra

ge
 t

re
at

m
en

t 
co

st
s 

pe
r 

pa
tie

nt
 in

 t
he

 t
el

em
ed

ic
in

e 
(T

M
) 

an
d 

st
an

da
rd

 m
on

ito
ri

ng
 (

SM
) 

gr
ou

ps
 (

€
, 2

01
2 

pr
ic

es
).

T
yp

e 
of

 c
os

ts
M

ea
n 

co
st

 p
er

 p
at

ie
nt

 (
6 

m
on

th
s 

fo
llo

w
-u

p)
p-

va
lu

e

 
T

M
 g

ro
up

, N
 =

 1
93

SM
 g

ro
up

, N
 =

 1
81

 

In
ve

st
m

en
t i

n 
TM

a

 
T

ec
hn

ic
al

 in
fr

as
tr

uc
tu

re
66

–
 

 �
Pr

oj
ec

t 
m

an
ag

em
en

t, 
ev

al
ua

tio
n 

ac
tiv

iti
es

, m
ee

tin
gs

 
an

d 
ad

m
in

is
tr

at
io

n
63

–
 

 
St

af
f t

ra
in

in
g

44
–

 
 �

M
ee

tin
gs

 a
nd

 p
ro

je
ct

 a
ct

iv
iti

es
 fo

r 
ho

sp
ita

l 
st

af
f +

 p
ro

du
ci

ng
 g

ui
de

lin
e 

m
at

er
ia

l
25

–
 

(A
) 

To
ta

l i
nv

es
tm

en
t c

os
ts

19
8

–
 

Ru
nn

in
g 

co
st

s:
 

T
M

 s
er

vi
ce

 li
ce

nc
ea

11
4

–
 

 
Ed

uc
at

io
n/

IT
 s

up
po

rt
 fo

r 
T

M
a

48
–

 
 

St
af

f h
os

pi
ta

l –
 a

ll 
co

ns
ul

ta
tio

ns
 (

el
em

en
t 

E 
in

 F
ig

ur
e 

2)
18

3
C

I: 
16

5–
20

2
21

2
C

I: 
19

0–
23

4
0.

02
*

 
T

el
em

ed
ic

in
e 

de
vi

ce
s 

– 
m

ob
ile

 p
ho

ne
15

–
 

 
A

dm
is

si
on

s 
(D

R
G

-v
al

ue
 o

f i
np

at
ie

nt
 a

ct
iv

ity
)

70
80

C
I: 

53
54

–8
80

5
92

43
C

I: 
62

12
–1

2,
27

4
0.

19
 

O
th

er
 o

ut
pa

tie
nt

 v
is

its
 (

D
A

G
S-

va
lu

e)
37

81
C

I: 
33

46
–4

21
6

41
51

C
I: 

37
04

–4
59

8
0.

24
 

H
om

e 
ca

re
 n

ur
se

 (
co

ns
ul

ta
tio

ns
 +

 tr
an

sp
or

t)
65

8
C

I: 
53

8–
68

5
50

5
C

I: 
37

5–
47

1
0.

00
*

 
Em

er
ge

nc
y 

ro
om

 v
is

its
15

C
I: 

9–
21

21
C

I: 
10

–3
3

0.
30

 
G

en
er

al
 p

ra
ct

iti
on

er
s 

vi
si

ts
24

3
C

I: 
21

3–
27

4
21

4
C

I: 
18

4–
24

4
0.

18
(B

) 
To

ta
l r

un
ni

ng
 c

os
ts

 €
12

,1
37

14
,3

45
0.

27
Ti

m
e 

co
st

s 
(lo

st
 p

ro
du

ct
ivi

ty
)

 
T

ra
ns

po
rt

 t
im

e 
fo

r 
pa

tie
nt

sb
21

.4
4

48
.4

2
 

(C
) 

To
ta

l t
im

e 
co

st
s

21
.4

4
48

.4
2

 
To

ta
l c

os
ts

 (
A 

+
 B

 +
 C

)
12

,3
56

C
I: 

10
,4

02
–1

4,
31

0
14

,3
95

C
I: 

11
,2

95
–1

7,
49

5
0.

42

C
I: 

co
nf

id
en

ce
 in

te
rv

al
; D

R
G

: d
ia

gn
os

is
-r

el
at

ed
 g

ro
up

; R
C

T
: r

an
do

m
is

ed
 c

on
tr

ol
le

d 
tr

ia
l.

D
iff

er
en

ce
s 

in
 c

os
ts

 w
er

e 
te

st
ed

 w
ith

 M
an

n–
W

hi
tn

ey
 t

es
t.

a� T
he

se
 e

le
m

en
ts

 a
re

 t
he

 t
ot

al
 c

os
t 

fo
r 

ru
nn

in
g 

th
e 

T
M

 s
er

vi
ce

 a
nd

 a
re

 d
iv

id
ed

 b
y 

th
e 

to
ta

l n
um

be
r 

of
 e

xp
ec

te
d 

pa
tie

nt
s 

re
ce

iv
in

g 
th

e 
se

rv
ic

e 
in

 a
 y

ea
r 

at
 O

de
ns

e 
U

ni
ve

rs
ity

 
H

os
pi

ta
l –

 n
ot

 ju
st

 t
he

 n
um

be
r 

of
 R

C
T

 p
at

ie
nt

s.
b 2

8.
5%

 o
f p

at
ie

nt
s 

w
er

e 
in

 t
he

 w
or

kf
or

ce
 a

nd
 t

hu
s 

in
cu

rr
ed

 lo
st

 p
ro

du
ct

iv
ity

.



Fasterholdt et al.	 253

Based on data from 374 patients, we calculated the ICER as the cost per avoided amputation. 
Table 4 indicates that on average, a patient in the TM group cost €2039 less than an SM patient. 
Furthermore, 11% and 14% of patients had amputations in the TM and SM groups, respectively. 
Combining the above information, the result was a mean saving of approximately €67,973 to avoid 
one amputation.

Figure 2 shows that most of the 5000 replications were in the fourth quadrant of the figure, 
indicating that TM was less expensive and associated with fewer amputations than SM, that is, TM 
was dominant. It should be noted that this observed result in Table 4 and Figure 2 may be due to 
chance alone (due to no statistically significant differences in cost or amputation rate).

Sensitivity analysis

Table 5 presents four different sensitivity analyses, S1–S4 (the first row, S0, is the results from the 
main analysis reported above, for comparison).

As the clinical analysis found a significant difference in mortality between the TM and SM 
groups,10 we tested whether the difference in total cost between the two groups was due to this dif-
ference in mortality rate. In S1, we excluded from the economic analysis all patients who died 
during the study period, but this did not change the overall results. S2 investigated whether the 
average total costs per patient changed over time in the two groups. The results indicated that costs 
in the TM group appeared robust over time, with little change from the first half of patients included 
in the RCT to the second half. A different pattern was observed in the SM group, where the second 
half of the patients included in the RCT were less costly to treat, with a mean cost of €10,395 com-
pared to the first half patients with a mean cost of €19,014.

In S3, we first excluded one patient with the highest total cost and subsequently patients with a 
total cost of more than €100,000 (one in each group). The result was highly sensitive to this change. 

Figure 1.  Histogram of total costs per patient in the telemonitoring group and the standard monitoring 
group.
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Excluding one patient lowered the average total cost by approximately €1100 in the SM group, 
while excluding two patients resulted in a lower total cost of approximately €500 per patient in the 
TM group and €1200 in the SM group.

Finally, the difference in hospital resource use was explored in more detail. As can be seen from 
the average total costs in the main analysis in Table 3, the difference in total costs was primarily 
due to differences in number of admissions and outpatient visits in the two groups. S5 investigated 
this difference further by subdividing hospital costs (admissions, outpatient and emergency) into 
ulcer-related or non-ulcer-related costs. This categorisation was done by two doctors with exten-
sive wound care experience using the departmental codes for hospital visits. The results of S5 show 
that SM patients had higher ulcer-related and non-ulcer-related costs, suggesting that the overall 

Table 4.  Incremental cost-effectiveness ratio (ICER) for amputations in the telemedicine (TM) and 
standard monitoring (SM) groups.

Type of element TM group, 
N=193

Confidence 
interval

SM group, 
N=181

Confidence 
interval

Difference 
between groups

Mean cost per patient 
(6 months follow-up)

€ 12,356 10,413–14,299 € 14,395 11,311–17,479 € –2,039

Mean effect i.e. 
amputation rate (N) 
per patient (6 months 
follow-up)

0.11 (22) 0.06–0.15 0.14 (26) 0.09–0.19 0.03

Mean ICER € –67,973

Figure 2.  Cost-effectiveness plane.
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cost difference between a TM and an SM patient was robust. On the other hand, because the same 
pattern was seen for both ulcer and non-ulcer elements, it is unlikely that the difference was due to 
the TM consultations for treatment of diabetic foot ulcers.

Discussion

This CEA comparing TM and SM for individuals with diabetic foot ulcers found that TM cost is 
€2039 less per patient treated than SM; however, this difference was not statistically significant. 
Cost savings were due to differences in the number of admissions and outpatient visits, and TM 
remained less expensive in all sensitivity analyses. The amputation rates were similar in the two 
groups, and the incremental cost-effectiveness ratio showed a mean saving of approximately 
€67,973 to avoid one amputation. On the basis of these results, we conclude that a telemonitoring 
service in this form has similar costs and effects as standard outpatient monitoring. Cost savings 
by providing TM care for individuals with diabetic foot ulcers are thus uncertain.

This study is the first RCT-based economic evaluation of TM in individuals with diabetic foot 
ulcers. A few other studies have addressed the costs of telemedicine in wound care, but none addressed 
cost-effectiveness in accordance with international guidelines on economic evaluation alongside a 
trial.10,26 A Swedish study by Tennvall et al. concluded that inpatient costs for foot complications can-
not be accurately estimated from the Inpatient Registry when based exclusively on the primary diag-
nosis. However, they concluded that fairly good estimates can be made with a combination of 
foot-related diagnoses together with codes for diabetes.27 We have taken this observation by Tennvall 
et al. into account and have used clinical expert opinion in performing sensitivity analysis on costs to 
investigate whether admission, outpatient and emergency visits are ulcer-related.

The conclusion that the costs and effects of TM are comparable to those of SM may seem 
counter-intuitive given the non-significant major difference in total costs in absolute terms. 

Table 5.  Four one-way sensitivity analyses on total costs per patient in the telemedicine (TM) and 
standard monitoring (SM) groups.

Subgroup Mean cost per 
patient in TM 
group €

N Mean cost 
per patient in 
SM group €

N

S0 CEA base-case 12,356 193 14,395 181

S1 Excluding patients who died in the study period (n = 9) 12,083 185 14,384 180

S2 First half of patients in the RCT 12,177 103 19,014 84
  Second half of patients in the RCT 12,561 90 10,395 97

S3 Excluding most expensive patient (n = 1) 12,356 193 13,221 180
  Excluding patients with total costs > €100,000 (n = 2) 11,891 192 13,221 180

S4 1. Admissions, ulcer-related 4608 193 6360 181
  2. Admissions, non-ulcer-related 2472 193 2883 181
  3. Outpatient visits, ulcer-related 2523 193 2747 181
  4. Outpatient visits, non-ulcer-related 1258 193 1404 181
  5. Emergency room visits, ulcer-related 4 193 10 181
  6. Emergency room visits, non-ulcer-related 11 193 11 181
  Total ulcer-related hospital costs (1+3+5) 7135 193 9117 181
  Total non-ulcer-related hospital costs (2+4+6) 3741 193 4298 181

RCT: randomised controlled trial; CEA: Cost-effectiveness analysis.
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However, our findings may reflect that the study was powered after the clinical study to detect a 
change in number of emergency department visits, and not differences in the costs of outpatient or 
inpatient visits. Hence, the chosen study design in the clinical study poses a key limitation to the 
economic study because emergency department visits are only a very small element in the total 
costs. The data variability is likely to be much higher for total costs than for the number of emer-
gency department visits reducing the possibility of identifying statistically significant changes. 
Thus, we cannot expect to find a statistically significant difference in the overall costs – even if 
such a difference was present.

Conversely, some evidence challenges that the absolute difference in costs was due to use of 
TM. Sensitivity analysis was used to investigate the difference between the two groups in admis-
sions and outpatient visits. When hospital costs (admissions, outpatient and emergency) were sub-
divided into ulcer- or non-ulcer-related costs, the same reduction in costs was observed in both 
groups (ulcer- or non-ulcer-related costs). Excluding the most expensive patient from the analysis 
and the difference in total costs decreased substantially. These findings suggest that the absolute 
difference in costs may not be ulcer-related (and thus TM-related) and that the potential for future 
cost savings with TM may be limited.

Originally, a cost-utility analysis was planned as the main analytical framework, but results 
from this analysis are omitted due to incomplete data. First, we had a very low completion rate on 
the SF-36 questionnaires, and quality-adjusted life years (QALYs) could be calculated for only 65 
patients. Second, the representativeness of these 65 patients was low compared to that of the 274 
patients in the cost-effectiveness analyses. Overall, the use of randomised design in economic 
evaluation of telemedicine is a matter of dispute. On one hand, a small-scale test of telemedicine 
within one or few hospitals having a positive attitude towards telemedicine and an un-blinded staff 
and patients may result in positive bias. On the other hand, optimal use of telemedicine may require 
major organisational changes that a hospital testing a new intervention in a small-scale study is not 
ready to make. In addition, implementation of telemedicine may require large investment in train-
ing and IT equipment, and this may result in higher costs compared to a large-scale implementa-
tion. A possible solution to this could be observational studies estimating the costs per patient 
before and after a hospital or country implemented telemedicine on a large scale. However, one 
should not forget the value of pragmatic randomised trials which are quite distinct from traditional 
RCT and better suited for the changing environment of telemedicine interventions and the complex 
nature of the intervention.28,29

Regarding transferability of results, it can be argued that some of the included costs may be 
overestimated and avoidable if the service was implemented in a different setting or in a day-to-day 
running of the telemedicine service, that is, not protocol-driven. For example, the cross-sectorial 
collaboration between hospital and municipal health services is essential and an important aspect 
of the TM.16 Consequently, some of the investment costs in the economic analysis cover more than 
a narrow implementation of telemedicine ulcer treatment (e.g. staff training in general wound care, 
project management, establishing an infrastructure for the service and evaluation activities), and 
there is an argument for leaving some of these components out of the CEA. Costs related to project 
management and evaluation activities may be avoidable in a day-to-day running of a telemedicine 
service, but since they constitute less than 1% of the total costs per patient not influencing the 
overall results, we decided to keep them in the analysis. When assessing total cost differences 
between the two groups in the long term, it is more fair to omit investment costs altogether.

Furthermore, the results reported here are based on experiences from a research trial. In routine 
clinical use, it may be possible to optimise the telemedicine consultations to make them faster and 
thus less costly. Also, the time used for patient transportation is rather low reflecting that on an 
average, a TM patient has 18 km to the hospital and an SM patient has 21 km. This is valid in an 
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urbanised area like Denmark, but in a typical rural environment, distances are likely to be much 
longer making TM more cost-effective. The cost for home care nurses may also be higher in a more 
rural setting due to longer distances. Thus, the average treatment cost per patient in the TM group 
may be even lower.

Despite the above-mentioned weaknesses, the study brings new evidence to an area with little 
previous research and is the first with a methodologically strong economic evaluation of TM for 
individuals with diabetic foot ulcers.18
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Introduction

Healthcare services are facing monumental challenges, ranging from increasing costs,  
budget cuts, rising ageing population, and increasing burden of chronic illness to issues  
with health service inequality and pressures for improving the quality of care.1 The situation 
has even reached apparent crisis proportions, as what was revealed in the Francis report,2  
where among the various recommendations made, ‘information’ was identified as key to 
improving services. This was subsequently followed by guidance from the Academy of Royal 
Colleges, outlining how information technology (IT) could be harnessed by healthcare services 
to improve access, efficiency, and quality.3 The concept of using IT solutions in healthcare 
though is not new, and such solutions often faced various implementation obstacles, such  
as customisation issues, the lack of advocacy by healthcare professionals, and accessibility 
problems.4

In this context, smartphones with their rising popularity5 and versatile portable software 
known as ‘apps’ have great potential for overcoming these hurdles6 and could be a game changer. 
Nevertheless, the hype was soon overshadowed by negative reports of apps providing the wrong 
information,7 making false claims,8 content plagiarism accusations,9 and potential for security 
and privacy breaches.10

Moreover, studies that evaluated various aspects of medical apps directed towards health-
care professionals and the public were found to be of variable quality and mostly poor.8,11–22 
The majority of these evaluated compliance with a limited number of information portrayal 
standards originally devised for health websites, namely, authorship,14–16,18–21 consistency with 
professional guidelines,11,19 source attribution,15,23 purpose,23 content currency,19,24 security, 
and privacy.12 The only study that managed to systemically evaluate all of those principles was 
a study by Huckvale et al.17 on ‘asthma’ apps where he utilised the Health On the Net (HON) 
Foundation principles. The HON Foundation is an international, not-for-profit health website 
accreditation initiative based in Geneva.25 Its principles have objective standards that are easy 
to use and widely applicable.26 The value of evaluating adherence to information portrayal 
standards lies in that they are based on widely accepted ethical principles, they help reduce 
misunderstanding by clarifying the context, and they empower users to validate and select suit-
able information for themselves.27

This study, hence, aimed to take a broader approach by evaluating the most popular apps cate-
gorised as medical in the United Kingdom for compliance with all of those standards systemati-
cally by using the HON Foundation principles.

Previous studies on the quality of medical apps quality

Studies that evaluated the quality of medical were subject and/or discipline specific. Topics cov-
ered were smoking cessation,11 colorectal surgery,18 dermatology,8,16 cardiothoracic surgery,14 
asthma,17 opioid conversion,15 alcohol consumption,22 infectious disease,24 microbiology,21 medi-
cation self-management,13 pain self-management,19,20 insulin dose calculation,23 and medical app 
security.12

Quality aspects evaluated were authorship,14–21 consistency with professional guidelines,11,17,19 
source attribution,15,17,23 purpose,17,23 functionality testing,8,15,19,22,23 content currency,17,19,24 down-
load popularity,11,19,23 user feedback,13,19,22 confidentiality,12,17 and compliance with principles of 
the HON Foundation, which encompasses authorship, attribution, purpose, content justifiability, 
confidentiality, and currency.17
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Healthcare professional input in app creation ranged from 14 per cent of all apps surveyed20  
to 48 per cent.15 Huckvale et al.23 showed that 59 per cent of apps in their study had a clinical dis-
claimer. Frequency of citing references in apps, on the other hand, ranged from 25 per cent of all 
apps surveyed in the study by Huckvale et al.17 to 52 per cent by Haffey et al.15 Moreover, compli-
ance with HON Foundation principles was found to be poor, with 55 per cent of apps had their 
developer contact details available, 18 per cent provided disclosure of their funding source, and 
17 per cent had a confidentiality policy.17 Furthermore, Albrecht et al.12 highlighted serious secu-
rity and privacy issues in their study, where half of the apps lacked encryption or anonymity, data 
transfer was performed without user acknowledgement, and the content of privacy statements were 
ambiguous.

Methodology and study design

This was an observational cross-sectional study and entailed three stages. The first was captur-
ing the top 50 free and paid smartphone apps on the ‘medical’ category of Apple iTunes (Apple 
Inc, Cupertino, CA) and Google Play (Google, Mountain View, CA) UK stores on a personal 
computer using the print screen function and subsequently selecting the sample after applying 
the inclusion and exclusion criteria (Box 1). The second stage entailed obtaining characteristic 
descriptive information from the promotional page of selected apps (Box 2). The third stage 
involved evaluating the app promotional page, developer website if available, and the app itself 
after installation for evidence of compliance with an app-adapted version of the HON Foundation 
principles used previously by Huckvale et al.17 (Box 3).

Box 1.  Inclusion and exclusion criteria.

Inclusion criteria
•• Apps on Google Play and iTunes smartphone app stores
•• Among the top 50 free and paid apps on the medical category
•• In English language
•• Aimed at patients and the lay public
•• Provide medical or health information
•• Cost £10 or less

Exclusion criteria
•• Duplicates

–	 Already evaluated
–	 Lite versions of apps already evaluated
–	 Being cheaper on the other store and meeting the inclusion criteria

•• Electronic versions of printed books
•• Veterinary apps
•• Require subscription or verified registration for access
•• Do not provide medical or health information and/or do not make any medical or health claims

–	 Diary, logbook, and recording apps that provide no information or advice
–	 Provide locations of healthcare services
–	 Pill reminders
–	 Irrelevant apps

•• Not examined because of technical reasons
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Box 3.  Modified HON Foundation principles.

1. Information must be authoritative:

•• All medical information presented by (and/or calculations performed by an app) must be attributed 
to an author and his/her training in the field must be mentioned.

2. Purpose (of the app):

•• A statement clearly declaring that the (app) is not meant to replace the advice of a health 
professional has to be provided.

•• A brief description of the (app)’s mission, purpose, and intended audience is necessary. Another 
brief description of the organisation behind the (app), its mission, and its purpose is also necessary.

3. Confidentiality:

•• The (app publisher) must describe its privacy policy regarding how you treat confidential, private, 
or semi-private information such as email addresses and the content of emails received from or sent 
to (its users).

4. Information must be documented, referenced and dated:

•• All medical content (including calculations and formulae) must have a specific date of creation and 
a last modification date.

5. Justification of claims:

•• All information about the benefits or performance of any treatment (medical and/or surgical), 
commercial product, or service are considered as claims. All claims have to be backed up with 
scientific evidence (medical journals, reports, or others).

Box 2.  Generic variables collected.

A. General description:

1. App name
2. Operating system (iOs/Android)
3. Price (in British Pounds)
3. Version
4. Presence of free ‘lite’ version (if applicable)
5. Download size (in megabytes)
6. Date of last update
7. Number of downloads (if available)
8. Number of ratings (if available)
9. Average user rating (if available)
10. Overall purpose (as claimed by market description)
11. Target audience

B. Developer information:

1. Developer/s
2. Individual or team?
3. What is their profession/background?
4. �Have they worked with clinicians/experts if not already part of 

the team?
5. What other applications they have they created?
6. Developer website present?

Adapted from Reynoldson et al.19
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Methods

Sampling method

The apps of interest were obtained from Apple iTunes and Google Play UK stores, as these are the 
two most dominant worldwide smartphone platforms.28 App stores accessed were in the United 
Kingdom, as this was the geographical location of the study. Sampling was purposeful, as the aim 
was to curate apps with particular characteristics.29 The sample included free and paid apps to 
ensure fair representation of both types. The ‘medical’ category of both stores was chosen with the 
assumption that it would contain apps taken more seriously. It is worth noting though that the 
‘medical’ category also contains non-relevant apps,30 and this is due to the loose regulation of 
categorisation within app stores, as developers often list their apps in multiple categories to 
reach wider audiences.10,24,30,31

Selecting the apps among the top 50 was to ensure that those sampled were the ones most in 
demand. To be among the top 50 apps in the US iTunes store, for example, a free app would require 
at least 23,000 downloads a day, while a paid app would require 950.32 Additionally, since most app 
users today are becoming less willing to pay,33 an arbitrary £10 cap was made. Furthermore, the 
target audience for sampled apps were patients and the lay public, with the assumption that those 
two groups are the more vulnerable for false information compared with healthcare professionals.

Funding and ethical approval

This study was self-funded, and purchased apps were subsequently uninstalled and refunded after 
evaluation. Apps are commercially available and therefore constitute data available in the public 
domain, hence no ethical approval was required.

Quality assessment standard

Apps selected had their store promotional page and developer website if available, and the app 
itself checked for evidence of content compliance with an app-adapted version of the HON 
Foundation principles used by Huckvale et al.17 (Box 3).

6. (App) contact details:

•• The (app) must be operational and the information must be accessible and clearly presented.
•• There must be a way to contact the (app publisher), such as a working email address or contact 

form, for visitors who would like to have more details or support.

7. Funding:

•• (The app publisher) must include a statement declaring its sources of funding.

8. Editorial and advertising policy:

•• Conflicts of interest and external influences which could affect the objectivity of the editorial 
content must be clearly stated in the disclaimer.

•• All (apps) displaying paying banners must have an advertising policy. This policy must 
explain how the (publisher) distinguishes between editorial and advertising content and which 
advertisements are accepted. Any conflict of interest has to be explained.

Adapted for apps by Huckvale et al.17

Box 3. (Continued)
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It is worth noting that the final decision on principle compliance is ultimately decided by HON 
Foundation experts prior to accreditation,34 and there is currently no information on the validity 
and reliability of any HON assessment tools used for websites35,36 or apps. However, the Foundation 
encourages developers and users to be aware of their standards and has even designated an online 
form to assist with compliance assessment,37 thus one could reasonably argue that evaluating com-
pliance with the HON Foundation standards does have face validity.

Compliance was checked by the author who is a health informatics master’s degree student at 
Swansea University. An app was deemed non-compliant with a given HON Foundation principle 
if the promotional page, developer website, and the app content itself do not fulfil all the applicable 
criteria. Moreover, in case of doubt or the lack of clarity on whether an app is compliant, the app 
was designated as non-compliant.

Data collection and analysis

Free access to the app stores was obtained using a personal computer with Microsoft Windows 7 
operating system (Microsoft, Inc., Redmond, WA) via the Apple iTunes portal software (version 
12.1.2) and the Google Play website portrayed on a Google Chrome browser (version 43.0.2357.81 
m). Screenshots of the app store sections containing the required sample were captured on 27 May 
2015. The eligibility criteria were applied and the generic information of the selected apps was 
gathered from the promotional page on the store. Compliance was recorded on Microsoft Excel 
2013 spreadsheet table in dichotomous form (yes/no) for each one of the eight principles, akin to 
the study by Huckvale et al.17

The apps were downloaded and installed on two personally owned devices. The iPhone apps 
from Apple iTunes were installed on an Apple iPad 2 tablet computer operated by an iOS version 
7.1 operating system, whereas Google Play smartphone apps were tested on Samsung Galaxy Note 
3 device (Samsung Electronics Co., Suwon, Korea) operated by Google Android Lollipop operat-
ing system version 5.0.

Statistics

Summary statistics were performed using Microsoft Excel 2013 with an Analysis ToolPak add-in. 
Fisher’s exact and Spearman’s rank tests were performed using IBM SPSS Statistics 22 (IBM, Inc., 
Armonk, NY).

Results

The study sample comprised 64 apps, 34/64 (53%) were from Google Play and 36/64 (56%) were 
free (Figure 1). The median price was £2.74 (range, 0.62–7.61; Figure 2), and the median down-
load size was 7.15 MB (range, 0.594–333; Figure 3). Last update dates ranged from November 
2008 to June 2015. The number of ratings received ranged from 2 to 54,093, and the median indi-
vidual app rating was 4.1/5 (range, 1–5; Figures 4 and 5).

Most topic themes were on women’s health (24/64 (38%)) and mental health (8/64 (13%); 
Figure 6). The majority of app utilisations were providing medical or health information to the 
public (study inclusion criteria) (64/64 (100%)), calendars and diaries (23/64 (36%)), calculators 
(12/64 (19%)), self-diagnosis (8/64 (13%)), and hypnotherapy (8/64 (13%); Figure 7). Most apps 
were developed by a team (38/64 (59%)), 2/64 (3%) were developed by an individual, and 24/64 
(38%) had no developer information.
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None of the apps within the sample managed to fully comply with the entire eight HON 
Foundation principles. Compliance with seven principles was achieved by only one app (1.6%) 
titled ‘Drugs.com Medication Guide’. This was an app rendering a HON Foundation certified 
website, and the only principle it failed to comply with was ‘attribution/currency’, as the date of 
when the information was first created was not clear. The rest of the apps were mostly compliant 
with one, two, or three principles (38%, 27%, and 14.7%, respectively; Figures 8 and 9). Most 
complied with principles were ‘transparency’, ‘purpose’, and ‘confidentiality’ (97%, 53%, and 
43%, respectively), while the least complied with were ‘attribution/currency’, ‘authoritative’, and 
the ‘advertising and editorial policy’ (2%, 9%, and 12%, respectively; Figures 10 and 11).

Apps on iTunes had better compliance with ‘authoritative’ (10% vs 8.8%), ‘purpose’ (60% vs 
47.1%), ‘confidentiality’ (56.7% vs 35.3%), ‘financial disclosure’ (26.7% vs 5.9%), and ‘advertising 

Figure 2.  App prices.

Figure 1.  App sample (n = 64).
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and editorial policy’ (16.7% vs 8.8%) principles. Google Play apps, on the other hand, had better 
compliance in regard to ‘attribution/currency’ (2.9% vs 0%), ‘justifiability’ (14.7% vs 13.3%), and 
‘transparency’ (100% vs 93.3%) principles. There was no significant statistical difference in 

Figure 4.  Number of ratings.

Figure 3.  Download sizes.
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Figure 5.  Average rating.

Figure 6.  App themes.
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Figure 7.  App functions.

Figure 8.  Number of HON Foundation principles complied with (by store).

Figure 9.  Number of HON Foundation principles complied with (by cost).
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compliance between the two app stores or between free and paid apps, with the exception of compli-
ance with the principle financial disclosure where the results were significant at p < 0.05 (Table 1).

The study also showed that apps compliant with ‘purpose’, ‘confidentiality’, or ‘financial dis-
closure’ principles tend to correlate strongly with compliance with higher number of HON 
Foundation principles (rS 0.817, 0.771, and 0.607, respectively; p < 0.01*) (Table 2). Additionally, 
healthcare professional involvement in app creation was also found to correlate strongly with 
‘authoritative’ and ‘justifiability’ principle compliance (rS 0.918 and 0.722, respectively; p < 0.01*), 
as well as adherence to five or more HON Foundation principles (rS 0.722; p < 0.01*) (Table 3). 
However, the generalisability of these associations and correlations is questionable given the small 
sample size.

Figure 10.  HON Foundation principle compliance percentage (by store).

Figure 11.  HON Foundation principle compliance percentage (by cost).
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Table 1.  Fisher’s exact tests.

Principle 
compliance 

Frequency by platform Frequency by cost

Google 
Play 
(n = 34)

iTunes 
(n = 30)

Overall 
(n = 64)

p value, 
FET (two-
sided)

Free 
(n = 36)

Paid 
(n = 28)

Overall 
(n = 64)

p value, 
FET (two-
sided)

1. Authoritative 3 (9%) 3 (10%) 6 (9%) 1.000 3 (8%) 3 (11%) 6 (9%) 1.000
2. Purpose 16 (47%) 18 (60%) 34 (53%) 1.000 19 (53%) 15 (54%) 34 (53%) 0.327
3. Confidentiality 12 (35%) 17 (57%) 29 (45%) 0.454 18 (50%) 11 (39%) 29 (45%) 0.131
4. �Attribution/

currency
1 (3%) 0 (0%) 1 (2%) 0.438 0 (0%) 1 (3.6%) 1 (2%) 1.000

5. Justifiability 5 (15%) 4 (13%) 9 (14%) 1.000 5 (14%) 4 (14%) 9 (14%) 1.000
6. Transparency 34 (100%) 28 (93%) 62 (97%) 1.000 35 (97%) 27 (96%) 62 (97%) 0.216
7. �Financial 

disclosure
2 (6%) 8 (27%) 10 (16%) 0.003* 10 (28%) 0 (0%) 10 (16%) 0.036*

8. �Advert and 
editorial policy

3 (9%) 5 (17%) 8 (13%) 1.000 5 (14%) 3 (11%) 8 (13%) 0.458

FET: Fisher’s exact test.
*Fisher’s exact test (two-sided) is significant at p < 0.05.

Table 2.  Spearman rank test 1.

Number of HON Foundation principles complied with

  rS p (two-tailed)

Purpose 0.817 <0.01*
Confidentiality 0.771 <0.01*
Financial disclosure 0.607 <0.01*

HON: Health On the Net.
*Correlation is significant at the 0.01 level (2-tailed).

Table 3.  Spearman rank test 2.

Healthcare professional involvement in app creation

  rS p (two-tailed)

Authoritative 0.918 <0.01*
Justifiability 0.722 <0.01*
Adherence to five or more HON 
Foundation principles

0.722 <0.01*

HON: Health On the Net.
*Correlation is significant at the 0.01 level (2-tailed).

Discussion

Compared to the best results in the literature, this study had better figures in regard to overall app 
compliance with transparency and confidentiality principles (97% vs 55%17 and 45% vs 17%,17 
respectively) and worse figures in regard to ‘purpose’, ‘financial disclosure’, ‘authoritative’, and 
‘attribution/currency’ compliance (53% vs 59%,23 16% vs 18%,17 9% vs 48%,15 and 2% vs 52%,15 
respectively).
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The better compliance with the ‘transparency’ principle result is unexplained, as there is no 
evidence to suggest that providing developer contact information for users is currently being 
required by app stores. On the other hand, better compliance with ‘confidentiality’ might have been 
influenced by the new mandatory privacy policy for apps involved in the transmission of data con-
taining personal information by Apple,38 though this is currently only a recommendation by 
Google.39 It is worth mentioning that the HON Foundation mandates a privacy policy even when 
no personal data are being transmitted.40

The overall poor compliance with the HON Foundation principles revealed in this study is not 
surprising, as it is comparable to earlier studies on apps evaluating partial and full app compliance. 
It also indicates that the quality issues with medical apps targeting patients and the lay public are 
both ongoing and widespread. More needs to be done to reassure users.

The scene on regulating medical apps was initially shrouded with uncertainty over whether they 
should be regarded as medical devices, and the position of regulatory agencies in Europe and the 
United States is still developing. However, some consensus has emerged in regard to considering 
certain apps that meet specified criteria as medical devices, though there are still differences among 
various agencies, and the situation still leaves wide range of apps outside their realm, such as elec-
tronic versions of reference materials, educational tools, and apps that patients use to obtain 
information.41

Some have argued that the responsibility for overseeing the quality of these apps should lie with 
the big app vendors such as Apple and Google.42 It is worth noting that apps submitted to both 
stores are subjected to various degrees of scrutiny prior to release, though their content is unlikely 
to be thoroughly evaluated.43 However, there are little incentives for these big companies to under-
take such role, especially that medical apps are not a major source of revenue, unlike other catego-
ries such as Games,10 though the situation might change in view of the optimistic growth forecasts 
of the mobile health market.44 Conversely, while the involvement of Apple and Google in medical 
app regulation might be desirable, this would also bring up their conflict of interest into question 
should they become involved.42

Various initiatives have since emerged to assist users with identifying high-quality medical 
apps, such as peer-review,45 certification,46,47 professional review,48 and user feedback.49 The scene, 
though, is still evolving with new emerging proposals such as the utilisation of an app synopsis that 
could be incorporated into a search engine50 and self-certification based on standards of health 
information portrayal akin to the HON Foundation scheme,51 while others have been discontinued 
such as Haptique.52 Moreover, a recent guidance by Royal College of Physicians of London53 rec-
ommended against using apps in healthcare unless they have been registered as a medical device 
and to exercise professional judgement when using apps in any clinical settings. The college also 
declared that while they have no intentions of recommending apps to doctors, they are collaborat-
ing with other organisations and agencies on developing quality criteria.

Not surprisingly, the current issues with medical app quality seem to mirror earlier problems 
and debates on health websites,27,54–61 which are still ongoing.26,62–64 These are relevant within the 
realm of medical apps as both are media for providing information, and their use could involve the 
collection and transmission of personal data. Furthermore, Internet accessibility is enhanced by 
smartphones, and websites could be rendered in a compressed format on smartphones known as 
‘web apps’. Hence, valuable lessons could be learnt.

Views on health website content quality evaluation and regulation are diverse. Some regarded 
it as an impossible task and that the responsibility should be left with the users, akin to other infor-
mation media outlets.62,65 Delamothe,66 on the other hand, argued that no omniscient non-biased 
observer exists that would be able to evaluate contents of websites through the eyes of medical 
professionals, patients, and lay people at the same time. While others proposed and established 
initiatives and tools with the purpose of assisting users in identifying high-quality websites, such 
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as codes of conduct, self-applied quality labels, user guidance systems, filtering, third-party 
accreditation for a fee,60 and curation of useful sites in lists.55 These took a downstream regulatory 
approach given the decentralised nature of the Internet57 and were not without their limitations.

Lone codes of conduct without enforcement mechanisms, for example, were found not to be 
effective.67 User guidance tools, on the other hand, could be burdensome as the evaluation process 
can be time consuming and subjective,59 while filtering and curation lists require costly continuous 
updates.55,60 Moreover, third-party accreditation schemes do put up huge costs for participating 
website providers60 and self-applied quality labels, such as the HON Foundation scheme, and cer-
tify only health information presentation, thus placing some burden on users by requiring them to 
be aware of the principles while evaluating the content68 and on website developers in terms of 
compliance.60

Given the above, Fahy et al.26 have hence suggested that perhaps the best approach would be 
through utilising multiple methods. This is interestingly consistent, in a way, with the conclusion 
of a landmark market research in the 1980s on consumer preferences, which showed that there was 
no such thing as a single perfect set of product characteristics, but rather a variety of characteristic 
sets that would appeal to consumers with different preferences.69

Recommendations and implications for further research

It would be reasonable to extrapolate that within the realm of medical apps, various quality  
initiatives and approaches might be needed in order to assist users with different degrees of  
willingness and abilities in regard to accepting the evaluative burden. This would also help in 
offsetting the limitations of each method and allows the consideration of various views held by 
app stakeholders. Therefore, a self-certification scheme similar to that of the HON Foundation, 
as suggested by Lewis,51 would be a useful addition to other approaches in use today. This could 
also be utilised as a first level of a multi-tier app certification system, after which an app could 
undergo further comprehensive evaluation50 and risk assessment.70 However, further research is 
needed in determining the reliability and validity of the HON Foundation compliance tools 
within the realm of apps.

Additionally, raising awareness of the wide prevalence of poor quality among medical apps, 
explaining the potential risks associated, emphasising the importance of evaluating the content 
critically, and guiding them towards tools that could assist them in the process would help raise 
consumer expectations and could pressurise developers into raising standards. Developers of medi-
cal apps are currently strongly advised to adopt robust quality development processes,10,41 such as 
the ‘Clarify, Design, and Evaluate’ approach devised by the Imperial College of London.71

Furthermore, bringing and engaging the stakeholders under a collaborative non-profit organ-
isation, such as HANDI72 in the United Kingdom, would greatly facilitate app development 
process through disseminating best practices and providing a great medium for networking and 
discussions.

Limitations

This study was restricted to Apple iTunes and Google Play stores, as these were the platforms with 
the biggest share of the market and meet the objective of evaluating most popular apps. Only the 
UK stores were evaluated as this was the geographical location of the study, though inferences 
could still be extrapolated to other developed countries. The sampling process was purposeful,  
and this was intentional as the aim was to obtain apps relevant to the scope of the study and was 
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performed according to a predetermined explicit inclusion and exclusion criteria. The study sample 
was small due to the lack of funding and time constraints, and this had an impact on the ability to 
generalise the significance of group comparisons. Further research with a larger sample would 
provide useful insights.

On the other hand, compliance with the HON Foundation principles was evaluated by a single 
evaluator who is the study author. Although the Foundation does encourage developers and users 
to evaluate compliance using its explicit list of principles and criteria, this is ultimately formally 
assessed by experts prior to certification. This is additionally compounded by the lack of informa-
tion in regard to the validity and reliability of any available HON assessment tools. Further research 
is needed to establish this for apps and take it beyond mere face validity.

Moreover, compliance evaluation by a single assessor increases the potential for bias. In an 
attempt to minimise this, a systematic evaluative methodology was adopted and was performed 
according to an explicit strict study protocol. Accordingly, an app was only deemed compliant with 
a given principle when it unequivocally fulfils all the applicable criteria. One would acknowledge 
though that this has set the bar high and likely to have contributed towards lowering app compli-
ance results in our study.

Conclusion

This study demonstrated that most popular apps on the medical category that are available to the 
public do not meet the standards for presenting health information to the public, and this is con-
sistent with earlier reports and studies on medical apps.

Our experience from websites tells us that multiple user guidance initiatives are needed to suit 
people with various differences and preferences. Thus, having a scheme akin to that of the HON 
Foundation would be a useful addition to the existing initiatives that aim to guide the users towards 
high-quality apps. This could also be utilised as a first-level stage within a multi-tier certification 
system.

Moreover, improving the current situation would require raising the public awareness, provid-
ing tools that would assist in quality evaluation, encouraging developers to use robust development 
process, and facilitating collaboration and engagement among stakeholders.
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Introduction

Patient education is important in treatment outcomes. This education may be done formally at doctors’ 
offices by healthcare professionals or through alternative methods which include computer-based 
learning, video, and media.1–3 Unfortunately, most alternate methods can be classified as a one way 
communication. Good information and communication increase patients’ capability to contribute to 
decision-making processes, leading to higher levels of satisfaction and favorable treatment outcomes.4,5 
While it is important to have a patient fully informed and engaged in the decision-making process, it 
is inevitable that patient comprehension of explanations often is lacking due to the complexity or for 
other reasons. Evidence suggests that patients often do not understand what is being said when infor-
mation is given during a medical encounter due to educational gaps between clinicians and patients.6

The most important attribute of patient-centered care is the active engagement of patients when 
fateful healthcare decisions must be made.7 In other words, the point when an individual patient 
arrives at a crossroads of medical options and the diverging paths have different and important 
consequences with lasting implications. Examples include decisions about major surgery, medica-
tions that must be taken for the rest of one’s life, and screening and diagnostic tests that can trigger 
cascades of serious and stressful interventions.

For some decisions, one clearly superior path exists, and patient preferences play little or no 
role. Examples include when a fractured hip needs repair, acute appendicitis necessitates surgery, 
or bacterial meningitis requires antibiotics. For many medical decisions, however, more than one 
reasonable path forward exists (including the option of doing nothing, when appropriate). Different 
paths entail different combinations of possible therapeutic effects and side effects. Decisions about 
therapy for early-stage breast cancer or prostate cancer, lipid-lowering medication for the primary 
prevention of coronary heart disease, and genetic and cancer screening tests all are good examples. 
In such cases, patient involvement in decision-making adds substantial value.

Recently, there has been a shift in the process of receiving medical care. This shift, often referred 
to as health empowerment, relates to the role patients play when receiving medical care. Health 
empowerment is frequently defined as a combination of “knowledge, skills, and a heightened self-
awareness regarding values and needs” to help patients reach their personal health goals (p. 140).8 
Empowerment within the health context has frequently been operationalized in terms of how much 
patients participate in the medical decision-making process.8 Dupuits9 claims that the Internet and 
other such information media have had significant influence on patients’ empowerment and their 
participation in the decision-making process. However, other research asks whether high amounts 
of information are always beneficial to patients. Broom10 says that for some patients with prostate 
cancer, Internet health information has served as a source of empowerment, while for others, it has 
served as a source of confusion.11 Patients who seek health information in addition to that provided 
by physicians challenge the physician–patient relationship, and this can lead physicians to further 
limit collaboration in the treatment decision-making process.10

Therefore, further review of the effects of health information on patient empowerment and par-
ticipation is warranted. This study offers a conceptual framework to examine the benefits of pre-
senting information to women in waiting rooms prior to a genecology professional encounter to 
discuss initial results regarding positive Pap test indication.

Background

Empowerment

Gibson12 defines empowerment as the process by which individuals or groups enhance their 
ability to meet their needs and gain a sense of control over their lives. Research indicates that 
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empowerment can occur at various levels including the individual, organizational, and societal 
levels.12–14 At the individual level, empowerment is described as a family of variables that “includes 
participatory behavior, motivations to exert control, and feelings of efficacy and control.”13 This 
form of empowerment includes both individual perceptions (psychological aspects) and behavior. 
In regard to health care, Webb et al.15 refer to empowerment as the process in which patients and 
providers equally contribute to the health decision-making process. Webb et al.15 measure empow-
erment by asking participants generic questions about their perceived degree of involvement in and 
satisfaction with their treatment decisions. Thus, Webb et al.15 allude to the notion that empower-
ment is a reconceptualization of participatory decision-making. Thus, there appears to be overlap 
and confusion among the constructs that relate to empowerment. Roberts16 clarifies that previous 
research has defined empowerment as the relationship between health and power, an informed and 
active patient, an equal physician–patient relationship, and a type of health education. According 
to Roberts,16 the various conceptualizations suggest psychological aspects of empowerment and 
empowered behaviors are likely to be intertwined.

Health information, including information provided by a physician as well as information 
sought by a patient, may have varying effects on patients’ senses of empowerment. It appears as 
though the information provided by a physician may allow patients to feel more empowered and 
efficacious; however, such information may also confuse patients and ultimately hinder the deci-
sion-making process. A great deal of literature suggests that information is a useful tool in increas-
ing a patient’s empowerment, while other literature suggests that extreme amounts of information 
lead patients to information overload and confusion.17,18

Information overload

According to Chen and Chang,19 humans have limited information processing capacity. As amounts 
of information increase, humans tend to increase their processing efforts accordingly. When indi-
viduals are confronted with more information to process than they are able or willing to process, 
they may perceive themselves as experiencing information overload. Perceptions of overload are 
the result of the interaction between high amounts of information and limited processing capac-
ity.19 When processing limits are surpassed, overload occurs and an individual may be left con-
fused and more likely to make poor decisions as a result.17

Women’s health clinics

A good example to represent the influence of information overload in health sensitive and complex 
situations can be illustrated by cervical cancer diagnosis cases. Extensive information on this topic 
currently is available. The effectiveness of this information in reducing anxiety in women receiv-
ing abnormal Pap tests is not clear since so much information exists and because information avail-
able at home is not always accessible.20

Cervical cancer is the second most common cancer in women, affecting nearly 530,000 females 
worldwide and resulting in 275,000 deaths each year, including 31,000 cases and 13,000 deaths in 
Europe.21 Human papillomavirus (HPV) infection can lead to the development of pre-cancerous 
lesions and cervical cancer.22 Routine screening and HPV vaccination programs have increased the 
visibility of cervical cancer in the wider community, and may contribute to increased concerns 
about developing this cancer, particularly in younger women.23

Cervical cancer can be detected using a Pap test. A Pap test uses a sample of cells taken from a 
woman’s cervix or vagina. The test looks for changes in the collected cells that show cancer or con-
ditions that may develop into cancer. The Pap test currently is the best tool to detect pre-cancerous 
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conditions and hidden, small tumors that may lead to cervical cancer. If detected early, cervical 
cancer can be cured.

A Pap test is not comfortable and its negative perception can be increased by receiving news via 
phone that one’s test result is abnormal. Frequently, women are given little information about what 
the result means. This leaves them unsure about the next steps to take. In fact, studies report 
women commonly feel stressed and anxious after being informed of an abnormal Pap smear test 
result24–26 irrespective of the severity of the result.27 These emotions often are long lasting.28

Other research confirms that lack of accurate and understandable medical information about the 
causes, prevention, treatment, and consequences of an abnormal Pap smear result and cervical 
cancer leads to anxiety.29 When a doctor reports that a Pap test is abnormal, this means the test has 
identified abnormal cells on her cervix. But, having an abnormal test result does not mean the 
woman has cancer. In fact, the chances are very small. However, the patient is requested to sched-
ule a follow-up with a professional genecology clinic and during the intervening time period, anxi-
ety and worry may build. In response, a woman may access information on the web.

When the patient arrives at the medical encounter, she will be experiencing anxiety about the 
future. In this situation, it is unlikely that she will be involved in any decision-making, and this can 
add to confusion surrounding the forthcoming medical encounter.

She may have learned there are several options of treatment and all are considered effective to 
various degrees, but her information may be incomplete. For instance, she may not know the best 
treatment will depend on the type and extent of her problem. Some doctors will prefer one treat-
ment method over another, and again she may not have access to this information. In this regard, it 
is important that a patient understand why a doctor recommends one approach or treatment over 
another. Therefore, it is important to empower, enable, and support women with the ability to ask 
questions without fear or reservation.30 This research seeks to examine, if women’s waiting times 
for gynecological consultations can be leveraged to inform them in a better way, thus empowering 
her to be an active participant in the medical encounter decision-making, therefore increasing her 
patient satisfaction.

Furthermore, we look at the waiting room time as an opportunity to trigger a woman’s education 
regarding such sensitive issues. We hypothesize that the use of mobile technology, which includes 
carefully controlled health-related information, can help a woman be better informed, empowered, 
and enable her to communicate better in the forthcoming medical encounter. She ultimately might 
perceive higher patient satisfaction related to communication with the doctor.

Being well informed is, indeed, critical for lowering anxiety over abnormal results. It may be 
the case that many women do not understand the meaning of an abnormal Pap result and wish for 
more information. An Australian study has shown that women wish to participate in decisions 
about their care but find it hard to ask questions.31 Physicians should bear in mind that patients may 
not spontaneously request further information, despite (or perhaps because of) high levels of anxi-
ety.29 We therefore suggest the use of mobile technologies, such as tablets, in the waiting room to 
provide easy access to information that was carefully vetted and communicated by the doctor 
regarding treatment, procedures, and long-term effects,32 and to help reduce anxiety and improve 
general situational knowledge.33

Mobile use in the waiting room

The widespread adoption and use of mobile technologies is opening new and innovative ways to 
improve health and healthcare delivery.34,35 These applications are being assimilated quickly into 
health care.36 The use of mobile applications prior to physician encounters regarding birth control 
information can help foster a better understanding of how a particular method works and the 
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long-term implications of continued use. The mobile application used in the Sridhar et al.36 study 
increased patient satisfaction with counseling and showed that mobile applications are best used in 
addition to physician consulting. A major limitation in the Sridhar et al.36 study was the lack of a 
follow-up. The study did not report whether visit times changed when the application was used 
after the consultation. Due to time constraints that limit a physician’s ability to deliver detailed 
information during a medical encounter, applications for mobile technology can be designed to 
educate patients and simplify communication between patients and providers.37 Therefore, there is 
the potential to examine mobile applications in the waiting room.

Little formal research has been conducted to evaluate time spent in waiting areas. The limited 
studies conducted have attempted to improve waiting area experiences for patients and their sup-
porters regarding design of the space and reduction in waiting times.38 This often is specific to a 
local office, and is focused on patient comfort issues such as temperature, seating, coffee, televi-
sion programming, or wait times.39,40 Although many opportunities for redesigning waiting room 
space for comfort, safety, and even entertainment exist, there also are opportunities to redesign the 
space to encourage learning. Traditional educational material in waiting areas is often ineffective 
and unacknowledged. Often, patients are provided with pamphlets and posters to learn about dis-
eases and disorders. General practitioners agreed that patient curiosity regarding health-related 
information is growing and that the physician should consider the waiting room as a place for 
patient education.41

A previous study assessed the value of various techniques designed to reduce patient anxiety in 
waiting room.42 This study and others suggest provision of waiting room information may reduce 
anxiety when it concerns a care procedure the patient will subsequently experience.43 Waiting room 
time can become useful with formal patient education.44 This is particularly true in light of what is 
known about creating innovative, empowerment-based, educational materials.45

Conceptual framework

Our research used a general model reflecting factors that might influence a better way to improve 
communication during a medical encounter (Figure 1). We specifically focused on empowerment 
related to waiting room times and later as an outcome obtained through use of mobile platforms to 
enable learning through access to physician-controlled education materials.

Patient–physician encounter

Patient–physician interaction is an important aspect of the patient’s level of involvement,46 and is 
focused on empowering patients.47 Patient–physician interaction usually seeks to help patients 
become more active during consultations, and is linked to positive health outcomes such as enhanc-
ing self-efficacy, providing better ability to adopt the correct treatment plan, and achieving patient 
goals. In order for the encounter to empower the patients, a collaborative relation between patient 
and physician is necessary, as well as development of a patient’s ability to engage in self-care, and 
cooperation.47

According to Feldman-Stewart et al.,48 patient–physician interaction is based on four compo-
nents: (1) patients’ and physicians’ communication goals; (2) needs, skills, values, and emotions 
that affect communication; (3) how messages are verbally and nonverbally conveyed and received; 
and (4) the communication environment, including external factors such as prior education and 
experience. All four factors influence the outcomes gained from the encounter.

To return to the sensitive Pap test situation described earlier, a woman and her physician might 
have different goals during the medical encounter. For instance, the physician may focus on 
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relevant treatment while the woman seeks to allay confusion, anxiety, and fears. A woman may 
enter the consultation with very low knowledge, with needs based more on support aspects and less 
on an interest to be involved in the decision-making process. The way a physician decides to con-
vey the treatment options might influence overall understanding. Furthermore, this might vary 
from doctor to doctor—for instance, one may decide to explain, while another makes the explana-
tion shorter in order not to inject more stress into the situation. Education and prior experience of 
the patient regarding the medical situation may also factor into the interaction.

In considering all four characteristics of interaction in the medical encounter, we suggest four 
constructs that lead to enhancement of empowerment based on self-determination theory (SDT) 
which proposes how specific needs of individuals drive their self-intended (self-determined) 
behaviors.49

SDT states that human beings have basic psychological needs, such as the need for autonomy, 
which is the desire to experience satisfaction with exercising and extending one’s capabilities and 
mastering challenging tasks. Individuals strive to satisfy these needs to increase their well-being, 
and thus engage in certain behaviors they perceive as self-determined50 such as an information 
search or participation in decision-making. These self-determined behaviors trigger subsequent 
actions, during which individuals try to keep consistent with their previous actions and underlying 
needs.51 This includes activities such as complying with recommendations.

More specifically, information search is the degree to which a patient systematically and 
actively collects disease and treatment-related information from various information sources (e.g. 
personal meetings in self-help groups, books, Internet, brochures).52 Knowledge is developed as a 
by-product of an information search. Knowledge development is the degree to which patients 
actively organize and understand the information acquired about their disease, with the goal of 

Figure 1.  Conceptual framework for mobile use in waiting room.
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achieving disease-related expertise to keep up with the physician.53 Decision participation is the 
degree to which patients actively work with the physician to develop a treatment strategy and make 
treatment decisions.54,55

The information search following knowledge development is represented by the concept of the 
informed patient. Our conceptual research focuses on the intensive efforts of the information 
search and its contribution to developing an informed patient. Active participation in SDT theory 
is discussed during our examination of the empowerment process, which emerges as a patient 
becomes informed. Being informed provides leverage that increases power of the patient in 
encounters and relationship development with her physician. Additionally, it increases trust and 
enhances patient communication skills. The results of these processes empower patients more 
strongly, and yield greater satisfaction.

The informed patient

In order for patients to express their preferences and feel more confident in making decisions about 
their health care, they must become informed by receiving appropriate information regarding their 
condition, including potential outcomes and treatments. This information helps patients why a 
treatment option might be chosen and become more likely to comply with recommended courses 
of action. Ultimately, the informed patient will accept the prognosis, become an active participant 
in managing their disease, and feel more satisfied with their treatment.56,57

However, there is heterogeneity in the knowledge and information that patients need. Not all 
patients require the same information and this places considerable demands on healthcare profes-
sionals because they must personalize the information to best suit a particular individual.57

Research has shown that informed patients make better use of a health professional’s time (both 
quality and quantity), and show improvements in knowledge, self-efficacy, and in self-management 
behaviors.58 On the down side, physicians only have limited time for counseling, and often this time 
is insufficient to develop an informed patient and explain the condition and treatment choices avail-
able. Thus, patients may seek information elsewhere.57

Power relationship

In order to develop an informed patient, the distribution of power between patient and physician 
must change. It is important that a patient feels they have more control over their health treatment 
and are an active part of the decision-making process.10,16,59

Using online information challenges previous hierarchical models insofar as it encourages 
patients to stop being simply passive recipients of information. Instead the Internet’s search capa-
bility empowers them to actively seek relevant information.10,59–62

Henderson,56 who studied the power imbalance between nurses and patients, found most nurses 
did not provide patients with information beyond what was necessary. Nurses tended to give infor-
mation about a procedure, but did not provide the patient with different treatment options and 
expected outcomes of each. More specifically, nurses often wished to make the decision for patients, 
instead of assisting them to make their own decisions. We know from empowerment studies, it is 
important that women feel a sense of control over their situation, and must be involved in decision-
making elements during a medical encounter related to a proffered treatment. In these sensitive 
cases, using online information, which is not controlled, may cause harm to the patient by increasing 
her anxiety and worry, and by preventing her from taking an active part in the medical encounter. 
Therefore, we believe having access to controlled information provided through the medium of 
mobile technology in the waiting room may have the potential to change the power relationship.
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Communication skills

When patients meet a physician as part of their clinical care, their wish is to achieve the best 
medical outcome and get the best possible care. For that to happen, good communication is nec-
essary between the physician and patient.63 Engel et al.64 found that patients regard communica-
tion with their physician as a key factor in their satisfaction.65 Good physician–patient 
communication helps patients work toward their goals.48 Good communication should be based 
on information exchange that leads to making treatment-related decisions together, while keep-
ing core conditions such as honesty, empathy, and respect intact. All of these are crucial to the 
efficacy of the treatment and strongly influence patients’ well-being and satisfaction with the 
healthcare experience.66–68

In order to establish good communication, the patient must participate and cooperate during the 
entire treatment process, while the physician enables her to participate effectively and without 
worry.66–71 The information exchange between physician and patient consists of alternating between 
information provision and seeking. The physician needs information in order to establish the right 
diagnosis and treatment plan for the patient. At the same time, the patient, who desires to be under-
stood and to understand, needs to provide relevant information including condition symptoms and 
concerns to the physician. The patient expects to receive all needed information from the physi-
cian.66,67,71 After the physician determines the diagnosis and treatment plan, he or she needs to 
efficiently impart that information to the patient in a way that enables knowledge acquisition. The 
informed patient will make decisions together with the physician regarding the next treatment 
steps.57,66–70

In order to occur in a genecology clinic, especially regarding sensitive personal issues, there 
is a crucial need for earlier, controlled preparation, during which waiting room time can play a 
role.38,72 The physician’s levels of providing/seeking information and communication skills are 
directly related to patient satisfaction. Lack of communication skills on either side may cause 
problems in diagnosis and affect patient involvement in the counseling sessions.66,70,73 Studies 
have shown that physicians tend to interrupt patients 50 percent of the time and 45 percent of 
patient concerns are not disclosed. Half of the time, physicians and patients do not agree on the 
problem, and patients are dissatisfied with information provided by the physician. Thus, they 
may try to look for information elsewhere.68 This may include seeking physician-vetted informa-
tion provided in the clinic while patients are waiting. Ultimately, this information can change the 
relationship and enhance active patient participation, as well as their satisfaction with the medi-
cal encounter.38

Research has shown good communication can influence how much the patient understands 
provided medical information, their adherence to recommended treatment, and other health out-
comes in addition to enhanced satisfaction and empowerment.16,66,67,69,70

Trust

Physician communication skills have an effect on a patient’s level of trust. When the physician 
communicates effectively and keeps the patient informed with all desired information, he or she 
helps the patient develop a higher level of physician trust.47 A key component of establishing trust 
relates to development of a physician relationship that meets patient expectations. The patient 
expects a physician to be supportive and to actively engage them in healthcare decision-making.47 
Patients given information about their disease prior to counseling were more confident and this 
encouraged them to ask more questions. They also talked more during counseling and were better 
able to elicit relevant information from their physicians.10
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Patient empowerment

In a general sense, empowerment may be defined as a “process by which people gain mastery over 
their lives.”74 Studies of empowerment in different disciplines are based on the proposition that to 
improve the quality of lives both in the workplace and at home, people should be able and moti-
vated to bring about changes. This applies to personal behavior, social situations, and within organ-
izations that influence someone’s life. As such, empowerment is a relational construct (e.g. in the 
doctor–patient consultation) associated with the concepts of power, equity, and situational control. 
This implies a capacity to solve problems and get a fair share of resources.75,76 This concept further 
refers to both the state of being empowered and the process of becoming so. Empowerment is 
prominent in the management literature, where it has two meanings, both of which are influential 
in conceptualizing patient empowerment.77 One meaning often is denoted as “psychological 
empowerment” and refers to employees’ subjective feeling of empowerment—specifically, feel-
ings of perceived competence to perform tasks well, feeling influential in a work role, feeling their 
work is important, and feeling free to choose how to execute tasks.78–80 A second meaning, often 
called “role empowerment” or “situational empowerment,”81 refers to objective practice involving 
delegation of responsibility to employees, in order to give them decision-making authority.

Empowerment discussed in relation to health behavior generally refers to patients.74,82,83 Patient 
empowerment is conceived as the patient’s participation as an autonomous actor taking increased 
responsibility for a more active role in decision-making regarding his or her health.84 The empow-
ered patient emerges as a person who does not passively receive information before trying to com-
prehend and invariably accept the outcomes. Instead, she is someone who extracts meaning relevant 
to herself from proffered information and advice, then chooses and enacts behaviors she concludes 
as appropriate to the present health situation.85–87 Empirical research on patient empowerment 
antecedents and consequences is limited.80

Patient empowerment, referring to the set of self-determined behaviors based on patients’ indi-
vidual needs for developing autonomy and competence with their disease, increasingly has become 
a key component of a patient-centered approach to health care (i.e. information search, knowledge 
development, and decision participation). Patient empowerment assumes a prominent place in 
visions of optimal health following the Ottawa Charter of 1986, which states that health promotion 
is the process of enabling people to increase control over, and to improve their health. This vision 
takes on a relational (e.g. doctor–patient) dimension, emphasizing the need for more egalitarian 
structures and an equitable distribution of power between practitioners and patients.88,89

The sensitive situation of a women dealing with an abnormal Pap result that brings her to a 
genecology clinic can be refocused within this discussion. The need to develop autonomy associ-
ated with a person’s self-determination, and the procedural empowerment process of giving and 
taking power. This is consistent with our working empowerment definition and tends to minimize 
uncontrollability, which is inherent in living with severe health conditions. In such contexts, the 
autonomy of a patient may be alternatively regarded as feeling secure in caring relationships, and 
having “ownership” for one’s decisions as a patient. This situation can trigger one’s participation 
in shared decision-making and ultimately contribute to empowerment.

Moreover, patient empowerment needs to be seen as a dynamic and creative process shaped by 
the patient’s own activity in searching information presented on mobile technology during waiting 
room time. Using mobile technology to present controlled information to the patient can contribute 
to a sense of choice and control, and supports the need to feel secure and connected, and supports 
the need to develop a sense of meaning and coherence.35 Patient needs for competence and control 
generally are addressed in self-management support interventions where mobile technology is 
used while waiting for the consultation. This promotes cognitive and enhanced communication 
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during the medical encounter, and results in higher active participation due to greater patient 
empowerment.

Preserving and enhancing patient empowerment

Within a healthcare organization, empowerment implies providing necessary tools to resolve most 
problems or questions faced by customers on the spot.8,10,56,90,91 In most instances, these customers 
are patients. Empowerment is not a static trait, but rather a dynamic process that changes over time 
and over different contexts. When a person becomes empowered in a specific moment in a particu-
lar environment, this does not make her empowered in other environments and other contexts.92,93 
People can be differentiated in various ways regarding required perceptions as well as skills or 
actions needed for increasing their empowerment. Different people in the same situation will need 
to learn different skills in order to become empowered. Likewise, different situations require dif-
ferent skills. While some people have these skills, others may not, and they will have to learn these 
skills in order to become empowered.94

The importance of continuing to preserve and enhance patient empowerment suggests that 
healthcare decision-makers should consider providing controlled access to information while 
women wait in the genecology clinic. Furthermore, access to carefully vetted information after the 
consultation would provide additional benefits leading to deeper learning and understanding as the 
patient becomes more empowered. This process can also be leveraged by opening a discussion 
between a patient and her doctor regarding specific aspects of a disease and treatment options that 
introduce stress and uncertainties. Mobile technology can be used as a tool that the women can use 
in support of such a sensitive situation.95

Another example is participation in an online support group. Patients felt it helped them become 
more informed as well as to feel more in control, confident, and prepared for their encounter with 
a physician. An improved physician relationship resulted.96 Although most of the participants in 
the Van Uden-Kraan et al.96 study had positive feelings about online support groups, the possibility 
of a disempowering process also was mentioned. Some participants were concerned and unsure 
about the quality of the information provided in these groups, felt that certain questions and topics 
were constantly repeated, and sometimes had to deal with either information overload or lack of 
needed information.96

Outcomes

The concept of empowerment remains ambiguous. Researchers often assert that empowerment is 
both a means and an end result.12–14,97 Gibson12 adds that empowerment can also be viewed as the 
result of participatory decision-making, negotiation, collaboration, and/or education. When an 
employee is empowered, his decision-making authority increases, as well as his responsibility, and 
he becomes more adaptive and receptive to his environment, and could continue feeling empow-
ered through his work.16,98,99 An empowered employee feels he has more impact, better self-deter-
mination, competence, and meaningfulness.98 When patients are empowered, they become more 
experienced and independent in decision-making.56 Ultimately, this leads to better health care with 
a team-like partnership between doctor and patient.

Summary

When patients go to a physician, they tend to have little power over their treatment plan. One way 
to help them gain power is by actively empowering them. People can become empowered in a 
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variety of ways: by being better informed;100 by having more power and authority in decision-
making processes;98,100 by having a mentor; through participating in support groups; and by 
achieving one’s own goals.93 However, not everyone can become empowered by the same things. 
Therefore, using the mobile technology in the waiting room can provide an excellent opportunity 
to enhance a women’s empowerment before they enter physician consultation. This approach to 
sharing information enables them to become more active in decision-making during the consulta-
tion. Additionally, this information will enable the patient to feel supported and, with the contin-
ued use of mobile technology to provide controlled access to relevant information, open a 
communication channel with the physician. Ultimately, this helps resolve anxiety and uncertainty 
in complex situations. The idea of providing empowering information supports efforts to be more 
patient-centered.35

Limitations

This study provides conceptual information drawn from healthcare, business, and information 
systems literature. It is not an empirical study and is only meant to provide guidelines for 
implementing mobile technology–based information in patient waiting rooms. Further empiri-
cal research should be conducted to determine if the cited studies provide the benefits described 
in this article. Likewise, the recommendations provided in this study might be impacted by the 
emotional state of patients, their prior experience with information systems, and security-
related concerns101 regarding browser history or collection of personal information. Another 
limitation relates to the population studied. Although this article focuses on women that receive 
abnormal Pap smear test results, we believe our model of empowerment can be generalized to 
men and women experiencing other sensitive health issues. However, our emphasis on women 
is important, particularly in this sensitive situation. In spite of these limitations, we believe this 
research offers value to healthcare providers, particularly since mobile devices are becoming 
ubiquitous.

Future research

More research needs to be conducted to mitigate disparities related to heterogeneity in knowledge 
and the information patients possess and need. Not all patients require the same information, which 
places considerable demands on healthcare professionals. They must work to individualize infor-
mation in a way that each patient will receive what is required to enhance their empowerment.57 
We believe mobile technology can be used to provide a customer-based information model cus-
tomized to each patient based on her needs.

Controlled access to mobile platform–based information prior to patient–physician interaction 
needs more attention. Research has shown that informed patients make more effective and efficient 
use of a health professional’s time, show improvements in knowledge acquisition, and are more 
likely to be successful in self-management behaviors.58 A physician has limited time and often this 
time is insufficient for helping a patient become informed during a counseling session. Therefore, 
patients may seek information elsewhere.57 The use of carefully vetted, specific information pro-
vided on mobile technology is important because the Internet is filled with contradictory, confus-
ing, and even incorrect information. Furthermore, information found online often is perceived to 
contain more reliable information than information found offline and enables a convenient way for 
accessing a massive volume of information.10,63,102,103 Printed/written material, however, is consid-
ered time-consuming and often requires a higher reading level than possessed by most people, and 
cannot be updated fast enough to reflect the current best treatment options available.10,63,103
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Conclusion

Access to carefully controlled information following an urgent request to meet a professional 
gynecologist can shape the way a doctor provides treatment. This is particularly true when commu-
nication is enhanced and a patient feels empowered. The net result is for women to become more 
active and cooperative in the decision-making process. This patient-centered focus contributes to 
higher satisfaction of a patient healthcare experience. In this situation, women express their prefer-
ences and feel more confident to participate in decisions about their health. Patients become more 
cooperative and satisfied with their treatment plan, and manage and accept their disease better.56,57

Coulter et al.104 and Lesnovska et al.57 found that in order for information to help patients make 
more informed decisions and enhance fluency,105 it must contain scientifically reliable material 
about the course of the disease, common symptoms, objective drug-related facts, as well as disease 
causes and consequences. The information also must contain ways to prevent and control the dis-
ease, the full range of treatment possibilities, and an honest assessment of whether recommended 
treatments are effective.57,100,103,104

In conclusion, it is important for health providers to better inform patients and determine what 
information is needed for their empowerment. Our research suggests carefully deployed mobile 
technology in a waiting room can mitigate fear and uncertainty. Furthermore, implementing patient 
empowerment research enabled us to reduce patient stress and enhance patient satisfaction with 
their health care. These findings highlight the need for more accurate, updated, and easily under-
stood information specifically tailored for use in a clinical setting related to patient visits. This 
information should be developed in cooperation with healthcare providers, and should be available 
on mobile devices provided by clinics to help patients become more empowered, thereby more 
actively involved in their health care.63,98,103
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Abstract
This mixed methods study evaluated student and provider attitudes and expectations about offering students 
online access to their student health services visit notes (open notes). Six (N=6) health care providers from 
four public universities in northeastern Massachusetts participated. Qualitative interviews were completed 
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in Spring of 2014. Attitudes and expectations were explored using qualitative data and descriptive statistics 
were used to analyze survey questions. Students’ interviews revealed that they desire control over their 
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The Health Information and Technology for Economic and Clinical Health Act of 2009 (HITECH 
Act) encourages healthcare providers to give patients the copies of their health information.1 
Although patients have long had the right to view their health records, these records are somewhat 
difficult to access, often involving onerous permissions and copy charges and extensive delays.  
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As a result, their usefulness to patients is limited and health records are not typically considered a 
tool to assist patients in managing their health. However, with the advent of electronic health 
records (EHRs), some healthcare systems have begun allowing patients to access sections of their 
health records through patient Internet portals.1,2 Through these portals, patients are typically given 
access to their laboratory results, and medication and problem lists. However, few systems provide 
patients access to providers’ office visit notes. Opening the visit notes to patients can have impor-
tant benefits to patients, including better understanding of their healthcare, tracking health over 
time, and better planning for healthcare visits.1,2 This transparency offers the potential to enhance 
the quality of care by allowing patients to better understand their diagnoses and treatment plans or 
by detecting errors in their records.2,3 Recently, Delbanco and colleagues2–4 were the first to study 
the impact of providing adult primary care patients with online access to their EHRs, including 
visit notes, through a patient Internet portal (aka “The OpenNotes Study”). The majority of patients 
reported that access to their visit notes was beneficial while doctors reported little to no negative 
effects.4 Allowing patients to read their healthcare visit notes is an evolving trend, and it may 
become a standard moving forward.

While more health centers, including mental health, are moving toward the OpenNotes model,2–5 
many college health centers have not yet considered this important step. College is an ideal time to 
prepare young adults to become effective communicators with their healthcare providers and 
become effective managers of their own health and health care. Providing opportunities for students 
to understand how to best access and utilize their medical record, including visit notes, may assist 
youth in the transition from pediatric to adult care. Gaining this independence will be critically 
important to learn essential life skills as they become independent, and later, as their parents age and 
need more assistance and advocacy from them.

To our knowledge, no studies have examined students’ and their providers’ attitudes and opin-
ions about offering open notes in university health centers. Given the emerging use of open notes 
in adult ambulatory care, understanding how it could impact college health is warranted. 
Additionally, college students today have “grown up” with technology and can offer unique 
insights into how electronic medical records, portal systems as well as other computerized devices, 
could improve their healthcare experience. The purpose of this study was to evaluate student and 
provider attitudes and expectations about offering open notes in college health.

Methods

Procedures and study design

A mixed-methods descriptive study was completed to explore attitudes and opinions about student-
accessible health records including access to providers’ visit notes (i.e. “open notes”). The study 
was conducted in two phases: the qualitative (Phase I) and quantitative phases (Phase II). Phase I 
took place in Fall 2013 and used in-depth interviews with providers and students to obtain data 
about their expectations and attitudes toward open notes. Providers (n = 6) from four public univer-
sities in Eastern Massachusetts completed a semi-structured interview either in-person or over the 
telephone. Students (n = 14) from one university were interviewed in-person. All Phase I partici-
pants received a gift card, US$20 for providers and US$25 for students. Phase II took place in 
Spring 2014 and used a survey to explore attitudes about open notes. Prior research on open notes3 
and information from Phase I were used to inform the survey questions. Respondents were entered 
into a random drawing for a gift card (one valued at US$200, two at US$100, and three at US$50). 
All study procedures were approved by the institutional review boards of the University of XXa 
(XXXa) and the University of XXXb (XXXb).
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Participants

Phase I: qualitative interviews.  Provider participants were recruited from the student health service 
centers (SHS) at four public universities in Eastern Massachusetts. An e-mail was sent to clinic 
directors at these institutions to inform them of the study and invite them and their providers to 
participate in the interviews either in-person or by phone. Snowball recruitment methods were 
used to recruit additional providers.

Student participants were recruited from only one of the four public universities. Flyers were 
posted on campus, and a mass e-mail announcement was sent to students with a valid university 
e-mail address. Students were asked to contact the study office by phone or e-mail if interested in 
participating. Students were eligible if they were at least 18 years of age, had completed at least one 
primary care visit to the student health center in the past year, and were currently enrolled full-time 
at the university.

Phase II: student survey.  Student participants were recruited from two of the four public universities. 
Originally, the study was to take place only at an urban commuter school, XXXa. To gain the per-
spectives of students at a residential campus, however, an additional public university with campus 
housing was invited to participate. Students at XXXa were recruited using the same methods as in 
Phase I, with the addition of an information table set up in the university student center. Students 
at XXXb were recruited via postings on the university’s website and announcements in the daily 
university e-mails. All interested students were asked to contact the study office (via e-mail or 
phone) to receive a unique web address to the online survey. Students were eligible if they were at 
least 18 years of age and currently enrolled in one of the two universities. Surveys were adminis-
tered using a secure, web-based application, Research Electronic Data Capture (REDCap).6

Data collection

In-depth interviews.  One of the study investigators (J.W.) conducted interviews with the students, 
and two trained research assistants interviewed the providers. A semi-structured interview guide 
was used (see Appendix 1). The interviews were designed to elicit attitudes and expectations about 
open notes.

Student survey.  The online survey was designed to take about 15 min to complete. Questions about 
age, college enrollment, and healthcare utilization were assessed. Only respondents defined as 
“users,” those who reported at least two healthcare visits to any healthcare provider at any health 
center or at least one visit to SHS (excluding immunization visits) in the previous 12 months, 
answered questions to assess attitudes and expectations about open notes (see Appendix 1). All 
others, defined as “non-users,” were not asked about open notes.

The survey included questions from the original OpenNotes survey.3,7 The questionnaire was 
used to measure how reading visit notes might affect the respondent. Students were asked whether 
they disagreed or agreed with each of 16 statements. The stem for each item was, “If I could read 
my doctor’s visit notes on a secure website,” for example, “I would understand more about my 
health and medical conditions”—A 5-point Likert response from disagree to agree plus the option 
of “I don’t know.” This scale was originally developed using qualitative methods to generate item 
content, face validity evaluation, and cognitive testing of the final survey to ensure that patients 
understood the meaning and intent of each question. The development of the OpenNotes survey is 
described elsewhere.3,7 The introduction to the scale was modified slightly to define doctor as 
either doctor or nurse practitioner (NP).
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Data analysis

Qualitative data analysis.  Qualitative analyses, including manual data reduction, data display, and 
data interpretation, were conducted using methods described by Farzanfar.8 Recordings of five of 
the six provider interviews were transcribed by a research team member. Recording was unavail-
able for one interview, and analyses were conducted using interviewer notes. One team member 
acted as lead coder for the provider interviews and the student interviews. These coders read the 
transcripts, highlighted and took notes about emerging themes, created a code book, and extracted 
text that represented themes and categories. Another team member was trained by the lead coders 
to use the code book to extract text from the transcripts that represented the themes and categories. 
The codes and text fragments were entered into Excel for review and analysis by an investigator, 
who conferred with the coders about the results until an agreement was reached.

Quantitative data analysis.  Descriptive statistical analysis was used for the survey responses 
including means, modes, and standard deviations for continuous variables, and frequency per-
centages for categorical variables. Sample proportions were calculated for students who agreed 
with statements about potential risks and benefits of open notes.7 The categories of “agree” and 
“somewhat agree” were combined, as were the “disagree” and “somewhat disagree” categories; 
“don’t know” responses were retained as a separate category and were included in denominators 
for that questionnaire.7 All analyses were performed in SPSS Statistics for Windows (version 
22.0; Armonk, NY, 2011).

Results

Qualitative results

Six female providers, who were NPs, participated in the in-depth interviews as the primary provid-
ers of college healthcare and represented four public universities. We had no inclusion criteria other 
than that participants needed to be direct care providers to college students and tend to be of this 
demographic. In other words, males and physicians were not excluded. In total, 14 full-time stu-
dents, 4 men and 10 women from one of the public universities, participated in the interviews. Their 
ages ranged from 20 to 25 years (mean, 22.5 years), and 3 of the 14 were graduate students. The 
median number of visits to any provider in the last year was 3, with a range of one to five times.

There were three major themes that emerged from the analysis of the provider surveys: (1) com-
munication with students takes time and consideration, (2) a “one woman show” from educator to 
navigator to provider, and (3) uncertainty about student access to health records. These themes and 
their subthemes are described below. The overarching theme, however, was that providers seek to 
develop and preserve relationships with student patients via good communication. Most of what 
providers do and how they currently approach care with their patients (e.g. using phone rather than 
e-mail, communicating treatment plans verbally, and teaching patients about navigating the health-
care system) are done with the intention of developing or preserving a good patient–provider rela-
tionship. Their concerns about open notes (e.g. misunderstandings and offending patients) are 
things that could negatively impact the patient–provider relationship. Establishing and maintaining 
a good rapport with patients are important, and the introduction of new technology or procedures 
that could jeopardize those relationships is not something providers desire.

Theme 1: communication with students takes time and consideration.  A subtheme was that providers 
use verbal instead of written communication. The providers discuss the treatment plan verbally. 
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While most providers mentioned that there are written patient education materials, it appears that 
these are not used often:

I have various teaching sheets in my office that I will hand to the student just to reinforce what we talked 
about, more from an educational standpoint, but no specific written discharge instructions, unless I write 
them down myself, which I do on occasion. I can’t say 100% of the time.

Additionally, the providers value their interactions with the students and are satisfied with their 
patient communication. The providers seem to act in ways to protect the patient–provider relation-
ship; for example, most of them take very short notes (e.g. key words) on the EHR or on paper 
during the visit, then complete the visit notes after the visit, so as to not detract from their time with 
the patient.

Theme 2: a “one woman show” from educator to navigator to provider.  The first subtheme was that 
providers see their role as being different from other health centers or practices. NPs at student 
health centers take on many roles. Their approach to care might be different, given all the hats that 
they wear. NPs do everything at the health center and differentiate it from other types of clinic 
offices:

… other places have a lot more, um, people doing other things for you. So, you know, like when I go to my 
primary, … so there is a lot of sort of other stuff that we do. We are sort of like a one man show in a way.

The second subtheme was that providers see themselves as teachers and navigators. The data 
suggest that providers view themselves as teacher, navigator, and protector of the student. They do 
things in the visit to help the student navigate the system. They encourage students to obtain their 
health records upon graduation, teach them about insurance, and they strive to maintain the privacy 
and security of the student’s data.

The providers see it as a part of their job to teach students about the healthcare system:

So one of the big roles I see fulfilling with this student population is really educating them about the 
healthcare system, how to use it, how to use it appropriately.

Providers also talked about student patients being a part of the team (“patients really should be 
partners”) and expressed that they would like to see the students become more engaged (“… it 
would engage students more in their healthcare process … a positive thing to engage them in their 
own health care”). There was no discussion, however, about how the providers used this approach 
(i.e. they did not talk about how they used it during the interview).

Theme 3: uncertainty about student access to health records.  Providers expressed worry about provid-
ing quality care in a limited amount of time. There was uncertainty about open notes. Two sub-
themes, advantages and disadvantages, illustrate this wavering. For example, a few providers 
expressed concerns that open notes could generate more questions. Also, a secure messaging func-
tion in the portal could allow the student to type questions, which could allow more time to discuss 
the main reason for the visit but could also generate more follow-up questions later.

The advantage of open notes would be improved patient–provider communication. It was unani-
mous that the providers thought access to the notes is a “great thing.” There was, however, less 
clarity on what the specific advantages might be. As a whole, the advantages were about better 
patient–provider communication:
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I think it, you know, if you really look at it from just a fundamental … improvement, I think it, it can’t be 
a bad thing. I think for some of our patients to have access to their records and understand … and take 
some responsibility and … ownership, I think it is a great thing.

There was a general consensus that English language learner (ELL) students would benefit from 
being able to read a note or e-mail:

It is going to make it easier to communicate with them in e-mail because they can read English better than 
they can hear or understand or speak it.

The disadvantages of open notes might be the misunderstandings and their negative consequences to 
providers and patients. Although advantages were discussed, providers had a more unified voice 
about concerns. Providers were concerned that patients may not understand the medical terminology 
in their notes. They believed that students will not understand the terms, will have questions, or may 
become overly concerned. They also wanted to know how students will get those questions answered:

I also would be interested in knowing if they had specific questions about something that was in the note, 
how would they go about getting those questions answered?

Students’ misunderstandings might have a negative impact on the clinician’s relationship with 
the student. All providers voiced concerns about possibly offending the patient because of the 
medical terminology in the note. They mentioned terms (e.g. obese) that could be offensive to 
some patients given the cultural meanings or render some patients distraught when seeing terms 
with emotional connections (e.g. abortion, sexual assault, and risky behaviors). The providers were 
worried about patients not returning to see them or not opening up:

I’d have to be extra careful about, I mean the majority of patients, I don’t think I document anything that 
would offend them. But … there are instances where you recommend something and the patient doesn’t 
want to go with that treatment plan, or you spent maybe an extra-long amount of time discussing something 
you thought should have been quick. You … have got to admit that kind of expense, like 50% of the visit 
prepping this or patient declined this. I think that is enough that certain people could get offended by and 
could cause problems between the provider and the patient.

The providers were concerned about how this would impact not only patients but themselves as 
well. All providers mentioned time as a concern, mostly the time spent answering questions that 
open notes could generate after a visit. For example,

Right now, to me, it is accountability that I would have to see if I spent all day trying to reply to people, 
then I would be concerned.

Results from the student interviews

The overarching theme from the student interviews was students’ desire for control over their health, 
which influences how they manage their health and the healthcare system. This desire for control is 
illustrated in the two major themes: (1) Gathering information: Web or Family first, provider last 
and (2) Access provides insight and involvement. Their desire for control is indicated by their posi-
tive views on having access to their doctors’ notes (e.g. having access to them could help them be 
more active and informed participants), but that desire for control may also drive, at least in part, 
their tendency to use the Web and family members first before they see a healthcare provider.
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Theme 1: gathering information: web and family first, provider last.  Students indicated strongly that 
they rely on sources other than the provider to manage their own healthcare decisions and informa-
tion. They use websites as their go-to source of information before and after an appointment. They 
access the Web for information to help them decide whether they should make an appointment, to 
help them prepare for the visit, and to improve their understanding of their health:

When they give you the diagnosis, you can also go online and check. If you don’t understand what he is 
saying, you can say hold on, I need to check this.

Students seek out information from websites or family members, particularly their mothers, to 
determine what to do about a health issue. They used their sources (Web or family) first, and then 
go to the provider if necessary:

First source is definitely mother, then I look online, then I usually talk to a doctor.

The students also talked about self-diagnosis prior to seeking medical help, suggesting a reluc-
tance to make appointments and a tendency to attempt to treat health problems by themselves 
unless absolutely necessary. This approach suggests that students have a general concern about 
their health and a desire to do something for it:

Whenever I have a problem I usually call, um, for, if I don’t think it is that serious. Sometimes I will go 
online and try and self-diagnose, and then if I just don’t know …, if I see symptoms that are extreme 
diseases like cancer, or whatever, I definitely will call and make an appointment.

Theme 2: access provides insight and involvement.  The students indicated that being able to view their 
health records would help them track their health over time and be in control of their health. The 
students talked about how seeing their medical record could help them analyze and evaluate their 
health because they would be able to see patterns. These patterns or data could help them make 
decisions based on what worked in the past:

Because she [healthcare provider] might not verbalize everything she is writing down, so I can see all the 
records and feel like I have more control.

The students also indicated that viewing the notes would offer them insight into their provider’s 
recommendation and give them better understanding and would then allow them to be more 
involved in the treatment plan (e.g. being able to correct communication errors):

… There have been times when I think they have misheard me and wrote something different than what I said 
down in the notes that I would see and correct at the moment, um, but I don’t know if that is true all of the 
time. They might be with their back turned and they miss what I say. Um, sometimes I think it helps just to 
see it, and then I can think, ‘Oh, they recommended because they heard this, but I have this instead,’ so maybe 
the recommendation would be different if we could all sit down and look at it to make sure it is accurate.

While students liked the idea of having access to their providers’ notes, they were concerned 
about control over their medical record. The theme that no data are secure arose. Students talked 
about “hackers and hacking” in general and how that could mean that their medical data are at risk:

… just because of the risk of that being on the Internet or online access, that kind of thing. Um, it’s 
dangerous … and for certain things to get out that way. Um, so yeah, if you understand the risk of your 
personal information being put on the Internet that way, then sure; you should be able to have access to it.
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Phase II: survey results.  There were 194 students who contacted the study office and were subse-
quently sent a link to the online survey. Of those, 95 percent (n = 184) were at least 18 years old and 
completed the consent. The final sample consisted of 178 students who completed or partially 
completed the survey from both universities. Demographics are displayed in Table 1. The percent 
of students in the survey study was less White (43% vs 56% and 64%) and more female (68% vs 
59% and 37%) than the distribution at the two universities.

The majority of the sample, about 80 percent (n = 141), reported having a primary care provider 
(a PCP, “doctor or nurse practitioner who takes care of your general health”). Of those 141 students 
who reported having a PCP, 94.3 percent considered their main provider to be outside of SHS. Of 
the 178 respondents, 92 percent reported a visit to any provider within the last 12 months, and 
41 percent (n = 73) reported at least one visit to SHS in the last 12 months. The majority of those 
who visited SHS reported more than one visit (51%). Of the 178 students, 89 percent reported own-
ing a smart phone, and about 40 percent reported accessing the Internet at least once a week to 
obtain health information for themselves or someone else.

Student attitudes and beliefs. Table 2 displays the perceived benefits and risks of open notes for 
those students considered “users” of healthcare. The vast majority of respondents (93%) reported 
that gaining access to their health records would help them understand more about their health and 
medical conditions, and they would better remember the plan of their care. Similarly, 89 percent 
reported that they would feel more in control of their healthcare.

Fewer students agreed with statements about risks of open notes. Less than one quarter of par-
ticipants reported that open notes would make them worry more (23%), and only 21 percent said 
open notes would make them go to the doctor more frequently. The biggest concerns were identity 
theft (47%) and privacy (49%).

Comment

The findings of this mixed-methods study suggest that the attitudes about the concept of open notes 
in college health are generally positive with some uncertainties. Provider and student interviews 

Table 1.  Descriptive statistics of the students in the survey study.

Characteristics n  

Age, years 170  
  Mean (SD) 25.16 (7.7)
  Mode 21
Female, % 175 68
Hispanic, % 173 18.5
Race, % 174  
  White 76 43.7
  Asian 31 17.8
  Black 29 16.7
  Other 24 13.7
  Mixed 14 8.1
Full-time student 175 83.4%
Undergraduate student 177 81.4%
Employed full or part-time 175 66.9%
Single (not married) 174 87.4%

SD: standard deviation.
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resulted in contrasting sets of attitudes about access to the visit notes. While provider interviews 
indicated that open notes would improve communication, stronger themes emerged about the 
potentially negative impact open notes might have on the patient–provider relationship and the 
probability that students might not understand the medical terminology used in the notes. In con-
trast, students had confidence that websites help them understand the medical terminology used by 
providers. Student interviews and surveys indicated more positive attitudes about open notes. They 
believed that open notes would allow them to access information that could help them understand 
and track their health and be more involved in their care. Their main concerns were about privacy 
and security of their online medical data.

Students in this study overwhelmingly reported that having access to visit notes was a good idea 
and believed the notes would help them remember their plan of care. These results are consistent 
with earlier studies in adult primary care.2–4 Table 3 displays a comparison of this study’s findings 
to the OpenNotes2 and a more recent study at the Veteran’s Administration (VA).9 All of these stud-
ies used the same OpenNotes survey.2 However, the VA study included nearly 7000 respondents 
who had already viewed at least one open visit note (“early adopters”) through the VA patient 
portal, MyHealthyVet,9 which is in contrast to the OpenNotes and the present study where the 
respondents did not have access to open notes. Three out of four early adopters reported they were 
very satisfied with open notes (rating 8 out of 10 on a 10-point satisfaction scale). Although the VA 
patients had actually viewed open notes, their attitudes were similar to those reported by patients 
in the initial OpenNotes Survey, that is, patients’ attitudes prior to having access to open notes7 and 

Table 2.  Proportion of students defined as users of healthcare who agreed or somewhat agreed with 
statements about the potential benefits of open visit notes for patients.

If I could read my doctors notes … N Agree or 
somewhat 
agree (%)

Don’t know

It would be a good idea 121 84.5 3.4
I would understand more about my health and medical conditions 121 93 0.8
I would better remember the plan for my care 120 93 0.8
I would take better care of myself 121 83.4 4.1
I would feel more in control of my health care 121 88.4 0.8
I would be more likely to take my medications as prescribed* 112 58.8 10
I would be better prepared for visits 119 79.9 2.5
I would feel more confident talking to my healthcare provider 121 85.2 2.5
I could track my health over time 120 95.0 –
I’d have more trust in my healthcare provider 121 72.7 5.0
I would go to the doctor more often 120 41.7 13.3
I would go to the doctor less often 119 23.5 11.8
I would worry more 118 24.6 3.4
I would be concerned about my privacy 120 48.4 3.3
The notes would be more confusing than helpful 120 21.7 2.5
It could make my provider’s job more difficult 120 29.2 10.0
I would be concerned about identity theft 119 45.3 5.9
It would not affect me at all 118 22.9 9.3

SHS: student health service centers; PCP: primary care provider.
The sample includes students who either reported attending one SHS in the past year, not including vaccination visits, 
or attended at least two visits to a PCP outside of SHS (n = 121).
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the students. The largest difference appears to be with whether open notes would be more confus-
ing than helpful to patients. Although the percentages were low, 21 percent of students thought the 
notes would be more confusing than helpful compared to 11 and 6 percent of the OpenNotes and 
VA patients, respectively.7,9 Another difference was the lower percent of students who agreed 
(59%) that they would be more likely to take medications as prescribed if they read the notes com-
pared to the other open notes studies, 73 and 80 percent, respectively. This question may not be as 
relevant to students who most likely to take fewer medications than VA and primary care patients. 
Overall, these comparisons suggest that although demographically different, students perceive 
open notes in similar ways. It will be important to examine whether students report fewer worries 
or less confusion once they have access to their visit notes.

Similar to our study, others have reported patient concerns about privacy and security related to 
having access to their medical records online.4,7,11 In the original OpenNotes survey, 34–38 percent of 
patients responded that they had privacy concerns in anticipation about open notes.7 In a later report, 
once patients had seen at least one note, 26–36 percent of patients reported privacy concerns, reflecting 
no material change in this area of concern.4 In this study, about half of the students reported concerns 
about privacy in regard to the possibility of accessible medical records. Students have grown up in the 
age of great transparency through the Internet; in some ways, their attitudes may be more relevant given 
the frequent media reports of massive security breaches. Such concerns, however, may not have any 
effect on whether students decide to view their notes through the patient Internet portals. Indeed, a study 
of privacy concerns among OpenNotes patients came to a similar conclusion,9 reporting that patients 
felt that the benefits outweighed the risks of having accessible visit notes.

Although students’ attitudes toward open notes were generally positive, a small percentage of 
students agreed that it might lead to worry or confusion, or that it would create more work for their 
providers. This concern was echoed in the themes that emerged from the provider interviews. 
Providers were more specific in voicing their concerns about open notes and were more ambivalent 
about the benefits. They used general statements about the benefits like “transparency is a good 
thing,” or said that patients taking “responsibility” and “ownership” was a “great thing.” In con-
trast, they described more specific situations where they could foresee open notes either causing 
more work for them or affecting the patient–provider relationship in a negative way. Providers 
expressed greater concerns regarding patient access to notes than did patients.

Providers viewed their student populations as fairly healthy, in general, with issues mostly 
related to risky behaviors or sexually transmitted infections (STIs). Statistics from the American 
College Health Association (ACHA) suggest that the greatest health concerns are alcohol, tobacco 
and other drugs, sexual health and mental health, along with weight, nutrition and exercise, and 
personal safety and violence.10 Providers in this study echoed these health issues as priority among 
their patients. At this time, it is unknown how open notes will influence the quality of care or 

Table 3.  Comparison of the student sample with an adult primary care sample from the OpenNotes2 and 
the Veteran’s Administration (VA) study.9

Percent who agreed that … OpenNotes (%) VA (%) Student (%)

Making visit notes available to patients is a good idea 94 84.5
Patients who read notes will better understand their 
health and medical conditions

93 92 93

Patients who read notes will be more likely to take 
medications as prescribed

73 80 59

The notes will be more confusing than helpful to patients 11   6 21
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patient engagement among the college population. Furthermore, given that college students may 
have fewer chronic care needs than the general population, their encounters with the healthcare 
system tend to be more acute or episodic in nature. These acute healthcare issues can provide 
opportunities for students to learn about the healthcare system and how to utilize resources, includ-
ing how to go about filling prescriptions and completing insurance procedures. The findings from 
our provider interviews suggest that student health providers differentiate their role from the typi-
cal primary care clinician in the community. They see themselves as teachers and navigators, pri-
marily educating students about various aspects of their health and healthcare.

An open notes system could include an option to allow family members or other healthcare 
providers to view a note. As students transition from childhood dependency to independency, they 
may be more likely to consult other people about their health issues. Students could benefit from 
such an option in the electronic record system by having the ability to share their records while 
conferring with trusted adults about their healthcare. Of the students in this study who thought they 
might share their records with others, many chose a parent or healthcare provider as the person 
with whom they would share the information. An area of great interest in adolescent and young 
adult healthcare research is the transition from pediatric care to adult care. The students’ opinions 
seemed to express that access to open notes would help them be in control of their health. The 
strong themes that emerged from the interviews suggest that providers value teaching and guiding 
the students and they strive to help them learn to be independent adults who are able to manage 
their own health. The providers also value communication with their student patients to the extent 
that they do not want to jeopardize the patient–provider relationship.

Another potential benefit of open notes for the student population is that it may help in manag-
ing students’ back and forth lifestyle in regard to their healthcare. Students tend to rely on student 
health services during the academic year and then return to their PCPs at home during school 
breaks and in the summer. An open notes system would help improve communication and facilitate 
care from provider to provider if students could print notes from the portal website and bring them 
to their healthcare provider at home. This benefit, however, was not identified by the providers we 
interviewed. Their current approach with students appears to be more education-focused, guiding 
students through acute episodes rather than encouraging students to take more active roles in man-
aging their own care. This incremental approach described by providers is understandable because 
students need knowledge and experience first before being able to take control over their health-
care. In addition, development-wise, they may need to gradually transition into assuming respon-
sibility for their own healthcare; thus, their years in higher education is an optimal time to do so. 
The question remains, however, how to best accomplish this with busy student and provider sched-
ules. Open notes may be a viable facilitator to assist students in assuming more responsibility with 
their healthcare and may increase engagement in the future; however, the true impact of open notes 
in student health is yet to be determined.

Limitations

This study was conducted in a very diverse student population at four public universities in the 
Eastern Massachusetts and, because of the variety of recruitment methods used, we cannot con-
clude that the participants were representative of the broader student populations on these cam-
puses. Nonetheless, the diversity of the student respondents reflects the diversity of the participating 
campuses. Similarly, only a small group of providers were interviewed for this study and they were 
relatively homogeneous which may be secondary to a high number of female NPs practicing in 
college health. It may be that their views do not represent the majority of student health service 
providers limiting transferability. Although our findings cannot be generalized to the campus 
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populations or other college populations, this is the first study to explore student and provider 
attitudes toward open visit notes. It is important to begin to understand expectations and the poten-
tial impact of open visit notes, which are likely to become available through most university health 
services in coming years with the expansion of secure patient Internet portals.

Conclusion

This study was one of the first conducted to determine the attitudes and expectations of college 
students and college health providers regarding patient access to medical records, provider visit 
notes, in particular. The findings suggest that the attitudes and beliefs of the college population are 
not different than other general adult patient populations with vastly different demographic char-
acteristics, including veterans and adults in primary care who already have accessible records. 
Students want to be able to view their records, and they indicate that it would help them take con-
trol of their own healthcare and help them understand it better. While the actual benefits and risks 
of open notes in the college health population remain unclear, the potential risks appear to be mod-
est and do not outweigh the potential benefits. Implementing open notes may potentially help 
young adults effectively manage their own healthcare, an important step in the transition from 
pediatric to young adult care.
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Appendix 1

ON shore: OpenNotes Student Health Open Records Evaluation

OpenNotes at University of Massachusetts Boston: in-depth interview discussion guide (phone interview).  
I would like to get your opinion about student healthcare. The main focus will be on offering 
students access to their electronic health records (EHRs) online through a secure patient portal, 
BUT before we get to those questions …

Topic 1. Provider’s current practice experience and communication strategies (10 min).

1.	 I would like you to paint a picture for me of what happens during a typical student health-
care visit. How do you communicate the treatment plan with your patients, that is, what 
strategies do you use to communicate the plan of care?

Follow-up questions only if necessary:

Do you provide written summaries?
Do you ever write a clinical note together?
Do you encourage patients to use e-mail?
Do you typically follow up with phone, letter, or e-mail?

2.	 The next big question is about how satisfied you are with your current methods of com-
munication with your patients?

3.	 How might communication during the visit be improved? How about after the visit?

4.	 Can you tell me about the communications you have about health behaviors. What kinds of 
conversations do you have about health behaviors? How do you approach it?

Topic 2. Student’s current knowledge of healthcare management and use of medical records 
(5 min).

1.	 I’d like to take the remainder of the interview to talk about the main focus of today’s call, 
which is providing students with online access to their University Health Services (UHS) 
EHRs. But, first, (pause, if no answer than rephrase, Or, what do they know about navigat-
ing the healthcare system? In general? Their own healthcare? How do you help your stu-
dent health system?).

2.	 How frequently do students ask you for a copy of their medical records from UHS? Not all, 
rarely, sometimes, frequently, and always.

3.	 Do students ever bring in their medical records from their previous clinic, pediatrician, or 
other health center? Not all, rarely, sometimes, frequently, and always.

Topic 3. Future impact of open notes in UHS (15 min).

4.	 I am wondering if you have ever heard about the OpenNotes Study that was done at Beth 
Israel Deaconess. Yes, No, or Maybe (provide a handout on the project at the end).

Describe the study briefly to them

1.	 What if you opened up the EHR so that the students could easily access the clinical notes 
along with the usual labs, medications, immunizations, and other information? Open notes 
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… secure system … such as going through the open communicator … the student would 
have secure access using the portal and open communicator—access the EHR after the visit 
or at any time but during the visit … What would happen?

Follow-up if not addressed:

So, if students could see everything, what would happen?
How would it affect the way you practice?
How would it affect the way you document?
What about risky behaviors, and how would an open-note affect documentation?
How concerned are you about students being offended about what is in the note?
How concerned are you about students being confused or worried about what is in the note?

2.	 What do you see as the biggest pro to opening up the notes? Biggest cons? (Do you think eve-
ryone should have access to their notes? or, what components might you be ok with and what 
was might remain hidden. Administrative notes, which are not part of the medical record?  
At Beth Israel, they call it monitored notes which are not viewable to the patient).

3.	 If it hasn’t been addressed, how will it affect how the student manages his or her own health?

4.	 One of the principal investigators (PIs) of this study interviewed doctors at Beth Israel 
Deaconess, where they were most worried about their time. How do you think opening the 
notes to students would influence your time?

5.	 So, the study that we are thinking about doing is to open up the clinical notes to the students 
using a secure Internet portal. They would be able to see what you wrote plus labs, immu-
nizations, and appointments. We will be doing focus groups with students. I am wondering 
if you have any ideas about questions we should ask the students in these groups?

6.	 Ok, two more questions. On a scale from 1 to 10, how willing you would be to participate 
in an open notes study at a UHS____? What if you had the option of having administrative 
notes that aren’t viewable or restricting access (which means that the student can still get 
their notes but not easy access)?

7.	 Ok, finally tell me why you said ______? (What are your reasons?)

Appendix 2

ON shore: OpenNotes Student Health Open Records Evaluation

OpenNotes at University of Massachusetts Boston: student interview guide.  Today I will ask you specific 
questions about medical records and electronic medical records. Medical records are the notes and 
information that your doctor, nurse, or other provider keeps about you so they know how to care 
for you and can track your healthcare needs over time. Medical records traditionally are on paper. 
Electronic medical or health records are the same as medical records but they are stored in a com-
puter. These days, many hospitals and health clinics are starting to use electronic medical records 
instead of paper medical records. In the United States, there are plans for every health center to 
change from paper to electronic records in the coming years.

Warm-up

1.	 Have ever noticed your healthcare provider using paper or electronic medical records when 
you visit with him or her. Or, tell us if you are not sure what they use.
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Communication with your provider

1.	 Would like to start off by finding out more about how you interact or communicate with 
your doctors or nurse practitioners (NPs) when you visit the UMass clinic. How do you let 
the nurse or doctor know why you came in for a visit? Did you fill out a form or talk to 
someone?

2.	 When the UHS provider gives you instructions to do something or take some medication, 
how does that happen? Describe what they do?

Follow-up: Do they give you instructions verbally, on paper, or by e-mail?

3.	 How do you usually know what to do after you leave the health center?

Follow-up: Do you have any personal strategies or things that you do to help you?

4.	 Have you ever forgotten what they recommended? What do you do if you forget?
5.	 Do you ever find the instructions confusing? If so, how do you handle it?
6.	 In general, how do you get in touch with the NP or doctor at the health center?

Follow-up: Did you call, e-mail, or go to the center? Do you contact him or her between 
appointments?

7.	 Do you have any ideas about ways that might make it easier to communicate/talk to the NP 
or doctor at the UMass clinic?

8.	 Now I would like to know how you get information about your health or a health condition. 
You don’t need to say what your condition is. I am interested in how you seek out informa-
tion? What is your most trusted source of health information?

Follow-up: Do you talk to someone or look up information?

Medical records

9.	 Have you ever, at any time, asked to see a copy of your medical records? Have you ever 
seen your visit notes before?

Follow-up: For those of you who have read your medical records, what was it like to read the notes 
yourself? Did you find it helpful? Did reading your record cause you to worry?

Open notes—electronic medical records

Now I would like to discuss what it might be like to see your doctor’s notes or medical record. 
Pretend that you have easy access to your notes. In fact, you are given the ability to use the Internet 
to go on a secure health site to see what your NP or doctor or other healthcare providers wrote in 
your electronic medical record.

10.	 Does this sound like something you would want?
11.	 How might this be useful or helpful for you?
12.	 Would you show it to someone else? Who would you share it with?
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13.	 Would it change how you talk with your NP or doctor?

14.	 How might it not be useful to you? Or, what do you NOT like about this ability?

Follow-up: What would you do if you read words or sentences you didn’t understand?

15.	 What would you do if you found an error in your record?

Follow-up: Do you think you might ever ask the healthcare provider to change something in their 
notes, or add to it, take things out?

16.	 Ok, what do you think? Do you think clinic notes should be available for patients who want 
them? Why or why not?

Follow-up: Other concerns might you have?

Grand tour questions

17.	 What types of healthcare services do you think students want or would be useful?

18.	 What do you envision as the future of healthcare on our college campus?

19.	 In what ways do you use electronic programs such as mobile apps or the Internet to help 
you with your health?

20.	 What would you like to see happen?

21.	 What do you think University of Massachusetts Boston (UMB) college students need the 
most help with when it comes to managing their health?
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Abstract
A Computerised Antithrombotic Risk Assessment Tool was developed for assisting the selection of 
antithrombotic therapy based on the risk versus benefit assessment. In view of the recent availability of 
the novel oral anticoagulants, this tool has been updated to CARATV2.0. To explore health professionals’ 
perspectives on the tool, semi-structured interviews were conducted in seven pharmacists, seven specialists, 
six general practitioners and six nurses, who were involved in management of antithrombotic therapy for 
atrial fibrillation. Three overarching themes emerged: (1) CARATV2.0 provides comprehensive structured 
assessment of patients and could assist with the prescription and review of antithrombotic therapy, (2) 
subjective issues such as health professionals’ and patients’ preferences for a particular antithrombotic 
therapy may affect the usefulness of CARATV2.0 and (3) CARATV2.0 requires integration into existing 
systems and processes. The majority of health professionals surveyed would like to use CARATV2.0 in 
practice, believing it would improve antithrombotic use and might reduce stroke incidence.
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Introduction

The decision-making around antithrombotic therapy (e.g. anticoagulant and antiplatelet therapy) in 
atrial fibrillation (AF) is complex because it involves assessment of risks versus benefits.1 For 
many years, warfarin was the only available OACs, but its unpredictable therapeutic effects, 
various food and drug interactions and the need for regular monitoring have been associated with 
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great difficulties in its use. Such difficulties have led to a potential increase in adverse events and 
reluctance by clinicians to prescribe the medication.2–4 The recently marketed novel oral antico-
agulants (NOACs) – dabigatran, rivaroxaban and apixaban – have substantially expanded the treat-
ment armamentarium and are intended to overcome the limitations of warfarin. However, these 
new anticoagulants are not without risk because some of their so-called advantages can be regarded 
as potential disadvantages in specific situations.5

To optimise the use of antithrombotic therapy in patients with AF, and specifically assist health 
professionals in selecting appropriate agents, an electronic decision support tool – the original 
Computerised Antithrombotic Risk Assessment Tool (CARAT) – was developed.6 Its decision-
making algorithm was computerised by first preparing a prototype in Microsoft Excel™ and then 
formatting it as a web-based interface for online access.6 The tool generated treatment recommen-
dations (e.g. warfarin vs aspirin therapy) for individual patients based on their risk (bleeding) 
versus benefit (stroke prevention) estimation, as well as the relevant medication safety considera-
tions (e.g. drug–drug interactions, renal function and medication adherence). The original CARAT 
has been trialed in real-world hospital patients7 and general practice patients8 and evaluated by 
specialist clinicians for its potential clinical application in a vignette-based study.6 CARAT has 
demonstrated its potential utility in practice.6,7 Although other risk assessment tools have been 
developed to synthesise the assessment of stroke and bleeding risks – for example, the clinical 
decision aid developed by LaHaye et al.9 and the decision model developed by Casciano et al.10 – 
none consider the broader medication safety issues that particularly affect the selection of therapy 
in the target at-risk patient population.9,10 Thus, the CARAT provides a novel, more holistic and 
pragmatic approach to the decision-making around antithrombotic therapy.

Our previous (i.e. original) version of CARAT was designed to address the complexity in deci-
sion-making by integrating the relevant assessments around stroke risk, bleeding risk and medica-
tion safety for individual patients;6 at that time, the tool was able to assist in selecting among two 
main treatment options – warfarin and aspirin. Now that we have moved forward in time, there are 
additional issues to consider in the decision-making process which need to be factored into the 
CARAT. First, the expanded range of treatment options incorporating the NOACs (dabigatran, 
rivaroxaban and apixaban) has increased the number of parameters (e.g. drug–drug interactions, 
side effects, doses and frequency of administration) that need to be considered, further complicat-
ing decision-making.11 Second, the range of risk assessment tools for stroke risk (e.g. CHADS2 and 
CHA2DS2VASc12) and bleeding risk (HAS-BLED13 and HEMORR2HAGES14) has evolved. Third, 
the evidence-base around the effectiveness and safety of available treatment options has grown, for 
example, aspirin is no longer recommended for stroke prevention in AF.15 Fourth, a broader range 
of health professionals is now involved in therapeutic recommendations and decision-making 
around antithrombotics therapy, whereby hospital specialists and general practitioners (GPs) are 
able to draw upon the services of nurse practitioners (NPs)16 and consultant pharmacists (e.g. as 
part of medicines review process17). Collectively, these issues have warranted a revision of the 
original CARAT, into its second version CARATV2.0, which considers the latest clinical evidence 
(e.g. guidelines15,18,19 and practice reviews5,20,21) and available treatments (warfarin and NOACs).

As an initial evaluation of this revised (prototype) CARATV2.0 tool, the aim of this study was 
to obtain feedback from a wide range of health professionals who are involved in the decision-
making around antithrombotics in AF (specialist clinicians, GPs, nurses and pharmacists), to help 
inform the future implementation of this tool in practice. Specific topics explored were the (1) 
strengths and weaknesses of this tool; (2) appropriateness and relevance of the content of this tool; 
(3) usefulness of this tool for selecting appropriate antithrombotics, especially between warfarin 
and NOACs; (4) feasibility of using this tool in clinical practice; and (5) suggestions for further 
improvement.
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Method

Design and setting

This qualitative study was based on face-to-face interviews. From August to October 2014, health 
professionals (subgroups: specialist clinicians, GPs, nurses and pharmacists) practising in the 
Sydney metropolitan area were involved in this study (Figure 1).

Participant recruitment

Purposive sampling was used to identify and recruit health professionals with experience in pre-
scribing antithrombotics and managing antithrombotic therapy for patients with AF.11 Specialist 
clinicians, hospital-based pharmacists and nurses were recruited via an invitational flyer emailed 
or faxed to the network of hospitals affiliated with the university. Community-based pharmacists 
accredited for Home Medicines Review were recruited through an emailed flyer (using contact 
details from the Australian Association of Consultant Pharmacy). Flyers were also emailed to com-
munity-based nurses in community health services affiliated with the university network of hospi-
tals. By visiting family practices and medical centres in the Sydney metropolitan area, the researcher 
also distributed invitational flyers to GPs. Emails and faxes were also sent to GPs listed on the 
Internet. Eligible health professionals who agreed to participate provided written consent.

An estimated 24–40 participants (6–10 participants per group) were needed to achieve theme 
saturation within each subgroup of health professionals (specialist clinicians, GPs, nurses and 
pharmacists).22 As this tool was developed to support a broad range of health professionals who are 
involved in the day-to-day management of older persons taking antithrombotics, in particular those 
who had previously expressed a need for assistance in decision-making,3,11 the study largely 
focused on canvassing feedback from GPs, nurses and pharmacists, in preference to experienced 
cardiologists. For this reason, relatively few cardiologists were recruited to this study.

Data collection

Semi-structured interviews (20–30 min each) were conducted by the researcher at a location con-
venient to each participant. At the beginning of each interview, demographic data for each partici-
pant were collected using a predesigned questionnaire. Then, the researcher presented CARATV2.0 
(on the researcher’s laptop) to the participant. After this familiarisation with the tool, the partici-
pant was given the opportunity to explore CARATV2.0. Finally, the researcher used a set of open-
ended questions to explore the participant’s feedback on the content of the tool and the feasibility 
of using CARATV2.0 in clinical practice. All questions were pretested in mock individual inter-
views with nonparticipants.

Prototype of CARATV2.0

The underpinning algorithm of this revised tool has been developed as a Microsoft Excel-based 
prototype for pretesting, with the intention of subsequently formatting the tool into an online 
(web-based) platform or mobile application that will enable the integration of this tool into 
prescribing software and/or electronic health data management systems. The prototype com-
prises four distinct sections: (1) stroke risk assessment, that is, CHADS2

23 and CHA2DS2VASc;12 
(2) bleeding risk assessment, that is, HAS-BLED13 and HEMORR2HAGES;14 (3) medication 
safety issues, for example, mini–mental state examination24 for cognition, estimated glomerular 
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filtration rate (eGFR) (MDRD and Cockcroft and Gault equation25) for renal function and 
Child-Pugh score26 for liver function; and (4) therapy recommendations and advice. The appli-
cation of the tool requires the user to input relevant data into the cells, which auto-populates the 
formulae underpinning the decision-making algorithm, and which, in turn, generates a 

Figure 1.  Key stages in eliciting feedback from health professionals about the decision support tool.
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treatment recommendation. A patient is considered to be eligible for OACs whenever the risk 
of stroke is equal to or more than the risk of bleeding, otherwise the patient is deemed to be 
unsuitable for OACs. CARATV2.0 also provides initial advice around any identified medica-
tion safety issues which need to be addressed by the clinician. This study explores feedback on 
the data inputs and usability of CARATV2.0.

Data analysis

The interviews were digitally recorded (audio) and transcribed verbatim by the researcher. The 
accuracy of the transcripts was confirmed by listening to the digital records and reviewing the 
transcripts. The transcripts were analysed for themes, using standard thematic analysis tech-
niques (manual inductive coding).27 The two authors independently reviewed the transcripts and 
identified themes before reaching a consensus through discussion. The accuracy and reliability 
of the analysis was confirmed by inter-researcher validation (with three other independent 
researchers).

Results

Overall, 26 participants comprising 7 specialist clinicians, 6 GPs, 7 pharmacists and 6 nurses were 
interviewed (Table 1). Similar themes were identified among the four subgroups, with three over-
arching themes emerging (Tables 2 to 4 and Figure 1).

Theme 1: need for comprehensive structured assessment of patients to assist with 
the prescription and review of antithrombotic therapy

The most highly appreciated feature of CARATV2.0 was that it provides comprehensive assess-
ment of a patient’s risk versus benefit of using antithrombotics. Perhaps more importantly, the 
ability of CARATV2.0 to provide guidance and assistance in selecting among OACs, especially 
between warfarin and the NOACs, was highlighted by health professionals. Overall, health profes-
sionals considered this tool helpful in the decision-making for antithrombotic therapy and hoped 
that it could help reduce the incidence of strokes.

Specifically, many GPs and specialists felt that CARATV2.0 validated or organised their own 
decision-making process. Interested in using this tool for the prescription of antithrombotics, GPs 
and specialists tended to see the tool as most useful in those cases in which there are clinical dilem-
mas (i.e. where the risk versus benefit of using OACs is not clear-cut). With regard to selection 
among OACs, both GPs and specialists appreciated that the tool offered a specific recommendation 
among the OACs (especially either warfarin or an NOAC). The doctors considered this useful 
because they perceived that the differences in the benefits and risks of individual anticoagulant 
agents were not clear to many doctors. One GP mentioned that this tool could be useful for the 
initiation of therapy.

Similarly, the senior accredited and hospital-based pharmacists (with ⩾40 years of experience) 
also stated that CARATV2.0 validated or organised their own decision-making process. In con-
trast, nurses and the junior accredited pharmacists felt that they could use this tool as a reference 
for their medication reviews and patient assessments, especially when choosing among OACs. 
Pharmacists and nurses also emphasised that patients’ risk factors associated with antithrombotic 
therapy were not static; therefore, they tended to see this tool as most useful for regular reviews of 
patients. This aspect of tool use seemed to be overlooked by the GPs and specialists.
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Theme 2: health professionals’ and patients’ preferences for a particular 
antithrombotic therapy

Health professionals’ opinions on CARATV2.0’s recommendations were underpinned by 
whether they perceived the tool as preferring any particular antithrombotic therapy and whether 
this therapy was the one they preferred to use. While warfarin was preferred by the majority of 
health professionals, one neurologist, two haematologists, one GP and one nurse stated that they 
preferred using NOACs. Some pro-NOAC health professionals perceived that CARATV2.0 was 
biased towards warfarin and thus distrusted CARATV2.0’s recommendation when it did not 
recommend their preferred therapy. Similarly, several pro-warfarin health professionals ques-
tioned and disliked CARATV2.0’s recommendations because it did not allow negotiation with 
their preference. Because patients were routinely referred to either GPs (in remote and regional 
areas) or specialists (in metropolitan areas) for the prescription of antithrombotic therapy, many 
health professionals believed that the usefulness of CARATV2.0 in improving antithrombotic 
selection would depend on whether the tool’s recommendations are followed by the GPs and 
hospital doctors.

Some GPs believed that CARATV2.0 might be able to assist in negotiations with patients by 
providing evidence (e.g. stroke risk score) for explanations. However, one GP argued that 
CARATV2.0 could not help in persuading patients to take certain OACs because the negotiation to 
persuade or convince patients to take antithrombotic therapy involves managing individualised 
health expectations rather than only presenting scientific evidence about this form of therapy.

Pharmacists’ and nurses’ perspectives on the usefulness of CARATV2.0 was largely determined by 
whether they thought this tool considered important issues in medication management when selecting 
antithrombotic therapy for individual patients. While pharmacists focused more on the medication 
safety issues (e.g. drug–drug interactions, adherence and international normalised ratio (INR)) when 
using this tool, nurses paid more attention to the tool’s assessment of patients’ capability to manage 

Table 1.  Participant characteristics.

Participant characteristics Mean years of experience 
in managing patients with 
AF ± SD (range)

Mean number of patients 
with AF managed annually ± 
SD (range) (self-reported)

Specialist clinicians (n = 7)
•• 3 geriatricians
•• 2 haematologists
•• 1 cardiologist
•• 1 neurologist

23.4 ± 13.1 (5–40) 117.5 ± 109.3 (5–300)

General practitioners (n = 6) 22.3 ± 10.1 (12–40) 21.5 ± 12.4 (4–35)
Pharmacists (n = 7)a

•• 6 accredited pharmacists
•• 1 hospital pharmacist

20.4 ± 17.7 (5–50) 46.9 ± 39.4 (5–100)

Nurses (n = 6)b

•• 3 nurse practitioners (NPs)  
(2 cardiology, 1 neurology)

•• 3 clinical nurse consultants (neurology)

20.2 ± 9.5 (8–30) 145 ± 77.8 (100–300)

AF: atrial fibrillation; SD: standard deviation.
a�All six accredited pharmacists (home medication review and/or residential medication management review) were 
community-based pharmacists.

b�Among them, the two cardiology nurses were community-based, while the others were hospital-based.
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ve
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oo
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th

in
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AR
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 p
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 c
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 c
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 d
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 c
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I c
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 d
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t c
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 d
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em
 th
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 b
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 b
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ey
 s

ho
ul

d 
be

 o
n 

sa
y 

w
ar

fa
rin

 …
 A

ll 
of

 th
es

e 
cr

ite
ria

 th
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 b
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 p
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 b
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ot

 
lo

ok
in

g 
at

 s
uc

h 
co

m
pr

eh
en

siv
e 

cr
ite

ria
, s

o 
th
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 b
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 p
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 c
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I l
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l c
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 c
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I c
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 d
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 b
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 s
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 b
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 b
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 p
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 c
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 c
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 p
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 c
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 b
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 m
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ra
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 b
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 b
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 c
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 c
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 b
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I m
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 m
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 c
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 b
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D
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 c
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 c
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ra
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: c
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 d
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: c
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 d
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 p
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 b
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 p
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at
io

na
l n

or
m

al
is

ed
 r

at
io

, e
ld

er
ly

, d
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l d
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 p
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 r
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ra
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 p
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 p
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 p
ra

ct
iti

on
er

s
Ph

ar
m

ac
is

ts
N

ur
se

s
Sp

ec
ia

lis
t 

cl
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 p
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 c
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 c
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 b
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 b
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) d
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 m
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 b
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 m
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 b
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he

n 
th

ey
 h

ad
 a

 b
le

ed
in

g 
an

d 
re

gu
la

r 
bl

oo
d 

te
st

. S
o 

fo
r 

lo
ts

 o
f G

Ps
, t

o 
ad

dr
es

s 
th

es
e 

iss
ue

s 
is 

in
 fa

ct
 th

e 
m

ai
n 

ta
sk

 
…

 S
o 

to
 m

an
ag

e 
th

e 
pe

op
le

’s 
ex

pe
ct

at
io

n 
of

 h
ea

lth
 is

 th
e 

m
os

t i
m

po
rt

an
t p

ar
t o

f 
th

e 
co

ns
ul

ta
tio

n 
ab

ou
t a

nt
ico

ag
ul

an
ts

. S
o 

I 
su

pp
os

e 
w

ith
 th

is 
to

ol
 it

 is
 r

ea
lly

 m
or

e 
ab

ou
t 

th
e 

te
ch

ni
ca

l d
ec

isi
on

. (
G

04
)

O
ne

 o
f t

he
 d

iff
icu

lti
es

 in
 g

en
er

al
 p

ra
ct

ice
 is

 
th

e 
ca

rd
io

lo
gi

st
 d

oe
s 

so
m

et
hi

ng
 d

iff
er

en
t f

ro
m

 
w

ha
t y

ou
 d

o.
 T

ha
t b

ec
om

es
 q

ui
te

 c
om

pl
ica

te
d,

 
be

ca
us

e 
I h

av
e 

be
en

 q
ui

te
 s

ur
pr

ise
d 

th
at

 s
om

e 
of

 m
y 

pa
tie

nt
s 

ar
e 

un
de

r 
ca

rd
io

lo
gy

 c
ar

e 
w

ho
 

ar
e 

no
t o

n 
m

ed
ica

tio
n.

 (
G

02
)

W
el

l, 
yo

u 
(C

AR
AT

V2
.0

) h
av

e 
go

t a
ll 

th
es

e 
yo

u 
ha

ve
 li

st
ed

 a
ll 

po
ss

ib
le

 r
isk

 fa
ct

or
s. 

As
 

m
uc

h 
as

 y
ou

 c
an

, o
f c

ou
rs

e 
so

m
et

im
es

 
th

es
e 

ris
k 

fa
ct

or
s 

m
ig

ht
 v

ar
y 

or
 m

ig
ht

 
be

 s
ev

er
e 

th
an

 in
 o

th
er

 s
itu

at
io

ns
. L

ik
e 

an
ae

m
ia

 fo
r 

in
st

an
ce

, t
ha

t m
ig

ht
 n

ot
 b

e 
pr

es
en

t m
ig

ht
 la

te
r 

be
 p

re
se

nt
. S

o 
it 

is 
ju

st
 y

ou
 w

ou
ld

 h
av

e 
to

 c
on

st
an

tly
 m

ea
su

re
 

th
es

e 
fr

om
 ti

m
e 

to
 ti

m
e.

 (
P0

3)
Be

ca
us

e 
so

m
e 

pe
op

le
 d

o 
no

t l
ik

e 
to

 g
o 

to
 th

ei
r 

do
ct

or
 to

 g
et

 th
e 

bl
oo

d 
ch

ec
k,

 I 
do

n’
t t

hi
nk

 it
 (C

AR
AT

V2
.0

) a
dd

re
ss

es
 th

is 
pr

ob
le

m
, b

ut
 o

th
er

w
ise

 it
 is

 p
re

tty
 g

oo
d.

 
(P

04
)

It 
is 

go
od

 to
ol

. A
 lo

t d
ep

en
ds

 o
n 

th
e 

pa
tie

nt
 …

 th
e 

do
ct

or
 m

ay
 e

va
lu

at
e 

th
e 

pa
tie

nt
 a

cc
or

di
ng

 to
 th

is 
to

ol
. B

ut
 th

e 
ou

tc
om

e 
do

es
 n

ot
 d

ep
en

d 
on

 th
at

 th
ey

 
re

co
m

m
en

d 
w

ar
fa

rin
 o

r 
N

O
AC

s, 
it 

re
al

ly 
de

pe
nd

s 
on

 th
e 

pa
tie

nt
’s 

co
gn

iti
ve

 fu
nc

tio
n.

 
Be

ca
us

e 
so

m
et

im
es

, t
he

y 
(p

at
ie

nt
s)

 d
on

’t 
un

de
rs

ta
nd

 th
is 

sit
ua

tio
n 

ve
ry

 w
el

l a
nd

 th
ey

 
do

n’
t k

no
w

 h
ow

 to
 a

sk
 q

ue
st

io
ns

. A
nd

 e
ve

n 
W

eb
st

er
 p

ac
k 

is 
no

t a
lw

ay
s 

su
ita

bl
e.

 (
P0

5)
If 

th
er

e 
is 

an
 o

pt
io

n 
to

 in
clu

de
 a

ll 
th

e 
dr

ug
s 

th
at

 th
e 

pa
tie

nt
 is

 o
n 

or
 if

 th
ey

 w
an

t t
o 

do
 

a 
lit

tle
 d

ru
g 

in
te

ra
ct

io
ns

 …
 p

ut
 th

e 
dr

ug
 

th
at

 th
ey

 (p
at

ie
nt

s)
 a

re
 o

n 
yo

u 
m

ig
ht

 c
om

e 
up

 w
ith

 s
om

e 
ex

tr
a 

in
te

ra
ct

io
ns

. B
ut

 th
at

 is
 

pr
ob

ab
ly 

go
in

g 
ta

ke
 a

w
ay

 th
e 

sim
pl

en
es

s 
of

 th
is 

to
ol

, w
hi

ch
 is

 a
 b

ig
 p

lu
s 

to
 it

. S
o 

ob
vio

us
ly 

it 
(C

AR
AT

V2
.0

) i
s 

ve
ry

 v
er

y 
go

od
 

bu
t t

he
re

 s
til

l b
e 

a 
fe

w
 li

ttl
e 

dr
ug

s 
th

at
 

m
ig

ht
 in

te
ra

ct
 th

at
 m

ig
ht

 b
e 

m
iss

ed
. (

P0
6)

I t
hi

nk
 th

e 
nu

rs
es

 h
av

e 
lim

ite
d 

in
pu

t i
nt

o 
ch

oi
ce

s 
an

d 
de

cis
io

n 
m

ak
in

gs
. I

 th
in

k 
th

e 
de

cis
io

n 
of

 a
nt

ico
ag

ul
an

t a
ct

ua
lly

 c
om

e 
fr

om
 

th
e 

ca
rd

io
lo

gi
st

 in
 th

e 
en

d.
 N

ur
se

s 
m

ay
 fi

ll 
it 

(C
AR

AT
V2

.0
) i

n 
an

d 
th

e 
ph

ar
m

ac
ist

 c
an

 fi
ll 

it 
in

. I
s 

ca
rd

io
lo

gi
st

 g
oi

ng
 to

 lo
ok

 a
t i

t a
nd

 fo
llo

w
? 

…
 I 

th
in

k 
st

ill 
a 

lo
t o

f c
lin

ici
an

s 
ar

e 
he

sit
an

t 
to

 u
se

 N
O

AC
s 

…
 if

 y
ou

 h
av

e 
ca

rd
io

lo
gi

st
 w

ho
 

ha
ve

 b
ee

n 
us

in
g 

w
ar

fa
rin

 fo
r 

th
e 

la
st

 4
0 

yr
s 

an
d 

w
hy

 th
ey

 a
re

 g
oi

ng
 to

 c
ha

ng
e 

to
 N

O
AC

s?
 N

o.
 

If 
th

ey
 h

av
e 

so
m

eo
ne

 w
ho

 is
 o

n 
w

ar
fa

rin
 a

nd
 

ad
he

re
nt

 w
hy

 c
ha

ng
e 

it 
…

 S
o 

it 
(C

AR
AT

V2
.0

) 
do

es
n’

t r
ea

lly
 c

on
sid

er
 th

e 
cli

ni
cia

ns
 p

re
fe

re
nc

e 
…

 W
el

l i
t i

s 
ni

ce
 to

 g
ive

 a
 r

ec
om

m
en

da
tio

n 
ba

se
d 

on
 in

te
rn

at
io

na
l g

ui
de

lin
es

 v
al

id
at

ed
 r

isk
 

as
se

ss
m

en
t t

oo
ls,

 I 
th

in
k 

it 
do

es
n’

t c
on

sid
er

 th
e 

cli
ni

cia
ns

 p
re

vio
us

 e
xp

er
ie

nc
e 

of
 th

e 
ag

en
ts

 a
nd

 
th

at
 is

 g
oi

ng
 to

 in
flu

en
ce

 th
ei

r 
de

cis
io

n 
m

ak
in

g.
 

Bu
t I

 th
in

k 
th

is 
is 

st
ill 

us
ef

ul
 to

ol
. (

N
01

)
I t

hi
nk

 it
 is

 g
oo

d 
th

at
 it

 (C
AR

AT
V2

.0
) m

ak
es

 y
ou

 
th

in
k 

ab
ou

t o
th

er
 th

in
gs

 fr
om

 a
 n

ur
sin

g 
po

in
t 

of
 v

ie
w

. I
 th

in
k 

it 
m

ak
es

 y
ou

 th
in

k 
ve

ry
 m

uc
h 

th
e 

co
gn

iti
on

 th
e 

fa
lls

 r
isk

 v
isu

al
 d

ef
ici

t …
 th

at
 

is 
go

od
. B

ec
au

se
 a

ll 
th

es
e 

th
in

gs
 c

an
 b

e 
di

ffi
cu

lt 
fo

r 
pa

tie
nt

s 
to

 a
ct

ua
lly

 o
ve

rc
om

e.
 S

o 
by

 ta
ki

ng
 

th
at

 in
to

 c
on

sid
er

at
io

n 
I t

hi
nk

 th
at

 is
 g

oo
d 

…
 I 

lik
e 

th
at

. (
N

04
)

I t
hi

nk
 th

at
 is

 w
ha

t i
s 

go
od

 a
bo

ut
 b

ei
ng

 a
bl

e 
to

 
se

le
ct

 o
r 

be
in

g 
ab

le
 to

 c
ho

os
e 

be
tw

ee
n 

w
ar

fa
rin

 
an

d 
th

e 
N

O
AC

s. 
Be

ca
us

e 
w

ar
fa

rin
 is

 a
 r

ea
lly

 
ha

rd
 m

ed
ica

tio
n 

to
 m

an
ag

e 
w

he
th

er
 w

e 
ca

n 
ac

tu
al

ly 
sa

y 
th

is 
pa

tie
nt

 w
ou

ld
 d

ef
in

ite
ly 

be
ne

fit
 

fr
om

 o
ne

 th
e 

N
O

AC
s, 

be
ca

us
e 

of
 th

ei
r 

co
gn

iti
on

 
bl

a 
bl

a 
th

en
 I 

th
in

k 
th

is 
to

ol
 is

 h
el

pf
ul

 in
 th

at
 

re
sp

ec
t. 

(N
05

)

I d
o 

no
t b

el
ie

ve
 y

ou
 s

ho
ul

d 
us

e 
w

ar
fa

rin
 

as
 fi

rs
t l

in
e.

 It
 is

 a
 c

ho
ice

 a
nd

 s
om

e 
pa

tie
nt

s 
w

ho
 w

e 
w

ou
ld

 p
re

fe
r 

th
em

 
to

 b
e 

on
 w

ar
fa

rin
 ty

pi
ca

lly
 w

ith
 r

en
al

 
im

pa
irm

en
t a

nd
 m

ay
be

 n
on

co
m

pl
ia

nc
e.

 
An

d 
ce

rt
ai

nl
y 

pe
op

le
 w

ho
 a

re
 w

el
l 

es
ta

bl
ish

ed
 o

n 
w

ar
fa

rin
, t

he
y 

do
 n

ot
 

ne
ed

 to
 s

w
itc

h 
th

em
. B

ut
 fo

r 
an

yo
ne

 
w

ho
 is

 n
ew

, I
 d

o 
no

t s
ee

 th
er

e 
is 

an
y 

ju
st

ifi
ca

tio
n 

fo
r 

sa
yin

g 
w

ar
fa

rin
 fi

rs
t a

nd
 

th
en

 th
e 

ne
w

 d
ru

gs
. (

S0
6)

Th
e 

ot
he

r 
th

in
g 

th
at

 I 
am

 n
ot

 to
ta

lly
 

co
nv

in
ce

d 
by

 it
 y

et
, i

s 
w

he
th

er
 th

er
e 

is 
en

ou
gh

 d
at

a 
in

 o
ld

er
 p

at
ie

nt
s 

fo
r 

th
e 

N
O

AC
s. 

Th
at

 is
 th

e 
ot

he
r 

th
in

g 
th

at
 

I a
m

 n
ot

 s
ur

e 
ab

ou
t g

ive
n 

th
at

 th
ey

 
ha

ve
 b

ee
n 

sa
fe

ty
 s

ig
na

ls 
fo

r 
th

in
gs

 li
ke

 
ga

st
ro

in
te

st
in

al
 b

le
ed

in
g.

 Y
ou

 k
no

w
 

I p
ro

ba
bl

y 
w

an
t m

or
e 

da
ta

 in
 o

ld
er

 
pa

tie
nt

s. 
(S

01
)

O
ne

 o
f t

he
 c

lin
ica

l c
on

ce
rn

s 
th

at
 w

e 
al

l f
ac

e 
no

w
 w

ith
 th

e 
N

O
AC

s 
is 

w
ha

t 
ha

pp
en

 to
 p

eo
pl

e 
w

ho
 a

re
 e

ld
er

ly 
an

d 
w

ho
 a

re
 a

ro
un

d 
N

O
AC

s 
be

ca
us

e 
of

 A
F 

an
d 

ha
pp

en
ed

 to
 g

et
 g

as
tr

oi
nt

es
tin

al
 

di
st

ur
ba

nc
e 

ge
t d

ia
rr

he
al

, v
om

iti
ng

, 
de

hy
dr

at
io

n,
 r

en
al

 im
pa

irm
en

t. 
An

d 
su

dd
en

ly 
ge

t a
n 

eG
FR

 th
at

 d
ro

ps
 

do
w

n 
to

 3
0 

an
d 

th
ey

 a
re

 o
n 

a 
N

O
AC

s. 
U

nl
es

s 
th

ey
 a

re
 a

w
ar

e 
of

 th
e 

ris
k.

 T
he

y 
ar

e 
go

in
g 

to
 h

av
e 

in
cr

ea
se

d 
ris

k 
of

 
bl

ee
di

ng
. S

o 
I t

hi
nk

 a
s 

an
 e

du
ca

tio
na

l 
to

ol
 it

 is
 u

se
fu

l a
nd

 th
at

 is
 g

oi
ng

 to
 b

e 
on

e 
of

 th
e 

m
ai

n 
cli

ni
ca

l c
on

ce
rn

s 
th

at
 I 

ha
ve

 in
 th

e 
us

e 
of

 N
O

AC
s. 

(S
04

)

C
H

A
D

S 2
: c

on
ge

st
iv

e 
he

ar
t 

fa
ilu

re
, h

yp
er

te
ns

io
n,

 a
ge

 =
 7

5 
ye

ar
s,

 d
ia

be
te

s 
m

el
lit

us
, s

tr
ok

e;
 G

Ps
: g

en
er

al
 p

ra
ct

iti
on

er
s;

 A
F:

 a
tr

ia
l f

ib
ri

lla
tio

n;
 N

O
A

C
s:

 n
ov

el
 o

ra
l a

nt
ic

oa
gu

la
nt

s;
 e

G
FR

: e
st

im
at

ed
 g

lo
m

er
u-

la
r 

fil
tr

at
io

n 
ra

te
.
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T
ab

le
 4

. 
T

he
m

e 
3:

 in
te

gr
at

io
n 

in
to

 e
xi

st
in

g 
sy

st
em

s 
an

d 
pr

oc
es

se
s.

G
en

er
al

 p
ra

ct
iti

on
er

s
Ph

ar
m

ac
is

ts
N

ur
se

s
Sp

ec
ia

lis
t 

cl
in

ic
ia

ns

I t
hi

nk
 if

 y
ou

 c
an

 in
co

rp
or

at
e 

it 
(C

AR
AT

V2
.0

) i
nt

o 
th

e 
(p

ra
ct

ice
) 

so
ftw

ar
e 

an
d 

th
e 

so
ftw

ar
e 

w
ou

ld
 

po
pu

la
te

 a
s 

m
uc

h 
as

 th
e 

da
ta

 fr
om

 
ou

r 
fil

e 
as

 m
uc

h 
as

 p
os

sib
le

 th
at

 
w

ou
ld

 b
e 

ve
ry

 g
oo

d.
 (

G
03

)
Th

e 
w

ea
kn

es
s 

w
ill 

be
 if

 th
is 

to
ol

 is
 n

ot
 

in
 c

oo
pe

ra
te

d 
in

 th
e 

pr
ac

tic
e 

so
ftw

ar
e,

 
so

 it
 m

us
t b

e 
in

te
gr

at
ed

. B
ec

au
se

 it
 

w
ou

ld
 b

e 
ve

ry
 d

iff
icu

lt 
fo

r 
a 

do
ct

or
 

to
 g

o 
so

m
ew

he
re

 e
lse

 o
r 

an
ot

he
r 

w
eb

sit
e.

 It
 is

 g
oi

ng
 b

e 
th

er
e 

as
 y

ou
 

ar
e 

pr
es

cr
ib

in
g 

an
d 

al
so

 in
 a

 h
os

pi
ta

l 
sit

ua
tio

n 
it 

ha
s 

to
 b

e 
ac

ce
ss

ib
le

. S
o 

yo
u 

kn
ow

 in
 th

e 
pa

tie
nt

’s 
fil

e 
it 

is 
go

in
g 

to
 b

e 
pa

rt
 o

f t
ha

t m
ed

ica
l r

ec
or

d 
an

d 
ac

ce
ss

ib
le

 to
 p

eo
pl

e.
 (

G
06

)
I t

hi
nk

 if
 y

ou
 c

an
 in

co
rp

or
at

e 
it 

(C
AR

AT
V2

.0
) i

nt
o 

th
e 

so
ftw

ar
e 

an
d 

th
e 

so
ftw

ar
e 

w
ou

ld
 p

op
ul

at
e 

as
 m

uc
h 

as
 th

e 
da

ta
 fr

om
 o

ur
 fi

le
 a

s 
m

uc
h 

as
 

po
ss

ib
le

 th
at

 w
ou

ld
 b

e 
ve

ry
 g

oo
d.

 A
lso

, 
w

e 
ha

ve
 g

ot
 a

 c
hr

on
ic 

di
se

as
e 

nu
rs

e,
 

an
d 

sh
e 

co
ul

d 
ad

m
in

ist
er

 it
 a

nd
 fi

ll 
th

e 
an

sw
er

 th
en

 th
at

 c
ou

ld
 a

lso
 m

ak
e 

it 
qu

ite
 e

as
ie

r 
fo

r 
us

. (
G

02
)

If 
yo

u 
ar

e 
do

in
g 

a 
m

ed
ica

tio
n 

re
vie

w
, y

ou
 

lo
ok

 a
t t

he
 p

at
ho

lo
gy

 fi
rs

t b
ef

or
e 

yo
u 

w
en

t o
ut

 …
 It

 w
ill 

be
 b

et
te

r 
yo

ur
 r

en
al

 
fu

nc
tio

n 
an

d 
liv

er
 fu

nc
tio

n 
al

to
ge

th
er

, 
be

ca
us

e 
th

at
 w

ill 
be

 th
e 

pa
th

ol
og

y 
th

at
 th

e 
pa

tie
nt

s 
w

ou
ld

n’
t k

no
w

 th
os

e 
an

sw
er

s. 
So

 
it 

w
ill 

be
 b

et
te

r 
if 

th
ey

 a
re

 to
ge

th
er

 a
t t

he
 

be
gi

nn
in

g 
or

 a
t t

he
 e

nd
 (o

f C
AR

AT
V2

.0
) …

 
I t

hi
nk

 it
 (C

AR
AT

V2
.0

) w
ill 

w
or

k 
re

al
ly 

w
el

l 
w

ith
in

 H
M

R 
or

 R
M

M
R 

…
 m

ea
n 

a 
lo

t o
f 

qu
es

tio
ns

 y
ou

 g
oi

ng
 to

 a
sk

 a
ny

w
ay

. (
P0

1)
I u

su
al

ly 
no

t i
ni

tia
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their medications (e.g. mobility, cognitive function and lifestyle). Although pharmacists and nurses 
believed that CARATV2.0 comprehensively assessed the major medication management issues, they 
also pointed out that CARATV2.0 did not consider every issue, for example, use of fish oil supple-
ments or binge drinking. But they also admitted that the selective inclusion of the most important 
medication management issues ensured the simplicity and ease of use of this tool.

Theme 3: integration into existing systems and processes

Hospital-based health professionals (including specialists, nurses and pharmacists) and GPs sug-
gested integration of CARATV2.0 into existing systems and processes due to the limited time 
available for making clinical decisions. Most hospital-based health professionals and GPs recom-
mended that the tool’s usefulness could be improved if it was integrated into or linked with elec-
tronic medical records or the electronic prescribing software used in hospitals and general practices. 
They recommended it be accessible through mobile phones, computers and tablets in order to 
self-populate the medical records and databases and to make the tool easily accessible and porta-
ble. However, both GPs and hospital-based health professionals were worried that some of the 
practice computer software might not interact well with CARATV2.0. They were also concerned 
that some of the information required by CARATV2.0 might not be available in the electronic 
health system, which would mean that such information would require manual entering. To solve 
this problem, some suggested that pharmacists, junior medical residents, medical students or prac-
tice staff (e.g. nurses) could populate CARATV2.0 manually, allowing senior clinicians more time 
to review CARATV2.0’s recommendations.

In contrast to hospital-based health professionals, the time needed for populating CARATV2.0 
was not raised as a major issue by community-based pharmacists and community-based nurses. 
Some of these practitioners actually thought that CARATV2.0 would save them time because it 
considers all the antithrombotics indicated for AF and integrates many relevant risk assessment 
tools into one tool. They paid more attention to how the tool’s usability could be improved by 
incorporation into their medication review and patient assessment processes within an electronic 
format (e.g. ‘apps’, websites or software).

Discussion

The results from this study show that CARATV2.0 is generally welcomed by health professionals 
and that they consider it can potentially improve prescription of OACs and clinical outcomes of 
patients. This is consistent with the evidence that computerised decision support tools can signifi-
cantly improve prescription among clinicians and can improve the quality and safety of care 
provided.28,29 Although decision support tools that focus on the assessment of stroke and bleeding 
risk are widely available,30 so far CARATV2.0 is the only tool that integrates stroke risk assess-
ment, bleeding risk assessment and medication safety assessment and that considers both the 
traditional antithrombotic agents, warfarin and the NOACs.

Since decision-making is an emotive process, comprehensive risk versus benefit assessment, 
systematic documentation and communication of decisions can assist in the selection of optimal 
therapy for individual patients.3 However, due to limited experience with the use of newly availa-
ble NOACs, especially NOAC use in elderly patients, the risk versus benefit assessment of using 
OACs in these, and other, patients is a complex task for many health professionals. CARATV2.0’s 
comprehensive risk versus benefit assessment of individual patients provides guidance and a refer-
ence for, and confidence in, not only the decision on whether a patient should be treated with 
antithrombotics but also choosing the appropriate therapy among various OACs. Furthermore, 
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because CARATV2.0 is based on the latest clinical guidelines, the tool can also reinforce the use 
of clinical guidelines by health professionals.

The study found that subjective issues, including clinician and patient preferences for particular 
antithrombotic therapies, can have a substantial impact on the clinical decision-making process.31 
Studies have shown that clinicians tend to override recommendations made by a decision support 
tool if they have a strong preference for a particular medication.32 Also, patients’ preference of 
therapy has been reported to substantially affect the clinical decision-making for therapy.33 
Although it is widely recognised that computerised decision support tools have the potential to 
improve the behaviour of clinicians in terms of prescription and consistency of decision-making, 
evidence supporting the long-term impact of decision support tools on clinicians’ prescribing 
behaviour is lacking.34 Given these subjective issues, the impact of CARATV2.0 on decision-
making for antithrombotic therapy in AF needs to be further explored.

The suggestion of integrating CARATV2.0 into existing systems and processes shows that the 
health professionals valued the tool as an effective support for clinical decision-making.32 
According to a systematic review by Kawamoto et al.,35 a successful decision support tool needs to 
be computer-based, to have automatic provision of decision support as part of clinician workflow, 
to provide recommendations rather than just assessments and to provide decision support at the 
time and location of decision-making. However, this suggestion also reflects that clinicians are 
reluctant to prioritise and allocate time for the initial decision-making around antithrombotics, 
which contrasts with the time spent in managing the adverse outcomes of poor or suboptimal pre-
scription. Also, ‘pharmacotherapy’ as an intervention follows a less structured decision-making 
process than other interventions such as surgery.

Some limitations of the study need to be acknowledged. The participating specialist clinicians, 
GPs, pharmacists and nurses in this study were volunteers who showed interest in the study. This 
could have biased their feedback on CARATV2.0. Also, the sampling strategy affects to some 
extent the generalisability of the study findings beyond these participants. Furthermore, 
CARATV2.0 inputs are based on available evidence from guidelines and reviews, which may not 
be relevant to all patient populations and may change over time as new evidence emerges. Since 
the findings from this research are restricted to the content and feasibility of this tool, the potential 
clinical and economic impact of the tool and the feasibility of using the tool in real-world clinical 
practice require further evaluation.

Overall, the feedback from health professionals identifies that the only drawback of this 
tool is the time needed to complete the assessment (i.e. input the relevant data). To address this 
issue for future application in practice, CARATV2.0 may be integrated into other systems (e.g. 
electronic medical records) to enable the auto-population of patient data into the tool. 
Furthermore, the tool may be used by other health professionals (e.g. NPs and consultant phar-
macists) where comprehensive patient assessment and medication review are part of their 
targeted services.17,36

Conclusion

CARATV2.0 was regarded by a variety of health professionals as a potentially useful tool that 
provided a systematic assessment around the decision-making for antithrombotic therapy in 
patients with AF. The tool also shows potential for rationalising the use of antithrombotics and for 
improving the clinical outcomes of patients with AF. Future research should evaluate the impact of 
this tool on the prescription of antithrombotics in clinical practice. The main drawback of this pro-
totype tool is that it requires the manual input of data, which may not be time-efficient for busy 
health professionals. Therefore, processes for the auto-population of the tool with relevant patient 
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data need to be explored, for example, the integration of CARATV2.0 into electronic databases or 
prescribing software or/and re-formatting it into a mobile online application.
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Abstract
This study empirically examines the opinion leader effects on a mobile clinical information technology 
implementation by physicians in an American community health system using a fixed effect regression model. 
The model result suggests that the opinion leader effects are statistically significant during this information 
technology implementation process. Quantitatively, if opinion leaders increase their technology usage by 
10 percent, the physicians who work closely with those opinion leaders would increase their technology 
usage by 3.5 percent, after controlling for physician individual-level fixed effects, time effects, working 
environment, and workload. This empirical result of opinion leader effects provides policy implications such 
as, if a healthcare system wants to promote a new information technology or a new mobile information 
technology implementation within their organization, they should leverage this opinion leader effects.
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Introduction

Research shows that e-health can have positive impacts on reducing medical errors, saving costs, 
improving usability, and convenience.1 However, the healthcare information technology (IT) adop-
tion rate in the United States is low at both the physician office and hospital levels. Less than 

Corresponding author:
Haijing Hao, Department of Management Science and Information Systems, College of Management, University of 
Massachusetts Boston, Boston, MA 02125, USA. 
Email: haijing.hao@umb.edu

675499 JHI0010.1177/1460458216675499Health Informatics JournalHao and Padman
research-article2016

Original Article

http://uk.sagepub.com/en-gb/eur/journals-permissions
http://doi.org/10.1177/1460458216675499
http://journals.sagepub.com/home/jhi
mailto:haijing.hao@umb.edu
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1460458216675499&domain=pdf&date_stamp=2016-12-21


324	 Health Informatics Journal 24(3) 

30 percent of US physicians adopt e-health in their work and less than 10 percent of US hospitals 
use a robust healthcare information system.2,3 Even up to 2014, the physician office e-health adop-
tion rate in the United States is 74 percent on average at national level, which is much lower than 
that of other developed countries, such as New Zealand, the Netherlands, and the United Kingdom, 
which is 89 percent or more.3,4 The US healthcare industry has already realized its inadequacy in 
this area.5 However, the healthcare industry in the United States has many special characteristics, 
including the fact that many physicians or physician offices are independent or practice in facilities 
independent from the major healthcare systems or hospitals, even when they are associated with 
them. This means that the health organizations have no power or very weak influence to mandate 
the implementation of new IT over physicians. This issue makes the promotion of IT implementa-
tion and utilization among healthcare providers more challenging in the healthcare industry in the 
United States.

At the same time, interest in mobile technology applications has been rising in healthcare.6–9 
One study found 62 percent of surveyed clinicians expressing interest in using apps to view elec-
tronic health records (EHR).8 Another survey shows that 68 percent of surveyed junior physicians 
said that using smartphones’ clinical apps saved their time in clinical activities.10 However, a 2013 
survey of physicians indicates that nearly 60 percent are non-users of e-health.11 Although there are 
some studies on mobile technology usage or acceptance at work,12,13 there are limited empirical 
studies about physicians’ mobile technology usage or implementation behavior and the factors that 
impact them.14,15

Also, the authors noticed that since 1980s, there are a large number of technology acceptance 
model (TAM) studies in information systems as well as in healthcare.16–21 But, this study takes a 
different angle from the TAM research on the technology adoption and implementation. We are 
interested in using a secondary data set, from an objective perspective, to examine physicians’ 
technology usage behavior in a clinical setting, not survey questions to investigate the technology 
acceptance by physicians.

In the United Kingdom, a study found that the most important factors that impact IT imple-
mentation in healthcare are human factors, not technology factors.22 Therefore, this study is 
interested in examining how the social influence, or opinion leader effects, impacts a new mobile 
IT implementation in healthcare, using a secondary panel usage data from a community health 
system in the United States.

Social influence and opinion leader effects have been examined by scholars in information sys-
tems for a long time, and its importance has been noted in medical research as well.23,24 Particularly, 
the classical innovation diffusion study by Rogers23 emphasized that innovation diffusion is a 
process; when a new technology is introduced, initially people perceive using the new technology 
as uncertain and risky, so many may not adopt the new technology in the beginning, but instead, 
may seek out others around them who have already adopted the innovation, such as early adopters 
or opinion leaders, which may help to reduce their uncertainty, resulting in subsequent adoption. 
Thus, the innovation will diffuse from the early adopters or opinion leaders to their circle of 
acquaintances over time. Conceptually, opinion leaders are respected people who possess suffi-
cient interpersonal skills to exert influence on others’ decision-making.23,24 Empirically, there are 
many ways to identify opinion leaders among a population. We will discuss more specifically later 
in section “Data.”

This study is interested in investigating opinion leader effects on a mobile technology imple-
mentation because if social influence is established as a strong factor, then as a policy adjustable 
factor, it can be leveraged to promote the implementation and utilization of the new technology, 
rather than the technology design users, gender, or age, which we cannot change once the technology 
has been deployed by an organization. Thus, our hypothesis is that opinion leaders have a strong 
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impact on technology usage by physicians around them. The more opinion leaders use the new 
technology, the more the physicians around the opinion leaders would use the technology. If so, 
policy makers or health organization’s administrative can utilize the opinion leader effects to pro-
mote technology adoption or implementation within their organization, thus improve the quality of 
care using the new technology.

Data

Study context

The study site is a community-based health system located in Southwestern Pennsylvania, USA. In 
partnership with about 300 physicians and nearly 4000 employees, the community healthcare sys-
tem offers a broad range of medical, diagnostic, and surgical services at two hospital campuses 
with over 500 beds, and many small clinical practices distributed across the community. In June 
2006, the health system deployed a Mobile Clinical Access Portal (MCAP), which is a wireless 
personal digital assistants (PDA)-based, client-server solution providing physicians with online 
access to clinical data and about 24 clinical functions such as searching patient information, 
reviewing patient medical histories, using electronic prescribing, placing lab orders, and checking 
lab results. Physicians of this health system were provided PDAs free of charge, and the physicians 
were able to use the PDA to access the MCAP anywhere, anytime, at their convenience, such as in 
the office, at home, or while traveling. All the MCAP use was optional, not required, because the 
system wide electronic medical record (EMR) is on a desktop computer system which is the entry 
for all the major clinical data.

Data

The Chief Information Officer of this healthcare system and his technical team provided four data 
sets for this study. The first data set included de-identified demographic information about 250 
full-time physicians, comprising a unique coded physician ID and demographic data. The second 
data set included the clinical group practice information, which indicates which physicians practice 
together and which physicians are solo practitioners. The third data set contained MCAP usage 
data from their system computer server’s log files, and each record represents a certain application 
that was being used at a given time by a given physician. The fourth data set included physician ID, 
patient visit date, and four types of patient visit volume for each physician: inpatient visit, outpa-
tient visit, physician office visit, and emergency room visit. This data set is from their system’s 
servers as well.

It was necessary to exclude 58 out of the 250 physicians with either missing demographic infor-
mation or missing patient visit information after merging the four data sets, leaving 192 physicians 
in the merged file for this study. Since almost 23 percent (58 out of 250) of the physician records 
were dropped due to incomplete data, we performed four two-sample t-tests between the dropped 
out group and the remaining group for age variable, gender variable, specialty area, and patient 
visit, respectively, to see whether those variables’ mean values are equal or not between the two 
groups. Since none of the t-tests are statistically significant, which means those mean values from 
dropped group are not statistically different from the mean values from the remaining group, we 
concluded that the dropped data should not impact our analysis or bias our model result.

Ideally, we would like to examine the technology usage behavior for every specialty area sepa-
rately. But as a community health system with limited size, many specialty areas only had one 
specialist or one practice (such as Oral and Maxillofacial Surgery, Nephrology, and Psychology). 



326	 Health Informatics Journal 24(3) 

Also, the MCAP features are not very medical specialty dependent just as the online Blackboard 
system is not designed for every subject in a university. Therefore, after discussing with the health 
system decision makers, we divided the 30 medical specialty areas into two general categories, 
General Practitioners and Specialists, in order to control for how specialty areas may affect physi-
cians’ implementation of MCAP. The General Practitioner category includes internal medicine, 
family practice, and pediatrics, and Specialist category includes the remaining specialty areas. 
Furthermore, since age is not believed to have a linear impact on technology usage behavior, we 
divided the physicians into three nominal age groups as prior literature has done: ages 45 years and 
below (with the youngest physician being 30 years old), ages between 46 and 55 years, and ages 
56 years and above.25

As scholarly studies have discussed, there are many ways to identify opinion leaders in an 
empirical study and different identifications may have different impact on the study results.23,26–28 
In this study, opinion leaders for MCAP (for simplicity, from now on we only call them opinion 
leaders but it does not mean they are opinion leaders for everything) were identified by the health 
system administration based on their dynamic observations, referred to as the informants’ rating 
method.23 In our case, the health system’s administrators identified some physicians who were 
opinion leaders of this MCAP technology. Those physicians were enthusiastic drivers to encourage 
the community health system to adopt and deploy the MCAP, and they were also early (received 
the new technology in the first 2 months) and frequent users of the MCAP. The rest of the physi-
cians of the health system received the PDA gradually over time after the third month. Such 
exogenous identification of opinion leaders avoids the problems that arise when users are asked to 
nominate their opinion leaders using a survey as in prior studies, which provides a unique oppor-
tunity for our study.26–28

We also need to clarify the social structure of this community system, to understand who are 
influenced by the opinion leaders. This is a typical American community health system, which 
means many clinics are spread throughout the community, miles away from each other. Those clin-
ics are also financially autonomous and independent entities. Physicians in the clinics are loosely 
associated with the hospital, and they only go to hospital for performing surgeries or visiting their 
patients for post-surgery. Physicians rarely see other physicians from other clinics because of the 
physical distance and irregular visit to hospital campus. The most interactions that physicians have 
are with physicians from their own clinics. Thus, we assume the medical practices (clinics) as the 
basic social influence groups, and opinion leader effects occur within the group, not across groups. 
This implies that physicians are only influenced by the opinion leaders from their own group 
practice, not by the opinion leaders from other practices.

Finally, there is no indication of group formation endogeneity problem because these group 
practices are based on the medical specialties, not the interests of IT or mobile technology. 
Furthermore, the group practices were formed long before the MCAP was deployed. Thus, this 
definition of social influence groups provides an unambiguous, theoretical foundation for  
identifying any peer effect (opinion leader effects are one type of peer effects) as discussed in 
the seminal paper by Manski.29

In summary, the MCAP data sets provide several advantages for our study of opinion leader 
effects on physicians’ mobile technology implementation. First, the PDAs and MCAP system were 
provided to the physicians free of charge by the community health system, with no incentives for 
using it; therefore, there was no user acquisition cost which might confound technology usage 
decision due to users’ heterogeneous socioeconomic situations. Second, MCAP system was 
designed with a straightforward menu-click interface, so the learning curve was very low and the 
non-usage behavior should not be due to “difficult to use” reasons. Third, the use of MCAP was 
not mandated, and it was only an optional choice for physicians to use as part of the EMR features 
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in a mobile version. This indicates that whether the physicians use this mobile technology or not 
would not affect the formal EMR system or the physicians’ daily work. Additionally, since it is a 
mobile technology, physicians or opinion leaders probably may use it when they move around 
within their clinics, such as switching between different exam rooms, lunching in the kitchen, and 
chatting in the lounge. Therefore, it is reasonable to assume that physicians would probably see 
their colleagues or opinion leaders using this new mobile technology more than a desktop com-
puter application, and they may chat about it too and learn about each others’ use of MCAP.

Descriptive statistics

As a real-world project for an optional use technology, there was no clear timeline or deployment 
plan regarding when to give out the PDA to which physician. Generally, this deployment process 
was a little random according to physicians’ personal interest or technical staff’s schedule. Thus, 
the panel data that we received are an unbalanced data set.

Descriptive statistics of 171 physicians (not including the 18 physicians who are opinion leaders 
of MCAP) and their usage are presented in Table 1. We do realize that our data set is a little small 
but this is an average size of a typical community health system in the United States. The descrip-
tive statistics shows that the majority of physicians are males (78%). The age range is from 30 to 
78 years old, and the average age is 50 years. The three nominal age groups have approximately 
similar membership. There are fewer general practitioners (45%) than specialists (55%).

Although we have usage data at the individual instance level, we study the technology  
use behavior at monthly level due to data sparsity at the daily and weekly levels. One month is 

Table 1.  Descriptive statistics for 171 physician users, no opinion leaders.

Variable Statistics

Total number of users 171
Total number of solo users 51
Total number of users in non-opinion leader group 88
Total number of users in opinion leader group 32

Variable Mean Standard deviation Minimum Maximum

Male 78% NA 0 1
Age 50 9.8 30 78
Age 45 years and below 34.5% NA 0 1
Age between 46 and 55 years 35.7% NA 0 1
Age 56 years and above 29.8% NA 0 1
General practitioner 45% NA 0 1
Group size 3.4 3 1 12
Total months used 15 5.2 1 20
Total MCAP use 796 1857 1 13,438
Average monthly MCAP use 36 84 0.05 611
Average monthly inpatient visit 42 40 0 177
Average monthly outpatient visit 444 514 0 2153
Average monthly physician office visit 355 435 0 2170
Average monthly emergency visit 45 95 0 601

MCAP: Mobile Clinical Access Portal; NA: not applicable.
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one time period in this study. Therefore, we aggregate the physicians’ MCAP usage data and 
patient visit data at the monthly level for descriptive statistics. We also can see the average 
monthly usage of MCAP by general physicians is 36 times per month and 61 times by opinion 
leaders.

The descriptive statistics about opinion leaders are presented in Table 2. There are 21 opinion 
leaders and 3 of them are solo practitioners who are not discussed in this study because solo 
opinion leaders do not influence anybody in the health system. We also performed three two-
sample t-tests between opinion leader groups and non-opinion leader groups for age variable, 
gender variable, and specialty area variable to examine whether the variables’ means from those 
two groups are statistically different or not. None of the t-test results were statistically signifi-
cant. That means that the mean values of those three variables from opinion leader groups and 
non-opinion leader groups are not statistically different, which indicates no bias for the demo-
graphic composition of opinion leader groups or non-opinion leader groups.

Figure 1 shows the average monthly usage by three types of users: solo physician users, 
group physician users with opinion leaders, and group physician users without opinion leaders 
over 22 months. We can see that solo practice physician’s average monthly usage of the MCAP 
is the lowest one among those three groups, and the group practice physicians with opinion 
leaders are higher most of time, and the group physicians without opinion leaders is in between. 
It indicates that besides opinion leader effects, a general peer effect may also exist.

Empirical model and results

Empirical model

Based on Figure 1 and our observation of this community healthcare system, it is likely that peer 
effects, effects from general colleague physicians or general peer physicians, not from opinion 
leader physicians, may exist too. Hence, besides opinion leader effects (having opinion leader 

Table 2.  Descriptive statistics for opinion leaders.

Variable Mean Standard deviation Minimum Maximum

Male 89% (16) NA 0 1
Age 49.5 6.69 39 60
Age 45 years and below 33% (6) NA 0 1
Age between 46 and 55 years 50% (9) NA 0 1
Age 56 years and above 16% (3) NA 0 1
Group size 4.1 2.25 2 12
General practitioner 78% (14) NA 0 1
Total MCAP use 1018 2119 2 13,438
Total months used 15 5 1 20
Average monthly MCAP use 61 117 0.11 707
Average monthly inpatient visit 91 46 25 170
Average monthly outpatient visit 1149 736 36 2584
Average monthly physician office visit 706 589 1 1998
Average monthly emergency visit 69 49 0 184

MCAP: Mobile Clinical Access Portal; NA: not applicable.
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physicians in the same practice), some physicians may be exposed to peer effects (having general 
colleague physicians in the same practice), relative to solo practice physicians. We do not want to 
assume that those peer physicians do not have an impact on the focus physician’s technology usage 
Or do that physicians who practice with general colleagues (non-opinion leaders) would be the 
same as physicians who practice solo. Thus, in order to estimate the opinion leader effects more 
accurately, we should control the peer effects in our model.

Furthermore, the physicians in this health system rotated among different clinical settings, such 
as inpatient, outpatient, emergency rooms, and office visit. The number of patient visits each physi-
cian had at each time period is also different, thus the number of patient visits at different clinical 
environment should be controlled in our model to examine opinion leader effects on new technol-
ogy usage.

We construct the following fixed effect regression model to examine the correlation between the 
technology usage by physicians and their opinion leaders over time, controlling for general peer 
effects, the number of patient visits a physician had in different clinical settings, and the individual-
level fixed effects including all the time-invariant variables such as observable characteristics: 
gender, age, and education, and unobservable characteristics: personal interests or technology 
preference30

	
Y = + +T + Opinion_Leader + General_Peers + 1 Iit 0 i t 1 k,t 2 k,t-1β α γ γ β nnPt_Visit +

OutPt_Visit + PhyOff_Visit + Emg_Visit
it

2 it 3 it 4 iβ β β tt it+ε
	 (1)

where Yit is the monthly usage of physician i at time period t, β0 is the model intercept, and αi is the 
fixed effect of the physician i, including both visible and invisible individual-level time-invariant 
characteristics. We also include the time trend dummies, Tt, to control time effects. εit is the model 
error term. Opinion_Leaderk,t is opinion leader effects, and we use the total technology usage by 
the opinion leaders within group k at time period t as the proxy of the opinion leader effects on 
physician i in group k. General_Peersk,t is peer effects, and we use the total technology usage by 
the peers within group k at time period t as the proxy of the peer effects on physician i in group k. 
InPt_Visitit, OutPt_Visitit, PhyOff_Visitit, and Emg_Visitit are the number of patient visits physi-
cian i had at time period t in the inpatient setting, outpatient setting, physician office setting, and 
emergency room setting. Note, some groups have both opinion leaders and peers. Some groups 

Figure 1.  Average monthly technology usage by three types of physician users.
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have one of them. Some of physicians practice solo which means they have neither opinion leader 
effects nor peer effects.

To address concerns that peer effects may have potential simultaneity problem here because 
physicians are peers to each other, in Model (2), we use the lagged usage by peers as the proxy to 
avoid this issue.31 The only difference between Model (1) and Model (2) is that in Model (2), we use 
peer physicians’ previous time period’s MCAP usage, not the current time period’s MCAP usage

	
Y = + +T + Opinion_Leader + Lag_Genera_Peers +it 0 i t t k,t 2 k,t 1β α γ γ

β
-

11 InPt_Visit + OutPt_Visit + PhyOff_Visit + Emg_Visit 2 it 3 it 4β β β iit +it itε
	 (2)

Model result

We present two fixed effect model results in Table 3, including both lagged peer effects and non-
lagged peer effects models. We can see that opinion leader effects are statistically significant and 
similar in both models, which are 0.315 and 0.318, respectively. Because we have taken logs on 
both sides of the model when running this fixed effect regression (easier interpretation of the model 
estimates), the result suggests that when opinion leader/s increase their technology usage by 10 per-
cent, the physician in the same group would increase their technology usage by 3.2 percent.30 This 
result is consistent with our expectation that opinion leader effects exist during physicians’ technol-
ogy implementation process, and the more the opinion leaders use the technology, the more the 
physicians under opinion leader effects use the new technology.

In both models, the general peer effects are statistically significant too. But, when general peers 
increase their technology usage by 10 percent, the physician in the same group would only increase 
their technology usage by about 0.1 percent, which is quite small. Also, none of the patient visit 
volumes affect physicians’ technology usage, which may indicate that this technology is quite 
simple, straightforward, and independent from clinical setting.

Table 3.  Model results.

Parameters Model (1) Model (2)

Opinion leader effects and 
peer effects

Opinion leader effects and 
lagged peer effects

Intercept 1.370 1.445
Log of opinion leaders’ usage 0.315** 0.318**
Log of peers’ usage 0.171** –
Log of lagged peers’ usage – 0.097*
Log of inpatient visit 0.101 0.100
Log of outpatient visit 0.141 0.134
Log of physician office visit 0.065 0.071
Log of emergency visit 0.015 0.018
Model statistics
  R-squared: overall 0.218 0.199
  No. of observations 2583
  No. of groups 171
  No. of time periods 20

The dependent variable is log of physician i’s technology usage at time period t.
*Indicates statistically significant at 5 percent level; **indicates statistically significant at 1 percent level.
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Conclusion and limitations

In this study, we examine opinion leader effects on a new mobile technology implementation by 
physicians in an American community health system using a fixed effect regression model. 
According to authors’ knowledge, this is one of the first empirical studies to examine opinion leader 
effects on mobile technology implementation in healthcare using a quantitative approach. The 
empirical results show that opinion leaders’ usage have statistically significant effects on their 
colleague physicians’ technology usage, controlling for general peer effects, the number of patient 
visits, and the individual-level fixed effects. Hence, without any special stimulants or financial 
incentives, as long as opinion leaders continue using or increasingly using the new technology, the 
physicians under the influence of the opinion leaders will likely use the new technology. This may 
suggest a few policy implications. First, when a healthcare organization implements a new IT or a 
new mobile technology, the administration should train a few opinion leaders in different clinics to 
encourage them to implement the new technology first. Once those opinion leaders accept and 
implement the new technology into their work, their influence will be naturally and gradually spread 
out to the people around them. This is a practical and easier solution for an organization to leverage 
than to launch an organizational wide campaign to work with every physician or every employee to 
promote a new technology implementation because opinion leaders are a small fraction of the entire 
organization. Second, peer effects are statistically significant too, although it is not as large as opin-
ion leader effects. Peer effects indicate that a physician working with general peer colleagues, even 
if there are no opinion leaders, is relatively more likely to adopt a new technology than physicians 
practicing solo, or alone. Third, physicians’ clinical setting or the number of patient visits does not 
have a statistically significant impact on physicians’ technology usage behavior.

This research has some limitations. First, we do not know if physicians learned about this new 
mobile technology from friends, families, or other physicians outside of their own clinics. They 
might but our model only catches the opinion leader effects and peer effects from the same clinic 
because of data limitation. However, since this technology is very clinical and work specific, we 
would not worry too much that physicians would discuss a work technology with family or friends 
which may disclose their patients’ information. Second, we do not know whether the number of 
patient visits would be an accurate measure for each physician’s work because some patient visit 
may take longer time and some patient visit may take shorter time per service. This may bring 
some bias to our model estimates. Third, the exact social structure of the health system, such as 
within and crossing groups’ professional network, is not known. We simplified this community 
health system’s social structure based on its characteristics. Future research can investigate these 
limitations by collecting more data on physicians’ social networks and the real workload to improve 
the research on social influence on technology implementation.
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