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Study objective: Using Internet data to forecast emergency department (ED) visits might enable a model that reﬂects
behavioral trends and thereby be a valid tool for health care providers with which to allocate resources and prevent crowding.
The aim of this study is to investigate whether Web site visits to a regional medical Web site, the Stockholm Health Care
Guide, a proxy for the general public’s concern of their health, could be used to predict the ED attendance for the coming day.
Methods: In a retrospective, observational, cross-sectional study, a model for forecasting the daily number of ED
visits was derived and validated. The model was derived through regression analysis, using visits to the Stockholm
Health Care Guide Web site between 6 PM and midnight and day of the week as independent variables. Web site visits
were measured with Google Analytics. The number of visits to the ED within the region was retrieved from the Stockholm
County Council administrative database. All types of ED visits (including adult, pediatric, and gynecologic) were included.
The period of August 13, 2011, to August 12, 2012, was used as a training set for the model. The hourly variation of
visits was analyzed for both Web site and the ED visits to determine the interval of hours to be used for the prediction.
The model was validated with mean absolute percentage error for August 13, 2012, to October 31, 2012.
Results: The correlation between the number of Web site visits between 6 PM and midnight and ED visits the coming day
was signiﬁcant (r¼0.77; P<.001). The best forecasting results for ED visits were achieved for the entire county, with a
mean absolute percentage error of 4.8%. The result for the individual hospitals ranged between mean absolute
percentage error 5.2% and 13.1%.
Conclusion: Web site visits may be used in this fashion to predict attendance to the ED. The model works both for the
entire region and for individual hospitals. The possibility of using Internet data to predict ED visits is promising. [Ann
Emerg Med. 2014;-:1-7.]
Please see page XX for the Editor’s Capsule Summary of this article.
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INTRODUCTION
Background

Predicting the number of emergency department
(ED) visits within any given timeframe is difﬁcult.1 A
mismatch between ED attendance and stafﬁng may lead
to ED crowding. This is associated with decreased ED
performance, as well as decreased patient satisfaction, and
affects the transition from the ED to inpatient ﬂoor.2-5
Mathematical models with which to predict the numbers
of ED presentations have been developed.1,6 Previous
models commonly used linear regression or time series
models,1,6 including calendar and meteorological data, as
prediction factors. The day of the week has been shown
to be the strongest predictor of ED visits.1 Several prediction
models about the number of patient visits predict long-term
trends and thereby are unsuitable for day-to-day
adjustment of staff.1,7
Using Internet data for predicting the occurrence of
both communicable and noncommunicable diseases has
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been shown to be reliable, eg, inﬂuenza outbreaks, and
kidney stone occurrence.8-14 The Swedish Institute for
Communicable Disease Control has an automated
surveillance system that uses Internet queries on the
medical Web site the Stockholm Health Care Guide for
epidemiologic surveillance.10 The use of Internet data
has also proven to be an effective tool with which to
predict outcome in other ﬁelds, eg, the stock market and
book and movie sales.15-17 Internet use is extensive in
Sweden, Swedish inhabitants use the Internet to the
same extent as they do television,18 and more than
90% of Swedes aged between 16 and 74 years use the
Internet at least once a week.18 Thus, Internet data may
be a feasible surveillance tool for emergency medicine
also.
Importance

A model with which to predict ED visits would enable
better matching of personnel scheduling and ED visits and
Annals of Emergency Medicine 1

Ekström et al

Forecasting Emergency Department Visits

Editor’s Capsule Summary

What is already known on this topic
Several retrospectively created predictive models exist
to predict future demand for emergency services.
What question this study addressed
Does use of trafﬁc measurements from 6 PM to
midnight on a regional Web site, the Stockholm
Health Care Guide, correlate to emergency
department (ED) utilization the following day?
What this study adds to our knowledge
The Web site activity model underestimated the
actual number of ED visits but there was correlation
between them.
How this is relevant to clinical practice
Targeted Internet analytic tools may help to predict
speciﬁc ED utilization. Whether this model can be
translated to other health care systems or regions is
unknown.

thus increase ED throughput to avoid crowding, which
would in turn increase patient safety.1,7 Earlier work in the
ﬁeld has relied on a few independent variables. In this
study, we aimed to use the predictive potential of people’s
behavior on the Internet by using Web site visits in an
attempt to ﬁnd additional factors for predicting ED inﬂow.
Internet data could be monitored in near real time and
sudden and transient changes in peoples’ behavior could
thereby be measured and used to predict ED visits before
such changes are noticed in the ED.
Goals of This Investigation

Our hypothesis is that real-time Internet data can be
used to predict ED visits. The goal of this study was to
investigate whether Web site visits to an online health care
guide (Stockholm Health Care Guide) could be used to
predict ED attendance for the next day.
MATERIALS AND METHODS
Study Design

Models for forecasting the daily number of ED visits
were derived in a retrospective, observational cross-sectional
study and validated with aggregated data collected from
clinical information systems and online Web site statistic
tools. Data were collected for the period August 13, 2011,
to October 31, 2012.
2 Annals of Emergency Medicine

STUDY SETTING AND SELECTION OF
PARTICIPANTS
The study was conducted in Stockholm County, Sweden,
with a population of approximately 2 million inhabitants
and a total of approximately 700,000 ED visits distributed
among 7 hospitals. Stockholm Health Care Guide was the
medical Web site used in the study, is operated by the
Stockholm County Council, and is one of Sweden’s largest
Web resources for medical information (http://www.
vardguiden.se).
Approximately 20% of the patients attending the ED are
triaged as high-priority cases, and approximately an additional
20% seek medical attention because of wounds, fractures, or
other unforeseeable injuries. Thus, approximately 60% of
the cases in the ED in our setting are composed of patients
with needs that are not dependent on immediate care, so they
have time to seek medical information online. This is true in
our setting, as well in others.19-23
Data Collection and Processing

The number of ED visits was collected as anonymized
outcome data from the patient ledger at hospital B ED,
AkuSys (version 5.0f; hospital B, Stockholm, Sweden) and
from the Stockholm County Council data warehouse VAL
(Stockholm regional health care data warehouse). The VAL
database is a comprehensive one for all health care providers
within the Stockholm County region, containing detailed
health care statistics (such as date and type of visit, health
care provider identiﬁcation, and diagnosis at the given visit)
down to the level of individual patients. All contacts with
all health care providers and the corresponding diagnoses
for each visit are stored in VAL, with the exception of those
for a few private clinics that operate without subsidies in
the Stockholm area.24 VAL has coverage of more than 99%
of hospital care in the county.24
The number of patient visits to the ED each hour for
hospital B for the study timeframe was collected from
AkuSys. The number of patient visits to the EDs each day
for hospitals A, C, D, E, and F for the study timeframe was
collected from the VAL database. All somatic ED visits (ie,
including adult, pediatric, and gynecologic) recorded in
AkuSys or the VAL databases for the given timeframe were
included in the current study.
Data for visits to the Web site were collected for each
hour, using the Web site statistic tool Google Analytics. All
visits to the Web site were included, except those that could
not be registered by Google Analytics (eg, if the Web browser
was set to block cookies). The deﬁnition of a visit was the
same as the one used by Google Analytics. The data were
collected for the period of August 13, 2011, to October
31, 2012.
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Figure 1. Mean daily variation of Web site and ED visits at hospital B. Mean number of visits per hour during a day for the training set.

Outcome Measures and Primary Data Analysis

Linear regression has been commonly used for deriving a
prediction model for ED visits and has been regarded as the
standard in comparing different methods.7 Although linear
regression models have been shown inferior to autoregressive
integrated moving average models, for example, we chose the
linear model because the current study has independent
variables that have never been used in modeling. Therefore,
we aimed to test our hypothesis with the most transparent
method.
All data were divided into 2 sets. The training set
contained data from August 13, 2011, to August 12, 2012,
and the validation set contained data from August 13, 2012,
to October 31, 2012. The training set was graphically
analyzed with respect to variation over time and for visual
patterns. The variation on a week-to-week basis was
analyzed for the total number of ED visits in the county,
using ANOVA. Data from hospital B, the largest hospital in
the county, were used to study the hourly variation for ED
visits because the VAL database contains information on the
number of ED visits per day, not per hour. The analysis of
hourly variation showed that both Web site and ED visits
followed the same pattern, except that the Web site visits
had a second peak during the evening (Figure 1), which led
to the assumption that the evening visits to the Web site
contained a predicting factor for next-day ED visits.
Therefore, visits to the Web site during the evening (6 PM to
midnight) were used to predict next-day visits to the ED.
Prediction models for the number of next-day visits to the
ED were derived with linear regression analysis, with the
number of evening Web site visits and the day of the week
as independent variables. This was conducted for each
hospital, as well as for the entire county.
The linear regression model was used to predict the
number of ED visits during the validation period. The
predicted number of visits was compared with the actual
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number measured in the validation set. The mean absolute
percentage error was calculated to evaluate the performance
of the model and was chosen because of its common use for
this purpose in previous studies and for its effectiveness in
describing the accuracy of prediction models.1,7,25 A mean
absolute percentage error value below 10% was considered
as good performance1 because this would be comparable
with other methods already presented. Mean absolute
percentage error was calculated as the mean of all absolute
differences between predicted and measured ED visits,
expressed as a ratio in relation to the measured values.
SPSS (version 20; SPSS, Inc., Chicago, IL) was used.
The level of signiﬁcance was set to 95%, ie, P<.05.
All data were anonymous and aggregated, and analyses
were performed on group level; thus, individuals could not
be identiﬁed. No studies of patient records were performed.
The data used in this study are open to the public by the
Swedish principle of public access to ofﬁcial documents,
and no ethical permit was required.
RESULTS
ED visits for Stockholm County and Web site visits to
the Stockholm Health Care Guide between August 13,
2011, and August 12, 2012 (the training set), are presented
in Figure 2. A seasonal variation with the 3 lowest numbers
of visits around Christmas, New Year, and midsummer
holidays was observed both for the ED visits in Stockholm
County and the Web site visits. A weekly variation with the
highest number of ED visits on Mondays and fewest visits
during weekends was observed (P<.001). The hourly
variation of ED visits to the largest emergency hospital in
the region and Web site visits are presented in Figure 1.
The number of ED visits had a peak at noon and then
slowly decreased during the rest of the day. The hourly
variation for Web site visits differed from the ED visits in
that there was a second peak during the evening (Figure 1).
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Figure 2. Number of visits to the ED in Stockholm County and Stockholm Health Care Guide Web site in the training set.

The result of the linear regression analyses with day of
the week and evening Web site visits as independent
variables and ED visits for each hospital individually and
the county as a whole as dependent variable are presented
in Table 1. The contribution of evening Web site visits as a
predictor was statistically signiﬁcant for all hospitals and the
entire county. The correlation coefﬁcient between ED
visits in the county and evening Web site visits was 0.77
(P<.001) and is shown in Figure 3.
The prediction model derived was in the form
N ¼ a þ bx þ

7
X
i¼1

gi Zi

where N is the predicted number of next-day ED visits, a is
a constant, b is the coefﬁcient of the Web site evening
visits (Table 1), x is number of Web site evening visits,
g is the vector of coefﬁcients of the weekday, and z is the
vector of the day of the week.
The predicted ED visits were compared with the observed
visits for the same period (validation set), and mean absolute
percentage error was calculated (Table 2). The best results
are achieved for the entire county and the largest hospital.
Table 1. Regression analysis for ED visits.*
Dependent Variable,
ED Visits, Hospital
Stockholm County
A
B
C
D
E
F
G

Adjusted R2

Coefﬁcient for
Web Site Visits, b

0.779
0.470
0.670
0.536
0.725
0.518
0.393
0.166

.031
.004
.011
.007
.005
.004
.001
–.002

*Web site visits and day of the week were independent variables in the regression
model.

4 Annals of Emergency Medicine

Predicted and observed values for ED visits are shown in
Figure 4 and Figure E1. The predicted visits follow the
pattern of the measured visits but are commonly lower.
LIMITATIONS
Data were acquired August 11, 2011, to avoid a possible
effect of change in the method for visitor calculation, which
was performed on this date by Google Inc. The intention
was to include all Web site visits to the Stockholm Health
Care Guide during the study period. However, no
information can be registered if the user sets the browser to
block cookies. The effect of this on the current study has
not been possible to measure. Nevertheless, a US study on
Web privacy in 2010 showed that only 3% of Internet
users block ﬁrst-party cookies (used by Google Analytics).26
We therefore assume that the number of people blocking
cookies is small compared with the total number of visits to
the site and therefore should not have affected the results.
Another limitation was the selection of the period, ie, using
Web site visits during 6 hours in the evening for next-day
predictions. Perhaps a better result could have been
achieved if the Web site visits for a different period had
been used. The current model has not taken subgroups of
ED visits into consideration, eg, different age groups or
triage groups. Families with children are more likely to use
the Web for health-related searches than others18; thus,
limiting the model to predicting pediatric ED visits may
prove interesting.
The models depend on the trafﬁc to a single Web
site, Stockholm Health Care Guide, and are therefore
vulnerable to other Web sites competing in the same area of
interest. This is a Swedish study conducted in a single
region in an urban environment and in a health care system
in which all citizens are included in the health care
insurance and have access to the hospital ED. In addition,
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Figure 3. Correlation between evening Web site visits and next-day ED visits in Stockholm County; for the training set, r¼0.77 (95%
conﬁdence interval 0.72 to 0.81).

it was conducted in a country with high Internet use in all
age groups. The results may therefore be limited to similar
settings. The models have not been validated for real-time
use.
DISCUSSION
The current study supports that it is possible to predict
ED visits by using Internet data and is, to our knowledge,
the ﬁrst study to use it to predict ED visits in either a
region or a single hospital. We modeled predictions for ED
visits for an entire region, as well as individual hospitals.
The best result when predicting next-day ED visits for an
Table 2. Mean average percentage error for the individual
hospitals and the entire county.

Hospital

ED Visits/Day*

County
Correlation*

1,895
248
441
348
320
278
91
73

1
0.82
0.88
0.87
0.93
0.84
0.72
0.26

Stockholm County
A
B
C
D
E
F
G

Mean Absolute
Percentage Error
(Max Error %)†
4.8
6.5
5.2
9.5
7.3
6.1
8.7
13.1

(12)
(19)
(14)
(23)
(17)
(17)
(34)
(65)

*ED visits¼mean number of ED visits per day during the training period. County
correlation¼the correlation coefﬁcient between number of visits to a hospital ED and
total number of ED visits in the county the same day during the training period.
†
Minimum error for every model was 0%.

Volume

-,

no.

-

:

-

2014

individual hospital was observed in the model for the
largest hospital in the region. This could imply that a high
patient ﬂow is needed for the model to be accurate, which
is supported by the prediction of visits for the entire county
being superior to that of any individual hospital. We
believe that this study demonstrated proof of principle that
it is possible to predict ED visits according to Internet data.
The current study shows that accurate predictions of ED
visits can be made using Web site visits combined with
calendar data and also when compared with studies based
on regression models including only weather and calendar
variables or time series models.1,25,27,28 Reis and Mandl27
used the time series model autoregressive integrated moving
average to forecast ED daily visits in a large data set during
8 years (1992 to 2000) to trim the model and obtain a
mean absolute percentage error of 9.37%. Kam et al28 used
several variables reﬂecting calendar and weather in a
multivariate model to predict daily ED visits. Their best
model had a mean absolute percentage error of 7.4%. The
current model performs in a comparable fashion, with a
mean absolute percentage error ranging between 5.2% and
13.1% when used to predict visits to a single hospital ED.
This is also comparable with the results obtained by Jones
et al7 when they compared the ability of 6 different models
to predict future visits to the ED, with mean absolute
percentage errors between 8.2% and 15%, depending on
model and hospital. The best mean absolute percentage
error for a daily forecasting model, achieved by Wargon
et al25 by using linear regression with calendar variables,
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Figure 4. Predicted and measured values for all ED visits in Stockholm County. Number of ED visits per day during the validation
period. ED visits declared in thousands.

showed a mean absolute percentage error of 5%. That result
was calculated for the sum of visits per day for 4 hospitals in
the same region. Looking at each hospital in that study, mean
absolute percentage error ranged from 8.1% to 17%. The
current model is as efﬁcient as previous models, as measured
by mean absolute percentage error, in predicting daily ED
visits.1,7,25,27-29 However, previous models assume a
stationary process.1 The potential beneﬁt of the current
model is that it is based on information that reﬂects ongoing
behavioral trends and therefore makes it possible to adapt to
sudden changes in behavior as a consequence or reﬂection of
changes in the surrounding society, and thus has the potential
to better reﬂect changes in visitor patterns to the ED.
A clinical forecasting model for short-term predictions
needs static data (eg, calendar variables) or easily collected
variable data. The current model used only such data, and
using Internet data it is possible to continually direct and
automatically collect data. This makes the models suitable
for clinical implementation and surveillance.
The day of the week has previously shown to be a strong
predictor for ED visits1 and was therefore included in the
current model. Still, the contribution of Web site visits was
signiﬁcant for all hospitals and the county as a whole and
could be the reason for our models’ somewhat better
performance than that of previous regression models based
on calendar data alone,1 although the performance needed
to successfully manage stafﬁng is yet to be determined.
In summary, the current study provides proof of
principle that Internet data can be used to predict ED
visits. This is promising. For this type of information
retrieval to be useful, researchers must be able to predict
ED visits farther in the future than the next day. This may
be possible by further investigating the correlation between
Web site statistics and ED visits, and by including other
variables in the model, eg, primary care visits.
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Figure E1. Predicted and measured values for all hospitals in Stockholm County during the test period, August 14, 2012, to
October 30, 2012. Census is visits per the training set full year. The gray line represents prediction and the black line represents
measured values.
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