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ABSTRACT: There is an urgent need to identify predictors of adverse outcomes and increased health care
utilization in the elderly. The Mayo Ambulatory Geriatric Evaluation (MAGE) is a symptom questionnaire
that was completed by patients aged 65 years and older during office visits to Primary Care Internal
Medicine at Mayo Clinic in Rochester, MN. It was introduced to improve screening for geriatric conditions.
We conducted this study to explore the relationship between self-reported geriatric symptoms and
hospitalization and emergency department (ED) visits within 1 year of completing the survey. This was a
retrospective cohort study of patients who completed the MAGE from April 2008 to December 2010. The
primary outcome was an ED visit or hospitalization within 1 year. Predictors included responses to
individual questions in the MAGE. Data were obtained from the electronic medical record and
administrative records. Logistic regression analyses were performed from significant univariate factors to
determine predictors in a multivariable setting. A weighted scoring system was created based upon the odds
ratios derived from a bootstrap process. The sensitivity, specificity, and AUC were calculated using this
scoring system. The MAGE survey was completed by 7738 patients. The average age was 76.2 % 7.68 years
and 57% were women. Advanced age, a self-report of worse health, history of 2 or more falls, weight loss,
and depressed mood were significantly associated with hospitalization or ED visits within 1 year. A score
equal to or greater than 2 had a sensitivity of 0.74 and specificity of 0.45. The calculated AUC was 0.60. The
MAGE questionnaire, which was completed by patients at an outpatient visit to screen for common geriatric
issues, could also be used to assess risk for ED visits and hospitalization within 1 year.
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Aging is associated with a higher burden of disease,
disability, and complex medical needs. In order to
effectively address these concerns, screening strategies
that identify issues that affect the quality of life and health
outcomes in the elderly are needed. Health care providers
are keenly interested in identifying predictors of adverse
health outcomes such as emergency department (ED)
visits and hospitalizations in the elderly. This interest,
largely due to an increase in the aging population, is
further driven by the Affordable Care Act which provides
impetus to contain costs and reduce avoidable hospital
readmissions [1]. Previous studies have examined

predictors for increased health care utilization and adverse
outcomes and introduced instruments, which incorporate
factors such as medical complexity, self-rated health,
previous utilization, and socioeconomic and functional
status, to assess this risk in different settings [2-7]. Falls,
urinary incontinence, vision and hearing difficulties,
weight loss, depression, poor memory, and poor self-rate
of health are common geriatric issues which deeply affect
the quality of life in the elderly. Relatively little
information is available on these geriatric syndromes as
risk factors associated with hospitalization or ED visits,
especially among the elderly living in the community.
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These conditions may place them at increased risk for
adverse outcomes because they cause direct health decline
or serve as markers for overall frailty [8].

The Mayo Ambulatory Geriatric Evaluation (MAGE)
is a clinical instrument that was introduced in 2007 in the
Division of Primary Care Internal Medicine (PCIM) at
Mayo Clinic in Rochester, MN, to improve screening for
common geriatric conditions in the outpatient
environment. It was a questionnaire completed by patients
aged 65 years and older during the office visit with their
provider. It included questions related to vision, hearing,
weight loss, mood, falls, incontinence, self-report of
health, and memory. It was intended that a positive screen
would be addressed during the visit by the patient’s
primary care provider. The purpose of this study was to
examine the relationship between responses to the MAGE
questionnaire and hospitalization and/or ED visits within
1 year.

MATERIALS AND METHODS
Study design and subjects

This was a retrospective cohort study of the records of
patients aged 65 years and older. The study was approved
by the Mayo Clinic Institutional Review Board. The
setting was an academic internal medicine primary care
practice at a single location in Rochester, MN. The
records of patients who had completed the MAGE
questionnaire survey as part of their clinical care process
between April 2008 and December 2010 were reviewed.
Those who had declined consent for research were
excluded.

MAGE instrument

The MAGE questionnaire was developed by geriatricians
in the Division of PCIM at Mayo Clinic in Rochester,
MN, to improve the current clinical practice in providing
care to the geriatric population. The domains were
selected to identify geriatric symptoms that were common
and could potentially have significant effects on quality of
life and outcomes and may be missed during a routine
appointment. Questions for each domain were selected by
consensus, drawing from clinical experience and
expertise. The emphasis was to keep the questionnaire
high yield, yet brief and simple, with minimal time burden
to patients or providers. Completion of the survey was
incorporated as the standardized rooming process for
geriatric patients aged 65 and older using interpreters if
needed. This was done either in the waiting room or the
exam room prior to the provider visit. In this clinic,

patients are required to check in 20 minutes prior to the
visit with the provider and the survey was completed
during that time. The rooming staff and providers were
available to assist in completing the survey if patients and
their families were unable to complete the survey on their
own. No patients were excluded because of language
barriers, age, cognitive status, or morbidity. This study is
a retrospective analysis of this clinical process.

Variables

The primary outcome variables of hospitalization and/or
ED visit within 1 year of completing the survey were
obtained from the electronic medical record (EMR) and
administrative data. Emergency department visits were
determined by identifying the record of service provided
in the ED. Patients deemed to have been hospitalized had
a hospital admit note and dismissal summary entered in
the EMR. Death information was obtained from the
patient clinical record.

Responses to the individual questions on the MAGE,
age, and gender were used as predictor variables. This
information was obtained from the EMR. Age was
reported both as a continuous and categorized variable.
The survey included questions pertaining to unintentional
weight loss in the last 3 months, history of 2 or more falls
in the past year, being hurt in a fall in the past year, vision
difficulty, hearing difficulty, being sad or depressed,
urinary incontinence, incontinence severe enough for
treatment, and self-rated health compared to peers. The
clock draw test completed by the patient was not included
for analysis due to lack of standardization in interpretation
and charting.

Analysis

The most recently completed survey was used for
individuals who completed multiple MAGE surveys over
3 years. Mean and standard deviation for continuous data
or frequency (percentage) for categorical data were
tabulated for each question on the MAGE survey. We
used a logistic regression analysis on hospital admissions
and ED visits to develop a scoring mechanism using the
bootstrap method. This method drew repeated samples of
the same size from 7738 patients with replacement 2000
times. The odds ratio (OR) of the bootstrap method was
the average OR from these 2000 simulations. The score
for each predictor came after rounding off the OR to an
integer and included those that retained a 0.05
significance level over 50% of the time. Those with
missing responses were excluded from analysis.
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RESULTS

During the specified time frame, 12,157 MAGE surveys
were completed by 7738 patients. The average age was
76.2 & 7.68 years and 57% were women. The descriptive
results are summarized in Table 1.

Of 7738 patients, 2674 (34.6%) had the combined
outcome of hospitalizations or ED visits within 1 year of
completing the MAGE survey. On unadjusted univariate
analysis, a positive response to any of the questions in the
MAGE survey was significantly associated with
combined outcome (Table 2). Worse self-rated health and

a history of 2 or more falls in the past year were the most
significant univariate predictors. The average age of the
group with the combined outcome of hospitalization or
ED visit within 1 year was 78.05 years (SD = 7.87 years)
compared to 75.15 years (SD £ 7.39 years) in the group
without this outcome. In the group with the combined
outcome, 9% rated their health as worse compared to 4%
in the group without this outcome (OR 2.55; 95% CI,
2.10-3.10). The other significant factor on univariate
analysis was a history of 2 or more falls in the past year
with an OR of 2.09 (95% Cl, 1.83-2.40).

Table 1. Demographics and results of the MAGE survey

Variable

Overall (N=7738)

Age, y mean (+ SD) 76.2 (+7.68)
Female, n (%) 4395 (57)
Male, n (%) 3343 (43)
MAGE Questions, n (%)
History of weight loss in last 3 months 598 (8)
History of 2 or more falls in past year 962 (12)
History of being hurt in fall in past year 930 (12)
Difficulty with vision 1526 (20)
Difficulty with hearing 3105 (41)
History of being sad or depressed 864 (11)
History of unintended urinary leakage 3147 (41)
History of urinary leakage severe enough to seek treatment 626 (9)
Rate your health compared to others in your age group
Better 3484 (45)
Same 3487 (45)
Worse 432 (6)
Missing 335(4)

MAGE: Mayo Ambulatory Geriatric Evaluation

In the multivariable model to determine predictors
for combined outcome, age, gender, and responses to
MAGE questions were included (Table 3). Age 80 or
above was the most significant predictor with an OR of
229 (95% CI, 1.98-2.64). Worse self-rated health
remained a strong predictor associated with the combined
outcome of ED visit or hospitalization within 1 year with
an OR of 2.11 (95% Cl, 1.70-2.63). A history of 2 or more
falls was also significant with an OR of 1.63 (95% ClI,
1.38-1.93). A history of weight loss or depressed mood
was significant to a lesser extent. Gender, hearing loss,
vision difficulties, incontinence, and history of being hurt
in a fall did not remain significant on multivariable

testing. Based upon the OR derived from the bootstrap
method, a weighted scoring system was created with a
single point each for age 70-74 years, history of weight
loss, and depressed mood; and two points each for age 75-
79 years, age 80 years or above, worse self-rate of health,
and a history of 2 or more falls. Participants could have a
score from zero (none of the above) to a maximum of
eight points. The sensitivity, specificity, and area under
the curve were created using this scoring system to predict
a combined outcome of hospitalizations or ED visits. The
calculated area under the curve was 0.60. A score =2 had
a sensitivity of 0.74 and specificity of 0.45. The individual
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Table 2. Univariate predictors of the combined outcome of ED visit or hospital admission within 1 year

ED visit or Hospitalization within 1 year

ED visit/
Variable No ED visit/ Hospitalization
Hospitalization within 1 year OR & 95% ClI

(N=5064) (N=2674) OR Lower  Upper P value

Age, y, mean (£SD) 75.15 (£7.39) 78.05 (£7.87) 1.05 1.04 1.06 <.0001

Male, n (%) 2175 (43) 1168 (44) 1.03 0.94 1.13 0.5375
MAGE survey, n (%)

History of weight loss in last 3 months 335(7) 263 (10) 1.54 1.30 1.82 <.0001

History of 2 or more falls in past year 481 (10) 481 (18) 2.09 1.83 2.40 <.0001

History of being hurt in a fall in past year 528 (11) 402 (15) 1.52 1.32 1.74 <.0001

History of difficulty with vision 913 (18) 613 (23) 1.35 1.21 1.52 <.0001

History of difficulty with hearing 1935 (39) 1170 (44) 1.25 1.14 1.38 <.0001

History of being sad or depressed 469 (9) 395 (15) 1.72 1.49 1.98 <.0001

History of unintended urinary leakage 1994 (40) 1153 (44) 1.17 1.07 1.29 0.0011

History of urinary leakage severe enough to 360 (7) 266 (11) 1.45 1.23 1.71 <.0001

see treatment
Rate your health compared to others: Worse 192 (4) 240 (9) 2.55 2.10 3.10 <.0001

ED: Emergency department; MAGE: Mayo Ambulatory Geriatric Evaluation; OR: Odds Ratio; CI: Confidence Interval

and combined outcomes based on the scoring system are
shown in Table 4.

DISCUSSION

In this retrospective study of 7738 elderly patients
presenting for outpatient primary care visits, we found
that the MAGE questionnaire could be used to screen for
common geriatric issues. We also found that in addition
to advanced age, a self-report of worse health, history of
falls, weight loss, and depressed mood in the MAGE
questionnaire  were significantly associated with
hospitalization or ED visits within 1 year.

Previous studies have shown that geriatric screening
and risk assessment can have high detection rates and help
to identify high-risk elderly who may benefit from
targeted interventions in different settings [9-11]. The
results of this study are similar to other validated
instruments that evaluate risk, but some important
differences should be highlighted. The Ambulatory Care
Group (ACG) system predicts utilization of ambulatory
health services by classifying patients into one of 51 ACG
categories based on age, gender, and ICD9 coding
diagnoses [4]. The Probability for Repeated Admissions
(Pra), a well-validated screening tool derived from
noninstitutionalized elderly patients, uses self-rated
health, medical and social history, functional status, and
previous pattern of health care utilization to predict

repeated hospitalization over 4 years [2]. Other studies
have used mailed questionnaires to determine predictors
in this population quoting variable response rates [3, 12,
13]. In our institution, screening instruments derived from
administrative data on comorbid status and previous
health care utilization, such as the Elder Risk Assessment
have been successfully used to identify high-risk elderly
who have previously been hospitalized [6, 7]. Although
screening at the time of hospitalization or care transitions
is valuable to prevent future events, there may be a risk of
overestimating some risk factors while a patient is
hospitalized. In contrast to these, the MAGE was
completed as a part of the clinical care process at the time
of their outpatient appointment by all community-
dwelling elderly who sought primary care irrespective of
their previous hospitalization status. It included patient
self-report of geriatric symptoms as well as self-
assessment of their health, and we found that their
responses could be used to identify those at increased risk
for ED visits and hospitalizations in 1 year.
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Table 3. Multivariable model for predictors of ED visit or hospitalization within 1 year of completing the MAGE

From single run

From simulations

95% CI
Standard Parameter Estimate OR Lower Upper P value Estimate OR Score
(Average)

Intercept -1.367 <.0001
Male 0.080 1.08 0.97 1.21 0.1483 0.085 1.09
Age 70-74 0.287 1.33 1.14 1.56 0.0004 0.284 1.33 1.000
Age 75-79 0.608 1.84 1.56 2.16 <.0001 0.601 1.83 2.000
Age 80 or more 0.826 2.29 1.98 2.64 <.0001 0.822 2.28 2.000
History of weight loss in last 3 0.210 1.23 1.02 1.49 0.0286 0.217 1.24 1.000

months
History of 2 or more falls 0.487 1.63 1.38 1.93 <.0001 0.486 1.63 2.000
History of being hurt in a fall 0.105 1.11 0.94 1.32 0.2244 0.106 1.11
History of difficulty with vision 0.075 1.08 0.94 1.23 0.2681 0.073 1.08
History of difficulty with hearing 0.070 1.07 0.96 1.20 0.2102 0.068 1.07
History of being sad or depressed 0.272 1.31 1.11 1.55 0.0011 0.273 1.31 1.000
History of unintended urinary -0.053 0.95 0.85 1.06 0.3689 -0.052 0.95

leakage
Hlic(’)rgg‘l)lft‘:g{(ytiﬁégeifevere 0.149 1.16 0.96 1.41 0.1348 0.146 1.16
Worse self-rated health 0.748 2.11 1.70 2.63 <.0001 0.760 2.14 2.000

ED: Emergency department; MAGE: Mayo Ambulatory Geriatric Evaluation; OR: Odds Ratio; Cl: Confidence Interval

On evaluating the predictors individually, we found
that a self-report of worse health compared to peers was a
strong predictor of hospitalization and/or ED visit in our
population. Self-rated health is a well-known predictor for
adverse outcomes in the elderly. Patient perception of
their health status is an important component of the Pra
instrument, a widely used geriatric tool that has been
validated in several populations [2, 3, 12, 14, 15]. Self-
rated health is also a component of the Vulnerable Elders
Survey, a tool which was originally designed to identify
elderly at higher risk of death and functional decline but
has also been shown to predict increased health care
utilization [16, 17]. A poor self-rated health may reflect
medical complexity and greater need for health care
services. Finding a worse self-rated health as a strong
predictor of hospitalization and ED visits in the MAGE
survey confirms its significance in the ambulatory
population.

A history of 2 or more falls in the previous year was
also an important risk for hospitalization and ED visits
within 1 year. Falls are common. It is estimated that one
in three adults aged 65 and older fall each year. Falls are
a leading cause of injury and death from unintentional
injury in patients over the age of 65 [18]. In 2010, 2.3
million nonfatal injuries among older adults were treated
in the ED; of these 662,000 were hospitalized [19]. Recent
research suggests that there may be primary care
interventions that can reduce falling among the elderly
[20]. Despite this, patients often do not discuss falls with
their providers, and there is a lack of awareness among
providers regarding inquiring about this important
geriatric issue. The results of this study highlight the
importance of falls in affecting health outcomes in the
elderly.
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Table 4. Results of the score system from the logistic model to predict ED visits and/or hospitalizations within 1

year of completing MAGE

MAGE Score
0 1 2 3+
Variable (N=1391) (N=1403) (N=2881) (N=1565) P value
ED visits, n (%) 216 (16) 283 (20) 895 (31) 695 (44) <.001
Hospitalization, n (%) 170 (12) 214 (15) 684 (24) 562 (36) <.001
ED visit/hospitalization, n (%) 289 (21) 358 (26) 1043 (36) 784 (50) <.001
ED: emergency department; MAGE: Mayo Ambulatory Geriatric Evaluation
Another predictor for adverse outcomes in this study  difficulties and urinary incontinence. While not

was a history of unintentional weight loss. Elderly are at
risk for malnutrition [21]. Weight loss is an important
component of many nutritional screening instruments
such as the Subjective Global Assessment and the Mini
Nutritional Assessment [22, 23]. Serious medical illness
or psychiatric conditions may put patients at risk for
malnutrition as well as adverse health outcomes. Weight
loss is a component of the phenotype of frailty [24] which
may also explain hospitalizations and ED visits. Unless
screened for, neither the patient nor provider may bring
up weight loss if the visit is for unrelated issues.

A history of feeling sad or depressed also remained
significant. This is in concurrence with previous work that
has shown a history of depressive symptoms to be
associated with increased health care utilization [25, 26]
and unplanned readmissions in the elderly [27].
Depressed mood may impact the ability to care for oneself
which may lead to ED or hospitalization for these issues.
A recent Morbidity and Mortality Weekly Report released
by the Centers for Disease Control and Prevention reports
a prevalence rate of 6.9% for any depression in US adults
aged 65 and older [28]. We found that 11% of those
completing the survey reported a sad or depressed mood,
thus underscoring the need to screen for mood concerns
in this population.

Lastly, in the current push to contain costs, research
on elderly patients is often focused on survival and health
care utilization. However, symptoms that affect quality of
life also need to be addressed. A recent study has reported
that although screening detected unidentified problems in
general practice there were differences in the importance
of problems as perceived by the provider and the patient
[29]. The MAGE survey had high detection rates of
common geriatric problems such as vision and hearing

significant predictors of an ED visit or hospitalization in
this study, these issues are important for the quality of life
for elderly patients, and unless screened for, they may be
accepted by the patient as a part of aging and overlooked
by providers.

Strengths and limitations

The MAGE survey was completed by patients at the time
of their office visit as a part of their clinical care process.
Thus, the information was accurate and up to date. Since
completion of the survey was required as a part of the
standardized rooming process without exclusions and a
part of routine clinical care, we believe that the number of
persons who did not complete the survey would be small.
However, exact numbers for missing surveys are not
available. Additional strengths include the number of
patients and incorporation of patient self-report of their
symptoms as predictors rather than billing or other
administrative data. We performed quality checks at
critical junctures to ensure accuracy and enhance validity.
A limitation of this study is its retrospective design;
however, use of the unified EMR enhances the accuracy
of the hospitalizations and ED visits. It is possible that
some hospitalizations or ED visits were missed if patients
sought care outside of our medical institution. Another
weakness in the study is that despite changing
demographics in the United States, the population in this
county is largely Caucasian, and minority segments may
not have been as well represented [30]. Our institution is
a tertiary care center, but the Division of PCIM serves
only the local population of Olmsted County, MN, and
surrounding areas, thus minimizing referral bias.

Aging and Disease * Volume 6, Number 3, June 2015

193



A. Chandra et al

Geriatric Screening and Risk Assessment

Medical comorbidity, functional status, and previous
ED visits and hospitalization were not included as
predictors in this study. Each of these is known to have
significant impact on the outcomes we were studying, so
this is a limitation of this study. The MAGE survey was a
clinical questionnaire introduced to improve geriatric
screening in our practice. To keep this process efficient
and less burdensome to patients and providers, this survey
did not require the patient to list their medical diagnoses
or previous ED visits or hospitalizations. This study is a
retrospective analysis of this process. The Charlson
comorbid index scores and previous hospitalization and
ED visits could be accessed from administrative databases
and chart review. However, we opted to not use these
since this information cannot be easily provided by the
patient at the time of an office visit and our goal was to
study the utility of MAGE as a patient-reported survey.

This is a single institution study. Further research is
needed to validate these results and determine if they are
applicable to other populations and different settings such
as nursing homes and assisted living facilities. Future
studies could be undertaken to explore whether such
geriatric screening can be used to predict other adverse
outcomes such as placement in a skilled nursing facility
or fall-related injuries. Prospective research is also needed
to explore if interventions on predictors such as falls and
depression can impact outcomes.

In summary, with this retrospective study of 7738
elderly patients presenting for outpatient primary care
visits, we found that responses to a short survey
completed by the patient at the time of their office visit to
screen for common geriatric conditions could also be used
to assess risk for adverse outcomes such as ED visits or
hospitalization within 1 year. A worse self-reported
health, advanced age, and history of 2 or more falls
strongly predicted ED visits and hospitalization within 1
year. Future studies are needed to confirm these results
and explore their applicability in other settings.
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