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OBJECTIVES: To investigate whether health-related quality-
of-life (HRQoL) scores in a primary care population can be
used as a predictor of future hospital utilization and mor-
tality.

DESIGN: Prospective cohort study measuring Short Form
12 (SF-12) scores obtained using a mailed survey. SF-12
scores, age, and a comorbidity score were used to predict
hospitalization and mortality rate using multivariable lo-
gistic regression and Cox proportional hazards during the
ensuing 28-month period for elderly patients.

SETTING: Intermountain Health Care, a large integrated-
delivery network serving a population of more than
150,000 seniors.

PARTICIPANTS: Participants were senior patients who
had one or more chronic diseases, were community dwell-
ing, and were initially treated in primary care clinics.

MEASUREMENTS: SF-12 survey Version 1.

RESULTS: Seven thousand seventy-six surveys were sent
to eligible participants; 3,042 (43%) were returned. Of the
returned surveys, 2,166 (71%) were complete and score-
able. For the respondent group, a multivariable analysis
demonstrated that older age, male sex, higher comorbidity
score, and lower mental and physical summary measures of
SF-12 predicted higher mortality and hospitalization. On
average, nonresponders were older and had higher comor-
bidity scores and mortality rates than responders.

CONCLUSION: The SF-12 survey provided additional
predictive ability for future hospitalizations and mortality.
Such predictive ability might facilitate preemptive inter-
ventions that would change the course of disease in this
segment of the population. However, nonresponder bias
may limit the utility of mailed SF-12 surveys in certain
populations. J Am Geriatr Soc 54:667–673, 2006.
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Measures of self-perceived health status can be used to
evaluate multiple dimensions of the burden of dis-

ease and the effect of specific treatments over time. Health-
status measures can also play a role in patient assessment.
Measurement tools such as the Short Form 12 (SF-12) or
Short Form 36 (SF-36) are widely used, because they are
brief yet comprehensive, readily available, psychometrical-
ly sound, and of proven usefulness in measuring and mon-
itoring health status in general and specific populations.1

As the average age of the population increases and
healthcare costs rise, there has been increased consideration
of how to predict which segments of the population might
benefit from focused allocation of resources to mitigate
worsening health status. Health-related quality-of-life
(HRQoL) surveys have been found to be useful in predict-
ing costs,2 future mortality, and hospitalization3–8 in spe-
cific patient populations. In these studies, the predictive
value of HRQoL extended beyond traditional models of
prediction, including comorbidity and case-mix scores.
Whether administration of HRQoL survey might further
identify individuals at risk for death and hospitalization
within a large, general population of seniors who had at
least one chronic illness was questioned.

Questions also remain about the best way to distribute
such surveys across a large population. One study compared
administration of the SF-36 test via telephone, face-to-face
interviews, and a mailing.9 Mailing the self-administered
surveys provided the ability to reach a widely dispersed
population sample simultaneously at a relatively low cost.
Some authors have found that face-to-face administration
results in higher scores, possibly from the subjects’ desire to
please, and have concluded that individuals will be more
honest in their answers when the survey is self-adminis-
tered.10 If prediction across a broad population is to be suc-
cessful, respondents must provide accurate answers, and any
biases in nonrespondent groups must be understood.
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At Intermountain Health Care, a large integrated-
delivery network serving a population of more than 1 mil-
lion Utahans and more than 150,000 seniors, interventions
designed to improve the care of seniors and patients with
chronic illnesses are being evaluated. (See www.intermoun-
tainhealthcare.org/cmt for details.) As part of efforts to focus
resources on at-risk patients, the SF-12 survey was mailed to
a set of community-dwelling elderly patients with at least
one chronic disease to assess their current health status. It
was hypothesized that lower mental and physical SF-12
scores would predict higher hospital utilization and mortal-
ity rates in this broad population over the following 2 years,
even after adjusting for important predictor covariates. This
study provides information about the diagnostic usefulness
of the SF-12 as a predictor of future utilization and the po-
tential response bias from mailing SF-12 surveys to seniors.

METHODS

Patient Selection and Eligibility Criteria

To help select community-dwelling patients with one or
more chronic illnesses who would receive a survey, a comor-
bidity-scoring algorithm based upon billing codes associated
with ambulatory visits for senior patients from 1998 to 2001
was used. The comorbidity score was generated by adapting
methods of Charlson11 and Deyo12 to an administrative data
set with the study population through revalidation. Initial
score creation took place by identifying the combined set of
conditions used by both groups; detecting the presence of the
conditions in patients by matching a set of predefined Inter-
national Classification of Diseases, Ninth Revision, codes11

to Medicare billing data generated in 2 years; and weighted
calculation by determining the odds of death for a randomly
selected half of the population during the following year and
using the rounded odds ratio (OR) as a weight. Multivariable
logistic regression was used to create the weights and account
for multiple co-occurring conditions. Validation took place
by weighting conditions in the other half of the population
and testing for relationship to death and hospital admission.
There were 152,163 beneficiaries with 2,525,663 encounters
in the data set used to create the weights for the comorbidity
score. A monotonic relationship between comorbidity score
and both death and hospitalization was found in the vali-
dation set. The comorbid conditions and their weights are as
follows: peripheral vascular disease, rheumatic disease, myo-
cardial infarction, chronic obstructive pulmonary disease,
and diabetes mellitus without complications received a
weight of one; acute liver disease, diabetes mellitus with
complications, malignancy (excluding solid tumor), hemi/
paraplegia, and renal disease were weighted as two; chronic
liver disease, congestive heart failure, and solid tumor were
weighted as three; and dementia was weighted as four. Co-
morbid scores ranged from 1 to 13, with a higher score rep-
resenting a greater burden of disease.

Patients who received the survey met the following el-
igibility criteria. They had seen their primary care provider
within 14 months, had a comorbidity score of 1 or higher,
were enrolled in Medicare, and were living outside of an
institution as of September 2002. Surveys were sent out in
May 2002, and the survey return period ended September
2002. Addresses were rechecked in 2004, and those who
had moved or died before the end of the survey return

period were excluded from analysis. From a set of 96,950
patients aged 65 and older, 7,076 surveys were sent to el-
igible patients. Figure 1 displays response rates and reasons
for exclusion. Patients were encouraged to ask family mem-
bers for help in filling out the survey. The mailed survey was
formatted for senior patients, and the patient received only
one mailing or contact, as mandated by the local admin-
istration. The local institutional review board approved the
study, and consent was obtained from patients in the course
of mailing the survey.

Predictor and Outcome Variables

Several hypothesized predictor variables in the model were
identified. For HRQoL, the two summary scores from the
SF-12 (the Mental Component Score (MCS) and Physical
Component Score (PCS)) were used.13,14 The PCS and MCS
summary scores were created using norm-based methods
that standardize the scores to a mean of 50 and a standard
deviation of 10 in the general 1998 U.S. population, with
higher scores indicating better self-perceived health. Other
predictive covariates in the analysis were age at survey
mailing (May 1, 2002), sex, and comorbidity score. Out-
comes were death within 28 months as reported in the Utah
Bureau of Vital Statistics and first hospitalization within 28
months as billed to Medicare. For logistic analyses, both
were measured dichotomously. For the survival analyses,
both were measured as time until outcome (if present) from
the date of survey mailing. Population norms for death rate
were generated from age- and sex-specific summary data at
the Utah Department of Health.15

Statistical Analyses

To address the possibility of response bias, responders and
nonresponders were compared using Student t test for

All patients ≥ 65 in 
data warehouse as of 

12/01 
N = 96,950

Prescreening exclusion 
N = 89,874 

- if died prior to 9/02 
- if living in institution 

- if comorbid score < 1 
- not seen in last 14 

months by PCP
Survey sample size 

N = 7,076 
(7.2% of 96,950)

Respondents 
N = 3,042 

(43% of 7,076)
Excluded: 

incomplete forms 
N = 876

Final survey count 
N = 2,166 

(31% of 7,076)

Figure 1. Population screening and survey return rates.
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continuous variables (age and comorbidity score) and chi-
square test for dichotomous variables (sex, hospitalization,
and death).

Single-variable analyses were used to evaluate the abil-
ity of each covariate to predict mortality or hospitalization.
All variables that were significant in single-variable testing
or are common important covariates (e.g., sex) were en-
tered into the multivariable model. For the continuous var-
iable age, the respondents were grouped in 5-year age
intervals, PCS and MCS scores were grouped based on the
quartiles of the 1998 U.S. aged 65 to 74 scoring distribu-
tion, and comorbidity scores were grouped into four cat-
egories (low, low-moderate, high-moderate, and high)
based on the distribution of the sample population. The
multivariable logistic regression allowed adjusted ORs to
be computed for each of the covariates. Survival analysis
using Cox proportional hazards methods was used to build
survival curves and compute hazard rate ratios for the pre-
dictive value of the SF summary scores and other covariates
for mortality and hospitalizations over time. No therapeu-
tic interventions based on predictive measures were per-
formed on the study population during the period of
investigation. Calibration and discrimination of the logistic
regression models were tested using the c statistic and the
Hosmer-Lemeshow (H-L) test. Cox models were evaluated
by assessing the proportional hazards assumption using a
supernum test based on cumulative sums of Martingale re-
siduals. SAS software version 9.1 was used to perform all
statistical analyses (SAS Institute, Inc., Cary, NC).

RESULTS

Response Rates and Responder Bias

Of the 7,076 surveys mailed to eligible patients, 3,042 (43%)
were returned. Excluding incomplete forms (n 5 876),
2,166 (31%) eligible forms could be scored. The number of
incomplete forms included respondents who did not com-
pletely fill out the survey and those who completely filled out
the survey but did not sign the necessary consent form.

To better understand the nonresponders, an analysis
based on data from Medicare records was performed to
compare the results of nonresponders and responders. Table
1 contains a comparison of their demographics, comorbidity

scores, and subsequent deaths and hospitalizations. Nonre-
sponders had a significantly higher burden of disease, were
older, and had higher odds of death in the subsequent period
than responders. The mortality rates for the responder group
(15.3%, P 5.07) and the nonresponder group (20.1%,
Po.001) were higher than the age- and sex-adjusted death
rate at 28 months for Utahans as a whole (13.7%). The
higher rate is likely due to a utilization bias, with patients
seeking health care being more likely to be ill than the gen-
eral population, even those aged 65 and older.

Prediction of Death: Single-Variable and Multivariable
Models

In single-variable logistic analysis for death, each of the
covariates (age group, comorbidity score, and the two SF-
12 summary scores) was statistically significant, with the
exception of sex (P 5.36), although sex was entered into
the multivariable model and proved to be significant in the
multivariable case. A multivariable logistic analysis con-
trolling for age, sex, and comorbidity score demonstrated
persistence of the predictive value of the physical and men-
tal subscores for death or hospitalization over the 28-month
study period. Table 2 shows the adjusted ORs computed for
the covariates used in the multivariable model. For the SF-
12 subscores, the OR for death in the lowest PCS group
versus the highest PCS group was 6.25 (95% confidence
interval (CI) 5 1.95–20.06). The OR for respondents in the
lowest MCS group versus the highest MCS group was 2.52
(95% CI 5 1.74–3.64). For covariates, men’s odds of death
over the study period were 1.40 times (95% CI 5 1.06–
1.84) the odds of women, whereas respondents with co-
morbidity scores of 6 or higher had 2.12 times (95%
CI 5 1.39–3.23) the odds of death as those with a comor-
bidity score of 2 or less.

Prediction of Hospitalization: Single-Variable and
Multivariable Models

All survey respondents who died before September 9, 2004,
(n 5 267) were removed from the logistic analyses for hos-
pitalizations. Single-variable and multivariable analyses
demonstrated increasing odds of hospitalization as the
mental and physical scores decreased and the comorbidity
score increased. The increase in odds of hospitalization for
the SF-12 PCS and MCS scores was less than that for death,
but both were significant when comparing the lowest and
highest PCS and MCS score groups. Patients with comor-
bidity scores of 6 or higher had 1.94 times the odds of
admission as those in the lowest group. Higher odds of
mortality and hospitalization were observed in the older age
groups, whereas sex was a significant predictor for death
but not for hospitalization. Model calibration and discrim-
ination were acceptable for both models (death: c 5 0.77;
H-L P 5.98; hospitalization: c 5 0.64; H-L P 5.46).

Survival Analysis for Death and Hospitalization

Survival analysis using Cox proportional hazards revealed
significant differences in mortality and hospitalization over
time between the different PCS and MCS groups, as shown
in Figure 2. For those in the low PCS group, the risk of death
was 5.99 times (95% CI 5 1.90–18.95) as great as that of
those in the high PCS group (Figure 2A). Respondents in the

Table 1. Characteristics of the Responder and Nonre-
sponder Groups

Chracteristic
Responder
(n 5 3,042)

Nonresponder
(n 5 4,034)

Age
Mean � SD 77.9 � 6.8 78.3 � 7.3�

�85, % 15.8 20.1�

Male, % 45.1 45.7
Comorbidity score,
mean � SD

3.5 � 1.7 3.7 � 1.9�

Died (at 28 months), % 15.3 20.4�

Hospitalized (at 28 months), % 44.5 45.2

� Statistically significant (Po.05) differences between the two groups.
SD 5 standard deviation.
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low MCS group had 2.30 times (95% CI 5 1.64–3.22) as
great a risk of death as those in the high MCS group (Figure
2B). The PCS groupings reveal virtually no difference in the
hazard functions of the two highest PCS quartile groups,
although individuals with PCS scores in the range of the first
and second quartiles had a greater risk of mortality over
time than those with PCS scores in the first two quartiles.
Like the PCS curves, the third and fourth MCS quartile
groups appear to merge in Figure 2B, indicating poor dis-
crimination between the hazard functions of these two
groups, although they are separate from the first and second
MCS quartile groups. As with the logistic analysis, the dif-
ference in MCS mortality was clear in the fourth quartile
versus the first and second quartiles but not in the fourth
versus the third quartile.

Low PCS and MCS scores and high comorbidity scores
predicted shorter time until hospitalization, as shown in
Figure 2C and D. The lowest PCS score group had 2.64
times the hazard rate ratio of hospitalization as the highest
PCS score groups (Po.001), whereas the lowest MCS
group had 1.40 times the hazard rate of the highest group
(Po.001). The group with the highest comorbidity scores
had 1.68 times the hazard rate ratio as the group with the
lowest (Po.001). Figure 2C, the survival curve for the three
PCS groups, shows a stable distribution of hospitalizations
over time; the four groups separate almost immediately and
remain so throughout the study period. For Figure 2D, there

is little differentiation between the third and fourth quar-
tiles but obvious separation from the lower two quartiles.

DISCUSSION

This study has demonstrated that self-reported health status
independently predicts hospitalization and mortality in
patients. When used in conjunction with other predictors,
the SF-12 provided additional value in the prediction of
outcomes. A significant response bias was not found; on
average, responders were younger and healthier than non-
responders and therefore less likely to die over the follow-
up period. Despite this bias, the results are useful, because
even the responders were at higher risk of death and hos-
pitalization than the general population of seniors, and the
power of the SF-12 to detect increased risk within this pop-
ulation was substantial.

Currently, health-status surveys are rarely used in clin-
ical practice, especially for prediction of utilization. In part
because of the fragmented and reactive nature of the U.S.
healthcare system, population management through pre-
dictive models is still rare. With specific feedback on pa-
tients’ physical and mental performance, it might become
much easier for healthcare providers to focus a care-
management system, such as geriatric care teams, on pop-
ulations at risk of hospitalization or death. Because
resources are limited, focusing the intervention on the

Table 2. Multivariable Logistic Analyses for Prediction of Death or Hospitalization in Community-Dwelling Older People

Variable

Outcome

Death (n 5 2,166) Hospitalization (n 5 1,899)

Adjusted Odds Ratio P-value

Primary association testing: Medical
Outcomes Survey Short Form-12 Scale

Physical Component Score Quartile
4 (453.16) 1.0 (referent) 1.0 (referent)
3 (45.55–53.16) 1.34 .67 2.06 .002
2 (36.83–45.54) 3.23 .06 2.20 o.001
1 (o36.83) 6.25 .002 3.03 o.001

Mental Component Score Quartile
4 (458.46) 1.0 (referent) 1.0 (referent)
3 (53.99–58.46) 1.21 .44 1.05 .73
2 (45.15–53.98) 1.75 .01 1.20 .20
1 (o45.15) 2.52 o.001 1.55 o.001

Important covariates
Male 1.40 .02 1.14 .18
Age

65–69 1.0 (referent) 1.0 (referent)
70–74 1.15 .66 0.83 .23
75–79 2.21 .007 1.12 .47
80–84 2.98 o.001 1.14 .42
�85 4.93 o.001 1.32 .15

Comorbidity score
Low (�2) 1.0 (referent) 1.0 (referent)
Low-moderate (3) 1.30 .20 1.37 .01
High-moderate (4–5) 1.85 .001 1.46 .004
High (�6) 2.12 o.001 1.94 o.001
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population most likely to benefit is an important first step.
It remains to be seen whether improved resource alloca-
tion efficiency could forestall death or hospitalization,
but the sharpened focus may produce significant benefits.
For instance, patients not able to complete regular daily
activities as a result of emotional or physical problems
(as recorded on the SF-12) might be proactively triaged into
a care-management system, which could mitigate the func-
tional problem. In addition, quality-of-life measures may
help clinicians address issues beyond the scope of usual care
that interfere with patients’ social and physical wellness.

The results also indicate the potential power of the
quality-of-life survey in prediction, even above convention-
al measures. In single-variable modeling, low physical SF-
12 scores were powerful predictors of death and hospital-
ization. In multivariable modeling, low physical scores were
stronger predictors of death and hospitalization than any
other variable. Although a certain amount of correlation
(Pearson correlation coefficient 5 0.10–0.27) exists be-
tween the SF-12 scores and other variables, interaction
terms did not alter the overall model. Thus, these results
suggest that physical SF-12 scores can provide significant
value, alone and when combined with traditional measures.
Mental SF-12 score had significant effect, although of
smaller magnitude. The comorbidity score also was a sig-
nificant predictor of death and hospitalization. Age and sex

were significant only for death, not hospitalization, as other
researchers have found.16 Thus, these results indicate that
appropriate measurement of SF-12 may be important in
disease and population management.

This study reaffirms others that have demonstrated that
health status independently predicts mortality in patients.
One study that found self-reported functional impairment is
an independent predictor of death in seniors.17,18 Functional
status assessments in hospitalized patients have also been
reported as a predictor of many poor outcomes, including
mortality.19–23 The current study validates previous findings
of the ability to predict male veterans’ future mortality and
hospitalizations from the SF-36, extending it to a different
population (community-based primary care clinic) and with
a different instrument (the SF-12).4 In the current study, there
was a much larger female population (55%) and an older
population. Other notable differences between the current
and previous studies include the use of administrative (spe-
cifically clinic billing) data for assessing comorbidities versus
previous use of self-reported diseases and use of Medicare
data to account for all hospitalizations. Because veterans
may have multiple sources for payment, using only Depart-
ment of Veterans Affairs data likely undercounts the number
of total hospitalizations for Medicare-eligible patients.24

The current study indicates that response rate biases
might influence outpatient assessment through a mailed

Figure 2. Survival distribution function for death as predicted by Short Form-12 quality-of-life (A) physical component score groups
and (B) mental component score groups. Survival distribution function for hospitalization as predicted by Short Form-12 quality-of-
life (C) physical component score groups and (D) mental component score groups.
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survey. In addition to the differences in adjusted death rates,
the samples of nonresponders had significantly more co-
morbidities and were older than the responders. In this
study and others, there was a tendency for persons with
dementia, higher risk or comorbidity scores, and greater age
not to respond.25,26 The survey administration technique
had several factors associated with stimulating return rates,
as demonstrated in a recent systematic review,27 including
short length, personalization, stamped return envelopes,
and being sent via first-class mail. It was felt that the interest
to participants would be maximized by the choice of scales,
but this is debatable. Nevertheless, significant constraints
prevented the use of money (both ethical and scarce re-
sources) and repeat questionnaires (the administration felt
this was burdensome to the patients, based on a recent se-
ries of complaints), concerns that plague a number of large
institutions. The response group adequately represents a
population of moderately ill cohorts in primary or geriatric
care practices for which this predictive tool may be useful in
allocating resources.28 Nonetheless, self-administration in
an office setting may be preferred to increase sample size
and reach a broader population.29

There are several other limitations of this study. The
primary drawback of using the SF-12 is that there is a much
smaller set of validation literature. Although it was at-
tempted to use similar measures, such as comorbidity, to see
whether the results generated were from other confounders,
further validation should occur to solidify the usefulness of
the SF-12 as a predictor. Nevertheless, the SF-36 summary
scoresFa scale with much broader prediction literature
Fhave been mapped onto the SF-12 scores with good cor-
relation. The SF-12 is easier for older people to understand
and complete. Indeed, other large assessment efforts are
switching to the SF-12 from the SF-36, including the Health
Outcome Survey administered by Centers for Medicare and
Medicaid Services. Selection of the population of interest
for prediction would still be important; administration of
the survey to healthy older people as a predictive tool may
not be useful or cost effective. Finally, the data on chronic
conditions were identified from administrative data and did
not formally include the severity of these conditions or a
detailed analysis of previous hospitalizations or procedures.
Because severity is expensive to measure for each disease,
the combination of the SF summary scores and the comor-
bidity score may provide a useful surrogate for the severity
of all diseases combined. The upside of this approach is that
the administrative data are easier for many researchers to
acquire than self-reported date. Finally, when the comor-
bidity score was revalidated, dementia was the most strong-
ly weighted diagnosis, outweighing usual causes of death
such as ischemic heart disease or cancer. Other studies have
also found cognitive decline to be a strong predictor, at-
tributing its predictive strength to late diagnosis and mul-
tifactorial etiologies.30

In summary, a simple, noninvasive, self-reported qual-
ity-of-life survey was more useful in predicting death and
utilization than traditional measures used alone. This find-
ing reflects common knowledge; people with disease and
infirmities are more likely to die or become hospitalized
than those who are not so burdened, but for those who wish
to intervene proactively, an easy-to-implement predictive
tool that can be applied to populations of patients could be

valuable. Although the exact populations and techniques
appropriate for this survey are unclear, these results can
help guide groups attempting to manage resources and
maximize population-based care. It should be emphasized
that the elderly study population had at least one comorbid
illness and at least one visit to an ambulatory care provider
in the year before they were mailed the questionnaire. To
fully realize value from a predictive tool, it will be necessary
to assess whether provider practice patterns change given
feedback about the emotional and physical function of the
patient, to determine what interventions aimed specifically
at these populations work, and to maximize the efficiency
and effectiveness of those interventions.
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