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Outcomes research is used increasingly for assessing the health economic benefits of new ther-
apeutic programs and interventions. The measurement properties of the outcomes assessment
tools are important. If overlooked, they can mislead health care administrators and caregivers
regarding the importance and value of these programs and interventions. We reviewed the liter-
ature and conducted two analyses to determine the absolute, relative, and operative quality-of-
life ranges for people with type 2 diabetes. Quality of life and fasting blood glucose and HbAlc

concentrations were measured at baseline and at 4,8, and 12 weeks of treatment in 569 men and
women randomized to either glipizide gastrointestinal therapeutic system (GITS) or placebo in
a double-blind, multicenter clinical trial. A subgroup of 290 patients completed a diabetes-spe-
cific health states questionnaire at endpoint (week 12 or early termination) rating 10 health-state
descriptions on a health thermometer scale ranging from 0 (death) to 100 (full health). Health
losses at the higher end of the scale had a greater negative utility than did comparable losses at
lower health states, indicating patients' strong preferences for maintaining asymptomatic or mildly
symptomatic conditions. Patients rated their current health state at 83.4 ± 0.8% of full health and
indicated that a loss of 27 points below this value would prevent them from living and working
as they currently do. The calibration analysis applied to the quality-of-life scales suggested that
the targeted range for clinical investigation and quality-of-care evaluation must be more narrowly
focused. Effect sizes as seemingly small as 2% (0.25 responsiveness units) on the absolute scale
can correspond to quality-of-life losses of 15-20% on the personal operative scale. Differences in
glycemic control clearly affected quality of life. Those patients with the best HbAlc responses
(decreasing 1.5% or more from baseline) versus those with the worst responses (increasing 1.5%
or more from baseline) were separated by 0.6 responsiveness units for the overall quality-of-life
summary measure. The calibration analysis suggested that this degree of better glycemic control
provides a nearly 50% gain in quality of life according to personal expectations within the oper-
ative range. In conclusion, general measures of quality of life may be too crude and insensitive
to capture the important gains in health outcomes due to new therapeutic interventions and pro-
grams in diabetes. Quality-of-care evaluations for diabetes are at risk of favoring inferior programs
with lower costs simply because gains or losses in health outcomes go undetected.
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The growing trend of conducting qual-
ity-of-life and health economic studies
in diabetes has been fueled by the need

to evaluate the quality of care and economic
value associated with new therapies and
educational programs within managed care.

Managed care decision-makers evaluate new
therapies and educational programs within
the context of the average membership
period of their plan enrollees—typically 2-3
years. This time frame represents a distinct
paradigm shift for demonstrating therapeu-
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tic returns and economic value for diabetes
treatment. In addition to quantifying the
lifetime benefits and costs, researchers and
health care administrators are now empha-
sizing shorter-term patient outcomes for dia-
betes. As a result, patient-based assessments
of functional health status, quality of life
(QOL), and satisfaction with health care are
receiving greater attention than ever before.

Clinical studies of the long-term com-
plications of hyperglycemia have demon-
strated increased morbidity and mortality
resulting in reduced quality and quantity of
life (1,2). Alternatively, a large number of
studies have focused on the acute conse-
quences of hypoglycemia represented by
infrequent episodic occurrences (3,4).
Other potentially beneficial outcomes of
short- or long-term glycemic control on
functional health, cognition, symptoms,
QOL, and patient satisfaction for patients
with either type 1 (5-8) or type 2 diabetes
(9-11) have been studied less frequently
and generally have been reported as mini-
mal or absent. However, a few recent stud-
ies using assessment techniques that are
more sensitive and responsive to patient
distress and well-being have shown rela-
tively strong associations with glycemic
control (12,13).

Although it is evident that reducing the
complications of diabetes (such as neuropa-
thy, nephropathy and retinopathy) decreases
overall morbidity, improves QOL, and
reduces direct and indirect health care costs
over a longer period of observation (14-17),
the issue of whether improvements in
glycemic control have beneficial effects over
shorter periods remains unresolved. Empir-
ical evidence supporting palliation of symp-
toms, gains in functional health status, and
improvements in QOL with improvements
in glycemic control within the context of
controlled clinical trials, typically 3-6
months in duration, is limited and study
results seem contradictory. In this article,
we review the relevant literature and present
measurement analyses involving scaling,
sensitivity, and responsiveness to resolve the
contradictory evidence and clarify the rela-
tionship between QOL outcomes and
improved glycemic control.
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Methodological issues
QOL refers to the physical, psychological,
and social domains of health that are influ-
enced by a persons experiences, beliefs,
expectations, and perceptions (which we
refer to collectively as perceptions of health).
Each of these domains can be measured
along two dimensions: objective assess-
ments of functioning or health status, and
more subjective perceptions of health.
Although the objective dimension is impor-
tant in defining a patient's degree of health,
the patient's subjective perceptions and
expectations translate that objective assess-
ment into the actual QOL experienced.
Because expectations regarding health and
the ability to cope with limitations and dis-
ability can greatly affect health perception
and life satisfaction, two people with the
same objective health status may have very
different qualities of life (18).

Other aspects of QOL that are relevant
in diabetes include psychological distress
and well-being, vitality, sleep disturbance,
and sexual functioning. Cognitive activities
(alertness, memory, and intellectual func-
tioning) are also important because they are
known to be impaired by hypoglycemia. In
addition, type 2 diabetes is most common in
the elderly, in whom deterioration of func-
tion may result in loss of independence (19).

Symptom distress impact is especially
important in diabetes research. It is the fre-
quency of a particular symptom or com-
plaint combined with its degree of
"bothersomeness," not just its presence, that
has an impact on QOL (20,21). This per-
ceived dimension of QOL requires meas-
urement techniques that include a
self-anchoring metric. A scale that spans the
absolute range of health status from "death"
scored at 0 to "full health" scored at 100 may
have a metric delineation that is too broad
and therefore too insensitive to detect QOL
decrements and improvements that are
meaningful to the individual. The range
within which the metric must be magnified
to detect meaningful change has been
referred to as the patient's "operative" QOL
range (18). This range is the targeted interval
within the scale required to live and function
normally Amplifying the QOL metric over
the individual full operative interval
enhances the sensitivity of measurement
and, as a consequence, the responsiveness of
the QOL scale to therapeutic interventions.

For example, the Physical Functioning
Scale (PFS) of the Short Form 36 (SF-36) (a
commonly used health status instrument)
has an absolute range of 0 to 100. For indi-

viduals aged 18-24 years, the mean PFS is
94 compared with a mean of 80 for those
55-64 years (22). Hence, on the average,
aging 40 years spans 14 units on the
absolute scale. However, an active 35-year-
old business executive with a PFS of 95 may
be able to work and function within his or
her lifestyle expectations bounded by a
much narrower range of only 5 units.
Decreases in physical function greater than 5
units, although not disabling on the absolute
scale, could seriously impede this individ-
ual's operative capacity A patient's "utility" or
internalized value for gaining back those 5
units is largely dependent on his or her per-
sonal expectations and operative range.

Review of relevant studies
We searched the literature published
between January 1987 and December 1997
using a variety of sources, including MED-
LINE, measurement-specific journals, and
meeting abstract summaries. The MED-
LINE search, based on the keywords "non-
insulin-dependent diabetes mellitus" (DM),
"quality of life" (QOL), and "health status"
(HS) yielded 43 studies for the set "DM and
QOL" and 22 for "DM and HS." In the lat-
ter set, 7 studies were duplicates of the first
set, resulting in 58 unique publications on
this topic. Five of these empirically meas-
ured the association between glycemic con-
trol (either absolute levels or daily
variability), health status, and QOL in either
cross-sectional or longitudinal designs. A
search of recent abstract presentations at
national meetings revealed three additional
studies also meeting the criteria. An addi-
tional study by Wikblad et al. (23) yielded
nine studies in total. The reported strengths
of association between glycemic control and
the QOL scores are summarized in Table 1.

QOL appears to be unrelated to
glycemic control among individuals (cross-
sectional studies) or to improvements or
worsening in glycemic control within indi-
viduals (prospective studies) when measured
by the SF-36. Symptom assessment was
more strongly and consistently associated
with glycemic control. Scales that directly
measure feelings of distress associated with
symptoms and functioning demonstrate
greater responsiveness to both differences
and changes in glycemic control (12,13).

Importance of sensitivity and
responsiveness
Assuming that the QOL scale is both reliable
and valid with respect to the underlying
construct, the important issue raised by

review of these studies is how sensitivity
and responsiveness influences the ability to
detect effects. Whereas sensitivity refers to a
trait inherent within a scale involving metric
delineation, responsiveness refers to a more
complex mathematical function involving
the scale's sensitivity and the degree of
covariance between the scale's underlying
construct and the levels of intervention.
Responsiveness refers to a scale's ability to
detect important changes brought about by
a specific treatment or intervention, whereas
sensitivity refers to the capacity of the scale's
metric to measure those changes (18). As
such, responsiveness will vary according to
the intervention used. For example, physical
health status may be considered highly
responsive to kidney transplant surgery but
may be nonresponsive to a mental health
program intervention.

In practice, general measures such as
the SF-36 are useful in contrasting different
disease states. Evaluating interventions
within a particular disease state, however,
requires increased sensitivity across the rel-
ative range of the disease state as well as
across the operative range of the patients.
Clinical trials often restrict both the disease
state and the variability of patients through
strict inclusion and exclusion criteria, greatly
narrowing the relative and operative ranges
within which meaningful clinical effects can
fall. A common solution has been to add
"disease-specific modules" that increase the
sensitivity of measurement within these rel-
evant ranges. Jacobson et al. (27) concluded
that the diabetes-specific QOL instrument
appeared to be more sensitive and relevant
to people with diabetes compared with more
general health status instruments, a finding
substantially supported by the cross-sec-
tional study reported by Anderson et al.
(25). Bradley (28) reports extensively on
issues relevant to the psychological assess-
ment of people with diabetes, including
patient satisfaction, well-being, and coping.

Quantifying operative ranges
The norms for patients with type 2 diabetes
of all stages (22) indicate that the interquar-
tile range (difference between the 75th and
25th percentiles) is 23 units on the SF-36
Physical Component Scale (PCS; absolute
range: 0-100) and 10 units on the SF-36
Mental Component Scale (MCS; absolute
range: 0-100). This implies that 50% of the
population with type 2 diabetes will span
23% of the PCS and 10% of the MCS. The
standard deviations for each of these scales
are 11 and 10, respectively By Chebychev's
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Quality of life in type 2 diabetes

Table 1—Cross-sectional and prospective studies of glycemic control and QOL

Study

Cross-sectional studies
Wikblad et al. (23)

Ahroni et al. (24)

Hanestad and Graue (11)

Van der Does et al. (12)

Anderson et al. (25)
Type 2 (insulin)
Type 2 (no insulin)

Prospective clinical trials
Bagne et al. (10)

Weinberger et al. (9)

Testa and Simonson (13)

Saudek et al. (26)

QOL measure

SWEDQUAL scale

SF-20
Symptoms
SF-36
Symptoms
(Battery)
DCS-2
POMS
ABS
SF-36
DCP
SF-36
DCP

SF-36
Symptoms
SF-36
SF-36 change
(Battery)
General perceived health
Symptom distress
Cognitive functioning
Analog rating
Mental and emotional health
Overall QOL
DCCT measures
Overall scale
Satisfaction
Impact
Worry

n

108

577

110

188

92

157

792

275

569

121

Mean glycemia (%)

7.7 (HbAlc)

11.3 (GHb)

Not reported

7.5 (HbAlc)

10.8 (HbAlc)

9.3 (HbAlc)

9.3 (HbAlc)

10.7 (HbAlc)

8.5 (HbAlc)

8.8 (HbAlc)

Correlations with
glycemic control

<0.05

NS
<0.05

NS
<0.006

<0.05
<0.01
<0.06

NS
<0.03

NS
<0.01

NS
<0.05(19of38)

NS
NS

<0.01
<0.001
<0.01
<0.05

NS
<0.01

<0.05
NS
0.05
NS

Measure/test

Single assessment, group
comparisons

Single assessment,
correlations

Single assessment,
correlations

Single assessment,
correlations

Single assessment, group
comparisons, correlations

Base-end (12 weeks);
troglitazone vs. placebo

Baseline, base-end (1 year);
control vs. education

Base-end (12 weeks);
glipizide GITS vs. placebo
and correlations

Repeated measures,
ANOVA between groups
IIP vs. MDI

ABS, Affect Balance Scale; ANOVA, analysis of variance; DCCT, Diabetes Control and Complications Trial; DCP, Diabetes Care Profile; IIP, implantable insulin pump;
MDI, multiple daily injections; POMS, Profile of Mood States; SF-20, Short Form 20.

inequality and normal probability theory,
we can predict that 75-95% of all people
with type 2 diabetes will span —44 and
40% of the PCS and MCS, respectively.
The interquartile range gives a good indi-
cation of the distance between the moder-
ately severe and moderately mild stages of
type 2 diabetes. Assuming that a clinical
trial selects a subgroup of people with dia-
betes within a particular severity stage (e.g.,
mild controlled with diet alone, moderate
controlled with oral agents, severe with
late-stage complications) and that the oper-
ative ranges within patients are lower than
the range among patients within each stage,
the targeted range for assessment is nar-
rowed even further.

Because individuals experience, cope,
and adapt to only one health state at a time,
the full operative range for patients partici-

pating in a clinical trial or new disease man-
agement initiative might span only 5% of the
SF-36 PCS. Researchers who compute sam-
ple sizes based on the absolute range of
QOL instruments often fail to detect statisti-
cally and clinically important effects. Within-
individual change may occur in a much
narrower band. A clinical trial, disease man-
agement program, or QOL survey powered
to detect a PCS 0.5 standard deviation effect
size of 5.5 units (5.5%) would therefore
miss completely a decrement that includes
"operative death" for many patients.

The two analyses presented in the fol-
lowing sections attempt to calibrate the
operative QOL range for individuals with
mild type 2 diabetes (controlled by diet
and/or oral medications). Using a database
of 569 patients participating in a random-
ized, double-blind clinical trial (13,29,30),

we first compare patient ratings of different
disease-severity states of diabetes relative to
the patients' self-assessment of their current
health state after treatment and to the health
state that represents the lower limit of their
operative range. In the second analysis, we
calibrate changes in QOL to changes in
glycemic control over a period of 12 weeks
to determine the utility curve describing
the functional relationship between incre-
mental gains in HbAlc concentrations and
improvements in overall QOL.

RESEARCH DESIGN AND
METHODS

Health-state ratings
A health-state rating questionnaire was dis-
tributed to a subgroup of 290 patients par-
ticipating in a randomized, double-blind,
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Figure 1—Patients were asked to draw a line
between individuals A-J, as described in the
APPENDIX, as well as their own health state Y and
the health-state rating on the health thermometer.
They were then asked to write the number they
selected between 0 and 100 in their answer book.

dose-titration trial of 5-20 mg glipizide
GITS (n = 377) versus placebo (n = 192),
which has been reported elsewhere
(13,29). This trial comprised four phases:
1) a 1-week screening and washout period
(week — 1) if the patient was receiving prior
hypoglycemic therapy; 2) a 3-week single-
blind placebo period (weeks 1-3) before
randomization to either diet and placebo or
diet and glipizide GITS (1:2 ratio); 3) a 4-
week double-blind titration period starting
at 5 mg with increments to a higher dose
(10, 15, and 20 mg) if the fasting plasma
glucose (FPG) goal of ^ 115 mg/dl was not
achieved (weeks 4-7); and 4) an 8-week
maintenance phase using the final titration
dose (weeks 8-15). Eligibility criteria
included men and women with type 2 dia-
betes who were 30 years of age or older, not
pregnant, and treated with sulfonylureas
and diet or diet alone for a minimum of 3
months. Patients were excluded if they had
a body weight <80% or >160% of ideal
(Metropolitan Life Insurance Tables); if they
had received insulin for longer than 1 week
during the 3 months before enrollment; if
they had presented with ketoacidosis dur-
ing the past year; or if they presented with
evidence or history of a significant con-
founding illness (hepatic, renal, cardiac,
gastrointestinal, retinal, or oncologic dis-
ease) or substance abuse.

During the placebo phase, patients were
randomized if they met one of the following

criteria: 1) FPG >140 mg/dl and <250
mg/dl; or 2) HbAlc >6% (determined at the
end of week 2) if FPG was < 140 mg/dl and
1- and 2-h post Sustacal plasma glucose lev-
els were ^200 mg/dl. Approval was secured
from institutional review boards, and
informed consent was obtained.

The health-states questionnaire was
completed at the final visit (week 12 of
treatment) or at early withdrawal for a sub-
group of participating centers (n = 290).
Ten health-state descriptions (A-J) detailing
stage of diabetes, severity of symptoms and
complications, and required treatments
and health care were compiled into a book-
let (see APPENDIX). The states were arranged
in a manner iterating between best and
worst states in the following sequence: A-l,
B-10, C-2, D-9, E-3, F-8, G-4, H-7,1-5, J-
6, where the numbers after the letter refer
to the health-state level with 1 correspond-
ing to the best health state (full health, no
diabetes, rating preset at 100) and 10 the
worst health state (permanent nonre-
versible coma). The patient was asked to
draw a line between the health states A-J to
a position on a health-state thermometer
where "best health" was set at 100 and
"death" was marked at 0 (Fig. 1). The ther-
mometer had a lower limit of —10. The
patient was also asked to transfer the cho-
sen number to a box on the page corre-
sponding to each description. Negative
numbers were defined as a state worse than
death. The patient was asked to rate his or
her "current health state during the past
month" as well as "the lowest number at
which it would be possible for me to live
and work as I currently do," defined as the
lower limit of the operative range.

Calibrating QOL scores with health-
state ratings and glycemic control
In the same clinical trial, QOL was measured
using a battery of scales. QOL outcomes
included: 1) analog ratings (1-10) of per-
ceived health (overall, physical, emotional,
personal, work/daily role); 2) mental and
emotional health (depression, anxiety emo-
tional control, general positive affect, life sat-
isfaction, and emotional ties); 3) cognitive
function (acuity, disorientation, and perfor-
mance); 4) general health perceptions (gen-
eral health, sleep, vitality, and sexual
dysfunction); and 5) symptom distress (dia-
betes-specific and general). Assessment
instruments (31-33), rationale for QOL
measurement, and analytical methods
(18,34) are detailed elsewhere. Fasting blood
glucose and HbAlc concentrations and QOL

were measured at baseline and after 4,8, and
12 weeks of therapy, or at early termination
from the study protocol. Changes from base-
line to end of treatment (or early withdrawal)
were calculated for HbAlc and overall QOL.
Means and medians were reported for each
health state along with standard errors. Cal-
ibration curves were estimated using stan-
dard regression techniques.

RESULTS

Health-state ratings
The mean and median health-state ratings
for 290 individuals are given in Table 2 and
displayed graphically in Fig. 2. As shown, a
diagnosis of diabetes controlled with diet
alone and causing only minimal symptoms
of hyperglycemia (frequent urination, dry
mouth, blurred vision) was valued 10 points
less than full health (health state C = 90
points). The requirement for oral medication
and the associated symptoms of hypergly-
cemia or hypoglycemia (i.e., frequent urina-
tion, blurred vision, and feeling weak, dizzy,
and sweating) resulted in a loss of an addi-
tional 10 units, for a score rating of 80
(health state E). Adding the possibility of
insulin injections two or three times a day
resulted in an additional 10-unit loss, reduc-
ing the score to 70 (health state G). The dif-
ference between health states G and I
included some very early signs of complica-
tions (decreased visual acuity and tingling or
pain in feet) for a difference of 4 points (score
of 66). Health state J included the potential
for moderate complications requiring laser
treatment; heart disease; shortness of breath;
increased risk for hypertension and heart
attack; and numbness of feet. This higher
degree of functional impairment reduced the
score by 16 units, for a rating of 50.

The largest decrement was seen
between health states H and F Although
health state H had more severe complica-
tions (partial blindness, nerve damage in
feet, and heart disease) than health state J
described above, health state F included at
least two of the following: J) heart disease, 2)
amputation of toes or part of foot, 3) severe
kidney disease requiring transplant or dial-
ysis, and 4) partial or complete blindness.
The 20-unit decrement reported by patients
reflected the huge loss of functional capacity
in this state. Health state D required frequent
hospitalizations and potential placement in
a nursing home as the complications
described in health state F progressed. Per-
manent nonreversible coma was considered
as bad or worse than death.

DIABETES CARE, VOLUME 21, SUPPLEMENT 3, DECEMBER 1998 C47

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/21/Supplem

ent_3/C
44/447985/21-3-c44.pdf by guest on 19 M

ay 2023



Quality of life in type 2 diabetes

Table 2—Health-state ratings by people with type 2 diabetes

Numeric scores
Health states

Predefined health states
Worse than death
Death
A. Full health, no diabetes

Patient ratings
C. Controlled with diet alone, no complications,

minimal distress
E. Controlled with diet and oral medications,

minimal symptoms, no complications
G. Controlled with diet and oral medications or

insulin, mild symptoms, no complications
I. Controlled with diet and oral medications or

insulin, early complications, and moderate
symptoms

J. Controlled with diet and either oral medications
or insulin, moderately distressing complications
and symptoms

H. Controlled with diet and insulin, late
complications, moderately severe symptoms

F. Controlled with diet and insulin, very late
complications, severe symptoms, and some
disability

D. Very late stage complications of diabetes,
very severe symptoms

B. Permanent nonreversible coma
Your current health state (during the past month)
The lowest number at which it would be possible

for you to live and work as you currently do

n

288

288

289

287

Mean ± SEM

<0
0

100

82.9 ±0.8

77.6 ±0.9

69.0 ± 1.0

63.3 + 1.1

Median

—
—

90

80

70

66

282

289

287

287

.1 ± 1.3

42.5 ± 1.3

25.0 ± 1.4

21.1 ± 1.3

286
282
281

5
83
56

.0

.4

.3

±
±
±

1.4
0.8
1.1

50

40

20

18

55

Descriptions ranged between 50 to 150 words and were presented in alphabetical order, A-J (see APPENDIX).

This population rated its own health
state at 86 (median) and 83.4 (mean), which
was fairly close to health state C. The lowest
limit of the operative range for this popula-
tion was 55, falling between health state I
(requiring the possibility of insulin, moder-
ate symptoms, and early complications) and
health state J (progressing to more distress-
ing complications and symptoms).

Calibrating health ratings, QOL, and
glycemic control
Health ratings and QOL. The patients'
rating of their current health state at the
end of the study correlated modestly but
significantly with all QOL scales and sub-
scales (Table 3). This finding is consistent
with previous research examining the rela-
tionship between health-related QOL
assessment and health-state ratings (35-37)
Although the overall composites and sum-
mary measures in general had higher r-val-
ues than the subscales, the four-item vitality
subscale (energy, pep, vitality; tired, worn
out, used up, or exhausted; active, vigorous
or dull, sluggish; wake up feeling fresh and

rested) correlated most highly with health-
state ratings. This finding is consistent with
prior results from clinical trials that have
shown strong treatment effects and differ-
ences for this scale (33,38). Nonlinear

Health State

Full health
Diet, minimal symptoms

Diet & oral, minimal symp
Diet & oral or insulin, mild

Early comp/mod symp
Complications/mod symp

Insulin, late stage
Very late stage/disability

Very late/nursing home
Irreversible coma

models (logistic, logarithmic) provided a
somewhat better fit for some scales.

For illustration purposes, the calibra-
tion results are reported here for the psy-
chosocial QOL score (QOL2) defined as
the simple average of the subscales of men-
tal and emotional, general perceived health,
and sexual symptom distress.

Calibration of the QOL2 revealed that
each unit increment in the health-states
rating (HSR) corresponded to 2.21 units on
the QOL2 (Fig. 3, linear function). The
QOL2 is scored between 100 and 600,
with the lowest QOL corresponding to a
value of 100. The calibration curve (F =
45.2, P < 0.0001, df = 276) given by

QOL2 = 290.7 4- 2.21 (HSR)

indicates that the lower operative limit of 55
on the health-states rating corresponds to a
QOL2 score of 412. The mean current health
state for the subgroup was 84 for a predicted
QOL2 score of 476. The mean QOL2 score
for all patients in the trial with endpoint
evaluations (n = 532) was 472.5 (SD = 74).
The 90% stochastic range for the QOL2
equals [mean ± 1.65(74)] or 350.4-594.6
(based on a normal distribution) and is often
used for determining sample sizes and the
"range of interest." However, the lower limit
of the operative range—namely, 412—pro-
vides the researcher with a more appropriate
cutoff target and range of interest for deter-
mining relevant health changes for individu-
als with type 2 diabetes. A researcher would
want to power a study to capture differences
representing at least a 15% improvement or
worsening within an individual's operative

20 40 60 80
Health State Rating

100

Figure 2—Mean and median end-oj-study health-state ratings (n = 290) ojpeople with type 2 dia-
betes participating in a placebo-controlled trial of glipizide GITS. They rated their own health state at
the end oj the study at 83 ± 0.8 and the lower limit oj their operative range—"the lowest number at
which it would be possible jor me to live and work as I currently do"—at 56 ± 1.
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Table 3—Pearson correlation coefficient between current health-state rating and scales and subscales ofQOL ranked by strength of association

Global summaries/scales
Scales/composites

Subscales (no. of items/scales)

Vitality (4)
Psychosocial QOL (34 items)
Psychosocial QOL (10 scales)

Composite cognitive function (21)
Detachment/disorientation (4)
General positive affect (8)

General perceived health (11)
Behavioral/emotional control (5)

Mental and emotional health (24)
Psychological well-being (9)

Analog perceived QOL scale (5)
Psychological distress (15)

Mental acuity (11)
Depression (4)
Anxiety (5)
General health (3)
Cognitive performance (6)

Symptom distress (53)
Sexual symptom distress (5)

Sleep quality (4)
Life satisfaction (1)
Emotional ties (1)

n = 278. All r values significant at P < 0.0001.

Scale name

VIT
QOL1
QOL2
CFN
DET
GPA
GPH
BEC
MEH
MEP
FEEL
MEN
ACU
DEP
ANX
HTH
COG
SDV
SEX
SLP
LIF
EMO

r value

0.41
0.38
0.38
0.37
0.37
0.35
0.35
0.35
0.35
0.34
0.33
0.33
0.32
0.30
0.30
0.27
0.23
0.22
0.22
0.21
0.21
0.17

Scale composition

VIT, GPA, BEC, DEP, ANX, HTH, SLP, LIF, EMO
VIT, GPA, BEC, DEP, ANX, HTH, SLP, SEX, LIF, EMO
DET, ACU, COG

VIT, HTH, SLP

GPA, BEC, DEP, ANX, LIF, EMO
GPA, LIF, EMO
Overall, physically, emotionally, personal life, work/role
BEC, DEP, ANX

General, hyperglycemic, hypoglycemic

range. For the QOL2, this represents a
change of 9 points, 0.12 standard devia-
tions, or approximately 0.2 responsiveness
units (standard deviations of change).

QOL and glycemic control
To combine all global dimensions in the
QOL battery into a single summary score, a
factor analysis was performed on the mean
change scores for the five major QOL global
scales (analog QOL, cognitive functioning,
mental health, general health perceptions,
and symptom distress) between baseline and
week 12. The first principal component fac-
tor accounted for 52% of the variance and
weighted fairly evenly the psychosocial and
symptom components. This factor score
(QOL-FACT) and the QOL2 score were cal-
ibrated against the interval change in HbAlc

to estimate the incremental gain in QOL
with changes in HbAlc (Table 4 and Fig. 4).
The QOL-FACT calibration showed that
increases in HbAlc from baseline of 1.5% or
greater are associated with substantial decre-
ments in QOL (~0.4 responsiveness units
on the QOL-FACT), whereas decreases of
the same magnitude show smaller, but clin-
ically important improvements in QOL
(—0.15 responsiveness units). The HbAlc

calibration function for the QOL-FACT was
clearly nonlinear, demonstrating a decreas-

ing rate of benefit with gains in glycemic
control. This leveling of perceived utility is
most likely due to the symptom distress
components of the scale that can only move
to worsening, placing a ceiling on the mag-
nitude of improvement. The gains for the
QOL2 scale did not level off with decreases
in HbAlc, and the rate of improvement
appeared to increase with better glycemic
control, in contrast to the QOL-FACT. This
difference is most likely due to the fact that
the QOL2 contains primarily nonsymptom
items, raising the ceiling of measurement
substantially

Changes in glycemic control from base-
line clearly affected QOL (P = 0.03 between
groups for QOL-FACT). Those patients with
the largest HbAlc decreases (1.5% or more)
from baseline versus those with the largest
increases (1.5% or more from baseline) were
separated by nearly 0.6 responsiveness units
on the QOL-FACT. The health-states analy-
sis suggested that this degree of better
glycemic control provides a nearly 50% gain
in QOL according to personal expectations
within the patients' operative range.

CONCLUSIONS — Administrators of
managed care plans often use a shorter-term
frame of reference when evaluating new
therapeutic interventions. Long-term dia-

betic complications and treatment benefits
remain important, but shorter-term out-
comes play an increasingly influential role.
Researchers need to consider sensitivity and
responsiveness as well as validity and relia-
bility if they intend to capture compelling
evidence for shorter-term benefits.

QOL scales that successfully detect
important therapeutic effects have to be

6001

300-

_O 200-

100
20 40 60 80

Current health state

Figure 3—Calibration curves for the psychoso-
cial QOL score (QOL2) as a function of current
health-state ratings. The multiple r values were
0.38, 0.37, and 0A1 for the linear, logarithmic,
and logistic functions, respectively, P < 0.001.
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Table 4—Mean baseline to week 12 changes in glycemic control and QOL scales stratified by degree ofHbAlc lowering

HbAlc category:
mean change (%)

>1.5
n

1.5 to 0.5
n

0.5 to -0 .5
n

-0 .5 to -1 .5
n

> - 1 . 5
n

Fasting blood glucose (mg/dl)

14.4 ±9.8
39

-6 .1 ±5.7
62

-22.0 ±3.4
120

-38.9 ±3.2
159

-61.2 ±6.8
73

Mean changes
HbAlc (%)

2.5 ±0.16
42

0.85 ± 0.03
73

-0.04 ±0.02
135

-0.88 ±0.02
180

-2 .3 ±0.09
83

±SEM
QOL2 (SD units)

-0.20 ±0.20
42

0.009 ±0.19
70

0.13 ±0.12
131

0.19 ±0.10
174

0.42 ±0.17
80

QOL-FACT (SD units)

-0.41 ±0.14
40

-0.14±0.11
69

0.008 ± 0.09
127

0.07 ± 0.07
165

0.14 ±0.13
78

For fasting blood glucose and HbAlo negatively signed values indicate decreases from baseline; positively signed values indicate increases from baseline. For QOL2
and QOL-FACT, positively signed values indicate improvement in QOL from baseline; negatively signed values indicate worsening from baseline. SD (respon-
siveness) units, standard deviation of change during stable treatment.

sensitive enough to capture effects that are
meaningful to the patient. Our analysis
demonstrated that current health-state lev-
els influence how patients value decrements
and improvements in health. The health-
states rating analysis clearly revealed that
losses in function at relatively asymptomatic
states have a greater negative utility than do
losses at more severe states. To capture this
phenomenon, the QOL outcome measure
must incorporate the subjective nature of
preference by providing a comprehensive
evaluation that focuses on patient self-per-
ceptions of symptoms and health.

Furthermore, the metric must be sen-
sitive enough to delineate important effects.
A common solution for increasing sensitiv-
ity has been to use disease-specific QOL
instruments rather than generic instru-
ments. A viable alternative is to enhance the
sensitivity of generic instruments in those
domains that are relevant for the popula-
tion under study but are measured too
coarsely by the generic core.

Treatment providers seeking persuasive
evidence for beneficial short-term outcomes
need to understand how patient-based eval-
uations are influenced by current levels of
health as well as the magnitude of improve-
ment or decrement that is important to them.

Similar issues are raised on the other
side of the equation. Health care planners
and caregivers often adopt brief general
QOL instruments to evaluate quality of
care. Relatively insensitive health-status
instruments are now routinely used to
measure patient outcomes as part of the
quality-of-care review cycle. These meas-
ures are unlikely to detect the beneficial
impact of new diabetes therapies and pro-
grams unless the effects were dramatic
enough to move an individual through sev-

eral health states. Although interventions
such as kidney transplant have shown such
dramatic effects, most people with diabetes
would value less dramatic outcomes quite
highly. Our health-states analysis demon-
strated that people with mild-to-moderate
diabetes substantially value smaller health
improvements. Freedom from insulin
injections, relief from fatigue and eye prob-
lems, loss of 10 pounds, absence of side
effects from medications and of hypogly-
cemia, and improvement in mood and
well-being were all rated highly.

Payors evaluate new treatment stan-
dards in economic as well as clinical terms.
Measures that fail to demonstrate improve-
ments in outcomes will undermine new
standards, especially if the new standards
are more costly The implications are impor-
tant. Health care services may be cut as part

of an effort to reduce health care costs if the
reduction of services can be shown to have
"no deleterious effect on outcomes." Such
deleterious effects might well be missed by
insensitive measurement tools.

Reimbursement is now linked to the
demonstration of good quality of care.
Although objective standards such as num-
ber of HbAlc tests, eye exams, and consulta-
tions with a diabetes nurse educator are
clear-cut, patient self-assessment should also
include patient preference and subjective
evaluation. In a free market, it is the buyers
utility function or personal valuation of a
product that determines the value of the pur-
chase. Health care delivery for the treatment
of diabetes will be successful if it sets patient
preferences as a necessary priority. Measures
assessing that priority must accurately inform
planners and caregivers of those preferences.

-0.2

-0.4

-0.6
>1.5 1.5 to 0.5 0.5 to-0.5-0.5 to-1.5 <-1.5

HbAlc (%): change from baseline Improved
HbA ic

Figure 4—Changes in the global scale factor score (QOL-FACT) and the psychosocial score (QOL2)
from baseline to endpoint stratified by 1% interval changes in HbAlc.
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APPENDIX: DIABETES
HEALTH-STATE QUESTIONNAIRE

Individual A: FULL HEALTH, NO DIABETES
(Preset at 100)
• Individual A is your age, in full health with

no evidence of diabetes.
• He/she has no other chronic illnesses or dis-

abilities.
• He/she takes no medications.
• He/she has no symptoms that interfere with

the ability to live the way he/she wants to live.
Individual B: COMA—Permanent, not revers-
ible
• Individual B is your age and has been diag-

nosed as being in an irreversible coma.
• He/she requires round-the-clock nursing care

and life support machines.

INSTRUCTIONS
1. Now go to the HEALTH Thermometer and

draw a line from Individual B to the point
on the thermometer where you would rate
this persons health state.

2. In the space provided below, please write A
NUMBER BETWEEN 0 and 100 (or "below
0"—if considered worse than death) which
is nearest to the position you have chosen.

INDIVIDUAL >

(These instructions were repeated after each
health state description.)

Individual C: DIABETES CONTROLLED
WITH DIET ALONE, NO COMPLICATIONS,
MINIMALLY DISTRESSING SYMPTOMS
• Individual C is your age with diabetes.
• He/she has no other chronic illnesses or dis-

abilities.
• His/her diabetes is controlled well with diet

alone.
• Individual C experiences some mildly dis-

tressing symptoms (occasional frequent uri-
nation, dry mouth, blurred vision) associated
with occasional periods of high glucose.

Individual D: VERY LATE STAGE COMPLI-
CATIONS OF DIABETES, VERY SEVERE
SYMPTOMS
• Individual D is your age with diabetes.
• He/she has developed late stage complica-

tions that have progressed to the point where
he/she requires frequent hospitalization and
potentially placement in a nursing home.

• He/she is on multiple medications for diabetes,
heart disease, and/or the consequences of
recent stroke. He/she requires rehabilitation for

amputation or special assistance for blindness.
• He/she is in frequent pain, and requires assis-

tance to perform the basic activities of living
such as bathing, going to the bathroom, eat-
ing, and dressing.

Individual E: DIABETES CONTROLLED
WITH DIET AND ORAL MEDICATION,
MINIMAL SYMPTOMS, NO COMPLICA-
TIONS
• Individual E is your age with diabetes.
• He/she has no other chronic illnesses or dis-

abilities.
• His/her diabetes is controlled well with diet

and oral medication.
• He/she has some mildly distressing symptoms

(feeling weak, dizzy, sweating, frequent urina-
tion, and blurred vision) associated with occa-
sional low or high blood glucose reactions.

Individual F: DIABETES CONTROLLED
WITH DIET AND INSULIN, VERY LATE
COMPLICATIONS, SEVERE SYMPTOMS,
AND SOME DISABILITY
• Individual F is your age with diabetes.
• He/she has severe complications and disabil-

ities associated with diabetes; including at
least two of the following: 1) heart disease, 2)
amputation of toes or part of foot, 3) severe
kidney damage requiring transplant or dial-
ysis, or 4) partial or complete blindness.

• His/her diabetes must be controlled with diet
and insulin injections two to three times a
day. He/she must take other medications for
pain, hypertension or heart disease, and has
limitations due to 1) dialysis several days per
week, 2) amputation, or 3) blindness.

• He/she has frequent pain, mobility limita-
tions, and/or severe vision loss, finds it diffi-
cult to perform basic activities of daily living
such as bathing, going to the bathroom, eat-
ing, and dressing.

Individual G: DIABETES CONTROLLED
WITH DIET AND ORAL MEDICATION OR
INSULIN, HAS MILD SYMPTOMS, BUT NO
COMPLICATIONS
• Individual G is your age with diabetes.
• He/she has no other chronic illnesses or dis-

abilities.
• His/her diabetes must be controlled with diet

and either oral medication or insulin injec-
tions 2 to 3 times a day

• He/she has mildly distressing symptoms
(feeling weak, dizzy, sweating, frequent uri-
nation, blurred vision) associated with occa-
sional low or high blood glucose levels.

Individual H: DIABETES CONTROLLED
WITH DIET, AND INSULIN, LATE COM-
PLICATIONS, MODERATELY SEVERE
SYMPTOMS
• Individual H is your age with diabetes.
• He/she has chronic illnesses and disabilities

associated with late complications of diabetes
including partial blindness, nerve damage in
feet, and heart disease.

• His/her diabetes must be controlled with diet
and insulin injections two to three times a
day He/she must take other medications for

nerve pain and either for hypertension or
heart disease. He/she must undergo laser
surgery for his/her eyes.

• Individual H experiences moderately distress-
ing symptoms related to high and low blood
glucose reactions (such as the need to urinate
often, feeling very fatigued) and the symptoms
of at least two of the following: vision prob-
lems, heart disease, painful and numb feet.

Individual I: DIABETES CONTROLLED
WITH DIET AND ORAL MEDICATIONS
OR INSULIN, HAS EARLY COMPLICA-
TIONS AND MODERATE SYMPTOMS
• Individual I is your age with diabetes.
• He/she has some early complications of dia-

betes such as decrease in vision, tingling or
pain in feet.

• His/her diabetes must be controlled with diet
and either oral medication or insulin injec-
tions 2 to 3 times a day.

• He/she has moderately distressing symptoms
such as the need to urinate often and feeling
very fatigued, which are associated with low
or high blood glucose levels.

Individual J: DIABETES CONTROLLED
WITH DIET AND EITHER ORAL MEDICA-
TION OR INSULIN, MODERATELY DIS-
TRESSING COMPLICATIONS AND
SYMPTOMS
• Individual J is your age with diabetes.
• He/she has developed moderate complica-

tions including one or more of the following:
J) vision problems requiring laser treatment
but still able to read; 2) frequent pain and
numbness in feet; 3) some symptoms of heart
disease causing shortness of breath and chest
pain; 4) at high risk for hypertension and
heart attack.

• His/her diabetes must be controlled with diet
and oral medication or insulin injections 2 to
3 times a day. Individual J is on other med-
ications for pain and medications either for
hypertension or heart disease. He/she needs
laser surgery for his/her eyes.

• He/she has moderately distressing symptoms
related to high and low blood glucose reac-
tions such as: 1) the need to urinate often, 2)
feeling very fatigued, and 3) the symptoms of
at least one of the following: vision problems,
heart disease, pain and numbness of feet.

STATE Y: Think about your current health state
during the last month of this diabetes study
INSTRUCTIONS

1. Now go to the Health Thermometer and
draw a line from Individual Y to the posi-
tion where you would rate YOUR HEALTH
STATE during the last month of this study

2. In the space provided below, please write A
NUMBER BETWEEN 0 and 100 (or
"below 0"—if considered worse than
death) which is nearest to the position you
have chosen.

THE NUMBER CORRESPONDING TO MY
CURRENT HEALTH STATE IS .

3. What is the lowest number that you think
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you would be able to continue to live and
work as you currently do?

The LOWEST NUMBER at which it would be
possible for me to live and work as I currently
do is .
(Reprinted with permission. Copyright 1994 © by
Phase V Technologies, Wellesley, MA)
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