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Abstract
Background—There is uncertainty over when to pursue intensive glucose control among older
diabetes patients.

Objective—To assess the impact of comorbid illnesses and functional status, mediated through
background mortality, on the expected benefits of intensive glucose control.

Design—Decision analysis.
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Data Sources—Major clinical studies in diabetes and geriatrics.

Target population—Patients aged 60–80 years with type 2 diabetes and varied life expectancies
estimated from a mortality index validated at the population level.

Time Horizon—Patient lifetime.

Perspective—Health care system.

Interventions—Intensive glucose control (HbA1C <7.0%) versus moderate control (HbA1C
<7.9%).

Outcome Measures—Lifetime differences in incidence of complications and average quality-
adjusted days.

Results of Base Case Analysis—Healthy older patients of different age groups had expected
benefits of intensive glucose control ranging from 51 to 116 quality-adjusted days. Within each age
group, the expected benefits of intensive control steadily declined as the level of comorbid illness
and functional impairment increased (mortality index score 1–26 points). For patients 60–64 years
of age with new-onset diabetes, the benefits declined from 106 days at baseline good health (life
expectancy 14.6 years), to 44 days with 3 additional index points (life expectancy 9.7 years), and to
8 days with 7 additional index points (life expectancy 4.8 years). A similar decline in benefits
occurred among patients with prolonged duration of diabetes.

Results of Sensitivity Analysis—Expected benefits of intensive control declined with rising
index scores with alternative model assumptions (e.g., Framingham models).

Limitations—Lack of diabetes clinical trial data for frail, older patients, use of a mortality index
not validated for use in predicting individual level life expectancies, and lack of accounting for
adverse effects of intensive control.

Conclusions—Among older diabetes patients, the presence of multiple comorbid illnesses or
functional impairments is a more important predictor of limited life expectancy and diminishing
expected benefits of intensive glucose control, than age alone.
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Background
Intensive glucose control (glycosylated hemoglobin (HbA1C) levels <7% (1)) has been found
to significantly lower the risk of multiple complications in patients with diabetes compared to
moderate glucose control (HbA1C ~ 7.9%) (2–4). The importance of intensive glucose control
has led to significant public health efforts to improve the delivery of diabetes care (5).

Despite its promise, the benefits of intensive glucose control remain uncertain for the
heterogeneous population of older patients living with diabetes. This uncertainty is reflected
in wide variation in practice by clinical specialty (6,7) and in vastly different therapeutic
recommendations from diabetes opinion leaders (8–10). This uncertainty arises from a lack of
clinical trial data evaluating the benefits of long-term intensive glucose control in older patients,
especially those with significant comorbid illnesses or functional impairments.

In 2003, the first guideline to acknowledge the unique care considerations of older diabetes
patients was published (11). The guideline recommended an individualized approach to
diabetes care that has been subsequently endorsed by multiple medical organizations (12,13,
14). A central concept introduced in the guideline is that providers should consider targeting
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glucose control levels based on life expectancy. Patients who have a life expectancy less than
five years are felt to be unlikely to benefit from intensive glucose control levels, while patients
with extended life expectancy are thought to be good candidates for intensive glucose control.

While these recommendations represent a conceptual advance in diabetes care, there has been
very little evaluation of the recommendations. Comorbid illness and functional status are well
known determinants of life expectancy (15,16), but the extent to which these characteristics
might influence the expected benefits of intensive glucose control is unknown. In addition,
there are concerns about using limited life expectancy as a sole means of determining glucose
control levels. Many older patients with limited life expectancy may also have prolonged
duration of diabetes, a clinical characteristic that may enlarge the expected benefits of intensive
control. How these competing characteristics might interact and influence decisions is
unknown.

One approach to gaining insight into these questions is to utilize existing clinical evidence in
decision analyses (17–19). An advantage of decision analysis is that it allows one to examine
clinical questions for patients that might be typically excluded from clinical trials. Recent
advances in prediction models have occurred in the fields of diabetes (20) and geriatrics (21).
These advances enable us to evaluate how comorbid illnesses and functional status may alter
the expected benefits of intensive glucose control in older type 2 diabetes patients.

Methods
Overview

This decision analysis is an integration of multiple prediction models from the fields of diabetes
and geriatrics. All prediction models were housed within the structure of an existing model of
diabetes complications (National Institutes of Health (NIH) Model) (17,22). This Monte Carlo
simulation model is framed by simultaneous progression of disease through individual
diabetes-related complications and mortality (Figure 1). Within a 1-year cycle length, patients
move from one disease state to another or stay in the current disease state until death or age 95
(Microsoft Excel 2000, Microsoft, Seattle, WA and @Risk 4.0, Palisades, Inc., Newfield, NY).
For each specific model setting (e.g., population characteristics, glucose level), the model is
run 10,000 iterations (each iteration representing a patient life).

In the following sections, we describe the individual prediction models, the population of
interest, the comparison treatments, the outcomes of interest, and sensitivity analyses. Please
see the Technical Appendix for details.

Diabetes Complications
The diabetes complication models in this analysis are all derived from United Kingdom
Prospective Diabetes Study (UKPDS) results (3,20,23–24). Prediction models for all major
diabetes-related complications have been developed by the UKPDS study group. These models
have been internally validated and externally validated with cardiovascular trial data (25). We
could not use the UKPDS prediction model for end-stage renal disease because this model does
not include glucose control as a predictor. Instead, we modeled the development of
microalbuminuria and proteinuria which are linked to the intensity of glucose control (19,26).
For probabilities under moderate control, we used prediction models developed using
optimization procedures to fit observations from the UKPDS control arm to a functional form
used in the original NIH model (27) (Technical Appendix). To determine the transition
probabilities for intensive glucose control, we used a multiplier derived from the comparison
of the overall results of UKPDS for individual complications. For the transition between
proteinuria to end-stage renal disease we used probabilities from an observational study (28).
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Incorporating functional status and comorbidity into background mortality
We used mortality rates from a 4-year mortality index developed from the Health and
Retirement Study (21), rather than mortality rates from life tables (17,22,29). This index was
developed and validated with a split-sample approach. The index has a total score of 26 and
each comorbid illness or functional impairment contributes one to two points to the index score.
To calculate background mortality rates for the general population, we subtracted
cardiovascular mortality rates for the general population from the mortality rates associated
with each index score (30). These mortality rates were multiplied by 2.75 as previously done
to reflect higher background mortality rates for patients with diabetes (22).

The baseline index score for each hypothetical subgroup included points for age group and
gender. We then systematically increased the mortality index score by as much as 14 additional
points. Apart from these changes, we retained the NIH model assumptions about mortality due
to other specific causes of death (31–33).

Population of interest
We performed simulations for hypothetical patients with type 2 diabetes at ages 60 to 80 years
of age with no prior history of diabetes-related complications. The patients were assumed to
have the demographic and clinical characteristics of diabetes patients over 60 years of age,
found in the National Health and Nutrition Examination Surveys (NHANES)(1999–2002)
(34).

Hypothetical cohorts were divided into 5-year age groups with a uniform age distribution. The
age groups correspond with major groupings of older diabetes patients. We also varied the
duration of diabetes for such patients (new onset, 0–5 years, 5–10 years, and 10–15 years). We
assumed that the population had the gender and ethnic/racial distributions observed in
NHANES. We did not assume any additional impact of race on complication rates, because
the major ethnic minorities included in the UKPDS data do not completely correspond with
the major ethnic minorities in the United States.

Comparison treatments
We compared the projected health effects of moderate glucose control (HbA1C 7.9%) and
intensive glucose control (HbA1C 7.0%)(11,35). We assumed that patients maintained these
glucose control levels throughout their lives. In sensitivity analyses, we also compared
HbA1C of 9.0% versus 7.9% and HbA1C of 7.0% versus 6.5% (36).

Other treatment assumptions
All other elements of care were held constant in the two scenarios (37–39). Hypothetical
patients had cardiovascular risk factor levels selected from the age, race, and gender specific
subgroup distributions for systolic blood pressure, diastolic blood pressure, total cholesterol,
high density lipoprotein cholesterol, and smoking for diabetes patients found in NHANES
(1999–2002).

Outcomes of interest
Outcomes of interest included the lifetime incidence of individual complications and life
expectancy. The benefits of intensive versus moderate glucose control are reported as an
average absolute risk reduction in complications and added days of life. The primary outcome
of interest was the average difference in quality-adjusted days. To calculate quality-adjusted
benefits, we used utility weights for major complications used in prior analyses (19,27,40–
44). We assumed no disutility of life with different treatments (45). When multiple health states
occurred, we used the minimum health state method (46).
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Sensitivity Analysis
The UKPDS prediction models assume that the glucose level is a modifiable risk factor for
coronary heart disease in type 2 diabetes, when in fact this remains a highly debated and studied
topic (47). To assess the impact of this assumption, we replaced the UKPDS models for
coronary heart disease and stroke with Framingham models (48,49). We also conducted
sensitivity analyses on other important model assumptions (e.g., background mortality rate
inflator). Subgroup analyses were performed for men, women, Whites, African-Americans,
and Latinos.

Role of the Funding Source
The funding sources had no role in the design, conduct, or analysis of the study or in the decision
to submit the manuscript for publication.

Results
Base Case Results

The model predicted that cardiovascular complications would be the most frequently
experienced complications in all patient subgroups (44–54% lifetime incidence coronary heart
disease) (Table 1). Microvascular complications had lower lifetime incidences that varied with
starting age of the simulation and duration of diabetes. The incidence of end-stage renal disease
and amputation declined with increasing starting age but rose with increasing duration of
diabetes. Conversely, incidence of blindness increased with increasing starting age but declined
with increasing disease duration; these patterns reflect the inclusion of age at onset of diabetes
as a predictor in the UKPDS blindness model.

Life expectancy declined with increasing starting age and increasing duration of diabetes. The
model’s life expectancy predictions for healthy older patients with new onset diabetes matched
expectations from epidemiological studies of mortality and diabetes (50,51). Quality-adjusted
life expectancy was 1–1.5 years less than unadjusted life expectancy.

The overall magnitude of expected benefits of achieving intensive glucose control compared
to moderate glucose control declined as the age of hypothetical patients rose (Table 1). With
rising starting simulation age, the level of absolute risk reduction declined for end-stage renal
disease and amputation but remained stable for blindness and coronary heart disease. Life
expectancy and quality of life benefits declined with rising age. The expected benefit of
intensive glucose control was 106 (95% Confidence Intervals (CI), 95–117) quality-adjusted
days at age 60–64 years of age and declined to 52 (CI, 46–58) days at 75–79 years of age among
individuals with no comorbid illness or functional impairment. Increasing duration of diabetes
had the opposite effect of increasing the overall expected quality of life benefits of intensive
glucose control. For 60–64 year old patients, the overall quality of life benefit increased from
106 days for new-onset diabetes to 114 days for duration of diabetes beyond five years.

Larger differences in the expected benefits of intensive glucose control were observed within
each age group with changes in the mortality index score (Figure 2, Appendix Figure 1). As
the index score increased, life expectancy declined. In the case of patients 60–64 years of age
with new diabetes, life expectancy declined from 14.6 (CI, 14.4–14.7) years at baseline, to 9.7
(CI, 9.6–9.9) years with 3 additional index points, and to 4.8 (CI, 4.7–4.9) years with 7
additional index points. As life expectancy declined, so did expected benefits. Over the same
interval of index points, life expectancy benefits declined from 114 (CI, 101–128) days to 41
(CI, 34–48) days to 5 (CI, 3–8) days, and quality-adjusted benefits declined from 106 (CI, 95–
117) days to 44 (CI, 38–50) days to 8 (CI, 5–10) days.

Huang et al. Page 5

Ann Intern Med. Author manuscript; available in PMC 2008 October 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The negative associations between life expectancy, benefits, and the mortality index score were
also observed for patients with greater duration of diabetes. Again, life expectancy declined
with an increasing index score. For patients 60–64 years of age and 10–15 years of diabetes,
life expectancy declined from 13.5 (CI, 13.3–13.6) years at baseline to 8.0 (CI, 7.9–8.1) years
with 4 additional index points and to 3.9 (CI, 3.8–4.0) with 8 additional index points. Over the
same intervals, the expected benefits declined from 116 (CI, 103–129) quality-adjusted days,
to 36 (CI, 29–43) days, to 8 (CI, 6–11) days (Figure 2d).

When examining these interrelationships by specific complications, we found distinct patterns
for different complications (Figures 3, Appendix Figure 2). For end-stage renal disease, there
is a decline in absolute risk reduction as the mortality index score rises, even among patients
with extended duration of diabetes (Figures 3b and 3d). On the other hand, the benefits of
preventing amputation declined but remained close to an absolute risk reduction over 0.5%
percent at high index scores, when duration of diabetes exceeded five years (Figure 3b and
3d). These distinct patterns reflect differences in the size of baseline incidence rates and
differences in assumptions regarding how glucose control affected individual complication
rates.

Sensitivity analyses
When we used Framingham models, the predicted rates of cardiovascular disease were lower
and life expectancies were higher than in the base case analysis, but expected benefits of
intensive glucose control were lower. For patients 60–64 years of age with new diabetes and
moderate glucose control, the incidence of coronary heart disease declined from 52% to 37
(CI, 36–38)% and life expectancy increased from 14.6 to 16.1 (CI, 15.9–16.3) years. Despite
longer life expectancy, the expected benefits of intensive control were found to be less than
half of those observed in the base case (e.g,44 (CI, 38–50) instead of 106 quality-adjusted days)
due to the absence of glucose control as a predictor in the Framingham models. With all of
these changes, the basic relationship between the mortality index score and expected benefits
observed earlier was maintained. Expected benefits for the same 60–64 year old patients
declined from 44 (CI, 38–50) days to 16 (CI, 13–19) days with 3 additional index points and
to 3 (CI, 2–4) days with 7 additional index points.

In other sensitivity analysis, we generally found that results did not deviate significantly from
the base case analysis. When we assumed no inflation of the non-diabetic background mortality
rate, life expectancies increased by 2–3 years and the magnitude of expected benefits increased
(e.g., 106 to 126 (CI, 115–137) quality-adjusted days for healthy 60–64 year old patents with
new diabetes). Expected benefits continued to decline with a rising mortality index score but
at slightly higher index scores compared to the base case. For example, in the same 60–64 year
old patients mentioned earlier, expected benefits were reduced to less than 20 quality-adjusted
days with 10 additional index points instead of 7 index points. In subgroup analyses, we found
small differences in these patterns between men and women; for 60–64 year old patients,
benefits dropped below 20 quality-adjusted days for men at 5 additional index points while
women had this decline at 7 additional index points.

Different comparisons of glucose control levels altered the baseline magnitude of benefits of
achieving lower glucose control targets, but did not significantly alter the importance of the
index score on the expected benefits. For healthy 60–64 year old patients with new diabetes
the benefit was 131 quality-adjusted days for a comparison HbA1C of 9.0% and 7.9% and 52
days for a comparison HBA1C of 7.0% and 6.5%. In the case of the first comparison, the benefit
declined to 10 days with 7 additional index points. In the case of the second comparison, the
benefit declined to 3 days with 7 additional index points.
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In our analyses of utility assumptions, we found that model results were highly sensitive to
differences in treatment state utilities. If the every day quality of life experience of intensive
glucose control was lower than moderate glucose control by more than 0.02 (i.e., a 2% reduction
in daily quality of life from perfect health, 1.00 vs. 0.98), intensive control became a harmful
therapy. Model results did not change significantly when using lower utilities for complication
states.

Discussion
Our results illustrate that limited life expectancy is an important determinant of the magnitude
of the expected benefit of intensive glucose control compared to moderate glucose control,
even in settings of advanced duration of diabetes. The results suggest that five years of life
expectancy is an acceptable threshold for identifying older patients who are unlikely to benefit
from intensive control. We found that patients with a life expectancy of five years or less were
likely to only gain 20 quality-adjusted days with intensive glucose control.

If life expectancy is important, there is a need for practical approaches to identifying older
diabetes patients with limited life expectancy. We found that a combination of multiple
comorbid illnesses and functional impairments is a more important predictor of limited life
expectancy and diminishing benefits of intensive glucose control, than age alone. For patients
60–64 years of age, the presence of a combination of four longstanding comorbid illnesses or
functional impairments is associated with a total mortality index score of 8–10, life expectancy
less than five years, and significantly reduced benefits of 8–13 quality-adjusted days. On
average, life expectancy is less than five years for 60–64 year old patients with 7 additional
index points, 65–69 years old patients with 6 additional index points, 70–74 year old patients
with 5 additional index points, and 75–79 year old patients with 4 additional points. In our
analyses, we assumed that comorbid illnesses or functional impairments were permanent, when
in reality these characteristics are dynamic (52). The dynamic nature of these characteristics
suggests that decisions regarding the intensity of glucose control need to be routinely revisited.

These analyses provide insights into how benefits of intensive glucose control may vary by
clinical characteristics, but they should not be the sole consideration when determining the
goals of diabetes care for an individual patient. The mortality index used in our model was
developed and validated at a population level and our model generates estimates that represent
the average effects for subgroups of patients. The experiences of individual patients will still
vary from these average effects. Apart from these considerations regarding benefits, concerns
regarding the adverse consequences of pursuing intensive glucose control may be particularly
relevant when identifying glucose control targets for some older patients (11,53,54). There is
current uncertainty regarding the potential harms of pursuing near-normal glucose levels (target
HbA1C<6.0%) in older patients. The glucose control portion of the ACCORD (Action to
Control Cardiovascular Risk in Diabetes) trial was recently terminated because of excessive
deaths in the very intensive glucose control arm (55); on the other hand, there have been no
excessive deaths attributable to very intensive glucose control in the ADVANCE study (56).
In the case of pursuing an HbA1C in the range of 7.0%, clinical trials have not documented
harms like those observed in the ACCORD trial; however, there are likely to be subgroups of
older patients at particularly high risk of hypoglycemia and geriatric syndromes even with this
traditional glucose control target. The current uncertainty related to pursuing near-normal
glucose levels underscores the importance of carefully tailoring diabetes care goals and plans
to individual older patients based on expected benefits and harms of therapy. A critical piece
of this process is the acknowledgement of patients’ treatment preferences which should be
important determinants of treatment decisions (45,53).
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The validity of our findings depends on the quality of our decision analytic model. We
attempted to enhance the validity of our analyses by using the most up-to-date prediction
models from the fields of both diabetes and geriatrics. In addition, the results of our model
have face validity in comparisons with expectations from epidemiological studies of diabetes
and related complications (51). Our results regarding life expectancy and the estimated benefits
of intensive glucose control are also highly comparable to those of other well-known diabetes
complication prediction models such as the Centers for Disease Control Cost-Effectiveness
Model of Diabetes Complications and the UKPDS Outcomes Model (19,23).

There are several limitations of our analysis. There is a lack of directly available clinical trial
data for older patients and patients with comorbid illness or functional impairment. Without
such data, our analysis relied on prediction models for diabetic complications developed from
UKPDS trial results. Our findings are therefore attributable to the particularities of these
prediction models and their study populations. In addition, we made a number of assumptions
in our analysis, such as not accounting for the adverse consequences of intensive control, that
biased the analysis favorably towards intensive control. Despite this bias, our analysis
illustrates a steady decline of expected benefits with a rising mortality index score.

The results of this study provide support for the recommendations of geriatric diabetes care
guidelines. The challenge for older patients and their providers is in deciding how to best apply
results from clinical trials to the care of an individual. In the absence of directly applicable trial
data, methods such as decision analysis allow us to integrate data from existing clinical trials
with advancing knowledge about the health experiences of older diabetes patients and provide
insight into the care of individuals. These personalized estimates provide a starting point for
discussions between older diabetes patients and their providers regarding the value of pursuing
a complex therapy such as intensive glucose control.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Model of diabetes complications in older patients
The structure of the decision analytic model is presented in this figure. Hypothetical patients
move through the model from left to right for each cycle length (one year). Based on initial
patient clinical characteristics, patients are subject to the risk of various complications related
to diabetes as well as mortality. Patients who survive a given year repeat the cycle until death.
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Figure 2. Expected quality of life benefits of intensive glucose control for 60–64 year old and 75–
79 year old patients
**Level of comorbid illness and functional impairment is indicated by additional points on the
mortality index score (1–2 points per illness or impairment). Expected benefits for 65–69 year
old and 70–74 year old patients are intermediate to those of 60–64 year old and 75–79 year old
subgroups (see Technical Appendix).
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Figure 3. Expected differences in lifetime incidence of specific complications for 60–64 year old and
75–79 year old patients
**Level of comorbid illness and functional impairment is indicated by additional points on the
mortality index score (1–2 points per illness or impairment). The relationships between
absolute risk reductions for specific events and the mortality index score are not consistently
monotonic because we assessed fairly wide ranges of duration of diabetes (5 years) and the
individual complication models vary in their responsiveness to this variable. Expected
differences for 65–69 year old and 70–74 year old patients are intermediate to those of 60–64
year old and 75–79 year old subgroups (see Technical Appendix).
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