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Abstract
Background/Objectives—Diabetes mellitus is a strong risk factor for functional decline in
older patients. It is unclear whether Hemoglobin A1c (HbA1c) levels predict functional decline.

Design—Longitudinal cohort study

Participants—Community-dwelling, nursing-home (NH) eligible patients with diabetes enrolled
at On Lok between 10/2002 and 12/2008 (367 patients, 1579 HbA1c measurements).

Setting—On Lok Lifeways, the original model for Programs of All-Inclusive Care for the
Elderly (PACE).

Measurements—The outcomes were 1) functional decline and 2) functional decline or death at
2 years. Our primary predictor was HbA1c. We adjusted for age, gender, race/ethnicity, baseline
function, comorbid conditions, length of time enrolled at On Lok, insulin use, as well as the
clustering of HbA1c within patients with mixed-effects Poisson regression.

Results—Mean age was 80 years and 185 patients (50%) were taking insulin. Sixty-three percent
of our participants experienced functional decline and 75% experienced death or functional
decline during the study period. At 2 years, higher HbA1c was associated with less functional
decline or death (p for trend=0.006). Accounting for clustering and confounding factors, HbA1c
8–8.9% was associated with a decreased relative risk of functional decline or death compared to
HbA1c 7–7.9% (0.88, 95% CI: 0.79–0.99).

Conclusion—Among community-dwelling, NH-eligible patients with diabetes, HbA1c of 8–
8.9% is associated with better functional outcomes at 2 years compared to HbA1c of 7–7.9%. Our
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results suggest that the current AGS guideline recommending a HbA1c target of ≤8% for older
patients with limited life expectancy may be lower than necessary to maintain function.

Keywords
Glycemic control; functional decline; Hemoglobin A1c

INTRODUCTION
Diabetes mellitus is common in older Americans and is strongly associated with disability
and functional decline. In 2004, an estimated 324,000 Americans with diabetes were living
in nursing homes1 and a similar number of nursing-home (NH) eligible elders with diabetes
lived in the community with formal and informal caregiver support.2 Further, this growing
population of older patients with diabetes has a two-fold increased risk of disability and
functional decline compared to older patients without diabetes.3–5 The increased risk of
functional decline is especially important in older adults since function has been shown to be
strongly associated with outcomes such as health-related quality of life,6,7 nursing home
placement, mortality and cost.8,9

Although the presence of diabetes appears to be a strong risk factor for functional decline, it
is unclear if the level of glycemic control affects functional outcomes. Poor glycemic control
may lead to worsening neuropathy, malaise, urinary incontinence and malnutrition leading
to functional decline.10 Conversely, tight glycemic control may lead to more frequent
hypoglycemia or falls, leading to functional decline.11–15 Thus, both tight glycemic control
and poor glycemic control may lead to functional decline; however, it is currently unknown
whether any association exists in NH-eligible elders who are at highest risk for functional
decline. Determining the level of glycemic control that is associated with best functional
outcomes would help providers determine the most appropriate glycemic target for older
patients with diabetes.

Thus, we examined the relationship between Hemoglobin A1c (HbA1c) levels and 2 year
functional decline in community-dwelling, NH-eligible older adults with diabetes enrolled at
On Lok Lifeways, the original model for Programs of All-Inclusive Care for the Elderly
(PACE). We hypothesized that PACE enrollees with diabetes who were able to achieve the
American Geriatrics Society (AGS) recommended HbA1c target of ≤8%16 would have less
functional decline than those whose HbA1c is >8%.

METHODS
Participants

We conducted a longitudinal cohort study using repeated measures of glycemic control and
functional decline in On Lok enrollees with diabetes mellitus between October 2002 (when
an electronic medical record system was implemented) and December 2008. On Lok, the
original model for the PACE program, requires enrollees to be certified as “NH-eligible,”
indicating that the participant requires ongoing skilled help and is unable to live
independently.17,18 On Lok helps NH-eligible enrollees remain in the community by
providing and coordinating all healthcare services including primary and specialist physician
services, adult day health care, home care, acute and post-acute hospitalization and custodial
nursing home care for those who require it. Patients receive health services in PACE centers
which comprise of co-located adult day health centers and medical clinics. The program
provides participants transportation to PACE centers where the following services are
provided: meals, medication management, help with bathing/showering, recreational
activities, physical and occupational therapy, social work and nursing and physician
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services. Each participant receives a comprehensive health assessment upon enrollment and
every six months thereafter. These assessments include medical evaluations and functional
assessments performed by nurses, occupational therapists and physical therapists.

Participants were included in the study if they 1) were enrolled at On Lok at the start of the
study period or entered On Lok between October 2002 and December 2006 (allowing for 24
months follow-up), 2) had a diagnosis of diabetes mellitus identified by ICD-9 code
(250.xx), and 3) had at least one HbA1c value between October 2002 and December 2006
(464 participants with 2144 HbA1c measurements). Since enrollment at On Lok is often
associated with medication and functional changes, HbA1c measurements were excluded if
a) they were collected less than 30 days after the initial enrollment (159 measurements
excluded), or b) corresponding baseline functional assessments were collected less than 30
days after initial enrollment (116 measurements excluded). HbA1c measurements were also
excluded if functional data was unavailable due to no baseline functional assessment within
6 months before the HbA1c measurement (64 measurements excluded), disenrollment
before 24 month follow-up (100 measurements), or follow-up functional data were missing
(75 measurements). Finally, measurements were also excluded if participants were enrolled
in end-of-life care (ICD9: V66.7) (51 measurements excluded), leading to our final analytic
cohort of 1579 HbA1c measurements from 367 enrollees.

Measures: Outcomes
The co-primary outcomes of our study were 1) functional decline and 2) functional decline
or death within 2 years. Functional decline was defined as a decline in Activity of Daily
Living (ADL) score at follow-up compared to baseline. The ADL score (range 0–10) was
determined by combining each enrollee's level of functioning in 5 basic ADLs (bathing,
dressing, toileting, transferring and eating) as independent (2 points), partially dependent (1
point) or completely dependent (0 points). Baseline ADL score was defined as the closest
ADL score within 6 months prior to the HbA1c measurement and the follow-up ADL score
was defined as the ADL measurement 24 ± 3 months after the HbA1c measurement. For
patients who died within the 24 month follow-up period, functional decline was determined
by comparing their baseline and last ADL score before death.

Because our ADL assessments occurred every 6 months, participants who suffer less than 6
months of functional decline before death may be missed using our definition of functional
decline. Thus, we also examined the outcome of functional decline or death within 24
months. As intermediate outcomes, we also examined functional decline or death at 6
months and 12 months.

Measures: Predictors and Confounding Variables
Our primary predictor was the HbA1c level divided into 4 categories: <7%, 7–7.9%, 8–
8.9%, and ≥9%. HbA1c was categorized since previous studies suggest that the relationship
between HbA1c and outcomes may be non-linear.19 To characterize how HbA1c levels
changed during follow-up, we compared the baseline HbA1c levels with the last HbA1c
measurement before 2 year follow-up or death.

We accounted for factors which may confound the relationship between HbA1c and
functional status including gender and race/ethnicity. Age, length of time at On Lok and the
use of oral antihyperglycemic medications or insulin was determined at each HbA1c
measurement. Baseline function was defined as the baseline ADL score. Since patients
requiring insulin may differ in complex ways from patients on oral medications and prior
studies suggest insulin use was associated with higher risk of physical disability,3,20 we
performed analyses stratified by treatment (any insulin versus oral antihyperglycemic
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medications only) to determine whether the HbA1c-functional decline relationship differed
by treatment. For our non-stratified analyses, we included treatment as a confounding factor.
Since our previous study showed that an educational intervention in 2005 was successful in
changing glycemic control practices at On Lok, we accounted for year in our analysis.21

Comorbid conditions were captured through ICD9 codes associated with hospitalizations,
Emergency Room (ER) visits and outpatient physician visits.

Statistical Analysis
Our unit of analysis was the HbA1c measure (predictor) and 2 year death or functional
decline (outcome). We used a population averaged mixed-effects Poisson regression to
account for clustering of HbA1c values by patients. We chose Poisson regression over
logistic regression because our outcome was common, making odds ratios more difficult to
interpret than risk ratios. We chose the HbA1c level of 7.0–7.9% as the reference since the
AGS guideline recommends HbA1c ≤ 8% as the appropriate glycemic target for “frail elders
with limited life expectancy”16 and was consistent with On Lok practices during our study
period. The statistical significance of trends was tested by examining whether the slope of
the outcome-HbA1c regression line from the unadjusted mixed-effects model differed from
zero. As a sensitivity analysis, we categorized all participants who disenrolled as having
functional decline and found that our results were unchanged.

All statistics were performed using Stata MP (version 10.1; StataCorp 2007, College Station,
TX) and SAS (Version 9.2, SAS System for Windows, 2008, SAS Institute Inc, Cary, NC).
The Committee on Human Research of the University of California, San Francisco and the
San Francisco Veterans Affairs Research and Development committee approved this study.

RESULTS
Characteristics of the Participants

Table 1 shows baseline characteristics for the 367 participants and their 1579 HbA1c
measurements. Participants were elderly, with mean age of 80 years and the majority of
participants were female (67%) and Asian (65%). Almost one-third of participants were on
only oral antihyperglycemics at baseline and half were on insulin. Most patients had
functional limitations with 66% of enrollees having a baseline ADL score of 8 or less. Most
patients also showed evidence of cognitive impairment, with 79% of enrollees having an
SPMSQ score of 6 or less. The most common oral antihyperglycemic medications were
sulfonylureas (e.g. glipizide) in 51% of participants and biguanides (e.g. metformin) in 40%
participants. Out of our 367 participants, 231 (63%) had a decline in functional status and
275 (75%) died or had a decline in functional status during the study period.

Relationship between HbA1c, Functional Decline and Death
Figure 1 shows our unadjusted results at 6, 12 and 24 months. Twenty to 30% of our cohort
died by 2 years, confirming that our study population was at high risk for adverse outcomes.
At 6 months, no clear association was seen between HbA1c level and our composite
outcome of functional decline or death, with a p-value for trend of 0.44 (see Figure 1). At 12
months, each higher level of HbA1c appeared to be associated with a lower rate of
functional decline or death; however, this trend was not statistically significant (p-value for
trend = 0.24). By 2 years, higher HbA1c was associated with less functional decline or
death, with a significant test for trend at p = 0.006.

After 2 years of follow-up, functional decline was identified after 49% of HbA1c
measurements, death occurred after 25% of HbA1c measurements and the combined
outcome of functional decline or death occurred after 58% of HbA1c measurements (see
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Table 2). Patients who experienced functional decline before death were considered to have
experienced both the functional decline outcome and the death outcome. Because these
patients are only counted once for the combined outcome of functional decline or death, the
combined outcome is less than the sum of the individual outcomes.

There was evidence of treatment intensification in response to poor glycemic control, with
decreases in HbA1c when initial HbA1c levels were 8–8.9% and ≥9%. Conversely, there
was evidence of appropriate less aggressive treatment in patients with baseline HbA1c <7.
There was no change in the level of glycemic control in our reference group with mean
HbA1c staying at 7.4%.

In our fully-adjusted analysis, HbA1c levels of 8–8.9% was associated with best outcomes,
with the lowest relative risk (RR) of death, functional decline and the combined outcome of
functional decline or death. (see Table 2) For our combined outcome, HbA1c of 8–8.9% was
associated with a statistically significant decreased RR (0.88, 95% CI: 0.79, 0.99) compared
to our reference group of HbA1c 7–7.9%. Across all outcomes (death, functional decline
and our combined outcome), patients with a HbA1c level <7% had the highest risk of poor
outcomes.

Results Stratified by Use of Oral Antihyperglycemic Medications and Insulin
The analysis stratified by medications showed qualitatively similar results for the oral
antihyperglycemic medications and insulin subgroups, with both patients taking insulin and
oral antihyperglycemic medications showing a U-shaped relationship between HbA1c and
our outcomes. In both the oral antihyperglycemic and insulin groups, the HbA1c level of 8–
8.9% conferred the lowest adjusted RR of our combined outcome of functional decline or
death (see Tables 3 and 4). This result reached statistical significance in the insulin group
(RR 0.82, 95% CI: 0.71, 0.96) but not the oral antihyperglycemic group (RR 0.89, 95% CI:
0.72, 1.10). Although the results were qualitatively similar between insulin and oral
antihyperglycemic medication subgroups, there was evidence of statistical interaction across
medication strata (p=0.04).

DISCUSSION
Contrary to our original hypothesis, we found that HbA1c above the AGS guideline-
recommended target of 8% is not associated with a higher risk of functional decline or
mortality for community-dwelling, NH-eligible elders with diabetes. In fact, HbA1c of 8–
8.9% was associated with a lower risk of 2 year functional decline or death than HbA1c 7–
7.9%. Our results suggest that the 2003 AGS guideline recommending a HbA1c target of
≤8% may need to be revisited and possibly updated.16

Glycemic control is a core element of diabetes care and HbA1c has become the cornerstone
measure of the quality of diabetes care.22,23 Much of the research on optimal levels of
glycemic control has focused on younger patients and there are few studies on the
appropriate levels of glycemic control in NH-eligible elders who make up a large and
growing segment of the diabetes population. Although guidelines agree that glycemic
control should be less aggressive for elders with advanced illness and limited life
expectancy, there is substantial disagreement over what the specific target should be.
Besides the AGS guidelines which recommend HbA1c ≤8%, the Veterans Affairs /
Department of Defense (VA/DoD) recommends a target HbA1c of 8 – 9%,24 and the
American Diabetes Association recommends a “less stringent” target than HbA1c <7% for
frail elderly patients.25 Our study suggests that the VA/DoD guidelines may be the most
appropriate HbA1c target for community-dwelling, NH-eligible elders with diabetes.
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Since the HbA1c 8–8.9% group's glycemic control improved during our study, one possible
interpretation of our results is that treatment to improve glycemic control may have
contributed to the better outcomes in this group. Specifically, we found that our HbA1c of
8–8.9% group had a baseline mean HbA1c of 8.5% which dropped to 8.1% at 2-year follow-
up, suggesting that treatments were intensified to improve glycemic control. However, since
the mean HbA1c level remained above the target HbA1c of 8%, our results suggest that the
current recommended HbA1c target of ≤8% is lower than necessary to maintain function.

A second interpretation of our findings is that our HbA1c 7–7.9% reference group may have
had many declining patients with marginal nutritional status, leading to our HbA1c 8–8.9%
group to have better outcomes by comparison. This interpretation is unlikely since the
HbA1c level of our reference group does not change from baseline to 24 months (mean
HbA1c 7.4 at baseline and at 24 months). If this group was comprised of declining patients
with marginal nutritional status, a decrease in HbA1c levels would be expected over 2 years
of follow up. Further, we chose the HbA1c of 7–7.9% rather than the <7% as our reference
group to minimize the chances of including declining patients in our reference group. Thus,
although our reference group may have some participants whose glycemic control improved
due to advancing illness, it is unlikely that this fully explains our findings.

We performed a stratified analysis to determine whether the relationship between HbA1c
and function differed between patients taking insulin or relying on oral medications. Overall,
our stratified analysis showed that our results were similar in patients taking insulin or oral
medications. In both the insulin and oral medication groups, the best outcomes occurred in
patients with a HbA1c between 8 and 8.9%. In both groups, HbA1c >9% appeared to be
associated with worse outcomes than HbA1c 8–8.9%, suggesting that HbA1c 9% or higher
should be avoided. Finally, HbA1c <7% was associated with worst outcomes, suggesting
this is a high-risk group for functional decline who may require additional support to
maintain function.

The results of our unadjusted interval analysis show that there was no significant trend
between HbA1c and functional decline or death at 6 months. However, a trend appears to
start to develop at 12 months with higher HbA1c being associated with lower rates of
functional decline or death (p=0.24). At 2 years, this result becomes statistically significant
(p=0.006), suggesting that the functional benefits of HbA1c 8–8.9% took 1–2 years to
realize. In contrast, previous studies in younger patients suggest that ~8 years of tight
glycemic control (HbA1c 7%) is needed to see decreased rates of microvascular
complications.16 Thus, our study suggests that for maintaining function in community-
dwelling, NH-eligible elders, the HbA1c target can be between 8–8.9%, and the benefits are
seen within 2 years.

Strengths, Limitations and Next Steps
Our study has both strengths and limitations. The major strength of our study is that, to our
knowledge, it is the first study examining the longitudinal relationship between glycemic
control and functional outcomes in PACE enrollees with diabetes. Much of what is known
about the frail elderly is based on NH populations, even though more elders who are eligible
for NH care live in the community.2 Thus, this is one of the first studies examining the
relationship between glycemic control and functional outcomes in community-dwelling,
NH-eligible elders.

Our study may also inform the care of healthier elders who are not NH-eligible. Previous
intervention trials of glycemic control have focused on younger, healthier patients while the
current study focuses on NH-eligible older patients in poorer health. Thus, the current study
and previous trials represent “bookends,” highlighting the levels of glycemic control
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associated with best outcomes across the spectrum of health in older adults. By focusing on
NH-eligible elders in poorer health, this study provides important additional data to
clinicians, allowing them to rationally individualize glycemic targets for patients who are
healthy, in poor health or somewhere in between.

Our study needs to be interpreted in light of its limitations. First, our study is observational
and On Lok clinicians may have treated individual study participants more or less
aggressively because of a variety of unmeasured factors. This confounding by indication
suggests that study participants who had HbA1c levels 7–7.9% are likely different from
study participants who had lower or higher HbA1c levels. We attempted to account for these
differences by adjusting for demographic factors, comorbidities and baseline function as
well as stratifying by glycemic treatment (oral antihyperglycemic medications versus
insulin). However, we were unable to account for other possibly important factors such as
social support, which may affect both glycemic control and functional decline.26 Thus, some
residual confounding is likely, suggesting our results are a basis for future studies rather than
a definitive statement of the optimal levels of glycemic control for community-dwelling,
NH-eligible elders with diabetes.

Second, although HbA1c has been shown to correlate tightly with glucose levels in most
patients, other factors including race and red blood cell (RBC) turnover can lead to HbA1c
levels that are less indicative of glycemic control. For example, patients treated with iron or
erythropoietin therapy may have increased RBC turnover leading to lower HbA1c levels,
which may have contributed to the worse outcomes we observed for patients with low
HbA1c.27 However, regardless of the shortcomings of the HbA1c test, it is the most widely
used test of glycemic control and our study suggests that HbA1c levels <7% are predictive
of worse outcomes.

Third, patients and families must choose to enroll in PACE programs and elders who choose
to enroll are likely different from elders who do not enroll. Next, our subjects were
predominantly Asian due to the history and location of On Lok in San Francisco and there
may be ethnic differences in the relationship between glycemic control and outcomes.28–30

Finally, this study design cannot address the mechanisms underlying the observed
associations between levels of glycemic control and outcomes.

Further research is needed. First, our observational results suggest that a HbA1c goal of 8–
8.9% may be reasonable in the community-dwelling, NH-eligible patients. Due to concerns
about residual confounding, a randomized trial is required to confirm or refute this
observational result. Second, our study highlights the importance of non-vascular outcomes
in geriatric diabetes research.31 Future research should focus on outcomes such as
incontinence, falls and quality of life along with mortality, stroke and myocardial
infarctions.

In summary, among community-dwelling, NH-eligible patients with diabetes, HbA1c levels
between 8–8.9% appears to be associated with less functional decline or death at 2 years
compared to HbA1c levels between 7–7.9%. This result suggests that the current AGS
HbA1c target of 8% or less for frail elders may be lower than is necessary to maintain
function and delay death for this vulnerable population.
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Figure 1.
Functional Decline or Death over Time by HbA1c Levels
* p-value = 0.03 for difference between our reference group (HbA1c 7–7.9) and HbA1c 8–
8.9. All other comparisons with reference group (HbA1c 7–7.9), p > 0.05
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Table 1

Characteristics of Subjects (n=367)

Characteristic

# of HbA1c measurements 1579

Age (years ± SD) 80 ± 9

Female 246 (67%)

Race/Ethnicity

 White 54 (15%)

 African-American 32 (9%)

 Hispanic 42 (12%)

 Asian 239 (65%)

Months enrolled in On-Lok (range) 18 (6–53)

Medications

 No antihyperglycemic medications 66 (18%)

 Oral antihyperglycemic medications (no insulin) 116 (32%)

 Insulin 185 (50%)

Baseline ADL score

 10 - 9 124 (34%)

 8 – 7 83 (23%)

 6 – 5 92 (25%)

 4 or less 68 (19%)

Hospitalizations or ER visits

 No hospitalizations or ER visits 176 (48%)

 Only ER visits 38 (10%)

 Hospitalizations 153 (42%)

Cognitive Score

 SPMSQ 7–10 78 (21%)

 SPMSQ ≤ 6 289 (79%)

Comorbidities

 Chronic Obstructive Pulmonary Disease 70 (20%)

 Congestive Heart Failure 125 (34%)

 Cancer 27 (7%)

 Kidney Disease 42 (11%)

 End Stage Renal Disease 17 (5%)

SD is standard deviation

SPMSQ is Short Portable Mental Status Questionnaire

Percentages are rounded to nearest whole number, therefore may not add to 100
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