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Abstract
Background/Objectives—In diabetes patients with co-morbid dementia, continued monitoring
of HbA1c, cardiovascular risk, and diabetes complications can inform treatment decisions and
minimize further declines in cognition, function, and quality of life. However, a clinically
dominant, symptomatic, and discordant condition such as dementia may inhibit efforts to monitor
diabetes in accordance with guidelines for older, complex patients. We examined the extent to
which receipt of recommended diabetes monitoring differed for patients with and without co-
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morbid dementia, as well as the effect of other co-morbidities on diabetes monitoring in patients
with co-morbid dementia.

Design—Retrospective cohort study.

Setting—Secondary analysis of 2005–2006 claims and enrollment data for a 5% national random
sample of Medicare beneficiaries.

Participants—288,805 Medicare fee-for-service beneficiaries with a diabetes diagnosis prior to
2006; 44,717 (16%) of whom had evidence of co-morbid dementia in claims.

Measurements—We used established algorithms to determine whether patients received at least
one HbA1c test, one LDL cholesterol test, and one annual eye exam in 2006, and construct
variables representing co-morbidities common in diabetes, socio-demographics, and patterns of
health care utilization.

Results—In unadjusted and fully adjusted models, the presence of dementia reduced patients’
likelihood of receiving HbA1c tests, LDL tests, and eye exams, with effects being smallest for
HbA1c tests. The effects of other co-morbidities on diabetes monitoring in patients with dementia
varied by the nature of the co-morbidity and the specific test.

Conclusion—Dementia reduces the likelihood that diabetes patients received recommended
annual monitoring for diabetes. More research is needed to understand reasons for reduced
monitoring in this patient subgroup and how this impacts patient functioning, adverse events, and
quality of life.
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INTRODUCTION
Twenty-seven percent of adults aged 65+ have diabetes and 14% over age 70 have
dementia,1 and both conditions are expected to become more prevalent in coming years.2,3

There is also mounting evidence that diabetes may directly increase one’s risk of developing
dementia.4 Given that annual costs of diabetes and Alzheimer’s disease amount to $174
billion and $183 billion, respectively, supporting improved care quality in patients who
simultaneously have both conditions is of critical importance.

The presence of co-morbid dementia presents considerable challenges for diabetes
management. Treatment guidelines by the American Diabetes Association (ADA) and the
American Geriatrics Society (AGS) acknowledge that for older patients with dementia, the
risks (e.g., adverse drug events, falls) and discomforts associated with intensive control of
diabetes and its complications may outweigh benefits (e.g., reduced cardiovascular disease
risk, complications), especially if life expectancy is limited.5,6 Both guidelines recommend
an individualized, shared decision-making approach to diabetes management and allow for
less stringent control of hemoglobin A1c and cardiovascular risk factors; e.g., A1c level of
8% rather than 7%. The AGS guidelines also note a lack of evidence regarding the
appropriate frequency of monitoring of glycemic control, lipids, and diabetes complications
(e.g., retinopathy) for older, frail patients, including those with dementia, and suggest that a
less intense monitoring schedule may be appropriate. However, the AGS guidelines, largely
based on expert consensus, maintain that a minimum of at least one annual A1c test and
biannual or annual monitoring of lipids and eye diseases, depending on patients’ risk level,
is necessary in order to inform treatment decisions.
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Although monitoring may be appropriately discontinued if providers, caregivers, and
patients agree that it would negatively impact the patient’s overall quality of life, there are
considerable potential benefits of continued diabetes monitoring in dementia patients at
earlier stages of the disease. For example, regular monitoring of A1c can identify extremely
high or low A1c levels and inform adjustments to treatment to prevent hospitalizations and
specific adverse events, including diabetic ketoacidosis, hypoglycemia, dehydration, poor
wound healing, and worsened cognitive and visual impairment.5 Regular eye exams can
identify progression of visual impairments that may exacerbate cognitive and behavioral
symptoms of dementia, and limit quality of life.5 Although there is less evidence about the
appropriate intensity with which cholesterol levels should be treated in patients with
geriatric syndromes,5,6 continued monitoring and management of LDL cholesterol has the
potential to reduce cardiovascular events, hospitalizations, and further declines in functional
status. Finally, monitoring of both lipids and glycemic control may be particularly important
for patients with co-morbid dementia who are taking atypical anti-psychotics for behavioral
symptoms and are at increased risk for worsened metabolic status.7,8

Despite these potential benefits, Piette and Kerr’s influential framework9 for understanding
the impact of co-morbidity on diabetes management suggests that co-morbid dementia may
reduce patients’ receipt of recommended diabetes monitoring. According to their model, co-
morbidities, such as dementia, that are clinically dominant, involve treatment or self-
management that is discordant from that required for diabetes, or are highly symptomatic
may dominate clinical encounters and shift attention away from diabetes care. The
allowance in treatment guidelines for less stringent diabetes control may also lead providers
to de-prioritize diabetes monitoring. Furthermore, in patients with early dementia who are
self-managing diabetes or whose cognitive impairment is under-appreciated by providers,
diabetes monitoring may be less frequent due to the patient’s reduced executive functioning
and resulting non-adherence. Although prior studies among long-term care patients10,11

suggest that the presence of co-occurring dementia may reduce patients’ receipt of
recommended diabetes monitoring, the effect of a dementia diagnosis among community-
dwelling diabetes patients is unknown. Other studies suggest that in vulnerable elders, the
presence of multiple conditions – even when discordant – may actually increase patients’
receipt of recommended chronic care services by increasing contacts with the health care
system.9,12 Thus, understanding whether a dementia diagnosis leads to reduced receipt of
diabetes monitoring tests is an important unanswered question.

This study addresses this gap among a national sample of Medicare beneficiaries with
diabetes by examining the extent to which receipt of annual hemoglobin A1c tests, LDL
cholesterol tests, and eye exams differed for patients with and without co-morbid dementia.
As a further test of Piette and Kerr’s framework, we also examined the relationship of other
co-morbidities common in diabetes to likelihood of receiving diabetes monitoring in the
subgroup of patients with co-morbid dementia.

RESEARCH DESIGN AND METHODS
Setting and Participants

The University of Wisconsin Minimal Risk Institutional Review Board approved this study
with a waiver of HIPAA authorization. We used 2005–2006 Chronic Conditions Warehouse
(CCW) claims and enrollment data from the Centers for Medicare and Medicaid Services
(CMS) for a 5% national random sample to identify a sample of Medicare fee-for-service
beneficiaries with diabetes aged 65+ as of January 1, 2005. To identify patients with
diabetes, we used a validated algorithm13 requiring patients to have at least one inpatient or
skilled nursing facility (SNF) claim or more than one professional services claim associated
with an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-
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CM) code of 250.xx, 357.2, 362.0x, or 366.41 in a two-year period; we also included 648.0x
(maternal diabetes mellitus complicating pregnancy, childbirth, or the puerperium). To
ensure that all patients had diabetes prior to assessment of receipt of diabetes monitoring in
2006, we included only those whose first diabetes claim occurred before January 1, 2006.
Beneficiaries with railroad or Medicare HMO benefits or without Medicare Parts A and B
continuously over 2005–2006 were excluded. Patients who died before the end of 2006 or
were hospitalized for >30 days in 2006 were excluded to reduce inclusion of end-stage
dementia patients in their final days of life for whom discontinuation of monitoring may be
more appropriate, and to decrease bias from reduced follow-up time to observe diabetes
monitoring in claims.

Measures
We assessed patients’ receipt of three diabetes care processes in 2006 consistent with
guidelines specifically for older, complex patients with diabetes6 and methods used in prior
research.14,15 Specifically, we used outpatient facility and carrier claims for 2006 to create
indicators for receipt of ≥1 HbA1c test and receipt of ≥1 LDL cholesterol,14 and carrier,
outpatient facility, or inpatient facility claims to create an indicator for receipt of ≥1 eye
exam15 (see Table 1). We also created an indicator for whether patients received all three
tests.

To identify patients with dementia, we used the CCW chronic condition flag for ever having
met criteria for Alzheimer’s Disease or Related Disorders (ADRD) or Senile Dementia over
1999–2006 in the Chronic Condition Summary File (see Table 1). Although the validity of
this definition has not been directly evaluated, it contains only minor operational differences
from the Medicare claims-based algorithm developed by Taylor and colleagues.16,17 Using a
national, non-clinical sample of older adults representing the full range of cognitive ability,
the Taylor algorithm has demonstrated good sensitivity (0.85) and specificity (0.89) when
compared to a gold-standard clinical dementia assessment.17

We created variables indicating the presence of other co-morbidities and complications
common in diabetes. We used the 2005 end-of-year condition indicators in the Chronic
Conditions Summary file to classify patients with regard to the presence of ischemic heart
disease (IHD), congestive heart failure (CHF), stroke/transient ischemic attacks (TIA), and
depression. We applied an established algorithm to inpatient, SNF, and carrier claims to
identify patients with chronic kidney disease (CKD),18 and then used the end-stage renal
disease (ESRD) indicator in the 2005 Beneficiary Summary file to further classify patients
as those with ESRD, non-ESRD kidney disease, and no kidney disease. We also applied a
validated algorithm to create indicators for the presence of lower extremity ulcers,
amputation, peripheral vascular disease [PVD], and combined eye diseases including
background retinopathy, macular edema, and proliferative retinopathy.19 Finally, we used
the Beneficiary Summary File to create an indicator for original entitlement for Medicare
due to disability.

We used the Beneficiary Summary file to capture patient socio-demographics, including sex,
race/ethnicity (re-coded into white, black, or Other/unknown), age in years (65–69, 70–74,
75–79, 80–84, or 85+), and state of residence. The Medicaid state buy-in indicator was used
as a proxy for patient income. Patient zip code was used to classify participants’ geographic
location with regard to US Department of Agriculture census-based Rural Urban
Commuting Area (RUCA) codes (urban core area, suburban area, large town area, and small
town/isolated rural area).20

We used 2005 claims to calculate the Hierarchical Condition Categories (HCC) community
risk score, an established measure of predicted future health care utilization based on all
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diagnoses recorded in professional services/carrier and inpatient/outpatient facility claims,21

and categorized patients into quartiles of HCC risk. We chose the HCC score for risk
adjustment over the Charlson22–24 or Elixhauser25 co-morbidity measures because of its
inclusion of the full spectrum of diagnoses rather than a select group, and evidence of
stronger ability to predict mortality.26 We also created indicators for any hospitalization in
2005 using the inpatient facility file. To create indicators for a nursing home stay in 2005
and 2006, we searched carrier claims for evaluation and management (E&M) codes for use
with patients residing in a nursing home.27

Analytic Approach
Analyses were conducted using Stata version 11.0 (StataCorp LP, College Station, TX). We
examined descriptive statistics for all variables and used chi-square tests to assess
differences by dementia status. To determine the effect of a dementia diagnosis on diabetes
monitoring, we estimated separate logistic regression models for each individual diabetes
test as well as all three tests. We estimated adjusted predicted probabilities based on the
recycled predictions approach using Stata’s “margins” command. The delta method was
used to calculate 95% confidence intervals, which allows for correlation among
observations. We computed adjusted risk ratios to allow for more intuitive characterization
of the effect of dementia diagnosis on receipt of diabetes monitoring.28 Finally, we limited
the sample to diabetes patients with co-morbid dementia (N=44,260) and used logistic
regression to estimate associations of additional co-morbidities on receipt of each individual
and all three tests, controlling for socio-demographics, overall HCC risk score, and hospital
and nursing home utilization. Missing RUCA values (<1% missing) were handled via
listwise deletion and all regression models used robust estimates of variance.

RESULTS
Table 2 shows characteristics 288,805 Medicare beneficiaries with diabetes, overall and by
dementia status. We identified 44,717 (15.5%) patients with co-morbid dementia. Over 60%
of the overall sample was female, 82% were White/Caucasian, 11% were Black/African
American, and over a quarter were ≥80 years old. The most common co-morbidities
included IHD (47%), CHF (11%), depression (10%), and CKD (9%). Patients with dementia
were more likely to be female and older, have higher HCC scores, have a hospital and
nursing home stay, and have specific co-morbidities (excluding eye disease) than patients
without dementia.

Eighty percent of the overall sample had ≥1 HbA1c test, 76% had ≥1 LDL test, and 62%
had an eye exam, compared to just 45% receiving all three tests. Chi-square tests for raw
differences in testing revealed that dementia patients were less likely to receive A1c tests
(73% vs. 81%), LDL tests (61% vs. 79%), eye exams (52% vs. 63%), as well as all three
tests (30% vs. 47%).

Differences in receipt of diabetes monitoring by dementia status remained statistically
significant in fully adjusted models (Table 3). The adjusted predicted probability of
dementia patients receiving all three tests was 36.9%, compared to 46.2% in patients without
dementia (ARR=0.80, 95% CI=0.787–0.811). Patients with dementia were also less likely to
receive individual tests, with the greatest difference seen for eye exams (ARR=0.85, 95%
CI=0.846–0.864), followed by LDL tests (ARR=0.91, 95% CI=0.901–0.914) and A1c tests
(ARR=0.96, 95% CI=0.957–0.968).

Among patients with both diabetes and dementia, individual co-morbidities were found to be
significantly and heterogeneously associated with receipt of diabetes monitoring (Table 4).
Eye disease, ischemic heart disease, PVD, stroke/TIA, non-end-stage kidney disease, and
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depression increased likelihood of receiving at least some tests with null effects on other
tests. Specifically, eye disease increased likelihood of receiving each individual test, IHD
and PVD independently increased the likelihood of LDL testing and eye exams, stroke/TIA
increased the likelihood of LDL testing, and depression increased likelihood of eye exams.
In contrast, disability, amputation, and lower extremity ulcers each showed independent
negative or null effects on receipt of diabetes monitoring, with disability consistently
reducing receipt of each test. The pattern of effects for end-stage renal disease was more
complex, showing positive effects on likelihood of A1c testing and negative effects LDL
testing. Finally, patients in the top three quartiles of HCC risk scores had greater odds of
receiving each monitoring test compared to patients in the lowest quartile, although results
were strongest for A1c testing.

DISCUSSION
Despite the high prevalence of diabetes and dementia among older adults, there has been
relatively little emphasis on understanding the impact of each condition on care for the
other. Our research is one of the first to provide an estimate of the co-occurrence of
dementia in Medicare beneficiaries with diabetes and examine the impact of dementia on
diabetes care. In a national random sample of Medicare fee-for-service beneficiaries, we
identified 44,717 Medicare beneficiaries aged 65 or older with a documented diagnosis of
both diabetes mellitus and Alzheimer’s Disease or a Related Disorder (ADRD). This
represents approximately 16% of older Medicare beneficiaries with diabetes and ~894,340
patients nationally, confirming that this “natural cluster” of illnesses29 occurs frequently
enough to warrant further attention.

Our finding that a dementia diagnosis reduced diabetes monitoring adds to the literature in
support of Piette and Kerr’s typology of co-morbid conditions,9,30,31 which proposes that
co-morbid conditions that are clinically dominant, symptomatic, and discordant in terms of
treatment in relation to diabetes would detract from its management. Our results also mirror
patterns of diabetes monitoring similar to those observed for diabetes patients in long-term
care settings with dementia,10,11 as well as one study documenting lower rates of diabetic
eye exams among a nationally representative sample of older adults.32

Although dementia was associated with decreases in all three individual types of monitoring,
effects were relatively weaker for A1c testing compared to cholesterol tests and eye exams.
A1c testing differs from both LDL cholesterol testing and eye exams in that it can be
conducted at the point-of-care in the course of routine office visits, rather than requiring a
fasting laboratory appointment (LDL cholesterol) or separate office visit (eye exam). As a
result, the increased overall healthcare utilization observed for patients with dementia, as
evidenced by their higher HCC risk score, may increase opportunities for testing A1c and
offset other barriers introduced by the presence of dementia. Conversely, eye exams and
fasting LDL tests may place a greater burden on patients and caregivers in terms of
scheduling appointments and transportation, and require more cooperation from patients in
completing the actual exam. Thus, our results highlight that the characteristics of specific
care processes for the index condition (in this case, diabetes), such as burden on the patient,
caregiver, and/or health care provider, may be important to consider in addition to
characteristics of the co-morbidity when predicting its effect on the index condition. This
point is further demonstrated by the lack of uniformity of effects for other specific co-
morbidities on likelihood of receiving each of the three specific diabetes tests in patients
with both diabetes and dementia. With the exception of disability, the presence of specific
co-morbidities, as well as overall HCC risk score, either increased or had no significant
effect on the likelihood that a patient with both diabetes and dementia received annual A1c
monitoring. This provides further evidence that in the case of chronic disease care delivered
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easily in the course of office visits, co-morbidities may provide increased opportunities for
point-of-care service provision.

It is notable, and consistent with Piette and Kerr’s framework regarding the importance of
treatment concordance, that higher likelihood of annual LDL testing was observed in
patients who had co-morbidities that are by themselves indications for cholesterol
monitoring, including IHD, stroke/TIA, and PVD. Furthermore, consideration of the
remaining microvascular complications of diabetes suggests positive effects on LDL testing
when complications are less dominant (eye disease, non-end-stage kidney disease) and
concordant, but negative effects when these complications are more dominant and/or
symptomatic (ESRD, lower extremity ulcers, disability). With regard to the receipt of eye
exams, co-morbidities had either positive or null effects, with the exception of amputation
and disability, two very clinically dominant conditions.

Another notable finding was that our indicator of disability, defined conservatively as
having been originally entitled for Medicare prior to age 65, significantly reduced one’s
likelihood of receiving each of the three tests. This is consistent with research documenting
numerous barriers with regard to physical access, patient-provider communication, and
quality of care experienced by individuals with disabilities,33–35 and suggests that this
subgroup of patients with both diabetes and dementia may be at particular risk for decreased
vigilance with regard to monitoring of diabetes and its complications. Future research using
more refined measures of disability should probe further the effects of different types and
levels of disability on receipt of recommended diabetes care in patients with co-morbid
dementia residing in community and long-term care settings.

Our results should be interpreted in light of several limitations. Most notably, our reliance
on claims data to identify cases of dementia prevented us from examining the effect of
dementia duration or severity on diabetes monitoring. In its early stages, dementia may
present much less dominantly and be seen as relatively concordant with the goals of diabetes
given the shared vascular pathophysiologic links between the two conditions. As dementia
becomes more dominant and symptomatic, it may increasingly shift focus away from
diabetes. As patients progress to end-stage disease or reach their last days of life, it becomes
more likely that reduced monitoring may reflect a conscious, shared decision by the care
team and family, and higher rather than lower quality of care. Evidence is lacking on the
circumstances under which monitoring of glycemic control and diabetes complications
should be completely discontinued. Future research should examine how severity of
dementia affects intensity of diabetes monitoring, as well as the clinical and psychosocial
risks and benefits of continued monitoring of diabetes as dementia progresses.

Relatedly, our reliance on claims data may have led to misclassification of patients’
dementia status, and in particular, failure to identify some cases of mild dementia due to a
tendency of a dementia diagnosis in claims to lag behind its clinical emergence.17 However,
prior research suggests that our method for identifying dementia cases using claims has good
validity for identifying dementia across the spectrum of severity.16,17 This, together with
exclusion of patients who died or were hospitalized for more than 30 days in the follow-up
year, makes it less likely that results are driven entirely by reduced diabetes monitoring in
patients with end-stage dementia.

It is also likely that barriers to diabetes monitoring in patients with mild to moderate
dementia are different for those residing in long-term care versus community settings, and
different intervention approaches are needed. Although we were able to identify patients
with evidence of at least some nursing home use and control for this in our analyses, our
inability to determine dates of nursing home admission and discharge using Medicare Part A
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and B claims limited our ability to rigorously examine differences among patients dwelling
in the community versus long-term care settings. Barriers to diabetes monitoring in different
care settings should be examined so that interventions tailored to these settings can be
developed and tested.

Despite these limitations, our findings have important implications for future research and
intervention. Most importantly, we identified dementia as a barrier to the receipt of the
minimal level of annual diabetes monitoring advocated by treatment guidelines specifically
developed for older, frail patients with diabetes. Although the disparity in A1c testing rates
for diabetes patients with and without dementia was relatively small, the almost 10
percentage point difference in the adjusted rate of LDL testing and eye exams and 20
percentage point gap in comprehensive monitoring indicates an urgent need for efforts to
better understand and inform diabetes care decisions in this population. In particular,
research is needed to understand to what extent this reduction in diabetes monitoring is the
result of a conscious, collaborative decision by patients, caregivers, and providers versus an
unconscious de-prioritization of diabetes monitoring, and/or non-adherence by caregivers/
patients. In particular, patient non-adherence may serve as a signal that dementia is not
being managed sufficiently36, or that the patients’ monitoring schedule needs to be
reconsidered. In addition, research is sorely needed on how results of monitoring tests are
being used to inform subsequent treatment decisions and self-care recommendations (e.g.,
medication changes, schedules for self-monitoring blood glucose, lifestyle modification) and
subsequent effects on a broad range of outcomes for patients and caregivers (e.g., regimen
adherence, caregiver distress, preventable hospitalizations, health care costs). Taken
together, such research would help elucidate the extent to which the substantially lower rate
of diabetes monitoring in patients with co-morbid dementia indicates suboptimal care
quality versus a mismatch of treatment guidelines with patient-centered care. Future work
should help define what does constitute high-quality diabetes care for this vulnerable
population and inform the development of interventions to support improved outcomes.
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Table 1

Codes Used to Identify Diabetes Care Processes and Alzheimer’s Disease or Related Disorder (ADRD)

Care Process Description

HbA1c tests CPT codes on carrier or outpatient facility claims: 83036 or 83037

LDL cholesterol tests CPT codes on carrier or outpatient facility claims: 83721, 80061, 83715, 83716, 83700, 83701, or 83704, or a
combination of 82465, 83718, and 84478 on the same claim

Eye exams CPT codes on carrier, outpatient, or inpatient claims: 67101, 67105, 67107, 67108, 67110, 67112, 67141, 67145,
67208, 67210, 67218, 67227, 67228, 92002, 92004, 92012, 92014, 92018, 92019, 92225, 92226, 92230, 92235,
92240, 92250, 92260
CPT codes on carrier claims associated with a provider specialty code of 18 (ophthalmology) or 41 (optometry):
99201–99215, 99241–99245
ICD-9-CM procedure codes on acute inpatient claims: 14.21, 14.22, 14.23, 14.24, 14.25, 14.26, 14.27, 14.29,
14.31, 14.32, 14.33, 14.34, 14.35, 14.39, 14.41, 14.49, 14.51, 14.52, 14.53, 14.54, 14.55, 14.59, 14.9, 95.02,
95.03, 95.04, 95.11, 95.12, 95.16

Diagnosis of Alzheimer’s
Disease or Related
Disorder (ADRD)

ICD-9-CM diagnosis code in any position on at least 1 inpatient, skilled nursing facility, home health, hospital
outpatient, or carrier claim: 331.0, 331.1, 331.11, 331.19, 331.2, 331.7, 290.0,290.1, 290.10, 290.11, 290.12,
290.13, 290.20, 290.21,290.3, 290.40, 290.41, 290.42, 290.43, 294.0, 294.1,294.10, 294.11, 294.8, 797

HbA1c = Hemoglobin A1c; LDL = Low-density lipoprotein; CPT = Current Procedural Technology; ICD-9-CM = International Classification of
Diseases, Ninth Revision, Clinical Modification
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Table 2

Characteristics of 288,805 Medicare Beneficiaries with Diabetes, by Dementia Status

Characteristic Overall Dementia (n=44,717) No Dementia (n=244,088) P-Value

% with Dementia 15.5

Socio-demographics (%)

 Female 60.8 67.9 59.5 <.01

 Race <.01

  White 82.0 79.0 82.6

  Black 11.2 13.6 10.8

  Other/Unknown 6.7 7.5 6.6

 Age <.01

  65–69 26.0 9.3 29.0

  70–74 25.4 16.8 27.0

  75–79 22.8 24.1 22.6

  80–84 16.2 26.0 14.4

  85–89+ 9.7 23.8 7.1

 Rural/Urban <.01

  Small Town or Isolated Rural Area 12.6 11.5 12.8

  Large Town Area 12.9 12.0 13.1

  Suburban Area 9.6 8.6 9.8

  Urban Core Area 63.9 67.0 63.3

  Missing 1.0 1.0 1.0

 Medicaid Buy-in 19.9 35.7 17.0 <.01

Baseline Co-morbidities (%)

 Ischemic heart disease 46.7 55.3 45.1 <.01

 Congestive Heart Failure 10.6 18.7 9.1 <.01

 Stroke/TIA 5.9 14.8 4.2 <.01

 Chronic Kidney Disease <.01

  None (ref) 90.6 86.9 91.2

  Non-ESRD CKD 8.2 11.6 7.6

  ESRD 1.2 1.5 1.2

 Depression 10.3 25.5 7.5 <.01

 Lower Extremity Ulcers 1.7 3.2 1.5 <.01

 Amputation 0.4 0.8 0.3 <.01

 Eye Disease 1.3 1.2 1.3 0.60

 PVD 7.5 9.7 7.1 <.01

 Entitled due to disability 10.5 12.4 10.2 <.01

Health Care Utilization (%)

 Baseline HCC Risk Score (2005) <.01

  Quartile 1 25.2 7.7 28.4

  Quartile 2 24.9 17.9 26.2

  Quartile 3 24.9 28.3 24.3
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Characteristic Overall Dementia (n=44,717) No Dementia (n=244,088) P-Value

  Quartile 4 25.0 46.1 21.1

 Hospitalized in 2005 27.1 42.9 24.2 <.01

 Nursing home stay in 2005 8.4 32.2 4.1 <.01

 Nursing home stay in 2006 9.4 36.3 4.4 <.01

Receipt of Diabetes Monitoring Tests in 2006 (%)

 At least 1 A1c test in 2006 79.7 73.3 80.8 <.01

 At least 1 LDL test in 2006 76.2 60.6 79.1 <.01

 At least 1 eye exam in 2006 61.6 52.2 63.3 <.01

 All 3 tests 44.7 30.4 47.4 <.01

TIA = Transient ischemic attack; ESRD = End-stage renal disease; CKD = Chronic kidney disease; PVD = Peripheral vascular disease; HCC =
Hierarchical Condition Category; LDL = Low-density lipoprotein
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Table 3

Adjusted Predicted Probabilities and Risk Ratios for Effect of Dementia Diagnosis on Receipt of
Recommended Diabetes Tests in 2006 (N=286,038)*

Care Process Adjusted Predicted Probability (%) 95% CI Adjusted Risk Ratio 95% CI

Receipt of ≥1 A1c test in 2006

 Dementia 77.4 (76.9, 77.8) 0.96 (0.96, 0.97)

 No Dementia (ref) 80.4 (80.2, 80.5)

Receipt of ≥1 LDL test in 2006

 Dementia 70.3 (69.9, 70.8) 0.91 (0.90, 0.91)

 No Dementia (ref) 77.5 (77.3, 77.7)

Receipt of ≥1 eye exam in 2006

 Dementia 54.0 (53.4, 54.5) 0.85 (0.85, 0.86)

 No Dementia (ref) 63.1 (62.9, 63.3)

Receipt of all three tests in 2006

 Dementia 36.9 (36.4, 37.4) 0.80 (0.79, 0.81)

 No Dementia (ref) 46.2 (46.0, 46.4)

*
Models adjusted for gender, race/ethnicity, age, Medicaid buy-in, disability entitlement, Rural Urban Commuting Area (RUCA) code,

Hierarchical Condition Category (HCC) quartile, presence of specific co-morbidities including ischemic heart disease, congestive heart failure,
stroke, chronic kidney disease, depression, lower extremity ulcers, amputation, combined eye diseases, and peripheral vascular disease,
hospitalization in prior year, nursing home stay in prior and current year, and state of residence.
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