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BACKGROUND: Geriatric conditions, collections of
symptoms common in older adults and not necessar-
ily associated with a specific disease, increase in
prevalence with advancing age. These conditions are
important contributors to the complex health status
of older adults. Diabetes mellitus is known to co-
occur with geriatric conditions in older adults and
has been implicated in the pathogenesis of some
conditions.

OBJECTIVE: To investigate the prevalence and inci-
dence of geriatric conditions in middle-aged and older-
aged adults with diabetes.

DESIGN: Secondary analysis of nationally-representa-
tive, longitudinal health interview survey data (Health
and Retirement Study waves 2004 and 2006).
PARTICIPANTS: Respondents 51 years and older in
2004 (n=18,908).

MAIN MEASURES: Diabetes mellitus. Eight geriatric
conditions: cognitive impairment, falls, incontinence,
low body mass index, dizziness, vision impairment,
hearing impairment, pain.

KEY RESULTS: Adults with diabetes, compared to
those without, had increased prevalence and increased
incidence of geriatric conditions across the age spec-
trum (p< 0.01 for each age group from 51-54 years old
to 75-79 years old). Differences between adults with
and without diabetes were most marked in middle-age.
Diabetes was associated with the two-year cumulative
incidence of acquiring new geriatric conditions (odds
ratio, 95% confidence interval: 1.8, 1.6-2.0). A diabe-
tes-age interaction was discovered: as age increased,
the association of diabetes with new geriatric condi-
tions decreased.

CONCLUSIONS: Middle-aged, as well as older-aged,
adults with diabetes are at increased risk for the
development of geriatric conditions, which contribute
substantially to their morbidity and functional impair-
ment. Our findings suggest that adults with diabetes
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should be monitored for the development of these
conditions beginning at a younger age than previously
thought.
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INTRODUCTION

Background

Geriatric conditions, collections of symptoms common in older
adults and not necessarily associated with a specific disease,
increase in prevalence with age'™. Geriatric conditions are
associated with functional impairment in older adults and
contribute to their complex health status.’

Diabetes mellitus co-occurs with geriatric conditions in
older adults,*'® and the American Geriatrics Society has
included screening for and management of geriatric conditions
(or syndromes) in its guidelines for improving the care of older
adults with diabetes.!” Diabetes is theorized to be associated
with early or accelerated aging and has been implicated in the
pathogenesis of some geriatric conditions (e.g., falls).*-1%14:15.17

There is no consensus regarding the definitions and under-
standing of the terms geriatric condition and geriatric syn-
drome.! Previous work by the authors investigated seven
conditions - cognitive impairment, falls, incontinence, low body
mass index, dizziness, vision impairment, and hearing impair-
ment.! The American Geriatric Society’s “Guidelines for Improv-
ing the Care of the Older Person with Diabetes Mellitus” also
included pain.!” Here, we investigate whether these eight
“geriatric” conditions occur at younger ages in adults with
diabetes.

Objective

The goal of this study was to compare the prevalence and
incidence of geriatric conditions in middle-aged and older-aged
adults with diabetes to that of middle- and older-aged adults
without diabetes. We hypothesized that adults with diabetes,
compared to those without, had increased prevalence and
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increased incidence of geriatric conditions (in aggregate and
individually).

METHODS

Design

We performed secondary analysis of population-based, longi-
tudinal health interview survey data.

Participants

Study data are from the 2004 and 2006 waves of the Health
and Retirement Study (HRS), a nationally representative,
biennial longitudinal health interview survey of a cohort of
adults age 51 years and older in the United States.'®'® The
HRS is sponsored by the National Institute on Aging and
performed by the Institute for Social Research at the University
of Michigan. The survey is designed to study adults as they
transition into retirement.

The HRS was approved by the Health Sciences Institutional
Review Board at the University of Michigan. The data used for
this analysis are publicly available and contain no unique
identifiers, thus assuring respondent anonymity.

In the 2004 wave of the HRS, 18,908 respondents were 51
years and older; they represented 82.0 million adults 51 years
and older in the United States in that year. For each
respondent unable to be interviewed, usually because of
medical and/or cognitive problems, a proxy (n=1,719), fre-
quently the spouse (n=1,077), was enlisted to answer ques-
tions for that respondent.

Main Measures

Diabetes Mellitus. Respondents who reported in 2004 that a
physician had diagnosed them with diabetes or high blood
sugar were categorized as having diabetes. The HRS does not
distinguish between type 1 and type 2 diabetes.

Geriatric Conditions. The HRS provides information on the eight
geriatric conditions. Survey questions about the individual
conditions include those that can be used to indicate the
severity or activity of each condition (with the exception of
dizziness).! Our analysis focused on the more severe/active
form of the conditions, which we specified as follows:

— Falls: falls resulting in injury and/or three or more falls in
the previous two years

— Incontinence: incontinence episodes 15 or more days each
month

— Low body mass index (BMI) (based on self-report height and
weight): <18.5 kg/m?

— Dizziness: dizziness or lightheadedness as a persistent/
troublesome problem

- Vision impairment: poor eyesight or blindness despite use of
corrective lenses

— Hearing impairment: poor hearing despite use of hearing aides

— Pain: often troubled with severe pain

(We also expanded the definition of each condition to include
moderate/less active forms, which we examined in sensitivity
analyses.)

The HRS assesses cognitive function in one of two ways.
For self-respondents, cognitive function is evaluated using a
performance-based measure, a modified version of the Telephone
Interview for Cognitive Status (TICS),>* a validated cognitive
screening instrument patterned on the Mini-Mental State Exam-
ination®® and specifically designed for population-based studies.
We defined moderate/severe cognitive impairment as a score of 7
or below on the 35-point cognitive scale for those 65 years and
older and as a score of 4 or below on the 27-point cognitive scale
for those 51 to 64 years old. These cut-points have previously
been used by researchers because the proportion of people that
they identify as having serious cognitive impairment is consistent
with other estimates of the prevalence of dementia. Detailed
information on the cognitive measures that compose the modified
TICS is available on the HRS website (http:/ /hrsonline.isr.umich.
edu/sitedocs/userg/dr-006.pdf).

Respondents unable to complete the interview are each
assigned a proxy respondent by a trained interviewer according
to study protocol. We determined the presence and degree of
cognitive impairment for these respondents by combining the
proxy’s assessment of the respondent’s memory with the inter-
viewer’s assessment of the respondent’s cognitive function.>®

20-23

Mortality. For respondents who had died, exit interviews were
conducted with their designated proxy respondents. HRS
mortality data are cross-referenced with the National Center
for Health Statistics National Death Index (NDI).

Chronic Diseases. We included the following chronic diseases in
our analyses: hypertension, heart disease, chronic lung disease,
cancer, stroke, musculoskeletal conditions, and psychiatric
problems. Respondents reported whether or not a physician
had diagnosed them with each disease; follow-up questions
about the diseases included those indicating their activity or
severity. We limited each disease to its severe/active form (e.g.,
receiving treatment for the disease). 2! For instance, we limited
stroke to those requiring medication for stroke (or its
complications) and/or with remaining problems (e.g., weakness
in arms/legs, difficulty speaking/swallowing, etc.). We limited
psychiatric problems to those respondents taking medication
and/or receiving psychiatric or psychological treatment.

Sociodemographic Factors. Sociodemographic variables
included age, gender, race (Caucasian, African-American,
Hispanic), marital status (married, unmarried), educational
attainment, net worth (total household assets minus current
debt, in quartiles),'® and living situation (with others, alone, in
long-stay nursing facility). (Note that a small number of
respondents answered the race/ethnicity question as “other;”
these respondents were grouped with Caucasians in the analyses.)

STATISTICAL ANALYSIS

To adjust for the complex sample design of the HRS, the
differential probability of selection, and non-response, all
analyses were weighted and adjusted using the statistical


http://hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf
http://hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf

274 Cigolle et al.: Geriatric Conditions and Diabetes Mellitus JGIM

package STATA (Release 9.0, Stata Corp, College Station, TX).
Thus, we were able to take advantage of the nationally represen-
tative data set to produce national population estimates.

Respondents were analyzed in terms of their diabetes status in
2004. Geriatric conditions were analyzed both in aggregate
(numbers of conditions) and individually. We used 2004 data to
estimate the prevalence of geriatric conditions. We used 2004 and
2006 data to estimate the two-year cumulative incidence of
acquiring new geriatric condition(s); we used the two years
between the two waves of data as the period of time during which
all of the individuals in the population sample could be consid-
ered to be at risk for the outcome (i.e., a new geriatric condition).?®
Of note, HRS data on the geriatric conditions do not include their
exact time of onset; hence, HRS data do not support the
calculation of incidence rates for the conditions. (Also, the HRS
does not survey respondents 64 years and younger about falls, so
the prevalence and the incidence of falls could not be determined
for these ages. Respondents were not questioned about dizziness
in the 2006 wave, so its incidence in 2006 could not be
determined.)

We calculated the two-year cumulative incidence (from 2004 to
2006) of acquiring at least one additional geriatric condition as
follows: The population at risk in 2006 included all respondents
alive in that year (the denominator); we excluded the 1,243
respondents who died following the 2004 interview. For this
population at risk, we determined the number of respondents
who had an increase in their number of geriatric conditions in
2006 as compared to 2004 (the numerator).

We similarly calculated two-year cumulative incidence for
the individual geriatric conditions (except dizziness). For
each of these seven analyses, the population at risk in 2006
included all respondents who were alive in 2006 and who
did not report the indicated condition in 2004 (the denom-
inator). For each analysis, we then determined the number
of respondents who newly reported having the geriatric
condition in 2006 (the numerator).

We used multivariate logistic regression modeling to examine
the association between diabetes (independent variable) and the
two-year risk of acquiring at least one new geriatric condition
(dependent variable). We sequentially introduced groups of
variables into the model: age, other demographic variables, and
chronic diseases. We also introduced a diabetes-age interaction
into the models. From the logistic models, we obtained estimates
of odds ratios for the association between diabetes and the two-
year risk of acquiring new geriatric conditions.

Of the 18,908 respondents in the population sample in 2004,
1,243 (6.6%) died prior to the 2006 wave, and 921 (4.9%) were lost
to follow-up in 2006. We performed extensive sensitivity analyses
including and excluding the 921 respondents lost to follow-up.
For the analyses in this paper, these 921 respondents were
treated as being alive in 2006 and as not having new geriatric
conditions. Thus, they were included in the population at risk (the
denominator) in calculating two-year cumulative incidence.

KEY RESULTS

Table 1 shows (column 1) the characteristics of the study
population, weighted to be representative of adults age 51
years and older in the United States in the 2004. Table 1 also

shows (columns 2-5) the characteristics of the four subgroups
of the population, according to whether or not respondents
had diabetes and whether or not they had one or more geriatric
conditions (severe form). We compare our subgroup of interest,
older adults having diabetes and having one or more geriatric
conditions, to the other subgroups. Overall, 3,506 respon-
dents, representing 13.6 million nationally, reported having
diabetes. Among those with diabetes, adults who were older,
female, unmarried, and of decreased socioeconomic status
were more likely to have geriatric conditions.

Figure 1 depicts the prevalence of having at least one
geriatric condition (severe form) by age (grouped in 5-year
increments) for adults with and without diabetes; it also shows
the prevalence of having at least two geriatric conditions by age
for adults with and without diabetes. We found that adults
with diabetes had substantially increased prevalence of geri-
atric conditions, beginning in and most pronounced in middle-
age, compared to adults without diabetes (p< 0.01 for each age
group from 51-54 years old to 75-79 years old).

We also determined the prevalence of the eight individual
geriatric conditions (severe form) across the age spectrum
(Table 2, white columns). All conditions, except low BMI,
generally showed substantially and statistically significant
greater prevalence in adults with diabetes, compared to those
without diabetes.

Figure 2 depicts the two-year cumulative incidence of
acquiring at least one new geriatric condition (severe form) by
age (grouped in 5 year increments) for adults with and without
diabetes. Adults with diabetes had substantially increased
incidence, again beginning in and most pronounced in middle-
age, compared to adults without diabetes (p< 0.01 for each age
group from 51-54 years old to 75-79 years old).

We similarly determined the two-year cumulative inci-
dence of the seven individual geriatric conditions (severe
form) across the age range (Table 2, gray columns). All
conditions, except low BMI, demonstrated statistically sig-
nificantly greater incidence in adults with diabetes, com-
pared to those without diabetes, for persons younger than
80 years of age. In contrast, adults age 80 years and older
with diabetes, compared to those without diabetes, had
greater incidence only of pain.

Next, we examined the association between diabetes and
the two-year risk of acquiring new geriatric conditions
(Table 3). The odds ratio for this association was statistically
significant and remained so in models adjusting for age, other
demographic characteristics, and chronic diseases. Testing
the model for interactions, we found a statistically significant
diabetes-age interaction; the association of diabetes with new
geriatric conditions varied with age. As age increased, the
strength of the association of diabetes with new geriatric
conditions decreased. As a further step (data not shown), we
calculated the odds for models with interaction terms (Model
3), for comparison with models without interaction terms
(Model 2). For example, for adults age 51-60 years with
diabetes, the odds of developing new geriatric conditions is
1.96 times as large as the odds for those without diabetes
developing new conditions. In contrast, for adults age 71—
80 years with diabetes, the odds of developing new conditions
is only 1.25 times as large as the odds for those without
diabetes developing new conditions.

Last, we performed extensive sensitivity analyses to test our
findings (data not shown). First, we repeated the analyses, using
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Table 1. Characteristics of the Study Population, Overall and by Presence of Diabetes and Geriatric Conditions

Weighted Percentage*

Entire 2004 Wave Diabetes, >1 Diabetes, No No Diabetes, >1 No Diabetes, No
Geriatric Geriatric Geriatric Geriatric Conditions
Conditions Conditions Conditions

n=18,908, n=1,611, n=1,895, n=4,973, n=10,429,

representing 82.0
million

representing 5.9
million

representing 7.7
million

representing 20.0
million

representing 49.0
million

Overall Prevalence 7.2 9.4 23.8 59.6
Age (years) 51-60 42.4 25.8 41.6 27.5 50.5

61-70 26.8 29.2 31.2 23.5 27.2

71-80 19.7 27.5 20.7 25.8 16.1

>80 11.1 17.5 6.5 23.2 6.3

P value <0.001 <0.001 <0.001
Gender Female 54.4 58.3 46.0 64.0 51.4

P value <0.001 0.005 <0.001
Race Caucasian 83.9 74.3 76.4 83.8 86.2

African-American 9.3 15.3 14.8 8.9 7.8

Hispanic 6.9 10.5 8.8 7.3 5.9

P value 0.32 <0.001 <0.001
Marital Status Unmarried 34.5 44.5 32.1 46.4 28.9

P value <0.001 0.24 <0.001
Education (years) <12 20.7 39.9 22.9 29.2 14.6

12 33.0 32.2 34.0 35.1 32.1

>12 46.3 27.9 43.2 35.7 53.3

P value <0.001 <0.001 <0.001
Net Worth (dollars) <40,000 22.9 41.6 26.4 31.7 16.6

40,001-155,000 23.9 27.3 28.1 24.3 22.7

155,001-420,000 25.7 17.6 26.1 22.7 27.8

>420,000 27.5 13.6 19.4 21.3 32.9

P value <0.001 <0.001 <0.001
Living Situation With others 77.0 71.7 81.1 67.6 80.6

Alone 21.0 22.4 18.4 27.0 19.2

Nursing Facility 1.9 5.9 0.5 5.4 0.3

P value <0.001 0.008 <0.001

*Weighted percentages were derived using Health and Retirement Study (HRS) respondent population weights to adjust for differential probability of
selection into the sample and differential non-response.
Proportions are related to the columns and not the rows; the columns for each variable (not the rows) add to 100%. For example, of those respondents
having diabetes and> 1 geriatric conditions, 74.3% are Caucasian, 15.3% are African-American, and 10.5% are Hispanic
P value from the % test_for the association between the indicated variable and having diabetes/> 1 geriatric conditions. (Respondents in the diabetes/> 1
geriatric conditions subgroup are compared to respondents in each of the other three subgroups for the indicated variable)
Population estimates are rounded to the nearest 100,000
A small number of respondents (n=429) answered the race/ethnicity question as “other;” these respondents were grouped with Caucasians in the

analyses

Prevalence of Numbers of Geriatric Conditions (%)

-
o
o

80

70

60

50

s

40

8% o]

30 H

==

£

L

A
"

T

LI

10 H

s

-]
]
2

o

1S

e A

EEaEaaE

P o i
T

s

I

LI

s

T

A

BDiabetes,

ONo Diabetes

EDiabetes,

ONo Diabetes,

>=1 Geriatric Conditions

>=1 Geriatric Conditions

>=2 Geriatric Conditions

>=2 Geriatric Conditions

51-54

55-59

60-64 65-69

Age (years)

80-84 85-89

>=90

Figure 1. Prevalence of Numbers of Geriatric Conditions by Age and Diabetes Status. Weighted percentages were derived using Health and
Retirement Study (HRS) respondent population weights to adjust for differential probability of selection into the sample and differential non-
response. Prevalence results are for 2004. 95% confidence intervals are indicated.



276 Cigolle et al.: Geriatric Conditions and Diabetes Mellitus JGIM
Table 2. Prevalence and Incidence of Geriatric Conditions by Age and Diabetes Status
Weighted Percentage*
Age (years)
51-60 (n=5,150) 61-70 (n=6,617) 71-80 (n=4,435) >80 (n=2,706)
Prevalence’ Incidence® Prevalence® Incidence® Prevalence’ Incidence® Prevalence’ Incidence®
Cognitive Impairment
Diabetes 2.8 1.3 3.9 2.4 5.0 4.9 16.1 9.9
No Diabetes 1.1 0.9 1.1 0.8 3.9 2.8 14.6 9.0
P value 0.002 0.37 <0.001 <0.001 0.19 0.008 0.55 0.67
Falls
Diabetes - - 18.48 15.48 21.2 15.1 29.8 23.2
No Diabetes - - 11.9% 7.98 14.1 12.5 24.2 22.8
P value - - <0.001% <0.0018 <0.001 0.08 0.03 0.93
Incontinence
Diabetes 6.2 3.5 8.4 6.7 12.5 6.7 19.5 12.9
No Diabetes 2.7 1.9 5.2 3.8 8.5 6.1 16.9 11.7
P value <0.001 0.02 <0.001 <0.001 0.001 0.43 0.24 0.63
Dizziness
Diabetes 19.3 - 18.9 - 18.3 - 15.5 -
No Diabetes 9.3 - 9.7 - 12.4 - 18.1 -
P value <0.001 - <0.001 - <0.001 - 0.70 -
Low BMI
Diabetes 0.6 0.3 0.4 0.3 0.3 0.5 4.1 0.9
No Diabetes 1.0 0.4 1.3 0.5 2.5 1.8 6.7 3.3
P value 0.18 0.86 0.006 0.39 <0.001 0.005 0.08 0.01
Vision Impairment
Diabetes 7.3 4.4 8.8 4.4 11.9 6.0 18.9 9.1
No Diabetes 2.8 1.7 3.0 2.0 5.0 3.6 14.2 7.9
P value <0.001 <0.001 <0.001 <0.001 <0.001 0.007 0.03 0.44
Hearing Impairment
Diabetes 3.1 2.8 6.4 4.7 10.6 6.0 14.4 12.5
No Diabetes 2.0 1.5 3.5 2.3 6.5 4.0 14.5 8.8
P value 0.13 0.03 <0.001 <0.001 <0.001 0.05 0.98 0.11
Pain
Diabetes 9.5 7.2 10.5 6.8 9.0 6.4 7.6 8.1
No Diabetes 4.1 2.9 4.4 3.2 4.7 4.2 6.2 4.4
P value <0.001 <0.001 <0.001 <0.001 <0.001 0.04 0.17 0.02

*Weighted percentages were derived using Health and Retirement Study (HRS) respondent population weights to adjust for differential probability of

selection into the sample and differential non-response.

P value from the 2 test for the association between the indicated variable and diabetes status

Prevalence (2004) of indicated geriatric condition among respondents with diabetes and without diabetes

¥Two-year cumulative incidence (2004-2006) of indicated geriatric condition among respondents with diabetes and without diabetes
SFalls prevalence and incidence were determined._for adults 65-70 years old (n=3,953).

BMI: body mass index

the moderate/less active form of the geriatric conditions in place
of the severe form. Second, we repeated the analyses examining
geriatric conditions in aggregate, excluding conditions not always
regarded as geriatric in nature (e.g., pain, dizziness). In these
analyses, no substantial differences were discovered in the
nature of our findings.

CONCLUSIONS

This study examines the prevalence and incidence of geriatric
conditions, in aggregate and individually, among middle- and
older-aged adults with and without diabetes. To our knowl-
edge, this is the first study employing nationally representative
data to do so. Confirming our hypotheses, we showed that
adults with diabetes had increased prevalence and incidence of
geriatric conditions, compared to adults without diabetes.

These findings were most pronounced in middle-age, revealing
a diabetes-age interaction (as age increased, the association of
diabetes with new geriatric conditions decreased) and suggest-
ing that adults with diabetes may begin to accumulate
“geriatric” conditions in middle-age.

Both diabetes and geriatric conditions have their greatest
incidence and prevalence in older adults.!”?” The pathophys-
iology of diabetes, along with treatments and complications of
the disease, can affect multiple organ systems. In turn,
multiple organ systems can be implicated in the pathophysi-
ology underlying many of the geriatric conditions. Diabetes,
then, has the potential to contribute multiple causal factors to
the development of the individual conditions. These causal
factors may interact with other risk factors for the conditions,
leading diabetes to play a substantial and complex role in the
pathophysiology underlying the conditions. For example,
diabetes complications and/or co-morbid diseases include
vision impairment, hyperglycemia, dehydration, postural hy-
potension, chronic kidney disease, autonomic and peripheral
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Table 3. Association Between Diabetes and the Two-Year Risk of Acquiring New Geriatric Conditions (>1)
Odds Ratio (95% CI)
Model 1* Model 21 Model 3* Model 43

Diabetes 1.8 (1.6-2.0) 1.5 (1.3-1.7) 2.0 (1.4-2.7) 1.7 (1.3-2.4)
Age (years)

61-70 2.1 (1.8-2.4) 2.1 (1.8-2.5) 2.0 (1.7-2.4)

71-80 3.3 (2.9-3.8) 3.6 (3.2-4.2) 3.3 (2.9-3.8)

>80 6.3 (5.3-7.5) 7.1 (5.9-8.6) 6.5 (5.4-7.8)
Gender

Female 1.2 (1.1-1.4) 1.2 (1.1-1.4) 1.2 (1.1-1.3)
Race

African-American 0.8 (0.7-1.0) 0.8 (0.7-1.0) 0.9 (0.8-1.1)

Hispanic 0.9 (0.7-1.0) 0.9 (0.7-1.0) 0.9 (0.8-1.1)
Marital Status

Married 0.8 (0.8-1.0) 0.9 (0.8-1.0) 0.9 (0.8-1.0)
Education (years)

12 0.7 (0.7-0.8) 0.7 (0.7-0.8) 0.8 (0.7-0.8)

>12 0.6 (0.6-0.7) 0.6 (0.6-0.7) 0.7 (0.6-0.8)
Net Worth (dollars)

40,001-155,000 0.7 (0.6-0.8) 0.7 (0.6-0.8) 0.7 (0.6-0.8)

155,001-420,000 0.6 (0.5-0.6) 0.6 (0.5-0.7) 0.6 (0.5-0.7)

>420,000 0.5 (0.5-0.6) 0.5 (0.5-0.6) 0.6 (0.5-0.7)
Chronic Diseases

Hypertension 1.0 (0.9-1.1)

Heart Disease 1.3 (1.2-1.4)

Chronic Lung Disease 1.3 (1.1-1.7)

Cancer 1.2 (0.8-1.6)

Stroke 1.7 (1.4-2.1)

Musculoskeletal 1.4 (1.2-1.5)

Psychiatric 1.7 (1.4-1.9)
Diabetes-Age Interaction (years)

61-70 0.9 (0.6-1.3) 0.9 (0.6-1.3)

71-80 0.6 (0.5-0.9) 0.7 (0.5-1.0)

>80 0.5 (0.3-0.8) 0.5 (0.4-0.8)

Odds ratios were derived using Health and Retirement Study (HRS) respondent population weights to adjust for differential probability of selection into the

sample and differential non-response.

*Unadjusted

fAdjusted for six sociodemographic characteristics
*Adjusted for six sociodemographic characteristics and diabetes-age interaction

SAdjusted for six sociodemographic characteristics, seven chronic diseases, and diabetes-age interaction.

Referent groups are: Age, 51-60 years; Gender, male; Race, Caucasian; Marital Status, unmarried; Education, <12 years; Net Worth, <40,000 dollars;

Chronic Diseases, not having the indicated disease; and Diabetes-Age Interaction, 51-60 years — diabetes

CI: confidence interval.
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neuropathy, foot disorders, cardiovascular disease, cerebro-
vascular disease, and peripheral vascular disease. These
complications, impairments, and co-morbid conditions are all
potential etiologic factors in falling, 12729

In some cases, diabetes may play a predominant in causing
the conditions, e.g., vision impairment, in some individuals. In
other cases, the pathophysiologic relationship between diabe-
tes and geriatric conditions is less clear; for instance, the role
of diabetes in causing cognitive impairment is controversial
and complex.'° The role played by diabetes in the development
of the conditions (direct consequence versus indirect risk
factor versus only an association) highlights the underdevel-
oped taxonomy and conceptual framework of geriatric condi-
tions and syndromes.

Our study found a diabetes-age interaction in the associa-
tion between diabetes and the risk of developing new geriatric
conditions: diabetes was a stronger risk factor for the develop-
ment of the conditions in middle-age than in old age. One
explanation for this interaction is that the effect of diabetes
may diminish as adults without diabetes begin to manifest the
aging process and develop diseases (other than diabetes)
whose incidence and prevalence increase with age (e.g.,
cardiovascular disease). By the time that both groups reach
old age, the effect of age and these other diseases may
outweigh or overwhelm the effect of diabetes.

Low BMI was the exception in our analysis of geriatric
conditions. Generally, BMIs in the overweight range (greater
than 25 kg/ m?) are associated with better health status in the
older adult population, whereas low BMI is an adverse
prognostic marker. In our analysis, low BMI was the only
geriatric condition not having increased prevalence and inci-
dence in adults with diabetes. These negative findings for low
BMI are not unexpected. First, the relationship of diabetes and
insulin resistance with weight gain is well established; thus,
the association of a weight-related geriatric condition (low BMI)
with diabetes can be expected to differ from the association of
the other geriatric conditions (cognitive impairment, falls,
incontinence, etc.) with diabetes. Second, our specification for
low BMI (less than 18.5 kg/mz) yielded low rates for this
condition in the overall sample (both respondents with diabe-
tes and respondents without diabetes).

Of note, although not the focus of our study, we found that
stroke and psychiatric disorders were also strongly associated
with new geriatric conditions (Model 4). Similar to diabetes,
these two disorders may have important and complex roles in
the development of the conditions. Thus, our analysis may not
be unique to diabetes.

A chief strength of the study is that it is based on a large,
nationally representative survey (HRS) that provides data on
geriatric conditions.'?! The determination of cognitive impair-
ment is performance-based. Also, the HRS samples across a
broad age range, from middle-age to the oldest old, and it
samples respondents living in the community and in long-stay
nursing facilities. Finally, the HRS is a biennial longitudinal
survey, making possible future studies that examine the
association of diabetes with geriatric conditions over multiple
waves and that investigate the role of other diseases.

The study has several limitations.'?! First, the HRS uses
self-report data to determine both diabetes and the geriatric
conditions, and the conditions chosen for this study are
limited by the questions included in the HRS survey. For
example, the HRS does not have data on delirium. Second, the

HRS does not distinguish between type 1 and type 2 diabetes.
However, using data from the National Health and Nutrition
Examination Survey (NHANES) and the National Health
Interview Survey (NHIS), the Centers for Disease Control
(CDC) concluded that 95% of adults with diabetes have type
2 diabetes.*° Third, the conditions chosen are not universally
regarded as geriatric in nature (e.g., dizziness, pain). Last, HRS
data do not support the calculation of incidence rates, leading
us to instead report two-year cumulative incidence.

Middle-aged and older-aged adults with diabetes are at
increased risk for the development of geriatric conditions.
Although the pathophysiology underlying their development
is not fully worked out, it is clear that geriatric conditions
contribute substantially to the morbidity and functional
impairment of adults with diabetes. The study’s findings
suggest that adults with diabetes should be monitored for the
development of these conditions beginning at a younger age
than previously thought. Questioning patients about symptom
burdens such as falling and incontinence is important because
these conditions can be managed, resulting in improvement in
symptoms and decrease in disability.
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