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OBJECTIVE—To examine the relationship between albuminuria, inflammation, and disabil-
ity in older adults with diabetes.

RESEARCHDESIGNANDMETHODS—Data were from 1,729 adults ($60 years) with
diabetes in the National Health and Nutrition Examination Survey, 1999–2008. Disability in
activities of daily living (ADL), instrumental activities of daily living (IADL), leisure and social
activities (LSA), general physical activities (GPA), and lower-extremity mobility (LEM) was
obtained from self-reports. Urinary albumin-to-creatinine ratio (UACR) (mg/g) was categorized
into normal (UACR ,30 mg/g), microalbuminuria (UACR 30–300 mg/g), and macroalbumin-
uria (UACR .300 mg/g). C-reactive protein (CRP) levels were quantified by latex-enhanced
nephelometry.

RESULTS—In the full-adjusted model, microalbuminuria was associated with disability in
ADL, LSA, and LEM with corresponding odds ratios (ORs) (95% CIs) of 1.51 (1.16–1.98), 1.62
(1.23–2.14), and 1.34 (1.03–1.74), respectively, compared with participants without albumin-
uria. Macroalbuminuria was associated with disability in ADL, IADL, and LEMwith correspond-
ing ORs (95% CIs) of 1.94 (1.24–3.03), 1.93 (1.23–3.02), and 2.20 (1.38–3.49), respectively,
compared with participants without albuminuria. Elevated CRP (.0.3 mg/dL) was associated
with increased odds of disability in ADL and LEM, with corresponding ORs (95% CIs) of 1.28
(1.00–1.62) and 1.68 (1.34–2.11), respectively. Subjects with both albuminuria and elevated
CRP had higher odds of disability than individuals with no albuminuria and normal CRP.

CONCLUSIONS—Albuminuria and inflammation were independent correlates for disability
among older adults with diabetes. There was an interaction of albuminuria and elevated CRP on
disability, suggesting that the presence of subclinical inflammation may amplify the effect of
albuminuria on disability in older adults living with diabetes.

Diabetes Care 34:710–717, 2011

The adverse effects of diabetes in late
life on functional ability have been
well characterized. Data from the

U.S. national survey (1,2) or population-
based epidemiological studies (3) indi-
cated that individuals with diabetes
generally have two to three times greater
odds of functional disability in terms of
activities of daily living (ADL), instru-
mental activities of daily living (IADL),
or mobility-related tasks compared with

individuals without diabetes. Diabetes-
related disability is especially common
in the elderly population, with ;60%
of elderly patients with diabetes partici-
pating in the 1989 National Health In-
terview Survey and reporting one or
more limitations in their daily activities
(4). More recent data from the National
Health andNutrition Examination Survey
(NHANES) 1999–2006 showed that the
estimated prevalence of self-reported

difficulties in performing any functional
tasks with daily activities among elderly
people with diabetes had increased to
;77% (2). Preventing onset of disability
in the increasing elderly population with
diabetes is a public health issue.

An important step toward preventing
diabetes-related disability is a better un-
derstanding of predisability indicators
that can identify older adults with di-
abetes at the highest risk of becoming
disabled. Previous studies suggest that
late complications of diabetes, such as
cardiovascular diseases, foot ulcers, am-
putation, retinopathy, or nephropathy,
are important predictors of subsequent
functional disability among people with
diabetes (1–3). Because accelerated ath-
erosclerosis is a common pathway for
the majority of diabetes-related compli-
cations, past studies have provided
evidence supporting key roles of albu-
minuria and subclinical low-grade in-
flammation as antecedents of diabetes
complications and subsequent disability
(5,6). Both albuminuria and high proin-
flammatory cytokines have been linked
to endothelial dysfunction, as well as
initiation and progression of atheroscle-
rosis (5,6). Albuminuria is an early
indicator for diabetic end-organ compli-
cations including nephropathy (7) and
cardiovascular morbidity/mortality (8).
On the other hand, subclinical chronic in-
flammation, as measured by interleukin-6
or C-reactive protein (CRP), has been
shown to be an important correlate for
frailty and late-life disability among the
general population (9,10). In fact, albu-
minuria accompanied by subclinical
inflammation, or “inflammatory micro-
albuminuria,”may have an additive effect
on such outcomes as atherosclerosis or
metabolic disarray (11). Although diabe-
tes complications and cardiovascular
comorbidities have been extensively docu-
mented as crucial factors of disability
among older adults with diabetes, data ex-
amining the associations of preclinical dis-
ease indicators such as urinary albumin
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excretion or inflammation with disability
are relatively sparse.

Therefore, the objective of this study
was to examine the association between
urinary albumin excretion, chronic in-
flammation, and disability among older
adults with diabetes. We hypothesized
that higher urinary albumin excretion and
chronic inflammation are associated with
disability and that albuminuria and
chronic inflammation have a combined
effect on disability.

RESEARCH DESIGN AND
METHODS

Data source and study sample
The data come from NHANES, a popula-
tion-based cross-sectional survey de-
signed to collect information on the
health and nutrition of the U.S. civilian
noninstitutionalized population. Begin-
ning in 1999, NHANES became a contin-
uous annual survey rather than the
periodic survey that it had been in the
past. The survey data are released every
2 years. Detailed survey operations man-
uals, consent documents, and brochures
of the NHANES 1999–2008 are available
on the NHANES website (http://www.
cdc.gov/nchs/nhanes.htm).

A total of 2,399 older adults ($60
years of age) with diabetes completed
the physical function questionnaires for
assessment of functional disability.
Among them, 1,804 participants had
complete data in the laboratory measure-
ments and comorbidities questionnaires.
Given that advanced kidney disease is a
known predictor of functional limitation
(12), we further excluded 75 partici-
pants with advanced kidney disease
(estimated glomerular filtration rate
[eGFR] ,30 mL/min per 1.73 m2) to
minimize the confounding effect of chronic
kidney disease on the association be-
tween urinary albumin-to-creatinine
ratio (UACR) and functional disability.
Compared with excluded subjects (n =
670), current analytic sample (n = 1,729)
tended to be younger (70.6 vs. 72.2 years,
P , 0.001), male (52.8 vs. 44.9%, P =
0.001), and less disabled in all disability
domains (P # 0.001).

Assessment of disability
There were 19 questions in the physical
functioning questionnaire designed to
assess the functional status of partici-
pants. These questions were phrased to
assess the individual’s level of difficulty in
performing the task without using any

special equipment. The 19 questions of
functional dependence were categorized
into five major domains according to
published definitions (10): 1) ADL (eat-
ing, walking, dressing, and getting out of
bed); 2) IADL (managing money, house-
keeping, and food preparation); 3) leisure
and social activities (LSA; attending social
events, going out to movies, in-home lei-
sure activities); 4) lower-extremity mobil-
ity (LEM; walking for a quarter mile and
walking up 10 steps); and 5) general
physical activities (GPA; stooping, bend-
ing, standing, sitting, lifting, reaching,
and grasping). A subject’s answer to a
given question was coded as “no diffi-
culty,” “some difficulty,” “much diffi-
culty,” or “unable to do.” Functional
disability was defined as any difficulty in
performing one ormore activities within a
given domain.

UACR
A casual urine specimen was collected and
stored under frozen condition (220°C). A
solid-phase fluorescent immunoassay,
specifically useful for measurement of
low levels of urinary albumin not detect-
able by dipstick methods, was used for the
measurement of urinary albumin. Urine
creatinine was analyzed with the Jaffe re-
action, in which creatinine reacts with pic-
rate in an alkaline solution to form a red
creatinine-picrate complex. The UACR, in
milligrams per gram, was calculated by di-
viding the urinary albumin value by the
urinary creatinine concentration. Microal-
buminuria and macroalbuminuria were
defined if UACR was 30–300 and .300
mg/g, respectively (13).

Assessment of demographics,
comorbidities, and laboratory
examinations
Age, sex, and race were obtained by self-
report. BMI, calculated as weight in kilo-
grams divided by the square of height in
meters, was categorized according to the
National Institutes of Health obesity
standards: ,18.5 kg/m2 = underweight,
18.5–24.9 kg/m2 = normal weight, 25.0–
29.9 kg/m2 = overweight, and .30 kg/
m2 = obese (14). Using their serum coti-
nine concentrations (ng/mL), we classi-
fied smoking status of participants in
four groups: nonsmoker (,14), light
smoker (14–99), moderate smoker
(100–199), and heavy smoker (.200)
(15). Comorbidities, including heart
disease (defined as a history of myocar-
dial infarction, coronary heart disease,

congestive heart failure, or angina), chronic
lung disease (defined as emphysema or
chronic bronchitis), arthritis and stroke,
use of cholesterol-lowering medications,
and use of antihypertensive medications
were ascertained by self-report. Diabetes
was defined by self-report of a physi-
cian’s diagnosis, the presence of a fasting
(fasting .6 h) plasma glucose level .126
mg/dL or a nonfasting (fasting ,6 h) glu-
cose level.200 mg/dL, A1C$6.5% (16),
or the use of diabetic medications. Use
of diabetic medications was classified in
four groups: oral antidiabetic medication
alone, insulin alone, both, or none. Hy-
pertension was defined as mean systolic
BP.140 mmHg, mean diastolic BP.90
mmHg, physician diagnosis, or use of anti-
hypertensive medications. Mean BP was
composed of up to four readings on two
separate occasions. eGFR was calculated
by using the modification of diet in renal
disease (MDRD) study equation (17).
CRP was quantified by utilizing latex-
enhanced nephelometry with a Behring
Nephelometer Analyzer System. A1C
was measured using high-performance
liquid chromatography assay standard-
ized to the Diabetes Control and Compli-
cations Trial values by the National
Glycohemoglobin Standardization Pro-
gram (18). Levels of serum total choles-
terol and triglycerides were measured
enzymatically.

Analysis
Demographic and clinical characteristics
of the study population were presented
according to UACR categories, namely,
normal UACR (n = 1,124),microalbumin-
uria (n = 475), and macroalbuminuria
(n = 140). x2 test or ANOVA was used
to determine differences between groups.
Multiple logistic regression analysis was
used to examine the relationship between
microalbuminuria and macroalbumin-
uria, with functional disability as a func-
tion of UACR with the normal group
(UACR ,30 mg/g) as a reference cate-
gory. We used an extended-model ap-
proach for covariate adjustment: model
1 = age, sex, and race; model 2 = model
1 + BMI category, smoking status, systolic
blood pressure, chronic comorbidities
(heart disease, chronic lung disease, stroke,
and arthritis), eGFR, A1C, total cholesterol,
use of antihypertensive medications, use of
cholesterol-lowering medications, and use
of diabetic medications; and model 3 =
model 2 + log-transformed CRP level.

Given the fact that chronic inflam-
mation has been shown as an important
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correlate of disability in the general pop-
ulation (9,10), the association of CRP and
functional disability among participants
with diabetes was examined using a
similar statistical approach. We further
evaluate the joint effect of UACR and in-
flammation on functional disability by re-
classifying study participants in one of the
four groups based on UACR (UACR,30
and $30 mg/g) and CRP (CRP .0.3 and
#0.3 mg/dL). The adjusted odd ratios
(ORs) for disability were obtained using
multiple logistic regression with partici-
pants with UACR ,30 mg/g and CRP
#0.3 mg/dL as the reference group.

Because NHANES weights apply to
prevalence estimates of the entire popu-
lation and our study aimed to evaluate

associations in certain subsets of elderly
participants with diabetes, no NHANES
weights were adjusted in the analyses.
Data analyses were performed using
STATA 10.0 software (STATA Corpora-
tion, College Station, TX).

RESULTS—The mean age of the study
population was 70.6 years and 52.8%was
male. The mean A1C was 7.2. Character-
istics of the study sample by UACR were
summarized (Table 1). Participants with
higher UACR were more likely to have
hypertension, stroke, and heart disease.
They tended to have lower eGFR, higher
blood pressure, higher A1C, and higher
CRP levels. There was no difference in
terms of race, smoking status, BMI,

chronic lung disease, and arthritis. Partic-
ipants with normal UACR were more
likely to be independent in all aspects
of functional disability (P , 0.01). The
percentages of participants according to
numbers of limitation in the five disabil-
ity domains by UACR were plotted in
Fig. 1.

Urinary albumin excretion, chronic
inflammation, and functional disability
The results of multiple logistic regression
analysis for the association between
UACR and functional disability are sum-
marized in Table 2. After adjusting for
age, sex, and race, both macroalbumin-
uria and microalbuminuria were associ-
ated with disability in ADL, LSA, and

Table 1—Characteristics of study participants with diabetes according to UACR: NHANES 1999–2008

UACR

PNormal (,30 mg/g) Microalbuminuria (30–300 mg/g) Macroalbuminuria (.300 mg/g)

n 1,121 470 138
Age (years) 70.1 (7.0) 71.6 (7.6) 70.6 (7.6) 0.001
Female* 554 (49.4) 200 (42.6) 63 (45.7) 0.04
Race* 0.608
Mexican American 249 (22.1) 114 (24.2) 33 (23.9)
Other Hispanics 53 (4.7) 21 (4.5) 11 (8.0)
Non-Hispanic white 533 (47.6) 213 (45.3) 55 (40.0)
Non-Hispanic black 255 (22.8) 107 (22.8) 36 (26.0)
All others 32 (2.8) 15 (3.2) 3 (2.1)

Nonsmoker* 942 (84.0) 396 (84.3) 107 (77.5) 0.317
BMI (kg/m2) 30.6 (5.9) 30.4 (6.3) 30.4 (6.5) 0.774
Systolic blood pressure (mmHg) 132.9 (19.4) 142.4 (22.8) 154.8 (26.6) ,0.001
Diastolic blood pressure (mmHg) 64.8 (14.2) 66.6 (16.1) 69.6 (14.9) 0.001
A1C (%) 7.0 (1.4) 7.4 (1.7) 7.8 (2.1) ,0.001
eGFR (mL/min per 1.73 m2) 81.2 (24.5) 77.9 (25.7) 67.4 (24.6) ,0.001
Total cholesterol (mg/dL) 193.0 (43.8) 194.0 (46.9) 200.1 (44.5) 0.208
CRP (mg/dL)† 0.29 (0.46) 0.32 (0.58) 0.42 (0.60) ,0.001†
Hypertension* 852 (76.0) 373 (79.4) 129 (93.5) ,0.001
Stroke* 93 (8.3) 60 (12.8) 26 (18.8) ,0.001
Heart diseases* 279 (24.9) 150 (31.9) 51 (37.0) 0.001
Chronic lung diseases* 121 (10.8) 57 (12.1) 17 (12.3) 0.687
Arthritis* 586 (52.3) 232 (49.4) 62 (44.9) 0.196
Use of antihypertensives* 695 (62.0) 292 (62.1) 100 (72.5) 0.052
Use of oral antidiabetic agents* ,0.001
None 345 (30.8) 139 (29.6) 35 (25.4)
OAD alone 543 (48.4) 240 (51.1) 67 (48.6)
Insulin alone 81 (7.2) 52 (11.0) 29 (21.0)
Both OAD and insulin 152 (13.6) 39 (8.3) 7 (5.0)

Functional disability*
ADL 318 (28.4) 170 (36.2) 63 (45.7) ,0.001
IADL 365 (32.6) 168 (35.7) 63 (45.7) 0.007
LSA 275 (24.5) 153 (32.6) 47 (34.1) 0.001
GPA 783 (69.9) 353 (75.1) 110 (79.7) 0.012
LEM 523 (46.7) 258 (54.9) 94 (68.1) ,0.001

Data are means (SD) or *n (%) unless otherwise specified. n = 1,729. †Values are expressed as median (interquartile range) because of right skewness and P for log-
transformed values. OAD, oral antidiabetic.
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LEM, respectively. Further covariate ad-
justment, including chronic inflamma-
tion (model 2 to model 3), only mildly
attenuated the association between
UACR and disability in ADL, LSA, and
LEM. We also found that macroalbumi-
nuria was associated with IADL disability
from model 1 to model 3. Of note, the
trends of disability remained statistically

significant across different models and all
disability outcomes.

In another set of multiple logistic
regression analysis (table not shown),
we examined associations between
chronic inflammation (elevated CRP)
and disability among participants with
diabetes. After adjusting for age, sex, and
race, elevated CRP (.0.3 mg/dL) was

associated with disability in ADL, IADL,
LSA, GPA, and LEM. The ORs (95% CI)
were 1.61 (1.30–1.98), 1.55 (1.26–1.90),
1.57 (1.26–1.95), 1.65 (1.33–2.06), and
2.15 (1.76–2.62), respectively. Further
covariate adjustment (model 2 covari-
ates + log-transformed UACR levels)
diminished the association between
elevated CRP and functional disability.

Figure 1—Crude percentage of participants according to numbers of limitation in the five disability domains by status of albuminuria. The y-axis
stands for the percentage of participants within each category of albuminuric status. The x-axis stands for the numbers of limitation in each disability
domain.
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Elevated CRP was associated with dis-
ability in ADL and LEM in the full-
adjusted models, with corresponding
ORs (95% CIs) of 1.28 (1.00–1.62) and
1.68 (1.34–2.11), respectively.

Joint effect of albuminuria and
elevated CRP on disability
We computed the ORs for disability in
analyses where study participants were
reclassified into four groups: UACR ,30
mg/g and CRP#0.3 mg/dL (n = 577, ref-
erence group); UACR$30 mg/g and CRP
#0.3 mg/dL (n = 278); UACR ,30 mg/g
and CRP .0.3 mg/dL (n = 544); and
UACR $30 mg/g and CRP .0.3 mg/dL
(n = 330). We found additive effects of
albuminuria and elevated CRP on disabil-
ity in older adults with diabetes (Fig. 2).
Participants with both elevated UACR
and CRP tended to have higher likeli-
hoods of being disabled. The ORs (95%
CIs) for disability in ADL, IADL, LSA,
GPA, and LEM were 2.01 (1.42–2.84),
1.58 (1.12–2.23), 2.05 (1.43–2.93),
1.58 (1.09–2.29), and 2.49 (1.77–3.49),
respectively, compared with participants
with UACR $30 mg/g and CRP .0.3
mg/dL versus the reference group.

CONCLUSIONS—Among 1,729 non-
institutionalized elderly adults with di-
abetes, increased urinary albumin
excretion is associated with functional
disability in ADL, IADL, LSA, GPA, and
LEM, independent of chronic comor-
bidities (heart disease, chronic lung dis-
ease, stroke, and arthritis), systolic blood
pressure, glycemic control (A1C), renal
function (eGFR), total cholesterol, and
chronic inflammation (log-transformed
CRP). We also found a previously un-
reported interactive effect of albuminuria
and elevated CRP on functional disability.
Subjects with albuminuria and increased
CRP values were significantly more likely
to have higher odds of disability than
individuals with albuminuria and normal
CRP values. The interaction between al-
buminuria and high CRP values on func-
tional disability suggests that the presence
of subclinical inflammation may amplify
the effect of albuminuria on functional
disability in older adults living with di-
abetes.

Our study supports and extends pre-
vious studies examining the association
between albuminuria and disability
among people with diabetes. Bruce et al.
(19), using data from the Fremantle
Diabetes Study, showed that microal-
buminuria, or increased UACR, wasT
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independently associated with mobil-
ity impairment among patients with-
out a baseline mobility problem who
were followed for an average of 4.6

years. Ghanassia et al. (20) found that
albuminuria/renal impairment was associ-
ated with ADL disability after 6.5 years of
follow-up among patients with diabetes

and foot ulcers. Diabetes studies with
functional disability as outcomes have
typically focused on ADL, IADL, and/or
mobility limitation. In developing

Figure 2—Joint effect of UACR and CRP on functional disability. Study participants were reclassified into one of four groups based on UACR (.30
vs.,30 mg/g) and CRP (.0.3 vs.,0.3 mg/dL) levels. The ORs for disability in respective disability domains were obtained with participants with
UACR,30 mg/g and CRP,0.3 mg/dL as the reference group. The analyses were adjusted for age, sex, race, BMI category, smoking status, systolic
blood pressure, comorbidities (heart diseases, chronic obstructive pulmonary disease, stroke, and arthritis), eGFR, glycemic control (A1C), levels of
total cholesterol, use of antihypertensive agents, use of cholesterol-lowering medications, and use of antidiabetic medications.
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potential interventions to slow diabetes-
related disability in the elderly, it is clini-
cally relevant to consider all domains of
disability, including ADL, IADL, social ac-
tivities, and leisure activities. To the best of
our knowledge, this is the first report to
describe the association between albumin-
uria and disability by using a geographi-
cally dispersed and ethnically diverse
national sample of community-dwelling
older adults with diabetes and disability
outcomes covering not just ADL and
IADL, but other clinically relevant disabil-
ity domains such as leisure and social ac-
tivities (e.g., attending social events),
lower-extremity mobility (e.g., walking
for a quarter mile), and general physical
activities (e.g., stooping, bending, and lift-
ing). Potential confounders were compre-
hensively considered, and the interaction
effect of albuminuria and inflammation on
disability was also investigated.

Several mechanisms might explain
the association of albuminuria and in-
flammation with increased risk of disabil-
ity. Both albuminuria and inflammation,
important markers for endothelial dys-
function and atherosclerosis, are related
to cerebral atherosclerosis and peripheral
vascular disease. Peripheral vascular dis-
ease is associated with slow gait speed,
decreased muscle strength, and physical
disability (21). Cerebral atherosclerosis
precedes both cerebral macroangiopathy
(large observable stroke) and cerebral
microangiopathy (leukoaraiosis). These
cerebral lesions thus interrupt the integ-
rity of frontal-subcortical circuits that are
associated with a magnitude of aging phe-
notypes, including cognitive impairment,
functional decline, and slow walking
speed (22), all of which are documented
risk factors for disability. Vascular lesions,
either directly or indirectly, therefore
provide convincing mechanisms for the
associations between albuminuria, in-
flammation, and disability. Second, there
is often an essential joint effect between
various cardiovascular disease or risk fac-
tors on a variety of clinical outcomes (23).
Thus, it is physiologically plausible for
older people with both albuminuria and
elevated CRP to have greater odds of func-
tional disability.

Our study has several implications.
First, in addition to being predictors of
cardiovascular or survival outcomes, al-
buminuria and/or CRP appear to have
functional implications among older
adults with diabetes. These two markers,
either alone or in combination, may be
useful in early identification and targeting

patients with diabetes who may require
intervention to avoid or delay functional
dependence. Second, our findings may
serve as a theoretical basis for pharma-
ceutical approach. Both albuminuria and
elevated CRP can be managed phar-
maceutically, with ACE inhibitors and
angiogensin-receptor blockers known to
reduce the magnitude of albuminuria,
whereas statins have a CRP-lowering ef-
fect (24). Moreover, a recent study has
shown that treatment with either ACE in-
hibitors or angiogensin-receptor blockers
was protective against cognitive decline in
patients with diabetes (25). Future stud-
ies (e.g., randomized controlled trials) are
needed to ascertain the roles of pharma-
ceutical agents and lifestyle approaches in
preventing disability among people with
diabetes.

Our study has potential limitations
deserving comments. Because of the
cross-sectional design, a causal relation-
ship between albuminuria, inflammation,
and disability cannot be established and
should be explored longitudinally. Sec-
ond, variables of diabetes complications
in NHANES, such as foot ulcer, ophthal-
mological examination, or peripheral
neuropathy, are not complete from 1999
to 2008. Therefore, we are not able to
ascertain the role of diabetes complica-
tions in functional disability. Lastly,
blood glucose at any time point has an
important effect on physical ability. Spe-
cifically, extremes of blood glucose may
have an acute effect on function; but we
have no data to explore that important
effect.

In conclusion, albuminuria and in-
flammation were associated with func-
tional disability among older people with
diabetes. Albuminuria and inflammation
had an interaction effect on disability.
We provided new information and a pos-
sible implication on the associations be-
tween UACR, CRP, and disability among
community-dwelling older adults living
with diabetes. The findings raise a num-
ber of important questions for future
research. Can level of albuminuria iden-
tify older adults with diabetes at highest
risk for subsequent disability? Can reduc-
tion of proinflammatory markersmoderate
the disability impact of albuminuria in
people with diabetes? Examining these
questions may provide evidence of poten-
tially modifiable predisability indicators in
the setting of diabetes. An important step
toward reducing the disabling impact of
diabetes is early identification of (and
potential interventions for) older adults

with diabetes at the highest risk of becom-
ing disabled.
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