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OBJECTIVE

Previous studies demonstrate that the metabolic syndrome is associated with
distal symmetric polyneuropathy (DSP). We aimed to determine the magnitude
of this effect and the precise components involved.

RESEARCH DESIGN AND METHODS

We determined the symptomatic DSP prevalence in the Health, Aging, and Body
Composition (Health ABC) study (prospective cohort study, with subjects aged 70–
79 years at baseline), stratified by glycemic status (glucose tolerance test) and the
number of additional metabolic syndrome components (updated National Cho-
lesterol Education Program/Adult Treatment Panel III definition). DSPwas defined
as neuropathic symptoms (questionnaire) plus at least one of three confirmatory
tests (heavy monofilament, peroneal conduction velocity, and vibration thresh-
old). Multivariable logistic and linear regression evaluated the association of
metabolic syndrome components with DSP in cross-sectional and longitudinal
analyses.

RESULTS

Of 2,382 participants with neuropathy measures (mean age 73.5 6 2.9 years,
38.2% black, 51.7% women), 21.0% had diabetes, 29.9% prediabetes, 52.8% met-
abolic syndrome, and 11.1% DSP. Stratified by glycemic status, DSP prevalence
increased as the number of metabolic syndrome components increased (P = 0.03).
Diabetes (cross-sectional model, odds ratio [OR] 1.65 [95% CI 1.18–2.31]) and
baseline hemoglobin A1C (longitudinal model, OR 1.42 [95% CI 1.15–1.75]) were
the only metabolic syndrome measures significantly associated with DSP. Waist
circumference and HDL were significantly associated with multiple secondary
neuropathy outcomes.

CONCLUSIONS

Independent of glycemic status, symptomatic DSP is more common in those with
additional metabolic syndrome components. However, the issue of which meta-
bolic syndrome components drive this association, in addition to hyperglycemia,
remains unclear. Larger waist circumference and low HDL may be associated with
DSP, but larger studies with more precise metabolic measures are needed.
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The prevalence of distal symmetric poly-
neuropathy (DSP) is greater than 3% and
is even higher in the elderly (1,2). This
common condition causes significant
morbidity and is associated with pain,
falls, and reduced quality of life (3,4).
While diabetes is by far the number
one cause, enhanced glucose control is
only marginally effective at reducing the
incidence in patients with type 2 diabe-
tes (5). One possible explanation for
this small therapeutic effect is that
other factors, such as the other com-
ponents of the metabolic syndrome
(MetS), may be significant contributors
to nerve injury (6). The other MetS
components may also be the underly-
ing cause for some of the 30% of DSP
patients currently labeled as idiopathic
(7–10).
Past studies have revealed an associ-

ation between the MetS and polyneur-
opathy (11–14). However, previous
investigations have reported conflicting
associations between the individual
MetS components and neuropathy
(15–21). For example, while diabetes
is a well-established risk factor for neu-
ropathy, population studies investigating
the effect of prediabetes have reached
different conclusions (16,22,23). To date,
most studies investigating the associa-
tion between the MetS and polyneuro-
pathy have been performed only in
patients with diabetes, used cross-
sectional designs, and lacked rigorous
definitions of DSP such as only evaluating
one confirmatory test (6). The goal of this
study is to address these limitations.
In a large cohort of older adults, we

aimed to determine whether the preva-
lence of symptomatic DSP, utilizing a rig-
orous definition, increases with increasing
numbers of MetS components indepen-
dent of glycemic status. We also inve-
stigated the associations between the
individual MetS components and symp-
tomatic DSP in cross-sectional and
longitudinal analyses.

RESEARCH DESIGN AND METHODS

Population
Data for our analysis came from partic-
ipants in the Health, Aging, and Body
Composition (Health ABC) study, which
is an ongoing, prospective cohort study
of 70–79 year olds (n = 3,075; 48.4%
male; 41.6% black) followed since the
baseline evaluation in 1997 or 1998.
The cohort consists of a random sample

of age-eligible white Medicare benefi-
ciaries, all black Medicare beneficiaries,
and all community-dwelling black per-
sons in Pittsburgh and Memphis. Partic-
ipants had to self-report having no
difficulty with walking 1/4mile, climbing
10 steps, or any basic activity of daily
living; be free of any life-threatening
cancers; and plan to remain in the study
area for at least 3 years. This cohort has
been followed annually for the past 17
years with questionnaires, biospeci-
mens, anthropomorphic measures, blood
pressure, and neuropathy outcome
assessments at differing intervals. Parti-
cipants were included in the cross-
sectional analysis if they had complete
neuropathy outcome data from year 4
in 2000–2001. Participants were included
in the longitudinal analysis if they had
complete neuropathy outcome data
from years 4 (2000–2001) and 11 (2007–
2008). All study protocols were approved
by institutional review boards at the Uni-
versity ofPittsburgh andUniversity of Ten-
nessee Health Science Center.

MetS Components
The glucose tolerance test was obtained
only at year 1 (baseline). Hemoglobin
A1c was measured at years 4, 6, 10,
and 11. Diabetes (fasting glucose $126
mg/dL or 2-h glucose $200 mg/dL) and
prediabetes (fasting glucose $100
mg/dL or 2-h glucose $140 mg/dL) were
defined according to the guidelines of the
Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus (24).
Participants on diabetes medications
were also considered to have diabetes.
Lipid panels and blood pressure were
measured at years 1, 2, 4, 6, 8, 10, and
11, with blood pressure also measured at
years 3 and 5. Height, weight, and BMI
were measured at years 1, 4, 6, 8, 10,
and 11, whereas waist circumference
was only measured at years 1 and 6.
The updated National Cholesterol Edu-
cation Program/Adult Treatment Panel III
criteria were used to define the MetS
and its individual components, which
takes into consideration medications
for the different components (25). Spe-
cifically, the MetS criteria were a waist
circumference $102 cm in men and
$88 cm in women, systolic blood pres-
sure $130 mmHg or diastolic blood
pressure $85 mmHg, triglycerides
$150 mg/dL, and HDL ,40 mg/dL in
men and ,50 mg/dL in women. In the

cross-sectional analysis, metabolic data
from year 1 were used. In the longitudi-
nal analysis, baseline metabolic data
were obtained from year 1 with the ex-
ception of hemoglobin A1c, which was
only available starting in year 4.

DSP Definition
Our primary DSP outcome measure was
determined by the combination of neu-
ropathy symptoms as identified by at least
one of two questionnaire items endorsed
and at least one of three confirmatory
neuropathy tests abnormal; therefore,
our primary outcome construct was
symptomatic DSP. Neuropathy outcome
measures were available at years 4 and
11. The questionnaire items were as fol-
lows: “In the past 12 months, have you
ever had numbness, an ‘asleep feeling,’ a
prickly feeling or tingling in your legs or
feet?” and “In the past 12 months, have
you ever had a sudden stabbing or burn-
ing pain, or a deep aching in your legs or
feet?” The three confirmatory neuropa-
thy tests included a peroneal motor
nerve conduction velocity (CV) ,40 m/s, a
vibration threshold.131mm, and inabil-
ity to feel a 10-g (heavy)monofilament at
the dorsum of the great toe in three out
of four trials.

Secondary DSP outcomemeasures in-
cluded the three confirmatory tests
above. In addition, the peroneal com-
pound motor action potential (CMAP)
at the ankle and a 1.4-g (light) monofil-
ament at the dorsum of the great toe
(abnormal if unable to feel in three of
four trials) were secondary outcomes.
Five of the six secondary DSP outcome
measures did not require symptoms;
therefore, these measures had the po-
tential to capture asymptomatic as well
as symptomatic DSP. The peroneal mo-
tor nerve conduction studies were
performed on a NeuroMax 8 (Xltek).
Vibration detection was performed at
the bottom of the great toe using the
VSA-3000 Vibratory Sensory Analyzer
(Medoc). Feet were warmed to 308C,
and measures were performed on the
right unless contraindicated owing to
knee replacement, amputation, trauma,
ulcer, or recent surgery, in which case
the left side was tested unless also
contraindicated.

Statistical Analysis
Descriptive statistics were used to de-
scribe the characteristics of the popu-
lation. One-way ANOVA (continuous
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variables) and x2 tests (categorical var-
iables) were used to test for differ-
ences in demographics between the
three glycemic groups. We determined
the prevalence of neuropathy stratified
by glycemic status and the number of
MetS components. We then applied
the Cochran-Mantel-Haenszel test to in-
vestigate the effect of the number of
MetS components on neuropathy preva-
lence, controlling for glycemic status.

Cross-sectional Analyses
Multivariable logistic regression was
used to model the year 4 primary neu-
ropathy outcome as a function of the
year 1 MetS components (waist circum-
ference, prediabetes, diabetes, HDL
level, triglyceride level, systolic blood
pressure) after adjustment for baseline
demographic factors (age, sex, race,
height, smoking, and alcohol consump-
tion). Weight, hemoglobin A1c, log
HOMA of insulin resistance, and dia-
stolic blood pressure were also consid-
ered as MetS component variables but
were not used in the final model (Akaike
information criterion was used in model
selection). Secondary neuropathy out-
comes including neuropathic symp-
toms, heavy monofilament, and light
monofilament outcomes were also ana-
lyzed using multivariable logistic regres-
sion models. Multivariable linear
regression was used to analyze the con-
tinuous neuropathy measurements (pe-
roneal CV, peroneal CMAP, vibration
threshold) as a function of MetS compo-
nents, adjusting for the same covariates.
Finally, we fit a separate multivariable
logistic regression model to study the
association of the number of MetS com-
ponents, excluding glycemic status, with
our primary neuropathy outcome, ad-
justing for demographic factors and gly-
cemic status.

Longitudinal Analysis
Wefirst estimated the longitudinal change
in each MetS component (hemoglobin
A1c, weight, systolic blood pressure, tri-
glycerides, and HDL) by fitting a simple
linear regression model over time for
each subject. Then, the estimated subject-
specific slopes, along with the baseline
measurements for each MetS compo-
nent, were incorporated into a multi-
variable logistic regression model to
investigate the association of longitudi-
nal change in MetS components and
incident symptomatic neuropathy

(those with neuropathy in year 11 but
not at year 4) after adjustment for base-
line demographics as described above.

All analyses were performed with SAS
9.3 (Cary, NC).

RESULTS

Of participants in the Health ABC co-
hort, 2,382 had complete neuropathy
outcome data and were included in
our cross-sectional analysis. Of these
2,382, 1,263 participants also had com-
plete neuropathy outcome data at year
11 and were included in our longitudi-
nal analysis. In a comparison of year 4
with year 11, 184 subjects developed
symptomatic neuropathy (incident neu-
ropathy), 948 remained neuropathy
free, 67 continued with neuropathy,
and 64 became neuropathy free. Popu-
lation demographics and metabolic
phenotyping measures at year 1 are
presented in Table 1. The mean (SD)
age was 73.5 (2.9), and 51.7% were fe-
male. Participants with normoglycemia
accounted for 49.1% of the population,
prediabetes 29.9%, and diabetes 21.0%.
MetS was present in 52.8%, and DSP
was present in 11.1%.

The prevalence of symptomatic DSP
was significantly higher in participants
with higher number of MetS compo-
nents (P = 0.03), controlling for glycemic
status (Fig. 1). In the entire population,
the DSP prevalence was 8.5% in those
with no MetS components (excluding
hyperglycemia) compared with 12.9%
in those with four MetS components.
In those with normoglycemia, the DSP
prevalence was 8.6% in those with no
MetS components compared with
11.4% in those with four MetS compo-
nents. In those with prediabetes, the
DSP prevalence was 5.6% in those with
no additional MetS components com-
pared with 10.6% in those with four ad-
ditional MetS components. In contrast,
the DSP prevalence in participants with
diabetes was similar between those
with no additional MetS components
(16.7%) and those with four additional
MetS components (17.1%).

Cross-sectional Analyses
In a multivariable logistic regression
model investigating the individual
MetS components, diabetes (odds ratio
[OR] 1.65 [95% CI 1.18–2.31]), height
(OR 1.39 [95% CI 1.24–1.54], unit = 5
cm), and male sex (OR 0.59 [95% CI

0.39–0.92]) were significantly associ-
ated with the DSP primary outcome
(Table 2). Prediabetes, waist circum-
ference, systolic blood pressure, triglyc-
erides, and HDL were not significantly
associated with DSP. In a separate mul-
tivariable logistic regression model in-
vestigating the association of the
number of MetS components in addition
to glycemic status, the number of MetS
components (OR 1.20 [95% CI 1.06–
1.37]) was significantly associated with
symptomatic DSP.

In investigation of the association of
MetS components and the 6 secondary
neuropathy outcomes, diabetes was
significantly associated with all out-
comes (Tables 2 and 3). Increasing
age and height were significantly asso-
ciated with all neuropathy outcome
measures with the exception of neuro-
pathic symptoms. Increasing waist cir-
cumference was significantly associated
with four of the six neuropathy out-
comes. Decreasing HDL was signifi-
cantly associated with two of the six
neuropathy outcomes. Prediabetes
was not associated with any of the
neuropathy outcome measures. While
systolic blood pressure and triglycer-
ides were significantly associated with
one and two neuropathy outcomes,
respectively, the association was in
the opposite direction of what was ex-
pected (lower blood pressure and lower
triglycerides).

Longitudinal Analysis
In a multivariable logistic regression
model evaluating the longitudinal
change of MetS components, only the
baseline hemoglobin A1c (year 4 OR 1.42
[95% CI 1.15–1.75]) and height (OR 1.26
[95% CI 1.09–1.46]) were significantly
associated with incident symptomatic
neuropathy. Baseline weight (OR 0.99
[95% CI 0.92–1.07]), systolic blood pres-
sure (OR 1.06 [95% CI 0.97–1.17]), tri-
glycerides (OR 0.99 [95% CI 0.84–1.16]),
and HDL (OR 0.94 [95% CI 0.81–1.09])
were not significantly associated with
incident neuropathy. Similarly, the
slopes of the MetS components (hemo-
globin A1c OR 1.91 [95% CI 0.28–12.95],
weight OR 0.71 [95% CI 0.20–2.55], sys-
tolic blood pressure OR 1.54 [95% CI
0.62–3.86], triglyceride OR 0.79 [95%
CI 0.13–4.85], and HDL OR 0.87 [95%
CI 0.13–5.88]) were not significantly as-
sociated with incident neuropathy.
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CONCLUSIONS
In our large cohort of older black and
white men and women, 21.0% of the
population had diabetes and 52.8%

met criteria for MetS at baseline. These
numbers are comparable with those in
previous studies using National Health
and Nutrition Examination Survey

(NHANES) data, which have estimated a
diabetes prevalence of ;20% in those
over 65 years of age and a MetS preva-
lence of 47–58% in those over 70 years
of age (26,27). In our well-functioning
older cohort, the baseline symptomatic
DSP prevalence was 11.1%. A previous
NHANES study revealed similar results
with a symptomatic DSP prevalence of
3.1% in those over 40 years of age,
which was three times higher in those
age 70–79 years (2). A study in Italy in
those over the age of 55 years revealed a
symptomatic DSP prevalence of 7–8%
with an even higher prevalence in those
.75 years (1). Similarly, others have
estimated a clinical neuropathy preva-
lence of 6–9% in those .70–79 years
old (28). In concert with previous stud-
ies, we demonstrate that the prevalence
of diabetes, MetS, and DSP is incredibly
high in even a well-functioning older
population. As a result, any causal link
between MetS and neuropathy, regard-
less of diabetes status, would have po-
tential therapeutic implications for a
large proportion of older adults. Fur-
thermore, previous studies have dem-
onstrated that the peripheral nerve
measures used in this study are associ-
ated with important functional out-
comes in older populations including

Table 1—Demographics of the Health ABC cohort at year 1 stratified by glycemic status

Total Normoglycemia Prediabetes Diabetes P

Subjects, N (%) 2,382 (100) 1,145 (49.1) 699 (29.9) 490 (21.0)

Age (years), mean (SD) 73.5 (2.9) 73.4 (2.8) 73.6 (3.0) 73.6 (2.7) 0.18

Male, N (%) 1,151 (48.3) 528 (46.1) 326 (46.6) 275 (56.1) ,0.001

Race, N (%) ,0.001
White 1,472 (61.8) 746 (65.2) 460 (65.8) 245 (50.0)
Black 910 (38.2) 399 (34.8) 239 (34.2) 245 (50.0)

Smoking, N (%) 0.05
Current 206 (8.7) 104 (9.1) 57(8.2) 36 (7.4)
Former 1,100 (46.2) 509 (44.5) 320 (45.8) 257 (52.6)
Never 1,073 (45.1) 531 (46.4) 321 (45.9) 196 (40.0)

Alcohol (drinks per week), mean (SD) 2.1 (1.5) 2.2 (1.5) 2.2 (1.7) 1.9 (1.4) ,0.001

Height (cm), mean (SD) 165.6 (9.4) 165.4 (9.5) 165.2 (9.1) 166.8 (9.4) 0.008

Fasting glucose (mg/dL), mean (SD) 103.4 (32.5) 88.6 (6.3) 99.4 (9.9) 144.5 (51.6) ,0.001

2-h glucose (mg/dL), mean (SD) 133.7 (56.0) 102.7 (21.1) 146.8 (28.8) 254.7 (65.9) ,0.001

BMI (kg/m2), mean (SD) 27.4 (4.7) 26.3 (4.4) 28.0 (4.9) 29.0 (4.6) ,0.001

Waist circumference (cm), mean (SD) 99.5 (12.8) 96.9 (12.8) 100.9 (12.1) 103.9 (12.3) ,0.001

SBP (mmHg), mean (SD) 135.3 (20.5) 133.6 (20.3) 135.9 (20.3) 138.0 (20.7) ,0.001

DBP (mmHg), mean (SD) 71.2 (11.6) 71.0 (11.6) 71.8 (11.4) 70.8 (11.7) 0.29

Triglycerides (mg/dL), mean (SD) 139.5 (80.0) 123.9 (62.3) 147.9 (81.3) 164.7 (104.0) ,0.001

HDL (mg/dL), mean (SD) 53.8 (16.8) 55.6 (16.5) 53.6 (17.1) 49.8 (16.5) ,0.001

LDL (mg/dL), mean (SD) 122.0 (34.4) 122.0 (33.3) 123.8 (34.8) 119.4 (36.1) 0.10

MetS, N (%) 1,224 (52.8) 295 (25.8) 520 (74.4) 406 (82.9) ,0.001

DBP, diastolic blood pressure; SBP, systolic blood pressure.

Figure 1—The prevalence of DSPwith increasingMetS components stratified by glycemic status.
DSP was defined as those with neuropathic symptoms (questionnaire) plus at least 1 of 3
confirmatory tests (heavy monofilament, peroneal CV, or vibration threshold) in year 4 of the
study. Glycemic status was determined by the glucose tolerance test according to the Expert
Committee on the Diagnosis and Classification of Diabetes Mellitus in year 1. MetS components
were defined using the updated National Cholesterol Education Program/Adult Treatment Panel
III definition.
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mobility, quadriceps strength, and
other physical performance measures
(29–31). Therefore, therapeutic inter-
ventions to prevent and/or ameliorate
DSP in this population may have a clini-
cally meaningful effect.
We found a statistically significant as-

sociation between the number of MetS
components and symptomatic DSP
when adjusting for glycemic status in
two separate analyses. In fact, the DSP
prevalence increased from 8.5 to 12.9%
when we compared subjects with no
MetS components, excluding hypergly-
cemia, with those with all four compo-
nents. The implication is that MetS
components may be important risk
factors for the development of DSP

independent of glycemic status. The
magnitude of the effect of additional
MetS components on DSP prevalence
(1.1% difference per component) is not
as high as the effect of diabetes (8.6%).
However, given the high prevalence of
MetS components individually and in
combination, this effect may be clinically
important. Our results are comparable
with those of the recent Prospective
Metabolism and Islet Cell Evaluation
(PROMISE) study in patients at high risk
of diabetes that demonstrated that the
vibration threshold increased as the
number of MetS components increased
(32). However, in contrast to our analy-
sis, this association did not persist after
adjustment for participant demographics.

Interestingly, we found that the rise in
DSP prevalence with additional MetS
components was most evident in those
with normoglycemia and prediabetes.
The number of MetS components did
not affect the DSP prevalence in those
with diabetes. Of note, the PROMISE
study investigators did not stratify their
results by glycemic status. Future studies
investigating the effect of treatment of
MetS components on the prevention or
treatment of DSP may need to target the
normoglycemic populations and popula-
tions with prediabetes.

The prevalence of symptomatic DSP
in those with prediabetes (9.3%) was
comparable with the prevalence in those
with normoglycemia (9.7%). Furthermore,

Table 2—Multivariable logistic regression evaluating the association of MetS components (year 1) and neuropathy (year 4)
(cross-sectional)

Neuropathy
primary outcome Neuropathic symptoms Heavy monofilament Light monofilament

Demographics
Age 1.04 (0.99, 1.09) 1.01 (0.98, 1.04) 1.14 (1.08, 1.20)* 1.08 (1.05, 1.12)*
Male (reference female) 0.59 (0.39, 0.92)* 0.54 (0.41, 0.71)* 0.78 (0.48, 1.29) 1.12 (0.86, 1.47)
Black (reference white) 1.10 (0.81, 1.49) 1.48 (1.22, 1.80)* 1.18 (0.84, 1.66) 1.16 (0.95, 1.40)
Current smoker (reference never) 1.35 (0.82, 2.21) 1.22 (0.88, 1.71) 0.87 (0.47, 1.59) 0.78 (0.56, 1.09)
Former smoker (reference never) 1.18 (0.87, 1.59) 1.15 (0.95, 1.40) 0.90 (0.65, 1.26) 0.94 (0.78, 1.14)
Alcohol (drinks per week) 0.99 (0.90, 1.09) 0.99 (0.93, 1.05) 1.02 (0.92, 1.12) 0.95 (0.90, 1.01)
Height (unit 5 cm) 1.39 (1.24, 1.54)* 1.05 (0.98, 1.13) 1.39 (1.23, 1.57)* 1.13 (1.06, 1.22)*

MetS components
Diabetes 1.65 (1.18, 2.31)* 1.52 (1.20, 1.92)* 1.98 (1.36, 2.88)* 1.57 (1.24, 1.99)*
Prediabetes (reference normal) 0.94 (0.67, 1.31) 0.98 (0.80, 1.20) 1.16 (0.80, 1.68) 1.06 (0.87, 1.30)
Waist circumference (unit 5 cm) 1.04 (0.98, 1.10) 1.07 (1.03, 1.11)* 1.10 (1.03, 1.17)* 1.02 (0.99, 1.06)
SBP (unit 10 mmHg) 0.97 (0.91, 1.04) 0.97 (0.93, 1.02) 0.93 (0.87, 1.01) 0.95 (0.91, 0.99)*
Triglycerides (unit 50 mg/dL) 1.01 (0.93, 1.10) 1.02 (0.96, 1.08) 1.02 (0.92, 1.12) 0.93 (0.88, 0.99)*
HDL (unit 10 mg/dL) 0.91 (0.81, 1.01) 0.91 (0.85, 0.97)* 0.94 (0.83, 1.06) 0.92 (0.86, 0.98)*

Data are OR (95% CI). SBP, systolic blood pressure. *P , 0.05.

Table 3—Multivariable linear regression evaluating the association of MetS components (year 1) and continuous outcomes of
neuropathy (year 4) (cross-sectional)

Peroneal CV parameter
estimate, m/s (95% CI)

Peroneal CMAP parameter
estimate, mV (95% CI)

Vibration threshold parameter
estimate, mm (95% CI)

Demographics
Age 20.10 (20.19, 20.02)* 20.08 (20.11, 20.05)* 2.01 (1.53, 2.48)*
Male (reference female) 20.87 (21.62, 20.11)* 0.12 (20.16, 0.40) 25.20 (29.52, 20.88)*
Black (reference white) 0.93 (0.39, 1.46)* 0.51 (0.31, 0.71)* 25.52 (28.59, 22.45)*
Current smoker (reference never) 20.18 (21.10, 0.75) 0.12 (20.22, 0.47) 4.86 (20.33, 10.06)
Former smoker (reference never) 20.16 (20.69, 0.37) 0.09 (20.11, 0.29) 1.36 (21.63, 4.35)
Alcohol (drinks per week) 0.25 (0.08, 0.42)* 0.02 (20.04, 0.08) 21.00 (21.96, 20.05)*
Height (unit 5 cm) 20.98 (21.17, 20.79)* 20.22 (20.29, 20.15)* 6.92 (5.83, 8.02)*

MetS components
Diabetes 21.07 (21.74, 20.40)* 20.40 (20.64, 20.15)* 8.17 (4.41, 11.93)*
Prediabetes (reference normal) 0.25 (20.30, 0.81) 20.04 (20.24, 0.17) 0.86 (22.31, 4.03)
Waist circumference (unit 5 cm) 0.05 (20.05, 0.15) 20.05 (20.09, 20.01)* 0.58 (0.01, 1.14)*
SBP (unit 10 mmHg) 20.03 (20.15, 0.09) 0.02 (20.02, 0.07) 20.42 (21.09, 0.25)
Triglycerides (unit 50 mg/dL) 0.06 (20.12, 0.23) 0.07 (0.005, 0.14)* 0.09 (20.87, 1.06)
HDL (unit 10 mg/dL) 20.03 (20.20, 0.15) 0.03 (20.04, 0.09) 0.28 (20.72, 1.28)

SBP, systolic blood pressure. *P , 0.05.
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prediabetes was not associated with
any of our neuropathic outcome mea-
sures in multivariable regression mod-
els. These observations add to other
conflicting studies on the importance
of prediabetes as a cause of DSP. The
MONICA/KORA (Multinational MONI-
toring of trends and determinants in
CArdiovascular disease/Cooperative
Health Research in the Region of Augs-
burg), San Luis Valley, and PROMISE (all
with DSP defined by neurologic exami-
nation) studies all revealed an increased
prevalence of DSP in those with im-
paired glucose tolerance compared
with normoglycemia (16,23,32). How-
ever, investigators using NHANES data
reported a DSP prevalence (based on
monofilament testing) comparable
with that in our population with no
significant difference between those
with normoglycemia (10.5%) and those
with impaired fasting glucose (11.9%)
(22). All of these studies used different
definitions of DSP, were conducted in
different populations, and included
subjects of different ages. One possible
explanation for the discrepant results
is that the effect of prediabetes in older
adults is less than in younger adults.
Alternatively, the neuropathy defini-
tion used in this study was insufficient
to capture small fiber predominant
neuropathy, which is typically seen in
those with either prediabetes and/or
MetS (33). Another possibility is that
prediabetes is not as important as the
other MetS components that tend to
cluster with this condition. Future
studies are needed to further under-
stand the role of prediabetes in DSP.
A clinical trial investigating the effects
of the treatment of prediabetes on
neuropathy outcomes may be the
only way to definitely address this
question.
Diabetes was the only MetS compo-

nent that was significantly associated
with the primary DSP outcome in both
cross-sectional and longitudinal analy-
ses. However, waist circumference
(four of six) and HDL (two of six) were
associated with some of the secondary
neuropathy outcome measures. One
potential reason for the lack of associa-
tions between MetS components and
DSP is that we did not have enough
power to detect the associations, which
likely have smaller effect sizes. The
power of our secondary outcomes may

have been more robust because most
had the potential to capture asymptom-
atic DSP as well as symptomatic DSP.
Furthermore, we did not have adequate
power to investigate interactions be-
tween glycemic status and the other
MetS components. Interactions are
likely important, as the prevalence of
DSP only increased as the number of
MetS components increased in those
with normoglycemia and prediabetes.
Another possibility is that the main driv-
ers of DSP are not theMetS components
themselves but, rather, other factors
that are associated with them. For ex-
ample, perhaps abdominal obesity is not
one of the main drivers of DSP and, in-
stead, adipose tissue–derived inflam-
matory markers, such as interleukin-6
levels or adiponectin-to-leptin ratios,
are the true mediators (34). Further
studies with larger samples sizes and
more precise MetS and neuropathy
measurements are needed to further
delineate the role of MetS components
in the development of DSP.

Limitations include the lack of a neuro-
logic examination to determine neuropa-
thy status and neuropathic symptoms
based on a questionnaire. However,
we were able to combine questionnaire
items pertaining to neuropathic symp-
toms in the feet with well-validated
neuropathy confirmatory studies. Our
sample size was not adequate to ad-
dress small effect sizes or interaction
between MetS components and glyce-
mic status. Similarly, the sample size in
the longitudinal analysis was smaller
than the cross-sectional analysis. Nev-
ertheless, our study is one of the largest
to date to investigate the association
between MetS components and DSP.
Our analysis was confined to those
well-functioning 70–79 year olds at
the start of the study. How our results
apply to other populations is unclear.

MetS components are significantly
associated with DSP independent of gly-
cemic status, although the effect is less
than that of the presence of diabetes.
The precise components, or combina-
tions of components, that drive the de-
velopment of DSP remain unclear.
Larger studies with more precise meta-
bolic measures are needed to guide the
development of future intervention
studies. Given the high prevalence of
both the MetS and DSP, particularly in
older adults, even small causal effects

have the potential for a large impact on
population health.
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