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Abstract Peripheral neuropathy (PN) is a common
neurological complication of HIV infection that has debilitating
effects on quality of life. While there has been a comprehensive
evaluation of the prevalence of neuropathic signs/symptoms
and risk factors (RFs) for PN or symptomatic PN (SPN) with
initiation of combination antiretroviral therapy (cART) in ART-
naïve patients, similar evaluation in ART-experienced patients
is limited. This study investigated the prevalence and RFs for
PN/SPN in ART-experienced patients enrolled in clinical
salvage therapy studies. Between February 2000 and June
2007, 522 ART-experienced participants who experienced
virologic failure with a prior regimen and started new regimens
were followed longitudinally and annually screened for signs
and symptoms of PN. Rates of PN/SPN at 3 years since parent
study entry were 52.8 and 24.0 %, respectively. Aging, taller
height, protease inhibitor use, and female sex were significant
RFs for PN/SPN. The use of statin drugs was significantly
associated with lower odds of SPN, and it may prevent
progression from no SPN to SPN.
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Introduction

Despite the declines in the incidences of HIV-associated
dementia and central nervous system (CNS) opportunistic
infections in the combination antiretroviral therapy (cART)
era, sensory neuropathies (SNs) are still a frequent neurological
disorder associated with HIV infection and its treatment with
ART (Evans et al. 2011; Evans et al. 2012; Keswani et al. 2002;
Bacellar et al. 1994; McArthur et al. 2005; Ellis et al. 2010).

There are two major types of HIV-associated distal sensory
peripheral neuropathies: primary HIV-associated distal sensory
polyneuropathy (HIV-DSP) and ART toxic neuropathy (ATN),
which when combined affect approximately 30–67 % of
patients with advanced HIV disease (Wulff et al. 2000;
Cornblath and McArthur 1988). The signs/symptoms of HIV-
DSP and ATN resemble each other as well as common
neuropathies encountered in clinical practice including diabetic
and alcohol-associated neuropathy. Symptoms include distal
numbness, paresthesia, burning sensation, and stabbing pain.
Common signs include reduced or absent ankle reflexes
relative to patellar reflexes, reduced or absent vibration
sensation in the toes, and decreased pin and temperature
sensation in a stocking/glove distribution. There are no FDA-
approved therapies for HIV-associated SNs, and treatment is
limited to symptomatic measures (Keswani et al. 2002).

Risk factors for PN/SPN with initiation of cART in ART-
naïve patients have been investigated (Evans et al. 2012), but
similar evaluation in ART-experienced patients is lacking.
Compared to ART-naïve individuals, treatment-experienced
patients may be at higher risk for neurological disorders due to
having longer duration of HIV infection, and a greater number
of interventions and complications. We evaluated potential
risk factors for PN/SPN using data from 522 ART-
experienced patients who had virologic failure on prior
regimens and started new regimens in ten randomized AIDS
Clinical Trials Group (ACTG) trials.
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Methods

Participants were selected from the ACTG Longitudinal
Linked Randomized Trials (ALLRT), a meta-study of
participants prospectively enrolled into randomized clinical
trials of cART (defined as three or more antiretroviral agents)
regimens. Study participants were followed long term for the
purpose of evaluating clinical, virologic, immunologic, and
neurologic outcomes associated with treatment of HIV with
cART. They can enroll to ALLRT during parent clinical trials or
within 8 weeks of completion of parent clinical trials.
Therefore, study participants had variable length of follow-up
and variable timing (relative to start of new regimens) for their
first evaluations. All available data for ART-experienced
participants for which neuropathy-related data had been
collected were included. A total of 522 participants were
enrolled from ten randomized trials, the largest of which were
ACTG 398 (n =213; Hammer et al. 2002), A5146 (n =115;
Demeter et al. 2009), A5211 (n =70; Wilkin et al. 2007; Gulick
et al. 2007), A5076 (n =39), and A5143 (n =33; Collier et al.
2008), that each contributing more than 30 participants.
Others were ACTG 388 (n =20; Fischl et al. 2003), ACTG
400 (n =14), ACTG 347 (n =11; Murphy et al. 1999), A5126
(n =4; Eron et al. 2009), and A5135 (n =3).

Peripheral neuropathy data

The Brief Peripheral Neuropathy Screen (BPNS) was
administered in ALLRT every 48 weeks by trained non-
neurologist site personnel. The BPNS assesses signs
(vibration sensation at the feet and ankle reflexes) and
symptoms (pain, parasthesia (“pins and needles” sensation),
and numbness). The performance characteristics of the BPNS
have been reported (Simpson et al. 2006; Ellis et al. 2005).

The participants had 2,024 patient visits with the median
(Q1, Q3) number of neuropathy evaluations per patient 3
(2, 6), the median (Q1, Q3) time to the first neuropathy
evaluation from parent study entry 48 (48, 96)weeks, and
the median (Q1, Q3) follow-up time per patient 144 (96,
384)weeks.

PN was defined as at least mild loss of vibration
sensation in both great toes or absent or hypoactive ankle
reflexes bilaterally relative to knees. Asymptomatic PN
(APN) was defined as PN without bilateral symptoms.
SPN was defined as PN with any bilateral symptoms. Use
of nART (i.e., d4T, ddI, or ddC) or protease inhibitors (PIs)
was defined as at least 4 weeks of use in the 6 months prior
to the evaluation.

Objectives

The objectives of the current analyses were to estimate the
prevalence of neuropathic signs and symptoms over time in

ART-experienced patients, to investigate risk factors for PN
and SPN, and to explore risk factors for progression from no
SPN to SPN.

Statistical methods

Descriptive statistics were used to describe the study sample.
Longitudinal plots displayed the prevalence of PN and SPN
over time. Multivariable logistic regression models (logistic
GEE) were used to estimate the association [i.e., odds ratios
(ORs) and associated confidence intervals (CIs)] between
potential risk factors with PN, SPN, and progression from
no SPN to SPN. Multivariable models included all of the risk
variables described below since there was interest in
estimating the association between each of these variables
with PN/SPN/progression to SPN.Model fit was also assessed
using methods described in Evans and Li (2005). Forest plots
summarize these odds ratio estimates and associated
confidence intervals.

Reportedmodel results are from “full”models including all
covariates, and thus, OR estimates were adjusted for other
variables. Variables included in the models were
demographics, HIV disease characteristics, ART use at the
time of the evaluation, concomitant therapy use, and other
patient characteristics.

Demographic variables included age at the time of
evaluation (scaled such that ORs were interpreted for a
10-year increment), race [white (reference), black,
Hispanic, other], sex (reference = male), and height at
parent study entry (scaled such that odds ratios were
interpreted for a 5-cm increment) . HIV disease
characteristics variables included log10(HIV-1 RNA
copies/mL) at parent study entry, CD4 at parent study entry
[categories: ≤200, 201–350, 351–500, ≥501 cells/μL
(reference)], HIV-1 RNA at the time of evaluation
[categories: ≤400 (reference), >400 copies/mL], and
CD4 at the time of evaluation [categories: ≤ 200, 201–
350, 351–500, ≥501 cells/μL (reference)]. ART use at the
time of the evaluation variables included nART use and PI
use. Concomitant therapy use variables were the use of the
following medications within the 21 days prior to the
evaluation: statins, non-statin lipid lowering drugs, insulin,
and other glucose-lowering drugs (non-insulin). Other
patient characteristics included reported history of diabetes,
HCV seropositivity, and history of IV drug use.

Results

Demographics and baseline characteristics

Five hundred twenty-two ART-experienced participants
(88 % male, 52 % white, 23 % black, median age=43 years,
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median time since first ART use=6.0 years, 48 % initiating
EFV and PI-based ART, 44 % starting ritonavir-boosted PI-
based ART (five different regimens were used: boosted
Saquinavir, Atazanavir, Indinavir, Tipranavir, and Kaletra),
median log10 HIV-1 RNA=4.5 copies/mL, and median CD4
count=204 cells/μL at parent study entry) were analyzed
(Table 1).

Prevalence

Prior to the initiation of new regimens, the prevalence
estimates (95 % CI) of PN and SPN were 57.6 % (46.9 %,
67.9 %) and 33.7 % (24.2 %, 44.3 %), respectively.

The treated cohort displayed viral control (i.e., HIV-1 RNA
≤400 copies/mL) in 57.8 % (1,116 of 1,932) of patient visits.
The prevalence estimates (95 % CI) of PN and SPN at 3 years
since parent study entry were 52.8 % (46.6 %, 58.9 %) and
24.0 % (19.0 %, 29.6 %), respectively. The prevalence of PN
and SPN over time appeared relatively stable despite viral
control and improved immune function after new regimen

initiation at parent study entry (Fig. 1; Table 2). Consistent
with this finding, a sensitivity analysis of the prevalence of
neuropathy over time restricting to patients who had neuro
tests at parent study entry suggested a similar trend (n =92;
figure not shown here). A univariate logistic GEE regression
with time as the predictor does not suggest PN changes
significantly with time (P=0.65).

The majority of PN signs occurred without symptoms. Of
1,018 patient visits with PN, 716 (70.3 %) reported a pain
level of zero, 720 (70.7 %) reported absence of paresthesia,
and 645 (63.4 %) reported absence of numbness.

Associations with PN and SPN

Evaluation of the associations with PN and SPNwas based on
appropriate data from 485 patients (88 % male, 53 % white,
23 % black, 49 % were 40–49 years of age, and 27 % were
30–39 years of age, median time since first ART use=
6.1 years, 49 % initiating EFV and PI-based ART, 44 %
starting boosted PI-based ART, median log10HIV-1 RNA=

Table 1 Demographics and characteristics at parent study entry

Characteristic ART experienced (N=522) Model_1a (N =485) Model_2b (N=307)

Age 20–29 23 (4 %) 21 (4 %) 16 (5 %)

30–39 147 (28 %) 129 (27 %) 92 (30 %)

40–49 248 (48 %) 236 (49 %) 148 (48 %)

50–59 82 (16 %) 78 (16 %) 39 (13 %)

Over 60 22 (4 %) 21 (4 %) 12 (4 %)

Median (Q1, Q3) 43 (37, 48) 43 (38, 48) 42 (37, 47)

Years since 1st ART use Median (Q1, Q3) 6.0 (3.0, 9.3) 6.1 (3.1, 9.3) 5.8 (2.9, 8.8)

Sex Male 460 (88 %) 425 (88 %) 271 (88 %)

Race/ethnicity White 273 (52 %) 256 (53 %) 168 (55 %)

Black 121 (23 %) 111 (23 %) 59 (19 %)

Hispanic 114 (22 %) 106 (22 %) 71 (23 %)

Asian 8 (2 %) 7 (1 %) 5 (2 %)

Native Indian/Alaskan 6 (1 %) 5 (1 %) 4 (1 %)

IV drug history No 440 (84 %) 409 (84 %) 264 (86 %)

Yes 82 (16 %) 76 (16 %) 43 (14 %)

HCV seropositivity Positive ever 62 (12 %) 60 (12 %) 34 (11 %)

Negative 440 (84 %) 425 (88 %) 274 (89 %)

Not available 20 (4 %) 0 (0 %) 0 (0 %)

ART type initiated EFV-based (no PIs) 5 (1 %) 4 (1 %) 3 (1 %)

Unboosted PI-based (no NNRTIs) 29 (6 %) 24 (5 %) 19 (6 %)

Boosted PI-based (no NNRTIs) 232 (44 %) 214 (44 %) 117 (38 %)

EFV+PIs 249 (48 %) 238 (49 %) 163 (53 %)

Others 7 (1 %) 5 (1 %) 5 (2 %)

CD4 (cells/μL) Median (Q1, Q3) 204 (109, 327) 205 (110, 328) 226 (121, 357)

Log10 (RNAVL) (cp/mL) Median (Q1, Q3) 4.5 (4.1, 5.0) 4.5 (4.1, 5.0) 4.5 (4.1, 5.1)

aModel_1 refers to the multivariable logistic GEE model used to estimate the association between potential risk factors with PN/SPN
bModel_2 refers to the multivariable logistic GEE model used to evaluate risk factors for progression from no SPN to SPN
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4.6 copies/mL, and median CD4 count=205 cells/μL at new
ART regimen initiation) (model 1, Table 1). The participants
had 1,739 patient visits, with the median (Q1, Q3) number of
neuropathy evaluations per patient 3 (2, 5).

The following variables were associated with a higher odds
of PN in a multivariate logistic GEE model simultaneously
evaluating all factors: older age [OR=1.71 per 10-year
increment, 95 % CI=(1.41, 2.07), P <0.001], female sex
[OR=2.45, 95 % CI=(1.40, 4.28), P=0.001], taller height
[OR=1.24 per 5-cm increment, 95 % CI=(1.12, 1.37), P <
0.001], current PI use [OR=1.67, 95 % CI=(1.16, 2.41), P=
0.006], and a history of IV drug use [OR=1.60, 95 %

CI=(1.04, 2.46), P=0.036]. Neither viral suppression (HIV-
1 RNA ≤400 copies/mL) (P=0.78) nor baseline CD4 (P=
0.88) was associated with PN (Fig. 2a).

In a multivariate logistic GEE model, notable factors
associated with higher odds of SPN were older age [OR=
1.56 per 10-year increment, 95 % CI=(1.24, 1.95), P <0.001],
female sex [OR=2.00, 95 % CI=(1.04, 3.85), P=0.058],
taller height [OR=1.24 per 5-cm increment, 95 % CI=(1.09,
1.40), P =0.001], and current PI use [OR=1.44, 95 %
CI=(1.00, 2.07), P=0.039]. The use of statin drugs in the
21 days preceding the neuro-visit was associated with lower
odds of SPN [OR=0.66, 95 % CI=(0.45, 0.98), P=0.028].

Fig. 1 Peripheral neuropathy
over time

Table 2 Prevalence of PN and SPN over time

CD4>350 (cells/μL) VL≤400 (cp/ml) All participants

Week since
parent study
entry

N Neuropathy
% (95 % CI)

Symptomatic
neuropathy %
(95 % CI)

N Neuropathy
% (95 % CI)

Symptomatic
neuropathy %
(95 % CI)

N Neuropathy
% (95 % CI)

Symptomatic
neuropathy %
(95 % CI)

0 23 52.2 (30.6, 73.2) 21.7 (7.5, 43.7) 0 – – 92 57.6 (46.9, 67.9) 33.7 (24.2, 44.3)

48 135 47.4 (38.8, 56.2) 19.3 (13.0, 26.9) 180 47.2 (39.8, 54.8) 22.2 (16.4, 29.0) 382 50.3 (45.1, 55.4) 24.6 (20.4, 29.2)

96 158 54.4 (46.3, 62.4) 24.7 (18.2, 32.2) 210 56.2 (49.2, 63.0) 25.2 (19.5, 31.7) 382 57.3 (52.2, 62.3) 25.9 (21.6, 30.6)

144 114 51.8 (42.2, 61.2) 21.1 (14.0, 29.7) 155 55.5 (47.3, 63.5) 25.2 (18.5, 32.8) 267 52.8 (46.6, 58.9) 24.0 (19.0, 29.6)

192 101 54.5 (44.2, 64.4) 20.8 (13.4, 30.0) 128 53.9 (44.9, 62.8) 21.9 (15.1, 30.0) 217 52.5 (45.7, 59.3) 22.1 (16.8, 28.2)

240 83 43.4 (32.5, 54.7) 16.9 (9.5, 26.7) 95 56.8 (46.3, 67.0) 25.3 (16.9, 35.2) 162 52.5 (44.5, 60.4) 25.3 (18.8, 32.7)

288 78 47.4 (36.0, 59.1) 15.4 (8.2, 25.3) 107 44.9 (35.2, 54.8) 16.8 (10.3, 25.3) 156 50.0 (41.9, 58.1) 21.8 (15.6, 29.1)

336 64 39.1 (27.1, 52.1) 12.5 (5.6, 23.2) 80 45.0 (33.8, 56.5) 21.3 (12.9, 31.8) 131 49.6 (40.8, 58.5) 25.2 (18.0, 33.5)

384 64 48.4 (35.8, 61.3) 14.1 (6.6, 25.0) 77 50.6 (39.0, 62.2) 14.3 (7.4, 24.1) 120 54.2 (44.8, 63.3) 19.2 (12.6, 24.7)

432 55 43.6 (30.3, 57.7) 21.8 (11.8, 35.0) 77 42.9 (31.6, 54.6) 19.5 (11.3, 30.1) 106 50.9 (41.0, 60.8) 23.6 (15.9, 32.8)
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Odds Ratio Estimates (95%CI) for PN

         age (per 10 year increment)          
         race (R* = White)          
                   Black
                   Hispanic
                   Other
         sex (R = male)          
         height (per 5cm increment)

         log10 (HIV) at baseline
         CD4 at baseline (R= ">= 501")
                   <= 200
                   201−350
                   351−500
         HIV RNA at the time of evaluation (R = "<= 400")          
         CD4 at the time of evaluation (R = ">= 501")          
                   <= 200
                   201−350
                   351−500

         nART (d4t, ddI, ddc) use          
         PI use

         statin
         non−statin
         insulin
         glucose

         diabetes
         HCV seropositivity
         IV drug use          

Demographics

HIV disease characteristics

ART use at the time of the evaluation

Concomitant therapy use

Participant history

* R means Reference group
RED 95%CI means statistically significant

OR=1
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Odds Ratio Estimates (95%CI) for SPNb

c
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                   Hispanic
                   Other
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         CD4 at baseline (R= ">= 501")
                   <= 200
                   201−350
                   351−500
         HIV RNA at the time of evaluation (R = "<= 400")          
         CD4 at the time of evaluation (R = ">= 501")          
                   <= 200
                   201−350
                   351−500

         nART (d4t, ddI, ddc) use          
         PI use
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         non−statin
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         glucose

         diabetes
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Concomitant therapy use
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Odds Ratio Estimates (95%CI) for Progression from no SPN to SPN

         age (per 10 year increment)          
         race (R* = White)          
                   Black
                   Other
         sex (R = male)          
         height (per 5cm increment)

         log10 (HIV) at baseline
         CD4 at baseline (R= ">= 501")
                   <= 200
                   201−350
                   351−500
         HIV RNA at the time of evaluation (R = "<= 400")          
         CD4 at the time of evaluation (R = ">= 501")          
                   <= 200
                   201−350
                   351−500

         nART (d4t, ddI, ddc) use          
         PI use

         statin
         non−statin
         insulin
         glucose

         diabetes
         HCV seropositivity
         IV drug use          

Demographics

HIV disease characteristics

ART use at the time of the evaluation

Concomitant therapy use

Participant history

APN at the 1st neruo visit

* R means Reference group
RED 95%CI means statistically significant
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Fig. 2 Estimates of association with PN, SPN, and progression from no SPN to SPN

J. Neurovirol. (2013) 19:557–564 561



Neither current CD4 (P=0.27) nor baseline CD4 (P=0.21)
was associated with SPN (Fig. 2b).

Associations with progression from no SPN to SPN

To evaluate risk factors for progression from no SPN to SPN,
we restricted analyses to those participants without SPN at
their first neurologic visit after starting a new ART regimen.
We then used data from subsequent visits to evaluate
associations with SPN. Three hundred seven ART-
experienced participants (88 % male, 55 % white, 19 % black,
48 % were 40–49 years of age, and 30 % were 30–39 years of
age, median time since first ART use=5.8 years, 53 %
initiating EFV and PI-based ART, 38 % starting boosted PI-
based ART, median log10HIV-1 RNA=4.5 copies/mL, and
median CD4 count=226 cells/μL at new ART regimen
initiation) were analyzed (model 2, Table 1). These participants
had 990 patient visits of which 116 (11.7 %) displayed SPN.
For 307 patients analyzed, the median (Q1, Q3) number of
evaluations per patient was 3 (1, 5).

In a multivariable logistic GEE model, the following
variables were associated with higher odds of progression from
no SPN to SPN: older age [OR=1.56 per 10-year increment,
95 % CI=(1.14, 2.14), P=0.008], female [OR=4.54 compared
to male, 95 % CI=(1.95, 10.56), P=0.003], taller height [OR=
1.34 per 5-cm increment, 95 % CI=(1.13, 1.59), P=0.002],
and IV drug use [OR=3.53, 95 % CI=(1.56, 8.01), P=0.018].
The use of statin drugs in the 21 days preceding the neuro-visit
was marginally significant as a protector against progression
from no SPN to SPN [OR=0.50, 95 % CI=(0.23, 1.12), P=
0.063]. Having APN at the first visit (vs. not having PN) was
not significantly associated with higher odds of future SPN
[OR=0.67, 95 % CI=(0.39, 1.18), P=0.17] (Fig. 2c).

Discussion

Peripheral neuropathy in ART-naïve patients persists despite
improved immunologic function and virologic control
associated with cART (Evans et al. 2011). ART-experienced
patients initiating new regimens due to virologic failure may
have increased risk of PN due to longer duration of infection,
uncontrolled viremia, and exposure to older ARV including
d4T, ddI, and ddC. Our analyses from a diverse group of ART-
experienced patients initiating new regimens suggest a
relatively stable level of PN prevalence over time, but higher
prevalence than for ART-naïve individuals after starting ART.

As is the case in ART-naïve HIV patients, PN and SPN in
ART-experienced patients are associated with older age. With
the rapidly advancing median age of HIV patients, the
consistent association of PN with increasing age suggests that
this problem should continue to be the focus of studies to
reverse or prevent this troubling complication of HIV.

Our study confirms the clinical impression that neuropathy
in HIV is height dependent, with a small, but consistently
significant contribution to risk for neuropathy in taller persons,
which is consistent with findings from previous studies (Evans
et al. 2012; Sosenko et al. 1988). However, the impact of height
is modest compared to aging. Our analyses support other
observations about the lack of association of HCV co-
infection with distal sensory neuropathy (Clifford et al. 2009).

This study suggests that PI use is associated with
developing distal sensory neuropathy in ART-experienced
patients. The concern that PI might be associated with
neuropathy has been reported for some but not all PI drugs,
postulated to be mediated by loss of macrophage-derived
trophic factors (Pettersen et al. 2006). Other clinical series
have suggested this effect is minimal with the most commonly
used current PI (Ellis et al. 2008). Our data also suggest that
female sex is a significant risk factor for PN/SPN in ART-
experienced patients. This has generally not been seen in other
PN studies, and it should be noted that the power of this
sample is modest since women were under-represented.
Ongoing attention to long-term complications in women
deserves careful attention in future studies.

The study shows that the use of statins within the 21 days
prior to the evaluation is significantly associated with lower
odds of SPN, and it may also have a beneficial effect on
preventing progression from no SPN to SPN. Since statins were
not randomly assigned to patients in this cohort, the source of
the “protective” association between statin use and SPN in this
analysis cannot be determined from this observational study.
The association may be truly protective, since elevated serum
triglycerides have been shown to be a risk factor for SPN both
in diabetes mellitus and in HIV (Tesfaye et al. 2005; Banerjee
et al. 2011). Statinsmight, by lowering serum triglyceride levels
(Huang et al. 2009), reduce progression to symptomatic SPN.
Statins also may lower risk of SPN by reducing macrophage
activation (Schönbeck and Libby 2004), which has been
implicated in the pathogenesis of HIV-SN (Pardo et al. 2001;
Purwata 2011; Hahn et al. 2008). Physicians in practice know
that statins can causemyopathy andmuscle pain. Knowing this,
some providers might withhold statins in patients with SPN or
discontinue statins if they develop SPN. This would result in a
negative association between statin use and SPN that could be
misinterpreted as a “protective” effect. Alternative explanations
include confounding by unmeasured variables or unrecognized
interactions with antiretroviral or other concomitant
medications. Some previous studies have suggested that statins
may promote neuropathy (Tierney et al. 2013; Coulson 2011),
but others have failed to demonstrate such an effect (Otruba
et al. 2011).

A natural question is whether there is undiagnosed diabetes
in this cohort. Diabetes is often not diagnosed early and can be
related to neuropathy. However, this cohort is composed of
participants in clinical trials at academic centers. Thus, the
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participants are in care and being closely monitored for
diabetes and other co-morbid complications. The lack of a
history of diabetes and the absence of anti-diabetic drugs for
these participants offer reasonable reassurance that diabetes in
particular and a large variety of medical confounders are not
ignored.

One limitation of this study is that the duration of prior
nART treatment was not included as a variable when
evaluating risk factors for PN, SPN, and progression from no
SPN to SPN because these data were not prospectively
collected. Other limitations include its observational nature
with the potential for informative drop-out/in, self-selection
issues in ART and concomitant medication use, and that the
observed association may not be causal. There is a potential for
selection bias as the analyses are restricted to clinical trial
volunteers that were willing and able to return for follow-up
visits. Results could be biased if these patients are very different
than patients not included in analyses. Estimated association
with variables subject to self-selection should be interpreted
with caution. Non-significant P values should not be
interpreted as “no association.” Instead the confidence intervals
should be used to “rule out” associations with reasonable
confidence. Some effect estimates, although not significant,
cannot rule out potentially large associations. For instance,
the use of a glucose-lowering drug was not significantly
associated with higher odds of progression from no SPN to
future SPN (P=0.37), while the OR of 2.72 suggested a large
association. Also, the neuropathy assessments were made by
non-neurologists who had received training, but for some parts
of the exam, such as the distal ankle jerks, reliability is very
difficult to establish between examiners and may result in
imprecision in some observations.
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