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Abstract
Aims/hypothesis The aim of the study was to determine
whether diabetic peripheral neuropathy (DPN) is a risk
factor for depressive symptoms and examine the potential
mechanisms for this relationship.
Methods This longitudinal study (9 and 18 month follow-
up) of 338 DPN patients (mean age 61 years; 71% male;
73% type 2 diabetes) examined the temporal relationships
between DPN severity (mean±SD; neuropathy disability
score [NDS], 7.4±2.2; mean vibration perception threshold,
41.5±9.5 V), DPN somatic experiences (symptoms and
foot ulceration), DPN psychosocial consequences (restric-
tions in activities of daily living [ADL] and social self-
perception) and the Hospital Anxiety and Depression
subscale measuring depressive symptoms (HADS-D; mean
4.9±3.7).

Results Controlling for baseline HADS-D and demograph-
ic/disease variables, NDS at baseline significantly predicted
increased HADS-D over 18 months. This association was
mediated by baseline unsteadiness, which was significantly
associated with increased HADS-D. Baseline ADL restric-
tions significantly predicted increased HADS-D and partly
mediated the association between baseline unsteadiness and
change in HADS-D. Increased pain, unsteadiness and ADL
restrictions from baseline to 9 months each significantly
predicted increased HADS-D over 18 months. Change in
social self-perception from baseline to 9 months signifi-
cantly predicted increased HADS-D and partly mediated
the relationships of change in unsteadiness and ADL
restrictions with change in HADS-D.
Conclusions/interpretation These results confirm that neu-
ropathy is a risk factor for depressive symptoms because it
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generates pain and unsteadiness. Unsteadiness is the
symptom with the strongest association with depression,
and is linked to depressive symptoms by perceptions of
diminished self-worth as a result of inability to perform
social roles.
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Abbreviations
ADL Activities of daily living
DPN Diabetic Peripheral Neuropathy
HADS Hospital Anxiety and Depression Scale
NDS Neuropathy disability score
NeuroQoL Neuropathy and Foot Ulcer-specific Quality

of Life Instrument
VPT Vibration perception threshold

Introduction

Diabetic somatic peripheral neuropathy (DPN) is a chronic
and potentially disabling complication of diabetes, having a
negative impact on physical and psychosocial functioning
and on the quality of life of persons affected by this
disorder [1–4]. DPN is not a single entity but encompasses
a variety of clinical manifestations that can include
unremitting pain, reduced feeling in the feet and postural
instability. Moreover, DPN is a well-established major risk
factor for foot ulceration and amputations [5, 6].

Evidence from individual studies [7–10], supported by a
meta-analysis [11], suggests that there is a link between DPN
and depressive symptoms. However, previous studies have
focused almost exclusively on severe neuropathic pain, even
though less than a third of patients with DPN experience
painful symptoms [12] and many experience no symptoms
[13]. Furthermore, the relationship between depression and
other DPN symptoms (e.g. unsteadiness) has not been
adequately addressed. As these reports are exclusively cross-
sectional in design, they cannot disentangle the temporal order
of association. Generally, studies of depression and diabetes
complications, including DPN, view them as comorbid
conditions, each independently contributing to reduced mo-
bility and physical dysfunction [14, 15], unemployment and
work disability [16], and increased health service costs [17].

Several hypotheses have been proposed to explain the
link between physical illness and depression. In keeping
with the activity restriction model of depression [18], it is
postulated that illness-related functional disability and
restrictions in activities of daily living (ADL) are respon-
sible for depressive affect. In the context of diabetes, for

example, the results of a large community-based study
indicate that functional limitations play an important role in
the development of depression in people with type 2
diabetes [19]. This finding is of particular relevance to
DPN in view of its association with severe physical
disability, and in some patient populations it fully accounts
for diabetes-related functional limitations [2]. Other
researchers argue that the impact of ADL restrictions on
depression may depend on the extent to which being unable
to perform daily activities has a negative impact on sense of
self [20]. Dyeson [21], for example, reported that the
perception of the self as a burden on one’s caregiver is a
mediator of depressive symptoms among chronically ill
care recipients. Furthermore, the self-regulatory model of
illness [22] postulates that shared cognitions underlying
physical illness and depressive affect create the possibility
of a psychological path linking physical illness to depres-
sive symptoms: both are perceived as chronic, uncontrol-
lable and potentially having serious consequences.

Influenced by these theories, in a recent cross-sectional
study we examined the relationship between DPN severity
and depressive symptoms and explored the potential phys-
ical and psychosocial mediators of this association [23]. This
study departed from the earlier reports in several important
ways: (1) study participants were selected based on clinical
tests of neurological dysfunction rather than the presence of
neuropathic symptoms or foot ulceration and therefore were
representative of a typical high-risk DPN population
attending specialised diabetes clinics; and (2) rather than
focusing on a single DPN symptom (e.g. pain) or foot
ulceration alone, it assessed the independent contributions
of a variety of DPN somatic experiences to depressive
symptoms. The results of that study demonstrated that DPN
is significantly associated with depressive symptoms, with
neuropathy-related factors accounting for nearly half of the
variance in depression scores. Neuropathic symptoms of
pain, unsteadiness and reduced feeling in the feet each were
independently associated with depressive symptoms and
together accounted for the relationship between the clinical
measures of neuropathy severity and depressive symptoms.
Moreover, the association between neuropathic and depres-
sive symptoms was partially mediated by two sets of
relatively independent psychosocial factors: (1) illness
cognitions, or perceptions of symptom unpredictability
and the lack of treatment control; and (2) restrictions in
ADL and diminished self-worth (self-perception as a family
burden). However, the cross-sectional design of this report
did not permit us to draw conclusions regarding the
direction of the observed relationships.

The present follow-up study extends our cross-sectional
model by examining the prospective relationships between
neuropathy severity defined by clinical tests, foot ulcera-
tion, patient reports of neuropathic symptoms and
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neuropathy-related psychosocial consequences, and depres-
sive symptoms over 18 months of follow-up. We hypothe-
sised that both baseline and change in DPN-related physical
and psychosocial factors would predict increments in
depressive symptoms over time.

Methods

Subjects

A sample of 522 patients with diabetic peripheral neuropathy
and either type 1 or type 2 diabetes was recruited at three sites:
Manchester, UK; Baltimore, MD, USA; and State College,
PA, USA. Permission to conduct this study was granted by the
ethics committee at each site. Of the 522 patients, 495 agreed
to participate and gave informed consent (participation rate
95%). Detailed characteristics of the study population and
methods used have been published previously [23]. Here we
provide an overview of the study design.

As this was an investigation of patients at high risk of
developing neuropathic foot ulcers, study participants were
purposely selected to have moderate to severe neuropathy
defined as vibration perception threshold (VPT) >25 V and
neuropathy disability score (NDS) >3; both these measures
predict foot ulceration [24]. The VPT is a measure of large
fibre dysfunction and the NDS is a composite score
comprising both small (pain and temperature sensation) and
large (vibration sensation and ankle reflexes) fibre dysfunc-
tion. Thus patients with mild neuropathic deficits were
excluded from the study. Patients were also excluded if they
had significant peripheral vascular disease, a history of major
amputation, or other severe chronic medical diseases or
complications of diabetes precluding participation.

Of the 495 participants who completed the baseline
assessment, 376 (76%) also completed the re-assessment at
9 months, and 338 (68%) completed the final follow-up
examination at 18 months. At the 18 month assessment, 44
participants were lost to follow-up because of death or poor
health, 34 refused participation, 27 provided partial data,
seven had moved away, and 45 were lost to follow-up for
other or unknown reasons.

For this analysis we restricted the sample to the 338
participants with valid depressive symptoms data at the
18 month assessment. Of these participants, 313 also
participated in the 9 month assessment. A mean-
substitution approach was used to replace missing data for
participants included in the main analyses.

Measures

Neuropathy Measures of neuropathy severity were raw
scores for NDS and VPT. The presence of foot ulcers,

defined as a full-thickness skin break below the malleoli,
was determined by examination at baseline and 9 months.
Past foot ulceration and the development of a new foot
ulcer between the visits were obtained by asking each
participant ‘Have you (ever/since the last visit) had a foot
ulcer (an open sore on your foot)?’ supplemented by
scrutiny of medical records.

Neuropathy symptoms were assessed by three scales
from the Neuropathy and Foot Ulcer-specific Quality of
Life Instrument (NeuroQoL), a neuropathy-specific quality
of life instrument [4]: (1) neuropathic pain and/or para-
esthesiae (Cronbach’s α=0.87 at baseline, 0.89 at 9 month
follow-up); (2) symptoms of reduced feeling in the feet (α=
0.90 at baseline, 0.91 at follow-up); and (3) unsteadiness
(α=0.97 at baseline and follow-up).

DPN-related psychosocial consequences Neuropathy-relat-
ed restrictions in ADL were assessed using a three-item
NeuroQoL scale (alpha=0.90 at baseline, 0.93 at follow-
up). Neuropathy-related social self-perception was mea-
sured by a three-item NeuroQoL scale: ‘In the past 4 weeks
how much have your foot problems interfered with your
relationships with people close to you? Have you felt more
physically dependent than you would like to be on people
close to you? Has your role in the family changed as a
result of your foot problems?’ (alpha=0.90 at baseline, 0.91
at follow-up).

Depressive symptoms Consistent with our cross-sectional
report [23], depressive symptoms were assessed with the
seven-item subscale of the Hospital Anxiety and Depressive
Scale (HADS), measuring depressive anhedonia (HADS-D)
or the absence of both positive affect and pleasure from
everyday tasks [25]. The HADS-D subscale (range 0–21)
had an alpha of 0.82 at baseline and 0.83 at the 18 month
follow-up.

Control variables Control variables included sex, age,
education, marital status, type of diabetes, number of
diabetes complications other than neuropathy, and number
of comorbid disorders. Comorbid disorders included all
self-reported medical conditions other than diabetes and its
complications. Complications of diabetes, including reti-
nopathy, nephropathy, and cardiovascular disease, were
recorded by patients’ self-report. Additionally, as there were
significant differences between the UK and US participants
[23], all analyses controlled for study site.

Change scores for predictors Measures of change for
predictors (DPN symptoms, consequences) were created
by subtracting the baseline value from the 9 month value.
Thus, positive scores represent increases in the scores over
time, negative scores represent decreases, and zero repre-
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sents no change. Controlling for the baseline values of
predictors allowed assessment of the contributions of
baseline and change in predictor values independently from
each other.

Statistical analysis

All data were analysed using SPSS (Chicago, IL, USA).
Values are shown as means±SD. Several different
approaches were explored to address missing data in the
main regression analyses. Although list-wise deletion of
cases with any missing data was an option, it can lead to
biased results [26] and would have reduced the study
sample size to 274. Therefore we tested models using a
variety of methods for imputing missing values for
predictors (mean substitution, last observation carried
forward, linear interpolation) as well as a model for all
495 cases using full information maximum likelihood
estimation [27]. The results of these various approaches
were essentially identical. Therefore, we are confident that
the mean-substitution approach, results of which are
presented below, is appropriate.

Analysis of sample attrition was performed by compar-
ing the 338 participants who completed the 18 month
follow-up with the 157 participants who did not complete
the 18 month follow-up.

A progressive series of multivariate regression models
was estimated to examine the hypothesised causal relations
among the clinical measures of neuropathy severity, foot
ulceration, patient reports of neuropathic symptoms and
neuropathy-related psychosocial consequences, and depres-
sive symptoms (results for each model are presented).
Baseline neuropathy-specific measures were forced into the
models; this was necessary to enable us to enter measures
of change in these variables into subsequent models.
Measures of change were forced into subsequent models.
If neither the baseline nor change measure of a variable was
significant, both were eliminated from the models; if either
was significant, both were retained in the models to
estimate their effects independently of each other. Thus,
neuropathy-related variables shown in the results represent
only those for which either baseline or change scores were
significantly related to depressive symptoms.

Change in depressive symptoms was assessed by
controlling for the baseline value of depressive symptoms.
Controlling for baseline HADS-D allowed independent
variables to be interpreted as predicting change in HADS-
D from baseline to 18 months, i.e. as accounting for the
residual values after accounting for the variance shared with
the baseline value. This strategy provided a measure of
change in the predictors (until 9 months) that temporally
precedes the outcome (change until 18 months). It also

allowed an assessment of the stability of depressive symp-
toms over time (indicated by the association between
baseline and 18 month depressive symptoms scores).

Procedures recommended by Baron and Kenny [28]
were used to evaluate potential mediators. Sobel’s variance
estimate [29] was used as the test of whether the indirect
effect of the independent variable on the dependent variable
via the mediator was significantly different from zero.

Results

Characteristics of the study population are presented in
Table 1: participants were patients with type 2 diabetes
who were older and predominantly male. Participants were
recruited to have moderate to severe neuropathy on clinical
testing, and 14.7% had an active foot ulcer at baseline. Using
the cut-off score of >8 on HADS-D, the percentage of likely
cases of depression in our sample was 24.5% at baseline and
28.4% at follow-up; using the cut-off score of >11, the
percentage of likely cases was 8.7% and 10.7%, respectively.

There were significant differences at baseline between
those who were included in the analytical sample and
those who were lost to follow-up. Specifically, participants
who were lost to follow-up (n=157) had higher HADS-D
scores (6.06±4.58 vs 4.77±3.70; p=0.002) and reported
higher levels of neuropathic pain (2.08±0.94 vs 1.89±0.81;
p=0.024).

No significant differences between baseline and follow-
up values were observed in the analytical sample with the
exception of depressive symptoms, which increased signif-
icantly over time. During the 9 month follow-up 14% of the
study participants developed new foot ulcers and 11% of
patients had active foot ulcers at the 9 month follow-up
visit.

Results of the main regression analyses are presented in
Table 2. The full model explained 60% of the variance in
HADS-D at 18 months, with 9% of the incremental
variance accounted for by neuropathy-related physical and
psychosocial factors.

Baseline predictors of increased depressive symptoms
at 18 month follow-up

As expected, baseline HADS-D was highly associated with
18 month HADS-D (β=0.68, p<0.001), indicating sub-
stantial stability in depressive symptoms over the 18 months
of the study; none of the baseline demographic/disease
variables was predictive of changes in HADS-D over time
(see model I). Of the two baseline clinical measures of DPN
severity only NDS (β=0.10, p=0.01) was significantly
predictive of changes in HADS-D (see model II). When
baseline DPN symptoms were added into the model, higher
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levels of unsteadiness at baseline significantly predicted
increased depressive symptoms (β=0.16, p=0.001) and the
association of NDS with depressive symptoms was reduced
to non-significance (β=0.07, p=0.14; see model III).
Mediation analyses showed that unsteadiness was a
significant mediator of the relationship between NDS and
HADS-D changes (z=2.75, p<0.01). Higher levels of
restrictions in ADL at baseline (model IV) significantly
predicted increased HADS-D (β=0.16, p<0.01). Mediation
analyses showed that restriction in ADL was a significant
partial mediator of the relationship between unsteadiness
and HADS-D changes (z=2.69, p<0.01). Although not
significant, baseline pain was retained in the model because
change in pain was entered in subsequent models.

Change scores as predictors of increased depressive
symptoms at 18 month follow-up

When change scores for pain and unsteadiness were added
into the model, changes in pain (β=0.09, p=0.02) and

unsteadiness (β=0.10, p=0.02) were each significant
independent predictors of changes in HADS-D (see model
V). Changes in ADL restrictions (β=0.10, p=0.02) were
entered in the next step and accounted for a significant
increase in HADS-D (see model VI). Mediation analyses
showed that changes in restrictions in ADL fell short of
statistical significance as a mediator of the relationships of
changes in HADS-D with changes in unsteadiness (z=1.90,
p<0.06) and changes in pain (z=1.78, p<0.08). Changes in
social self-perception significantly predicted changes in
HADS-D (β=0.13, p=0.003), reducing the relationship of
changes in pain, unsteadiness and ADL restrictions with
changes in depressive symptoms to non-significance (see
model VII). Change in social self-perception was a signif-
icant mediator of the relationships of changes in depressive
symptoms with changes in unsteadiness (z=2.64, p<0.01)
and changes in ADL restrictions (z=2.72, p<0.01) but not
changes in pain (z=1.22, p=0.22).

To account for the potential confounding effects of
antidepressants, the analyses reported above were replicated

Characteristic Baseline total sample Baseline analytical sample Follow-up
(n=495)a (n=338) (n=338)b

Study site (UK) (%) 65.7 63.9 NA

Sex (male) (%) 70.7 70.7 NA

Age (years) 61.87±11.01 61.24±10.81 NA

Education (%)

Primary 3.1 3.0 NA

Secondary 53.8 50.9 NA

Some college 19.7 22.1 NA

College graduate 14.1 14.8 NA

Postgraduate 9.1 8.8 NA

Living alone (%) 30.5 29.6 NA

Type 2 diabetes (%) 73.0 73.0 NA

Number of diabetes complications 1.56±1.10 1.53±1.10 NA

Number of concomitant disorders 0.97±1.06 0.99±1.08 NA

Neuropathy disability score 7.39±2.20 7.42±2.23 NA

Vibration perception threshold 40.85±9.81 41.56±9.55

Active foot ulcer 15.9 14.7 11.3

NeuroQoL symptom scores

Painc 1.95±0.86* 1.91±0.83 1.92±0.85

Unsteadinessc 2.37±1.31 2.35±1.28 2.45±1.32

Reduced feelingc 2.84±1.48 2.88±1.49 2.94±1.51

NeuroQoL ADL restrictionsc 2.51±1.38 2.55±1.34 2.51±1.38

NeuroQoL social self-perceptionc 2.12±1.32 2.10±1.26 2.07±1.29

HADS depressive symptoms 5.19±4.05** 4.93±3.79 5.31±4.01*

Antidepressant medications (%)

Tricyclics only 11.0 13.3 12.4

SSRIs only 5.7 6.5 6.8

Both 1.0 1.2 0.9

Table 1 Characteristics of the
study population

Data are percentage or mean±SD
a Significance tests assessed
difference between participants
in the analytical sample and those
who did not complete follow-up
b Follow-up at 9 month visit,
except for HADS depressive
symptoms which is the 18 month
value; significance tests assessed
the difference between baseline
and follow-up values in the
analytical sample: *p< 0.05,
**p< 0.01
c Scores range from 1 to 5

NA, not applicable; SSRI,
selective serotonin reuptake
inhibitor
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in two parallel analyses, one controlling for patients’ use of
antidepressant medication and the other excluding all
participants reporting any antidepressant medication. These
analyses produced essentially the same results as those
presented above.

Discussion

The results of this longitudinal study are largely consistent
with our earlier cross-sectional report that linked neuropa-
thy to depressive symptoms through a series of DPN
somatic experiences, resulting in ADL restrictions and
diminished social self-perception [23]. In this longitudinal
analysis we found that worse baseline neuropathy status
was associated not only with more severe baseline
depressive symptoms, but also with worsening depressive

symptoms over time. Moreover, decline in neuropathy-
related physical and psychosocial functioning over time
contributed to further increments in depressive symptoms.
Specifically, a clinical measure of DPN severity (NDS)
predicted an increase in depressive symptoms over time,
and its effect was mediated by perceived symptoms and
psychosocial consequences. In keeping with our cross-
sectional observations [23], unsteadiness was the symptom
with the strongest association to depressive symptoms, and
it was linked to depressive symptoms by the perceptions of
diminished value of the self due to inability to perform
family roles.

The observation that baseline levels of unsteadiness predict
increments in depressive symptoms indicates that unsteadi-
ness has a cumulative effect on depressive symptoms. That is,
patients who experience unsteadiness at baseline are not only
more likely to experience depressive symptoms at the time of

Table 2 Demographic, disease and psychosocial predictors of depressive symptoms in patients with diabetic peripheral neuropathy

Predictor Model

I II III IV V VI VII

Baseline depressive symptoms 0.68*** 0.67*** 0.61*** 0.56*** 0.56*** 0.56*** 0.55***

Demographic/disease variables

Sex 0.04 0.04 0.03 0.04 0.03 0.03 0.04

Education −0.07 −0.07 −0.08 −0.06 −0.07 −0.07 −0.07
Type 2 diabetes 0.05 0.06 0.05 0.05 0.04 0.04 0.06

Living with partner −0.01 −0.02 −0.01 −0.01 0.01 −0.01 −0.02
Age −0.08 −0.08 −0.09 −0.07 −0.04 −0.04 −0.05
Study site (UK) −0.01 −0.01 −0.02 −0.05 −0.04 −0.04 −0.04
Number of diabetes complications 0.03 0.03 0.02 0.02 0.01 0.01 0.00

Number of co-morbidities 0.01 0.02 0.01 0.01 0.01 0.01 0.02

Baseline DPN severity

NDS 0.10* 0.07 0.06 0.05 0.05 0.05

VPT −0.04 −0.05 −0.06 −0.07 −0.07 −0.06
Baseline DPN symptoms

Pain −0.02 −0.04 −0.02 −0.04 −0.04
Unsteadiness 0.16* 0.10 0.15** 0.13* 0.10*

Baseline ADL restrictions 0.16** 0.14** 0.21*** 0.18**

Baseline social-self perception 0.04 0.03 0.01 0.09

Change in DPN symptoms (0–9 months)

Pain 0.09* 0.08* 0.07

Unsteadiness 0.10* 0.08* 0.05

Change in ADL restrictions

(0–9 months) 0.10* 0.06

Change in social-self perception (0–9 months) 0.13**

R2 change 0.512*** 0.009* 0.015*** 0.023*** 0.020** 0.007* 0.012**

Data are standardised regression coefficients (β)

Each column represents a separate model; comparing coefficients across successive models indicates where variables added to a subsequent model
mediate significant associations present in an earlier model

*p < 0.05; **p < 0.01; ***p < 0.001
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the assessment, but are also likely to experience increased
depressive symptoms in the future, independently of changes
in unsteadiness over time. Worse yet from the patient
perspective, increases in perceived unsteadiness over time
further contribute to increases in depressive symptoms,
irrespective of the patients’ initial level of symptoms of
unsteadiness. In contrast, only the change in pain severity (not
baseline levels) was significantly related to change in
depressive symptoms in our study, suggesting that the impact
of pain is not cumulative over time.

The relationship between pain and depressive symptoms
observed in our study is not unique. There is ample evidence
of a cross-sectional association between chronic pain and
depressive symptoms, but longitudinal studies have failed to
yield consistent results [30, 31]. One possible explanation for
this lack of consistency is that longitudinal studies of the
relationship of pain to depression may assess either absolute
levels of depression at follow-up or change in depression
over time. To see whether this explained why baseline pain
was not related to depression in our main analyses, we re-ran
our analyses predicting depressive symptoms at 18 months
without controlling for baseline depressive symptoms; as we
expected, the relationship of baseline pain to absolute
depressive symptoms levels at follow-up was much larger
and statistically significant. Thus, the reason that baseline
pain was not associated with follow-up depressive symptoms
in our main analyses was because there was an indirect
relationship between baseline pain and follow-up depression;
baseline pain was associated with baseline depressive
symptom level, which in turn was associated with depressive
symptoms at follow-up. By controlling for baseline depres-
sive symptoms in our study, we removed the shared variance
between baseline depression and follow-up depression from
the model. Thus our analysis examined the ability of pain to
predict follow-up depressive symptoms independently of its
relationship to baseline depressive symptoms. In essence,
baseline pain contributes to the chronicity of depressive
symptoms while change in pain contributes to fluctuations of
depressive symptoms over time.

We also explored the possibility that attrition bias might
have accounted for the lack of the association between
baseline levels of pain and increments in depressive symp-
toms. We conducted analyses that included participants who
had dropped out by applyingmethods to estimatemissing data
(last observation carried forward and full information maxi-
mum likelihood) which take into account the higher levels of
pain and depression among these participants; these analyses
produced essentially the same results. Thus, it seems unlikely
that attrition had a major influence on our results.

Our results provide some illumination of the potential
mechanisms linking unsteadiness and depressive symp-
toms, but there may be additional pathways. Baseline levels
of unsteadiness continue to be a significant predictor of

increased depressive symptoms in the final model, suggest-
ing that unsteadiness is related to depressive symptoms
through mechanisms that are not fully accounted for by our
model. It has been proposed, for example, that perceived
unsteadiness probably measures not only balance dysfunc-
tion but also other domains of vulnerability, such as
decreased physiological reserve and psychosocial factors
including poor self-efficacy with walking and fear of falling
[32]. These are established risk factors for functional
decline [33] and might have provided additional linkages
of unsteadiness to depressive symptoms.

Interestingly, although foot ulceration is not significantly
associated with depressive symptoms in our main longitudinal
model, in supplementary analyses that omitted measures of
neuropathy severity we found that a positive history of foot
ulceration obtained at baseline was significantly predictive of
increased depressive symptoms over time. This relationship
became non-significant, however, when measures of neurop-
athy severity entered the equation, thereby indicating that the
relationship between past foot ulceration and increased
depressive symptoms is probably spurious and that neuro-
pathic symptoms are the most immediate mediator of the
relationship between neuropathy and distress. Nonetheless,
even though foot ulcers are not independently associated with
depressive symptoms, they serve as a marker for an increased
risk for elevated depressive symptoms and patients with foot
ulcers should be carefully monitored to determine whether
they are depressed, especially in the light of recent findings
linking depressive disorders to increased mortality in patients
presenting with their first foot ulcers [34].

Comparedwith earlier reports [10, 35], in our sample there
were fewer cases of moderate to severe depression. It is
important to note, however, that in the earlier studies patients
were selected based on severe neuropathic complications, i.e.
they had diabetic foot syndrome [35] or unremitting
neuropathic pain [10], and therefore are not comparable to
our population, which was selected based on clinical tests of
neuropathic deficits (NDS and VPT) and not the presence of
severe neuropathic complications. Indeed, a substantial
proportion of our patients were symptom-free. Thus, we
believe that the results of our study are generalisable to a
larger population, i.e. to patients with moderate to severe
neuropathy. Indeed, in previous studies from our group we
reported that 43% of a clinic-based diabetes cohort had VPT
>25 [36], and 44% of a community cohort had NDS >3 [37],
suggesting that these results apply to a substantial proportion
of patients with diabetes.

Any attempt to project cause and effect between
neuropathy and depression is fraught with difficulty. One
strategy is to use a dose of tricyclic medication too low to
achieve a physiological antidepressant effect, and observe
whether there is a reduction in depression commensurate
with the reduction in pain [38].
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The longitudinal design used in this study can establish a
necessary element of causal inference, i.e. temporal ordering.
Moreover, the mediation analysis conducted in our study
provides additional evidence for causal inference because it
specifies the mechanisms through which neuropathy might
influence depressive symptoms. Therefore, this study’s
analysis design permits the conclusion that the observed
association between neuropathy and depressive symptoms is
not due to depressive symptoms causing diabetes symptoms
and functional disability, as suggested by other groups [39,
40]. It is important to note that our findings do not disprove
that alternative hypothesis; addressing that question would
require a longitudinal analysis which examines whether
depressive symptoms at an earlier time point predict
neuropathy levels, symptoms and consequences at a later
time point (an analysis that was beyond the scope of this
study). In fact, the actual causal relationship between
depressive symptoms and neuropathy (and/or reports of
neuropathic symptoms) is likely to be reciprocal. Resolution
of this question awaits further research.

This study has important implications for the care of
patients with DPN. Neuropathy-related physical and psycho-
social dysfunction is a risk factor for depressive symptoms in
patients with DPN, a point that should be a focus in clinical
care. While neuropathic pain contributes to this relationship,
unsteadiness and its psychosocial consequences play a major
role in this relationship, a finding that may surprise many
clinicians. Thus, clinicians should address unsteadiness as a
key symptom when assessing patients with diabetic neurop-
athy and, pending a definitive intervention study, should
consider a multifaceted approach to the management of these
individuals. Such an approach would include a functional
component (physical adaptation to instability to improve
safety), a psychosocial component (strategies aimed at
increasing participation in daily activities and enhanced
perceptions of competence in important social roles), and
perhaps a pharmacological component (the use of antidepres-
sants). The importance of unsteadiness as a neuropathic
symptom should receive attention in the education of both
healthcare providers and patients.
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