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Abstract BACKGROUND CONTEXT: Previous research indicates that there might exist a link between
the experience of pain and mental distress. Pain can possibly trigger anxiety and chronic pain, as
well as also depression. On the other hand, anxiety and depression might also be risk factors for
painful conditions and more pronounced subsequent disability and thus, the pathways may be bidi-
rectional. Expanded knowledge of how different factors affect pain and function may help surgeons
in preoperative decision-making.
PURPOSE: The aim of this study was to evaluate the impact of potential preoperative risk factors
with special reference to mental distress.
STUDY DESIGN/SETTING: This is a prospective outcome study in a cohort from a multicenter
randomized controlled trial comparing anterior cervical decompression and fusion with disc replacement.
PATIENTSAMPLE: The sample included 151 patientswith cervical radiculopathy planned for surgery.
OUTCOMEMEASURES: Surgical outcome was evaluated with Neck Disability Index (NDI), health
related quality-of-life with European Quality of Life-5 Dimensions, and pain with visual analogue
scale for arm and neck. Mental distress was preoperatively measured with the Hospital Anxiety and
Depression (HAD) scale.
METHODS: Preoperative data regarding possible risk factors for poor outcome were analyzed in
multiple linear regression models with postoperative NDI and change of NDI as dependent factors.
Patients with high preoperative levels of anxiety or depression (H-HAD), indicating mental dis-
tress, were compared with patients scoring low/moderate levels (L-HAD) regarding patient-
reported outcome measures (PROMs) preoperatively and at 1- and 2-year follow-up.
RESULTS: Outcome data were available for 136 patients at the 2-year follow-up. No statistically sig-
nificant difference in any outcome data could be demonstrated between the two surgical treatment groups.
Mental distress was the variable most strongly associated with NDI at 2 years in the regression analysis.
There were 42 patients classified as H-HAD and 94 as L-HAD. The average improvement in NDI was
16.9 in the H-HADgroup and 26.3 in the L-HADgroup, p=.02. TheH-HADpatients showed a tendency
for poorer baseline data and worse outcome overall in all PROMs at follow-up at both 1 and 2 years.
CONCLUSIONS: Preoperative mental distress measured with HAD was associated with worse
outcome overall. More research is needed to investigate whether patients with mental distress may
achieve better results if other treatments are offered, either as non-surgical treatment alone or as an
adjunct to surgery. © 2016 Elsevier Inc. All rights reserved.
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Introduction

It seems like the experience of pain and self-reported func-
tional status in many different medical conditions are associated
with the mental burden of anxiety and depressive disorders.
The mechanisms for this association have not clearly been
identified, but psychological and psychosocial factors have
been suggested, both as cause and consequence of long-
lasting pain [1–7]. Previous studies have also showed possible
associations between preoperative psychological distress and
postoperative outcome in both spine surgery and other treat-
ments [8–14]. The neck and arm pain in cervical radiculopathy
is probably also modified by depression and anxiety, which
have the potential of both causing and enhancing the pain
[15–17]. Surgical treatment of cervical radiculopathy can be
considered in patients with long-lasting and disabling pain
who do not respond to non-surgical treatment and where there
are corresponding radiological findings. Although the results
of surgery is generally good, there is a lack of studies com-
paring surgical to non-surgical treatments, and also studies
of the natural history of the condition show moderate to good
long-term follow-up results. However, disregarding the treat-
ment modality, there always seems to be a subgroup of patients
that do not fare well, even though no obvious complication
or other cause of the disappointing result can be detected. The
aim of this study was to evaluate the impact of preoperative
mental distress in relation to other preoperative risk factors
and to the outcome after surgery for cervical radiculopathy.

Methods

Patients and treatment

One hundred fifty-one patients were included in a multi-
center randomized controlled trial (RCT) comparing outcome
between anterior cervical decompression and fusion (ACDF)
and artificial disc replacement (ADR) for treatment of cer-
vical radiculopathy [18]. Of these, complete 2-year data sets
were available for 136 patients (90%), which were all included
in the present study. Of these patients, 88 (53%) were women,
and the average age was 47 years. Surgery and inclusion was
done at three different settings in Sweden, which highly spe-
cialize in cervical spine surgery. Patients in the experimental
arm were treated with the Discover artificial disc (n=81) and
patients in the control arm were treated with ACDF (n=70)
performed with iliac crest bone transplant and anterior plating.
Randomization was performed with computer-generated
random lists and sealed envelopes, which remained un-
opened until time for reconstruction of the cervical spine and
thus blinded for both patients and surgeons before interven-
tion. The demographics of the patients at baseline are presented
in Table 1. Inclusion was done after informed consent. The
inclusion and exclusion criteria are listed in Table 2. The study
was approved by the regional ethics committee in Stockholm
(2006/1266-31/3) and was based on data from the original
RCT, partially funded by DePuy Spine. No separate funding
for this study was done.

Outcome measures

Patient-reported outcome measures (PROMs) data were
obtained by self-reporting questionnaires mailed to the pa-
tients preoperatively and after 1 and 2 years. Primary outcome
variable in the initial study was Neck Disability Index (NDI),
Secondary variables were European Quality of Life-5 Di-
mensions (EQ-5D) for measurement of health-related quality
of life (HRQoL), and separate visual analogue scales (VAS)
for arm and neck pain. The NDI is a neck-specific outcome
score mainly focusing on neck-related function and consists
of 10 multiple-choice questions concerning different dimen-
sions of neck-related disability. It has been extensively validated
and translated into several languages [19–21]. The minimal-
ly clinical important difference (MCID) forNDI has in previous
studies been calculated to lie in an interval between 7.5% and
17% [22,23]. The EQ-5D measures health-related quality of

Table 1
Baseline data regarding preoperative characteristics

Baseline variable

Gender M/F 73/78
Age mean (SD) 47 (6.8)
BMI 26
Smokers, n (%) 46 (31)
Heavy work, n (%)

Not working 21 (14)
Not heavy 41 (28)
Somewhat heavy 47 (32)
Very heavy 37 (25)

Unemployed, n (%) 18 (12)
Sick leave, n (%)

Full time 63 (43)
Part time 54 (37)
Not on sick leave 28 (19)

Time on sick leave months mean (SD) 2.2 (2.6)
Expectation return to work, n (%)

Currently working 40 (28)
Back to full time 65 (46)
Back to part time 13 (9)
Back to work but other 12 (9)
Still on sick leave 11 (8)

Duration of neck pain, n (%)
No neck pain 5 (3)
<3 mo 3 (2)
3–12 mo 34 (23)
1–2 y 36 (24)
>2 y 69 (47)

Duration of arm pain, n (%)
No arm pain 0
<3 mo 6 (4)
3–12 mo 43 (29)
1–2 y 48 (33)
>2 y 50 (34)

Analgesic medication, n (%)
Regularly 70 (46)
Irregularly 59 (39)
No analgesics 22 (15)

BMI, body mass index; SD, standard deviation.
Note: Occasional missing data in some columns explain differences

in sum.
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life based on a health profile consisting of five dimensions
(mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) with three severity levels each [24]. The
responses are summed up in a formula and will result in an
index ranging from −0.594 to 1. In addition to the index-
based scoring system, the VAS component of the EQ-5D
enables the patients to place their current health state on a
range from 0 (worst imaginable health state) to 100 (best imag-
inable health state). The MCID value for the index has been
evaluated in various studies and seems to vary between dif-
ferent conditions [25,26]. In a study of patients treated for
cervical radiculopathy, the proposed value was set at 0.24
Qualys [23]. In this study we also separated the dimension
anxiety/depression for comparison with the HospitalAnxiety
andDepression (HAD) scale. The visual analogue scale (VAS)
was used for evaluation of arm and neck pain. The MCID for
VAS has also been evaluated separately for arm and neck
pain and was set to 2.6 and 4.1 (on a 10-graded scale),
respectively [23].

Preoperative assessment of mental distress

Anxiety and depressionwere evaluatedwith theHAD scale,
which was initially designed as a screening tool to detect pos-
sible anxiety and depression disorders amongpatients in hospital
care [27]. The questionnaire consists of 14 assertions with
multiple-choice alternative answers. Seven questions concern
anxiety (HAD-a) and the other seven characteristics concern
depressive disorders (HAD-d). The answers will add up to a
sum between 0 and 21 for both anxiety and depression where
cutoff scores 0–7 is regarded as no risk for anxiety or de-
pression, 8–10 as mild or possible, and 11–21 as probable or
manifest anxiety or depression disorder. The HAD scale has
been evaluated in several studies and has been shown to have
a construct validity, good internal consistency, and ease of
use. It has also shown generally good correlation to other com-
monly used tools with the same purpose [28–30]. It has been
tested both in patients in psychiatric and somatic care as well
in a general population. Among patients undergoing spine
surgery, a cutoff for HAD-d≥10 showed a sensitivity of 71.1%
and a specificity of 95.4% [31]. However, there has also been

some criticism raised toward its ability to differentiate between,
and diagnose anxiety and depression separately [32].The results
of the anxiety and depression estimation, as well as all other
outcome data, were blinded to the attending staff and the pa-
tients during the entire treatment period and not revealed until
after the 2-year outcome evaluation was done. Thus, this in-
formation did not influence the selection process before
surgery nor could it have in any way affected the patients’
self-reported outcome evaluations.

Selection of predictor variables

Preoperative data of age, gender, body mass index, smoking,
VAS for neck and arm pain, duration of pain before surgery,
sick leave, unemployment, analgesic medication, and beliefs
of returning to work after surgery, were obtained. A corre-
lation matrix including these potential predictors was analyzed
in a first step to detect possible interaction between the vari-
ables. For the predictors VAS arm and neck (r=0.42, p < .01),
duration of pain arm and neck (r=0.8, p<.01), and HAD-a and
HAD-d (r=0.67, p<.01), interaction was very possible. Smoking
was weakly correlated to higher VAS neck (r=0.17, p=.04),
and female gender was weakly correlated to higher VAS neck
(r=0.18, p=.03), higher HAD-a (r=0.16, p=.05), and higher
rates of sick leave (r=0.19, p=.02). To avoid potential col-
linearity in the regression model, new variables were created
from those with highest association. Both dimensions of VAS
(arm and neck) and HAD (anxiety and depression) were
merged to a sum from which the mean value was calcu-
lated. The variables of work status (unemployment, sick leave,
and expectations of going back to work) were also associ-
ated to some extent and needed recoding to fit into a composite
variable. Unemployment, sick leave, and negative beliefs of
going back to work were coded as a negative work status,
and being employed, not being on sick leave, and having pos-
itive beliefs of going back to work after surgery were coded
as a positive work status. Duration of pain was categorized
as more or less than 2 years (Table 3). In a second step, a
new correlation matrix including predictor variables and de-
pendent variables was analyzed. Predictor variables with
significant correlation to any of the chosen dependent variables,

Table 2
Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Age 25–60 y
Symptoms of radiating arm pain with a duration of least 3 mo
Correlating findings on MRI on one or two cervical levels
Eligible for both treatments
Ability to understand and read Swedish language

Previous cervical spine surgery
More than two cervical levels requiring treatment
Visible or severe arthrosis in facet joints evaluated preoperatively on plain X-rays and MRI
Marked radiological signs or symptoms of myelopathy
Drug abuse, dementia, or other reason to suspect poor adherence to follow-up
Cervical malformation or marked cervical instability
History of whiplash-associated disorder (WAD) or severe cervical trauma
Pregnancy
Rheumatoid arthritis, known malignancy, active infection, or other systemic disease
Known allergy or hypersensitivity to any of the constituent materials of the implants or

to NSAIDs

MRI, magnetic resonance imaging; WAD, whiplash-associated disorder; NSAIDs, non-steroidal anti-inflammatory drug.
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NDI 2 years (NDI2y) or change in NDI (ΔNDI), were further
analyzed for a multiple linear regression model.

Statistics and regression modeling

Descriptive statistics was used for demographic and base-
line data. Correlations were tested with Spearman rank test
and analysis of biserial correlations. For the regression model,
scatterplots were used to display if there were linear rela-
tionships to the dependent variable in both models. Variables
with no visual linear relationship were excluded. Normality
for each independent variable was tested with Q-Q plots
showing no obvious skewness. The residuals were also plotted
across the fitted values and showed acceptable homogenei-
ty, indicating homoskedasticity of the data. Multicollinearity
in the models was tested with variance inflation factor with
a maximum value of 1.23. The models were tested both with
and without extreme outliers, which occurred in the vari-
able “Pain.” Exclusion of outliers did not change the results
drastically why they were kept for the model. In the analy-
sis of how patient-reported outcomes were affected by
preoperative HAD values, patients were classified as high HAD
(H-HAD) if any of the anxiety or depression score were 10
or higher. If the values were lower, they were classified as
low HAD (L-HAD). A one-way analysis of variance for NDI,
EQ-5D, and VAS arm and neck at baseline, 1, and 2 years
was performed with H-HAD and L-HAD as grouping vari-
ables. As all samples of EQ-5D and VAS were not normally
distributed or had equal variance, test of significance between
preoperative and postoperative values was also performed with
Wilcoxon sign test for paired samples and with Mann-
Whitney U for unpaired samples. A p-level of less than .05
was regarded as statistically significant. Statistica version 12.0
was used for all calculations.

Results

Complete outcome data were available for 136 patients at
the 2-year follow-up. Because there was no statistically sig-
nificant difference between the ACDF and the ADR groups
in NDI at the 2-year follow-up (p=.77), nor any statistically
significant difference in preoperative H-HAD or L-HAD-
levels (p=.52 and p=.93, respectively), the two initial treatment
groups (ACDF and ADR) were therefore combined for the

rest of the analyses in the present study. The first model showed
that duration of pain more than 2 years before surgery and
H-HAD were statistically significant negative predictors of
NDI2y (Table 4). The second model showed a statistically
significant association of preoperative pain levels, with higher
levels predicting better outcome. In this model, duration of
pain and HAD were also negative predictors for ΔNDI
(Table 5). The adjusted R2 was higher for the first model, 0.32,
compared with the second model with an adjusted R2 of 0.13
indicating a larger goodness of fit for the first model. Forty-

Table 3
Characteristics and coding of data for the variables included in the regression models

Variable in regression model Type of data/coding Range r NDI2y r ΔNDI

Gender Fem=0, Man=1 0–1 −0.23** −0.18*
Smoker No=0,Yes=1 0–1 0.16* 0.01 n.s.
Work status Neg.=0, Pos.=1 0–1 0.14* −0.01 n.s.
Pain VAS Mean of VAS arm and neck 0–100 0.18* −0.11 n.s.
Duration pain <2 y=0, >2 y=1 0–1 0.31** 0.23**
HAD Mean of HAD-a and HAD-d 0–21 0.48** 0.19*

VAS, visual analogue scale; HAD, Hospital Anxiety and Depression; NDI2y, Neck Disability Index at 2 years; ΔNDI, change in Neck Disability Index
from preoperative value to 2 years postoperative; r, correlation coefficient; n.s., not significant.

* p<.05, **p<.01.

Table 4
Results of the multiple linear regression model with NDI2y as dependent
variable

Variable β β 95% CI for β P-value

Constant 6.1 −9.9 to 22.0 .46
Gender −2.9 −0.075 −9.1 to 3.3 .36
Smoker 1.9 0.045 −4.5 to 8.3 .56
Work status −0.53 −0.019 −5.1 to 4.0 .35
Pain VAS 0.05 0.1 0.0 to 0.1 .18
Pain>2 years 2.5 0.24 0.9 to 4.1 .003
HAD 1.2 0.45 0.8 to 1.7 .000
R2 0.35
Adjusted R2 0.32

β, beta value; β, adjusted beta value; VAS, visual analogue scale; HAD,
Hospital Anxiety and Depression; CI, confidence interval.

Note: A significant regression was found (F (6, 116)=10.592, p<.001),
with an R2 of 0.35.

Table 5
Results of the multiple linear regression model with ΔNDI as dependent
variable

Variable β β 95% CI for β P-value

Constant −30.2 −45.8 to (−14.5) .001
Gender −6.1 −0.15 −12.9 to 0.7 .08
Pain VAS −0.1 −0.22 −0.2 to 0.0 .01
Pain>2 years 2.6 0.23 0.8 to 4.5 .001
HAD 0.6 0.19 0.03 to 1.0 .03
R2 0.15
Adjusted R2 0.13

Β, beta value; β, adjusted beta value; VAS, visual analogue scale; HAD,
Hospital Anxiety and Depression; CI, confidence interval; ΔNDI, change in
Neck Disability Index from preoperative value to 2 years postoperative.

Note: A significant regression was found (F (4, 126)=5.626, p=.001), with
an R2 of 0.15.

ARTICLE IN PRESS

4 M. Skeppholm et al. / The Spine Journal ■■ (2016) ■■–■■



two patients were classified as H-HAD, and the mean anxiety
and depression scores in this group were 11.7 and 8.2, re-
spectively, compared with the L-HAD group with means of
4.8 and 3.3, respectively. Correlation between HAD-a and
HAD-d was quite high, r=0.67 (p<.05), why the probability
to score high on both HAD-a and HAD-d were higher than
to score very high in one dimension and low in the other. The
correlation between the EQ-5D dimension anxiety/depression
and HAD-a and HAD-d were lower, r=0.59 (p<.05) and r=0.54
(p<.05), respectively. In the primary outcome variable NDI,
a statistically significant difference at baseline could be seen
between the groups (p=.01), as well as in EQ-5D (p=.01). This
difference could not be seen at baseline in the variables VAS
arm and neck in which both groups scored quite similarly
(Table 6). The average ΔNDI or improvement for the H-HAD
group was 16.9 (standard deviation [SD] 16.8) and 26.3 (SD
18.8) for the L-HAD group. This difference was statistical-
ly significant (p=.02), as well as the difference between the
groups in absolute NDI values at the 2-year follow-up (p<.01).
The health-related quality of life improvement, measured with
EQ-5D, was more equal between the groups; 0.26 in the
H-HAD group compared with 0.31 in the L-HAD group. The
EQ-5D-dimension “anxiety/depression” for the whole cohort
changed from mean 1.73 (SD 0.55) preoperatively to 1.46 (SD
0.61) at 2-year follow-up (p<.01). Corresponding change for
the H-HAD group was 2.1 (SD 0.4) – 1.8 (SD 0.7) and 1.6
(SD 0.5) – 1.3 (SD 0.5) in the L-HAD group, p<.01 for both
groups. Analysis of variance of all outcome measures showed
a tendency toward higher differences at follow-up than base-
line, except for HRQoL (Figure). A higher proportion of
secondary surgery within the 2-year follow-up was per-
formed in the H-HAD group, 15%, compared with 5% in the
L-HAD group. This difference was not statistically signifi-
cant, but it should be mentioned that sample size is not large
to ensure enough power for this analysis.

Discussion

In both regression models, the HAD scoring was signifi-
cantly associated to the outcome as well as duration of pain
before surgery. Higher values in theHADscorewere associated

with higher NDI2y and lower ΔNDI. Long duration of pain
had the same impact whereas higher pain levels before surgery
seemed to be a predictor for greater change in NDI. Themodel
can, however, be questioned from several aspects. Smoking,
female gender, and a negative work status were not signifi-
cantly associated with any of the dependent variables in the
regression models. As smoking and female gender showed a
tendency for interactions with other variables, there is a pos-
sibility of confounding or collinearity. Some variables can also
be markers with interactions with the independent variable,
which could be interpreted as having an impact on the de-
pendent variable if the other independent variables being in
the direct pathway are not included in the analysis. Further-
more, the variable “duration of pain” can be questioned as it
is a retrospective question, and there is a risk that the pa-
tients do not remember the exact time span they have had pain.
It must also be taken into account that the HAD question-
nairewas not designed as a diagnostic tool but rather a screening
instrument. The quite high correlation between HAD-a and
HAD-d could be an indicator of the incapacity of the instru-
ment to differ between anxiety and depression.Another possible
explanation is that patients with symptoms of depression also
experience more anxiety, and vice versa. The included pre-
dictive variables explain 32% of the variance in the first model
but only 13% in the second model, which may indicate why
other reasons, not included in the models, have more impact
on the dependent variables. Surgery comprising decompres-
sion of the neural structures has probably in itself a strong
impact resulting in changes of pain and function.When PROMs
are interpreted, the statistically significant differences must
be compared with, and set against the clinical effects. When
taking theMCIDvalues for each outcomemeasure into account,
it is difficult to state that there are any “real” differences between
the H-HAD and L-HAD group in PROMs at baseline. The
difference seems to become both statistically and clinically
significant when the groups were compared regarding NDI
at follows-up at 1 and 2 years. The absolute values for EQ-
5D andVAS arm and neck pain also indicate a worse outcome
overall for the H-HAD group. However, the improvement re-
garding HRQoL is almost equal in both groups even though
the H-HAD patients report lower values at baseline and at

Table 6
Outcome variables NDI, EQ-5D, and VAS arm and neck with medians and means (95% CI) at baseline and 2-year follow-up for the low HAD (L-HAD) and
high HAD (H-HAD) groups

L-HAD, n=94 H-HAD, n=42 p

NDI PreOp 61, 60.8 (57.9–63.7) 68, 68.1 (63.4–73.0) .01
2 y 34, 34.8 (31.4–38.2) 52, 51.1 (44.7–57.5) <.01

EQ-5D PreOp 0.66, 0.46 (0.40–0.52) 0.16, 0.31 (0.22–0.40) .01
2 y 0.80, 0.78 (0.73–0.81) 0.69, 0.56 (0.45–0.68) .01

VAS (arm) PreOp 58, 56.6 (52.2–60.1) 61, 58.2 (50.7–65.8) .72
2 y 6, 15.3 (10.9–19.8) 25, 32.2 (24.0–40.4) <.01

VAS (neck) PreOp 57, 57.3 (52.4–62.2) 69, 59.9 (52.4–67.3) .56
2 y 15, 23.8 (19.0–28.7) 36, 37.6 (28.5–46.7) <.01

EQ-5D, European Quality of Life-5 Dimensions; VAS, visual analogue scale; HAD, Hospital Anxiety and Depression; CI, confidence interval; NDI, Neck
Disability Index.

ARTICLE IN PRESS

5M. Skeppholm et al. / The Spine Journal ■■ (2016) ■■–■■



follow-up. Previous studies on patients with cervical
radiculopathy have shown results essentially pointing in the
same direction. Person and Lilja also used the HAD score in
a study comparingACDF to non-surgical treatment and showed
that high levels of anxiety and depression were associated to
worse outcome in both treatment modalities [33]. Poelsson
et al. used another tool tomeasuremental distress before surgery
distress and risk assessment method (DRAM) and showed
that normal scores were important for good outcome in several
outcome measures [34]. Schluessmann et al. evaluated risk
factors for worse outcome in a multicenter study ofADR and
showed that medication with antidepressants was a possible
negative predictor [35]. The authors of another recently pub-
lished study byLi et al. on patients treatedwithADRconcluded
that anxiety and depression decreased after surgery but also
that higher levels before surgery may have a negative influ-
ence on the prognosis [36].Alvin et al. presented a retrospective
study on patients treated with posterior cervical fusion
and the association between depression and HRQoL after
surgery [37]. They used a logistic regression model to show

that depression measured with PHQ-9 was associated to less
improvement after surgery measured with EQ-5D. TheMCID
for EQ-5D was set to 0.1, which can be discussed as several
studies has shown highly varying values. The result is some-
what deviant to the results in our study as improvement in
HRQoL did not differ much between H-HAD and L-HAD
groups. In a study by Engquist et al. on patients randomized
to surgical treatment with physiotherapy or to physiotherapy
alone, it was shown that higher levels of anxiety and depres-
sion was associated with better outcome in the surgical group
[38]. This is paradoxical to most other studies, and the small
sample size of 30 patients must be taken into consideration.

The mechanisms for the association between mental dis-
tress, pain, and self-assessed function are not fully understood,
but it is possible that the pathways are bidirectional and prob-
ably takes place on a cortical level [39]. Severe painful
conditions can most likely cause anxiety and also depres-
sion in the longer term. The reverse is also conceivable, and
it has been shown in previous studies that thresholds for pain
decrease after anxiety provoking [40]. Theoretically, anxiety

Figure. ANOVA of NDI (A), EQ-5D (B), VAS neck (C), and VAS arm (D) at baseline, 1-, and 2-year follow-up with grouping by L-HAD and H-HAD.
ANOVA, analysis of variance; EQ-5D, European Quality of Life-5 Dimensions; VAS, visual analogue scale; L-HAD, low Hospital Anxiety and Depression;
H-HAD, high Hospital Anxiety and Depression.
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could have an inhibiting effect on pain-inhibiting mecha-
nisms, resulting in a more painful experience of a similar
painful stimulus. The two-way function between pain and
anxiety and depression might explain the results of this and
other studies. Generally, anxiety and depression decrease when
pain does but on the other hand, patients with tendency to
have higher anxiety and depression may not gain as much
from surgery or other treatments. Unfortunately, and this is
a weakness of this study, HAD-levels were not available for
the follow-up as it would have been of great value to see if
the levels decreased with reduction in pain. Instead, we looked
at the EQ-5D dimension “anxiety/depression” separately at
follow-up at 2 years, which indicates that both H-HAD and
L-HAD groups reported lower values than preoperatively. This
further demonstrates the link and two-way association between
pain and mental distress.

The higher rate of revision surgeries in the H-HAD group
is also an interesting finding in this study, even though not
statistically significant. The majority of patients who under-
went secondary surgery had generally low HRQoL values at
baseline and were initially treated withADR. The main reason
for revision in this group was continued neck pain and
the most common revision strategy was extraction of theADR
device and fusion. The patients revised in this way im-
proved only marginally and had a worse outcome overall, even
after secondary surgery.A combination of worse baseline data,
high HAD-scores, and treatment with an experimental device
seemed to have increased the risk for revision surgery. This
cannot be shown statistically as sample size is too small.

A relatively large proportion of the patients in this cohort
reported pain duration more than 2 years for both arm and
neck, which may have influenced the outcome negatively. It
can be discussed whether patients with severe symptoms of
cervical radiculopathy should be referred to spine surgeons
for consultation at an earlier stage. Too early surgical inter-
vention may also result in unnecessary treatment as many
patients also do well without surgical treatment. A recom-
mendation for the optimal timing of surgery cannot be done
with certainty from this study even though pain duration more
than 2 years seems to be a negative predictor for outcome.

If the H-HADpatients would not have been offered surgery
in this cohort, the outcome for thewhole group probablywould
have beenmore favorable. The easy interpretation of this state-
ment is that surgeons could use HAD to deselect patients for
surgery to improve the results. This would lead to a form of
discrimination and is probably a too simplified way to deal
with these patients as they also belong to a group associated
with other risk factors as, for example, long-term sick leave.

Instead, studies on alternative or additional treatments are
needed to investigate if such options could lead to better outcome
for this group of patients. Interestingly enough, we did not find
that the surgical method, ACDF orADR, which was the main
objective in theRCT, had any impact on the outcome.Thismight
indicate that more resources should be spent on research with
emphasis on patient-related characteristics rather than differ-
ent surgical techniques for cervical radiculopathy.

Conclusion

Outcome measures were negatively impacted by values in-
dicating preoperative mental distress measured with the HAD
scale. For functional outcome, measured with NDI, the impact
was larger postoperatively as well as for pain levels mea-
sured with VAS. However, patients with high levels of
preoperative mental distress also seemed to have positive
effects from surgery although these benefits were of lower
clinical significance. We would therefore suggest that screen-
ing, with the intention to detect mental distress, should be a
part of the preoperative evaluation in clinical settings where
surgery for cervical radiculopathy is performed. More studies
are needed to investigate whether this group of patients may
achieve better results if other treatments are offered, either
as non-surgical treatment alone or as an adjunct to surgery.

Appendix: Supplementary material

Supplementary material related to this article can be found
at http://dx.doi.org/10.1016/j.spinee.2016.02.037.
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