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Abstract

Background TheNorwegian registry for spine surgery (NORspine) is a national clinical quality registry which has recorded
more than 10,000 operations for degenerative conditions of the cervical spine since 2012. Registries are large observational
cohorts, at risk for attrition bias. We therefore aimed to examine whether clinical outcomes differed between respondents
and non-respondents to standardized questionnaire-based 12-month follow-up.

Methods All eight public and private providers of cervical spine surgery in Norway report to NORspine. We included 334
consecutive patients who were registered with surgical treatment of degenerative conditions in the cervical spine in 2018
and did a retrospective analysis of prospectively collected register data and data on non-respondents’ outcomes collected
by telephone interviews. The primary outcome measure was patient-reported change in arm pain assessed with the numeric
rating scale (NRS). Secondary outcome measures were change in neck pain assessed with the NRS, change in health-related
quality of life assessed with EuroQol 5 Dimensions (EQ-5D), and patients’ perceived benefit of the operation assessed by
the Global Perceived Effect (GPE) scale.

Results At baseline, there were few and small differences between the 238 (71.3%) respondents and the 96 (28.7%) non-
respondents. We reached 76 (79.2%) non-respondents by telephone, and 63 (65.6%) consented to an interview. There was
no statistically significant difference between groups in change in NRS score for arm pain (3.26 (95% CI 2.84 to 3.69) points
for respondents and 2.77 (1.92 to 3.63) points for telephone interviewees) or any of the secondary outcome measures.
Conclusions The results indicate that patients lost to follow-up were missing at random. Analyses of outcomes based on
data from respondents can be considered representative for the complete register cohort, if patient characteristics associated
with attrition are controlled for.
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Introduction

The purpose of national clinical-quality registries is to
monitor, benchmark, and improve the quality of care.
Registry data can be used to determine whether patients
have timely access, whether care is in accordance with
evidence-based guidelines, and to drive improvement in
routine clinical practice. Registries are particularly appro-
priate where there is variation in provider performance
and clinical practice and when provider-specific outcomes
are benchmarked and compared transparently [16]. Data
from registries that produce patient-specific predictors
of outcomes can be utilized to develop decision support
tools and thus facilitate shared decision-making between
patients and providers [9, 29]. Integration between clini-
cal-quality registries and electronic health records entails
a potential to leverage the complete experience from all
previously registered cases to advise decisions about sub-
sequent patients.

Methodologically, registries are large observational
cohorts and as such at risk for attrition bias. The Norwe-
gian registry for spine surgery (NORspine) was established
in 2006 to record operations for degenerative disease of
the lumbar spine. Cervical spine operations have been
recorded since 2012 [24].

It is commonly assumed that a response rate above 80%
is necessary to achieve a representative sample of out-
comes in clinical trials and cohort studies, because dif-
ferences in baseline characteristics between respondents
and non-respondents can indicate that attrition bias may
exist [1, 13, 27]. For national clinical-quality registries
assessing all patients treated in routine clinical practice,
it is too resource-demanding and expensive to vigorously
trace and retain all cohort members [8, 20]. This means
the proportion lost to follow-up will be higher than in a
limited clinical trial.

The potential attrition bias caused by loss to follow-
up has not been evaluated previously for the NORspine
cohort of patients operated for degenerative conditions
of the cervical spine. Therefore, we aimed at examining
whether clinical outcomes differ between respondents and
non-respondents in this register cohort.

Methods
Study design
This is a retrospective analysis of prospectively col-

lected data comparing respondents and non-respondents
to the standardized 12-month follow-up in the NORspine
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cohort for surgical treatment of degenerative conditions
of the cervical spine. We collected outcome data on non-
respondents by telephone interview and compared their
baseline characteristics and outcomes with those of the
respondents. The results are reported according to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [28].

Patient and public involvement

The Norwegian association for patients with spine dis-
orders (Ryggforeningen) is represented on NORspine’s
advisory board, which approved data extradition to this
study. Patients or the public were otherwise not involved
in the design, conduct, reporting, or dissemination plans
of our research.

Setting

The NORspine cohort for cervical operations was estab-
lished in 2012 for quality assessment and research. Partici-
pation in NORspine is not mandatory for patients, and it is
not required for access to health care or for providers to be
eligible for payment. The registry has now (2022) recorded
more than 10,000 operations, and approximately 1200 new
cases are added each year. All operations in Norway are per-
formed by specialists or residents in training in neurosurgery.

All patients who undergo surgery for degenerative condi-
tions of the cervical spine are eligible to participate. Excep-
tions are those precluded from consenting because of cogni-
tive failure, a severe psychiatric disorder, language barriers,
and children under the age of 16 years. Patients operated
due to fracture, primary infection, or tumor of the spine are
not eligible.

NORspine routinely calculates its inclusion rate every
second year. In 2017, the national coverage for cervical
operations was 100% at the institutional level, i.e., all eight
providers (five public and three private hospitals) reported.
The coverage rate at the individual level was 78% [24].

NORspine collects data from surgeons and patients. Sur-
geons report immediately after the operation on the diag-
nosis, comorbidities, and surgical details. At admission for
surgery (baseline), patients complete self-administered ques-
tionnaires and report about demographics, lifestyle-related
factors, and outcome and experience measures (PROMs
and PREMs). Follow-up questionnaires are distributed by
post directly to patients by the NORspine office at 3- and
12-month follow-ups. Non-respondents receive one postal
reminder. Patients respond without the involvement of the
treating surgeon or hospital.
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Participants and study size

This study analyzed consecutive patients recorded
between February 6 and May 22, 2018. Power analy-
sis indicated that group sizes of at least 21 cases were
required to detect a between-group difference of 2.5
points in the arm and neck pain on the numeric rat-
ing scale (NRS) with a standard deviation (SD) of 2.9
points and 80% power (P value <0.05) [3, 19]. Because
the SD was retrieved from a larger NORspine popula-
tion, we chose to increase the sample size three-fold, to
at least 63 patients in each group. The study period was
chosen to define the most recent sample with sufficient
size, available for analysis of 12-month outcome data
in November 2019.

Figure 1 shows the study flowchart. A total of 344
patients were operated and registered in NORspine during
the study period and thus eligible. We excluded 10 (2.9%)
for reasons listed in the figure and included 334 (97.1%)
patients. Among these, 238 (71.3%) responded, and 96
(28.7%) did not respond to the standardized 12-month
follow-up.

Data sources and variables

All data for the respondents were retrieved from NORs-
pine. For the non-respondents, we retrieved data on base-
line characteristics from the register, while outcome data
were collected by telephone interviews. The telephone
interviews were conducted between May 1 and October 31,
2019, implying a mean delay of the 12-month follow-up by
3 months. Table 1 lists the baseline characteristic variables.

The primary outcome measure was patient-reported
change in arm pain, and the secondary outcome meas-
ures were patient-reported change in neck pain, change in
health-related quality of life, and the perceived benefit of
the operation.

Patients assessed arm and neck pain intensity with the
NRS, ranging from no (0) to the worst conceivable (10) pain
[7, 10].

Health-related quality of life was assessed with EuroQol
5 Dimensions 3 Levels (EQ-5D-3L) [6]. EQ-5D is a generic
measure which is valid, reliable, and responsive across
different conditions and populations. The questionnaire
comprises five dimensions, describing different aspects of

Fig. 1 Study flowchart. NORs-
pine, the Norwegian registry for
spine surgery

Patients operated and registered
in NORspine between February
6. And May 18., 2018

n=344

Excluded

n=10(2.9 %)

— Questionnaire not posted.
n=4

— Repeated operations
during follow-up. n=3

— Dead.n=1

— Address unknown. n=1

2 — Comorbidity. n=1

Included patients

n =334 (97.1 %)

I

A 4

Respondents

n=238 (71.3 %)

}

Non-respondents

n=96(28.7 %)

I
v ¥

Telephone interviewees

Inaccessible

n =63 (65.6 %) n=33(71.3 %)

— Reached. but did not
consent to interview.
n=13(39.4%)

— Not reached.

n =20 (60.6 %)
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Table 1 Baseline characteristics of the study participants

Characteristic Missing,  All Respondents Non-respondents (n=96) p value* p value**
n (%) (n=334) (n=238) - - -
Telephone interviewees Inaccessible for
(n=63) follow-up (n=33)

Age (years), mean 0 51.1 (50.0t0 52.2) 52.4(51.1to053.4) 48.1(45.7to 50.6) 47.2 (43.5t0 51.0) 0.004 0.008
(95% CI)

Sex, female, 1 (%) 0 149 (44.6) 113 (47.5) 24 (38.1) 12 (36.4) 0.184 0.230

EQ-5D-3L score, 17(5.1) 047 (0.4100.5) 0.48 (0.4 t0 0.5) 0,45 (0.4 t0 0.5) 0.39 (0.3 t0 0.5) 0.412 0.131
mean (95% CI)

BMI (kg/m?), mean 7 (2.1) 27.2 (26.7t027.6) 27.0(26.51t027.5) 27.6(26.6to 28.7) 27.2 (25.5t029.0) 0.280 0.770
(95% CI)

LOS (days), mean 0 1.7(1.5t01.9) 1.6 (1.41t01.8) 1.8 (1.2t02.4) 1.6 (1.0t0 2.3) 0.385 0.951
(95% CI)

NRS score arm pain, 14 (4.2) 6.1 (5.8t06.4) 6.1 (5.8t06.4) 6.1 (5.5t06.8) 6.2(5.0t07.3) 0.936 0.915
mean (95% CI)

NRS score neck 18(54) 6.0(5.7t06.2) 59(5.5t06.2) 5.9(5.3106.6) 6.7 (6.0 to 7.7) 0.837 0.048
pain, mean (95%
CDh

Living alone, n (%) 4 (1.2) 75 (22.5) 50 (21.0) 17 27) 8(24.2) 0.774 0.723

Native Norwegian 0 305 (91.3) 224 (94.1) 55 (87.3) 26 (78.8) 0.065 0.002
speaker, n (%)

Level of education®, 10 (3.0) 0.910 0.626
n (%)

Current smoker, n 30.9) 98 (29.3) 62 (26.1) 25 (39.7) 11 (33.3) 0.084 0.602
(%)

Receiving sick-leave 4 (1.2) 179 (54.2) 120 (51.1) 40 (64.5) 19 (57.6) 0.059 0.483
benefit, n (%)

ASA score®, n (%) 0 0.257 0.455

Duration of neck 11 (3.3) 167 (51.7) 109 (48.0) 38 (60.3) 20 (60.6) 0.084 0.177
pain> 1 year, n (%)

Duration of arm 8(2.4) 144 (44.2) 97 (42.2) 32 (50.8) 15 (45.5) 0.222 0.722
pain> 1 year, n (%)

Anxiety and/or 72.1) 114 (34.1) 77 (33.0) 23 (37.1) 14 (43.8) 0.549 0.232
depression, n (%)

Previous cervical 0 54 (16.2) 32 (13.4) 17 (27.0) 5(15.2) 0.010 0.789
spine surgery, n
(%)

Myelopathy, n (%) 0 47 (14.1) 36 (15.1) 8 (12.7) 30.1) 0.628 0.355

Type of operation®, 0 0.147 0.873
n (%)

p values for comparisons between respondents and telephone interviewees

**p values for comparison between respondents and patients inaccessible for follow-up

*Level of education categorized as primary school, secondary school (voc
and college or university >4 years

bASA score categorized as Grade [, II, or III

ational), secondary school (grammar), college or university <4 years,

“Type of operation categorized as anterior discectomy and/or decompression with fusion, posterior decompression, or other

ClI, confidence interval; EQ-5D-3L, EuroQol 5-dimensions 3 levels; BMI,

body mass index; LOS, length of hospital stays; NRS, numeric rating

scale; ASA, American Society of Anesthesiologists classification of physical health

health, with questions concerning mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. The
index value set has been validated in a previous Norwegian
cohort [22]. Health state index scores range from —0.594
to 1, where 1 corresponds to perfect health and O to death.
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Patients assessed the benefit of the operation by the
Global Perceived Effect (GPE) scale, which is a balanced
7-point Likert scale [12]. They answered the question: “To
what degree did you benefit from the operation?”” The grades
range from “completely recovered” to “worse than ever.”
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The test—retest reliability is excellent in patients with mus-
culoskeletal disorders [12].

We identified the 96 patients who did not respond to the
standardized 12-month follow-up after one postal reminder
in the register, retrieved their contact information (address
and mobile phone number), and used a standardized proce-
dure to contact them: authors GA or MEK primarily called
the mobile phone number they had provided. When this was
unsuccessful, we secondarily used phone numbers registered
in the electronic health record and/or publicly available tel-
ephone directories. We first called the phone number(s)
twice. If contact was not achieved, we sent a text message
with information about the study, and then attempted to call
iteratively another three times.

Patients who answered received oral information about
the study and were invited to consent to participation. We
categorized the patient as inaccessible for the study in cases
where contact was not achieved or if consent to participation
was not granted.

We verified participants’ identity by asking them to pro-
vide their unique national personal identification number and
collected their outcome data through a structured interview.
The interview guide comprised questions about the 13 out-
come measures we considered most relevant and feasible
to collect by telephone, among the 37 measures collected
with the standardized 12-month follow-up questionnaire,
i.e., working status, use of any painkillers, the presence of
arm and neck pain, assessment of health-related quality of
life, and assessment of the benefit of the operation. All ques-
tions were formulated and presented sequentially accord-
ing to the standardized postal questionnaire. In addition, we
asked an open question about reasons for not responding
to the questionnaire. The answers were interpreted by the
interviewer and the causes categorized as “forgetfulness,”
“questionnaire fatigue,” “disability not related to the cervical
condition,” “bustle,” “felt so healthy that there was no point
in responding,” “discouraged because of an unfavourable
outcome of the operation,” “did not receive the question-
naire,” or “other”. We also asked an open question about
possible improvements to increase the response rate.

Statistical analysis

We used the Statistical Package for the Social Sciences
(SPSS; version 26 (IBM Armonk, NY: IBM Corp)). All
continuous data were normally distributed (Kolmogo-
rov—Smirnov test). We present descriptive data as means with
95% confidence intervals (CI) for continuous variables and
counts with percentages for proportions. Differences between
groups were examined with one-way analysis of variance
(ANOVA) for continuous and Pearson’s chi-squared test for
categorical variables. The level of significance was set <0.05.

We used multivariable binary logistic regression to
identify predictors for not responding to the standardized
12-month follow-up. First, possible predictors were identi-
fied in univariable analysis (Table 1). Variables associated
with not responding (p < 0.1) were checked for interactions
and collinearity, and then included in multivariable analysis
to identify independent predictors (p <0.05).

Table 1 shows that the completeness of data was high, with
missing data at baseline for between 0 and 5.4% of the patients
for the variables analyzed. The proportion with missing data
for the primary outcome measure was 4.2%. We included all
cases in the analyses, irrespectively of missing data.

Ethical considerations

All participants had signed a written consent and granted
permission to collect, retain, and use their information for
research and quality improvement prior to registration in
NORspine. The consent included a permission to being con-
tacted in writing or by telephone in addition to the standard-
ized follow-ups. The data protection officer at the Univer-
sity Hospital of North Norway defined the study as quality
improvement and granted approval (file number 02285).

Results
Participants

The flowchart in Fig. 1 shows that we included 334 patients
(149 (44.6%) woman and 185 (55.4%) men) with a mean age
of 51.1 (95% CI50.0 to 52.2) years. We reached 76 (79.2%)
of the 96 non-respondents by telephone and 63 (65.6%)
consented to provide outcome data by telephone interview.
Thirty-three patients (34.3% of the non-respondents and
9.9% of the total study population) were inaccessible. Of
those, 13 (39.4%) declined the interview and 20 (60.6%)
could not be reached at all.

Table 1 shows participants’ baseline characteristics, with
the non-respondents sub-categorized as telephone interview-
ees and inaccessible patients. There were few differences
between the groups. The telephone interviewees and the
inaccessible patients’ mean age was 48.1 (95% CI 45.7 to
50.6) and 47.2 (95% CI 43.5 to 51.0) years, respectively.
They were younger than the respondents, who had a mean
age of 52.4 (51.1 to 53.4) years. The inaccessible patients
had more preoperative neck pain (NRS score 6.7 (95% CI
6.0 to 7.7)) than the respondents (NRS score 5.9 (95% CI
5.5 to 6.2)), and the proportion of native Norwegian speak-
ers (78.8%) was lower among inaccessible patients than
respondents (94.1%) (p =0.002). The proportion who had
undergone previous cervical spine surgery (27.0%) was
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higher among telephone interviewees than respondents
(13.4%) (p=0.010). There were no significant between-
group differences in the proportion with myelopathy.

Primary analysis

Table 2 shows the between-group comparison of primary
and secondary outcome measures for respondents to the
standardized postal 12-month follow-up versus the telephone
interviewees. There was no statistically significant difference
in change in NRS score for arm pain, which was 3.26 (95%
CI2.84 to 3.69) points for the respondents and 2.77 (1.92 to
3.63) points for the telephone interviewees, and no statisti-
cally significant differences between the groups for any of
the secondary outcome measures.

Secondary analyses

Table 3 shows results from analyses of predictors for not
responding. In univariable analyses, age, non-native Norwe-
gian speaker, receiving sick leave benefit, duration of neck
pain of more than 1 year, and having undergone previous
cervical spine surgery were associated with not respond-
ing. In multivariable analysis, only younger age (OR 0.96,
95% CI 0.93 to 0.98), non-native Norwegian speaker (OR
2.88, 95% CI 1.26 to 6.56), and having undergone previ-
ous cervical spine surgery (OR 2.20, 95% CI 1.16 to 4.17)

were statistically significant independent predictors for not
responding.

When the telephone interviewees were invited to explain
why they had not responded to the postal questionnaire,
24/63 (38.7%) mentioned various causes other than those
in the pre-specified categories, most commonly problems
with choosing the correct alternative when answering ques-
tions collecting category data (12/63, 19.0%). Forgetful-
ness (21/63, 33.3%), bustle (9/63, 14,3%), did not receive
the questionnaire (3/63, 4.8%), and disability not related to
the cervical condition (3/63, 4.8%) were the most frequent
pre-specified causes.

The question about possible measures to increase the
response rate was answered by 33/63 (52.0%) telephone
interviewees. The most frequent recommendations were
electronic distribution of the questionnaire (16/33, 48.5%),
routine use of telephone interview instead of postal question-
naires (9/33, 27.3%), and simplification of the questionnaire
(6/33, 18.2%).

Discussion
Key results

We studied a sample from the NORspine-cohort for sur-
gical treatment of degenerative conditions of the cervical

Table 2 Outcomes 12 months
after surgical treatment of
degenerative conditions of the

cervical spine

Outcome Respondents (n=238) Telephone interviewees p value
(n=63)
NRS score for arm pain, mean change  3.26 (2.84 to 3.69) 2.77 (1.92 to 3.63) 0.299
(95% CI) Missing n=15 Missing n=1
NRS score for neck pain, mean change 2.57 (2.18 to 2.96) 2.44 (1.78 to 3.11) 0.755
(95% CI) Missing n=6 Missing n=2
EQ-5D-3L score, mean change (95% 0.22 (0.17 to 0.27) 0.20 (0.12 to 0.28) 0.746
CI) Missing n=18 Missing n=4
GPE score, grades 5-7, n (%) 196 (82.4) 48 (77.3) 0.375
Missing n=0 Missing n=1

NRS, numeric rating scale; CI, confidence interval; EQ-5D-3L, EuroQol 5-dimensions 3 levels; GPE,

global perceived effect scale

Table 3 Results of multivariate logistic regression analysis of predictors for not responding to the standardized 12-month questionnaire-based

follow-up after cervical spine operations

Variable Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value
Older age (years) 0.96 (0.93 to 0.98) <0.001 0.96 (0.93 to 0.98) 0.002
Non-native Norwegian speaker (yes/no) 2.96 (1.37 t0 6.41) 0.006 2.88 (1.26 to 6.56) 0.012
Receiving sick leave benefit (yes/no) 1.57 (0.97 to 2.56) 0.069 1.31 (0.78 t0 2.19) 0.308
Preoperative duration of neck pain> 1 year (yes/no) 1.65 (1.02 to 2.68) 0.042 1.48 (0.89 t0 2.47) 0.135
Previous cervical spine surgery (yes/no) 1.91 (1.05 to 3.50) 0.035 2.20 (1.16 to 4.17) 0.015
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spine and found no differences in patient-reported outcomes
between respondents to the standardized 12-month follow-
up and non-respondents who consented to a telephone inter-
view. The non-respondents were younger and had slightly
more neck pain at baseline. Larger proportions were non-
native Norwegian speakers, indicating they were immi-
grants, or had undergone previous cervical spine surgery,
compared to respondents. The telephone interviewees gave
various explanations for not responding. Their most fre-
quently recommended intervention to increase the response
rate was to provide an option for electronic reporting.

Relation to other studies

Numerous studies have reported differences in baseline
characteristics between patients captured and those lost to
follow-up in clinical registries, and there is concern that this
can indicate that attrition bias may exist, especially if the
proportion lost to follow-up exceeds 20% [1, 13]. Typically,
non-respondents in spine registries are younger and have a
less favorable health status at baseline, and the proportion
of males, smokers, and participants with low socioeconomic
status is higher than for respondents [2, 5, 11, 14, 17, 18].
These differences in baseline characteristics correspond to
those observed in the present study.

Our main finding nevertheless suggests that the response
rate of 71.3% was sufficient to achieve estimates of patient-
reported outcomes that are representative for the complete
cervical spine cohort in NORspine. We are not aware of
comparable population-based multicenter studies from clin-
ical-quality registries for cervical spine surgery.

The finding is in line with three previous Scandinavian
studies that collected 12-month outcome data from non-
respondents to national clinical-quality registries for lumbar
spine surgery [5, 11, 23]. In a previous study, we interviewed
142 (22%) non-respondents in a single-center sample of 633
patients who were registered in a precursor of NORspine.
We found no statistically significant differences in outcomes
between respondents and non-respondents [23]. Hgjmark
and coworkers also used a structured telephone interview
and collected outcome data from non-respondents to the
Danish national spine database (DaneSpine) [11]. They man-
aged to interview all 57 (12%) non-respondents among 473
patients treated at a single center and found no differences in
outcomes. Elkan and coworkers compared non-respondents
(27%) in a cohort (n=7791) from the equivalent Swedish
registry (Swespine) with data from a single-center prospec-
tive study (n=177) which included similar patients and had
only 2% non-respondents [5]. There were no statistically
significant differences in outcomes.

Other previous studies of participants lost to follow-up
after lumbar spine surgery show conflicting results. A study
of 289 patients who underwent minimally invasive surgery

at a single center collected 12-month outcome data from 53
(53.5%) of 99 non-respondents (34% of the total sample)
through e-mailed surveys or telephone interviews and found
that patients lost to follow-up reported greater improvement
than those who continued to follow-up [4]. A study of 316
patients operated by a single surgeon with lumbar fusion
compared 76 (24%) patients who completed a program of
multiple questionnaire-based follow-ups over 2 years with
240 (76%) who responded incompletely [18]. In this study,
outcomes were less favorable for patients with incomplete
follow-ups. A recent study merged data from a large cohort
in Swespine (n=18,911) and other public registries, used
regression analysis to identify variables associated with
not responding, and predicted non-respondents’ outcomes
[17]. These were significantly worse than those reported by
respondents, but the differences in the proportion reaching
a successful outcome were not large (lumbar spinal stenosis
3.3, lumbar disc herniation 4.3, and degenerative disc dis-
order 4.8 percentage points).

Interpretation

In the present study, attrition of almost 30% was not associ-
ated with differences in outcomes between respondents and
non-respondents. However, careful evaluation of the causes
for attrition is probably more important than the emphasis
on the proportion only, as patients lost to follow-up could be
missing completely at random (MCAR), at random (MAR),
or not at random (MNAR) [13].

In MCAR observations, the respondent and non-respond-
ent groups are similar at baseline and report the same clini-
cal outcome, meaning that the non-respondents are a genu-
ine random sample of the original cohort. This is however
unlikely, because patients lost to follow-up often have cer-
tain characteristics. In MAR observations, loss to follow-up
may be associated with certain patient characteristics, but
not with the outcome. In this situation, bias can be reduced
by controlling for the covariates that are associated with
attrition. In MNAR observations, the probability of loss to
follow-up is associated with the outcome. This means that
outcome assessment for the complete cohort based only on
the respondents will be biased [13]. Such bias is a recog-
nized challenge in studies based on data from spine registries
[27]. Strategies to manage MNAR observations include mul-
tiple imputations and the use of mixed linear models [26].

In the present study, non-respondence was associated
with lower age, being a non-native Norwegian speaker,
and having undergone previous cervical spine surgery. The
absence of differences in outcomes between respondents and
telephone interviewees indicates that non-respondents were
MAR. This implies that analyses of outcomes based on data
from respondents can be considered representative for the
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complete NORspine cohort, if baseline variables associated
with not-responding are adequately controlled for.
Regardless, measures to increase the response rate should
be undertaken. NORspine has recently translated its ques-
tionnaires to English to support participation from immi-
grants, and an electronic system for follow-up has been
implemented. These measures are supported by the risk
factors for not responding and the recommendations from
non-respondents identified in the present study.

Limitations

There were some differences between the study groups at
baseline, e.g., a higher proportion who had undergone previ-
ous cervical spine surgery among the telephone interviewees
than among the respondents. We cannot rule out that this
could cause attrition bias.

It also is a weakness that only 65.6% of the non-respond-
ents could be reached and consented to telephone interviews.
The inaccessible patients constituted 9.9% of the complete
cohort. They could be MNAR and have outcomes either bet-
ter or worse than those of respondents and telephone inter-
viewees. However, the differences between telephone inter-
viewees and inaccessible patients at baseline were small,
and we therefore consider it unlikely that they had different
outcomes. Furthermore, the telephone interviews were done
with an average delay of 3 months compared to the standard-
ized 12-month follow-up. This could introduce recall bias.
We consider this unimportant, as previous reports have
shown that outcomes are stable between 1 and 2 years [25].
Also, telephone interviews could over- or underestimate
outcomes, compared to postal questionnaires. However, a
meta-analysis compared different modes of administration
of PROMs and concluded they were interchangeable [21].
Finally, confounders not measured by NORspine could be
associated with loss to follow-up.

The coverage rate for cervical operations in NORspine
was 78% at the individual level in 2017. Drop-out analy-
sis based on the comparison of register data with hospi-
tal-administrative data showed that patients undergoing
acute operations were under-represented [24]. This selec-
tion implies a likely underestimation of the mean treatment
effect, since such patients experience more improvement
than those undergoing scheduled surgery [15]. Accordingly,
we do not know whether the NORspine cohort is representa-
tive for all patients undergoing cervical spine operations.
Furthermore, there are differences in contextual societal
factors and the organization of healthcare between Norway
and larger non-Scandinavian countries that could limit the
external validity of our findings.

The multicenter population-based design is a strength.
Also, the telephone interviews were done by medical stu-
dents with no relation to patients or providers, and they were
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blinded to the outcomes of the respondents when they inter-
viewed non-respondents.

Conclusions

We compared respondents and non-respondents to a stand-
ardized 12-month follow-up in a national clinical-quality
register for cervical spine surgery and found no differences
in outcomes. This indicates that patients lost to follow-up
were missing at random. The findings thus imply that analy-
ses of outcomes based on data from the respondents can be
considered representative for the complete register cohort,
if patient characteristics associated with attrition are ade-
quately controlled for.
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