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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 

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
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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 0 to death.

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.” 

Table 1  Baseline characteristics of the study participants

* p values for comparisons between respondents and telephone interviewees
** p values for comparison between respondents and patients inaccessible for follow-up
a Level of education categorized as primary school, secondary school (vocational), secondary school (grammar), college or university < 4 years, 
and college or university ≥ 4 years
b ASA score categorized as Grade I, II, or III
c Type of operation categorized as anterior discectomy and/or decompression with fusion, posterior decompression, or other
CI, 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

Characteristic Missing, 
n (%)

All  
(n = 334)

Respondents 
(n = 238)

Non-respondents (n = 96) p value* p value**

Telephone interviewees 
(n = 63)

Inaccessible for 
follow-up (n = 33)

Age (years), mean 
(95% CI)

0 51.1 (50.0 to 52.2) 52.4 (51.1 to 53.4) 48.1 (45.7 to 50.6) 47.2 (43.5 to 51.0) 0.004 0.008

Sex, female, n (%) 0 149 (44.6) 113 (47.5) 24 (38.1) 12 (36.4) 0.184 0.230
EQ-5D-3L score, 

mean (95% CI)
17 (5.1) 0.47 (0.4 to 0.5) 0.48 (0.4 to 0.5) 0,45 (0.4 to 0.5) 0.39 (0.3 to 0.5) 0.412 0.131

BMI (kg/m2), mean 
(95% CI)

7 (2.1) 27.2 (26.7 to 27.6) 27.0 (26.5 to 27.5) 27.6 (26.6 to 28.7) 27.2 (25.5 to 29.0) 0.280 0.770

LOS (days), mean 
(95% CI)

0 1.7 (1.5 to 1.9) 1.6 (1.4 to 1.8) 1.8 (1.2 to 2.4) 1.6 (1.0 to 2.3) 0.385 0.951

NRS score arm pain, 
mean (95% CI)

14 (4.2) 6.1 (5.8 to 6.4) 6.1 (5.8 to 6.4) 6.1 (5.5 to 6.8) 6.2 (5.0 to 7.3) 0.936 0.915

NRS score neck 
pain, mean (95% 
CI)

18 (5.4) 6.0 (5.7 to 6.2) 5.9 (5.5 to 6.2) 5.9 (5.3 to 6.6) 6.7 (6.0 to 7.7) 0.837 0.048

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

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

Level of  educationa, 
n (%)

10 (3.0) 0.910 0.626

Current smoker, n 
(%)

3 (0.9) 98 (29.3) 62 (26.1) 25 (39.7) 11 (33.3) 0.084 0.602

Receiving sick-leave 
benefit, n (%)

4 (1.2) 179 (54.2) 120 (51.1) 40 (64.5) 19 (57.6) 0.059 0.483

ASA  scoreb, n (%) 0 0.257 0.455
Duration of neck 

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

Duration of arm 
pain > 1 year, n (%)

8 (2.4) 144 (44.2) 97 (42.2) 32 (50.8) 15 (45.5) 0.222 0.722

Anxiety and/or 
depression, n (%)

7 (2.1) 114 (34.1) 77 (33.0) 23 (37.1) 14 (43.8) 0.549 0.232

Previous cervical 
spine surgery, n 
(%)

0 54 (16.2) 32 (13.4) 17 (27.0) 5 (15.2) 0.010 0.789

Myelopathy, n (%) 0 47 (14.1) 36 (15.1) 8 (12.7) 3 (9.1) 0.628 0.355
Type of  operationc, 

n (%)
0 0.147 0.873
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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% CI 50.0 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% 
CI 2.84 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

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

Outcome Respondents (n = 238) Telephone interviewees 
(n = 63)

p value

NRS score for arm pain, mean change 
(95% CI)

3.26 (2.84 to 3.69)
Missing n = 15

2.77 (1.92 to 3.63)
Missing n = 1

0.299

NRS score for neck pain, mean change 
(95% CI)

2.57 (2.18 to 2.96)
Missing n = 6

2.44 (1.78 to 3.11)
Missing n = 2

0.755

EQ-5D-3L score, mean change (95% 
CI)

0.22 (0.17 to 0.27)
Missing n = 18

0.20 (0.12 to 0.28)
Missing n = 4

0.746

GPE score, grades 5–7, n (%) 196 (82.4)
Missing n = 0

48 (77.3)
Missing n = 1

0.375

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 to 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 to 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 to 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]. Højmark 
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 

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.

Funding Open access funding provided by UiT The Arctic University 
of Norway (incl University Hospital of North Norway).

Data Availability Data availability is restricted due to their sensitive 
nature. Anonymized data are available on reasonable request.

Declarations 

Ethical approval The data protection officer (DPO) at the University 
Hospital of North Norway defined the study as quality improvement 
and granted approval (file number 02285). Studies defined as quality 
improvement by the DPO are not subject to ethics committee process-
ing according to Norwegian regulations.

Informed consent Informed consent was obtained from all individual 
participants included in this study.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Altman DG (2000) Statistics in medical journals: some recent 
trends. Stat Med 19:3275–3289

 2. Bisson EF, Mummaneni PV, Knightly J, Alvi MA, Goyal A, Chan 
AK, Guan J, Biase M, Strauss A, Glassman S, Foley K, Slotkin 
JR, Potts E, Shaffrey M, Shaffrey CI, Haid RW, Fu KM, Wang 
MY, Park P, Asher AL, Bydon M (2020) Assessing the differences 
in characteristics of patients lost to follow-up at 2 years: results 

http://creativecommons.org/licenses/by/4.0/


Acta Neurochirurgica 

1 3

from the Quality outcomes database study on outcomes of surgery 
for grad I spondylolisthesis. J Neurosurg Spine 33:643–651

 3. Carreon LY, Glassman SD, Campbell MJ, Anderson PA (2010) 
Neck disability index, short form-36 physical component sum-
mary, and pain scales for neck and arm pain: the minimum clini-
cally important difference and substantial clinical benefit after 
cervical spine fusion. Spine J 10:469–474

 4. Chen DA, Vaishnav AS, Louie PK, Gang CH, McAnany SJ, Iyer 
S, Albert TJ, Qureshi SA (2020) Patient reported outcomes in 
patients who stop following up: are they better or worse than the 
patients that come back? Spine 45:1435–1442

 5. Elkan P, Lagerbäck T, Möller H, Gerdhem P (2018) Response rate 
does not affect patient-reported outcome after lumbar discectomy. 
Eur Spine J 27:1538–1546

 6. EuroQuol Research foundation (2018) EQ-5D-3L User guide, 
2018.  https:// euroq ol. org/ publi catio ns/ user- guides. Accessed 23 
Jan 2022

 7. Fairbank JC, Pynsent PB (2000) The Oswestry Disability Index. 
Spine 25:2940–2952

 8. Fritzell P, Strömqvist B, Hägg O (2006) A practical approach to 
spine registries in Europe: the Swedish experience. Eur Spine J 
15(Suppl 1):P57-63

 9. Fritzell P, Mesterton J, Hagg O (2021) Prediction of outcome 
after spinal surgery – using the dialog support based on the Swed-
ish national quality registry. Eur Spine J. https:// doi. org/ 10. 1007/ 
s00586- 021- 07065-y

 10. Hawker GA, Mian S, Kendzerska T, French M (2011) Measures of 
adult pain: visual analog scale for pain (VAS Pain), numeric rat-
ing scale for pain (NRS Pain), McGill pain questionnaire (MPQ), 
short-form McGill pain questionnaire (SF-MPQ), chronic pain 
grade scale (CPGS), short form-36 bodily pain scale (SF-36 
BPS), and Measure of intermittent and constant osteoarthritis pain 
(ICOAP). Arthritis Care Res. https:// doi. org/ 10. 1002/ acr. 20543

 11. Højmark K, Støttrup C, Carreon L, Andersen MO (2016) Patient-
reported outcome measures unbiased by loss to follow-up. Sin-
gle-center study based on DaneSpine, the Danish spine surgery 
registry. Eur Spine J 25:282–286

 12. Kamper SJ, Ostelo RW, Knol DL, Macher CG, de Vet HC, Han-
cock MJ (2010) Global Perceived Effect scales provided reliable 
assessments of health transition in people with musculoskeletal 
disorders, but ratings are strongly influenced by current status. J 
Clin Epidemiol 63:760–766

 13. Kristman V, Manno M, Côté P (2004) Loss to follow-up in cohort 
studies: how much is too much? Europ J Epidem 19:751–760

 14. Lagerbäck T, Elkan P, Möller H, Grauers A, Diarbakerli E, Ger-
dhem P (2015) An observational study on the outcomes after 
surgery for lumbar disc herniation in adolescents compared with 
adults based on the Swedish Spine Register. Spine J 15:1241–1247

 15. Madsbu MA, Salvesen Ø, Carlsen SM, Westin S, Onarheim K, 
Nygaard ØP, Solberg TK, Gulati S (2020) Surgery for herniated 
lumbar disc in private vs public hospitals: a pragmatic compara-
tive effectiveness study. Acta Neurochir 162:703–711

 16. McNeil JJ, Evans SM, Johnson NP, Cameron PA (2010) Clinical 
quality registries: their role in quality improvement. Med J Aus-
tralia 192:244–245

 17. Parai C, Hägg O, Willers C, Lind B, Brisby H (2020) Character-
istics and predicted outcome of patients lost to follow-up after 
degenerative lumbar spine surgery. Eur Spine J 29:3063–3073

 18. Patel MR, Jacob KC, Parsons AW, Vanjani NN, Cha EDK, Lynch 
CP, Hiiji F, Prabhu MC, Pawlowski H, Singh K (2021) How do 
patient-reported outcomes vary between lumbar fusion patients 
with complete versus incomplete follow-up? World Neurosurg. 
https:// doi. org/ 10. 1016/j. wneu. 2021. 11. 041. Accessed 23 Jan 
2022

 19. Parker SL, Godil SS, Shau DN, Mendenhall SK, McGirt MJ (2013) 
Assessment of the minimum clinically important difference in pain, 
disability, and quality of life after anterior cervical discectomy and 
fusion: clinical article. J Neurosurg Spine 18:154–160

 20. Röder C, Chavanne A, Mannion AF, Grob B, Aebi M (2005) SSE 
Spine Tango – content, workflow, setup. Eur Spine J 14:920–924

 21. Rutherford C, Costa D, Mercieca-Bebber R, Rice H, Gabb L, 
King M (2016) Mode of administration does not cause bias in 
patient-reported outcome results: a meta-analysis. Qual Life Res 
25:559–574

 22. Solberg TK, Olsen JA, Ingebrigtsen T, Hofoss D, Nygaard ØP 
(2005) Health-related quality of life assessment by the EuroQol-
5D can provide cost-utility data in the field of low-back surgery. 
Eur Spine J 14:1000–1007

 23. Solberg TK, Sørlie A, Sjaavik K, Nygaard ØP, Ingebrigtsen T 
(2011) Would loss to follow-up bias the outcome evaluation of 
patients operated for degenerative disorders of the lumbar spine? 
Acta Orthop 82:56–63

 24. Solberg TK, Olsen LR (2018) Årsrapport for 2017 med plan for 
forbedringstiltak. Tromsø: NORspine. https:// unn. no/ Docum ents/ 
Kvali tetsr egist re/ Nasjo nalt% 20kva litet sregi ster% 20for% 20ryg 
gkiru rgi/% C3% 85rsr appor ter/% C3% 85rsr apport_ NKR_ 2017. pdf. 
Accessed 23 Jan 2022

 25. Sundseth J, Fredriksli OA, Kolstad F, Johnsen LG, Pripp AH, 
Andresen H, Myrseth E, Müller K, Nygaard ØP, Zwart JA, 
NORCAT study group (2017) The Norwegian cervical arthro-
plasty trial (NORCAT): 2-year clinical outcome after single-
level cervical arthroplasty versus fusion – a prospective, single-
blinded, randomized, controlled multicenter study. Eur Spine J 
26:1225–1235

 26. Twisk J, de Boer M, de Vente W, Heymans M (2013) Multiple 
imputation of missing values was not necessary before per-
forming a longitudinal mixed-model analysis. J Clin Epidem 
66:1022–1028

 27. Van Hooff ML, Jacobs WCH, Willems PC, Wouters MWJM, 
de Kleuver M, Peul WC, Ostelo RWJG, Fritzell P (2015) Evi-
dence and practice in spine registries. A systematic review, and 
recommendations for future design of registries. Acta Orthop 
86:534–544

 28. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Van-
denbroucke JP, STROBE Initiative (2008) The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. J Clin 
Epidemiol 61:344–349

 29. Werner DAT, Grotle M, Småstuen MC, Gulati S, Nygaard ØP, 
Salvesen Ø, Ingebrigtsen T, Solberg TK (2021) A prognostic 
model for failure and worsening after lumbar microdiscectomy: a 
multicenter study from the Norwegian Registry for Spine Surgery. 
Acta Neurochir 163:2567–2580

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://euroqol.org/publications/user-guides
https://doi.org/10.1007/s00586-021-07065-y
https://doi.org/10.1007/s00586-021-07065-y
https://doi.org/10.1002/acr.20543
https://doi.org/10.1016/j.wneu.2021.11.041
https://unn.no/Documents/Kvalitetsregistre/Nasjonalt%20kvalitetsregister%20for%20ryggkirurgi/%C3%85rsrapporter/%C3%85rsrapport_NKR_2017.pdf
https://unn.no/Documents/Kvalitetsregistre/Nasjonalt%20kvalitetsregister%20for%20ryggkirurgi/%C3%85rsrapporter/%C3%85rsrapport_NKR_2017.pdf
https://unn.no/Documents/Kvalitetsregistre/Nasjonalt%20kvalitetsregister%20for%20ryggkirurgi/%C3%85rsrapporter/%C3%85rsrapport_NKR_2017.pdf

	Non-respondents do not bias outcome assessment after cervical spine surgery: a multicenter observational study from the Norwegian registry for spine surgery (NORspine)
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Patient and public involvement
	Setting
	Participants and study size
	Data sources and variables
	Statistical analysis
	Ethical considerations

	Results
	Participants
	Primary analysis
	Secondary analyses

	Discussion
	Key results
	Relation to other studies
	Interpretation
	Limitations

	Conclusions
	References


