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Abstract

Purpose The relatively large number of participants lost to follow-up (attrition) in spinal registers calls for studies that
investigate the features of these individuals and their possible outcome. The aim was to explore the effect of attrition on
patient-reported outcome in patients undergoing degenerative lumbar spine surgery. Three groups were studied: spinal ste-
nosis (LSS), disc herniation (LDH) and degenerative disc disorder (DDD).

Methods Patients who underwent surgery for degenerative lumbar spine conditions during 2008-2012 according to reg-
istration in the Swespine national register were eligible for the study. Non-respondents were registered in Swespine prior
to surgery, but not at follow-up. Swespine data were merged with hospital data from seven Swedish regions (65% of the
population), Statistics Sweden, the National Patient Register and the Social Insurance Agency.

Baseline characteristics of non-respondents were described and compared to those of the respondents. Coefficients from
regression analyses on PROM values for respondents were used to estimate the levels of PROM values for non-respondents,
assuming the same effects of baseline characteristics for the two subgroups. Regression analyses were then conducted to
identify variables associated with non-response. The results from the regression analyses were used to predict outcomes for
patients with the characteristics of a non-respondent. Primary outcome variable in LSS and LDH was Global Assessment
for leg pain, and in DDD, Global Assessment for back pain.

Results Age, sex, educational level, smoking, living alone, being born outside the EU, previous spine surgery and unexpected
events before follow-up were factors that were significantly associated with non-response. Being born inside, the EU was
important in all of the studied groups (LSS: OR 0.61 p= <0.000; LDH: OR 0.68 p=0.001; DDD: OR 0.58 p=0.04). For
spinal stenosis patients, an unexpected event appeared particularly important (OR 3.40, p =0.000). The predicted outcome
of non-respondents was significantly worse than for respondents (LSS: 75.4% successful outcome vs. 78.7%; LDH: 53.9%
vs. 58.2%; DDD: 62.7% vs. 67.5%. P-value in all groups = < 0.000).

Conclusion Attrition in Swespine cannot be ignored, as non-respondents were predicted to have worse outcome. The effect
of attrition bias should always be considered when contemplating outcome recorded in a quality register with patients lost
to follow-up.
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Introduction

In all types of clinical studies, the ultimate goal is to have
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registers. Registers tend to demonstrate rather large pro-
portions of non-respondents [1]. The Swespine national
register systematically collects information on patients
undergoing spine surgery. It has a good coverage and com-
pleteness, but also approximately 25% non-respondents
at follow-up at one year [2]. Do these non-respondents
jeopardize the validity of Swespine data?

The validity of spine registers in the context of patient
dropout has been tested before in Denmark, Norway and
Sweden [3-6]. In these studies, the outcome for non-
respondents was assessed in either phone interviews or
by postal questionnaires. The sample size varied between
318 and 633. The Norwegian study concluded that non-
respondents in statistical terms could be treated as missing
at random [4]. In the Danish study, there was no statistical
difference in satisfactory results—measured with transi-
tion questions—between respondents and non-respondents
at the 1-year follow-up [3]. Elkan et al. compared disc
hernia patients registered in Swespine to a smaller cohort
studied separately. Despite a missing data rate on the out-
come variable level of more than 40% the Swespine cohort
showed similar results to the separate group, which had a
follow-up rate of 98%. Thus, it was concluded that patient-
reported outcome data in Swespine was representative for
large cohorts [5]. Endler et al. studied 351 patients reg-
istered in Swespine as operated for degenerative condi-
tions in the lumbar spine. A total of 148 did not return the
Swespine 2-year, or 5-year follow-up questionnaire but
responses could be obtained from 115 of these through
repeated postal or phone attempts. This “delayed response
group” showed a significantly lower perceived change in
back pain compared to the first-time respondents, but since
other patient-reported outcomes (ODI, VAS and EQ-5D)
were similar, the authors concluded that loss to follow-up
did not hamper the interpretation of Swespine data [6].

Pushing participants, reluctant to respond to the initial
follow-up, to respond through repeated attempts by mail
or telephone may induce bias. The present paper seeks to
avoid this matter by using a predictive model. In contrast
to the previous studies, the current paper examines a large
nation wide sample and a larger set of factors, through the
linkage of Swespine data to several other registers, and
outcome estimation of non-respondents is performed in
an algorithmic multiple regression model. An increasing
unwillingness to respond to surveys and also a lack of an
accepted minimal response rate call for additional studies
on registers that investigate the possible outcome of par-
ticipants lost to follow-up [7].

The aims of this study were to explore if, and how, the
outcome data reported by patients in a national quality
register was affected by loss to follow-up and to assess if
the earlier results could be replicated.
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Patients and methods
Study population and data sources

All individuals who underwent degenerative lumbar
spine surgery 2008-2012 (according to Swespine and the
regional patient administrative system) and who answered
the baseline questionnaire from Swespine were eligible
for inclusion. Data were anonymized by Statistics Swe-
den and each observation received a unique identity num-
ber used for linkage. Observations were linked on patient
level between data from Swespine and patient administra-
tive systems for seven Swedish regions (inhabiting 65%
of the Swedish population), administrative data from the
National Patient Register and Statistics Sweden (socioeco-
nomics) as well as the Swedish Social Insurance Agency
(sick leave and disability pension). Non-respondents were
defined as not having returned the one-year follow-up
questionnaire.

All analyses were performed on three subgroups defined
by a combination of diagnosis (ICD 10) and procedure
(Nomesco classification of surgical procedures, NCSP)
codes as described in Table 1. The subgroups were: Lum-
bar Spinal Stenosis (L.SS) operated with decompression or
decompression + fusion; Lumbar Disc Herniation (LDH)
operated with endoscopic, microscopic or open discec-
tomy; Degenerative Disc Disorder (DDD) operated with
fusion (all types) or disc arthroplasty. Cases with pseudar-
throsis as main diagnosis were excluded.

Patient characteristics and other factors used
in the prediction models

The explanatory variables used in the regression analyses
are listed in Table 2. They were defined in accordance with
Swespine or based on diagnosis or procedure codes from
the administrative systems.

The explanatory variables were included based on clini-
cal relevance and to assess potential impact of any soci-
odemographic variables. Previous sick leave or disability
pension were included as explanatory factors for the disc
herniation and the DDD subgroups. These explanatory
factors were not applied in regression analyses for spinal
stenosis as only 45% of the subgroup sample was below
65 years old at surgery and hence below the general retire-
ment age in Sweden at the time.

The variable unexpected event included ICD-codes for
recurrent disc herniation, bleeding, leakage of CSF, reste-
nosis, unspecified adverse event during surgery, infection,
unspecified surgery-related damage, pain, cauda equina
syndrome, wound rupture, complications associated with
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Table 1 Definition of the subgroups LSS (Lumbar Spinal Stenosis), LDH (Lumbar Disc Herniation) and DDD (Degenerative Disc Disorder) by

a combination of main diagnosis code and any of the intervention codes

Subgroup Diagnosis Main Diagnosis code Intervention Procedure code (KVA)
(ICD-10)
LSS Central canal stenosis M480/M480K/ Nerve root decompression ABC36
Recess stenosis/ M480J Decompression of the spinal ABC56/ABC66
Foraminal Stenosis M4888/M4888K canal
Disc herniation* M511/M511K Removal of facet joint cyst NAM39
Facet joint cyst M672 Fusion NAG
LDH Disc herniation M511/M511K Discectomy ABCO07/ABC16/
ABC26
DDD Degenerative Disc Disorder M990 Disc prosthesis NABY94/NAB96/
Fusion NAG

*Observations with disc herniation as diagnosis but combined with the procedure code for decompression of the spinal canal (i.e., not discec-

tomy) were put in the LSS group

Table 2 Independent variables
included in the regression

Male sex

analyses

Age (<40, 50-59, 60-69,> 70 years)

Highest educational level (Elementary school; High school; College/University)

Disposable income (1st quintile-5th quintile)

Social welfare
Living alone
Unemployed
Born inside EU
Smoke

Duration of leg pain (no leg pain; less than 3 months; 3—12 months; 1-2 yrs; more than 2 yrs)

Duration of back pain (no leg pain; less than 3 months; 3—12 months; 1-2 yrs; more than 2 yrs)
EQ-5D baseline (<0, 0-0.19, 0.20-0.59, 0.60-1.00)

ODI baseline (<20, 20-39, 40-59, 60-79, 80-100)

VAS leg pain baseline (<20, 20-39, 40-59, 60-79, 80-100)

VAS back pain baseline (<20, 20-39, 40-59, 60-79, 80-100)

Previous back surgery
Elixhauser comorbidity index

Sick-leave days year before surgery

Inpatient care the year prior to surgery

Unexpected adverse event

Categories are shown in the parentheses

vascular injury, mechanical complications associated with
disc prosthesis, decubitus, as well as reintervention codes
registered during the first twelve months after surgery.

Statistical analysis

Descriptive data are presented for baseline characteristics
within each subgroup. In addition to crude values, a formal
statistical analysis was performed for each variable between
respondents and non-respondents, to recognize any statisti-
cally significant systematic differences between the groups
(two-sided tests on a 5% significance level). The Chi-squared
test was applied for dichotomous and ordinal variables, the

Kruskal-Wallis test was used for count variables, and the
t-test was used for continuous variables. Descriptive statis-
tics of data in the one-year follow-up questionnaire are also
presented.

Two sets of regression analyses were computed. First, logis-
tic regression analyses were performed with non-response as
outcome, showing the degree of association between base-
line variables and non-response at follow-up. Second, regres-
sion analyses were calculated, with patient-reported outcome
measures (PROMs) at one-year follow-up as dependent vari-
ables. To enable comparisons of predicted PROM values for
respondents and non-respondents, respectively, all explanatory
variables included were used to predict the outcome of surgery,
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for the individuals who answered the follow-up questionnaire
as well as those who did not.

The primary outcome measure was Global Assessment
(GA). It is an ordinal parameter of perceived pain (in back
or leg) after surgery compared to preoperative pain, reported
retrospectively. Successful outcome of surgery was dichoto-
mized with GA =1 (pain free) or GA =2 (much better) referred
to as GAgyccgss: and GA =3 (somewhat better), GA=4
(unchanged) or GA =5 (worse) as not successful. GA=0 (no
pain before surgery) was excluded from analysis. The observed
and predicted proportion of GAgyccgss (logistic regression),
as well as values of the secondary measures Oswestry Disabil-
ity Index (ODI), Visual Analogue Scale for back and leg pain,
respectively (VASgacki1gq)> and Eurqol-5-dimensions index
(EQ-5D) at the one-year follow-up (ordinary least squares
regression) were calculated in the response group. All outcome
measures have previously been well described [8].

Since the regression model excluded individuals with any
independent variable(s) missing, it would not be accurate to
compare the predicted outcome of the non-respondents to the
observed outcome of all respondents. Instead, the comparison
is made with respondents displaying complete sets of explana-
tory variables.

The overall quality of the logistic regression models is
reported as the area under the curve (AUC) which indicates
the ability of the model to distinguish patients with a success-
ful outcome (GAgyccpss) from patients that do not. The AUC
ranges from 0.5 to 1, where 1 indicates that the model correctly
predicts 100% of the observations, while 0.5 means that the
model is no better than chance. An AUC >0.7 was considered
an acceptable precision.

Adjusted R? values were calculated for the least squares
regression models, which indicate the proportion of the vari-
ation in the outcome variables (i.e., final scores of the ODI,
VASg ackieg. and EQ-5D) that can be explained by the model.

To further report on the accuracy of the models, the
observed outcome (i.e., the outcome for respondents) was
also compared to the outcome for (the same) respondents
predicted by the models.

Ethical considerations

The Regional Ethical Review Board in Stockholm approved
the study protocol (reference number 2013/1542-31/5).
Results

Baseline and follow-up characteristics, and health
care consumption

All analyses were performed on each one of the three diag-
nosis groups. To avoid too large a number of tables, only
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the LSS cohort is presented in the main document and the
results for the remaining groups can be found as an online
resource (ESM_1). The number of individuals in each group
is found in the flowchart in Fig. 1.

Baseline variables, expressed as percentages or means,
are given in Table 3. In all three diagnosis groups, many
variables significantly differed between respondents and
non-respondents. In absolute numbers, the differences were
small. Health care consumption is presented in Table 4,
showing that non-respondents consume a slightly higher
amount of health care. Significant differences between
respondents and non-respondents at the 95% confidence
level are shown in bold. Descriptive statistics of one-year
follow-up data are found in Table 5.

Variables predicting non-response

A younger age predicted non-response in all three diagnosis
groups (for LSS, see Table 6), as did also male sex, and
being born outside of the EU. Low disposable income, liv-
ing alone and smoking predicted non-response in the LSS
and LDH groups. A low level of education predicted non-
response in the LDH and the DDD groups.

There were no significant differences in baseline PROM
values, apart from EQ-5D in the LSS cohort which indicated
that a low preoperative quality of life score increased the
probability of non-response.

Among the variables expressing health care consumption,
a higher comorbidity, previous spine surgery and unexpected
events increased the probability of non-response.

Variables predicting outcome

Variables predicting a successful outcome (according to the
GA k() for patients operated for spinal stenosis is presented
in Table 7. The results for the LDH and DDD cohorts are
shown in detail in the electronic supplementary material.

Male sex and living alone were factors associated with a
decreased likelihood of successful outcome in the LSS group
but not in the other groups. An age above 70 (reference
age: <40), smoking, a baseline of VASy,cx > 40 (ref <20)
and a higher elixhauser comorbidity index decreased the
probability in the LSS and the LDH groups. A higher level
of education was associated with a higher probability of suc-
cessful outcome in the LSS and LDH groups. Having the
highest level of disposable income as well as being born
inside the EU were variables associated with successful out-
come in all three groups.

Having an unexpected event decreased the probability of
successful outcome in the LSS and DDD cohorts. Previous
back surgery decreased the likelihood in the DDD group.
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Fig. 1 Flowchart showing the
number of patients in each diag-
nosis group on the left, and on
the right, the number of cases
in the regression analyses, with

Total number of eligible patients with
registered surgical forms and patient-
reported forms in Swespine
2008 - 2012:

Observations Observations in

non-respondent as dependent

with independent regression analyses

variable, after the exclusion of variable(s) regarding non-
observations lacking one or sev- missing: response:
eral independent variables LDH .
Lumbar Disc Herniation cohort; Respondents at FU1:
LSS Lumbar Spinal Stenosis LDH: 3,788 - 410 (9.8%)
cohort; and DDD Degenerative s 827 > - 5,192
Disc Disorder cohort : Non-respondents at FU1:
0,
1,404 —> | 205 (12.7%)
Respondents at FU1:
9722 —> | 1,818 (15.8%)
LSS: d
14 478 - - | 12,132
4 Non-respondents at FU1: - )
2,410 528 (18%)
Respondents at FU1: N 71 (5.2%)
DDD: 1,305
1676 | = ; > -1,587
Non-respondents at FU1: o
282 - 18 (6%)

Predicted outcome

Predicted outcome for respondents and non-respondents
measured with GAg,ck/pg 18 depicted in Fig. 2. The
observed outcome for respondents 12 months after surgery
and the predicted outcome for respondents and non-respond-
ents, respectively, is presented in Table 8. The predicted
outcome of non-respondents was significantly lower than
both predicted and observed outcomes in all three diagnosis
groups. The AUC, expressing the predictive ability of the
model, was 0.73 for LDH; 0.69 for LSS; and 0.72 for DDD.

Significant regression equations were also found for the
secondary outcome measures (ODI, VASg,ck/rg and
EQ-5Dypex)- The quality of the models is summarized in
Table 9. As was the case for the GA regression models, the
observed outcome was highly consistent with the predicted
outcome (in detail presented in Table 3 in Supplementary).
The secondary measures displayed the same pattern as the
GA, depicted in Fig. 3a-c, indicating that non-respondents
are predicted to fare somewhat worse than respondents.

Discussion

The results in this study suggest that patients undergoing
degenerative lumbar spine surgery and who are lost to fol-
low-up in a national quality register demonstrate a somewhat
worse outcome than follow-up respondents.

Similar findings have previously been described in a
hip replacement cohort and in a longitudinal follow-up of
rotator-cuff tears [9, 10]. The opposite conclusion that non-
respondents do not influence the result and can be ignored
in register studies has, however, been presented several
times. In two such studies on spine register data, response
was obtained by repeated attempts to reach dropouts, either
by mail or by telephone interviews up to two years after
the original follow-up [3, 4]. However, collecting data this
way through interviews and telephone calls may induce bias
[11]. Furthermore, all patients could not be reached in these
studies. In the study by Hojmark et al. [3], the total number
of non-respondents was only 48 and the non-response rate
was 12%. Solberg et al. [4] studied 138 non-respondents,
and the non-response rate was 22%. The current study
analyzed a larger set of explanatory variables for a larger
population, which might explain the inferential disparity.
Elkan et al. [5] compared differences in outcome between
the Swespine disc hernia population and a cohort of disc
hernia patients from a single hospital. In the latter group, the
response rates were considerably larger than in the Swespine
register. After adjustments for covariates, the authors found
no differences in outcome, between the two cohorts. How-
ever, individuals exhibiting characteristics, with a potential
effect on non-response, such as previous spine surgery, lin-
guistic difficulties and comorbidity were excluded. Further,
only disc hernia patients were studied, while in the present
study, larger differences were seen between non-respondents
and respondents in the other diagnosis groups. The largest
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Table 3 Baseline characteristics

: . Respondents Non-respondents Resp vs. non-
of patl.ents operated for spinal respondents
stenosis

% ormean SD n % ormean SD n p value
Sex (males) 46 11,534 49 2933 0.010
Age 66 11 11,534 o4 13 2933 0.000
Highest educational level 11,467 2900 0.004
Elementary school 30 31
High school 44 46
College/university 26 23
Disposable income 11,528 2927 0.000
1st quintile 18 20
2nd quintile 19 20
3rd quintile 20 21
4th quintile 21 20
5th quintile 22 19
Social welfare 2 11,530 4 2928 0.000
Living alone 39 11,530 43 2928 0.000
Unemployed 2 11,530 3 2928 0.007
Born inside EU 96 11,530 93 2928 0.000
Smoker 12 11,382 17 2893 0.000
Duration of leg pain 11,393 2893 0.839
No leg pain 3 3
Less than 3 months 3
3-12 months 26 26
1-2 years 28 27
More than 2 years 40 41
Duration of back pain 11,360 2888 0.011
No back pain 6
Less than 3 months 2 2
3-12 months 19 19
1-2 years 21 20
More than 2 years 53 54
EQ-5D baseline (0-1) 0.36 03 11,395 0.30 0.3 2871 0.000
ODI baseline (0—100) 43 16 11,075 46 16 2798 0.000
VAS; g baseline (0-100) 64 24 10,559 65 24 2653 0.002
VASg sk baseline (0-100) 56 26 10,514 59 26 2646 0.000
Previous back surgery 19 11,429 22 2891 0.000
Elixhauser comorbidity index (0-100) 51 11,534 62 2933 0.000
Sick-leave days year before surgery 55 99 5074 62 101 1479 0.017

Continuous variables are presented as means + SD and categorical data as percentage; EU the European

Union

disparity in outcome was seen in the DDD group, suggesting
that surgery for lumbar pain—as opposed to surgery for leg
pain—is affected by losses to follow-up to a larger extent.
In a recent study [6], differences of similar size were
found regarding Global Assessment for back pain, between
respondents and non-respondents as reported in the present
study. Still, the authors concluded that non-response could
be ignored since both groups improved equally accord-
ing to minimal important change (MIC) values in ODI,
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NRSgackieg and EQ-5D. However, putting too much trust
in score changes may, in the context of lost data, cause a
relaxed attitude neglecting the importance of other outcome
variables. Neither is reference to MIC theoretically obvious
in this context of final outcome, since this value is based on
calculation of the clinical importance of individual score
changes.

A consequence of the differences between individuals lost
to follow-up and respondents is that subgroups with certain



European Spine Journal (2020) 29:3063-3073

3069

Table 4 Health care consumption in the spinal stenosis cohort

Respondents Non-respondents Respondents vs.
non-respondents
% or mean SD n % or mean SD n p value
Inpatient care the year prior to surgery (number of days) 1 11,534 2 2933 0.000
Length of stay (number of perioperative days) 4 11,534 4 3 2933 0.984
Number of days of inpatient care first year related to 7 11 583 7 9 351 0.475
adverse events (any complication)
Visits in specialized outpatient care first post-op year 3 4 11,534 4 5 2933 0.000
Physiotherapy (number of visits) 12 11,470 5 12 2913 0.099
Sickness benefit 29 11,534 32 2933 0.000
Unexpected event 3 11,534 8 2933 0.000

Continuous variables are presented as means + SD and categorical data as percentage

Table 5 Descriptive statistics of observed 1-year follow-up data in
the spinal stenosis cohort (respondents)

Table 6 Regression analysis on the spinal stenosis cohort with non-
response to the 1-year follow-up as dependent variable

Outcome variable % or mean SD/CI Count Explanatory variable OR 95% CI p value
GA| kg (% self-assessing as pain- ~ 57.4 56.5-58.3 10,619 Male sex 1.15 1.04 1.26 0.004
free or much better) Age
VAS; 6 (0-100) 33 31 10,598 <40 yrs [ref]
ODI (0-100) 27 19 11,169 4049 yrs 070 052 088  0.005
EQ-5D (0-1) 0.63 0.31 11,374 50-59 yrs 054 042 069  0.000
Satisfied with the results of surgery 65 63.8-65.5 11,205 60-69 yrs 0.42 0.33 0.53 0.000
Continuous variables are presented as means + standard deviation >70 yrs 0.41 0.32 0.52 0.000
(SD) and categorical data as percentage and confidence intervals (CI) Disposable income
First quintile [ref]
characteristics such as differences in socioeconomic status or 1111 quintile 082070 095 0011
adverse events are not fully recognized, leading to a decrease Living alone 123 112 1.36 0.000
in external validity which threatens generalizability. This Born inside EU .61 050 075 0.000
would mean that the register captures a selected subgroup Smoke 133 117 152 0.000
that does not signify the whole target population. Accord- EQ-5D baseline
ing to the current study, respondents are of older age, more <0 [ref]
often born inside of the EU, have a higher socioeconomic 0-0.19 0.7 0.67 094 0.009
status, a better baseline health status and less adverse events, Previous back surgery 114 1.02 1.28 0.021
compared to non-respondents. Elixhauser comorbidity index 1.15 1.09 1.22 0.000
Unexpected event 3.40 2.81 4.11 0.000

The differences between respondents and non-respond-
ents in age, sex, smoking, level of education and income
confirm the results of previous studies [3, 12—-14]. Younger
individuals were more likely to be non-respondents, which
may reflect a lack of time because of work and family life.

Being born outside of the EU was significantly associated
with non-response. This may reflect that cultural barriers
negatively affect not just the outcome but may also be a
factor of compliance with given information/instructions.

Non-respondents were more extensive consumers of
health care. They made more visits to specialized outpatient
care units during the first postoperative year, most likely
because of remaining symptoms. As adverse events and pre-
vious back surgery were associated with non-response, it
suggests that the register may fail to cover a subgroup that

An odds ratio (OR) >1 indicates a higher probability of being a non—
respondent. An odds ratio <1 indicates a lower probability of being
a non—respondent. Variables with non—significant results are left out
in this table. The total list of variables is shown in table 2. EU the
European Union

burdens the health care system and indirectly all taxpayers.
It is important to capture this group of patients since; other-
wise, an increase in adverse events over time or at specific
centers/hospitals may not be recognized, but just reflected as
a higher number of non-respondents. In addition, were these
variables to have an influence on the outcome, it could be
a threat to the internal validity of the register as it puts the
inferences drawn from outcome data at risk. In other words,
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Table 7 Regression analysis on the spinal stenosis cohort with the
dichotomized patient self-assessment (GAgyccgss) as dependent vari-
able

OR 95% CI p value
Sex (proportion men) 0.86 0.79 0.95 0.002
Age
<40 yrs [ref]
>70 yrs 0.53 039 072 0.000
Highest educational level
Elementary school [ref]
High school 1.16 1.05 1.29 0.005
College/university 1.59 1.39 1.79 0.000
Disposable income
First quintile [ref]
Second quintile 1.19 1.02 1.38 0.021
Third quintile 1.22 1.05 1.41 0.008
Fifth quintile 1.31 1.13 1.52  0.001
Living alone 0.84 0.77 0.93 0.000
Born inside EU 1.96 1.52 2.52 0.000
Smoker 0.69 0.61 0.80  0.000
Duration of leg pain
No leg pain [ref]
3—12 months 1.81 1.24 2.28 0.002
1-2 years 1.62 1.11 2.36 0.012
More than 2 years 1.28 1.11 2.36 0.012
Duration of back pain
No back pain [ref]
Less than 3 months 1.83 1.11 3.00 0.017
EQ-5D baseline
<0 [ref]
0-0.19 1.25 1.07 1.46  0.005
VASgck baseline
<20 [ref]
40-59 0.68 056  0.82  0.000
60-79 0.61 0.51 0.74  0.000
80-100 0.54 044  0.66  0.000
Previous back surgery 0.58 0.52 0.65 0.000
Elixhauser comorbidity index 0.87 0.82 0.92 0.000
Unexpected event 0.55 0.41 0.72 0.000

An odds ratio (OR) >1 indicates a higher probability of having a
successful outcome (i.e., having responded as being “pain free” or
“much better” on GA). An odds ratio <1 indicates a lower probabil-
ity of being a non—respondent. Variables with non—significant results
are left out in this table

the outcome of degenerative lumbar spine surgery may be
misinterpreted and overrated.

Although not the main purpose of the current study, vari-
ables predicting outcome were presented in addition to vari-
ables predicting non-response (Table 7 for spinal stenosis
cohort, and Tables le and 2e for disc hernia and degenera-
tive disc disorder cohorts in the electronic supplementary
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LDH LSS

70 75.4

respondents

[ ] non-respondents

Fig.2 Predicted proportions of a successful outcome according to
Global Assessment (i.e., participants self-assessing as “pain free” or
“much improved” at the one-year follow-up after the operation) for
respondents and non-respondents, respectively. LDH Lumbar Disc
Herniation (n=5,192); LSS Lumbar Spinal Stenosis (n=12,132);
DDD Degenerative Disc Disorder (n=1,587); and Error bars indicate
the 95% confidence intervals

material). Some risk factors predicted non-response as well
as poor outcome (i.e., GAgyccpss =n0). In the LSS cohort,
these variables were male sex; living alone; born outside
the EU; smoking; a higher Elixhauser comorbidity index;
having had an adverse event during the first post-op year;
and having had previous back surgery. In the LDH group,
the corresponding variables were an educational level below
university/college; born outside the EU; smoking; and
comorbidity. In the DDD cohort, the single risk factor for
both non-response and poor outcome was previous back sur-
gery. These variables may be of particular interest in future
case-mix adjusted outcome reports.

The current study had the advantage of access to several
other registers and could thereby present a higher number
of explanatory factors than previous studies. Although this
adds some additional knowledge about non-response and
its effects on the outcome, it is likely that there are still
unknown factors. Furthermore, as presented in Fig. 1, there
was a loss of observations also in the present study, due to
missing values for the independent variables used for regres-
sion analyses.

Participants lost at the recruitment stage (i.e., patients
not filling out the preoperative baseline questionnaire)
were not included in this study, since they lack most
baseline data necessary for analysis. Although we cannot
exclude the possibility that they represent a subgroup with
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Table 8 Percentage of patients self-assessing as having a successful outcome at the one-year follow up compared to the outcome for respondents
and non-respondents, respectively, as predicted by the regression model

Diagn.group  GAgyccess
Observed 95% Conf. Interv  Predicted outcome, 95% Conf. Interv  Predicted outcome 95% Conf. Interv  AUC
outcome (%) respondents (%) non-respondents (%)
LDH 78.8 77.4-80.1 78.7 78.2-79.2 75.4 74.6-76.3 0.728
LSS 58.2 55.6-57.6 58.7 57.9-58.6 53.9 53.2-54.5 0.687
DDD 67.4 64.9-70.0 67.5 66.6-68.3 62.7 60.6-64.8 0.715

LDH Lumbar Disc Herniation cohort, LSS Lumbar Spinal Stenosis cohort, DDD Degenerative Disc Disorder cohort, AUC Area Under the
Curve, which expresses the ability of the model to classify patients as either having a successful outcome or not having a successful outcome

Table 9 Predicted capability of least squares regression models with scores at the 1-year follow-up of four different PROMs as dependent vari-

able

DV LDH LSS DDD

F ratio* Adjusted R? F ratio* Adjusted R? F ratio* Adjusted R?
ODI F(45, 3696) =34.44 0.29 F(45,9443)=101.97 0.32 F(45, 1249)=10.86 0.26
VAS, g6 F(45,3687)=17,14 0.16 F(45,9326)=36.87 0.15 F(45, 1243)=9.16 0.22
VASgack F(45,3703)=23.20 0.21 F(45,9373)=55.20 0.21 F(45,1251)=5.88 0.14
EQ-5D F(45,3716)=22.06 0.20 F(45,9563)=60.62 0.22 F(45,1252)=6.98 0.17

DV Dependent Variable, LDH Lumbar Disc Herniation cohort, LSS Lumbar Spinal Stenosis cohort, DDD Degenerative Disc Disorder cohort,
ODI Oswestry Disability Index, VAS Visual Analogue Scale for back and leg pain respectively, EQ—5D EuroQol Five—dimensional quality of
life questionnaire index, F is the ratio of the model mean square to the error mean square and is reported above in APA style

* indicates that all regression equations were significant at the p< 0.000 level

reluctance to fill in both baseline and follow-up question-
naires, it is our experience that the major cause of absent
preoperative registration is logistic difficulties in certain
hospitals.

Our data suggest that it is reasonable to assume that losses
to follow-up in registers are missing not at random [16, 17].
What remains is to carefully reflect on the information that
we do have to increase the awareness of what impact missing
data might have and also suggest steps toward improvements
that can increase the response to follow-up [11, 17].

The ability of the the logistic regression models to predict
a successful outcome, expressed as AUCs, was 0.69-0.72.
An acceptable level was considered 0.70 [15]. In a mul-
tiple imputation model, the uncertainty is incorporated in
the model itself. The increased knowledge on the features
of non-respondents presented in this study could be useful
in future studies aiming to evaluate possible advantages of
predicting outcome using multiple imputation.

An increased follow-up may be achieved by offering digi-
tal questionnaires in addition to the postal ones and to send

reminders via text messages and also to shorten the ques-
tionnaire. Information in other common languages about
the purpose of data collection and also the preservation of
anonymity provided in conjunction with the hospital stay
and or on the register website may increase participation.

Conclusion

Outcome at the 1-year assessment of degenerative lumbar
surgery is not expected to be the same for respondents and
non-respondents. The pattern was seen for patients oper-
ated for disc herniation as well as for spinal stenosis and
degenerative disc disorder. It is important to keep a closer
eye on factors strongly predicting non-response and unsuc-
cessful outcome such as unexpected adverse events—since
the overall results otherwise may be overrated. The role
of loss to follow-up in longitudinal register-based studies
should not be underestimated.

@ Springer
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Fig.3 a—c Predicted mean scores for respondents and non-respond-
ents of the one-year follow-up questionnaires for three diagnosis
groups. Error bars indicate 95% CI. LDH cohort n =5,192; LSS
cohort n =12,132; DDD cohort n =1,587; ODI Oswestry Disabil-
ity Index; VAS Visual Analogue Scale for back and leg pain; EQ-5D
Euroqol-five-dimensional index; Error bars indicate the 95% confi-
dence intervals
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