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Purpose: To validate the diagnostic codes for Guillain-Barré syndrome (GBS) in the Danish
National Patient Registry (DNPR). Secondly, to examine 30-year trends in the incidence of
GBS in Denmark.

Patients and methods: We used the DNPR to identify all patients aged 16 and above
diagnosed with a primary GBS diagnosis at any Danish department of neurology between
1987 and 2016. Medical files were reviewed according to the clinical criteria of the National
Institute of Neurological Disorders and Stroke Committee and classified according to the
Brighton criteria. The incidence rate (IR) was calculated based on data from 1987 to 2016
and stratified by season, gender, and age.

Results: Over 30 years, we identified 2,319 patients aged 16 and above in the DNPR.
From a validation cohort of 573 patients, we were able to retrieve 425 (74.2%) medical
files; 356 GBS diagnoses were confirmed. The overall positive predictive value was
83.8% (95% confidence interval (CI): 80.0-87.0). In 99% of the confirmed patients, the
Brighton criteria level 1-3 for GBS were met. The IR was fairly stable over 30 years at
1.77 per 100,000 person years (95% CI: 1.70-1.84). The incidence was higher in the
winter season (IR ratio compared with summer: 1.18 (95% CI: 1.09-1.29)), and was
strongly associated with male gender (IR ratio vs females: 1.44 (95% CI: 1.33-1.57)).
IRs rose with age at diagnosis, particularly after the age of 50 in both men and women
and a minor peak was observed for total IR in young adults.

Conclusion: Primary diagnostic codes for GBS at Danish departments of neurology
have high validity. The DNPR is a well-suited data source for epidemiological research
on GBS. The Danish nationwide 30-year GBS IR is stable over time and similar to GBS
IRs reported in other European and North American populations.

Keywords: registries, positive predictive value, international classification of disease codes,
epidemiology

Introduction
Guillain-Barré syndrome (GBS) is an acute inflammatory disorder of peripheral
nerves characterized by rapidly progressive, symmetric weakness, and areflexia.
Respiratory insufficiency develops in about 25% of cases, rendering mechanical
ventilation crucial and long-term hospital admission necessary.'

The variable incidence of GBS in different populations may reflect differential
genetic susceptibility or exposure to causative pathogens.”® A comprehensive
review estimated the incidence rates of GBS in North America and Europe at
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1-2 per 100,000 person years (PY).” Given the rarity of
the disease, most of the published studies on GBS inci-
dence rate and trends have been performed over long
periods.*® The use of prospectively obtained administra-
tive health care data may be a valuable and cost-efficient
method for large-scale epidemiological research in GBS.
Such data are routinely collected for administrative pur-
poses, but the potential lack of completeness and accuracy

of diagnoses research

purposes.9_12

may question the use for

In the present nationwide study, we aimed to examine
the quality of the GBS discharge diagnosis in the Danish
National Patient Registry (DNPR) by estimating the posi-
tive predictive value (PPV), using information from med-
ical records. We furthermore examined the nationwide
GBS incidence rate over a 30-year period in Denmark,
from 1987 to 2016.

Materials and methods

Setting and data sources

Denmark has 5.7 million citizens, and the country is divided
into five regions.'> The Danish National Health Service
provides all inhabitants with tax-supported health care.
Since 1968, all Danish citizens have been registered in the
Civil Personal Registry and have been given a unique 10-
digit civil registry number (CPR number). This number
contains information on birth date and gender, and enables
unique identification and matching of registry data at the
individual level.'*'> The DNPR was established in 1977
and contains data on all somatic hospital admissions,
including CPR number, admission, and discharge dates,
hospital department, primary discharge diagnosis code (the
primary reason for hospitalization), and supplementary
diagnosis codes.'® All neurological hospital care is provided
by the five Danish regions through 14 neurological depart-
ments, comprising five university hospitals and nine general
hospitals. Hospital data are recorded prospectively for reim-
bursement purposes, independently of specific research
questions. Medical diagnoses have been registered in the
DNPR using the International Classification of Disease,
version 8 (ICD-8) from 1977 through 1993 and
the International Classification of Disease, version 10
(ICD-10) from 1994 onwards.'”

The study was approved by the Danish Data Protection
Agency (record number 1-16-02-817-17) and the Danish
Patient Safety Authority (record number 3-3013-2316/1,
3-3013-2316/2).

Study population

Using the DNPR, we identified all patients with discharge
diagnoses consistent with GBS: ICD-8: 354.00:
Polyradiculitis acuta (21.7% of all the GBS diagnoses)
and ICD-10: DG61.0: GBS (78.3% of all the GBS diag-
noses) and restricted the population to those with the first
GBS discharge diagnosis (N=3,357). To ensure the high-
est quality of data, we included only cases that fulfilled
the following criteria: 1) primary GBS diagnoses, as the
potential severity of the disease usually causes admission
and thus secondary or tertiary diagnosis will include less
accurate diagnoses, and 2) diagnoses made at
a department of neurology, as other departments rarely
treat GBS and may have insufficient clinical experience
with diagnosing adult GBS.'""'® The study was based on
data from adult patients (>15 years of age) in the period
from 1987 to 2016, thus containing a population of 2,319
unique GBS patients.

From the study population described above, we aimed
to produce a representative sample of the Danish popula-
tion for validation purpose. We included five neurological
departments (including two university hospitals and three
general hospitals) in three of the five Danish regions. We
sampled two-thirds of the cases from university hospitals
and one-third from general hospitals, since the university
hospitals treat the majority of GBS cases. From this sub-
sample, we randomly selected 573 cases, constituting our
validation cohort. A flowchart of the selection process is
shown in Figure 1. Contributing hospitals and departments
are listed in Table S1.

Validation

Validation was performed on the final validation cohort,
using information from medical records. Medical records
were identified using the CPR number and were manually
reviewed. All records were reviewed by the same physi-
cian (LL), and uncertain cases were reviewed together
with a senior neurologist (HA). Neurophysiological exam-
inations were manually reviewed and classified into sub-
types according to the criteria presented by Hadden et al'.
Cases were categorized as GBS or non-GBS according to
the diagnostic criteria of the National Institute of
Neurological Disorders and Stroke (NINDS), relying on
a combination of clinical features, findings on cerebrosp-
inal fluid (CSF), and nerve conduction studies (NCS). We
included the variant syndromes and subsequently classified
all cases according to the Brighton criteria. The Brighton
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All GBS cases in the
DNPR from 1977-2017°

N=3357
Non-neurological
> department
N=802
A4

Admission at adepartment
of neurology
N=2555

Adult GBS cases from
1987-2016
N=2319

Validation cohortb
N=573

p| Medical record not identified

A 4

Final validation cohort
N=425

N=148

Validation result: GBS
N=356

Validation result:Non-GBS
N=69

Figure | Flowchart of the study population and validation process.

Notes: *Selection in the DNPR: at least one primary diagnosis of Guillain-Barré syndrome and admission at a hospital department between the Ist of January 1977 (the date
of the DNPR establishment) and the 10th of August 2017; Pdetailed description of the validation cohort is given in the section: Study population.
Abbreviation: GBS, Guillain-Barré syndrome; DNPR, Danish National Patient Registry; N, number of cases.

criteria were applied in order to add the level of diagnostic
certainty (graded 1-4) and to ensure comparability with
other GBS studies.?’*

Statistical analysis

PPV was used as a measure of diagnostic validity and esti-
mated as the proportion of GBS cases identified in the final
validation cohort that fulfilled the NINDS criteria for GBS
according to the medical files. Confidence intervals of 95%
(CIs) based on binomial distribution were computed using
the Wilson score.”* The analyses were stratified by year of
diagnosis, gender, hospital (general vs university hospital),
and age at diagnosis to evaluate for any difference in PPV.
The average annual GBS incidence was estimated based on
the corresponding mid-year population (>15 years of age) of

Denmark obtained from Statistics Denmark'? and 95% Cls
were calculated assuming a Poisson distribution. Incidence
rates were also calculated for three 10-year periods.
Differences in incidence rates by season (October—March
vs April-September), gender and age were evaluated by
calculating incidence rate ratios (IRR). Data were analyzed
using STATA version 15.1. We employed joinpoint regres-
sion analysis to further examine incidence time trends, which
include fitting a series of straight lines to the IR trend.*® Each
join-point describes a statistically significant (P<0.05)
change in the trend of the slope of the line segment. We
evaluated IR variations over time by gender and for the total
IR over the 30-year study period, and also for season and for
age at diagnosis, using Joinpoint Trend Analysis Software
version 4.6.0.0.
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Results

Descriptive data

The final study population included 2,319 adult GBS cases
from 1987 to 2016, 1,348 males (58.1%) and 971 females
(41.9%). The average age at first GBS diagnosis was 52.7
years (range 16.1-95.8 years). From the validation cohort of
573 adult cases at five hospitals, 425 medical files (74.2%)
could be located (Figure 1). The 148 missing medical records
were primarily from two hospitals (Aarhus University
Hospital and Kolding Hospital: 122 (82.4%) of 148 missing
medical records), with ~80% being older records from the
period before 2005. In the final validation sample, the aver-
age age at diagnosis was 51 years (range 16-94 years) and
56.5% were male, similar to the overall study population. In
356 of 425 cases, the diagnosis was found to be GBS. Of the
confirmed cases, 44.9% met the Brighton criteria level 1%
and 43.5% were classified as level 2, 10.4% and 1.1% were
classified as level 3 and 4, respectively. Variant syndromes
accounted for 1.6% encompassing Miller Fisher syndrome
only. Of the 69 non-GBS cases, seven initially met the GBS
criteria but were later diagnosed with the acute onset of
chronic inflammatory demyelinating polyneuropathy (six
cases) and mononeuritis multiplex (one case), respectively.

Positive predictive values
The overall PPV was 83.8% (95% CI: 80.0-87.0). Stratifying
for gender, year of diagnosis, age at diagnosis and type of

hospital, the highest PPV was achieved for diagnoses regis-
tered in the most recent calendar period (2007-2016), at age
>65, and in cases admitted to a university hospital (Table 1). If
the Brighton criteria including level 1-3 were applied, the PPV
was 82.8% (95% CI: 79.0-86.1).

Incidence rates

The incidence rate was calculated for the period 1987-2016:
A total of 2,319 unique adult individuals received a GBS
diagnosis during this period, and the general adult population
accumulated a total of 131,209,065 PY. The overall incidence
rate was 1.77 per 100,000 PY (95% CI: 1.70-1.84), inci-
dence rates for three 10-year periods and per year are pre-
sented in Table 2. A fairly stable incidence was observed
with no differences in IRR when comparing the latest two
decades with the first (Table 2) and no statistically significant
changes in IR time trend were observed for males, females,
or for the total IR. One calendar year, 2011, stood out,
however (Figure 2) with an IR of 236 (95% CIL
2.09-3.04 per 100,000 PY) and a peak-through ratio versus
the lowest incidence in 2008 of 1.84 per 100,000 PY (95%
CI: 1.34-2.56). Moreover, an increased incidence in the
winter compared to the summer season was observed (IRR:
1.18 (95% CI: 1.09-1.29)) (Figure 3). Throughout the
months of diagnosis, we found a statistically significant IR
concavity in May (95% CI: March—August), with a peak-
through ratio of 1.62 per 100,000 PY (95% CI: 1.32-2.00)

Table | Validity of ICD-codes for Guillain-Barré syndrome in the DNPR

Category Total (N) GBS (N) Non-GBS (N) PPV(%) 95% ClI
All 425 356 69 83.8 80.0-87.0
Gender

Males 240 204 36 85.0 79.9-89.0
Females 185 152 33 822 76.0-87.0
Year of diagnosis

1987-1996 92 70 22 76.1 66.4-83.7
19972006 155 132 23 85.2 78.7-89.9
2007-2016 178 154 24 86.5 80.7-90.8
Age at diagnosis (years)

16-39 134 106 28 79.1 71.5-85.1
40-64 182 152 30 83.5 77.4-88.2
265 109 98 I 90.0 82.8-94.3
Type of hospital

General 157 128 29 8l1.5 74.7-86.8
University 268 228 40 85.1 80.3-88.8

Abbreviations: N, number of cases; GBS, Guillain-Barré syndrome; PPV, positive predictive value; Cl, confidence interval.
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Table 2 GBS Incidence rates and incidence rate ratios per 100,000 person years

Category Number of GBS patients | IR/100,000 PY | IR/100,000 PY | IR/100,000 PY IRR/100,000
PY

Total (95% CI) | Males (95% Cl) | Females (95% CI) | Total (95% CI)
Total 2,319 1.77 (1.70-1.84) 2.09 (1.98-2.21) 1.45 (1.36—1.55) 1.44 (1.33-1.57)*
Year of diagnosis
1987-1996 717 1.70 (1.57-1.82) 1.87 (1.69-2.07) 1.53 (1.37-1.70) Reference
1997-2006 797 1.85 (1.72-1.98) 2.27 (2.07-2.48) 1.43 (1.28-1.60) 1.09 (0.98-1.21)
2007-2016 805 1.76 (1.64-1.89) 2.13 (1.94-2.33) 1.40 (1.25-1.56) 1.04 (0.94-1.15)
Age at diagnosis
16-29 years 324 1.10 (0.99-1.23) 1.20 (1.03-1.39) 1.00 (0.85-1.18) Reference
30-39 years 346 1.52 (1.36-1.69) 1.80 (1.57-2.07) 1.22 (1.02-1.44) 1.38 (1.18-1.60)
4049 years 304 1.30 (1.16-1.46) 1.58 (1.36-1.83) 1.02 (0.84-1.22) 1.18 (1.01-1.39)
50-59 years 430 2,11 (1.91-231) 2.46 (2.17-2.79) 1.75 (1.50-2.02) 1.91 (1.65-2.21)
6069 years 460 2.76 (2.51-3.02) 3.37 (2.99-3.80) 2.18 (1.88-2.51) 2.50 (2.16-2.89)
70-79 years 319 2.80 (2.50-3.13) 3.54 (3.04-4.10) 221 (1.86-2.61) 2.54 (2.17-2.97)
8089 years 129 2.36 (1.97-2.81) 3.37 (2.60-4.29) 1.80 (1.38-2.30) 2.14 (1.73-2.63)
290 years 7 0.75 (0.30-1.54) 1.26 (0.26-3.69) 0.57 (0.16—1.46) 0.68 (0.27-1.41)
Season
Summer 1,062 1.62 (1.52-1.72) 1.90 (1.75-2.06) 1.35 (1.23-1.48) Reference
Winter 1,257 1.92 (1.81-2.02) 229 (2.12-2.46) 1.65 (1.43-1.70) 1.18 (1.09-1.29)

Notes: *Females as reference. Winter definition: October—March, Summer definition: April-September.
Abbreviations: GBS, Guillain-Barré syndrome; IR, incidence rate; PY, person years; IRR, incidence rate ratio; Cl, confidence interval.
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when comparing January and May incidences. The IRR for
males versus females was clearly increased at 1.44 (95% CI:
1.33-1.57). The incidence rates rose with age, particularly
after the age of 50, in both men and women. When stratifying
the age at diagnosis in 10-year age groups, we observed
a peak in the age group 70-79 years (Table 2). Trends in
IRs by continuous age at diagnosis were also evaluated using
one-year interval, however, after the age of 85 the total
number of cases per year of age was low (range: 0-14),
thus these IR estimates were rather uncertain (Figure 4).

First, we applied trend analyses for cases diagnosed from
16 to 90 years, which produced two statistically significant
peaks at 34 (95% CI: 29-38) years of age and at 72 (95% CI:
65-76) years of age, respectively. Second, we restricted the
joinpoint analyses to cases diagnosed from 16 to 85 years of
age, and observed two statistically significant IR peaks at the
age of 34 (95% CI: 29-38) years of age and at 68 (95% CI:
58-73) years of age, respectively. Among males, we
observed two IR peaks, at 35 (95% CI: 29-37) years of age
and 72 (95% CI: 57-78) years of age, respectively, with only
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Figure 3 Monthly GBS incidence per 100,000 during the period from 1987 to 2016.
Abbreviation: GBS, Guillain-Barré syndrome.

the peak at 72 years being statistically significant. Among
females, only one IR peak was identified at 68 (95% CI:
54-75) years of age, this peak was statistically significant.

Discussion

In our validation study, the vast majority of the GBS diagnoses
were confirmed by review of medical records, yielding a high
PPV. This supports the use of the DNPR in epidemiological
studies of GBS in Denmark. Our data showed a slightly higher
PPV in the age group >65 years, in cases admitted at university
hospitals, in cases diagnosed after the year 2007 and among
males. These data are fairly similar to those from an American
GBS validation study of the ICD-9 code 357.0."" They found
a PPV of 70% when requiring the GBS code to be in a primary
position on an inpatient claim and the diagnosis based on
a neurologist consultation. Lower PPVs were obtained in ear-
lier studies of the ICD-9 hospital discharge diagnosis, where

3.5

2.5

1.5

GBS incidence per 1,00,000
N

0.5

primary inpatient GBS code and neurological department
admission was not compulsory.>*2® Further, the ICD-9 code
of 357.0 included acute infectious or post-infectious polyneur-
itis, acute idiopathic polyneuritis, and febrile polyneuritis, and
did not have a separate diagnostic GBS coding.

We did not examine the sensitivity of GBS coding in our
study. In a recent study, our group retrieved all medical
records from patients coded with GBS and adjacent diag-
noses in a nationwide cohort restricted to the period
September 2012 to December 2015. This study included
both adults and children; both primary, secondary and tertiary
ICD-10 diagnoses of GBS (DG61.0); adjacent codes for
other inflammatory neuropathies (DG61.1, DG61.8, and
DG61.9); and both patients contacting the emergency room,
hospital outpatient specialist clinic visits, and inpatient hos-
pital admissions.'® Of 299 validated GBS cases, 5.4% were
found in the subgroup of patients with adjacent diagnostic
codes (DG61.1, DG61.8, and DG61.9), and 7.4% had been
admitted at non-neurological departments. The PPV was
much lower at non-neurological departments (19.9%) com-
pared with departments of neurology (63.5%). These results
suggest that due to the lack of completeness, we may have
underestimated the GBS incidence slightly. However, in
future analytical epidemiological studies on GBS risk and
prognostic factors, validity of the diagnosis is of high impor-
tance, and a patient population with primary GBS diagnoses
from neurological departments may be well-suited.*’

We found an overall incidence rate of 1.77 per 100,000
PY (95% CI: 1.70-1.84) over the 30-year period. Al-
Hakem et al, reported a slightly lower incidence rate of
1.59 per 100,000 PY, most likely explained by the

16182022242628303234363840424446485052545658606264666870727476788082848688909294 9698
Age at diagnosis (years)

Figure 4 Incidence per 100,000 during the period from 1987 to 2016 by age at diagnosis.

Abbreviation: GBS, Guillain-Barré syndrome.
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inclusion of children, who are shown to have lower GBS
IR."®3% The aetiological explanations responsible for the
IR peak in 2011 are not clear, however, no concomitant
increase in influenza vaccinations or campylobacter infec-
tions were reported by Statens Serum Institut, an auspices
of the Danish Ministry of Health.>' With regard to the
slightly higher incidence observed during the winter, pre-
vious studies have shown ambiguous results. A recent
French nationwide study of 9,391 patients hospitalized
with a principal GBS diagnosis between 2008 and 2013
found a statistically significantly higher incidence in the
winter than in the summer, in line with our findings.’~>
The seasonal variation may be caused by concomitant
increased incidence of infections in the winter.*> The
higher incidence in males as compared to females and
the increasing incidence with age is consistent with find-
ings in most other studies.’ Also, a bimodal pattern of
incidence by age with peaks occurring in young adults
and the elderly, indicated by our data, has been described
in western populations.®***

The strengths of the present study include the use of
self-

selection bias to certain clinics, and allowed us to sample

national registry-based data, which minimizes
patients at the date of the first diagnosis, so length-time
bias is avoided. All Danish residents have free access (tax-
funded) to medical care including hospital admission and
treatment, and all medical care is registered in one nation-
wide system, which minimizes risk of selection problems.
Data in the registries are recorded by the treating physi-
cians and collected mainly for administrative use, and
therefore unrelated to research purposes. Therefore, the
risk of recall and nonresponse bias is low.

In the present study, the Brighton criteria were as
suitable as the NINDS criteria to identify the GBS
patients. The Brighton criteria contribute with information
on the levels of diagnostic certainty depending on patient
characteristics and the availability of the data. The predo-
minant cause for not reaching level 1 was normal or
missing information of the protein concentration in CSF
(36.0%) and normal or missing information of the NCS
(30.3%). The Brighton level distribution in the present
study is comparable to that in a previous European GBS
cohort of 494 patients.?

Limitations

Our study has a number of limitations to be considered.
First, our validation study was performed using data from
only three of the five regions in Denmark. Regional

differences in diagnostic practice may in theory affect the
PPV, but owing to the uniform nature of the Danish health
care system, the structure of record keeping, and the inclu-
sion of neurological departments at both general and uni-
versity hospitals, we consider the results to be generalizable
for the entire country. Second, because we did not include
data on undiagnosed patients with GBS in this study, we
were unable to estimate the negative predictive value, sen-
sitivity, and specificity of the GBS diagnosis.*> However,
due to the acute and severe symptoms and clinical signs in
GBS, only few patients likely go undiagnosed, and mis-
diagnosis eg, with adjacent ICD-10 diagnostic codes seems
rather infrequent.'® Third, a number of potential cases were
excluded from validation in our study because their medical
records were missing. These records were unavailable for
review mainly due to administrative reasons such as
destruction of paper archives as the medical records were
digitalized. Fourth, the Brighton criteria are sensitive to lack
of sufficient documentation of the key diagnostic character-
istics: Objective clinical findings, CSF analysis, and NCS,
as missing information in these regard would classify more
cases in the level 4 group. Thus, it is especially important
when the size of the level 4 group is not negligible com-
pared to the group of analyzed cases. However, only four
persons were classified as Brighton level 4 (1.1%) among
our GBS cases.>**° Finally, a potential limitation may
arise from the focus on the adult population and study
variables may perform differently in a childhood popula-
tion, and thus should be a focus in future studies.

Conclusion

This study shows that primary GBS discharge diagnosis
codes from neurological departments in Denmark have
high validity. The Danish GBS incidence rate over 30 years
is remarkably stable and similar to GBS incidence rates
reported in other western populations, with important risk
increases related to the winter season, male gender, and
higher age. Our findings support the use of the DNPR as
a valuable data source for epidemiological research on GBS.
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Table SI Contributing hospitals and departments

Capital Region of Denmark
Rigshospitalet
Department of Neurology

Department of Neurophysiology

Central Denmark Region
Aarhus University Hospital
Department of Neurology
Regional Hospital West Jutland

Department of Neurology

Region of Southern Denmark
Odense University Hospital
Department of Neurology

Little Belt Hospital, Kolding Hospital

Department of Neurology
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