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Abstract

Population incidence of Guillain-Barré syndrome (GBS) is re-
quired to assess changes in GBS epidemiology, but pub-
lished estimates of GBS incidence vary greatly depending on
case ascertainment, definitions, and sample size. We per-
formed a meta-analysis of articles on GBS incidence by
searching Medline (1966-2009), Embase (1988-2009), Cinahl
(1981-2009) and CABI (1973-2009) as well as article bibliog-
raphies. We included studies from North America and Eu-
rope with at least 20 cases, and used population-based data,
subject matter experts to confirm GBS diagnosis, and an ac-
cepted GBS case definition. With these data, we fitted a ran-
dom-effects negative binomial regression model to esti-
mate age-specific GBS incidence. Of 1,683 nonduplicate cita-
tions, 16 met the inclusion criteria, which produced 1,643
cases and 152.7 million person-years of follow-up. GBS inci-
dence increased by 20% for every 10-year increase in age;
the risk of GBS was higher for males than females. The re-
gression equation for calculating the average GBS rate per
100,000 person-years as a function of age in years was

exp[-12.0771 + 0.01813(age in years)] X 100,000. Our find-
ings provide a robust estimate of background GBS incidence
in Western countries. Our regression model may be used in
comparable populations to estimate the background age-
specific rate of GBS incidence for future studies.

Copyright © 2011 S. Karger AG, Basel

Introduction

Guillain-Barré syndrome (GBS) is a condition charac-
terized by the acute or subacute onset of varying degrees
of weakness in limbs or cranial nerve-innervated mus-
cles, associated decreased or absent deep tendon reflexes,
and a characteristic profile in the cerebrospinal fluid and
electrodiagnostic studies [1]. The underlying etiology and
pathophysiology of GBS are not completely understood
[2], but it is thought to be an immune-mediated process,
resulting from the generation of autoimmune antibodies
and inflammatory cells that cross-react with epitopes on
peripheral nerves and roots, leading to demyelination,
axonal damage or both [3]. This immune response is
thought to be initiated in response to a variety of anti-
genic stimuli, such as viral or bacterial infection, particu-
larly Campylobacter jejuni [4, 5]. Vaccines are another an-
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tigenic stimulus for which potential associations with
GBS have been reported, including formulations of Sem-
ple rabies vaccine, tetanus toxoid vaccine, and some for-
mulations of influenza vaccine [6-8]. With rare excep-
tions, the biological or epidemiological evidence for a
causal association between GBS and antecedent infec-
tions or vaccination is equivocal.

A firm measure of the incidence of GBS is increas-
ingly important. GBS appears to be the most frequent
cause of nonpoliovirus acute flaccid paralysis worldwide;
however, accurate estimates of GBS incidence are un-
known for many countries. Additionally, the rare asso-
ciation of various vaccines with GBS has made this syn-
drome an important focus of vaccine safety monitoring
[9]. Assessing the presence, magnitude, and attributable
risk of vaccine-associated GBS requires reliable age-spe-
cific incidence estimates. However, reported estimates of
GBS incidence for all ages combined vary from 0.16 to 3.0
per 100,000 person-years [10]. Some of the variability may
be due to true differences in GBS incidence; for example,
GBS incidence is thought to be higher in parts of Asia [11].
However, even in Europe and North America where most
studies have been conducted, reported GBS incidence
varies considerably [10]. Some variability is likely artifac-
tual resulting from different case ascertainment meth-
ods, case definitions, and case inclusion criteria. A recent
comprehensive systematic literature review summarized
data from articles worldwide describing the epidemiolo-
gy of GBS, including trends in incidence [10]. However,
the expansive nature of this review included all articles
irrespective of methodology, precluding direct compari-
sons of incidence estimates.

Here we present findings of a systematic review and
meta-analysis of published studies reporting GBS inci-
dence to obtain the most reliable estimates of population-
based age-specific incidence of GBS in North America
and Europe.

Materials and Methods

Search Strategy

We searched for published work in any language recorded in
Medline (January 1, 1966 to December 28, 2009), Embase (1988
to December 28, 2009), Cinahl (1981 to December 28, 2009) and
CABI (1973 to December 28, 2009). For searching databases, we
used the following key words: ‘Polyradiculoneuropathy’, ‘Inci-
dence’, ‘Epidemiology’, ‘Guillain-Barré Syndrome’, Tmmuniza-
tion’, “Vaccination’, ‘Campylobacter’, and ‘Respiratory Tract In-
fections’ (Appendix). We also searched the reference lists of arti-
cles selected for full-text review for additional references.
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Selection Criteria

We selected studies based upon the following criteria: popula-
tion based (cases were identified from a well-defined enumerated
population); case finding was either prospective, retrospective, or
a combination of both; at least 20 cases were identified; GBS cases
were confirmed by subject matter experts (neurologists) from
prospective patient evaluation, medical chart review, or both, and
a clear and widely accepted case definition for GBS was used [e.g.
National Institute of Neurological and Communicative Disorders
and Stroke definition (NINCDS) [12], the case definition devel-
oped by Asbury and Cornblath [13], or the Brighton Collabora-
tion [14] criteria]. We excluded studies that were not population
based, or which depended upon administrative medical codes
only (e.g. International Classification of Diseases codes) to iden-
tify cases. We limited the assessment to studies conducted in
North America and Europe, because incidence of GBS in many
parts of the world is not known, and some evidence suggests that
the epidemiology of GBS may be substantially different in other
regions.

Study Selection and Data Collection

Two investigators (J.J.S., O.W.M.) independently reviewed the
title and abstract of all citations identified by the initial search
strategy and excluded citations that clearly did not meet the inclu-
sion criteria. We retrieved the full text of the remaining studies
and both investigators reviewed each study to assess whether it
met the inclusion criteria. When reviewers disagreed or were un-
certain about the suitability of a study, a third investigator (M.W.)
reviewed the paper and all investigators arrived at a consensus by
discussion. One investigator, a board-certified neurologist (J.].S.),
extracted the following data from studies that met the inclusion
criteria: study design, case ascertainment method, case definition
used, study period, number of GBS cases identified (crude and
age-specific), denominators (crude and age-specific), reported
GBS incidence, and perceived study limitations. These data were
verified by a second investigator (M.W.). When papers did not re-
port the numerator and denominator used to calculate rates or
only presented age-specific rates graphically, we attempted to
contact the study authors for this information.

Statistical Analysis

For each study that reported age-specific incidence rates of
GBS, we plotted the rate versus the midpoint of the reported age
group and superimposed the plots on one graph for comparison.
Because the oldest age group was open-ended in all of the studies,
we assigned the median age for these groups using publicly avail-
able vital statistics data from the country in which the assessment
was performed. For these assignments, we used data from the geo-
graphic area and time period that most closely matched each
study population.

We fit random-effects Poisson and negative binomial regres-
sion models to the age-specific data. Models that included age as
acontinuous variable with a random effect for the intercept, slope,
or both were explored [15]. Six of the 13 studies reported informa-
tion to calculate age-specific rates of GBS by sex. For these 6 stud-
ies, we fit the same regression model used for the 13 studies over-
all, with the addition of the effect of sex.

All regression models were fit using the NLMIXED procedure
in SAS version 9.2. We used the results from the negative bino-
mial regression model to derive an average rate of GBS for 9 suc-
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‘ 1,879 citations identified by search strategy ‘

A 4

—% 196 duplicates removed

‘ 1,683 citations reviewed through title and abstract ‘

v

‘ 46 articles reviewed in detail ‘

30 excluded:

-15 did not use a clear and acceptable case
definition or confirm the diagnosis by expert
review of medical records

v

-8 not population based

-7 reported data that were substantially or wholly
reported by other articles also selected for review

‘ 16 studies selected ‘

v

13 studies with
data available for
meta-analysis

Fig. 1. Study selection.

,

3 studies with
insufficient data
for meta-analysis

cessive 10-year age groups (0-9, 10-19, 20-29, 30-39, 40-49, 50—
59, 60-69, 70-79, 80-89 years). For each estimated rate, we calcu-
lated a 95% prediction interval, which measures the uncertainty
of the estimated rate for a randomly selected study by incorporat-
ing the between-study variability assumed by the model [16].

Results

We identified 1,879 citations from the database search,
of which 1,683 citations were unique (i.e. nonduplicate)
(fig. 1). After reviewing the titles and abstracts, we dis-
carded 1,637 citations (97%) that clearly did not meet the
inclusion criteria for this review. We examined the full
text of the remaining 46 articles in detail, of which 30 did
not meet the inclusion criteria: 15 did not use a clear and
widely accepted case definition or did not use subject
matter experts to confirm the diagnosis of GBS; 8 were
not population based, and 7 reported data that were sub-
stantially or wholly reported by other articles also select-
ed for review. We did not identify additional studies that
met the inclusion criteria from searching reference lists.
Our final selection included 16 articles that met the inclu-

Population Incidence of Guillain-Barré
Syndrome

sion criteria for this review [8, 17-31], of which 13 have
sufficient data to be included in the meta-analysis [8, 17,
18, 20-27, 29, 31].

The selected articles reported data from Canada (n =
1), England (n = 2), Italy (n = 5), The Netherlands (n =
1), Spain (n = 4), Sweden (n = 1), and the United States
(n=2) (table 1). The mean study duration was 15 months
(range, 4 months to 45 years) and the study period
ranged from 1935 to 2002. Eight studies used prospec-
tive case identification, 6 retrospective case identifica-
tion, and 2 studies both prospective and retrospective
case identification. For GBS case definition, 12 studies
(75%) applied the NINCDS criteria [12], 2 the criteria by
Asbury and Cornblath [13], and 1 the Brighton Collabo-
ration definition [14] (table 1). The study by Schonber-
ger et al. [8] did not use a well-defined case definition;
however, these data were rigorously reviewed several
years later by Langmuir et al. [32], who found that 91%
of cases had sufficient data to be classified as having
GBS. We included the article by Schonberger et al. [8] in
preference to the article by Langmuir et al. [32] because
it reported age-specific rates of GBS in the US popula-
tion that did not receive the 1976 swine influenza vac-
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Table 1. Summary of studies included in the review, ordered by location and study period

No. Authors Location Study period Case ascertainment Case definition
1 Deceuninck Province of Quebec, November 1,2000to  Retrospective review of medical Brighton criteria
etal. [26] Montreal, Canada December 31, 2002 discharge records
2 Winner and Oxfordshire, England January 1, 1974 to Retrospective review of medical NINCDS with Asbury
Evans [31] December 31, 1986 discharge records addendum
3 Rees South East England July 1, 1993 to Prospective case reporting, and review Asbury and Cornblath
etal. [28] June 30, 1994 of hospital admission and death data criteria
4  Govoni Ferrara, Italy 1981-2001 Prospective and retrospective review NINCDS
etal. [27] of medical discharge records
5  Emilia-Romagna  Emilia-Romagna region, January 1, 1992 to Prospective case reporting NINCDS
Study Group [17]  Italy December 31, 1993
6  Beghiand Lombardy, Italy February 1, 1994 to Prospective case reporting NINCDS
Bogliun [19] May 31, 1995
7 Bogliun and Lombardy, Italy January 1 to Prospective case reporting NINCDS
Beghi [21] December 31, 1996
8  Chio Piemonte and January 1, 1995 to Prospective case reporting NINCDS
etal. [23] Valle d’Aosta regions, Italy ~ December 31, 1996
9  van Koningsveld  South west Netherlands January 1, 1987 to Retrospective review of medical NINCDS
et al. [30] December 31, 1996 discharge records
10 Sedano Cantabria, Spain January 1975 to Retrospective review of medical NINCDS
etal. [29] December 1988 discharge records
11 Aladro-Benito Canary Islands, Spain 1983-1998 Retrospective review of medical NINCDS
etal. [18] discharge records
12 Cuadrado 11 study centers, Spain 1985-1997 Prospective case reporting NINCDS
etal. [24]
13 Cuadrado 11 study centers, Spain 1998-1999 Prospective case reporting NINCDS
et al. [25]
14  Cheng Sweden January 1 to Prospective case identification by neu- NINCDS
etal. [22] December 31, 1996 rologist network and inpatient registries
15  Beghi Olmsted County, Minn., 1935-1980 Retrospective review of Mayo Clinic NINCDS
et al. [20] USA neurology records
16  Schonberger United States October 1, 1976 to Prospective case reporting Motor weakness in both
etal. [8] January 31, 1977 lower extremities, areflexia,

autonomic dysfunction,
fever, and recovery®

2 This case definition was applied by Langmuir et al. [32] to the same data as presented by Schonberger et al. [8].

cine, which we considered to be the background rate of
GBS.

Of the 13 studies included in the meta-analysis, the
number of cases ranged from 33 to 418 (median, 81) (ta-
ble 2). The number of age groups for which rates were
reported ranged from 3 to 9 (median, 7). Five articles pre-
sented both case counts and denominators [17, 18, 20, 22,
25]; 5 articles presented case counts and rates [8, 24, 27,
29, 31]; 1 study provided only rates and we obtained case
counts from the authors [21]; 1 study published only the

126 Neuroepidemiology 2011;36:123-133

rates in a line graph and we obtained publicly available
census data to generate case counts and denominators
[23], and 1 study published only the rates in a histogram
and we obtained case counts and denominators from the
authors [26].

The reported crude incidence ranged from 0.81 to 1.89
(median, 1.11) cases per 100,000 person-years (table 2).
Among the 13 studies, the rate of GBS increased ex-
ponentially with age, with increasing variation in the
rates from the younger to the older age groups (fig. 2a).
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Table 2. Number of GBS cases, person-years, and rate of GBS, by study and age group, total for 13 published studies and by sex for

6 studies
No. Study Age group Midpoint* Total Males Females
years years
cases person- rate per cases  person- rate per cases  person- rate per
years 100,000 PY years 100,000 PY years 100,000 PY
1 Deceuninck -4 2.5 14 761,945 1.84
etal. [26]b 5-14 10 12 1,999,647 0.60
15-20 18 7 1,313,873 0.53
all 33 4,075,465 0.81
2 Winner and 0-4 2.5 5 384,615 1.3
Evans [31]¢ 5-14 10 1 1,000,000 0.1
15-24 20 9 1,285,714 0.7
25-34 30 12 1,000,000 1.2
35-44 40 8 800,000 1.0
45-54 50 10 666,667 1.5
55-64 60 12 600,000 2.0
65-74 70 9 500,000 1.8
75+ 79 6 315,789 1.9
all 72 6,552,785 1.1
4 Govoni 0-19 10 3 566,038 0.53 1 285,714 0.35 2 280,324  0.72
etal. [27] 20-39 30 10 1,020,408 0.98 6 517,241 1.16 4 503,167 0.80
40-59 50 21 1,044,776 2.01 14 498,221 2.81 7 546,555 1.28
60-79 70 28 864,198 3.24 17 367,965  4.62 11 496,233 221
80+ 82 (82, 83) 7 162,791 4.30 1 50,505 1.98 6 112,286  5.34
all 69 3,658,211 1.89
5 ERSG [17]¢ 0-9 5 4 549,420 0.73
10-19 15 2 835,806 0.24
20-29 25 10 1,168,726 0.86
30-39 35 9 1,077,682 0.84
40-49 45 7 1,062,634 0.66
50-59 55 12 1,075,628 1.12
60-69 65 24 1,023,894 2.34
70+ 77 19 1,025,234 1.85
all 87 7,819,024 1.11
7 Bogliun and 0-34 17 35 4,430,380 0.79
Beghi [21] 35-54 45 33 2,481,203 1.33
55-74 65 52 1,614,907 3.22
75+ 81 18 385,439 4.67
all 138 8,911,929 1.55
8 Chio 0-9 5 7 669,315 1.05 4 343,988 1.16 3 325,327 092
etal. [23]¢ 10-19 15 9 830,775 1.08 6 424,862 1.41 3 405,913  0.74
20-29 25 12 1,297,499 0.92 7 666,317 1.05 5 631,182  0.79
30-39 35 11 1,293,563 0.85 8 655,635 1.22 3 637,928  0.47
40-49 45 11 1,235,793 0.89 8 617,501 1.30 3 618,292  0.49
50-59 55 26 1,195,441 2.17 18 589,758  3.05 8 605,683 1.32
60-69 65 27 1,097,141 2.46 16 513,336  3.12 11 583,805 1.88
70-79 75 14 689,356 2.03 5 282,018 1.77 9 407,338 221
80+ 83 (83, 83) 9 436,576 2.06 3 140,752 2.13 6 295,824  2.03
all 126 8,745,459 1.44
10 Sedano 10-19 15 18 1,146,497 1.57 10 595,238 1.68 8 551,259 1.46
etal. [29]f 20-29 25 9 1,139,241 0.79 3 576,923 0.52 6 562,318 1.10
30-39 35 6 937,500 0.64 5 480,769 1.04 1 456,731 0.26
40-49 45 8 761,905 1.05 6 389,610 1.54 2 372,295  0.55
50-59 55 12 851,064 1.41 7 426,829 1.64 5 424,235 1.19
60-69 65 (F 60+: 71) 8 650,407 1.23 5 297,619 1.68 3 745,230  0.40
70+ 75 (M 70+: 75) 2 625,000 0.32 2 232,558 0.86 0
all 63 6,111,614 1.03
Population Incidence of Guillain-Barré Neuroepidemiology 2011;36:123-133 127
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Table 2 (continued)

No. Study Age group Midpoint® Total Males Females
years years
cases person- rate per cases person- rate per cases  person- rate per
years 100,000 PY years 100,000 PY years 100,000 PY
11 Aladro-Benito 0-9 5 6 1,466,272 0.41 3 729,760  0.41 3 736,512 0.40
etal. [18] 10-19 15 12 1,562,144 0.77 4 777,472 0.51 8 784,672 1.02
20-29 25 10 1,366,864 0.73 6 680,288  0.88 4 686,576  0.58
30-39 35 (F: 40) 9 954,160 0.94 8 474,880  1.68 1 867,568  0.12
40-49 45 5 773,008 0.65 5 384,720 1.30 0
50-59 55 15 750,080 2.00 9 373,328 2.40 6 376,752 1.59
60-69 65 16 500,752 3.19 11 249,248  4.40 5 251,504 1.99
70-79 75 (F 70+: 76) 7 289,728 2.41 6 144,192  4.16 1 212,480 0.47
80+ 83 (M 80+: 83) 1 133,264 0.75 1 66,320  1.51 0
all 81 7,796,272 1.04
12 Cuadrado 20-29 25 45 9,000,000 0.50
etal. [24] 30-39 35 48 7,868,852 0.61
40-49 45 46 6,865,672 0.67
50-59 55 62 5,904,762 1.05
60-69 65 86 5,180,723 1.66
70-79 75 40 3,200,000 1.25
80+ 83 10 1,538,462 0.65
all 337 39,558,471 0.85
13 Cuadrado 20-29 25 8 1,777,672 0.45 5 901,000  0.55 3 876,672 0.34
etal. [25] 30-39 35 10 1,555,670 0.64 8 775,402 1.03 2 780,268  0.26
40-49 45 14 1,361,720 1.03 8 671,698  1.19 6 690,022 0.87
50-59 55 20 1,161,958 1.72 13 574,586  2.26 7 587,372 1.19
60-69 65 25 1,033,412 2.42 19 487,866  3.89 6 545,546  1.10
70-79 75 15 646,548 2.32 11 265,006  4.15 4 381,542 1.05
80+ 83 (83, 83) 6 313,564 1.91 3 105,070  2.86 3 208,494 1.44
all 98 7,850,544 1.25
14 Cheng 0-9 5 6 590,004 1.02 3 302,615 0.99 3 287,389 1.04
etal. [22] 10-19 15 6 494,913 1.21 3 253,872 1.18 3 241,041  1.24
20-29 25 8 642,109 1.25 5 324,229 154 3 317,880  0.94
30-39 35 8 645,327 1.24 6 330,664  1.81 2 314,663  0.63
40-49 45 8 628,943 1.27 5 318,341  1.57 3 310,602  0.96
50-59 55 5 533,947 0.94 4 268,975  1.49 1 264,972 0.38
60-69 65 12 386,727 3.10 11 183,505  5.99 1 203,222 0.49
70-79 75 16 356,935 4.48 6 154,422 3.89 10 202,513 4.94
80+ 83 (83, 84) 4 202,328 1.98 1 68,155  1.47 3 134,173 2.24
all 73 4,481,233 1.63
15  Beghi 0-17 9 8 991,669 0.81
etal. [20] 18-39 29 13 970,235 1.34
40-59 50 16 563,286 2.84
60+ 70 11 338,087 3.25
all 48 2,863,277 1.68
16 Schonberger 0-17 9 86 15,579,710 0.55
etal. [8] 18-24 21.5 60 5,617,978 1.07
25-44 35 96 10,810,811 0.89
45-64 55 108 8,181,818 1.32
65+ 72 68 4,047,619 1.68
all 418 44,237,936 0.94

PY = Person-years. * For studies that provided rates by sex, the midpoint

for the last age group is indicated for each sex. In a few instances, an age
group with a zero number of GBS cases was combined with an adjacent age
group. © The authors provided data by single-year age groups, which we
combined into three age groups. ¢ Rates in this article were presented with
only one number after the decimal point. ¢ Emilia-Romagna Study Group.

¢ Rates were estimated by age and sex from a graph presented in the article.
The overall rate in the article was 1.36 cases per 100,000 person-years.
fData for the first age group in this study (0-9 years) were deemed unreli-
able based on comparison with other information in the article and were
therefore not included.
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Fig. 2. a Plot of age-specific incidence rate of GBS per 100,000
person-years versus age in years, for 13 published studies. b Plot
of age-specific incidence rate of GBS per 100,000 person-years
versus age in years, for 6 published studies that provided rates in
males. ¢ Plot of age-specific incidence rate of GBS per 100,000
person-years versus age in years, for 6 published studies that pro-
vided rates in females.

The range of age-specific incidence rates increased from
roughly 3-fold differences between studies in the youn-
ger age groups to as much as 10-fold differences in the
older age groups.

The meta-analysis included 1,643 cases and 152.7 mil-
lion person-years of follow-up. The random-effects nega-
tive binomial regression model fit the data better than the
random-effects Poisson model (likelihood ratio test, p <
0.01). The best-fitting negative binomial regression model
included age as a continuous variable with a single ran-
dom effect for the slope parameter to represent deviation
of each study’s true effect from the overall mean effect.
Results from this model suggested a 20% increase in the
average GBS rate for every 10-year increase in age (fig. 3a).
For persons aged 0-90 years in North America and Eu-
rope, the regression equation for calculating the average
GBS rate per 100,000 person-years as a function of age in
years was exp[-12.0771 +0.01813(age in years)] X 100,000.

The age-specific GBS rate increased from 0.62 cases
per 100,000 person-years among 0- to 9-year-olds to 2.66

Population Incidence of Guillain-Barré
Syndrome

Rate per 100,000 person-years

0

0 10 20 30 40 50 60 70 80 920
C Age (years)

cases per 100,000 person-years among 80- to 89-year-
olds (table 3). The prediction intervals became wider with
increasing age, especially after about age 70 years (fig. 3a).
Age-specific rates of GBS by sex revealed higher rates
for males than females (fig. 2b, ¢). This pattern was con-
firmed by the model-based estimates (fig. 3b), which sug-
gested a relative risk for males of 1.78 (95% CI, 1.36-2.33).
For the calculation of age-specific rates of GBS by sex, the
regression equations were exp[-12.4038 + 0.01914(age in
years) + 0.5777] X 100,000 for males and exp[-12.4038 +
0.01914(age in years)] X 100,000 for females.

Discussion

GBS is an uncommon disease and individual studies
frequently lack sufficient numbers of cases to make reli-
able age-specific incidence estimates. Our meta-analysis
of high-quality population-based published studies pro-
vides a robust estimate of average age-specific GBS inci-
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Fig. 3. a Plot of average age-specific incidence rate of GBS per
100,000 person-years versus age in years based on regression anal-
ysis of 13 published studies, with pointwise 95% prediction inter-
vals (dashed lines) and observed rates (bubbles proportional to the

number of person-years). b Plot of average age-specific incidence
rate of GBS per 100,000 person-years versus age in years based on
regression analysis of 6 published studies that provided rates by
sex (males: long dashed lines, females: short dashed lines).

Table 3. Estimated rate of GBS by age group based on regression analysis of 13 studies, and estimated rate of GBS by age group and sex

based on regression analysis of 6 studies

Age group Mid-point Rate per 100,000 person-years (95% PI)
years years total (n = 13) males (n = 6) females (n = 6)
0-9 5 0.62 (0.52-0.75) 0.80 (0.59-1.10) 0.45 (0.32-0.64)
10-19 15 0.75 (0.60-0.92) 0.97 (0.72-1.31) 0.55 (0.39-0.76)
20-29 25 0.90 (0.67-1.19) 1.18 (0.86-1.61) 0.66 (0.47-0.93)
30-39 35 1.07 (0.74-1.56) 1.43 (0.99-2.06) 0.80 (0.54-1.18)
40-49 45 1.29 (0.80-2.06) 1.73 (1.12-2.68) 0.97 (0.62-1.53)
50-59 55 1.54 (0.87-2.74) 2.09 (1.24-3.54) 1.18 (0.69-2.01)
60-69 65 1.85 (0.94-3.64) 2.54 (1.37-4.70) 1.42 (0.76-2.66)
70-79 75 2.22(1.01-4.86) 3.07 (1.50-6.27) 1.72 (0.84-3.54)
80-89 85 2.66 (1.09-6.48) 3.72 (1.65-8.40) 2.09 (0.92-4.74)

PI = Prediction interval, based on the t distribution with 12 degrees of freedom (t; 975 = 2.1788) for total rates and with 5 degrees of

freedom (tg 975 = 2.5706) for sex-specific rates.

dence in North America and Europe. A regression mod-
el based on data combined from the studies showed an
exponential increase in GBS incidence from 0.62 to 2.66
per 100,000 person-years across all age groups. The pre-
diction intervals for the estimated age-specific GBS inci-
dence rates suggested that there was increasing uncer-
tainty in the rates as age increased. This increasing vari-
ability in the GBS rate with age assumed by the regression
model was consistent with the pattern of increased varia-
tion in observed incidence rates with age.
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Differences in age-specific incidence rates across differ-
ent study areas may be due to the application of case defi-
nitions rather than a true ditference in the epidemiology
of GBS. Although most of the studies included in our re-
view used the same NINCDS criteria, GBS case definitions
are syndrome-based, and their application depends on in-
terpretation of clinical observations. Even though invasive
tests such as lumbar puncture and electrodiagnostic stud-
ies can increase the level of diagnostic certainty, there is no
biological marker to reliably diagnose GBS. Nevertheless,
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the application of syndrome-based case definitions utiliz-
ing expert neurologist chart review is superior to relying
on administrative data such as hospital discharge (Inter-
national Classification of Diseases) codes, which are less
specific and often overestimate true incidence [33, 34].

Observed rates in the studies were generally close to
predicted rates derived from our regression model. In
several studies, however, observed rates for the youngest
or oldest age groups deviated significantly from predicted
rates. There may be several reasons for these discrepan-
cies. GBS is more difficult to diagnose in younger age
groups, especially in pediatric patients, and varying rates
in some study areas may reflect diagnostic uncertainty
and either over- or underdiagnosis of GBS in younger pa-
tients [35, 36]. The lower incidence of GBS in older age
groups may reflect a survivor bias, in which individuals
surviving into their 80s and 90s are less likely to develop
GBS, although there is no substantiated biological basis
for this hypothesis.

Our assessment found a significantly higher risk of
GBS among males, a finding that has been consistently
demonstrated in published studies. The male predomi-
nance in GBS differs from that of most other autoim-
mune diseases such as multiple sclerosis and systemic lu-
pus erythematosus, which frequently demonstrate higher
rates in females [37, 38]. The reason for the higher risk of
GBS in males is unknown.

Our study has several limitations. We only included
data from published studies. However, unpublished
sources of GBS incidence tend to be from administrative
databases (International Classification of Diseases codes)
and so would not be eligible for inclusion in the review.
We focused our review on populations from North Amer-
ica and Europe, for which the largest number and most
carefully conducted studies are available. However, the
epidemiology of GBS may vary globally and our regres-
sion model for calculating age-specific rates may not be
applicable to all regions. Of the 13 studies included in our
meta-analysis, 8 were from Italy or Spain [17, 18, 21, 23—
25, 27, 29]. However, we did not find any striking differ-
ence in GBS incidence between these and other countries
that we included. We were unable to contact authors of 3
articles that met our eligibility criteria but for which we
had insufficient data to be included in the meta-analysis
(19, 28, 30]. Exclusion of these articles was unlikely to
have changed our modeled incidence estimates as their
reported crude incidence was 0.92 (n = 109), 1.2 (n = 79),
and 1.18 (n = 476) per 100,000 person-years, which fell
within the range of the crude incidence in the 13 studies
included in our meta-analysis.

Population Incidence of Guillain-Barré
Syndrome

Our findings provide a robust estimate of background
GBS incidence. In light of the increasing variability in the
background GBS incidence with age, future studies as-
sessing the effects of potential risk factors need to provide
carefully determined background rates, particularly in
the oldest age groups. Investigators can use our model of
the increase of GBS incidence across age groups for as-
sessing changes of GBS incidence following immuniza-
tions, infections, or putative causal exposures.

Appendix: Database Search Strategies

Medline
(1) exp Polyradiculoneuropathy/
(2) exp Incidence/
(3) 1and2
(4) exp Epidemiology/
(5) 1and 4
(6) exp Guillain-Barre Syndrome/
(7) exp Immunization/
(8) 6and 7
(9) exp Vaccination/
(10) 6and 9
(11) exp Campylobacter/
(12) 6 and 11 and incidence.ti,ab.
(13) exp Respiratory Tract Infections/
(14) 6and 13
(15) 6 and rate.ti,ab.
(16) 6 and influenza.ti,ab.
(17) 3or50r8or 10 or 12 or 14 or 16

Embase
(1) exp Polyradiculoneuropathy/
(2) exp Incidence/
(3) 1and2
(4) exp Epidemiology/
(5) 1and 4
(6) exp Guillain-Barre Syndrome/
(7) exp Immunization/
(8) 6and 7
(9) exp Vaccination/
(10) 6and 9
(11) exp Campylobacter/
(12) 6 and 11 and incidence.ti,ab.
(13) exp Respiratory Tract Infections/
(14) 6and 13
(15) 6 and rate.ti,ab.
(16) 6 and influenza.ti,ab.
(17) 3or50r8or10or12or 14 or 16

Cinahl

S2 (guillain-barre syndrome and (immunization or vaccina-
tion or (campylobacter and incidence) or respiratory tract infec-
tions or rate or influenza))

S1 (polyradiculoneuropathy and (incidence or epidemiology))

S3 (sl or s2)
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CABI

(((guillain-barre syndrome) AND (influenza))) OR (((guil-
lain-barre syndrome) AND (rate))) OR (((guillain-barre syn-
drome) AND (respiratory tract infections))) OR (((guillain-barre
syndrome) AND (campylobacter AND incidence))) OR (((guil-
lain-barre syndrome) AND (immunization OR vaccination))) OR
(((polyradiculoneuropathy) AND (incidence OR epidemiology)))

(guillain-barre syndrome) AND (influenza)

(guillain-barre syndrome) AND (rate)

(guillain-barre syndrome) AND (respiratory tract infections)

(guillain-barre syndrome) AND (campylobacter AND inci-
dence)

(guillain-barre syndrome) AND (immunization OR vaccina-
tion)

(polyradiculoneuropathy) AND (incidence OR epidemiology)
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