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Abstract: An increased risk among siblings of probands with complex regional pain syndrome
(CRPS) may be indicative of a genetic contribution. We calculated the sibling recurrence risk ratio
(lsibling), a measure of familial aggregation. We surveyed 405 CRPS patients to collect information
on the occurrence of CRPS in their siblings and compared this risk with the population risk to develop
the syndrome. Information on disease status was collected from 1242 siblings, of which 24 were possibly affected according to their siblings. The diagnosis was confirmed in 16 patients, rejected in 2,
and could not be verified in the remaining 6. Age-specific risk ratios were calculated for younger
(<50 years) and older ($50 years) age groups. The strongest effects were seen in the younger age
group, with a lsibling for possibly affected and confirmed cases of 5.6 (95% CI, 3.0 to 9.8) and 3.4
(95% CI, 1.5 to 6.8), respectively. We concluded that this study yielded no indications for an overall
increased risk of developing CRPS for siblings of CRPS patients but that the risk was significantly increased in siblings younger than 50, which may indicate that genetic factors play a more pronounced
role in this subgroup.
Perspective: We studied the risk of developing CRPS for siblings of patients with this syndrome.
Although the overall risk for siblings was not increased compared with the population risk, the
risk for younger siblings was elevated. To enhance chances of success, future genetic studies may
consider restricting inclusion to younger-onset cases.
ª 2009 by the American Pain Society
Key words: Complex regional pain syndrome, sibling recurrence risk ratio, genetic predisposition,
heritability.

C

omplex regional pain syndrome (CRPS) is characterized by pain in association with motor, sensory, vasomotor, sudomotor, and trophic disturbances.18
CRPS predominantly affects women (75%) and may occur at all ages, although the highest incidence is found
between 50 and 70 years.4 CRPS most often develops
after a trauma, but spontaneous onsets have been
described in about 10% of the cases.30
Several studies indicated that genetic factors may be involved in CRPS. Genetic associations were reported between CRPS and polymorphisms in, for instance, human
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leukocyte antigens12,14,25,26,28 and tumor necrosis factora.28 An increased genetic susceptibility for CRPS is also
apparent from the fact that patients with a more severe phenotype have a considerable younger age at onset compared
with patients in whom the disease remits or stabilizes.27,29
Genetic factors, in addition to shared environmental
factors, play an important role in causing familial aggregation of a disease.13 Familial aggregation in CRPS was
reported in several descriptive studies,1,3,6,8,9,11,30 but
these studies cannot be used to assess the familial risk
to develop CRPS because the inherent oversampling of
familial cases would result in severe selection bias.
A measure of familial risk is the sibling recurrence risk
ratio, also referred to as lsibling. This is the ratio of risk of
disease for a person given that a sibling is affected, compared with the risk to develop the disease in the general
population.20,21 Values higher than 1 are indicative of
familial aggregation.
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The lsibling of a disease can be used to design studies
aimed at identifying genes for complex diseases.17,21,22,23 Information on the familial risk of CRPS
is also important from a clinical point of view, because
patients typically want to know whether their own diagnosis of CRPS translates to an increased risk of the syndrome in their closest relatives. The risk for relatives of
CRPS patients to develop the syndrome has not been
investigated.
In the present study, we calculated the lsibling of CRPS
by comparing the risk among siblings of CRPS patients
with the risk of the general population. Since previous
studies in CRPS provided indications that the genetic
contribution may be stronger in the younger onset
cases,27,29 the risk for younger and older age groups
was also compared.

Methods
Patients
CRPS patients were recruited from 4 departments of
anesthesiology and 1 department of neurology. All these
patients participated in various studies that were carried
out within TREND (Trauma RElated Neuronal Dysfunction), a national consortium that integrates research on
CRPS. Clinical data of all patients were collected using
a questionnaire and a standard diagnostic form to evaluate the presence of signs and symptoms and were entered in a central internet-based database. CRPS was
diagnosed according to the criteria of the International
Association of the Study of Pain (IASP).18
Patients were contacted by telephone to ask (1)
whether they had any siblings, (2) siblings’ dates of birth,
and (3) if applicable, dates of death of these siblings, and
(4) if their siblings had been diagnosed with CRPS or had
complaints that were suggestive of this condition. If they
indicated that a sibling was possibly affected, patients
were asked to provide contact information of that sibling. Subsequently, possibly affected siblings were visited
at home and examined by a medical doctor with clinical
experience in diagnosing CRPS (AdR) using the same diagnostic form and questionnaire as was used for probands. The diagnosis of CRPS was considered present if
the IASP criteria were fulfilled. If a patient did not fulfill
these criteria at examination, information on symptoms
and signs of CRPS was retrieved from the general practitioner or consulted specialist to evaluate whether the criteria had previously been met, and, if this was the case,
these siblings were considered to have been affected in
the past.
One of the studies in TREND involves a family study in
which we actively seek for families with 2 or more affected members. Patients who participated in that study
as their first study within TREND (and thus had a known
positive family history) were excluded from the present
study, because the inherent oversampling of familial
cases would have resulted in an overestimation of familial aggregation. If the first study in TREND involved
another study than the aforementioned family study,
patients were enrolled in the present study, even if
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they had relatives with CRPS, since this situation could
also occur in the control group (see below).

Population Data
The population risk of CRPS has previously been established in a Dutch population-based study using the data
of the Integrated Primary Care Information (IPCI) project.4 This involved a retrospective cohort study that included the period between 1996 and 2005. The IPCI
project is a large longitudinal observational database including electronic patients’ records of more than 150
general practitioners throughout The Netherlands (at
the time that the incidence study was performed). The
patient population is representative of the Dutch population regarding age and sex.31 Potential CRPS patients
were identified using synonyms and abbreviations of
CRPS listed in this database. Identified cases were validated using the patient’s electronic records supplemented with specialist letters and by reconfirmation of
the diagnosis by their general practitioners. Only the
populations from the general practitioners that responded to a short questionnaire were included in the
source population (in total, 190,902 individuals) for the
calculation of the incidence rate. The estimated incidence rate for CRPS was 26.2 per 100,000 person-years.4
Subsequently, identified cases of the IPCI project were
asked to participate in a case-control study.5 If patients
agreed, their diagnosis was additionally verified by
a medical doctor with clinical experience in diagnosing
CRPS (MdM) during a home visit, using the same standardized diagnostic form as used in the present study.
Consequently, case definition was identical in both studies. Examination of the patients showed that a false-positive diagnosis of CRPS was likely in 19% of the cases and
that the date of CRPS onset was misclassified in 6%
(meaning that the CRPS had started before follow-up
in the database). This suggested an overestimation of
the incidence rate as calculated using the reported
methods in the original study (namely validation by reconfirmation by the general practitioner). To ensure
that the process of validation of diagnosis was identical
in both groups, the incidence rate as reported by IPCI
was decreased by 25%, which yielded a revised incidence
of 19.5 incident cases per 100,000 person-years.5
The studies were approved by the involved institutional review boards, and all patients gave informed
consent.

Statistics
Person-years for each subject were computed as the
length of time from date of birth to date of diagnosis
of CRPS, date of death, or date of telephone contact,
whichever came first.
The required number of sibling person-years was calculated on the premise that we wanted to detect a lsibling
of at least 2.5, with an a of 0.05 and a power of 80%
(b = 0.2). To find a risk ratio of 2.5 using the incidence
rate of 19.5 per 100,000 person-years, 62,637 person
years were required, as was evident from the following
formula:
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Table 1.

Participants of TREND fulfilling
IASP criteria for CRPS (N=726)

Participants contacted (N=484)

Excluded (N=79)
Refused to participate (N=32)
No contact with family (N=10)
Participants of family study (N=37)

Included (N=405)

Figure 1. Flowchart recruitment index patients. IASP, International Association of the Study of Pain; N, number.

Characteristics of Index Patients

No. of patients
Percentage (N) of females
Mean age at onset of CRPS, years (SD)
Median disease duration -years (IQR)
Percentage (N) patients with >1 affected extremity
Percentage (N) patients with observed dystonia
Preceding trauma, percentage (N)
Trauma
Fracture
Surgery
Soft tissue
Other
Non-trauma
First affected extremity, percentage (N)
Arm
Leg

405
85%
40.6
3.0
30%
29%

(345)
(15.3)
(0.5 to 8.7)
(120)
(115)

87%
22%
27%
13%
25%
13%

(351)
(88)
(109)
(54)
(100)
(53)

52% (211)
48% (193)

N, number; SD, standard deviation; IQR, interquartile range.
2

N¼

ðZa 1Z2b Þ ½p0 ð1  p0 Þ1p1 ð1  p1 Þ
ðp0  p1 Þ2

ð19Þ

where p0 was the population incidence and p1 was p0
times 2.5.
Data collection would stop if this number of personyears was achieved. Mid-P exact values were calculated.16 The 95% confidence intervals (95% CI) for the
rate ratios were calculated using the conditional maximum likelihood estimate of rate ratio method.7,15

Calculation of Sibling Recurrence Risk
Ratio
Two sibling recurrence risk ratios of the total group
were calculated, 1 including all possibly affected siblings
in the numerator (some of whom could not be contacted), the other including only confirmed cases; the
denominator was based on the total number of person-years. The obtained numbers were standardized to
(ie, divided by) the adjusted incidence rate of 19.5 per
100,000 person-years.
To evaluate whether lsibling was different for both age
groups, we calculated age-specific sibling recurrence risk
ratios for 2 strata: <50 years and $50 years old. This
threshold was chosen because the mean age at onset in
the only 2 population-based studies was about 50 (ie,
46.924 and 52.74).
For the 2 age groups, the recurrence risk ratio was calculated both for all possibly affected siblings and for the
confirmed cases only, using the respective number of
person-years and the adjusted general population incidence rates of those age groups.

Results
Study Population
In total, 405 probands with CRPS were included in the
study (Fig 1). Patient characteristics are presented in
Table 1. The 405 patients together had 1242 siblings.
The number of siblings ranged from 0 to 13 with a median (interquartile range [IQR]) of 2 (1 to 4) siblings per

case. The siblings contributed 63,090 person-years. Their
mean (standard deviation [SD]) age was 50.8 (15.8), and
609 (49%) were female. A total of 109 siblings (9%)
were deceased.
Of the 1242 siblings, 24 were possibly affected with
CRPS according to their siblings. The diagnosis in 6 subjects could not be verified because (1) probands refused
to provide contact information (n = 2), (2) the sibling
did not give consent (n = 3), or (3) the sibling had died
(n = 1). Eighteen patients were visited at home, and the
diagnosis was confirmed in 16 of them. The general practitioner or consulted specialists of the other 2 patients
were contacted to verify whether diagnostic criteria
had been fulfilled in the past, after which the diagnosis
was rejected in both.
Of the 16 confirmed affected siblings, 81 % (n = 13)
were female. The mean (SD) age at onset was 46.8
(11.8), with a range of 21 to 63 years. Time between onset
of CRPS and examination varied between 0.6 and 26 years
(median, 5.6 years). The most common precipitating noxious events were fractures (38%) and operations (19%).
Seven patients (44%) had 2 or more affected extremities.
Two patients (13%) had dystonia on examination.

Sibling Recurrence Risk Ratio
The lsibling for CRPS using all possibly affected siblings
was 1.8 (95% CI, 1.1 to 2.7). Using only confirmed cases,
a lsibling value of 1.3 (95% CI, 0.8 to 2.1) was obtained.
Stratification by age group using all possibly affected siblings yielded a lsibling for the group <50 of 5.6 (95% CI, 3.0
to 9.8), whereas the $50 age group had a lsibling of 0.6
(95% CI, 0.3 to 1.1). Using only confirmed cases, we
found a lsibling for the group <50 of 3.4 (95% CI: 1.5 to
6.8) and a lsibling of 0.5 (95% CI, 0.2 to 1.0) for the $50
age group (Table 2).

Discussion
To the best of our knowledge, this is the first study that
systematically evaluated the sibling recurrence risk ratio
(lsibling) of CRPS among siblings of patients with this
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Table 2.
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Total and Age-Stratified lsibling for Possibly Affected and Confirmed Cases
SIBLINGS
CASES

IPCI

PY

IR PER 100,000 PY

CASES

PY

IR per 100,00 PY

lSIBLING

95%CI

Possibly affected cases
Total
22
<50 y
13
$50 y
9

63,090
20,268
42,822

34.8
64.1
21.0

177
72
105

909,444
625,082
284,362

19.5
11.5
36.9

1.8
5.6
0.6

1.1 to 2.7
3.0 to 9.8
0.3 to 1.1

Confirmed cases
Total
16
<50 y
8
$50 y
8

63,090
20,268
42,822

25.4
39.5
18.7

177
72
105

909,444
625,082
284,362

19.5
11.5
36.9

1.3
3.4
0.5

0.8 to 2.1
1.5 to 6.8
0.2 to 1.0

PY, Person-years; IR, incidence rate. 95% CI, 95% confidence interval; IPCI, Integrated Primary Care Information.

condition. The lsibling is the risk of disease among siblings
(ie, brothers and sisters) of patients compared with the
risk of the general population. The parameter is a composite measure that reflects the combined influence of
genetic factors and shared environment. Weak familial
aggregation (lsibling < 2) is generally considered not
very convincing for a relevant contribution of genetic
factors in the etiology of a disease.32 Especially in diseases with a low incidence, a 2-fold increase in risk is
not very meaningful. The present study was therefore
designed to find a lsibling of 2.5 or higher.
The lsibling including all siblings reported affected was
significantly increased to 1.8 (95% CI, 1.1 to 2.7). Using
only confirmed affected siblings, the lsibling was 1.3
(95% CI, 0.8 to 2.1), but this increase did not reach significance. These rather low values, when all patients of all
age groups were considered, suggest a complex etiology
with a major involvement of nongenetic factors. However, in the youngest age group the lsibling was 5.6
(95% CI, 3.0 to 9.8). Using only confirmed cases, we
found a significantly increased lsibling of 3.4 (95% CI,
1.5 to 6.8) for this age group. This indicates that the
genetic component is more pronounced in younger
CRPS patients. One may suggest that shared environmental factors could be a reason for the observed
increased lsibling in the younger age group. However,
this explanation is not very likely because it is difficult
to envisage that the effect of exposure to shared environment would be different for both age groups of the
2 cohorts. Additionally, subjects in both age groups will
have shared (on average) the same amount of years
with their siblings. Of note is that our finding of an
increased lsibling in the younger age group needs to be
confirmed in future studies given the fact that this finding was the result of a subgroup analysis.
A limitation of this study is that we did not contact
every sibling personally. This may have resulted in an
underestimation of the number of affected siblings,
because some patients may have been unaware of their
sibling’s disease. Conversely, the fact that we were unable to validate all diagnoses could have led to an overestimation in the analyses that included all possibly
affected patients, although we think that this overestimation is small, given the experience that most of the

possibly affected cases (16 of 18) were indeed affected.
Although it is not uncommon to use the information
on disease status as provided by the index case,32 we
clearly would have preferred to validate all diagnoses.
We therefore performed a sensitivity analysis and calculated 2 values of lsibling, based on reported or confirmed
diagnosis. The lsibling using only confirmed cases may be
interpreted as the lower boundary of the actual value. To
prevent selection bias, patients who participated in the
family study as their first study within TREND were excluded. This approach also probably led to an underestimation of the lsibling, because there were sibships with
multiple affected sibs within the excluded families,
whereas similar families may have been present in the
population cohort (IPCI) from which they were not excluded. Although we thus aimed to prevent any selection
bias, some remaining bias cannot be ruled out completely, because the index patients (who were all referred to specialists) were compared with patients
identified in the general population (of whom 75%
had been referred to specialist), which could have led
to some overestimation of the lsibling. Weighing the possible consequences of all biases, however, the heritability
estimates presented here probably reflect an underestimation, especially with respect to the analyses in which
only confirmed cases were used.
One should take into account that the inclusion criteria
of this study (the IASP criteria) are broad and that this may
have resulted in a study population that is too heterogeneous to detect a genetic effect. The conclusions may
have been more pronounced if we would have been
able to select a more homogeneous phenotype of this
condition,21 for example, CRPS with dystonia, or if we
had used more stringent diagnostic criteria, such as the
criteria developed by Bruehl and Harden.2,10 This stricter
approach would, however, have led to a considerable increase in the number of people to be assessed, and it
would have been an enormous endeavor to collect sufficient numbers of patient-years.30
The strength of our study is that we contacted a large
group of index patients, which would have enabled us to
find a lsibling of 2.5 or higher, if it were present. Because
the lsibling in the total group of CRPS patients was low, it
is unlikely that there are common CRPS genetic factors. It
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is possible, however, that there are rare gene variants in
CRPS families that have a larger effect. Logically, such
gene variants have a very small contribution in the overall risk for CRPS in the general population.
In conclusion, the lsibling for CRPS is smaller than 2.5. In
view of the relatively low a priori risk of this syndrome,
the risk for relatives of CRPS patients to develop this condition is accordingly low. However, the risk for siblings
who were younger than 50 years was increased, indicating that the potential effect of genetic factors is larger in
this subgroup. Our results indicate that the best estimate
for this age group lies between 3.4 and 5.6, although
these numbers probably reflect an underestimation. It
should be considered that results from studies like this
should be interpreted with some caution when the conclusions rely on relatively small actual numbers, a situation that is very difficult to avoid in relative rare
diseases such as CRPS. To enhance the chances of success,
a focus on the younger age group is recommended for
future genetic studies.
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