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Abstract
Objective—Individuals with chronic fatigue syndrome (CFS) experience many pain symptoms.
The present study examined whether pain and fatigue ratings and pain threshold and tolerance levels
for cold pain differed between twins with CFS and their cotwins without CFS.

Design—Cotwin control design to assess cold pain sensitivity, pain, and fatigue in monozygotic
twins discordant for CFS.

Patients and Setting—Fifteen twin pairs discordant for CFS recruited from the volunteer Chronic
Fatigue Twin Registry at the University of Washington.

Results—Although cold pain threshold and tolerance levels were slightly lower in twins with CFS
than their cotwins without CFS, these differences failed to reach statistical significance. Subjective
ratings of pain and fatigue at multiple time points during the experimental protocol among twins with
CFS were significantly higher than ratings of pain (p = 0.003) and fatigue (p < 0.001) by their cotwins
without CFS.

Conclusions—These results, while preliminary, highlight the perceptual and cognitive
components to the pain experience in CFS. Future studies should focus on examining the heritability
of pain sensitivity and the underlying mechanisms involved in the perception of pain sensitivity in
CFS.

Pain complaints are prominent and defining features of chronic fatigue syndrome (CFS).
According to the Centers for Disease Control and Prevention definition (1), CFS cannot be
diagnosed without at least one pain complaint. CFS also often coexists with fibromyalgia (2),
a syndrome of diffuse musculoskeletal pain (3). Both CFS and fibromyalgia may be central
nervous system hypersensitivity disorders, characterized by enhanced interoception (4,5).
Interoception is the perception of internal sensory phenomena, especially visceral sensations
(6). While the biological underpinnings of interoception are being explored, intriguing
neuroimaging studies suggest that the anterior insula may function as the interoceptive cortex
and modulate this phenomenon (6).
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Although the considerable overlap between CFS and fibromyalgia suggests the
biopsychosocial processes underlying these conditions are interrelated (7,8), few studies have
examined the association between pain and fatigue in controlled experimental settings. In one
study, cold pain threshold and tolerance levels were similar among CFS patients, non-patient
healthy controls, and depressed patients (9). Likewise, in another study, chronically fatigued
combat veterans and non-fatigued veterans had comparable responses to a cold pressor test
(10). These studies suggest that CFS may not be associated with heightened pain reactivity.
However, studies consistent with the enhanced interoception hypothesis have shown that
persons with CFS may not accurately interpret body sensations, including pain, and are more
aware of their internal physiological state (11,12).

Our research group has used a co-twin control methodology to study a cohort of monozygotic
(MZ) twins discordant for CFS for nearly a decade. This study design, which is a matched-pair
comparison that adjusts for genetic and environmental factors not typically considered in
typical case-control studies (13), offers a powerful alternative to using healthy or depressed
control subjects. It is particularly valuable in studies of pain as the experience of pain and pain
sensitivity may be partially genetically controlled (14–16). In this paper, we report data that
examined the cold pain threshold and tolerance and subjective ratings of pain and fatigue in
MZ twins discordant for CFS. We addressed 2 questions: 1) Do measures of pain threshold
and tolerance differ between twins with CFS and their cotwins without CFS? and 2) Do
subjective ratings of pain and fatigue during the experimental pain protocol differ between the
CFS and their cotwins without CFS? We hypothesized that twin pairs would show similar cold
pain threshold and tolerance levels during the cold pressor test, but that cold pressor pain and
fatigue ratings would be higher in CFS twins than their cotwins without CFS.

METHODS
Participants

Twins were recruited from the volunteer Chronic Fatigue Twin Registry at the University of
Washington (17). From the Registry, 22 pairs of MZ CFS-discordant twins were recruited and
completed an intensive 7-day evaluation in Seattle, in which an expert physician confirmed
their CFS. These twins participated in protocols to assess the association of CFS with physical,
psychological, and subjective illness features (18–26). After the completion of the initial
intensive evaluation, the twins were contacted to inquire about their willingness to participate
in the second phase and willingness to restrict medications, caffeine, alcohol and travel to
Seattle with their cotwin. Fifteen twin pairs agreed to participate in the second intensive study.
Medication use was tapered and discontinued by 2 weeks prior to travel to Seattle except for
those deemed by primary care physicians inappropriate to discontinue (e.g., thyroid hormones).
Twins then returned to Seattle a second time, 3–5 years after their initial evaluation, for another
intensive battery of tests to further examine the genetic and environmental factors involved in
the development of CFS. Throughout the study, all investigators and technicians were blind to
the health status of the twins. Written informed consent was obtained from all twins in
accordance with regulations of the University of Washington Human Subjects Office.

Zygosity
Monozygosity was initially determined using previously validated self-report methods (27,
28), then confirmed with analysis of restriction fragment length polymorphisms. DNA samples
were extracted and digested with the restriction endonuclease Hae III. The restriction fragments
were separated by molecular size in agarose gel, Southern blotted onto nylon membrane, and
hybridized with a variable number of tandem repeat probes. Following six probes, the
probability of monozygosity can be ascertained with 99.9% certainty (29).
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Cold Pressor Test
The cold pressor test is a widely used measure of acute stress with well-established
methodology (30–32). The cold-pressor apparatus is a container divided into 2 compartments
by a wire screen. Ice cubes are placed in the smaller part and water in the larger part. The water
temperature is maintained at 1–2°C via a submerged pump that circulates the water around the
ice. Twins were instructed to place their non-dominant hand and forearm in a cradle in the
water compartment and to inform the research assistant when the cold sensation had become
pain (threshold) and when the pain was no longer tolerable (tolerance). Twins were asked to
withdraw their arm at tolerance or 5 minutes, whichever comes first. Time in seconds was used
as a measure of threshold and tolerance.

Ratings of Pain and Fatigue
Immediately before beginning the cold pressor test (“pre-test”), participants rated their pain
and fatigue on a 100 mm visual analog scale (VAS), anchored at 0 (no pain/fatigue) and 100
(worst pain/fatigue ever). Pain and fatigue were rated again at the threshold and tolerance
points, and again 15 minutes after reaching tolerance (“post-test”). In addition, at the beginning
of the day before starting any tests, each twin rated his or her fatigue and pain levels on similar
100 mm VAS. These daily ratings were used as adjustment variables in statistical modeling.

Statistical analyses
We calculated descriptive means and standard deviations for all measures. In order to examine
the difference in threshold and tolerance, we used paired t-tests to compare mean seconds to
threshold and mean seconds to tolerance in the twin pairs. We used mixed effects linear
regression models to compare means for the twins adjusting for initial fatigue and pain levels
from the beginning of the day before beginning any tests. These models included a random
effect for twin pair and a fixed effect for CFS. To evaluate the ratings of pain and fatigue, we
examined the main effect of CFS in mixed effects linear regression models for the four
longitudinal pain and fatigue ratings taken immediately before, during (threshold and tolerance
points), and 15 minutes after the cold pressor test. These models included a random effect for
twin pair and assumed unstructured correlation between the four outcome measures. We
adjusted for the initial fatigue and pain ratings taken early in the day, and for time point (pre-
test, threshold, tolerance, post-test) as a categorical covariate. We considered an alpha error
rate of 0.05 as the threshold for statistical significance. Analyses were conducted with the SAS
version 9.0 statistical software package (33).

RESULTS
Demographic and Descriptive Characteristics

On average, twins were 45 years old at the time of testing and had 14 years of education. All
twins were White and 93% were female. The fatigued twins reported an average fatigue
duration of 9.5 years.

Cold Pain Threshold and Tolerance
Table 1 presents the samples’ pain and fatigue characteristics. Paired t-tests failed to show
statistically significant differences between twins with and without CFS in mean seconds to
threshold (p = 0.55) or to tolerance (p = 0.13). These results persisted after adjusting for initial
daily fatigue and pain ratings in the mixed effects linear regression model.

Ratings of Pain and Fatigue
The linear regression models showed a strong association between CFS status and VAS pain
(p = 0.003) and fatigue (p < 0.001) ratings before, during, and after the cold stressor test. This
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association persisted for both pain and fatigue ratings after adjusting for time point and initial
daily fatigue and pain levels. Figures 1 and 2 present the unadjusted mean values of pain and
fatigue over the four time points for the twins with and without CFS. The VAS pain ratings
went up during the cold stressor test and then dropped at the 15 minute post-test time point for
both groups, but the twins with CFS consistently rated their pain higher than the twins without
CFS at all time points. VAS fatigue ratings did not change substantially for either group over
the course of the cold pressor test nor at the 15 minute post-test time point, but again twins
with CFS consistently reported higher fatigue levels than their cotwins without CFS.

DISCUSSION
We examined cold pain sensitivity in a sample of MZ twins discordant for CFS and failed to
detect differences on cold pressor pain threshold and tolerance levels between twins with and
without CFS. This finding suggests that there are no alterations in cold pain sensitivity in those
with CFS. Prior research has produced similar findings for cold sensitivity (5,6). Additionally,
we found that even after controlling for premorbid (beginning of day) pain and fatigue ratings,
CFS twins reported significantly greater pain and fatigue in response to the aversive sensory
stimulation of the cold pressor test than their cotwins without CFS. These elevated ratings,
despite lack of differences in pain threshold and tolerance levels, could be in part attributed to
cognitive or perceptual differences between twins with and without CFS. Persons with CFS
may experience a heightened perception of pain and fatigue perhaps due to the severe
underlying fatigue. For example, individuals with CFS have been shown to experience somatic
perceptual distortions, including misinterpretations of the nature and gravity of body sensations
such as pain (34), with resultant physical and psychosocial dysfunction (35). Alternatively,
failure to discover differences between twins with and without CFS may be attributable to
inadequacies of the cold pressor paradigm. More advanced techniques for exploring
abnormalities in sensory systems, such as quantitative sensory testing (QST; 36), have been
used in a number of pain conditions (37,38). With regard to future research, QST may have
the potential for more effectively characterizing differences in somatosensory profiles between
persons with versus without CFS than the cold pressor task.

These findings also are consistent with the theory of enhanced interoception in CFS. A central
nervous system hypersensitivity disorder would be consistent with subjective pain sensitivity,
sensitivity to exercise, and other neuropsychological disturbances that are often reported by
patients with CFS (7). In this regard, the primary interoceptive representation in the anterior
insula cortex engenders distinct bodily sensations including pain, temperature, itch, sensual
touch, muscular and visceral sensations, and vasomotor activity (39). Neuroimaging studies
relevant to interoception and the feeling of self are rapidly accumulating and underscore the
biological underpinnings of this phenomenon. Functional neuroimaging during performance
of sensory tasks may have the potential for further illuminating the neurophysiological
processes underlying CFS. Recent functional magnetic resonance imaging (fMRI) studies have
suggested that persons with CFS evidence abnormal neuroimaging during motor (40), auditory
(41), and visual (42) tasks. A potentially fruitful area of future research is the use of fMRI in
relation to standardized laboratory pain tasks.

While this study failed to find differences between twins in terms of the cold pressor measures
of threshold and tolerance, both twins with and without CFS showed lower cold pressor
tolerance than those reported previously for other populations (32–35). In the present sample,
cold pressor tolerance was 23.1 seconds among twins with CFS, and 31.7 seconds for twins
without CFS. This contrasts with cold pressor tolerance values ranging from 54.6–132 seconds
reported for community samples (43,44), or 90.9–99.7 seconds among individuals with chronic
pain (45,46). Minute differences in cold pressor methodology could account for the differences
in cold pressor tolerance levels found in this study in comparison with previous findings (47).
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Alternately, the lowered cold pain tolerance in these cotwins could be explained by the
influence of heritable factors on this index of pain sensitivity (14–16).

Studies of illness discordant twins who were raised together control for genetic and familial
effects (13). Thus, twin studies are particularly useful in identifying the behavioral, clinical,
or laboratory factors most strongly associated with CFS. Additionally, studies of MZ and DZ
twin pairs are useful in estimating the unique genetic and environmental contribution to an
illness. Recent twin studies have shown that chronically fatiguing illnesses are, in part, under
genetic control (48–50). Additionally, several genes have been associated with pain sensitivity
(14,16), and twin studies have addressed the heritability of painful conditions. For example, a
large population-based study of twins found an estimated genetic effect of 44% for neck pain,
which gradually decreased with age (51). Alternately, the only twin study of pain sensitivity
in which measurement of pressure pain threshold was obtained from adult twin pairs, concluded
that shared familial environment was a significant determinant of pain sensitivity (52). Findings
from this study, however, should be interpreted cautiously since twin pairs underwent the
experimental protocol together, increasing the possibility of inflated pain threshold correlations
among twins. Nonetheless, taken together, these findings underscore the importance of genetic
and familial factors in understanding the experience of pain in those with CFS.

The present study had several limitations. First, we examined a small sample of 15 twin pairs,
raising questions about the generalizability of our findings, and the adequacy of statistical
power to detect differences between twins with and without CFS. The sample size was
determined by logistical constraints, and could not be based on a priori power calculations.
Thus, our findings are preliminary and should be replicated. Second, we did not include a
healthy control group in order to directly compare findings from CFS-discordant twins with
those of community samples. Finally, we relied on a single sensory stressor within one domain,
which may have not been adequate in identifying the range of perceptual or cognitive alterations
associated with CFS. Prior researchers have found that persons with CFS may be distinguished
by unusually blunt patterns of reactivity to mental, but not sensory, stressors (10).

In summary, we found that despite similarities in threshold and tolerance levels, our twins with
CFS experienced greater subjective pain and fatigue in response to the cold pressor test. CFS
may be associated with a heightened perception of pain and fatigue in reaction to stressful or
painful situations. Our findings also highlight the possible role of genetic and familial factors
in the association between CFS and pain sensitivity. Future studies should focus on examining
the heritability of pain sensitivity and the underlying mechanisms involved in the perception
of pain sensitivity in this population.
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Figure 1.
Mean visual analog scale pain ratings for monozygotic twins discordant for chronic fatigue
syndrome, before, during, and after the cold pressor test.
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Figure 2.
Mean visual analog scale fatigue ratings for monozygotic twins discordant for chronic fatigue
syndrome, before, during, and after the cold pressor test.
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Table 1

Pain and fatigue characteristics of monozygotic twins discordant for chronic fatigue syndrome.

CFS Twins1 Non-CFS Twins

Mean (SD) Mean (SD)

Pain threshold, seconds 8.1 (6.6) 9.6 (6.4)

Pain tolerance, seconds 23.1 (6.5) 31.7 (17.5)

Cold pressor fatigue rating2

 Pre-test 52.3 (19.5) 16.8 (8.3)

 Threshold 57.7 (22.2) 14.8 (8.3)

 Tolerance 68.2 (25.2) 18.3 (10.8)

 Post-test 59.4 (23.1) 11.5 (8.5)

Cold pressor pain rating2

 Pre-test 39.3 (24.8) 6.1 (5.1)

 Threshold 63.1 (20.4) 34.0 (16.4)

 Tolerance 83.1 (17.3) 65.1 (16.8)

 Post-test 48.1 (25.9) 13.3 (22.3)

Daily fatigue rating2 46.2 (30.3) 13.3 (9.5)

Daily pain rating2 43.7 (32.5) 11.1 (17.2)

1
CFS = chronic fatigue syndrome;

2
Visual analog rating scale of 0–100 mm, with 0 = no pain/fatigue and 100 = worst pain/fatigue ever.
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