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Abstract: Background: Chronic Fatigue Syndrome case designation criteria are scored as physicians’ subjective,
nominal interpretations of patient fatigue, pain (headaches, myalgia, arthralgia, sore throat and lymph nodes), cog-
nitive dysfunction, sleep and exertional exhaustion. Methods: Subjects self-reported symptoms using an anchored
ordinal scale of O (no symptom), 1 (trivial complaints), 2 (mild), 3 (moderate), and 4 (severe). Fatigue of 3 or 4 dis-
tinguished “Fatigued” from “Not Fatigued” subjects. The sum of the 8(Sum8) ancillary criteria was tested as a proxy
for fatigue. All subjects had history and physical examinations to exclude medical fatigue, and ensure categorization
as healthy or CFS subjects. Results: Fatigued subjects were divided into CFS with >4 symptoms or Chronic Idiopathic
Fatigue (CIF) with <3 symptoms. ROC of Sum8 for CFS and Not Fatigued subjects generated a threshold of 14 (speci-
ficity=0.934; sensitivity=0.928). CFS (n=256) and CIF (n=55) criteria were refined to include Sum8>14 and <13,
respectively. Not Fatigued subjects had highly skewed Sum8 responses. Healthy Controls (HC; n=269) were defined
by fatigue<2 and Sum8<13. Those with Sum8>14 were defined as CFS-Like With Insufficient Fatigue Syndrome
(CFSLWIFS; n=20). Sum8 and Fatigue were highly correlated (R>=0.977; Cronbach’s alpha=0.924) indicating an
intimate relationship between symptom constructs. Cluster analysis suggested 4 clades each in CFS and HC. Trans-
lational utility was inferred from the clustering of proteomics from cerebrospinal fluid. Conclusions: Plotting Fatigue
severity versus Sum8 produced an internally consistent classifying system. This is a necessary step for translating
symptom profiles into fatigue phenotypes and their pathophysiological mechanisms.
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Introduction and no gradation for symptom severity [2-4].

Physicians may have preexisting experiences,

Chronic Fatigue Syndrome (CFS) has been
defined by having 6 months of significant
fatigue and disability with no medical, psychiat-
ric or other explanation plus at least 4 of the
following 8 ancillary criteria: (i) problems with
memory or concentration, (ii) sore throat, (iii)
tender lymph node regions, (iv) myalgia, (v)
arthralgia, (vi) headaches, (vii) sleep distur-
bances, and (viii) exertional exhaustion [1].
These epidemiologically derived variables have
not been unified by any single underlying patho-
physiological process. Ambiguity is increased
by using subjective assessments of each crite-
rion with nominal (present vs. absent) scaling

biases, and knowledge bases that lead to non-
standardized symptom assessment and CFS
case designation. Several studies have noted
the heterogeneity of clinical presentations, and
proposed that subtypes of CFS may be defined
by specific patterns of these criteria and other
variables [5-7]. It has been difficult to prospec-
tively test whether these subtypes can be
reproduced or replicated in multiple centers
[8-11]. It is not clear how stable these cross-
sectional characterizations are in longitudinal
analysis because the long term natural history
of CFS has not been well described [12].
Differentiation from psychiatric (i.e. depres-
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sion), medically-related, and Chronic Idiopathic
Fatigue (CIF) [13-17], and the absence of pro-
spectively verified functional tests, molecular
or genetic biomarkers with high sensitivity and
specificity for CFS [18-22] complicates the
diagnostic process. Treatments cannot be
standardized or assayed if the diagnosis is sub-
jective and its severity unscaled, and if treat-
able components such as autonomic dysfunc-
tion, migraine, and other elements are not
included in the diagnostic framework [5,
23-25].

The CFS Symptom Severity Score was created
as a starting point for dissecting these difficult
problems [26-31]. Healthy and CFS subjects
rated the severity of their fatigue and the 8
ancillary criteria for the previous 6 months.
They scored O for no symptom, 1 for trivial, 2 for
mild, 3 for moderate and 4 for severe. It was
accepted that recall bias and interindividual dif-
ferences in self-assessed symptom severity
gradients may affect the responses. However,
biases due to physician interpretation of com-
plaint severity or skepticism about the syn-
drome were eliminated.

Analysis began by using fatigue scores of 3 or 4
to separate “Fatigued” from “Not Fatigued”
subjects. The Fatigued group was divided into
CFS and CIF. CFS subjects were required to
have at least 4 ancillary criteria [1] scored as
(2) mild, (3) moderate or (4) severe. By default,
CIF was defined by having < 3 ancillary com-
plaints at these severity levels. Subjects with
fatigue severity of O, 1 or 2 (mild) were desig-
nated as Not Fatigued.

Analysis evolved by assessing if the sum of the
8 ancillary criteria (Sum8) could serve as a
proxy for fatigue. It was presumed that these
symptoms represented manifestations of dys-
functional CFS - related mechanisms. Receiver
operator analysis of Sum8 from Not Fatigued
and CFS groups established a threshold to
assist in defining diagnostic categories. The
Sum8 threshold separated the Not Fatigued
group into subjects with low fatigue and ancil-
lary complaints (“Healthy Control”, HC), and
those with abundant CFS - like ancillary com-
plaints. The latter group was defined as CFS -
like with insufficient fatigue syndrome
(CFSLWIFS) [2-4]. CFS and CIF were then reas-
sessed and differentiated by the number (= 4)
of significant criteria and Sum8 above or below
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the threshold, respectively. Cluster analysis
using the 9 CFS criteria scores explored the
possibility of coherent phenotypic subgroups
within the CFS and HC groups. Subtypes with
significantly distinct criteria may have specific
pathophysiological mechanisms. This was sug-
gested when cerebrospinal fluid proteomics
results were found to be clustered according to
the CFS clades.

Three consecutive cohorts of subjects were
recruited. Candidates with chronic medical or
psychiatric illnesses were excluded by history
and physical examinations. The results from
the cohorts 1 and 2 were comparable and so
their analysis was combined. There were
approximately equal numbers of HC and CFS
subjects. Because this was not a population -
based epidemiological study, CIF and CFSLWIFS
subjects were underrepresented.

Questionnaire performance was assessed in a
third cohort that included longitudinal follow-up
of CFS subjects, the positive illness control
group of Gulf War lliness subjects who share a
similar symptom profile to CFS, and negative ill-
ness control group of Type Il diabetes mellitus
subjects who have life - disrupting quality of life
but are excluded from CFS case designation.

Materials and methods
Subjects

All subjects gave signed informed consent for
use of questionnaire results in illness evalua-
tions. All protocols, advertisements and instru-
ments were approved by the Georgetown
University Institutional Review Board.

Cohort 1 of CFS and healthy control (HC) sub-
jects were recruited to a series of CFS, fibromy-
algia [41], Chronic Multisymptom lliness [40]
and airway physiology clinical research investi-
gations [26-31] using posters and newspaper
advertisements, and from tertiary care medical
clinics. Applicants had history and physical
examinations to exclude chronic medical, psy-
chiatric, and other causes of fatigue before
clinical designation of CFS and HC status [14].
Subjects completed paper copies of the CFS
Severity Score questionnaire [26-30], Medical
Outcomes Survey Short Form 36 question (SF-
36), [33, 34] Multidimensional Fatigue
Inventory (MFI), [32] and short-form McGill Pain
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Table 1. Comparisons between Not Fatigued and Fatigued groups with Cohort 1, 2 and 1&2. Data were
shown for age, gender, each of the CFS Severity Scores, Sum8, and the number of ancillary symptoms
scored at severities of 2, 3 or 4 (mean [95% confidence interval]. All symptom scores were significantly
different between Not Fatigued and Fatigued groups (p < 10° by Tukey's test after significant ANOVA)

Cohort Cohort 1 Cohort 2 Cohorts 1 & 2
Group Not Fatigued  Fatigued Not Fatigued  Fatigued Not Fatigued  Fatigued
N 234 177 55 134 289 311
Age 37.9 45.4 46.6 48.5 40.1 46.8
[36.0-39.8] [43.6-47.2] [42.8-50.4] [46.7-50.3] [38.3-41.9] [45.5-48.1]
% Male 33.3%" 14.7%" 56.4% 46.2% 40.5%" 28.0%"
Fatigue 0.68 3.49 0.75 3.59 0.69 3.53
[0.57-0.79] [3.42-3.56] [0.54-0.96] [3.51-3.67] [0.60-0.78] [3.47-3.59]
Memory 0.64 2.64 0.76 2.85 0.66 2.73
[0.51-0.77] [2.47-2.81] [0.49-1.03] [2.67-3.03] [0.54-0.78] [2.60-2.86]
Sore throat 0.50 1.44 0.25 1.38 0.45 1.41
[0.38-0.62] [1.26-1.62] [0.08-0.42] [1.19-1.57] [0.35-0.55] [1.28-1.54]
Lymph nodes  0.25 1.13 0.09 1.31 0.22 1.21
[0.16-0.34] [0.94-1.32] [0.00-0.20] [1.09-1.53] [0.14-0.30] [1.06-1.36]
Myalgia 0.63 2.85 0.78 3.04 0.66 2.93
[0.50-0.76] [2.65-3.05] [0.48-1.08] [2.84-3.24] [0.54-0.78] [2.79-3.07]
Arthralgia 0.57 2.29 0.89 2.75 0.63 2.48
[0.44-0.70] [2.07-2.51] [0.60-1.18] [2.53-2.97] [0.51-0.75] [2.32-2.64]
Headache 0.83 2.47 0.80 2.58 0.83 2.51
[0.68-0.98] [2.28-2.66] [0.50-1.10] [2.36-2.80] [0.70-0.96] [2.37-2.65]
Sleep 1.00 3.11 1.09 3.48 1.02 3.27
[0.84-1.16] [2.94-3.28] [0.76-1.42] [3.34-3.62] [0.87-1.17] [3.16-3.38]
Exertional 0.39 2.80 0.64 3.32 0.44 3.02
exhaustion [0.28-0.50] [2.61-2.99] [0.36-0.92] [3.14-3.50] [0.34-0.54] [2.88-3.16]
Sum8 4.81 18.74 5.31 20.69 4.91 19.57
[4.14-5.48) [17.81-19.67] [3.90-6.72] [19.70-21.68] [4.31-5.51] [18.88-20.26]
Responses of 2, 1.4 5.8 1.6 6.2 1.4 6.0
3or4d [1.2-1.6] [5.5-6.1] [1.1-2.1] [5.9-6.5] [1.2-1.6] [5.8-6.2]

* p < 0.001 by Fisher’s Exact Test within each cohort.

Questionnaire, [35] to corroborate fatigue com-
ponents, disability, altered quality of life and
pain. The Irritant Rhinitis Questionnaire
assessed perceptions of sensory sensitivity to
8 inhaled and ingested irritants [26-28]. Some
Cohort 1 subjects did not complete all of these
questionnaires. Results were hand entered into
Excel, the input validated, and then evaluated
in Excel and SPSS for differences between the
fatigued and not fatigued subgroups.

After evaluation of Cohort 1 results, Cohort 2
was recruited by posters, advertisements, and
on-line media. Cohort 2 had a more elaborate
evaluation with additional questionnaires.
Participants had the opportunity to complete
these questionnaires on-line at their leisure
using our Google-based eZhengtricity® system.
[53, 54] Each subject logged onto a secure
website, [54] entered their personal log-in,
password, and confidential study specific iden-
tification code in order to access and complete
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each questionnaire. Responses entered our
secure database in real-time. The response
rate was 100%. No personal identifying infor-
mation was collected in this way.

History, physical examination, HIV, pregnancy,
complete blood count, chemistries, transami-
nases, sedimentation rate, C-reactive protein,
antinuclear antibody and rheumatoid factor
were assessed as exclusionary tests. These
data and personal identifying information were
stored in paper charts in locked locations. CFS
and HC diagnosis was always based on history
and physical examinations.

Gulf War lliness, Type Il diabetes, and nondia-
betic control subjects took part in other
Institutional Review Board approved studies.

CFS symptom severity score

The CFS Severity Score was a self-adminis-
tered, recall-biased assessment of overall com-
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Figure 1. Distribution of Sum8 for each Fatigue Score in Cohort 1 & 2. The study population was divided into not
fatigued (HC), chronic idiopathic fatigue (CIF), and Chronic Fatigue Syndrome (CFS) groups. The nonfatigued group
was defined by fatigue levels of O (none, red bars), 1 (trivial, gold bars) or 2 (mild, pink bars). The most frequent
score was O for fatigue and O for Sum8 (13.1% of Cohort 1&2). The perspective was optimized to show the scatter
of Sum8 for HC. The CIF group had fatigue scores of 3 (moderate, yellow cylinders) or 4 (severe, green cylinders)
and < 3 ancillary criteria with severity scores of 2, 3 or 4. The highest Sum8 score in the CIF group was 15. At this
initial stage, CFS was defined by moderate (3, aqua bars) or severe (4, blue bars) fatigue plus at least 4 ancillary
criteria with severities of 2, 3 or 4. Receiver operator analysis of Sum8 set the threshold between HC and CFS at
14 (blue arrow). The overall distribution of data was unique to Cohort 1&2 as this was not a population - based

epidemiology study.

plaints for the previous 6 month period. Fatigue
and the 8 minor criteria were scored as none
(score = Q), trivial (score = 1), mild (score = 2),
moderate (score = 3) and severe (score = 4).
[26-31] Trivial was an important anchor [55,
56] since it allowed subjects to indicate minor
complaints that were infrequent and did not
need interventions, but which may have been
scored as mild severity on other instruments.
Interviews revealed that subjects interpreted
categories of mild, moderate and severe as
more persistent, symptomatic complaints
requiring investigation, lifestyle changes or
treatments. “Significant” Fatigue sufficient to
designate the presence of CFS or CIF was
defined by moderate (score = 3) or severe
(score = 4) complaints. For each of the 8 ancil-
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lary criteria, complaints of mild (score = 2) and
greater severity were considered “significant”
and sufficient for CFS attribution. The use of
“mild” as a threshold for inclusion in the CFS
case designation group was justified by sepa-
rating the Fatigued (fatigue score = 3 or 4) from
Not Fatigued (scores = 0, 1 or 2; HC) subsets
(see Results). Subjects with significant fatigue
(score = 3 or 4) but < 3 ancillary criteria were
considered CIF [1]. CIF formed a small group in
this tertiary care population recruited specifi-
cally as CFS and healthy control subjects.

Sum of 8

The sum of the 8 ancillary variables (Sum8) was
calculated for each individual. Receiver opera-
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Figure 2. Receiver - operator curve (ROC) for Sum8.
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Figure 3. Sum of 8 ancillary symptom scores (Sum8).
Sum8 scores for HC (n=259, yellow squares) and
CFS (n=276, black diamonds) were plotted as a
function of Fatigue Severity Score (means with 95%
confidence intervals). The explained variance for Fa-
tigue and Sum8 was 97.7%. Scores for the CFSLWIFS
group (n=30, green triangles) were shown separately
to indicate their “CFS-like nature”. Scores for the CIF
group (n=31, blue circles) were not included in the
linear regression.

tor analysis of Sum8 from HC and CFS subjects
defined a threshold that distinguished
CFSLWIFS from HC, and CIF from CFS.
Relationships between Fatigue and Sum8 were
assessed by Spearman’s correlations from all
study subjects.
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Statistical approach

Severity Scores, age and gender were com-
pared between CFS, CIF [13] and HC subsets
using ANOVA with Tukey’s honest significant dif-
ference (HSD), [57, 58] univariate Spearman’s
correlations, and Fisher’'s Exact Test as appro-
priate (IBM SPSS.v20, Armonk, NY). Outcomes
were reported as the mean [95% confidence
interval]. General linear regression models with
backwards elimination were used to assess the
age, gender, age x gender cross-product, and
ancillary criteria scores that were most corre-
lated with fatigue and Sum8 within the CFS and
HC groups. Results from Cohort 1 and Cohort 2
were highly comparable. Age and gender were
not significant variables. Therefore, data from
all subjects were combined into a Cohort 1&2
group for further analysis. After application of
our derived defining conditions, results for the
HC, CFSLWIFS, CIF and CFS groups were
assessed by one-way ANOVA followed by
Tukey’s test to assess differences between
these groups. Multivariate linear regression
was redone for the combined group.

Subset clades within the HC and CFS groups
were investigated by unsupervised hierachical
clustering using Ward’s method with squared
Euclidean distances. CFS symptoms that sig-
nificantly discriminated between clusters were
determined by one-way ANOVA and Tukey’s
test. In general, the individual subgroups or
clades that were significantly different from all
of its comparators were of most interest.
Analysis was performed with Microsoft Excel,
SPSS, and MatLab.

STROBE Statement checklist terms were used
to guide the preparation of this manuscript
[59].

Results
Initial trends

Cohort 1 (n = 411) was younger and had a high-
er proportion of women than Cohort 2 (n = 189;
p < 0.001 by Fisher's Exact test) (Table 1).
However, when fatigue severity was compared
between the Not Fatigued and Fatigued groups
within Cohort 1 and Cohort 2 by multivariate
analysis, then age, gender, and age x gender
cross-product were not significantly different.
Fatigue, the 8 ancillary criteria, Sum8 and the
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Table 2. CFS Severity Scores and demographics for the combined Cohort 1&2. Data for HC, CFSLWIFS,
CIF and CFS groups were shown as means with [95% confidence intervals]

Cohort Cohort 1&2
Group HC CFSLWIFS CIF CFS
N 269 20 55 256
Age 39.9 43.1 46.2 47.0
[38.0-41.8] [35.4-50.8] [42.4-50.0] [45.7-48.3]
% Male 31% 10% 20% 27%
Fatigue 0.62"** 1.55°* 3.18" 3.61°
[0.53-0.71] [1.25-1.85] [3.07-3.29] [3.55-3.67]
Cognition 0.54" 2.35" 1.69" 2.94"
[0.44-0.64] [1.79-2.91] [1.36-2.02] [2.82-3.06]
Sore throat 0.38f 1.45tt 0.51f 1.591t
[0.29-0.47] [0.89-2.01] [0.27-0.75] [1.45-1.73]
Lymph nodes 0.16f 1.10tf 0.10f 1.43%1
[0.09-0.23] [0.53-1.67] [0.00-0.20] [1.27-1.59]
Myalgia 0.56™" 2.05" 1.27* 3.26™
[0.45-0.67] [1.57-2.53] [0.93-1.61] [3.14-3.38]
Arthralgia 0.48™ 2.701t 1.04* 2777t
[0.37-0.59] [2.32-3.08] [0.68-1.40] [2.61-2.93]
Headache 0.66" 3.051f 1.12" 2.797t
[0.54-0.78] [2.59-3.51] [0.75-1.49] [2.66-2.92]
Sleep 0.87" 3.007f 2.10™ 3.501f
[0.73-1.01] [2.57-3.43] [1.75-2.45] [3.41-3.59]
Exertional exhaustion 0.317 2.20ftt 1.63f1f 3.30"
[0.23-0.39] [1.62-2.78] [1.22-2.04] [3.18-3.42]
Sum8 3.94" 17.90" 9.45™ 21.58"
[3.47-4.41] [16.61-19.19] [8.66-10.24] [21.04-22.12]
Responses of 2,30r4  1.1"" 5.9ff 3.2" 6.511
[0.9-1.3] [5.5-6.3] [2.9-3.5] [6.4-6.6]

The numbers of ancillary symptoms with severity responses of 2, 3 or 4 were shown. Groups with scores significantly different
from the other 3 groups were identified (" p < 0.05, " p < 0.005, ** p < 0.0005; Tukey's test after significant ANOVA). Pairs of
groups that had equivalent symptom scores were also indicated (" HC & CIF, T CFSLWIFS & CFS, and T CFSLWIFS & CIF).

number of responses with severity scores of 2,
3 or 4 were all significantly higher in Fatigued
than Not Fatigued groups (p < 10° by Tukey’s
tests after significant ANOVAs). As a result,
data from Cohorts 1 and 2 were combined into
Cohort 1&2 for the rest of the analysis.

Cohort 1&2 subject classification by fatigue
severity and Sum8

The Not Fatigued group was defined by fatigue
levels of O (none), 1 (trivial) or 2 (mild) (n = 289)
(Figure 1). The most frequent score was O for
fatigue and O for Sum8 (13.1% of Cohort 1&2).
The distribution of Sum8 was unimodal but
highly skewed (kurtosis 18.4; skewness 3.02),
and it extended as high as 25 out of 32. There
was a spline suggesting a trend that correlated
fatigue with Sum8 scores.

The Fatigued group (n = 311) was divided into
CIF and CFS. The CIF group had fatigue scores
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of 3 (moderate) or 4 (severe), and < 3 ancillary
criteria with severity scores of 2, 3 or 4. The
highest Sum8 score in the CIF group was 15.
The CIF group was small because the original
recruitment strategy targeted healthy control
and CFS subjects. The Sum8 distribution for
CIF was unimodal, and overlapped with the
lower end of the preliminary CFS distribution.

At this initial stage of the analysis, CFS was
defined by moderate (3) or severe (4) fatigue
plus at least 4 ancillary criteria with severities
of 2, 3 or 4. The importance of 3 versus 4 posi-
tive ancillary criteria was demonstrated by the
difference in the Sum8 distributions for CIF and
CFS groups (Figure 1). CFS had much higher
Suma8 scores. The distribution of Sum8 scores
in CFS was close to symmetrical (kurtosis -1.20;
skewness 0.062).

The Sum8 distributions of CFS and HC subjects
overlapped. Receiver operator analysis of
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Table 3. Longitudinal CFS, Gulf War Iliness, and diabetic group demographics and questionnaire

scores. Data are shown as mean [95% confidence interval], with (coefficient of variation) for the longi-

tudinal CFS group

CFS Longitudinal Follow-up

Gulf War lliness (GWI)

Type |l Diabetics

N 14

Age 47.1[42.9 to 51.4]

Male % 74%

Body Mass Index 29.4 [26.3 to 32.5]

CFS % 100%

CIF % 0%

CFSWIFS % 0%

HC % 0%

Fatigue 3.74 [3.60 to 3.87] (0.02)

Memory and concentration
Sore throat
Lymph nodes

3.02[2.78 10 3.27] (0.17)
1.45 [1.10 to 1.80] (0.44)
1.10 [0.74 to 1.145] (0.81)

Muscle pain 3.07 [2.89 t0 3.25] (0.21)
Joint pain 2.83[2.46 t0 3.20] (0.14)
Headaches 2.81[2.45t0 3.16] (0.32)
Sleep 3.29[3.00 to 3.57] (0.15)

Exertional exhaustion
Sum8

Count of symptoms with
severities of 2, 3, or 4

3.40 [3.11t0 3.69] (0.11)

21.21 [19.69 to 22.73] (0.099)

6.29 [5.91 t0 6.66] (0.11)

100

471 [42. 9 to 51.4]
69%

32.3[30.1 to 34.4]
89.4%

67.3%

0%

3.8%

3.51[3.37 to 3.65]
2.83[2.64 t0 3.02]
1.36 [1.15 t0 1.57]
1.32 [1.06 to 1.58]
3.11[2.92 to 3.30]
2.87 [2.62 t0 3.12]
2.73[2.50 to 2.96]
3.35[3.16 to 3.54]
3.26 [3.04 t0 3.48]

20.91[19.71 to 22.11]

6.19 [5.85 t0 6.53]

49

54.5 [51.1 to 57.9]
63%

33.5[31.3 10 35.7]
26.5%

8.2%

4.1%

61.2%

1.76 [1.34 t0 2.17]
1.14 [0.81 to 1.48]
0.29 [0.07 to 0.50]
0.20 [0 to 0.41]
1.63[1.21 to 2.05]
1.92 [1.50 to 2.34]
0.96 [0.61 to 1.31]
1.59 [1.18 to 2.00]
1.51 [1.11 to 1.91]
9.24 [7.24 to 11.25]
2.61[2.13 to 3.19]

Table 4. Multidimensional Fatigue Inventory Domains (mean [95% C.L.]) and correlations (R?). Some
Cohort 1 subjects did not complete both this and the CFS Severity Questionnaire and so the group
sizes were smaller than in Table 2

Group General Fatigue Physical Fatigue Reduced Activity Reduced Motivation Mental Fatigue
HC 9.9 9.3 8.7" 8.8" 9.1"
(n=202) [9.4-10.4] [8.8-9.8] [8.3-9.8] [8.1-9.5] [8.6-9.6]
CFSLWIFS 13.7F 13.3F 11.6f 10.3t 13.2f
(n=16) [11.8-15.6] [11.1-15.4] [9.4-13.8] [8.8-11.7] [11.1-15.3]
CIF 13.9f 12.51 10.7t 10.0f 10.8
(n=44) [12.7-15.0] [11.2-13.9] [9.4-12.0] [8.9-11.1] [9.7-11.9]
CFS 17.0" 15.6 14.9™ 12.2 14.51
(n=204) [16.5-17.5] [15.1-16.1] [14.4-15.5] [11.6-12.7] [13.9-15.1]
Explained Variance (R?)

Fatigue 0.429 0.339 0.317 0.158 0.267
Sum8 0.452 0.383 0.392 0.222 0.326

“p<0.05, " p<0.005, " p < 0.0005 compared to the other 3 groups by Tukey’s test after significant ANOVA. Scores were
equivalent between groups indicated by T.

Sum&8 set the threshold between HC and CFS at
14 (blue arrow, Figure 1; Figure 2). This thresh-
old had specificity of 0.934 and sensitivity of
0.928 (area under the curve = 0.98) in this
unique population (Figure 2). The threshold
was applied to the HC subjects (Figure 1). The
distal tails of the distribution curves with Sum8
> 14 was defined as CFS - like with insufficient
fatigue syndrome (CFSLWIFS).
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In essence, fatigue scores of > 3 and Sum8 >
14 divided the Cohort 1&2 population into 4
quadrants (Figure 3). The left side with Fatigue
< 3 showed HC plus the CFSLWIFS group and
their higher Sum8 scores. The right lower quad-
rant represented CIF with Fatigue of 3 or 4 and
Sum8 scores < 14. The CFS group (upper right
quadrant) had at least 4 significantly problem-
atic symptoms and a Sum8 score > 14.
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Table 5. SF-36 Domain scores for each Group (mean [95% confidence intervals])

HC (n=134) CFSLWIFS (n = 11)

CIF(n=25) CFS(n=141) Fatigue R> Sum8R2

Physical Functioning 89.6% 84.51
[86.2-92.9] [72.9-96.2]
Role Physical 85.6™" 4771
[80.4-90.9] [13.8-81.7]
Bodily Pain 80.3f 69.17
[76.6-84.0] [54.5-83.7]
General Health 75.1" 54.01
[71.8-78.4] [37.2-70.8]
Vitality 65.6"" 37.7%
[62.6-68.5] [21.8-53.7]
Social Functioning 84.9 68.21
[81.7-88.1] [54.5-81.9]
Role Emotional 89.3 72.77
[85.0-93.6] [44.7-100]
Mental Health 76.21 71.37
[73.6-78.9] [59.9-82.6]

69.2 429" 0.527 0.584
[57.1-81.3] [38.8-47.0]

54.01 10.5* 0.534 0.558
[35.5-72.5] [6.4-14.6]

59.6 317" 0.552 0.664
[49.1-70.1] [28.4-35.1]

53.61 29.5" 0.582 0.616
[45.8-61.4] [26.5-32.5]

33.21 16,17 0.706 0.632
[25.3-41.1] [13.7-18.4]

62.51 29.3" 0.626 0.602
[51.2-73.8] [25.4-33.1]

68.01 454 0.244 0.220
[51.4-84.6] [37.9-52.9]

68.21 56.5 0.227 0.228

[61.6-74.7] [52.9-60.1]

“p<0.05, " p<0.005, " p < 0.0005 compared to the other 3 groups by Tukey’s test after significant ANOVAs. Scores were

equivalent between groups indicated by .

Table 6. McGill short form Pain Scores. Scores are shown for HC, CFSLWIFS, CIF and CFS subjects who
also completed the CFS Severity Questionnaire (mean [95% C.1.])

Groups Total Score Sensory Affective

HC (n = 110) 3.17[2.0-4.2] 2.61[1.7-3.5] 0.57[0.3-0.7]
CFSLWIFS (n=9) 8.47[3.0-13.8] 7.31[2.7-11.9] 1.17[0.0-2.3]
CIF (n = 19) 6.81[3.2-10.4] 5.21[2.4-8.0] 1.6 [0.5-2.7]
CFS (n=131) 19.8"" [18.1-21.5] 15.17" [13.8-16.4] 4.7 [4.1-5.3]
Explained Variance (R?)

Fatigue 0.466 0.454 0.393

Sum8 0.588 0.573 0.501

“p<0.05, " p<0.005, " p < 0.0005 compared to the other 3 groups by Tukey’s test after significant ANOVAs. Scores were

equivalent between groups indicated by .

Sum8 as a proxy of fatigue

The mean Sum8 was highly correlated with
Fatigue Severity Scores for the combined HC
and CFS quadrants and groups (R? = 0.977)
(Figure 3). This indicated that Sum8 could be
an effective proxy for Fatigue when subjects
were strictly defined as HC and CFS. However,
the CFSLWIFS subjects with high Sum8 and
Fatigue Scores of O to 2, and the CIF subjects
with Fatigue Scores of 3 or 4 but only O to 3
ancillary complaints, were outlier groups. Sum8
was not correlated with Fatigue for these two
groups or in their quadrants (Figures 1 and 3).

Severity scores for groups in Cohort 1&2

The HC group was younger than the CIF (p =
0.0001) and CFS (p < 10%9) groups (Table 2).
However, age, gender, and age x gender cross-
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product were not related to either fatigue or
Suma8 by multivariate linear regression.

Fatigue (p < 10%9), cognitive function (p < 0.05),
and myalgia (p < 0.02) scores were significantly
different between the 4 groups. HC and CIF had
equivalent scores (p > 0.05) for sore throat and
lymph nodes. CFSLWIFS and CFS had equiva-
lent scores for sore throat, lymph nodes,
arthralgia, headache and sleep. Exertional
exhaustion was equivalent between CFSLWIFS
and CIF. Sum8 was ranked CFS > CIF >
CFSLWIFS > HC with all groups being signifi-
cantly different from each other (p < 0.005).
The number of positive ancillary criteria was
equivalent for CFSLWIFS and CFS (~6 symp-
toms), while these numbers for HC and CIF
were lower and significantly different from the
other 3 groups.
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Table 7. Irritant Rhinitis scores. Scores are shown for HC, CFSLWIFS, CIF and CFS subjects who also

completed the CFS Severity Questionnaire (mean [95% C.1.])

Groups Congestion Rhinorrhea Irritant Rhinitis Score
HC (n=110) 4.6 [4.0-5.2] 3.5[3.0-4.0] 8.2"[7.2-9.2]
CFSLWIFS (n = 9) 11.81[9.2-14.4] 6.71[3.9-9.5] 18.41[14.2-22.6]
CIF (n=19) 7.7 [5.7-9.7] 5.91 [4.3-7.5] 13.5[10.3-16.7]
CFS (n=249) 11.5%[10.6-12.4] 7.81[7.0-8.6] 19.31[17.8-20.8]
Explained Variance (R?)

Fatigue 0.220 0.162 0.252

Sum8 0.233 0.162 0.261

“p <0.05, " p<0.005, " p < 0.0005 compared to the other 3 groups by Tukey's test after significant ANOVAs. Scores were

equivalent between groups indicated by .
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Figure 4. Clusters based on CFS Severity Score components. Clusters within A. CFSLWIFS, B. HC, C. CFS and D. CIF

are shown. The single clade with severity scores that were sig

nificantly different from all of the other clades in the

group were indicated on each graph. For example, fatigue severity for HC clade “A” was significantly different from
clades “B”, “C” and “D” with p<10* by Tukey'’s test following ANOVA. (Ftg, fatigue; HA, headaches; Cog, memory and
other cognitive problems; ExEX, exertional exhaustion; Myal, mayalgia; Arth, arthralgia; SThr, sore throat; LN, sore

lymph node regjons).

Cronbach’s alpha was 0.924. Exclusion of any
single item maintained alpha between 0.907
and 0.925 indicating internal consistency and
reliability.

Verification
Fourteen CFS subjects completed the ques-
tionnaire after O, 6 and 12 weeks. Coefficients

of variation ranged from 0.017 for memory and
concentration to 0.81 for sore lymph nodes
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(Table 3). Symptoms for individuals did not
change significantly over this 3 month longitudi-
nal period. Gulf War lliness subjects had an
almost identical pattern of scores as the CFS
subjects suggesting overlap with regard to case
designation criteria but without any inferences
about comparable inciting or on-going patho-
genesis. In contrast, 26.5% of Type Il diabetics
met CFS criteria. The co-existence of diabetes
and CFS highlighted the primacy of the physi-
cian examination for determining the chronolo-
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gy of symptoms and syndrome onset, and influ-
ence of potential exclusionary disorders on the
diagnosis of CFS.

The validity of this approach and coherence of
the CFS, CIF, CFSLWIFS and HC categories were
corroborated by independent comparisons of
fatigue, disability, pain and irritant sensitivity in
Cohort 1&2.

Multidimensional Fatigue Inventory (MFI) [32]

General Fatigue scores were ranked CFS > CIF
= CFSLWIFS > HC (Table 4). HC and CFS scores
were significantly different from each of the
other groups (p < 0.0005). Physical Fatigue and
Reduced Activity had the same trend. Reduced
Motivation scores were equivalent between
HC, CFSLWIFS and CIF. The CFS and CFSLWIFS
groups were equivalent due to the small size
(n=16) and large variance of the latter group.
Mental Fatigue was significantly lower for HC
than the other 3 groups (p < 0.05). CFSLWIFS
and CFS had equivalent scores. Although the
MFI domain scores for CFSLWIFS and CIF were
similar, the Fatigue Severity score distinguished
between these 2 groups. MFI domains were
positively correlated with both Fatigue Severity
and Sum8; General Fatigue had the highest
explained variances. Reduced Motivation was
poorly correlated with both Fatigue and Sum8.

Disability and quality of life

SF-36 Domain Scores [33, 34] were generally
similar for HC, CFSLWIFS and CIF groups, and
significantly different from CFS scores (Table
5). Physical Functioning, Role Physical, Bodily
Pain, General Health, Vitality and Social
Functioning had similar patterns of responses.
CFS had significantly worse (lower) scores for
these compared to the other 3 groups, while
CFSLWIFS and CIF had equivalent scores. The
latter 2 groups were also equivalent for Role
Physical, General Health, Vitality, and Social
Functioning. These two group’s scores for Role
Physical, General Health and Vitality were sig-
nificantly lower than the HC group. HC and
CFSLWIFS scores for Physical Functioning and
Bodily Pain were equivalent. The general pat-
tern of HC > CFSLWIFS = CIF > CFS was rein-
forced by the high explained variances for these
6 domains with Fatigue Severity and Sum8 (R?
> 0.527).

In contrast, Role Emotional and Mental Health
were relatively poorly correlated with fatigue
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and Sum8 (R? between 0.220 and 0.244) sug-
gesting that these domains were inefficient for
separating Fatigued from Not Fatigued sub-
groups. Mental Health scores were equivalent
for HC, CFSLWIFS and CIF. HC had higher scores
than CFS for Role Emotional and Mental Health.

Pain

McGill Affective, Sensory and Total Pain Scores
[35] were equivalent for HC, CFSLWIFS and CIF
groups, and significantly lower than CFS (p <
0.005) (Table 6). The Sensory scores were
more highly correlated with Sum8 (R2 = 0.573)
than Fatigue (R? = 0.454). This was consistent
with the painful ancillary symptoms included in
Sum&8. These data indicate that pain is a signifi-
cant discriminator between CFS and the other
3 groups. This conclusion was supported by
other findings of systemic hyperalgesia, allo-
dynia and central sensitization in CFS [36].

Irritant sensitivity

The Irritant Rhinitis Questionnaire showed that
rhinorrhea scores were equivalent for
CFSLWIFS, CIF and CFS subjects (Table 7).
Congestion was equivalent in the CFSLWIFS
and CFS groups, and significantly higher than
HC. Congestion may be due to nasal vascular
dilation, mucous hypersecretion, or be a tri-
geminal nociceptive perception of decreased
nasal airflow [26, 31]. Fatigue and Sum8 were
poorly correlated with congestion and rhinor-
rhea scores suggesting that mechanisms
responsible for mucosal irritant sensitivity,
fatigue, and the pain - and cognition - related
Sum8 were distinct.

Unsupervised hierachical clustering

Clusters of subjects were defined within the
HC, CIF and CFS groups based on their CFS
symptom severity scores. The CFSLWIFS group
was too small for cluster analysis. Their mean
scores were above 2 for all symptoms except
fatigue, sore throat and tender lymph nodes
(Figure 4A). This pattern was distinct from CFS
and HC clusters. Headache and arthralgia
scores were significantly higher for CFSLWIFS
than for any of the HC clusters.

HC had 4 clusters. The largest cluster (“A”,
n=130) had scores of 0.2 or less for all symp-
toms (Figure 4B). HC cluster “A” symptom
scores were significantly different from the
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other 3 clusters except for exertional exhaus-
tion (equivalent to cluster “C”). Cluster “C” was
the next largest (n=69), and generally had
scores that were intermediate between “A” and
the other HC clades. Clades “B” (n=37) and “D”
(n=33) had similar, relatively elevated scores
except for significantly higher scores for head-
ache and myalgia in “D”. In preliminary exami-
nations, a 3 cluster solution identified clades
“A” and “C”, but combined clades “B” and “D".
When HC and CFSLWIFS were combined, a 5
cluster solution was obtained where the 4 HC
clades were generally distinct from CFSLWIFS.

CFS subjects satisfied a 4 cluster solution
(Figure 4C). CFS clade “A” had high scores for
all symptoms. Clade “A” scores for sore throat
and lymph nodes were significantly higher than
the other 3 clades. This suggested that 40% of
this CFS study population had chronic pharyn-
gitis-like symptoms. Clade “D” (n=52) was simi-
lar to “A” except for significantly lower sore
throat and lymph node scores. Clade “B” (n=53)
was similar to “D” but had significantly lower
myalgia scores compared to “A” and “D”, and
arthralgia versus the 3 other clades. Clade “C”
(n =54) was unique in having significantly lower
headache, cognition, and exertional exhaustion
scores than the other 3 CFS clades.

The CIF group was optimally divided into 3 dis-
tinct clades. By definition, all had fatigue > 3.
CIF clade “A” (n = 14) had significant exertional
exhaustion (p < 107 vs. the other 2 clades).
Clade “C” (n = 22) had significant headaches
compared to the other 2 clades (p < 107%).
Clade “B” had 15 subjects with low headache
and exertional exhaustion scores.

Clustering for proteomic analysis

To demonstrate utility, CFS questionnaire
responses were clustered for 56 CFS subjects
who had lumbar punctures for cerebrospinal
fluid proteomics [19]. Questionnaire outcomes
and ion peak signal intensities were assessed
by 2-dimensional unsupervised hierarchical
clustering. A heat map was generated showing
synchrony between ion peaks and 4 clades of
CFS subjects. This suggested that the ordinal
scores were in some way indicative of the
mechanisms leading to differences in cerebro-
spinal fluid constituents between the 4 clades.
These relationships and proteomic results will
be discussed in a separate publication.
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Discussion

Fatigue severity, Sum8, and the number of pos-
itive ancillary criteria divided this study popula-
tion into 4 groups: HC, CFSLWIFS, CIF and CFS.
Severity scores for fatigue, cognitive dysfunc-
tion and myalgia were significantly different
between each group. Exertional exhaustion
was equivalent between CFSLWIFS and CIF,
and significantly different for HC and CFS com-
pared to the other groups. This supported the
emphasis placed on this symptom in the 2011
myalgic encephalomyelitis (ME) criteria [37-39].
The equivalence of CFSLWIFS and CFS scores
for ancillary criteria was consistent with the
Sum8threshold score that separated CFSLWIFS
from HC subjects and the skewed Sum8 distri-
bution in subjects without fatigue (Figure 1).
CIF had 3 positive criteria (Table 2) reflecting
the requirement for 4 significantly severe symp-
toms to meet the 1994 CFS criteria [1].

Severity scoring of the ancillary criteria and
Sum8 dramatically increased the distinction
between HC and CFS. These data raise the pos-
sibility that it is the wide diversity of ancillary
symptoms that makes CFS distinct from other
fatiguing syndromes. This was reinforced by the
large number of sedentary adults in the HC
group who had relatively low SF-36 domain
scores but no significant fatigue. Using the cur-
rent questionnaire data, the clinical designa-
tion of CFS would be confirmed by 6 months of
unexplained fatigue with scores of 3 (moder-
ate) or 4 (severe) plus at least 4 ancillary symp-
toms with scores of 2 (mild), 3 or 4 that gave a
Sum8 > 14. CIF would be identified by moder-
ate or severe fatigue but with < 3 ancillary
symptoms and Sum8 < 14. CFSLWIFS would be
defined by fatigue scores of 0, 1, or 2 plus
Sum8 > 14. Subjects with fatigue scores of 0O,
1, or 2 plus Sum8 < 13 would be considered
HC, with most of the HC subjects having scores
of O for all 9 symptoms.

Large scale prospective epidemiological valida-
tion studies may provide tighter limits for the
fatigue, individual symptoms, and Sum8 thresh-
old scores so that subgroups can be differenti-
ated with greater confidence. Population stud-
ies will yield larger CFSLWIFS and CIF groups.
Longitudinal studies will be required to deter-
mine if these symptom patterns are consistent
for CFS subjects over time, related to years
since illness onset, or are artifacts due to
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Figure 5. CFS clades clustered for proteomic analysis. A. Proteomic mass spectrometry peptide ion abundances
in cerebrospinal fluid samples from 56 CFS subjects were clustered. B. Two - dimensional unsupervised clustering
by CFS questionnaire responses and peptide ion abundances generated a heat map with apparent relationships
between sets of ion peaks and clades based upon the CFS questionnaire responses. This suggests that as yet
unknown pathophysiological principles may regulate the association of CFS case designation criteria and cerebro-
spinal fluid dynamics. This work is currently under separate investigation.

cross-sectional analysis of this single popula-
tion. Cluster analysis of larger populations of
putative CFSLWIFS and CIF subjects linked to
longitudinal studies may identify specific
patient subsets or phenotypes at risk for pro-
gression to CFS.

Extent of disease is an essential component of
many illness - defining criteria. The need to
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define the severity of each of the minor criteria
to meet CFS case designation has been a miss-
ing element in disease evaluation [5]. More
standardized definitions of the CFS ancillary cri-
teria would be of value to increase the positive
and negative predictive value of questions
used for history taking and other question-
naires. For example, inquiries about migraine
with and without aura [24] and tension head-
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aches [40] would provide information that
could modify treatment plans compared to sim-
ply asking if new onset headaches had devel-
oped since the beginning of the fatigue [1].
Parallel assessments of pain and tenderness
(systemic hyperalgesia and allodynia, respec-
tively) are appropriate since 5 of the ancillary
criteria may be related to chronic neuropathic
pain and central sensitization [36]. The range
of questionnaire severity grades and Sum8
should be valuable to avoid statistical ceiling
effects.

Application of the CFS Severity questionnaire to
ME, [37-39] fibromyalgia, [41, 42] multiple
chemical sensitivity [43] Gulf War lliness, [44,
45] veterans returning from Iraq and
Afghanistan with traumatic brain injury and
posttraumatic stress disorder, [46-49] and
other allied illnesses may provide a basis for
identifying common symptomatic trends and
potentially pathophysiological mechanisms in
these syndromes. Comparisons to post-infec-
tious, post-chemotherapy, post-lupus, major
depression, cachexia, elderly and other fatigue
groups are necessary to clearly define parallels
and discrepancies between CFS, CIF, psychiat-
ric and medically-related fatigue. It remains to
be determined if psychiatric (major depression)
and medical syndromes have lower ancillary
criteria severity scores, and fewer positive
symptoms than CFS subjects. This is particu-
larly important for ME where exertional exhaus-
tion, cognitive problems (“brain fog”), autonom-
ic dysfunction, and other clearly defined
complaints are embedded in the case designa-
tion criteria [37-39]. Comparisons to these
groups will improve the sensitivity and specific-
ity estimates forthe CFS Severity Questionnaire.
Expansion of the system to incorporate self -
report symptom severities that complement
the necessary physician - diagnosed compo-
nents such as dyspnea, irritable bowel, bladder
and other interoceptive syndromes, and auto-
nomic features such as postural orthostatic
tachycardia syndrome may be of value for the
next iteration of ME diagnostic criteria.

At a deeper mechanistic level (Figure 5), the
severity of CFS - and ME - related symptom
complexes may help clarify the differential
diagnosis of nonpsychiatric dysesthesia, neuro-
pathic pain, cognitive, autonomic, and patterns
of dysfunction related to central sensitization
[36]. Success of fMRI, [50, 51] proteomic [6,
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19], genotyping, and other, more intensive tools
for CFS subgroup diagnosis will be enhanced if
the spectrum of CFS phenotypes, allied syn-
dromes, other potential illnesses, potential
mechanisms, and symptom severities are more
precisely defined [52]. Clinical subsets with dis-
tinct, severity - based patterns of symptoms
may offer more homogenous phenotypes for
candidate gene, epigenetic, and genome wide
association studies [20, 21].

Conclusions

The CFS Symptom Severity Questionnaire is a
handy, self-administered tool to include in
research investigations, and may be valuable in
clinical practice to assist physicians in reaching
diagnoses of CFS, ME, and related syndromes.
Although the questionnaire is subjective, it
interrogates the same subjective symptoms
that physicians question in historical examina-
tions. As such, the direct, written responses
from patients may provide cues for focusing the
history taking and so improve diagnostic accu-
racy. Future, population - based surveys and
longitudinal studies using this instrument may
identify specific phenotypic clades within heter-
ogenous HC, CFSLWIFS, CIF and CFS groups.
Long-term patterns of change for symptom
severities may identify persons and pheno-
types at risk for development or progression of
CFS. We encourage other investigators to col-
laborate using our eZhentricity system [53, 54]
to better characterize their patient populations
and the responsiveness of the questionnaire.
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