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Abstract
The American College of Rheumatology (ACR) 2016 criteria for fibromyalgia (FM) is recommended for use in primary 
and referral setting. However, neither the ACR 2016 nor its predecessor ACR 2010 criteria have been validated in a referral 
setting. We hypothesized that the presence of higher comorbidities in the referral care setting may affect the performance of 
the ACR 2016. All patients referred to a tertiary care hospital with widespread pain for more than 3 months were screened 
using (1) the ACR 2016 criteria and (2) by a blinded expert physician (using ACR 1990 criteria). Using the ACR 1990 as 
reference standard, the sensitivity and specificity were calculated. Also, concomitant depression (BPHQ: Brief Patient Health 
Questionnaire), anxiety disorder (GAD7: Generalized Anxiety Disorder-7) and alexithymia (TAS-20: Toronto Alexithymia 
Scale-20) were screened for using standardized instruments. Other central sensitization syndromes were also screened clini-
cally. Of 147 patients (132 females; median age 36 [30–45] years, median symptom duration 4 [1–6] years), 112 met the 
ACR 1990 criteria while 93 met the ACR 2016 criteria. There was disagreement between the two criteria in 47 patients. The 
sensitivity and specificity of ACR 2016 were 71% and 60%, respectively. Patients diagnosed by ACR 2016 criteria alone, 
had higher GAD7 scores than those diagnosed by the ACR 1990 alone. However, BPHQ and TAS-20 did not differ between 
the groups. Patients diagnosed by the ACR 2016 criteria had a greater odds (OR 5.2 CI 1.3–21.7, p = 0.022) of having con-
comitant restless leg syndrome or post-traumatic stress disorder or chronic fatigue syndrome. The sensitivity/specificity of 
the ACR 2016 in tertiary settings matched those found in previous primary care-based studies. Thus, the ACR 2016 criteria 
are valid for use in the tertiary setting. However, patients diagnosed by only the ACR 2016 criteria (and not by the ACR 
1990) have high probability of having another concomitant comorbidity.
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Introduction

Fibromyalgia (FM) is characterized by widespread pain, 
fatigue, distress and various degrees of other related symp-
toms [1]. The first two objective evidences of FM being a 
distinct entity were the sleep EEG changes and the presence 
of tender points. Sleep disturbances were demonstrated in 
FM in 1975 [2]. Then tender points were established in the 
1990 ACR (American College of Rheumatology) criteria 
for FM [3]. These led to the acceptance of FM as a distinct 
disease entity [4] and made clinical trials, and medical and 
insurance reimbursements easier [5].

The tender point assessment required training and exper-
tise making the diagnosis operator dependent and unsuit-
able for use by non-experts in primary care [6]. Then there 
were patients, especially male patients, with insufficient 
number of tender points who had pure widespread pain. 
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As mentioned by the authors of the ACR 1990 criteria, 
they had proposed tender points as an objective measure 
to characterize FM. They had not wanted to dichotomize 
it into two watertight compartments based only on tender 
point counts. A patient with FM may have only eight or 
ten tender points. But the 1990 criteria seemed to enforce 
the minimum requirement of 11 tender points that was in 
essence arbitrary [6, 7]. It has been shown that patients with 
widespread pain and lesser number of tender points (< 11) 
also behave similarly as those meeting the 1990 criteria [8]. 
Also, the 1990 criteria focused only on pain and neglected 
the other associated symptoms [9].

The 2010 proposed criteria for FM replaced the tender 
points entirely with a questionnaire and therefore made it 
patient centric and suitable for use in primary care and sur-
vey settings [6]. The 2010 ACR criteria have been exten-
sively validated in the primary setting and translations to 
other languages have also been validated [10–15]. The entry 
criterion was simple without need for widespread pain. This 
led to inclusion of regional pain syndromes [16, 17] and 
possibly various psychiatric conditions associated with non-
persistent pain being diagnosed as FM. Secondly, the 2010 
criteria required the exclusion of other conditions causing 
pain which presented problems in patients with other comor-
bidities. The 2010 criteria were originally proposed as diag-
nostic criteria in primary care only. However, they became 
increasingly popular and are used in clinical practice and 
research in both primary and referral settings.

The 2016 modification of the 2010 criteria tried to correct 
the aforementioned shortcomings by specifying a minimum 
duration of 3 months of pain and also re-introducing wide-
spread pain [16]. While the original 1990 criteria defined 
widespread pain as pain above and below the diaphragm, 
right and left and central and peripheral pain, the 2016 
modification simplified it as pain in any four out of the five 
regions (the four quadrants and axial). It removed the phy-
sician assessment of the extent of somatic symptoms and 
replaced it by a summary score of three self-reported symp-
toms [18]. The 2016 modification removed the requirement 
for exclusion of other diseases and validated its use for both 
diagnosis (when administered by a physician) and classifi-
cation when used as a survey form. Despite its widespread 
adoption, the 2016 modification has never been validated in 
a tertiary referral setting. Thus, we sought to evaluate the 
performance of the 2016 criteria in the referral care setting.

We hypothesized that comorbidities such as depression, 
anxiety disorder and alexithymia would be more in the refer-
ral setting, leading to higher probability of misdiagnosis by 
the newer criteria as they do not have objective criterion 
of tender points. Depression can present with somatic pain 
[19]. Similarly, anxiety accentuates pain inference and cata-
strophizing [20]. Alexithymia is the inability to identify and 
describe emotions. Subjects with alexithymia have higher 

risk of developing chronic pain. This may in itself predis-
pose them to FM.

Our primary objective was to compare the performance 
of the 2016 criteria of FM in a tertiary care setting and our 
secondary objective was to compare depression, anxiety dis-
order and alexithymia in patients fulfilling the ACR 2016 
criteria as compared to the ACR 1990 criteria.

Methods

The study was carried out at a tertiary care referral hospi-
tal in central India. All patients were enrolled after writ-
ten informed consent. The institutional ethics committee, 
SGPGIMS, Lucknow, approved the project (IEC Code 
2016-40-DM-EXP).This was a cross-sectional study carried 
out over a period of around 18 months.

The inclusion criterion was presence of widespread pain 
for at least 3 months without a prior diagnosis of FM. The 
exclusion criteria included the presence of inflammatory 
rheumatic diseases, osteomalacia, chronic kidney or liver 
disease, uncontrolled diabetes mellitus or malignancies. 
Though exclusion of other conditions is not required by the 
2016 criteria, we did it to prevent confounding.

Data collection

All data were collected using a predesigned questionnaire 
that captured demographic data, clinical features including 
characteristics of pain, presence of comorbidities, height and 
weight. Pain characteristics included duration of pain, epi-
sodic or persistent, intensity of pain on visual analogue scale 
(0–10) and early morning stiffness. Widespread Pain Index 
(WPI) and Symptom Severity (SS) Score were obtained 
from the standard questionnaire for the 2016 criteria. Man-
ual tender point counts were performed independently by 
SA and AL to assess the interrater variability of tender point 
count and the ACR 1990 diagnosis of FMS. The tender point 
count by AL was considered for the ACR 1990 classification 
for the purpose of the study.

The ACR 2016 modified diagnostic criteria for FM was 
administered by a physician on the subjects. Then the validated 
Hindi language versions of Brief Patient Health Questionnaire 
(BPHQ) [21], Generalized Anxiety Disorder-7 (GAD7) [22] 
and Toronto Alexithymia Scale-20 (TAS20) [23] were self-
administered by the subjects. The BPHQ has nine questions 
with a score of 0–3 for each question (range 0–27). A score 
of 5–9 indicates mild depression, 10–14 moderate depression 
and > 15 severe depression. The GAD-7 has seven questions 
with scores of 0–3 per question. A score of more than seven 
implies probable anxiety disorder. The TAS-20 has 20 ques-
tions each with a score 0–3. The authors do not advocate any 
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dichotomization, but higher scores imply higher levels of 
alexithymia.

Obstructive sleep apnoea syndrome (OSA), restless legs 
syndrome (RLS), posttraumatic stress disorder (PTSD), 
chronic fatigue syndrome (CFS) and temporo-mandibular joint 
syndrome (TMJ) are associated with somatic pains of central 
origin [24] and patients were screened for these disorders by an 
expert physician (AL). PTSD was diagnosed when the patient 
reported a traumatic event prior to the onset of symptoms and 
experienced reliving/flashbacks and showed avoidance behav-
iour fulfilling DSM-IV criteria [25]. RLS and CFS were diag-
nosed through detailed history if they fulfilled their respective 
criteria [26, 27]. Definitive diagnosis of OSA requires poly-
somnography that was not possible for all patients.

Clinical examination

All patients underwent a detailed musculoskeletal exami-
nation to exclude any inflammatory arthritis. In addition, 
18-point-based tender point assessment was done. Investi-
gations included erythrocyte sedimentation rate, C-reactive 
protein, serum calcium, albumin and alkaline phosphatase. 
Additional investigations were carried out as needed to 
exclude other disease.

Final clinical diagnosis of FM based on ACR 1990 crite-
ria was made by an experienced physician (AL) with more 
than 10 years of experience in tender point assessment as 
well as the diagnosis and management of FM. Tender point 
assessments were done independently both by the primary 
assessor (SA) and the expert (AL). Patients were assessed 
by both SA and AL on the same day. The need for two asses-
sors (with different levels of experience) was felt to explore 
the variability in implementation of the ACR 1990 criteria.

Data analysis

Data analysis was done using STATA version 14. The 
normality of variables was assessed using skewness, kur-
tosis and Shapiro–Wilk W statistics. Intergroup compari-
son of medians between the subgroups was done using 
Kruskal–Wallis test, the non-parametric option for one-way 
analysis of variance. Fischer’s exact test was used for con-
tingency tables. Linear regression was used to analyse the 
predictors of pain. Interobserver reliability was evaluated 
using Cohen’s kappa for categorial data and intraclass corre-
lation coefficient for continuous variables as applicable [28].

Results

159 consecutive patients with widespread pain of more than 
3 months were screened. However, 12 had inflammatory 
rheumatic disease and were thus excluded. Among the 147 

patients, 132 were females. The median age of the patients 
was 36 (IQR 30–45) years and the median duration of symp-
toms was 4 (1–6) years. The median intensity of WPI was 
12 (9–16), the number of tender points was 15 (11–17), 
symptom severity was 6 (4–7) and the pain intensity was 
7.5 (5–9).

Of the 147 patients included in the study, 112 were diag-
nosed with FM by the expert using the ACR 1990 (refer-
ence standard), while 93 were classified as having FM by 
the ACR 2016 criteria (Table 1). While there was agree-
ment between the two assessors in 100 patients (79 FM and 
21 non-FM), there was disagreement in 47 patients with 33 
patients being classified as having FM by an expert (ACR 
1990) and another 14 by ACR 2016 alone. The Cohen’s 
kappa coefficient between ACR 1990 and ACR 2016 was 
only 0.26 (P = 0.0005), suggesting poor agreement in the 
diagnosis by the two criteria.

The tender point counts were lower (mean difference 
0.87 ± 3.42) for the primary assessor compared to the expert. 
The tender point scores had an intraclass coefficient (ICC, 
2 way mixed effects, consistency of agreement, individual 
measure) of 0.80 (0.73–0.85, P < 0.001).

The sensitivity of ACR 2016 was 71% (Table 2), while 
the specificity was 60% when the ACR 1990 was taken as the 
reference standard. Although the performance of the ACR 
2016 did not differ between males and females, it performed 
poorly among females compared to ACR 1990 (Table 1).

The patients’ FMS by ACR 1990 alone, ACR 2016 alone 
or both did not differ from those without FMS in age, dura-
tion of symptoms or body mass index. While pain, Wide-
spread Pain Index, Symptom Severity Score, Polysympto-
matic Distress Score and anxiety (GAD7) differed between 
the four groups, there was no difference in depression 
(BPHQ) or alexithymia (TAS20) (Table 3).

Table 1   Agreement and concordance of the diagnosis of fibromyalgia 
(FM) by the ACR2016 criteria versus the ACR1990 criteria, stratified 
by gender and overall

*Fisher’s exact test

Sex ACR 2016 ACR1990 Total P value*

FM No FM

Female FM 74 11 85
No FM 31 16 47 0.006
Total 105 27 132

Male FM 5 3 8
No FM 2 5 7 0.315
Total 7 8 15

Combined male 
and female

FM 79 14 93
No FM 33 21 54 0.002
Total 112 35 147
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However, on univariate analysis, pain, tender points, WPI 
score, SS score, BPHQ and GAD7 scores were significantly 
different among patients in the four groups: non-FM, FM 
by only ACR 1990, FM by both and FM by only ACR 2016 
(Table 3). Only TAS20 was not different between the groups. 
The same variables (except TAS20) were significant by mul-
tivariate analysis (data not shown).

The predictors of pain were analysed using linear 
regression (Table 4). The tender point count was the sin-
gle most important predictor of pain, followed by GAD7. 
While there were 15 patients with irritable bowel syn-
drome, there was no difference between the subgroups 
(Table  3). There were five patients with restless legs 

syndrome (RLS), nine with posttraumatic stress disorder 
(PTSD) and three with chronic fatigue syndrome (CFS). 
The presence of RLS, PTSD or CFS (Table 3) was associ-
ated with the diagnosis of FM by ACR 2016 criteria (Odds 
Ratio 5.2 CI 1.3–21.7, P = 0.022), while the presence of 
tender points was negatively associated (odds ratio 0.83 
CI 0.76–0.92 P < 0.001). Seven (7/14) patients classified 
as having FM by ACR 2016 alone, had comorbid RLS/
PTSD/CFS against none (0/33) classified as having FM 
by ACR 1990 alone, and only 6 (6/79) of those classified 
as having FM by both ACR 2016 and ACR 1990 had RLS/
PTSD/CFS (Table 3).

Table 2   Sensitivity and specificity of the ACR2016 criteria as com-
pared to the ACR1990 criteria stratified by gender and overall

Female Male Combined

Sensitivity 71% (74/105) 71% (5/7) 71% (79/112)
Specificity 59% (16/27) 63% (5/8) 60% (21/35)
Positive predictive value 87% (74/85) 63% (5/8) 85% (79/93)
Negative predictive value 34% (16/47) 71% (5/7) 39% (21/54)

Table 3   Clinical parameters and various comorbidities in patients (1) not having FM, and those diagnosed (2) exclusively by the ACR1990, (3) 
exclusively by the ACR2016 and (4) both by ACR1990 and ACR2016 criteria

Data represent median (range)
Significant P values are in bold
FM fibromyalgia, ACR​ American College of Rheumatology criteria, WPI Widespread Pain Index, SS Symptoms Severity Score, TAS-20 Toronto 
Alexithymia Score-20, BPHQ Brief Physical Health Questionnaire, GAD7 Generalized Anxiety Disorder-7, RLS restless legs syndrome, PTSD 
posttraumatic stress disorder, CFS chronic fatigue syndrome
*Comparison using Kruskal–Wallis test and Fisher’s exact test

No FMS (21) ACR1990 Only (33) By Both (79) ACR2016 only (14) P value*

Age (years) 36 (25–58) 39 (18–60) 36 (17–62) 32 (19–53) NS
Duration (month) 18 (0–120) 48 (2–360) 48 (2–240) 37 (2–120) NS
BMI 24.5 (22.3–36.2) 26.7 (19.0–31.8) 26.3 (17.4–38.2) 24.0 (17.8–29.1) NS
Pain 5.5 (1–9) 7.25 (3–10) 8 (1–10) 7 (5–10) 0.011
Tender points 2 (0–9) 14 (13–17) 17 (14–18) 4.5 (2–10) < 0.001
WP Index 6 (0–16) 11 (0–18) 14 (7–19) 11.5 (4–17) < 0.001
SS Score 4 (0–7) 4 (1–8) 7 (4–12) 6.5 (5–11) < 0.001
PSD Score 10 (2–19) 14 (6–22) 21 (12–29) 18 (12–23) < 0.001
TAS20 58 (34–71) 62 (36–77) 61 (0–90) 59.5 (44–75) NS
BPHQ 12 (0–20) 14 (0–21) 15 (2–27) 15 (9–20) NS
GAD7 9 (0–15) 11 (0–21) 13 (0–21) 13 (4–20) < 0.001
RLS (5) 1 0 2 2 NS
PTSD (9) 2 0 3 4 < 0.01
CFS (3) 1 0 1 1 NS
RLS/PTSD/CFS 4 0 6 7 P < 0.001
Not RLS/PTSD/CFS 17 33 73 7

Table 4   Predictors of pain

Variable Coefficient Standard error Significance

Tender points 0.129 0.034 < 0.001
 Widespread Pain Index 0.049 0.043 0.259
 SS Score 0.069 0.087 0.429

TAS20 (alexithymia) 0.040 0.013 0.003
 BPHQ (depression) 0.059 0.046 0.206

GAD7 (anxiety) 0.098 0.045 0.030
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Discussion

ACR 2016 classification criteria for FM in a tertiary refer-
ral setting had a sensitivity of 60% and specificity of 71% 
when using ACR 1990 as reference standard. In addition, 
anxiety and depression scores were more in those diag-
nosed by only ACR 2016 as compared to those diagnosed 
by only ACR 1990. This suggests that the two criteria 
possibly pick up different subsets of FM patients. How-
ever, there is no gold standard to tell us which criteria are 
“better”.

The development of the new classification criteria was 
necessitated by the lack of sensitivity of the 1990 criteria 
among male subjects and its dependence on tender point 
assessment which is operator dependent. Expectedly, the 
ACR 2016 criteria had similar sensitivity among both 
males and females. The low apparent specificity of the 
ACR 2016 criteria in this study could also be explained 
by the ability of the criteria to classify subjects with cen-
tral pain, but with fewer or no tender points. The original 
validation of the 2010 criteria had shown a sensitivity of 
88% [6]. Other validation studies (of the 2010 criteria on 
which the 2016 criteria were based) have shown sensitivi-
ties of 60%–96% (Table 5). Specificity in these studies has 
varied from 65% to 90%. Our sensitivity lies between these 
ranges, while specificity is slightly lower, and this seems 
to imply that the ACR 2016 does not behave much differ-
ently in referral settings.

The lower sensitivity of ACR 2016 in this study is 
mainly seen among female patients (Table  1). These 
patients who were classified as having FM by only ACR 
1990 had lower WPI as well as SS scores and lower levels 
suggesting that they may be having milder diseases with 
lower levels of overall distress and anxiety. This illus-
trates the point that the two classification systems define 
the disease differently, with ACR 1990 giving emphasis 
to peripheral allodynia (tender points), while ACR 2016 
criteria emphasize the central pain perception and distress. 
Although it may be argued that the patients classified as 
having FM by only ACR 1990 had milder disease, there 

was no difference between the groups in pain. Indeed, ten-
der points were the single most important predictor of pain 
(Table 4) followed by anxiety (GAD7), while there was no 
association between pain and Widespread Pain Index, SS 
Scale or depression (BPHQ).

FM is a heterogeneous entity with different aetiologies 
converging to a common widespread pain. Although FM is 
considered as disease of central pain augmentation, augmen-
tation of pain transmission at the periphery and spinal cord 
is also likely involved in many patients [29]. Recent studies 
have demonstrated small fibre neuropathy demonstrated by 
functional and structural (electron microscopy and immuno-
histochemistry) abnormalities in a significant proportion of 
patients otherwise classified as having fibromyalgia [30]. It 
is unclear whether these changes in patients with FM are pri-
mary or secondary to neurogenic neuro-inflammation from 
chronic pain [31]. In contrast to the above studies, Albrecht 
et al. demonstrated increased vasodilatory innervation in 
the cutaneous arteriovenous shunts of fibromyalgia patients 
[32]. Maybe the ACR 1990 criteria picks patients who have 
more of such peripheral pain generators (and hence more of 
tender points).

In contrast, the ACR 2016 has been designed to capture 
more of the central and subjective components of fibromy-
algia. As shown in Table 3, 7/14 patients diagnosed only by 
the ACR 2016 criteria had more comorbid diagnoses (RLS/
PTSD/CFS) as compared to none (0/33) diagnosed by the 
ACR 1990 only. Also, anxiety and depression scores were 
more in those diagnosed by only ACR 2016 as compared to 
those diagnosed by only ACR 1990. Our results reporting 
a higher presence of comorbidities such as RLS, CFS and 
PTSD among patients classified by only ACR 2016 crite-
ria support the notion that the ACR 2016 is more inclined 
towards central pain sensitization [33]. A recent study has 
shown that almost a fifth of FM patients also fulfil criteria 
for “partial PTSD” [34] and this strengthens our findings. 
This has led us to the above hypothesis that just like the 
pathophysiologies leading to the clinical spectrum of fibro-
myalgia are varied, the different “diagnostic” criteria for FM 
may be picking up different subsets of patients.

Table 5   Comparison with other studies validating ACR2010 criteria in different populations

Population United states [10] Japanese [13] Spanish [9] Iranian [11] Spanish [12] Present study

Criteria 2011 modification 
of ACR 2010

Japanese 
version of 
ACR2010

ACR 2010 ACR 2010 Spanish version of ACR 2010 2016 modifica-
tion of ACR 
2010

Gold standard Expert opinion ACR1990 Expert Expert ACR1990 ACR1990
Sample size 321 462 579 (294 controls) 168 (100 controls) 803 (366 controls) 147
Sensitivity 83 96 88.3 58.9 85.6% 71
Specificity 67 64 91.8 92.8 73.2 60
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This study had two assessors (for the ACR 1990) to exam-
ine the consistency of the ACR 1990 criteria. There was 
good agreement between the primary assessor and the expert 
in tender point count with the intraclass correlation coeffi-
cient of 0.80 which showed excellent consistency. Interob-
server variations in tender points can arise due to different 
reasons. While it can come from differences in the applica-
tion of pressure (which can be minimized by practice using 
weighing scales), it can also arise from miscommunication 
and misunderstanding. While standardized instructions may 
improve reliability, cognitive difficulties in fibromyalgia 
patients such as fibro fog might also impair administration 
of both tender points and questionnaires.

The major limitation of this type of study is the lack of 
a true gold standard. Most previous studies (Table 5) have 
used expert opinion, while some have used the ACR 1990. 
Though we have used the ACR 1990 criteria, it was felt that 
it was not adequate. If the 1990 criteria were more physician 
centric with emphasis on peripheral pain (tender points), 
the newer criteria were more patient centric with greater 
emphasis on the central component of pain. Thus, possi-
bly the very concept of the disease has been altered, and it 
may be incorrect to measure the performance on the ACR 
2016 based purely on the ACR 1990 criteria. Disagreement 
between physician and criteria diagnosis of FM [35] is well 
described. So until the criteria are perfected and physician 
biases removed, there will always be overdiagnosis or under-
diagnosis of FM [36].

To the best of our knowledge, this is the first evaluation 
of the 2016 criteria in a referral care setting. Though refer-
ral bias might have a role in our results, we look forward to 
other studies in referral settings to validate ours.

ACR 2016 has similar performance in referral settings 
as the ACR 2010 had in the peripheral setting. This study 
demonstrated the heterogenous nature of fibromyalgia. The 
current individual criteria may not be sufficient to capture 
all patients of fibromyalgia. This emphasizes the need to 
concurrently use the ACR 1990 and ACR 2016 criteria in 
further fibromyalgia studies. Moreover, even in a referral 
setting, combining the objectivity of the ACR 1990 with 
the subjectivity of the ACR 2016 may be more desirable. 
This study also underlines the importance of seeking out 
concurrent comorbidities such as RLS, CFS and PTSD in 
patients with fibromyalgia, especially in those not meeting 
the ACR 1990 criteria.
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