
original articles

 497

IMAJ • VOL 16 • August 2014

Background: The primary diagnosis of functional dyspepsia 
(FD) is made on the basis of typical symptoms and by excluding 
organic gastrointestinal diseases that cause dyspeptic symp- 
toms. However, there is difficulty reaching a diagnosis in FD. 
objectives: To assess the efficiency of the Usefulness Index 
(UI) test and history-taking in diagnosing FD.
methods: A study on acute abdominal pain conducted by the 
World Organizati on of Gast roentero logy Research Committee 
(OMGE) included 1333 patients presenting with acute abdo-
minal pain. The clinical history-taking variables (n=23) for 
each pa tient were recorded in detail using a prede fined 
structured data collection sheet, and the collected data were 
compared with the final diagnoses. 
results: The most signifi cant clinical history-taking variables 
of FD in univa riate analysis were risk ratio (RR): location of 
pain at diagnosis (RR = 5.7), location of initial pain (RR = 6.5), 
previous similar pain (RR = 4.0), duration of pain (RR = 2.9), 
previous abdominal surgery (RR = 4.1), previous abdominal 
diseases (RR = 4.0), and previous indigestion (RR = 3.1). T he 
sensi tivity of the physicians’ initial de cisi on in detecting FD was 
0.44, speci fi city 0.99 and effi ciency 0.98; UI was 0.19 and RR 
195.3. In the stepwise multivariate logistic regression analysis, 
the independent predictors of FD were the physicians’ initial 
decision (RR = 266.4), location of initial pain (RR = 3.4), duration 
of pain (RR = 3.1), previous abdominal surgery (RR = 3.7), 
previous indigestion (RR = 2.2) and vomiting (RR = 2.0). 
conclusions: The patients with upper abdominal pain initially 
and a previous history of abdominal surgery and indigestion 
tended to be at risk for FD. In these patients the UI test could 
help the clinician differentiate FD from other diagnoses of acute 
abdominal pain.
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F unctional gastrointestinal disorders are the most common 
conditions encountered in gastroenterology practice and 

constitute a significant proportion of primary care visits [1-3]. 
National surveys in Western countries have estimated that the 
prevalence of one or more functional gastrointestinal disorders, 

including functional dyspepsia and irritable bowel syndrome, is 
about 62%–69% [4,5]. Functional dyspepsia, previously called 
non-ulcer dyspepsia [6], is “a collection of symptoms” without 
evidence of an organic disease that could explain the symptoms 
[7]. FD1 is estimated to affect about 15–40% of the general popula-
tion in Western countries [6,8]. It may be accompanied by bloat-
ing, belching, nausea, or heartburn [1]. According to American 
and British national guidelines, the clinical examination is an 
essential part of the evaluation of patients with FD [9,10]. 

In 1990, Lavelle and Kanagaratnam [11] introduced the 
Usefulness Index test to assess the effectiveness of clinical obser-
vations. We have previously described the accuracy of the UI2 
test in the clinical diagnosis of acute appendicitis, acute small 
bowel obstruction, acute renal colic, and non-specific abdomi-
nal pain [12-16]. Since the diagnostic accuracy of the UI test has 
rarely been considered in functional dyspepsia, the aim of the 
present study was to investigate the contribution of this test to 
correctly diagnose functional dyspepsia in the clinical situation.

Patients and methods

Crite ria for inclu sion in this study and the diagnos tic criteria 
were established by the World Organizati on of Gast roentero logy 
Research Committee (OMGE) [17]. The study group included 
636 males (47.7%) and 697 fema les (52.3%), mean age (± SD) 
38.0 ± 22.1 years, with acute abdo minal pain of less than 7 days 
duration. Also included were patients who had been examined 
cli nically by general practitioners and were transferred to the 
study hospitals. Informed consent was obtained from the 
patients and study was approved by the Institutional Review 
Board. The clinical findings in each patient were recorded in 
de tail using a predefined structured data collection sheet [17]. 
In practi ce, the structured data sheets were collected by the 
surgeon in charge, although the same surgeon was responsible 
for the study and data collection. The selection of patients is 
described in the OMGE acute abdominal pain survey report 
[17]. Examinations of the clinical symptoms were conducted 
using the structured data collection sheets [17] and the clinical 
symptoms were graded positive (+ = dyspepsia) or nega tive (- = 
other diagnosis).

FD = functional dyspepsia
UI = use fulness index
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The final diagnosis of acute abdominal pain and FD was 
reached by considering all symptoms, signs and the results of 
laboratory tests; the diagnostic criteria are defined elsewhere 
(OMGE) [17]. The sensitivity, specificity, efficiency, likeli-
hood ratios and predictive values, and the Usefulness Index 
of the diag nos tic methods were cal culated [11,18,19]. The UI 
is defined as d x (d-r), where d is the incidence of the find-
ing in the disease (= sensitivity) and r is the incidence of the 
finding in a referen ce population (1 = specifi city). It ranges 
continuously from -1 to 1, and tests where the UI is > 0.35 are 
regarded as useful [11]. The UI is explained further by Lavelle 
and Kanagaratnam [11].

The likelihood ratio of a positive test result (LR+3) indi-
cates how many times greater the probability of a positive test 
result is among patients with FD than in subjects without FD. 
LR+ should always be larger than 1 and LR+ of a good test 
(diagnostic method) is 10 or more. The likelihood ratio of a 
negati ve test result (LR-) is the probability of a negative test 
result among patients with FD divided by the corresponding 
probability for subjects without FD. LR- should be less than 1 
and the LR- ratio of a good test is less than 0.1.

Efficiency is a measure of the potential discriminating 
effect of a test before the results of the test are known. Because 
the efficiency is dependent on the prevalence of disease, the 
estimated efficiency of the test can only be extrapola ted to 
other populations with a similar prevalence of disease.

When the test result is positive the positive predictive value 
(PV+4) of the test is the probability that a patient has the disease 
(FD). Likewise, when negative, the negative predictive value 
(PV-) of the test is the probability that a patient does not have 
the disease (FD). 

A logistic stepwise multivariate regression analysis of the 
SPSS (Scientific Package for Social Sciences, SPSS, USA) pro-
gram package was used for calculating the risk ratios of a patient 
with a given symptom to have FD. The coefficient of the multi-
variate analysis shows the relative risk of a patient with a given 
symptom or sign to have FD. All the variables presented in Table 
2 were included in the analysis as binary data, e.g., functional 
dyspepsia (1) and no FD (0).

results

The present study is based on the clinical presentation of 
1333 patients with acute abdominal pain [Table 1]. Of the 27 
patients initial ly consi de red (in the hospi tal outpatient unit) to 
have FD, the final diag nosis of FD was correct in 22 (81.5%). 
In addition, 28 patients later found to have FD were mis sed at 
the initial diagnosis. Thus, the total number of pa tients with 
FD was 50 (18 females and 32 ma les). Sensitivi ty, specifi city, 
effi ciency, LR+, LR-, PV+ and PV- values of the va rious clini-
cal symp toms and doctors’ initial decision in detecting FD are 

LR = likelihood ratio
PV = positive predictive value

sum ma rized in Table 2. It is of interest to compare the rela tive 
“usefulness” of the doctor’s initial decision and clinical symp-
toms; Table 3 shows the variables with a UI greater than 0.10. 

In FD the location of the initial pain is usually in the upper 
abdomen, and in our study the diagnostic efficiency of “the 
location of initial pain” variable was 0.65 with the UI show-
ing 0.33 and the RR5 6.5 [Table 3]. The location of pain at 
diagnosis was also classified to be in the upper abdomen. In 
our study the diagnostic efficiency of “the location of pain at 
diagnosis” variable was 0.67 with a UI of 0.30 and RR of 5.7. 
About 40% of patients with the diagnosis of FD had nausea 
and about 60% had vomiting. The vomiting variable had a 
UI of 0.11 and RR of 2.0. The duration of acute abdominal 
pain was documented as more than 12 hours in most of the 
patients with FD (42/50, 84%). The diagnostic efficiency of 
the duration of pain variable was 0.37 with a UI of 0.19 and 
RR of 2.9 [Table 3]. The intensity of the pain is usually clas-
sified as subjectively weak or moderate in most patients with 
FD, and in our study 84% of patients (42/50) had subjectively 
weak or moderate pain. Although the diagnostic sensitivity 
of the variable for intensity of pain was high, the diagnostic 
efficiency was only 0.19 with a UI of 0.002 and RR of 1.02.

Previous abdominal disease was recorded in 22/50 patients 
(44%) with FD, with a diagnostic efficiency of 0.82, UI of 0.12 

RR = relative risk

diagnosis

disease category* 
gP

n (%)
initial
n (%)

Final
n (%)

NSAP (1) 360 (41.1) 552 (41.4) 614 (46.1)

Acute appendicitis (2) 379 (43.3) 402 (30.2) 270 (20.3)

Acute cholecystitis (3) 67 (7.6) 135 (10.1) 125 (9.4)

Small bowel obstruction (4) 15 (1.7) 57 (4.3) 54 (4.1)

Functional dyspepsia (5) 1 (0.1) 27 (2.0) 50 (3.8)

Renal colic (6) 24 (2.7) 59 (4.4) 59 (4.4)

Diverticular disease (7) 0 (0.0) 13 (1.0) 19 (1.4)

Mesenteric lymphadenitis (8) 0 (0.0) 9 (0.7) 11 (0.8)

Acute pancreatitis (9) 18 (2.1) 29 (2.2) 22 (1.7)

Perf peptic ulcer (10) 6 (0.7) 6 (0.5) 9 (0.7)

Urinary tract infection (11) 0 (0.0) 10 (0.8) 22 (1.7)

Acute gyn disease (12)  4 (0.5) 12 (0.9) 15 (1.1)

Miscellaneous (13) 2 (0.2) 22 (1.7) 63 (4.7)

Total 876 (100.0) 1,333 (100.0) 1,333 (100.0)**

*The number in parentheses is the OMGE rank order 
** 457 patients with acute abdominal pain presented directly to the hospital 
for the initial diagnosis 
N = no. of patients, GP = general practitioner, NSAP = non-specific abdominal 
pain, Perf = perforated, gyn = gynecological

table 1. Distribution of diagnoses in patients with acu te abdominal pain 
accor ding to physicians’ diagnosis, initial diagnosis and final diagnosis
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= 4.0), and previous indigestion (yes, E = 0.78, UI = 0.11, RR = 
3.1). In the stepwise multivariate logistic regression analysis, the 
independent predictors of FD were the doctor’s initial decision 
(RR = 266.4), location of initial pain (RR = 3.4), duration of pain 
(RR = 3.1), previous abdominal surgery (RR = 3.7), previous 
indigestion (RR = 2.2) and vomiting (RR = 2.0) [Table 4]. 

discussion

Most studies on the value of history-taking in FD have been 
performed in patients referred for gastroscopy. The diag-
nostic efficiency of UI has rarely been investigated. One of 
the most difficult problems in diagnosing FD is the lack of 
a ‘golden standard’ [8]. To overcome this problem we calcu-
lated the sensitivity, specificity, efficiency, likelihood ratios 
and predictive values, and the UI of history-taking in FD.

The location of initial pain and at diagnosis is usually in 
the upper abdomen in FD. Pajala et al. [20] reported that in 

and RR of 4.0. About two-thirds of the patients with a diag-
nosis of FD (33/50) had experienced previous similar pain. 
About one-half of the patients with FD had undergone previ-
ous abdominal surgery (UI = 0.18, RR = 4.1). 

 The sensitivity of the general practitioners’ initial decision in 
detec ting FD was 0.44, with a specificity of 0.99 and an efficiency 
of 0.98 (UI = 0.19, RR = 195.3). The most signifi cant predic tors 
of FD in univa riate analysis were: location of pain at diagnosis 
(upper abdomen vs. other, E6 = 0.67, UI  = 0.30, RR = 5.7), loca-
tion of initial pain (upper abdomen vs. other, E = 0.65, UI = 
0.33, RR = 6.5), previous similar pain (yes, E = 0.67, UI = 0.22, 
RR = 4.0), duration of pain (> 12 hours, E = 0.37, UI = 0.19, RR 
= 2.9), previous abdominal surgery (yes, E = 0.75, UI = 0.18, RR 
= 4.1), previous abdominal diseases (yes, E = 0.82, UI = 0.12, RR 

E = efficiency

symptom e lr+ ui rr (95% ci)

Initial diagnosis 0.98 110.0 0.19 195.3 (66.3–697.0)

Location of initial pain (upper 
abdomen vs. other)

0.65 2.22 0.33 6.5 (3.2–14.2)

Location of pain at diagnosis 
(upper abdomen vs. other)

0.67 2.24 0.30 5.7 (2.9–11.9)

Previous similar pain (yes) 0.67 2.02 0.22 4.0 (2.1–7.8)

Duration of pain (> 12 hr) 0.37 1.30 0.19 2.9 (1.3–7.1)

Previous abdominal surgery (yes) 0.75  2.33 0.18 4.1 (2.2–7.6)

Previous abdominal diseases (yes) 0.82 2.59 0.12 4.0 (2.1–7.3)

Previous indigestion (yes) 0.78 2.20  0.11  3.1(1.7–5.8)

Appetite (poor) 0.29 1.18 0.11 2.3 (1.0–6.1)

Vomiting (yes) 0.58 1.43 0.11 2.0 (1.1–3.8)

RR = risk ratio, CI = confidence interval

table 3. Initial diagnosis and clinical symptoms in patients with 
FD: useful ness index (UI) > 0.10, diagnostic efficiency (E), positive 
likelihood ratios (LR+) and risk ratios (RR)

Predictor B (se) rr (95% ci)
P 
value

Doctors’ initial diagnosis 5.6 (0.6) 266.4 (83.5–1036.2) < 0.001

Location of initial pain  
(upper abdomen vs. other)

1.2 (0.4) 3.4 (1.5–8.1) < 0.01

Duration of pain (> 12 hr) 1.1 (0.5) 3.1 (1.3–9.4) < 0.05

Previous abdominal surgery (yes) 1.3 (0.4) 3.7 (1.7–8.3) < 0.01

Previous indigestion (yes) 0.8 (0.4) 2.2 (1.0–4.9) < 0.05

Vomiting (yes) 0.7 (0.4) 2.0 (0.9–4.7) 0.09

table 4. Independent predictors of functional dyspepsia as diagnosis 
of acute abdominal pain in logistic stepwise multivariate regression 
analysis

B = coefficient of the logistic regression mode standard error,  
RR = risk ratio, CI = confidence interval

symptom sens spec effic lr+ lr- Pv+ Pv-

Location of initial pain 
(upper vs. other)

0.78 0.65 0.65 2.22 0.34 0.08 0.99

Location of pain at 
diagnosis (upper vs. other)

0.74 0.67 0.67 2.24 0.39 0.08 0.99

Duration of pain (> 12 hr) 0.84 0.35 0.37 1.30 0.45 0.05 0.98

Intensity of pain (weak/
moderate)

0.84 0.16 0.19 1.002 0.99 0.04 0.96

Progression of pain 
(same/weaker pain)

0.66 0.29 0.30 0.93 0.48 0.04 0.96

Type of pain (continuous) 0.54 0.45 0.46 0.98 1.02 0.04 0.96

Aggravating factors (yes) 0.28 0.73 0.72 1.04 0.99 0.04 0.96

Relieving factors (none) 0.74 0.33 0.34 1.10 0.79 0.04 0.97

Previous similar pain (yes) 0.66 0.67 0.67 2.00 0.51 0.07 0.98

Vertigo (no) 0.96 0.03 0.06 0.99 1.33 0.04 0.95

Nausea (yes) 0.38 0.57 0.57 0.88 1.09 0.03 0.96

Vomiting (yes) 0.60 0.58 0.58 1.43 0.69 0.52 0.97

Appetite (poor) 0.86 0.27 0.29 1.18 0.52 0.04 0.98

Previous indigestion (yes) 0.44 0.80 0.78 2.20 0.70 0.08 0.97

Jaundice (no) 0.94 0.02 0.06 0.96 2.61 0.04 0.91

Bowel function (abnormal) 0.32 0.74 0.75 1.23 0.92 0.05 0.97

Micturition (normal) 0.96 0.07 0.01 1.03 0.61 0.04 0.98

Drugs for abdominal 
pain (yes)

0.16 0.96 0.93 4.44 0.87 0.15 0.97

Previous abdominal 
surgery (yes)

0.56 0.76 0.75 2.33 0.58 0.08 0.98

Previous abdominal 
diseases (yes)

0.44 0.83 0.82 2.59 0.67 0.09 0.97

Use of alcohol (no) 0.94 0.05 0.08 0.99 1.20 0.04 0.96

Initial diagnosis 0.44 0.99 0.98 110.0 0.56 0.81 0.98

table 2. Clinical symptoms at initial diagnosis of FD: sensitivity, 
specificity, diagnostic efficiency, LR+, LR-, PV+ and PV- 

The positive results for FD are in parent hesis 
Sens = sensitivity, Spec = specificity, Effic = efficiency, LR = likelihood ratio, 
PV = predictive value
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or incorrectly. Findings with high LRs will achieve that goal. 
The efficiency is also dependent on the prior probability or 
prevalence of the disease [16]. Therefore, the most compel-
ling findings of FD are location of initial pain (E = 0.65), 
previous indigestion (E = 0.78), and previous abdominal 
surgery (E = 0.75). Each has a positive likelihood ratio > 2.0 
with an RR of 3.1–6.5. 

In conclusion, the results of this study do not support a 
strong link between specific clinical symptoms and functional 
dyspepsia. However, patients with upper abdomen pain ini-
tially and a previous history of abdominal surgery and indiges-
tion tended to be at risk for FD. In these patients the Usefulness 
Index test might be an aid for the clinician to differentiate 
dyspepsia from other diagnoses. 
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only 38% of patients with an FD diagnosis had nausea and the 
diagnostic efficiency of nausea was only 0.57. Some junior doc-
tors are unaware that a patient can vomit without nausea, and 
this applies especially to adolescents and children. In our study 
60% of patients with an FD diagnosis had vomiting, and the 
diagnostic efficiency of nausea was only 0.58 with a UI of 0.11.

“Previous similar pain” means similar episodes of acute 
abdominal pain at some point in the past. The doctor should 
distinguish between these previous episodes and the present 
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and what, if anything, had been done about it. In our study 
66% of patients with an FD diagnosis had previous similar 
pain, with a diagnostic efficiency of 0.67 and UI of 0.22.

If possible, the physician should try to establish where and 
when any previous abdominal surgery was performed, the 
reason for the surgery, and whether any problems occurred 
during or after. In our study 56% of patients with an FD 
diagnosis had previous abdominal surgery, with a diagnostic 
efficiency of 0.75 and UI of 0.18.

A history-taking of a patient with acute abdominal pain 
is not complete without information about medications and 
previous abdominal diseases. In our study 44% of patients 
with an FD diagnosis had previous abdominal diseases with 
a diagnostic efficiency of 0.82 and UI of 0.12.

Some of the terms regarding FD should be considered. 
Efficiency (E) is the ability to diagnose the disease correctly 
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Rheumatoid arthritis (RA) is thought to be a T cell-mediated 
disease, based on its strong association with HLA class II 
alleles, clinical responsiveness to T cell-directed therapies, 
and the presence of CD4+ T cells in rheumatoid joints. The 
presence of anti-citrullinated protein antibodies (ACPAs) in 
RA serum and the association of these antibodies with HLA-
DR4 alleles implicate citrulline-specific autoreactive T cells 
in the development and progression of RA. To determine the 
characteristics and specificity of autoreactive T cell responses 
in RA. James et al. developed a panel of HLA-DRB1*04:01 
tetramers, selecting citrullinated peptides from synovial 
antigens and verifying their immunogenicity in DRB1*04:01-
transgenic mice. Seven tetramers were used to examine the 
ex vivo frequency and surface phenotype of citrulline-specific 
(Cit-specific) T cells in patients with RA and healthy subjects 

with DRB1*04:01 haplotypes, using a magnetic enrichment 
procedure. Cit-specific T cells were detectable in peripheral 
blood samples from both healthy subjects and RA patients. 
Compared to healthy subjects, RA patients had significantly 
higher frequencies of Cit-specific T cells, and a greater 
proportion of these cells displayed a Th1 memory phenotype. 
Among RA patients, the frequency of Cit-specific T cells was 
highest within the first 5 years after diagnosis of RA and was 
decreased in patients taking biologic agents, irrespective of 
disease duration. These findings link the presence of ACPAs 
in RA with Th1 cells specific for citrullinated epitopes and 
provide tools for disease-specific immuno-monitoring of 
autoreactive T cells. 

Arthritis Rheum 2014; 66: 1712

Eitan Israeli 

capsule

citrulline-specific th1 cells are increased in rheumatoid arthritis and their frequency is 
influenced by disease duration and therapy

Assembly of the NLRP3 inflammasome activates caspase-1 and 
mediates the processing and release of the leaderless cyto- 
kine IL-1β and thereby serves a central role in the inflammatory 
response and in diverse human diseases. Baroja-Mazo et al. 
found that upon activation of caspase-1, oligomeric NLRP3 
inflammasome particles were released from macrophages. Re- 
combinant oligomeric protein particles composed of the 
adaptor ASC or the p.D303N mutant form of NLRP3 associated 
with cryopyrin-associated periodic syndromes (CAPS) stimu- 

lated further activation of caspase-1 extracellularly, as well as 
intracellularly after phagocytosis by surrounding macrophages. The 
authors found oligomeric ASC particles in the serum of patients 
with active CAPS but not in that of patients with other inherited 
autoinflammatory diseases. These findings support a model 
whereby the NLRP3 inflammasome, acting as an extracellular 
oligomeric complex, amplifies the inflammatory response. 
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the nlrP3 inflammasome is released as a particulate danger signal that amplifies the 
inflammatory response

“the measure of a country’s greatness is its ability to retain compassion in times of crisis”
Thurgood Marshall (1908-1993), U.S. Supreme Court Justice and its first African American judge. As a lawyer Marshall was best 

known for his high success rate in arguing before the Supreme Court and for the victory in Brown v.  
Board of Education, a decision that desegregated public schools




