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Abstract
AIM
To investigate the cost effectiveness of routine small 
bowel biopsies (SBBs) in patients with iron deficiency 
anemia (IDA) independent of their celiac disease (CD) 
serology test results. 

METHODS
We used a state transition Markov model. Two strategies 
were compared: routine SBBs during esophagoga
stroduodenoscopy (EGD) in all patients with IDA 
regardless their celiac serology status (strategy A) 
vs  SBBs only in IDA patients with positive serology 
(strategy B). The main outcomes were quality adjusted 
life years (QALY), average cost and the incremental 
cost effectiveness ratio (ICER). One way sensitivity 
analysis was performed on all variables and two way 
sensitivity analysis on selected variables were done. In 
order to validate the results, a Monte Carlo simulation 
of 100 sample trials with 10, and an acceptability curve 
were performed.

RESULTS
Strategy A of routine SBBs yielded 19.888 QALYs with a 
cost of $218.10 compared to 19.887 QALYs and $234.17 
in strategy B. In terms of cost-effectiveness, strategy A 
was the dominant strategy, as long as the cost of SBBs 
stayed less than $67. In addition, the ICER of strategy 
A was preferable, providing the cost of biopsy stays 
under $77. Monte Carlo simulation demonstrated that 
strategy A yielded the same QALY but with lower costs 
than strategy B. 

CONCLUSION
Our model suggests that EGD with routine SBBs is a 
cost-effective approach with improved QALYs in patients 
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diagnosis and management of CD published in 2013[11] 
recommend routine SBBs during EGD in populations 
where the probability for CD is 5% or more. As the 
prevalence of CD among patients with IDA is about 
5%, duodenal biopsies and serology for tTG antibodies 
are therefore recommended[11]. In addition, the 
recently published guidelines regarding diagnosis and 
management of CD recommend that individuals who 
undergo EGD due to anemia, weight loss or diarrhea 
should have SBBs, irrespective of their serology 
status[2]. 

In the present study we compared two strategies 
in patients with IDA; routine SBBs during EGD in all 
patients regardless their celiac serology status (strategy 
A) vs SBBs only in patients with positive serology 
(strategy B). The main outcomes were quality adjusted 
life years (QALY), average cost and the incremental 
cost effectiveness ratio (ICER). In addition, we also 
looked at life expectancy (LE) and ran an acceptability 
model for our results.

MATERIALS AND METHODS
Model
We constructed a state transition Markov model[12,13] 
to evaluate whether there is an added benefit in terms 
of QALYs and ICER, as well as whether it is more cost-
effective to perform routinely SBBs in patients with 
IDA. QALY is the most common outcome unit used in 
cost-effectiveness analysis and it incorporates both 
the quality of life and life expectancy, while ICER 
is a statistic used in cost-effectiveness analysis to 
summarize the cost-effectiveness of a health care 
intervention. We compared two strategies: routine 
SBBs in all patients, referred to EGD due to IDA 
(strategy A); or screening all patients with IDA for 
CD serology and SBBs only in those patients with 
positive serology (strategy B). Three possibilities were 
analyzed: IDA patients without CD; IDA patients who 
have CD but were misdiagnosed due to negative 
serological test, and IDA patients correctly diagnosed 
with CD. Patients were placed into one of the following 
health states in each cycle of the model; (1) No CD; 
(2) CD but undiagnosed (i.e., considered healthy); (3) 
potential CD, defined as positive serology for CD but 
without villous atrophy (normal mucosa, Marsh 1 or 
2)[14]; (4) CD under normal diet; (5) CD under strict 
gluten free diet (GFD); and (6) Death.

We assumed that the gold standard for the 
diagnosis of CD is SBBs, therefore in patients who 
have normal SBBs, CD can be ruled out. 

Prevalence of CD in patients with IDA
IDA presents in 80%-90% of patients with CD and has 
been described as the sole presentation of the disease 
even in the absence of gastrointestinal symptoms[15,16]. 
The prevalence of CD among IDA patients varies 
between 1.3%-14.6% in different countries[17-19]. We 
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with IDA when the prevalence of CD is 5% or greater. 
SBBs should be a routine screening tool for CD among 
patients with IDA, regardless of their celiac antibody 
status.

Key words: Celiac disease; Iron deficiency anemia; 
Cost-effectiveness; Esophagogastroduodenoscopy; 
Markov model
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Core tip: Common practice, and currents recommen
dations are to perform celiac serology tests and 
endoscopies to iron defeciency patients. Obtaining 
duodenal biopsies is usually reserved to patients with 
positive celiac serology. We aimed to investigate the 
cost effectiveness of routine duodenal biopsies in 
each and every patient with iron deficiency anemia, 
regardless serology status. We found this strategy to 
have a higher quality adjusted life years, a lower cost 
and a higher incremental cost effectiveness ratio over 
the common strategy of selected duodenal biopsies 
strategy.

Broide E, Matalon S, Kriger-Sharabi O, Richter V, Shirin H, 
Leshno M. Cost effectiveness of routine duodenal biopsies 
in iron deficiency anemia. World J Gastroenterol 2016; 
22(34): 7813-7823  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i34/7813.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i34.7813

INTRODUCTION
Iron deficiency anemia (IDA) is a common presen
tation of celiac disease (CD) found in as many as 50% 
of the patients at the time of diagnosis[1-4]. However, 
the need for routine duodenal biopsies in IDA patients, 
independent of their celiac serology results, is still 
debated[5-8]. 

In 2000, The British Society of Gastroenterology 
guidelines recommended that in the absence of overt 
blood loss or any other obvious cause for IDA, all 
patients with IDA should undergo esophagogastro
duodenoscopy (EGD), including obtaining small 
bowel biopsies (SBBs)[9]. A decade later, the revised 
guidelines published by the same group, recom
mended that in IDA patients SBBs should be obtained 
only if celiac serology was positive or not performed[10]. 
This recommendation is based on the estimation 
that for every 330 biopsies taken from patients with 
negative celiac serology, one patient with CD would be 
diagnosed, meaning an additional cost of £35000 (in 
prices of 2011)[10]. No guidelines exist in the literature 
regarding screening for CD among those with IDA in 
the United States.

On the other hand, ACG clinical guidelines for the 



estimated a prevalence of 5% of CD in IDA with a 
range of 5%-10%.

Assumptions regarding diagnostic tests
In a systematic review of 42 studies published by 
Lewis et al[20] the pooled sensitivity and specificity of 
IgA tTG antibody test was 92.8% (95%CI: 91.9-93.6), 
and 98.1% (95%CI: 97.8-98.4) respectively. 
According to the National Institute of Clinical Excellence 
(NICE), using biopsy results as a reference (Marsh 
3 only as positive diagnosis of CD), tTG antibody 
test had a sensitivity of 87.5% (95%CI: 66.5-96.7), 
and specificity of 89.5% (95%CI: 87.0-91.6)[21]. tTG 
antibody test has been recommended to be the first 
step in screening for CD, as it is less costly than IgA 
anti endomysial antibodies, and has similar diagnostic 
value for the diagnosis and/or exclusion of CD[22,23]. In 
patients with IgA deficiency, serology based on IgG 
(IgG deamidated gliadin peptide) should be taken.

For the sensitivity analysis, we selected these 
base-case values according to those reported by 
Lewis et al[22] (sensitivity value of 93% with a range 
of 89%-96%, and specificity of 99% with a range of 
89%-99%). 

Assumption regarding the hazard ratio for mortality
During 45 years of follow-up, all-cause mortality was 
greater in persons with undiagnosed CD compared to 
those who were sero-negative for CD, with a HR of 
3.9 (95%CI: 2.0-7.5), P < 0.01[24]. Cottone et al[25] 
reported a 3.8 standardized mortality ratio (SMR) 
rate in patients with CD compared to the general 
population and this increased risk seemed to be due to 
non-Hodgkin's lymphoma. Corrao et al[26] documented 
increased SMRs of 2.5 (1.3-4.6) among patients with 
a diagnostic delay of 120 mo or more; of 2.9 (1.8-4.3) 
among patients with severe CD; and of 5.2 (3.4-7.8) 
among patients with poor adherence to a GFD[26]. 
West and others found that the overall HR for mortality 
in CD was 2.09 in the first year after diagnosis and 
declined to 1.1 after the first year of diagnosis[27]. 
Meta-analysis done by Tio et al[28] showed an increase 
risk for all-cause mortality in CD patients with an OR 
of 1.24 (95%CI: 1.19-1.3). On the contrary, other 
studies reported no excess in overall mortality in 
patients with undetected CD compared to the general 
population[29,30]. We used an HR of 1.39 in the base 
case with a range of 1.33-1.45.

Adherence rate to a gluten free diet 
There are different definitions regarding adherence 
to gluten free diet (GFD), all intrinsically linked to 
the manner in which adherence was assessed and 
measured. The rate of a GFD in CD patients for over 
a period of 10 years was reported to be between 
50%-80% while the rate of strict adherence to GFD 
ranges between 42%-91%[31,32]. We assumed that the 
annual transition probability from adherence to GFD to 

a normal diet is estimated to be 0.9 (range of 0.6-0.9), 
and that the transition probability from strict diet to 
normal diet is estimated to be 0.2 (range 0.2-0.6).

Transition probability from potential CD to mucosal 
flattening
Biagi et al[33] published the cumulative probability 
of mucosal flattening in patients with potential CD 
over a period of 24 mo. In order to extrapolate the 
transition probability for a longer time we assumed 
that cumulative incidence of mucosal flattening 
follows Weibull distribution. The parameters of the 
Weibull distribution were estimated using Nelder-Mead 
Algorithm to optimize the model parameters. For the 
Weibull distribution, the transition probability is given 
by: 1-StSt-u = 1 - exp[λt - uγexp(λtγ)]. Where u is the 
cycle time, λ is the scale parameter and γ is the shape 
parameter of the Weibull distribution.

Assumptions regarding utilities
Many CD patients suffer from persistent clinical 
symptoms and reduced health-related quality of life 
despite a strict GFD[34-36]. A Swedish study documented 
that patients with CD who had been under a GFD 
for 10 years, with variable adherence rate, had a 
calculated utility of 0.717 compared with an average 
of 0.726 for the general population[37]. We used in our 
sensitivity analysis, a utility value of 0.92 (range of 
0.90-1) for newly diagnosed CD patients, and value of 
0.99 (range 0.95-1) for CD patients after GFD. Since 
the aim of identifying CD in patients with IDA is to 
improve quality of life, we projected gains in QALYs 
and costs for the remainder of patients’ lives. This was 
accomplished by calculating remaining life expectancy 
as a function of age from the United States Life 
Tables[37]. 

Costs
We calculated costs of serology (tTG Antibody test 
only), EGD, SBBs and the cost of evaluating symptoms. 
The average payments for each coded procedure were 
based on the 2013 Medicare Fee Schedule (http://
gi.org/wp-content/uploads/2013/02/2013ACGPayment
Grid.pdf) (Table 1). According to expert’s opinion we 
assumed that about 50% (range of 30%-80%) of the 
patients with a missed diagnosis of CD, will need a 
repeat investigation. We considered the cost of such an 
investigation to be $150. The calculations neglected the 
cost of EGD complications, as the risk of perforation, 
duodenal hematoma or death is very rare. 

Assumption regarding the percentage of undiagnosed 
CD who will undergo further investigation after one year
According to expert’s opinion, we assume that 50% 
of all patients with a missed diagnosis of CD (biopsies 
were not performed during the first EGD) will need 
further investigation within the next coming year. 
In the sensitivity analysis we used a value of 50%, 
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and ranges used in sensitivity analysis in our model.

RESULTS
QALYs outcome
The strategy to obtain SBBs regardless the serological 
results (strategy A) yielded 19.888 QALY, and 
dominated the strategy of conducting SBBs only in 
patients with a positive serological test (strategy B), 
which had 19.887 QALY. Figure 1A is a Tornado plot 
showing the different parameters that had an impact on 
the incremental QALY. The most influential parameters 
on the QALY outcome were the prevalence of CD in 
IDA patients, the utility of CD and the probability of 
identifying CD due to symptoms. As demonstrated 
in the one-way sensitivity analysis figures of these 
parameters (Figure 1B-D, respectively), the dominance 
of the strategy of performing SBBs in all IDA patients 
was robust.

Cost outcome
The average cost of strategy A was $218.10 vs $234.17 
for strategy B. These results are explained by the lower 
cost of performing serological tests only in patients 
with positive CD biopsies compared to performing 
them in the whole study population. As shown in 
Figure 2A, the costs of serological tests, biopsies and 
patients’ symptoms evaluation had the greatest impact 
on the incremental average cost.

We next tested the two-way sensitivity analysis 
with the costs of serological tests and SBBs. As shown 
in Figure 2B, as long as the cost of SBBs is less than 
$67, strategy A dominates strategy B. These results 
are independent of the costs of serological test within 
the range of $60-$80. However, when the cost of SBBs 
is greater than $67, the dominant strategy depends on 
both the cost of SBBs and the cost of the serological 
tests.

ICER
Analyzing the ICER for both strategies, we found that 
strategy A was more cost effective than strategy B. 
Figure 3A demonstrates the parameters that affected 
the ICER analysis. As shown in Figure 3B, for a cost 
of biopsy less than $77, the universal SBBs strategy 
dominated (i.e., costs less with higher QALY). However, 
when the cost of biopsy was greater than $77, the 
ICER increased up to almost $3000 per QALY and 
the strategy of conducting SBBs only in patients with 
positive serology dominated.

The results of the Monte Carlo simulation (Figure 
4A) of 100 sampling trials with 10000 patients in each 
trial, demonstrate that strategy A yielded the same 
QALY with lower costs than strategy B. Finally, in order 
to verify our results, we performed an acceptability 
curve (Figure 4B). This figure demonstrates that as the 
willingness to pay for each QALY increases, the validity 
of our cost effectiveness study increases as well. For 

ranging from 30% to 80%.

Sensitivity analyses
We performed one-way sensitivity analyses on all 
variables (transition probabilities, costs, and utilities) in 
the model, and two-way sensitivity analysis on selected 
variables. One-way sensitivity analyses were performed 
in order to identify variables that had an impact on 
the decision of which strategy is the dominant one. In 
addition, we conducted a Monte Carlo simulation of 100 
sampling trials with 10000 patients. Each variable was 
tested separately to determine whether varying the 
particular variable over a broad range alters the ICER. 
In the base line analysis, we assumed a willingness-to-
pay (WTP) threshold of $50000 per QALY as being cost-
effective[38]. Table 2 summarizes the base-case values 
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Table 1  Variables costs

Variable Base Low High

Time horizon Life-time   70 100
Age of patient, yr   45   40   60
Cost of Biopsy (including 
complication)

  60   60   80

Cost of tTG Ab's test   70   60   80
Cost of evaluating symptoms 150 100 300
Cost of upper endoscopy 350 300 400
Increasing rate of cost of patient with 
undiagnosed CD

1.25    1 1.4

All costs are in 2013 (USD).

Table 2  Base-case values and ranges used in sensitivity 
analysis in our model

Variable Base Low High Ref.

Transition probability 
continuing strict diet given 
the patient was on strict 
diet1

0.90 0.60 0.90 [37,38]

Transition probability to 
normal diet from strict diet

0.20 0.20 0.60 Assumption

Transition probability 
continuing normal diet 
given the patient was on 
normal diet

0.30 0.20 0.60 Assumption

Probability finding celiac 
due to symptoms

0.20 0.10 0.40 Assumption

Prevalence of celiac in IDA 
patient

0.05 0.05 0.10 [18,20-23]

Discount rate of costs 0.03 0.00 0.05 Assumption
Specificity of serologic tests 0.99 0.89 0.99 [24-26]
Sensitivity of serologic tests 0.93 0.89 0.96 [24-26]
Utility of CD 0.92 0.90 1.00 [40-43]
Utility of GFD 0.99 0.95 1.00 Assumption
Rate of Overt CD 0.80 0.75 0.90 Assumption
of Weibull distribution 0.2686 0.26 0.29 Assumption
of Weibull distribution 1.1668 1.15 1.18 Assumption
HR mortality of CD patients 
vs general population

1.39 1.33 1.45 [29-34]

1Annual transitions probabilities. IDA: Iron deficiency anemia; CD: Celiac 
disease; GFD: Gluten free diet; HR: Hazard ratio.
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Pr finding celiac due to symptoms (0.1-0.4)

Prevalence of coeliac (0.03-0.1)

Utility of CD (0.9-1.0)

Utility of GFD (0.95-1.0)

Age (40-60)

Pr of strict diet given strict diet (0.6-0.9)

Pr of normal diet (0.2-0.6)

Pr of normal diet given normal diet (0.2-0.6)

Pr of overt (0.75-0.9)

Time Horizon (until age) (80-110)

Pr potential to overt (0.0-0.3)

0 0.5 1 1.5 2 2.5
× 10-3QALY Gained
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Figure 1  Quality adjusted life-years outcome. A: Influential parameters on the incremental quality adjusted life-years (QALY); B: One-way sensitivity analysis figure 
of the prevalence of celiac disease; C: One-way sensitivity analysis figure of the utility of celiac disease; D: One-way sensitivity analysis figure of the probability of 
diagnosing celiac disease due to symptoms. CD: Celiac disease; GFD: Gluten free diet; SBB: Small bowel biopsy.
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example, if the willingness to pay for 1 QALY is $10000 
the probability of the validity of our results would be 
approximately 98%.

DISCUSSION
The results of our model provide additional data that 
performing duodenal biopsies in patients with IDA, 
regardless of their celiac serology status or even in 
patients with IDA and negative serology, is a cost 
effective strategy with improved QALY. This strategy 
substantially dominated the strategy of performing 
SBBs only in patients with positive celiac serology. 

We applied our model to patients aged ≥ 45 years, 
but routine duodenal biopsy for a diagnosis of CD was 
found to increase diagnostic yield even in patients over 
65 years of age. (1) The role of performing routine 
endoscopic duodenal biopsies during the evaluation 
of IDA is increasingly emphasized, as the prevalence 

of CD in this population was reported to increase the 
diagnostic yield by 5%-14%[3,15]. There are several 
known macroscopic endoscopic markers for CD 
including: scalloping, mosaicism, fissuring and others[39]. 
As normal endoscopic looking mucosa does not exclude 
the diagnosis of CD, there are several new technology 
development of endoscopic tools and procedures 
proved to increase the yield of the diagnosis. These 
tools include: narrow band imaging, optical coherence 
tomography, water immersion technique, i-scan 
technology and confocal laser endomicroscopy[39-43]. 
However according to the published clinical guidelines of 
CD[11] SBB is still required for the diagnosis. Moreover, 
endoscopic lesions that may explain IDA should not 
preclude obtaining SBBs[2]. 

Recent studies have indicated that patients with 
untreated CD have significant morbidity and even 
severe complications[44]. These patients have a de
creased quality of life, as the stigma of chronic disorder 
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Figure 2  Cost outcome. A: Influential parameters on the incremental cost; B: Two-way sensitivity analysis depicting the less costly strategy, in regards to serological 
tests and small bowel biopsies prices.
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and the need for major dietary restrictions, increase 
the self-perceived burden of their illness[45]. As a 
result, in some studies, even well treated CD patients 
have failed to attain well-being compare to that of the 
general population[46,47]. The mean pre-treatment QALY 
score for the CD population in the literature was 0.66 
and increased to 0.86 after initiating a GFD. A lower 
QALY score was associated with a delay over 2 years 
since the appearance of symptoms to diagnosis[48]. 
In our study QALY had a major impact on the final 
conclusion to perform SBBs in all IDA patients.

We also demonstrated that strategy A had a better 
ICER (less total costs with more QALY) suggesting 
that conducting SBBs as a first step in all IDA 
patients followed by tTG serology in patients with ≥
Marsh 3a[11], would be a more cost effective strategy. 
However, not all CD patients have positive serology 
and lesser degree of villous atrophy is more frequently 
seen in sero-negative patients[49]. As such, there is a 
difficulty to identify this group of patients unless the 
physician maintains a high degree of clinical suspicion. 
Therefore, strategy B, of performing SBBs only in 

patients with positive serology may lead to under-
diagnosis of CD[50,51]. 

Finally, we also measured life expectancy (LE) 
without a discount rate, for the two strategies (data 
not shown). We found that for a 45 old patient with 
IDA, strategy A had a longer LE compared to strategy B, 
78.04843 years vs 78.04770 years respectively. The 
prevalence of CD in IDA patients was found to be the 
parameter with the greatest impact on LE. 

Our study has several limitations: we compared 
conducting SBBs unrelated to serological results 
assuming that the patients did not have a serological 
test, which reduced the total cost. However, in real 
practice, most patients would have had a serologic 
test done before facing the question whether or not to 
conduct an EGD with SBBs. Consequently testing the 
same outcomes, we applied our model, to a strategy 
of conducting SBBs in patients with IDA and negative 
serology. As Goddard et al[10] estimated, if the pretest 
probability of CD in patients presenting only with IDA 
is 5%, the post-test probability of CD is 0.3%. This 
means there is a need of duodenal biopsies from 
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Utility of CD (0.9-1.0)

Pr finding celiac due to symptoms (0.1-0.4)

Cost of hTTG test (60-80)

Cost of biopsy (including complication) (60-80)
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Pr of normal diet given normal diet (0.2-0.6)

Pr of normal diet (0.2-0.6)

-4.5 -4 -2.5 -1.5 -0.5 0.5
× 104ICER

Tornado analysis ICER

-3.5 -3 -2 -1.0 0

A

60 64 68 72 76

Cost of biopsy (including complication)

62 66 70 74 78 80

4000

2000

0

-2000

-4000

-6000

-8000

-10000

-12000

-14000

IC
ER

B

Figure 3  Incremental cost-effectiveness ratio outcome. A: Parameters that affected the incremental cost-effectiveness ratio (ICER) analysis; B: ICER of both 
strategies in regard to the cost of small bowel biopsies. CD: Celiac disease; GFD: Gluten free diet.
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about 330 tTG antibody-negative patients to detect 
one extra patient with CD at an estimated additional 
cost of £35000 (about $50000). If the cost of SBBs 
is $60, the additional cost would be $19800. Under 
the assumptions of our model, the average cost of 
"No SBBs" strategy was $83.1 compared to $141.1 
in the "SBBs" strategy (additional of $57.98). The 
average QALY in the "No SBBs" strategy was 19.4399 
vs 19.4412 QALY in the "SBBs" strategy. The ICER 
was $45393 per QALY, which is still considered cost-
effective (< $50000)[38]. However, when the cost of 
SBBs is higher than $60 the ICER increases and yield a 
non-cost-effective ICER. Since the cost of SBBs in our 
model was lower compared to the analysis performed 
by Goddard et al[10] we challenged our model by 
calculating SBBs with a higher cost, ranging between 
$50 to $120 (Figure 5A). Under these costs the ICER 
ranges between $37000 to $95000 per QALY. Our 
results revealed that as long as the utility of CD is less 
than 0.92, the ICER would still be under $50000 for 1 
QALY (Figure 5B). 

Our model was mainly prevalence dependent, 
and was not dependent solely on the sensitivity and 
specificity values of tTG antibodies. Therefore, we ran 
the model twice: first we used the values of sensitivity 
and specificity reported by the NICE 2012: 87% 
(95%CI: 65.3-96.6), and 96.9% (95%CI: 95.3-98.0) 
respectively. In the second run, we used the values 
used by the British Society of Gastroenterology 
guidelines for the management of IDA[10]. Analyzing 
both the Tornado plot and the sensitivity analysis in 
both cases showed stable results and proved that 
performing SBBs in IDA patients, regardless the tTG 
serology results, was still the dominant strategy. This 
model may miss potential CD patients, who will not 
be further evaluated for CD serology, due to normal 
histological findings. In these cases we presume that 
if IDA will be refractory and persistent serology for CD 
will ultimately be checked.

In conclusion our model suggests that, EGD 
with SBBs appears to be a cost-effective approach 
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with improved QALYs in patients with IDA when the 
prevalence of CD is 5% or greater. SBBs should be a 
routine screening tool for CD among patients with IDA, 
regardless of their celiac antibody status.

COMMENTS
Background
Iron deficiency anemia (IDA) is a common presentation of celiac disease (CD) 
found in as many as 50% of the patients at the time of diagnosis. However, 
the need for routine duodenal biopsies in IDA patients, independent of their 
celiac serology results, is still debated. The latest clinical guidelines for the 
diagnosis and management of CD published in 2013 recommend routine SBBs 
during upper endoscopy in when the probability for CD is 5% or more. As the 
prevalence of CD among patients with IDA is about 5%, duodenal biopsies and 
serology for tTG antibodies are therefore recommended. 

Research frontiers
According to recent studies, quality of life of celiac patients is inferior compared 
to healthy population. About 5% of IDA patients are diagnosed with CD. 
No studies were done to estimate the cost effectiveness of routine SBBs, 
regardless celiac serology status, in IDA patients in order to diagnose CD 
patients earlier and by that reduce morbidity and mortality. This is the first study 
which explore the cost effectiveness of performing routine SBBs to diagnose 
celiac in IDA patients. The authors measured, using a Markov model, quality 
adjusted life years (QALY), average cost and the incremental cost effectiveness 

ratio (ICER).

Innovations and breakthroughs
This model shows that routine SBBs, regardless of serology status, yielded 
higher QALY, lower cost and higher ICER than performing SBBs only in patients 
with positive serology. These results were valid as long as cost of SBBs stayed 
less than $67. In addition, the ICER of strategy A was preferable, providing the 
cost of biopsy stays under $77.

Applications
Upper endoscopy with routine SBBs is a cost-effective approach with improved 
QALYs in patients with IDA when the prevalence of CD is 5% or greater. SBBs 
should be a routine screening tool for CD among patients with IDA, regardless 
of their celiac antibody status.

Terminology
QALY - The most common outcome unit used in cost-effectiveness analysis is 
QALY, which incorporates both the quality of life and life expectancy. The quality 
of each health state is measured on a scale of 0 to 1 and is based on patient’s 
preferences over the health states. ICER - The incremental cost-effectiveness 
ratio is a statistic used in cost-effectiveness analysis to summarise the cost-
effectiveness of a health care intervention, defined by the difference in cost 
between two possible interventions, divided by the difference in their effect.

Peer-review
The manuscript is well written, and the idea is interesting, as it shows a novel 
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Figure 5  Incremental cost-effectiveness ratio outcome in patients with negative celiac serology. A: Parameters that affected the incremental cost-effectiveness 
ratio (ICER) analysis; B: A one way sensitivity analysis of ICER in regards to the cost of small bowel biopsies. CD: Celiac disease; GFD: Gluten free diet.
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methodological approach to the management of celiac disease, with relevant 
saving of money.
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