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Abstract

Background: The burden of inflammatory bowel disease (IBD) hasn’t been reported in Iran. We aimed to estimate the prevalence and
incidence of IBD and its trend in Iran at national and subnational level from 1990 to 2012.

Methods: We conducted a systematic review of English and Persian databases about the epidemiology of IBD. We also collected outpa-
tient data from 17 provinces of Iran using almost all public and private referral gastroenterology clinics. Prevalence and incidence rate was
calculated at national and subnational levels. The Kriging method was used to extrapolate provinces with missing data and GPR model to
calculate time trends of rates at subnational level.

Results: We found 16 case series, two population-based studies, and two review articles. We collected 11,000 IBD cases from outpatient
databases. Among them, 9,269 (84.26%) had ulcerative colitis (UC), 1,646 (14.96%) had Crohn’s disease (CD), and 85 had intermediate
colitis (IC). A total of 5,452 (49.56%) patients were male. Mean age at diagnosis was 32.80 years (Cl: 13 — 61) for UC and 29.98 years (Cl:
11 —58) for CD. Annual incidences of IBD, UC, and CD in 2012 were 3.11, 2.70, and 0.41 per 100,000 subjects respectively. Prevalence of
IBD, UC, and CD in 2012 were 40.67, 35.52, and 5.03 per 100,000 subjects respectively. The incidence of UC and CD showed a significant
increase during t he study period (P for trend < 0.05).

Conclusions: The incidence and prevalence of IBD are increasing in Iran. Establishing a national IBD registry seems necessary for
comprehensive care of IBD patients in Iran.
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Introduction

nflammatory bowel disease (IBD) is among costly gastroin-

testinal (GI) diseases, according to the reports on the burden

of Gl diseases in the United States (USA).! Although its mor-
tality is low, its onset during early adulthood and its chronicity as
a lifelong disease lead to a significant decline in quality of life for
the patients and heavy burden on the health care system with huge
cost. For example, the second most commonly prescribed drug by
Gl specialists in USA was Mesalazin after proton pump inhibitors
and H2-blockers.2 According to the Global burden of diseases
(GBD) study, 10,576,000 people across the world were affected



by IBD that led to 3,729,100 disability-adjusted life years world-
wide in 2013.3* Furthermore, GBD study reported that 51,200
deaths were attributed to IBD in 2013.5 A nationwide study in
USA showed that the mean annual cost for each patient with
Crohn’s disease (CD) and ulcerative colitis (UC) were 8,265 $ and
5,066 $ respectively.® It was also estimated that work disability
due to IBD in Europe cost about 4.6 — 5.6 billion Euros yearly.”

IBD was known to be more prevalent and incident in North
America and North-West of Europe compared with Asia and Afri-
ca.® Incidence of IBD in Faroe Island is reported to be the highest
(83.1 per 100,000) in the world.® Also the highest reported preva-
lence in the world was based on a national study in USA (908 per
100,000).2° While in a comprehensive systematic review it was
reported that the incidence and prevalence of IBD are increasing
almost in all parts of the world,** some recent studies reported de-
creasing or stabilizing incidence of IBD in western countries,*>
in contrast to a considerable increase in IBD prevalence in Asia
and Eastern Europe.”*>%

IBD in Iran as a Middle-Eastern middle-income country with
rapid socioeconomic changes seems to have similar trends. Previ-
ous epidemiologic studies of IBD in Iran did not report its inci-
dence and prevalence nationally. Moreover, only two population-
based studies reported their cases at provincial level.*3® Naghavi
et al. estimated that the burden of Gl diseases ranked 7" among all
other diseases at national level in 2003,2 but the burden of each
Gl disease has not been calculated yet. Therefore, calculating the
national incidence and prevalence of IBD and its burden seems to
be an essential step in facing the IBD epidemic in the country. In
this study, we aimed to evaluate the prevalence and incidence of
IBD and its trend in Iran at national and subnational level from
1990 up to 2012 as part of recent ongoing studies on the burden
of Gl disease in Iran,2 which can help health policy makers for
better health planning and providing an opportunity for further
research on understanding the environmental risk factors of this
disease in Iran.

Materials and Methods

Study population

Iran is one of the largest and most populated countries in Mid-
dle East (1.65 million sg. km area) with a substantially increased
population during the 2™ half of the 20™ century approaching 78.5
million in 2014. It is a country with diverse ethnicities, more than
10 ethnic backgrounds, cemented by the Persian language and
culture, with Islam as the official religion. It has one of the highest
urban growth rates in the world (from 27 to 71%). More than two
thirds of the population is under the age of 30, with a life expec-
tancy of 73 years for men and 76 years for women. The literacy
rate is 86%. It has 31 provinces with the heterogeneous population
distribution. There are 353 Gastroenterologists in clinical practice
in the country. More than 60% of these gastroenterologists are liv-
ing in Tehran and ten big provincial capital cities. The majority of
IBD patients are treated in tertiary care centers in provincial capi-
tals and many of them are referred to Tehran as the capital with
higher skilled GI specialists and better medical services.

Case definition and diagnosis

Diagnosis of IBD was based on a combination of clinical, radio-
logical, colonoscopic, and pathologic findings and was coded as
K50 for UC, K51 for CD, and K52 for intermediate colitis (IC) ac-
cording to international coding of diseases version 10. \We catego-
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rized age in groups of 5-year intervals. For estimating incidence,
we considered age at diagnosis equal to age at disease onset.

Data sources

Systematic review

We conducted a systematic review of English (PubMed, Web of
Science, and Scopus) and Persian (IronDoc, Barakat knowledge
network system, and SID) databases on incidence, prevalence,
and epidemiology of IBD in Iran. Literature search was con-
ducted up to 9/15/2015. The search terms were chosen accord-
ing to the MeSH terms of the national library of medicine in the
USA (supplementary Table 1). By evaluating the titles, abstracts,
and full texts, we included all articles except those not related to
IBD, not conducted in Iran, case reports or animal studies, done
on age below 15, or conducted before 1990. Full texts were then
collected and only those cases-series, reviews, or population-base
studies, which reported the number of IBD patients with their de-
mographic features, were included (Figure 1).

Outpatient data

For collecting outpatient data, a questionnaire including name,
father’s name, age, sex, place of living (at the provincial level),
year of IBD diagnosis, and subtypes of IBD (UC, CD, IC) was
used. We also managed to call most gastroenterologists in active
clinical practice and invited them to participate and send us the
data. All colleagues who shared their patients’ data with us had
used accurate and up to date criteria for diagnosis of 1BD and
most of their patients were under clinical care and follow up for
more than 2 years. We finally received 12,635 patients’ data from
17 provinces. Patients who were younger than 15 years old were
excluded from our study as the study was designed for adults.
Also, those patients who were diagnosed before 1990 were ex-
cluded. As we didn’t have a unique identification code for each
patient, duplicates were found and excluded by checking similar-
ity in name, family name, father’s name, and age. After exclud-
ing duplicates, only 11,000 cases remained in our database. To
prevent false effect on our modeling, data of patients who referred
to other provinces but lived in provinces with no local data were
also omitted (Figures 2 and 3).

Statistical Analyses

We calculated the crude prevalence and incidence rate per
100,000 for outpatient data. The denominator was the national
population at risk (adults older than 15 years old). The average
annual incidence of IBD, UC, and CD were also calculated. \We
obtained national population data by sex, age group, and province
up to 2012 from the Statistical Center of Iran and used it as the
denominator for calculating incidence and prevalence.

The available dataset for analyses consisted of 543 crude inci-
dence rates for two IBD types including UC and CD. We used
attributed rates for all ages and both sex combinations from 1990
to 2012. The frequencies of incidence rates based on the number
of provinces in each year are displayed in supplementary Table 2.
For example, we had 13 provinces with incidence rates data for
CD and 9 provinces for UC in 2000. Also, we had 44 prevalence
rates at national level for two IBD types from 1990 to 2011.

Since prevalence rates were available at national level, we had
to use a statistical method for adjusting prevalence rates at subna-
tional level. Therefore, we applied a regression model for preva-
lence rates on existing national incidence rates in each year that
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Supplementary Table 1. Search terms

Mesh Terms Inflammatory Bowel Diseases
Inflammatory bowel disease; Bowel Diseases, Inflammatory; Ulcerative Colitis; Crohn’s Disease; Ileocolitis; Ileitis, Terminal;
lleitis, Regional;

Entry Terms Colitis, Granulomatous;

Enteritis, Granulomatous
Enteritis, Regional

PubMed Search terms

“inflammatory bowel diseases”’[MeSH Terms] AND ((“iran”[MeSH Terms] OR “iran”[All Fields]) OR Iranian[All Fields] OR
Iranians[All Fields] OR I.R.Iran[All Fields])

IS1, Scopus Search
Terms

(“iran” OR “Iranian” OR “Iranians” OR “I.R.Iran”) AND (Inflammatory Bowel Disease OR Bowel Diseases, Inflammatory OR
Ulcerative Colitis OR Crohn’s Disease OR lleocolitis OR lleitis, Terminal OR lleitis, Regional OR Colitis, Granulomatous OR
Enteritis, Granulomatous OR Enteritis, Regional.

730 Record

A

IBD systematic review

/\

1320 Records in Persian databases

977 Records in English databases

A

151 duplicates

A

1320 titles screened

excluded

142 Record

826 titles screened

removed

671 Record

}

!

excluded

363 duplicate

590 Abstracts screened

155 Abstracts screened

excluded

91 Record excluded

removed

30 articles were serologic
and genetic studies and
excluded

23 articles were case-
control and excluded

17 articles were clinical
trials and excluded

5 articles were other type
of studies and excluded

A 4

A4

85 full text articles assessed for

eligibility

eligibility

64 Of full text articles assessed for

28 articles were serologic
and genetic studies and

A 4

A4

studies

1 population based + 9 hospital-based

studies + 2 reviews

1 population-based + 7 hospital-based

— ——

20 studies included

Figure 1. Systematic review of English and Persian databases.

excluded

17 articles were case-
control and excluded

4 articles were clinical
trials and excluded

5 articles were other type
of studies and excluded

Supplementary Table 2: The number of provinces with data on incidence rate in each year

IBD subtype IBD subtype

Year Year

uc CD uc CD
1990 12 3 2002 14 8
1991 11 4 2003 12 8
1992 11 3 2004 15 8
1993 11 5 2005 15 6
1994 10 4 2006 15 12
1995 10 5 2007 14 9
1996 13 8 2008 15 12
1997 11 6 2009 16 16
1998 12 7 2010 16 13
1999 11 12 2011 16 13
2000 13 9 2012 16 14
2001 12 11

IBD: Inflammatory Bowel Disease; UC: Ulcerative Colitis; CD: Crohn’s Disease
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demonstrated a good correlation between incidence and preva-
lence rates (R?>= 0.76). Using the estimated coefficients of pre-
vious regression, prevalence rates at subnational level could be
computed.

Our assumption was that IBD rates had spatial and temporal
correlations between neighboring provinces and during the study
period. As mentioned before, we had incomplete rates for some of
the provinces and years. Thus, we needed prediction methods to
compute these rates in the required time span and at subnational
level. As demonstrated in supplementary Table 2, the available
number of provinces for which we had data in each year is very
few. If we wanted to use usual spatio-temporal models, we would
face many limitations in defining neighborhood and model com-
ponents. Therefore, we decided to use simpler models rather than
modifying spatio-temporal model components for this study We
also considered space and time modeling separately.

The spatial correlation was estimated by Kriging model to com-
pute rates at provincial level. The result of Kriging is the expected
value of the rates based on spatial interpolation methods for rates
at subnational level for all 31 provinces and the variance is com-
puted for every province in the country accordingly.?22

The temporal correlation in IBD rates was considered using a
Gaussian regression process method (GPR), a Bayesian method
that is flexible with data and produces unique predictions with
uncertainty intervals over time.?* GPR needs mean function and
covariance function that specifies all properties of the data. We
used a generalized linear model as a mean function that captured
the relationship between IBD rates and covariates including years
of schooling, wealth index, urbanization rate, and gastrointesti-
nal (GI) doctorate number. The first three covariates were derived
from a household expenditure (HHS) survey for our desired time
span at subnational level. The number of Gl specialists was the
cumulative number of graduated Gl doctorates in each year. The
covariance function was considered as a temporal correlation in
IBD rates. The covariance function and standard errors of Kriging
model for each data point were used to estimate the uncertainty
interval over time.?

We repeated these methods for estimating the incidence and
prevalence rates for each IBD subtype. Finally we made IBD rate
estimates at subnational and national levels for 23 years (1990
— 2012). To produce total IBD rates, we conducted a simulation
on UC and CD rates for each time province combination. This
simulation was done based on a normal distribution with mean
and standard error of IBD rates in each combination. Using simu-
lations, we drew 2.5 and 97.5 percentile of total IBD rates and
produced uncertainty interval over time.

Ethical Considerations

The final set of patients’ data was de-identified for data analysis and
report. The study was approved by the ethical committee of Digestive
Diseases Research Institute in Tehran University of Medical Science.

Results

Systematic review

By searching English and Persian databases, we found 2,297 re-
cords of which, 514 were duplicates. A total of 1,401 irrelevant
titles were excluded and 233 abstracts did not meet the inclusion
criteria. A total of 149 full texts were chosen and after consider-
ing inclusion and exclusion criteria, we collected 16 case series,
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2 population-based studies, and 2 review articles (Figure 1 and
Table 1). We also checked the references of two review articles??
to find missed papers. We attained most of the original data out
of Iranian studies. Primary data of four studies were not available.
The first one was a hospital-based study in Arak, which reported
188 IBD cases. Another one was a hospital-based study in
Kermanshah reporting 85 IBD patients. The third one was a multi-
center study in Ahwaz on 166 IBD cases and the last one was a
hospital-based study in Hormozgan province. We extracted data
from these papers considering year of the study, age groups, and
sex, but we could not merge it with our outpatient data because
we could not detect the duplicated cases. Two Iranian studies were
population-based. The first one was conducted by Zahedi et al. It
estimated the incidence of UC and CD in Kerman province to be
4.98 and 0.8 per 100,000, respectively and another one was an
IBD registry in Shiraz, which only reported the number of IBD
patients.’81® Also, two hospital-based studies reported incidence
and prevalence rate for their provinces. The first report by Fani,
et al. in center of Iran reported incidence and prevalence of 3.04
and 15.5 per 100,000 for UC in Markazi province.” The second
by Masoodi, et al. reported incidence of 3.25 per 100,000 for UC
in Hormozgan province in southern Iran.?®

Outpatient data

There were 11,000 IBD patients. A total of 9,269 (84.26%) had
UC, 1,646 (14.96%) had CD, and 85 had IC. A total of 5,452 pa-
tients (49.56%) were male. The female/male ratios were 1.01 and
1.06 for UC and CD, respectively. Mean age at diagnosis was
32.80 year (Cl: 13 — 61) for UC and 29.98 year (CI: 11 — 58) for
CD. There were no significant differences in incidence and preva-
lence between women and men. Peak age at diagnosis was in 20-
30 year age group for CD and in 30-40 year age group for UC.

Incidence

The incidence of IBD increased from 0.62 to 3.11 per 100,000
from 1990 to 2012. CD and UC incidence increased from 0.19
to 0.41 and from 0.42 to 2.70 per 100,000 in the study period,
respectively (Table 2 and Figure 4). UC and CD incidence had a
significant increase (incidence rate ratios were 6.43 for UC and
2.16 for CD: 6.0, P < 0.00). There was no significant difference
in incidence between men and women for UC and CD (P-value
> 0.05). The incidence of IBD was most common in Guilan, Ma-
zandaran, Qazvin, and Tehran with 6.19, 4.24, 4.24 and 3.88 per
100,000 respectively in 2012 (Table 2). Mean annual incidence
was calculated for each province and demonstrated in Figure 5.

Prevalence

According to our estimation, the prevalence of IBD increased
from 4.69 to 40.67 per 100,000 in 1990 to 2012. CD and UC
prevalence increased from 1.06 to 5.03 and from 3.62 to 35.52
per 100,000 during the study period, respectively (Table 3 and
Figure 6). There were no significant difference in prevalence be-
tween men and women for UC and CD. There were significant
increases in UC and CD prevalence (prevalence rate ratio for UC:
9.81 and for CD: 4.74, P < 0.001). IBD was the most prevalent
in Qazvin, Zanjan, Qom, Semnan, and Guilan with 72.56, 72.30,
67.32, 65.40, and 64.10 per 100,000, respectively in 2012 (Table
3 and Figure 7). UC/CD prevalence ratio was 3.41 in 1990, which
increased significantly to 7.06 in 2012 (P < 0.001).
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Figure 3. Data collection flow chart
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Figure 4. The trend of national incidence of UC and CD during study period.
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Figure 5. Mean annual incidence at provincial level (per 100,000).
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Figure 6. Prevalence of UC and CD during study period at national level.

Discussion

The first reports of UC in Iran appeared 30 years ago and the
authors of the first two studies claimed that CD was not existent
in Iran.®*3 The first CD cases were reported 15 years ago.®%
Thereafter, as shown in Table 1, plenty of local studies were done,
but this study is the first national and subnational report on the
incidence and prevalence of IBD, as well as its trend in Iran. We
found that the incidence of IBD, CD, and UC were 3.11, 0.41, and
2.70 per 100,000 respectively in 2012. Prevalence of IBD, CD,

10 Archives of Iranian Medicine, Volume 19, Number 1, January 2016

and UC were 40.67, 5.03, and 35.52 per 100,000 respectively in
2012.

Almost all studies in Middle Eastern countries were hospital-
based or office-based (Table 4). Only a few studies reported in-
cidence and prevalence rate. For instance, Abdul-Baki, et al.* re-
ported a higher incidence rate in Lebanon than Iran (4.9, 1.4, and
5.5 per 100,000 for UC, CD, and IBD respectively). Also the es-
timated prevalence in Lebanon was much higher than our results
(159.3 vs. 40.67). In contrary, studies from Oman (1.35/100,000)
and Kuwait (2.8/100,000) reported incidence rates for UC simi-
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Figure 7. IBD prevalence at provincial level (per 100,000)

lar to ours.** One study from central Saudi Arabia reported in-
cidence of CD as 0.94 per 100,000, which is higher than what
we found in our country.®” However, conducting multi-national
population-based studies for a better estimate of incidence and
prevalence of IBD and its geographical variation in Middle-East
is necessary. Such studies have been conducted in Eastern Asia
and Europe.5%®

The incidence and prevalence of UC and CD has a wide geo-
graphical variation across the world. Incidence of UC ranges from
0.24 per 100,000 in Thailand (Chiang Mai)* to 50 per 100,000 in
the USA.* Incidence of CD ranges from zero in Greenland® to 33
per 100,000 in USA.* Prevalence of UC in ranges from 2.42 in
Romania®® to 413 per 100,000 in USA¥® and prevalence of CD
ranges from 1.2 in Sri Lanka* to 287 per 100,000 in the USA.*¥
Summary of recent reports on incidence of IBD across the world
are demonstrated in Table 5. Our estimated UC prevalence (35.52
per 100,000) was higher than reported rates from China, Sri Lan-
ka, and Taiwan.”~** Our estimated UC prevalence was also close
to Korea and India,*“ but lower than Japan and New Zealand.*64
Our estimated CD prevalence (5.03 per 100,000) was similar to
other Asian countries, but was less than some eastern countries
such as Korea.”® In spite of higher reported rates from Western
Europe, our results were close to reports from Eastern Europe.
Also, our rates were much lower than that of USA and Canada,
but similar to central and southern American countries.

The prevalent cases of IBD in Iran based on the global burden
of diseases (GBD) 2013 study were estimated to be 37,700 and
108,200 in 1990 and 2013 respectively, with a 9.6% increase in
age-standardized prevalence rate. This estimation is much higher
than the reported prevalence of IBD in this study, but the increas-
ing trend is similar. As for IBD subtypes, the GBD study also
showed a steady trend for UC prevalence and incidence, as well as
the increasing trend for CD prevalence and incidence from 1990
to 2013. Due to the limitation in study methodology, we are re-
porting a minimum incidence of IBD in Iran. Therefore, the actual
IBD incidence and prevalence is higher than what we have report-
ed in this study. A very low UC/CD ratio and a more pronounced
increasing trend of CD in GBD 2013 study is in fact what is ex-
pected based on the experience from other regions of the world.
We will most likely observe CD incidence to approach that of UC
in Iran in near future. Also quite a high number of CD cases may
be diagnosed as UC at the onset of symptoms until the diagnosis
of CD becomes established later during the follow-up. The rate of
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CD in Iran has been increasing rapidly during the first 2 decades
of its emergence as shown in the previous reports.®2*® Therefore,
the possibility that we have underestimated the number of CDs in
the onset of IBD epidemic in Iran is probably an explanation for
higher UC/CD ratio in our study.354849

This study confirmed a rapid increase in incidence of IBD (3.6 fold)
in the last two decades corresponding with the experience observed
in the Western countries more than 50 years ago due to the progres-
sive adoption of modern lifestyle. Also, many studies in developing
and developed Asian countries such as Korea, Japan, China, Hong
Kong, Taiwan, and Lebanon, revealed a similar trend.3#4243454650
One of the most important aspects of western lifestyle that explains
this increase is the western diet characterized by overconsumption
of highly refined grains and saturated fats, over-refined sugars, ani-
mal protein, and a reduced intake of plant-based fibers. This type of
diet which is increasingly consumed in Eastern Europe, Asia and
Middle East can predispose people to IBD most likely by changing
the gut microbiota.>%® Another important aspect of modern life is
the widespread domestic food refrigeration, which was due to the
fridge ownership during the second half of the 20" century.> Other
proposed reasons were improvement in water supply, sewage, and
optimal breast feeding.*®>! In parallel, substantial improvement and
availability of infrastructures such as healthy drinking water, healthy
waste disposal, better access to electricity and gas has occurred in
Iran. Urbanization, higher rate of literacy, and better communica-
tions have been substantial. Therefore, increasing incidence of IBD
was expected in Iran due to these changes in lifestyle and improve-
ment in socioeconomic indices.

Also, the possibility of uncontrolled case identification biases
due to better availability of diagnostic facilities and improvement
of physician knowledge may have contributed to this observa-
tion.™ However, we adjusted our model for number of Gl special-
ists across the country during the study period, which showed that
this increase is not completely dependent on this issue. Moreover,
the widely observed increasing trend in IBD incidence in other
developing countries during recent decades highlights the effect
of environmental factors rather than case identification bias.

By this increase in incidence, the increasing prevalence of both
UC and CD is predictable. Additionally, early onset of IBD, better
care, and reduced mortality of IBD patients will lead to further
increase in prevalence.” This is in parallel with our findings in-
dicating a 9.81 and 4.75 fold increase in UC and CD prevalence,
respectively.



UC/CD prevalence rate ratio was 3.41 in 1990, which increased
to 7.06 in 2012, showing that the prevalence of UC is more and
has a higher pace. In Asia, it was shown that UC is more preva-
lent than CD*%5% and one review estimated that the UC/CD ratio
ranges from 1.2 to 6 in Asia.’” Moreover, UC is more prevalent
than CD in Scandinavian countries and some East European
countries, but it was demonstrated that this ratio is diminishing in
recent years.84557-62 However, in Canada, United States, Australia,
and other European countries, the prevalence and incidence of CD
is higher than UC.'*6%% |n western countries, 60 years after the
emergence of IBD, CD prevalence exceeded that of UC.213707
We expect that the prevalence of CD will increase more rapidly
and will approach that of UC in the next 20 years.

The main limitation of this study was using non population-
based data. This may lead to underestimation of the incidence and
prevalence of IBD. Another problem is that we didn’t take into
account the dead or immigrants for calculating prevalence, which
may lead to overestimation of the prevalence. The strength of our
study was collecting the largest number of Iranian IBD patients
in Iran and Middle East. Also, using GPR and spatial modeling,
we made better estimations of IBD incidence and prevalence in
provinces for which we did not have original data and this was
another strength of our study.

In conclusion, the incidence and prevalence of IBD in Iran are
growing rapidly in parallel with other developing countries, and
it will become a major health challenge in near future. Its preva-
lence and incidence were similar with Middle Eastern, Central
Asian, and East European countries and were less than Eastern
Asian, Western European, and Northern American countries. The
prevalence and incidence of both UC and CD were increasing and
it is expected that CD will surpass UC in forthcoming years. Es-
tablishing a national population-based IBD registry seems to be
necessary in lran.
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