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Abstract

Background

Despite the rising prevalence of Inflammatory Bowel Disease (IBD), age and sex differences
in its outcomes remain understudied. We investigated age and sex differences in IBD
patients using a nationwide study in Iran, the Iranian Registry of Crohn’s and Colitis (IRCC).

Methods

The IRCC is a national registry that gathered information on adult IBD patients since 2017.
The collected data included demographic information, medication history, disease activity,
comorbidities, diagnosis age, prognosis, the extent of ulcerative colitis (UC), Crohn’s dis-
ease (CD) location, and extraintestinal manifestations. The statistical methods included the
independent Student’s t-test, Chi-square test, and binary logistic regression, using R version
4.2.2.
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Results

Among the 9,392 IBD patients, 7,496 (3,600 females) and 1,896 (808 females) had UC and
CD, respectively. Sex difference showed higher odds of active disease in the past six
months in male CD patients (OR 1.24 [95%CI 1.03, 1.49]) vs. females, but in male UC
patients, the OR was 0.85[0.78, 0.93]. Severe disease was less likely in CD patients aged
19-59 and >60 vs. <18. Similarly, UC patients <18 had lower odds of severe disease vs.
those aged 19-59 and >60.

Conclusions

This study emphasizes the importance of understanding age and sex differences in IBD out-
comes. These findings contribute to the ongoing global discussion on IBD management and
facilitate the development of targeted interventions and personalized care.

Introduction

Inflammatory Bowel Disease (IBD) is a chronic relapsing and remitting immune-mediated
inflammatory condition and presents a complex and multifaceted landscape of challenges for
affected individuals. Crohn’s disease (CD) and ulcerative colitis (UC) are the two main sub-
types of IBD [1]. Genetic predisposition, environmental factors, and shifts in lifestyle patterns
are associated with IBD occurrence [2]. Based on the results of Global Burden of Disease 2019,
in 2019, there were around 4.9 million IBD cases worldwide [3]. Moreover, the age-standard-
ized prevalence of IBD had an increasing trend in more than half of the countries [3]. How-
ever, since there is no comprehensive registry system for patients with IBD in most countries,
the exact number of people affected by IBD remains unknown. A comparison of population-
based data between East and West highlights a rapid increase in the incidence of IBD in the
East, while IBD incidence has plateaued in the West.

Moreover, there are notable distinctions in the clinical presentation and course of IBD
between these regions, with a higher proportion of patients in the East presenting with compli-
cated disease [4]. For example, CD exhibits a distinct pattern in Asia compared to the West,
with a predominant occurrence in men and a notable prevalence of perianal fistulas [5]. There-
fore, it is necessary to fully understand the epidemiology, progression, and outcomes of IBD in
a diverse population. Recent studies in Iran indicate that the prevalence and incidence of IBD
are increasing [6]. A modeling study estimated that subjects suffering from IBD in Iran would
shift from 23 thousand cases in 2017 to about 30 thousand cases in 2021, and it will increase to
about 69 thousand cases in 2035 [7].

While IBD does not discriminate based on sex or age, the disparities observed in its preva-
lence, clinical manifestations, and outcomes across different demographic groups, particularly
in terms of sex and age, have become increasingly apparent [8]. For instance, the death rate
and disability-adjusted life years of IBD are higher in females than in males [3]. Several biologi-
cal factors, such as sex hormones and sex-dependent (epi)genetic and gut microbiome
changes, could explain the sex-related differences in IBD patients. However, biological factors
cannot thoroughly explain these differences, and non-biological factors, such as different expo-
sures, access to healthcare, socioeconomic status, and quality of care, are also involved in sex
and age differences in IBD patients [8, 9].

While IBD can affect individuals of various ages, specific patterns of age involvement and
prevalence are noteworthy. IBD is more commonly diagnosed in younger individuals, and its
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peak age of onset coincides with the most productive and economically active phase of life [9].
Early-onset disease is associated with more severe forms of IBD. Also, complications of IBD
differ among different age groups [9]. For instance, a study in the United States compared the
elderly and adult groups. It revealed a lower incidence of perianal disease in the elderly than in
the adult group [10].

Despite the significant impact of age and sex differences on IBD patients, these factors have
not been studied extensively in Iran in proportion to their importance. Additionally, there is a
scarcity of published data on crucial variables like sex and age among IBD patients in our
region. Therefore, we aimed to investigate age and sex differences and their effect on the out-
comes of IBD patients in Iran by using the Iranian Registry of Crohn’s and Colitis (IRCC).
The IRCC registry provided the advantage of quantifying the differences among a large popu-
lation of IBD patients. The data collected from this registry can be used to address critical
questions, such as sex- and age-based differences in the epidemiology, clinical course, comor-
bidities, and response to current therapies among patients with IBD [11].

Methods and materials
Study design

IRCC is a prospective multi-center ongoing registry with the cooperation of more than 400
gastroenterologists from 31 provinces of Iran, which has collected information on adult
patients diagnosed with IBD since 2017. The collected data until August 1%, 2023, were consid-
ered for the current study. The diagnosis of IBD is made according to the 2015 World Gastro-
enterology guidelines based on clinical imaging, colonoscopy, and pathologic manifestations;
a detailed description of this registry was provided previously [11]. This registry collects
patient information across five domains as a minimum dataset: patient baseline information,
symptoms and quality of life, healthcare service utilization, treatment side effects, and progno-
sis, in the form of patient reports. Gastroenterologists complete a questionnaire that includes
the following information: age of diagnosis, disease subtype, history of IBD-related surgery,
extent of UC (according to the Montreal classification system) as the (ulcerative proctitis, left-
sided UC, pancolitis) CD location as the (ileum, colon, ileocolon), and extraintestinal manifes-
tations. A research assistant gathers additional information through telephone interviews,
which include demographic details, medication history, disease activity, comorbidities, health-
care service utilization, and prognosis. The current study has been performed in accordance
with the ethical standards laid down in the Declaration of Helsinki and its later amendments.
It has been approved by the Research Ethics Committee affiliated with the Tehran University
of Medical Sciences, Tehran, Iran (IR TUMS.EMRI.REC.1401.152). All persons gave their
informed consent before their inclusion in the study. The consent was primarily obtained
through a verbal consent process at the first telephonic interview. The process included an
explanation of the study’s purpose, potential risks and benefits, participant rights, and an
opportunity for participants to ask questions. For participants under 18, explicit consent was
obtained from their parents or legal guardians by providing the necessary information (includ-
ing the nature of the study, its purpose, and any potential risks associated with their child’s par-
ticipation) to parents or guardians. The authors of the current study did not have access to
information that could identify individual participants either during or after the data collection
process. S1 Checklist illustrates filled the STROBE checklist.

Definitions

Study population and cohort characteristics have been described previously [11]. Disease activ-
ity during the previous six months was evaluated via the Manitoba IBD Index questionnaire,
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including a 6-level patient-reported response [12]. The IBD-control-8 questionnaire, a
patient-reported outcome measure, assessed patients’ disease activity in the previous two
weeks [13]. A score of 14 or less indicated active disease. A treatment information question-
naire was used to determine disease severity. This questionnaire was a comprehensive survey
comprising 22 questions regarding four major drug groups: steroids, immunomodulators,
5-ASA, and anti-TNF agents, commonly used by patients with inflammatory bowel disease.
The questions were administered via telephonic interviews. However, the interpretation of the
answers was considered an outcome, categorized as patient-reported outcomes. Patients who
used anti-tumor necrosis factor (anti-TNF) drugs, biologics drugs, or corticosteroids were
defined as patients with moderate to severe disease. Comorbidities were extracted from the
self-comorbidity questionnaire, inquiring about the history of heart disease, high blood pres-
sure, diabetes, kidney disease, and liver disease. We defined early-onset IBD as a disease diag-
nosis at <18 years of age and elderly-onset as a disease diagnosis at >60 years old, based on
previous studies [14, 15]. After data extraction, multiple imputation algorithms based on the
expectation-maximization (EM) algorithm were employed in cases of missing values.

Statistical analysis

Continuous variables were reported as mean * standard deviation (SD) and compared using
either independent t-tests or Wilcoxon rank-sum tests. Categorical data were presented as
numbers and percentages and compared via Chi-square or Fisher’s exact tests. Following
descriptive analysis and initial correlation in univariate form, binary logistic regression was
employed for further analyses of binary outcomes. In these comparisons, males were con-
trasted with females, and patients aged 15-59 years and those over 60 were compared to
patients under 18 years old. Statistical analyses and graph creation were conducted using R sta-
tistical software version 4.2.2. All tests were two-tailed, and statistical significance was set at

p < 0.05.

Results

Out of 10,167 IBD patients enrolled in the IRCC, 42 cases of indeterminate colitis and 733
cases of unknown diagnosis were excluded from the analysis. Among them, 7,496 cases (3,600
females) had UC, and 1,896 cases had CD (808 females) (Fig 1). The baseline characteristics of
the patients are summarized in Table 1.

Active disease during the past two weeks

Our analysis showed no statistical difference in active disease during the past two weeks
between males and females and among different age groups in CD patients (Tables 1 and 2).
Among UC patients, males were less likely to have active disease during the past two weeks,
with an odds ratio (OR) of 0.7 and a 95% Confidence interval (95%CI) between 0.52 and 0.93
compared to females. However, similar to what was observed in CD patients, no statistical dif-
ference in active disease during the past two weeks was seen among age groups in UC patients

(Fig 2).

Hospital admissions during the past three months

Our analysis revealed no statistically significant differences in this variable among different
age groups or sexes in patients with CD. Male UC patients showed no statistical difference in
hospital admission in the past three months compared to female UC patients. The odds of hos-
pital admission during the past three months were 0.67 times lower (95%CI 0.52, 0.87) in UC
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IRCC:
N=10,167
Exclude based on diagnosis:
¢ Indeterminate colitis = 42
¢ Unknown =733
Ulcerative colitis: R Crohn's disease:
N = 17,496 N =1,896
Female: Male: Female: Male:
N = 3,600 N = 3,896 N =808 N =1,088

Fig 1. Patients’ selection flowchart.

https://doi.org/10.1371/journal.pone.0304792.9001

patients between 19 and 59 years than in patients under 18. However, this association was not
seen in patients older than 60 years compared to patients under 18 years (Fig 2).

Active disease during the past six months

After logistic regression analysis, our results showed that the odds of active disease among CD
patients during the past six months were higher in males than females [OR 1.24, (95% CI 1.03,
1.49)]. No statistical difference in active disease during the past six months was seen among
age groups in CD patients. Among UC patients, males were less likely to have active disease
during the past six months [OR 0.85, (95%CI 0.78,0.93)] compared to females. Similar to CD
patients, no statistical difference in active disease during the past six months was seen among
age groups in UC patients (Fig 2).

Disease severity

We found that the difference in disease severity between male and female groups in CD
patients was not statistically significant. However, compared to CD patients under the age of
18 years, patients between 19 and 59 years [OR 0.72, (95%CI 0.54,0.94)] and older [OR 0.2,
(95%CI 0.12,0.34)] had lower odds for disease severity. Similar to CD patients, no statistical
difference was found between male and female groups in terms of disease severity, and the
odds of severe disease were lower in UC patients under the age of 18 years than in patients
between 19 and 59 years [(OR 0.65, (95%CI 0.55,0.76)] and > 60 years [OR 0.47, (95%CI 0.36,
0.62)] (Fig 2).

Comorbidities

The study found significant associations between various comorbidities and age groups
among patients with CD and UC. Older patients (above 60 years) were more likely to have
heart diseases, hypertension, diabetes mellitus, and kidney diseases compared to those under
18 years. Additionally, females generally exhibited higher odds of hypertension in both CD
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Table 1. Basic characteristics of UC and CD patients by sex.

Female Male Total
Variable Overall, UG, CD, p-value | Overall, UG, CD, p-value | Overall, UG, CD, p-value
N=4,408 | N=3,600 | N =808 N=4984 | N=3,896 N=1,88 N=9,392 | N=7,496 | N =1,896
Marital status 0.009 <0.001 <0.001
Single 806 (21%) | 635 (20%) 171 1148 (26%) | 834 (24%) 305 1904 (24%) 1478 476 (29%)
(24%) (34%) (22%)
Married 3099 (79%) 2564 535 3206 (74%) 2602 604 6305 (76%) 5166 1139
(80%) (76%) (76%) (66%) (78%) (71%)
Education 0.043 0.05 0.002
Hliterate 211 (4.8%) | 186 (52%) | 25 92 (1.8%) | 76 (2.0%) | 16 (1.5%) 303 (3.2%) | 262 (3.5%) | 41 (2.2%)
(3.1%)
Lower than 1,003 (23%) | 819 (23%) 184 874 (18%) | 707 (18%) 167 1,877 (20%) 1,526 351 (19%)
diploma (23%) (15%) (20%)
Diploma and 3,194 (72%) | 2,595 599 4,018 (81%) | 3,113 905 7,212 (77%) | 5,708 1,504
higher (72%) (74%) (80%) (83%) (76%) (79%)
Smoking <0.001 <0.001 <0.001
Never 4,318 (98%) 3,540 778 4,025 (81%) 3,174 851 8,343 (89%) 6,714 1,629
(98%) (96%) (81%) (78%) (90%) (86%)
Current smoker 61 (1.4%) | 38 (1.1%) 23 537 (11%) | 384 (9.9%) | 153 598 (6.4%) | 422 (5.6%) | 176 (9.3%)
(2.8%) (14%)
Former smoker 29 (0.7%) 22 (0.6%) | 7(0.9%) 422 (8.5%) | 338 (8.7%) | 84 (7.7%) 451 (4.8%) | 360 (4.8%) | 91 (4.8%)
Opium use 0.075 <0.001 <0.001
Never 4,391 3,589 802 4,829 (97%) 3,796 1,033 9,220 (98%) 7,385 1,835
(100%) (100%) | (99%) (97%) (95%) (99%) (97%)
Current user 13(03%) | 9(0.3%) | 4(0.5%) 94 (1.9%) | 51 (1.3%) | 43 (4.0%) 107 (1.1%) | 60 (0.8%) | 47 (2.5%)
Former user 4(<0.1%) | 2(<0.1%) | 2(0.2%) 61 (1.2%) | 49 (1.3%) | 12 (1.1%) 65 (0.7%) | 51(0.7%) | 14(0.7%)
Appendectomy 276 (6.3%) | 169 (4.7%) | 107 | <0.001 | 371(7.4%) |221(5.7%) | 150 | <0.001 | 647 (6.9%) | 390 (5.2%) | 257 (14%) | <0.001
(13%) (14%)
Age at diagnosis, 32.51 32.62 31.97 0.2 32.81 33.20 31.40 <0.001 32.67 32.92 31.64 <0.001
yr, (mean+SD) (12.74) (12.53) | (13.68) (133.30) (13.12) (13.86) (13.04) (12.84) (13.78)
Age at diagnosis <0.001 <0.001 <0.001
<=18 442 (10%) | 322(9.0%) | 120 519 (10%) | 344 (8.9%) | 175 961 (10%) | 666 (8.9%) | 295 (16%)
(15%) (16%)
19-39 2,849 (65%) 2,393 456 3,163 (64%) 2,530 633 6,012 (64%) 4,923 1,089
(67%) | (58%) (65%) (60%) (66%) (59%)
40-59 916 (21%) | 740 21%) | 176 1,023 (21%) | 820 (21%) | 203 1,939 21%) | 1,560 | 379 (21%)
(23%) (19%) (21%)
60+ 168 (3.8%) | 138 (3.8%) 30 241 (4.9%) | 190 (4.9%) | 51 (4.8%) 409 (4.4%) | 328 (4.4%) | 81 (4.4%)
(3.8%)
UC Extension
Proctitis - 390 (19%) - - 422 (19%) - - 812 (19%) -
Left sided colitis - 759 (36%) - - 713 (32%) - - 1,472 -
(34%)
Pancolitis - 946 (45%) - - 1,105 - - 2,051 -
(49%) (47%)
Crohn’s Location
Ileal - - 162 - - 219 - - 381 (35%)
(34%) (36%)
Colonic - - 114 - - 106 - - 220 (20%)
(24%) (17%)
Ileocolonic - - 197 - - 283 - - 480 (44%)
(42%) (47%)
Corticosteroids <0.001 <0.001 <0.001

(Continued)
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Table 1. (Continued)

Female Male Total
Variable Overall, UG, CD, p-value | Overall, UG, CD, p-value | Overall, UC, CD, p-value
N=4,408 N=3,600 | N=808 N=4984  N=3,896 N-=1,88 N=9,392 | N=7,496 | N =1,896
Never 2,293 (53%) 1,945 348 2,848 (58%) 2,303 545 5,141 (56%) 4,248 893 (48%)
(55%) (44%) (60%) (51%) (58%)
Current use 473 (11%) | 364 (10%) 109 515 (11%) | 393 (10%) 122 988 (11%) | 757 (10%) | 231 (12%)
(14%) (11%)
Previous use 1,539 (36%) | 1,204 335 1,525 (31%) | 1,129 396 3,064 (33%) | 2333 | 731 (39%)
(34%) (42%) (30%) (37%) (32%)
Anti-TNF agents’ <0.001 <0.001 <0.001
consumption
Never 3,512 (81%) 3,020 492 3,891 (79%) 3,249 642 7,403 (80%) 6,269 1,134
(85%) (61%) (84%) (60%) (85%) (60%)
Current use 651 (15%) | 387 (11%) 264 788 (16%) | 418 (11%) 370 1,439 (15%) | 805 (11%) | 634 (34%)
(33%) (34%)
Previous use 192 (4.4%) | 146 (4.1%) 46 253 (5.1%) | 189 (4.9%) | 64 (5.9%) 445 (4.8%) | 335 (4.5%) | 110 (5.9%)
(5.7%)
IBD- related 207 (20%) | 89 (12%) 118 <0.001 | 295 (24%) | 116 (14%) 179 <0.001 | 502 (22%) | 205(13%) | 297 (42%) | <0.001
surgery (41%) (42%)
Extraintestinal 2,426 (55%) | 2,043 383 | <0.001 2,618 (53%) | 2,108 510 | <0.001 | 5,044 (54%) | 4,151 | 893 (47%) | <0.001
manifestation (57%) (47%) (54%) (47%) (55%)
PSC 115 (2.6%) | 104 (2.9%) 11 0.014 | 167 (3.4%) | 153 (3.9%) | 14 (1.3%) | <0.001 | 282 (3.0%) | 257 (3.4%) | 25 (1.3%) | <0.001
(1.4%)
Comorbidities
Heart disease 194 (4.4%) | 143 (4.0%) 51 0.003 | 242 (4.9%) | 186 (4.8%) | 56 (5.1%) | 0.6 436 (4.6%) | 329 (4.4%) | 107 (5.6%) | 0.02
(6.3%)
Hypertension 390 (8.8%) | 320 (8.9%) 70 0.8 | 331(6.6%) | 265 (6.8%) | 66 (6.1%) | 0.4 | 721(7.7%) | 585 (7.8%) | 136 (7.2%) | 0.4
(8.7%)
Diabetes 202 (4.6%) | 167 (4.6%) 35 0.7 172 (3.5%) | 134 (3.4%) | 38 (3.5%) | >0.9 374 (4.0%) | 301 (4.0%) | 73 (3.9%) 0.7
(4.3%)
Kidney disease 148 (3.4%) | 114 (3.2%) 34 0.14 | 238 (4.8%) | 185(4.7%) | 53 (4.9%) @ 0.9 386 (4.1%) | 299 (4.0%) | 87 (4.6%) 0.2
(4.2%)
Liver disease 303 (6.9%) | 264 (7.3%) 39 0.011 | 414 (8.3%) | 352 (9.0%) | 62 (5.7%) | <0.001 | 717 (7.6%) | 616 (8.2%) | 101 (5.3%) | <0.001
(4.8%)

n (%); Mean (SD)

Pearson’s Chi-squared test; Fisher’s exact test; Welch Two Sample t-test
Pearson’s Chi-squared test; Welch Two Sample t-test; Fisher’s exact test

PSC: Primary sclerosing cholangitis

https://doi.org/10.1371/journal.pone.0304792.t001

and UC patients and higher odds of diabetes mellitus in UC patients. However, there were no
significant differences in the likelihood of heart diseases between males and females in both
CD and UC patients, and also in the likelihood of. Kidney and liver diseases between genders
in CD patients, while male UC patients had higher odds of kidney and liver diseases. More-
over, liver diseases were less likely to occur in UC patients over 60 years old compared to those
under 18 years (Fig 3).

Discussion

In this study, we evaluated age and sex differences in Iranian patients with IBD and their
effects on disease outcomes using IRCC data. We found that UC was more prevalent than CD
in our population; more males were diagnosed with CD, but it seems that UC affected females
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Table 2. Basic characteristics of UC and CD patients by age.

<=18 19-59 60+
Variable Overall, UC, CD, p-value Overall, UG, CD, p-value | Overall, UC, CD, |p-value
N =961 N=666  N=295 N =17,951 N=6,483 N =1,468 N =409 N=328 | N=81
Sex 0.028 <0.001 0.4
Female 442 (46%) 322 120 3,765 (47%) 3,133 632 (43%) 168 (41%) 138 30
(48%) | (41%) (48%) (42%) | (37%)
Male 519 (54%) | 344 175 4,186 (53%) | 3,350 | 836 (57%) 241 (59%) | 190 51
(52%) (59%) (52%) (58%) (63%)
Marital status 0.002 0.054 0.2
Single 570 (69%) 378 192 1347 (19%) | 1083 (19%) | 264 (21%) 17(5%) | 12 (4%) | 5(7%)
(66%) | (76%)
Married 255(31%) | 196 | 59 (24%) 5650 (81%) | 4669 (81%) = 981 (79%) 349 (95%) | 287 62
(34%) (96%) (93%)
Education 0.3 0.018 0.066
Illiterate 11 (1.1%) | 10(1.5%) | 1 (0.3%) 195 (2.5%) | 169 (2.6%) | 26 (1.8%) 96 (23%) | 83 (25%) 13
(16%)
Lower than diploma | 214 (22%) | 146 | 68 (23%) 1,504 (19%) | 1,253 | 251 (17%) 149 (36%) | 122 27
(22%) (19%) (37%) (33%)
Diploma and higher 736 (77%) 510 226 6,252 (79%) 5,061 1,191 164 (40%) 123 41
(77%) (77%) (78%) (81%) (38%) (51%)
Smoking 0.6 <0.001 0.002
Never 894 (93%) | 621 273 7,100 (89%) | 5838 1,262 288 (70%) | 239 49
(93%) (93%) (90%) (86%) (73%) (60%)
Current smoker 53 (5.5%) | 37 (5.6%) | 16 (5.4%) 502 (6.3%) | 362 (5.6%) | 140 (9.5%) 36 (8.8%) | 21 (6.4%) 15
(19%)
Former smoker 14 (1.5%) | 8(1.2%) | 6 (2.0%) 349 (4.4%) | 283 (4.4%) | 66 (4.5%) 85(21%) | 68 (21%) 17
(21%)
Opium use >0.9 <0.001 <0.001
Never 960 (100%) | 665 295 7,816 (98%) = 6,387 1,429 375(92%) | 314 61
(100%) (100%) (99%) (97%) (96%) (75%)
Current user 1(0.1%) 1(0.2%) 0 (0%) 78 (1.0%) 48 (0.7%) 30 (2.0%) 27 (6.6%) | 11 (3.4%) 16
(20%)
Former user 0 (0%) 0(0%) | 0(0%) 57 (0.7%) | 48(0.7%) | 9 (0.6%) 7(1.7%) | 3(0.9%) | 4(4.9%)
Appendectomy 58(6.0%) | 22 (3.3%) | 36 (12%) | <0.001 | 549 (6.9%) | 352 (5.4%) | 197 (13%) | <0.001 30 (7.3%) | 14(4.3%) | 16 | <0.001
(20%)
UC Extension
Proctitis - 54 (14%) - - 720 (19%) - - 37 (17%) -
Left sided colitis - 111 - - 1,264 - - 97 (45%) -
(29%) (34%)
Pancolitis - 221 - - 1,748 - - 80 (37%) -
(57%) (47%)
Crohn’s Location >0.9
Ileal 56 (34%) - 56 (34%) - - 289 (34%) - - 26
(47%)
Colonic 23 (14%) - 23 (14%) - - 178 (21%) - - 14
(25%)
Ileocolonic 84 (52%) - 84 (52%) - - 376 (45%) - - 15
(27%)
Corticosteroids 0.009 <0.001 0.4
Never 445 (47%) 330 115 4,387 (56%) 3,689 698 (48%) 286 (75%) 225 61
(50%) (40%) (58%) (74%) (81%)
Current use 138 (15%) | 92 (14%) | 46 (16%) 813 (10%) 635 178 (12%) 33 (8.7%) | 29 (9.5%) | 4 (5.3%)
(10.0%)
(Continued)
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Table 2. (Continued)

Variable
Previous use

Anti-TNF agents’
consumption

Never
Current use

Previous use

IBD- related surgery

having extraintestinal
manifestation

PSC
Comorbidities

Heart disease
Hypertension
Diabetes

Chronic renal disease

Liver disease

n (%); Mean (SD)

Overall,
N =961

362 (38%)

661 (70%)

242 (26%)

45 (4.7%)
71 (32%)

513 (53%)

43 (4.5%)

18 (1.9%)

24 (2.5%)

8 (0.8%)

27 (2.8%)
80 (8.3%)

<=18 19-59 60+
UC, CD, p-value Overall, UG, CD, p-value | Overall, UC, CD, p-value
N=666  N=295 N=7,951 N=6,483 | N=1,468 N =409 N=328 N=81
233 129 2,600 (33%) 2,035 565 (39%) 61 (16%) | 51 (17%) 10
(36%) (44%) (32%) (13%)
<0.001 <0.001 0.001
516 145 6,371 (81%) 5,464 907 (62%) 334 (85%) 279 55
(79%) (50%) (85%) (89%) (71%)
108 134 1,129 (14%) | 665 (10%) | 464 (32%) 46 (12%) | 29 (9.2%) 17
(16%) (46%) (22%)
32 (4.9%) | 13 (4.5%) 378 (4.8%) | 291 (4.5%) | 87 (6.0%) 12(3.1%) | 7 (2.2%) | 5(6.5%)
22 (18%) | 49 (49%) | <0.001 | 411 (21%) 174 (13%) | 237 (44%) | <0.001 | 20 (27%) 9 (18%) 11 0.011
(48%)
362 151 0.4 411 (21%) | 174 (13%) | 237 (44%) | <0.001 | 269 (66%) 219 50 0.4
(54%) (51%) (67%) (62%)
42 (6.3%) | 1(0.3%) | <0.001 | 228 (2.9%) | 206 (3.2%) | 22(1.5%) | <0.001 | 11(2.7%) | 9(2.7%) | 2(2.5%)  >0.9
11(1.7%) | 7 (24%) | 04 307 (3.9%) | 237 (3.7%) | 70 (4.8%) | 0.046 | 110 (27%) | 81(25%) | 29 0.043
(36%)
15(2.3%) | 9 (3.1%) 0.5 550 (6.9%) | 446 (6.9%) | 104 (7.1%) 0.8 143 (35%) 124 19 0.015
(38%) | (23%)
8 (1.2%) 0 (0%) 0.12 309 (3.9%) | 252 (3.9%) | 57 (3.9%) | >0.9 55 (13%) | 40 (12%) 15 0.14
(19%)
16 (2.4%) | 11 (3.7%) | 0.3 323 (4.1%) | 253 (3.9%) | 70 (4.8%) | 0.13 | 31(7.6%) |28(8.5%)  3(3.7%)| 0.14
73 (11%) | 7 (2.4%) | <0.001 | 609 (7.7%) | 525 (8.1%) | 84 (5.7%) | 0.002| 22 (5.4%) | 16 (4.9%) | 6 (7.4%) 0.4

Pearson’s Chi-squared test; Fisher’s exact test; Welch Two Sample t-test

Pearson’s Chi-squared test; Welch Two Sample t-test; Fisher’s exact test

PSC: Primary sclerosing cholangitis

https://doi.org/10.1371/journal.pone.0304792.t1002

and males approximately equally. Also, the odds of active disease in male CD patients during
the past six months were higher than in females. In contrast, female patients with UC had a
higher chance of active disease during the past two weeks and six months than male patients.
After comparing different age groups within the registry, we found that the odds of disease
severity were lower in UC and CD patients between 19 and 59 years and older than in patients
under 18. Also, patients between 19 and 59 years were at lower risk for hospital admissions
during the past three months than patients under 18.

Similar to previous studies in Iran, Asia, and the Middle East region [16], in our registry,
UC was more prevalent than CD [7496 UC patients vs. 1896 CD patients]; also, the age at diag-
nosis for UC and CD was similar. Our study’s age at diagnosis for UC and CD was 32.92 (SD:
12.84) and 31.64 (SD: 13.78), respectively. Previous studies have shown that the age of onset
was 33.6 for UC and 32.3 for CD in Iran [16]. In our study, UC seems to have a female domi-
nance pattern in Iran [16, 17], which was similar to others, while in contrast to our study, CD
shows a male dominance pattern [16].

Sex-specific variations in IBD have been documented across disease presentation, progres-
sion, complications, medical and surgical treatment approaches, adherence levels, and psycho-
social functioning [18]. Although substantial evidence supports certain aspects, conflicting
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Admissions in the past 3 months

Active disease during 6 months
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Active disease during 6 months
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Fig 2. The odds ratios for the association of age and sex with disease activity, severity, and hospitalization.
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https://doi.org/10.1371/journal.pone.0304792.g002
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Fig 3. The odds ratios for the association of age and sex with comorbidities.

https://doi.org/10.1371/journal.pone.0304792.g003

data exist for other dimensions of the condition [18]. For instance, two multi-center observa-
tional cohorts combined showed that early-onset CD exhibited a higher incidence among
males [19]. Moreover, mortality due to colorectal cancers was more frequent in male IBD
patients compared to female IBD patients [18]. In our results, in CD patients, males were more
likely to have active disease during the past six months than females, while in UC patients,
females had higher odds for active disease during the past two weeks and six months. The
potential role of sex as a sole risk factor for increased disease activity and a more complex dis-
ease course has received limited attention in existing studies and had conflicting results. In a
population-based study conducted by Romberg-Camps et al., involving the examination of
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data sets from 1,187 patients, no evidence supporting sex as a prognostic factor for severe dis-
ease progression was found.

Conversely, a longitudinal study analyzed data from 269 CD patients over 10 years and
identified male sex as an apparent risk factor for a complicated disease course [OR, 2.6, (95%
CI 1.17,5.75)] [20]. However, an examination of remission rates in relation to sex within a
large German cohort of IBD patients revealed significantly higher remission rates in male UC
patients compared to their female counterparts [21]. Similarly, a study involving a German
cohort of 1,032 CD patients arrived at a parallel conclusion, indicating that women with CD
exhibited increased disease activity compared to men [22].

Previous studies have shown that pediatric patients frequently present with more extensive
disease involvement, whereas older adults may experience a milder and more indolent course.
Also, the therapeutic approach varies significantly based on the age at onset, with a notable
preference for earlier and more frequent utilization of immunosuppressives and, to a certain
extent, biologicals, compared to patients with onset in later years, particularly evident in indi-
viduals with CD. In our findings, younger patients tended to exhibit a more aggressive disease
course, characterized by heightened disease activity compared to older patients. These differ-
ences could be attributed to age-related variations in immune response, the composition of
gut microbiota, and genetic predispositions [9, 23].

It has been shown that extraintestinal manifestations (affecting many patients) [24], such as
arthritis, skin issues, ocular manifestations, arthropathy, and osteopenia, were more prevalent
in females. Males were more likely to experience ileal disease and require ileocolic resection
more frequently [19]. Moreover, males are at higher risk for spondylitis, primary sclerosing
cholangitis (PSC), and secondary amyloidosis than females [25, 26]. A cohort study conducted
in the United States revealed that being female was identified as a risk factor for non-fistulizing
perianal CD [27]. In our study, PSC was more seen in male patients with UC than in females;
however, both sexes with CD showed approximately the same prevalence of PSC. These differ-
ences could be explained by differences in environmental factors and genetic predispositions
in different populations.

Several studies examining the impact of sex on patient responses to biologics in IBD have
produced varying results. A systematic review of 39 studies focusing on adalimumab revealed
a higher likelihood of loss of response in males, necessitating dose escalation [28]. Conversely,
a retrospective cohort analysis of 210 patients with Crohn’s disease treated with infliximab
found that males had a 66% reduced risk of clinical response failure [29]. Another study with a
smaller cohort of 47 ulcerative colitis patients treated with infliximab reported no sex-based
differences in response [30]. However, a separate investigation involving steroid-refractory
UC patients demonstrated that females, in comparison to males, had a 3.5-fold higher likeli-
hood of achieving long-term remission with infliximab [31].

To the best of our knowledge, this is the first study evaluating age and sex differences in
IBD patients in Iran within IRCC. Demographic and regional diversity, large sample size, vali-
dated and reliable questionnaires based on accepted international minimum datasets, and
reflection of real-world clinical settings are among the strengths of our study. However, our
study had several limitations. Missing data, confounding variables, and lack of access to
detailed medical records of patients both currently and before establishing a national elec-
tronic medical record system are among the limitations of our study.

Conclusion

In conclusion, our comprehensive analysis of sex and age differences in IBD patients sheds
light on multifaceted differences in disease activity, disease severity, and hospital admission
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rates between males and females and among different age groups. Recognizing these variations
is pivotal for tailoring interventions to meet the unique needs of each sex and age group, ulti-
mately improving patient outcomes and quality of life. Future research endeavors should con-
tinue to unravel the intricate interplay of biological and sociocultural factors contributing to
age- and sex-specific differences in IBD, providing a foundation for more targeted and person-
alized approaches to patient care.

Supporting information

S1 Checklist. Filled the STROBE checklist.
(PDF)

Author Contributions
Conceptualization: Sudabeh Alatab, Ozra Tabatabaei-Malazy.

Data curation: Shaghayegh Khanmohammadi, Sudabeh Alatab, Homayoon Vahedi, Fariborz
Mansour-Ghanaei, Hafez Fakheri, Farshad Sheikhesmaeili, Anahita Sadeghi, Ali Reza Sima,
Amir Anushiravan, Abbas Yazdanbod, Seyed Hamid Moosavy, Iradj Maleki, Hassan
Vosooghinia, Masoud Malekzadeh, Reza Malekzadeh.

Formal analysis: Ali Sheidaei.
Methodology: Ali Sheidaei.
Supervision: Sudabeh Alatab, Ozra Tabatabaei-Malazy.

Validation: Ali Sheidaei, Homayoon Vahedi, Fariborz Mansour-Ghanaei, Hafez Fakheri, Far-
shad Sheikhesmaeili, Anahita Sadeghi, Ali Reza Sima, Amir Anushiravan, Abbas Yazdan-
bod, Seyed Hamid Moosavy, Iradj Maleki, Hassan Vosooghinia, Masoud Malekzadeh, Reza
Malekzadeh.

Writing - original draft: Shaghayegh Khanmohammadi.

Writing - review & editing: Shaghayegh Khanmohammadi, Ali Sheidaei, Sudabeh Alatab,
Ozra Tabatabaei-Malazy, Homayoon Vahedi, Fariborz Mansour-Ghanaei, Hafez Fakheri,
Farshad Sheikhesmaeili, Anahita Sadeghi, Ali Reza Sima, Amir Anushiravan, Abbas Yaz-
danbod, Seyed Hamid Moosavy, Iradj Maleki, Hassan Vosooghinia, Masoud Malekzadeh,
Reza Malekzadeh.

References

1. Jairath V. and Feagan B.G., Global burden of inflammatory bowel disease. The Lancet Gastroenterol-
ogy & Hepatology, 2020. 5(1): p. 2—3. https://doi.org/10.1016/S2468-1253(19)30358-9 PMID:
31648974

2. Ko J.K.and Auyeung K.K., Inflammatory bowel disease: etiology, pathogenesis and current therapy.
Curr Pharm Des, 2014. 20(7): p. 1082-96. https://doi.org/10.2174/13816128113199990416 PMID:
23782147

3. RuiW,, etal, Global, regional and national burden of inflammatory bowel disease in 204 countries and
territories from 1990 to 2019: a systematic analysis based on the Global Burden of Disease Study 2019.
BMJ Open, 2023. 13(3): p. €065186. https://doi.org/10.1136/bmjopen-2022-065186 PMID: 36977543

4. MakW.Y., etal., The epidemiology of inflammatory bowel disease: East meets west. Journal of Gastro-
enterology and Hepatology, 2020. 35(3): p. 380-389. https://doi.org/10.1111/jgh.14872 PMID:
31596960

5. Yang S.K., How Does the Epidemiology of Inflammatory Bowel Disease Differ between East and West?
A Korean Perspective. Inflamm Intest Dis, 2017. 2(2): p. 95-101. https://doi.org/10.1159/000454712
PMID: 30018960

PLOS ONE | https://doi.org/10.1371/journal.pone.0304792 July 11, 2024 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304792.s001
https://doi.org/10.1016/S2468-1253%2819%2930358-9
http://www.ncbi.nlm.nih.gov/pubmed/31648974
https://doi.org/10.2174/13816128113199990416
http://www.ncbi.nlm.nih.gov/pubmed/23782147
https://doi.org/10.1136/bmjopen-2022-065186
http://www.ncbi.nlm.nih.gov/pubmed/36977543
https://doi.org/10.1111/jgh.14872
http://www.ncbi.nlm.nih.gov/pubmed/31596960
https://doi.org/10.1159/000454712
http://www.ncbi.nlm.nih.gov/pubmed/30018960
https://doi.org/10.1371/journal.pone.0304792

PLOS ONE

Age and sex differences in IBD

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Malekzadeh M.M., et al., Emerging Epidemic of Inflammatory Bowel Disease in a Middle Income Coun-
try: A Nation-wide Study from Iran. Arch Iran Med, 2016. 19(1): p. 2—15. PMID: 26702742

Olfatifar M., et al., The emerging epidemic of inflammatory bowel disease in Asia and Iran by 2035: A
modeling study. BMC Gastroenterol, 2021. 21(1): p. 204. https://doi.org/10.1186/s12876-021-01745-1
PMID: 33957874

Rustgi S.D., Kayal M., and Shah S.C., Sex-based differences in inflammatory bowel diseases: a review.
Therap Adv Gastroenterol, 2020. 13: p. 1756284820915043. https://doi.org/10.1177/
1756284820915043 PMID: 32523620

Duricova D., et al., Age-related differences in presentation and course of inflammatory bowel disease:
an update on the population-based literature. J Crohns Colitis, 2014. 8(11): p. 1351-61. https://doi.org/
10.1016/j.crohns.2014.05.006 PMID: 24951261

Keyashian K., et al., Comparative Incidence of Inflammatory Bowel Disease in Different Age Groups in
the United States. Inflamm Bowel Dis, 2019. 25(12): p. 1983-1989. https://doi.org/10.1093/ibd/izz092
PMID: 31095681

Malekzadeh M.M., et al., Iranian Registry of Crohn’s and Colitis: study profile of first nation-wide inflam-
matory bowel disease registry in Middle East. Intest Res, 2019. 17(3): p. 330-339. https://doi.org/10.
5217/ir.2018.00157 PMID: 31006228

Claral., etal., The Manitoba IBD Index: evidence for a new and simple indicator of IBD activity. Am J
Gastroenterol, 2009. 104(7): p. 1754-63. https://doi.org/10.1038/2jg.2009.197 PMID: 19455122

Bodger K., et al., Development and validation of a rapid, generic measure of disease control from the
patient’s perspective: the IBD-control questionnaire. Gut, 2014. 63(7): p. 1092—-102. https://doi.org/10.
1136/gutjnl-2013-305600 PMID: 24107590

Estevinho M.M. and Magro F., Editorial: elderly onset inflammatory bowel disease—clues from the larg-
est population-based cohort study. Alimentary Pharmacology & Therapeutics, 2023. 58(1): p. 116—
117.

Afzali A. and Katz S., Inflammatory Bowel Disease in the Baby to Baby Boomer: Pediatric and Elderly
Onset of IBD. Curr Treat Options Gastroenterol, 2018. 16(3): p. 289-305. https://doi.org/10.1007/
$11938-018-0188-9 PMID: 30006766

Safarpour A.R., Hosseini S.V., and Mehrabani D., Epidemiology of inflammatory bowel diseases in iran
and Asia; a mini review. Iran J Med Sci, 2013. 38(2 Suppl): p. 140-9. PMID: 24031103

Shayesteh A.A., et al., Epidemiological, Demographic, and Colonic Extension ofUlcerative Colitis in
Iran: A Systematic Review. Middle East J Dig Dis, 2013. 5(1): p. 29-36. PMID: 24829667

Greuter T., et al., Gender Differences in Inflammatory Bowel Disease. Digestion, 2020. 101(Suppl. 1):
p. 98—104. https://doi.org/10.1159/000504701 PMID: 31995797

Severs M., et al., Sex-Related Differences in Patients With Inflammatory Bowel Disease: Results of 2
Prospective Cohort Studies. Inflamm Bowel Dis, 2018. 24(6): p. 1298-1306. https://doi.org/10.1093/
ibd/izy004 PMID: 29688413

Mazor Y., et al., Prediction of disease complication occurrence in Crohn’s disease using phenotype and
genotype parameters at diagnosis . Journal of Crohn’s and Colitis, 2011. 5(6): p. 592-597.

Blumenstein |, et al., Female patients suffering from inflammatory bowel diseases are treated less fre-
quently with immunosuppressive medication and have a higher disease activity: A subgroup analysis of
a large multi-centre, prospective, internet-based study. Journal of Crohn’s and Colitis, 2011. 5(3): p.
203-210. https://doi.org/10.1016/j.crohns.2010.12.012 PMID: 21575882

Bokemeyer B., et al., Clinical status, psychosocial impairments, medical treatment and health care
costs for patients with inflammatory bowel disease (IBD) in Germany: An online IBD registry. Journal of
Crohn’s and Colitis, 2013. 7(5): p. 355—368. https://doi.org/10.1016/j.crohns.2012.02.014 PMID:
22503168

Pigneur B., et al., Natural history of Crohn’s disease: comparison between childhood- and adult-onset
disease. Inflamm Bowel Dis, 2010. 16(6): p. 953-61. https://doi.org/10.1002/ibd.21152 PMID:
19834970

Vavricka S.R., et al., Chronological Order of Appearance of Extraintestinal Manifestations Relative to
the Time of IBD Diagnosis in the Swiss Inflammatory Bowel Disease Cohort. Inflammatory Bowel Dis-
eases, 2015. 21(8): p. 1794-1800. https://doi.org/10.1097/MIB.0000000000000429 PMID: 26020601

Levine J.S. and Burakoff R., Extraintestinal manifestations of inflammatory bowel disease. Gastroen-
terol Hepatol (N Y), 2011. 7(4): p. 235—41. PMID: 21857821

Vavricka S.R., et al., Extraintestinal Manifestations of Inflammatory Bowel Disease. Inflamm Bowel Dis,
2015. 21(8): p. 1982-92. https://doi.org/10.1097/MIB.0000000000000392 PMID: 26154136

Peyrin-Biroulet L., et al., Perianal Crohn’s disease findings other than fistulas in a population-based
cohort. Inflamm Bowel Dis, 2012. 18(1): p. 43-8. https://doi.org/10.1002/ibd.21674 PMID: 21351216

PLOS ONE | https://doi.org/10.1371/journal.pone.0304792 July 11, 2024 14/15


http://www.ncbi.nlm.nih.gov/pubmed/26702742
https://doi.org/10.1186/s12876-021-01745-1
http://www.ncbi.nlm.nih.gov/pubmed/33957874
https://doi.org/10.1177/1756284820915043
https://doi.org/10.1177/1756284820915043
http://www.ncbi.nlm.nih.gov/pubmed/32523620
https://doi.org/10.1016/j.crohns.2014.05.006
https://doi.org/10.1016/j.crohns.2014.05.006
http://www.ncbi.nlm.nih.gov/pubmed/24951261
https://doi.org/10.1093/ibd/izz092
http://www.ncbi.nlm.nih.gov/pubmed/31095681
https://doi.org/10.5217/ir.2018.00157
https://doi.org/10.5217/ir.2018.00157
http://www.ncbi.nlm.nih.gov/pubmed/31006228
https://doi.org/10.1038/ajg.2009.197
http://www.ncbi.nlm.nih.gov/pubmed/19455122
https://doi.org/10.1136/gutjnl-2013-305600
https://doi.org/10.1136/gutjnl-2013-305600
http://www.ncbi.nlm.nih.gov/pubmed/24107590
https://doi.org/10.1007/s11938-018-0188-9
https://doi.org/10.1007/s11938-018-0188-9
http://www.ncbi.nlm.nih.gov/pubmed/30006766
http://www.ncbi.nlm.nih.gov/pubmed/24031103
http://www.ncbi.nlm.nih.gov/pubmed/24829667
https://doi.org/10.1159/000504701
http://www.ncbi.nlm.nih.gov/pubmed/31995797
https://doi.org/10.1093/ibd/izy004
https://doi.org/10.1093/ibd/izy004
http://www.ncbi.nlm.nih.gov/pubmed/29688413
https://doi.org/10.1016/j.crohns.2010.12.012
http://www.ncbi.nlm.nih.gov/pubmed/21575882
https://doi.org/10.1016/j.crohns.2012.02.014
http://www.ncbi.nlm.nih.gov/pubmed/22503168
https://doi.org/10.1002/ibd.21152
http://www.ncbi.nlm.nih.gov/pubmed/19834970
https://doi.org/10.1097/MIB.0000000000000429
http://www.ncbi.nlm.nih.gov/pubmed/26020601
http://www.ncbi.nlm.nih.gov/pubmed/21857821
https://doi.org/10.1097/MIB.0000000000000392
http://www.ncbi.nlm.nih.gov/pubmed/26154136
https://doi.org/10.1002/ibd.21674
http://www.ncbi.nlm.nih.gov/pubmed/21351216
https://doi.org/10.1371/journal.pone.0304792

PLOS ONE

Age and sex differences in IBD

28.

29.

30.

31.

Billioud V., Sandborn W.J., and Peyrin-Biroulet L., Loss of response and need for adalimumab dose
intensification in Crohn’s disease: a systematic review. Am J Gastroenterol, 2011. 106(4): p. 674—84.
https://doi.org/10.1038/ajg.2011.60 PMID: 21407178

Sprakes M.B., et al., Efficacy, tolerability, and predictors of response to infliximab therapy for Crohn’s
disease: a large single centre experience. J Crohns Colitis, 2012. 6(2): p. 143-53. https://doi.org/10.
1016/j.crohns.2011.07.011 PMID: 22325168

Gonzalez-Lama Y., et al., Open-label infliximab therapy in ulcerative colitis: a multicenter survey of
results and predictors of response. Hepatogastroenterology, 2008. 55(86—87): p. 1609-14. PMID:
19102352

Nasuno M., et al., Short- and Long-Term Outcomes of Infliximab Treatment for Steroid-Refractory
Ulcerative Colitis and Related Prognostic Factors: A Single-Center Retrospective Study. Digestion,
2017. 95(1): p. 67—-71. https://doi.org/10.1159/000452459 PMID: 28052276

PLOS ONE | https://doi.org/10.1371/journal.pone.0304792 July 11, 2024 15/15


https://doi.org/10.1038/ajg.2011.60
http://www.ncbi.nlm.nih.gov/pubmed/21407178
https://doi.org/10.1016/j.crohns.2011.07.011
https://doi.org/10.1016/j.crohns.2011.07.011
http://www.ncbi.nlm.nih.gov/pubmed/22325168
http://www.ncbi.nlm.nih.gov/pubmed/19102352
https://doi.org/10.1159/000452459
http://www.ncbi.nlm.nih.gov/pubmed/28052276
https://doi.org/10.1371/journal.pone.0304792

