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Background: Rheumatic mitral stenosis (MS) remains a significant health concern in developing
regions. This study aimed to determine the prevalence and characteristics of rheumatic MS in
Northeastern Iran.

Material and Methods: In this cross-sectional study (2016-2020), we analyzed data from 1,035
rheumatic MS patients at two tertiary cardiology centers in Mashhad. Demographic, clinical, and
echocardiographic parameters were extracted from the registered echocardiographic database at
Mashhad University of Medical Sciences. Statistical analysis was undertaken using SPSSv22 with
appropriate tests (Chi-square, ANOVA, Kruskal-Wallis; p<0.05).

Results: The study population (mean age 50.0+13.3 years) revealed 79.3% female predominance.
Prevalence was 0.3 per 1,000 population. Concomitant valvular involvement was common: aortic
regurgitation (60.4%), mitral regurgitation (43.8%), tricuspid regurgitation (38%), and aortic
stenosis (25%). Males exhibited more severe MS (p<0.05) with greater pulmonary artery pressures
and greater need for percutaneous transvenous mitral commissurotomy (PTMC).

Conclusion: While rheumatic MS prevalence in Northeastern Iran aligns with global declining
trends, the significant female predominance contrasts with greater disease severity in males. These
findings highlight the need for: 1) comprehensive echocardiographic evaluation, 2) gender-specific
management approaches, and 3) strengthened prevention programs. The persistence of clinically
significant MS burden underlines the importance of ameliorating primary and secondary
prevention strategies in the region.

Keywords: Valvular Heart Disease, Mitral Valve Stenosis, Aortic Stenosis, Aortic Regurgitation,
Prevalence

Introduction

indicate a higher prevalence of valvular heart disease
than clinical reports suggest. This discrepancy is further

Cardiovascular diseases remain a leading cause of
mortality worldwide, accounting for over 18 million
deaths in 2019 [1]. The epidemiology of valvular heart
diseases has undergone significant changes in recent
decades [2]. Nevertheless, global epidemiological data
often lack reliability, as post-mortem evaluations
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aggevevated in underdeveloped countries, where access
to advanced diagnostic equipment and tests is limited
[3-5].

In Iran, the prevalence of rheumatic heart disease
(RHD) has been estimated at 0.02%, corresponding to
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20 cases per 100,000 individuals [6]. Among
cardiovascular diseases, treating rheumatic heart disease
incurred the highest cost, averaging around US
$4,710.78 [7]. A recent Chinese study estimates that the
prevalence of rheumatic heart disease will exceed 48
million cases by 2030, which is expected to impose a
substantial economic burden [8].

Valvular heart disease remains a significant issue in
developed countries. Although the prevalence of RHD
has diminished over the past decade, the prevalence of
degenerative valvular diseases has grown. In Europe,
aortic stenosis and mitral regurgitation are currently the
most common valvular diseases. The prevalence of
mitral valve disease rises with age, affecting
approximately 12% of individuals over the age of 75.
The primary manifestations of mitral valve disease are
regurgitation and stenosis, which can stem from various
underlying conditions. These include degenerative
changes, mitral annular calcification, both ischemic and
nonischemic cardiomyopathies, and, less frequently,
rheumatic fever. Congenital mitral valve pathologies
can also contribute to these conditions [9, 10]. Mitral
valve insufficiency accounts for only 15% of deaths due
to valvular diseases, while aortic valve diseases are
responsible for over 60% of such deaths. Aortic valve
disorders often arise from chronic heart conditions and
aging. In contrast, rheumatic heart disease is primarily
caused by infections and limited access to healthcare
[11, 12].

Although Asia’'s RHD prevalence remained 9% lower
than the global average in 2019, the region witnessed
mortality rates that were 41% greater [13]. In high-
prevalence regions, RHD is the dominant cardiovascular
disorder in young women and pregnant women, fuelling
substantial maternal and perinatal complications and
deaths [14]. Gedefaw, et al. (2023) reported that 56.5%
(95% CI: 50.9-61.9) of RHD patients in Ethiopia had
pulmonary hypertension, with 51% classified as severe
cases [15]. Another study noted that patients with RHD
face a 1-2.4% two-year cumulative risk of stroke,
equating to an annual incidence of approximately 8
strokes per 1,000 patients [16]. RHD contributes to over
10 million disability-adjusted life-years (DALYS)
annually and remains the leading cause of valvular heart
disease-related deaths worldwide [2]. In spite of its
preventable nature, RHD persists as a neglected global
health challenge, disproportionately affecting low-
income countries with limited healthcare access and
delayed diagnosis [17]. Rheumatic disease is the most
prevalent cause of mitral stenosis worldwide. Other
contributing factors include a history of chest radiation,
carcinoid heart disease, and rare hereditary metabolic
disorders, accounting for around 3% of cases [18, 19]. If
mitral valve stenosis (MS) is not properly diagnosed and
treated, it can result in elevated pressure in the left
atrium, leading to atrial enlargement. This can cause
atrial tachyarrhythmia, atrial fibrillation (AF), or flutter,
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which may result in clot formation and, subsequently,
ischemic stroke and severe neurological complications.
Chronic MS elevates pressure in the left atrium, causing
pulmonary congestion and elevated pulmonary blood
pressure. This pressure can affect the right side of the
heart, eventually causing right ventricular dysfunction
and tricuspid valve failure. Over time, symptoms such
as peripheral edema, ascites, and pleural effusion may
develop [20].

Echocardiography is a crucial tool for evaluating the
severity of mitral valve stenosis. By utilizing ultrasound
waves, echocardiography can ascertain the heart's
structure and calculate its cardiac function, enabling
precise diagnosis and proper treatment strategies [17,
21].

Understanding regional epidemiology is essential for
adopting effective treatment strategies. Recent studies in
Iran have primarily been undertaken in a single center,
limiting the generalizability of their results. Thus, this
study examine the prevalence of MS and its relationship
with patient demographics, as well as its association
with other heart valve diseases. The study was
performed over five years in two comprehensive
cardiovascular centers in the northeast of Iran.

Materials and Methods

This cross-sectional study was undertaken in the
cardiology departments of two prominent hospitals in
northeastern Iran, Imam Reza and Ghaem Hospitals,
from 2016 to 2020. Data were extracted from the
registered echocardiographic database at Mashhad
University of Medical Sciences. The checklist included
the following variables:
» Demographic data (age, gender, residential location)
* Duke activity status index (DASI)
* Echocardiographic indices (valvular condition,
stenosis, insufficiency, rheumatic involvement, area
of the mitral and aortic valve (MVA, AVA), rhythm,
heart rate, body surface area (BSA), left ventricle
ejection fraction (LVEF), pulmonary artery pressure
(PAP), Percutaneous Trans-Mitral Commissurotomy
score (PTMC score), also known as the Wilkins score)
Patients diagnosed with rheumatic MS between 2016
and 2020 were eligible for inclusion. We excluded
individuals with incomplete medical records or severe
non-cardiac comorbidities—such as advanced chronic
obstructive pulmonary disease or end-stage renal
disease—which could adversely affect
echocardiographic indices, DASI scores, or overall
cardiovascular  function. Further, patients whose
echocardiographic images were of insufficient quality
for accurate measurements (e.g., MVA, LVEF, PAP)
were excluded, as consistent and reliable imaging is
critical for robust analysis.
SPSS version 22 and Microsoft Excel were employed
for data analysis and chart creation. Chi-square tests
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were utilized for qualitative variables to ascertain
associations, while one-way ANOVA or Kruskal-Wallis
tests were applied for quantitative variables to compare
means across groups. A p-value < 0.05 was considered
statistically significant.

The study adhered to the Helsinki ethical guidelines and
was approved by the Mashhad University Ethical
Committee  (Ethical number: 791157, Code:
IR.MUMS.MEDICAL.REC.1399.114).

Results

Of the total 1,035 patients in the study, 821 (79.3%)
were women, while the remaining were men. The mean
age was 50.04 + 13.32 years. A total of 321 (31%)
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patients underwent Percutaneous Transluminal Mitral
Commissurotomy (PTMC). Further, 346 patients
(33.4%) had AF; 281 patients (27.1%) had rheumatic
involvement of the aortic valve; and 74 patients (7.1%)
had rheumatic involvement of the tricuspid valve.

As displayed in Fig. 1, the percentages of valvular
diseases were as follows: aortic regurgitation (AR) in
625 patients (60.4%), mitral regurgitation (MR) in 454
patients (43.8%), Tricuspid regurgitation (TR) in 395
patients (38%), and aortic stenosis (AS) in 259 patients
(25%). These findings demonstrate that AR is the most
common valvular disease, followed by MR, TR, and
AS. None of our patients had severe pulmonary
stenosis.
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Fig. 1. Distribution of Patients by Type of Involvement.

The study included 1,035 patients, with a mean age at
the time of diagnosis as 33.61 years. The average heart
rate was 80.35 beats per minute, and the mean BSA was
1.69 m2 The average LVEF was 53.06%, which
indicates the heart's pumping efficiency. The mean
PTMC score was 7.99. The MVA averaged 1.16 cm?,
while the AVA was 1.65 cm?. PAP averaged 40.97
mmHg, reflecting the pressure in the pulmonary artery.
The DASTI, measuring functional capacity, had a mean
score of 17.44 (as detailed in Table 1).

According to Table 2, sinus rhythm, AS, aortic valve
regurgitation, rheumatic AR, rheumatic tricuspid
involvement, and MS were statistically significant and
different between males and females. Nevertheless, we
found no significant difference between males and
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females for mitral regurgitation (MR), pulmonary
regurgitation (PR), TS, and TR.

Since the majority of participants in this study were
women, the observed frequency of sinus rhythm and AF
appears higher in women. Specifically, among the 821
women included in the study, 31.54% (259 women) had
AF. On the contrary, among the 214 men studied,
40.65% (87 men) had AF. Thus, Atrial fibrillation is
9.11% more common in men.

We observed that the prevalence of AS is higher in men
and tends to be more severe compared to women.
Interestingly, while  rheumatic  tricuspid valve
involvement was more common in females, AR was
more prevalent in males compared to females (33%
versus 25%).
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Table 1. Indices Measured by Echocardiography and Standard Questionnaire

Variable Mean+ SD Median (IQR) Minimum Maximum
Patient Age at the time of diagnosis (years) 33.61+11.16 35(23-47) 11 59
Heart rate/ minute 80.35+19.91 78(67-90) 45 200
BSA 1.69+0.17 1.70(1.59-1.80) 1.16 2.40
LVEF (%) 53.0646.93 55(50-55) 15 70
PTMC Score 7.99+1.39 8(7-9) 1 13
MVA 1.16+0.42 1.1(0.9-1.3) 0.30 3.20
AVA 1.65+0.43 1.70(1.40-1.90) 0.50 3.20
PAP 40.97+15.33 38(30-45) 10 120
DASI 17.44+7.97 17.95(13.45-23.20) 1.75 50.20

Abbreviation: BSA= Body Surface Area, LVEF= Left Ventricle Ejection Fraction, MVA= Mitral Valve Area, AVA= Aortic Valve
Area, PAP= Pulmonary Artery Pressure, DASI= Duke Activity Status Index, SD= Standard Deviation, IQR= Interquartile Range
PTMC Score: Percutaneous Trans-Mitral Commissurotomy score, also known as the Wilkins score

Table 2. Gender-Based Comparison of Heart Rhythm and Valve Conditions

Female Male *P-value
Variable Numbers Numbers
(present %) (present %)
Sinus 562 (87.6) 127 (18.4)
Rhythm AF 259 (74.9) 87 (25.1) 0.012
Without MR 95 (74.2) 33 (25.8)
Minimal involvement 188 (77) 56 (23)
Minimal to mild 172 (82.3) 37 (17.7)
MR Mild to moderate 231 (81.6) 52 (18.4) 0.393
Moderate to severe 71 (80.7) 17 (19.3)
Severe 64 (77.1) 19 (22.9)
Without AS 563 (82) 140 (18)
Minimal involvement 53 (70.7) 22 (29.3)
Minimal to mild 75 (75.8) 24 (24.2)
AS Mild to moderate 43 (75.4) 14 (24.6) <0.001
Moderate to severe 3(42.9) 4 (57.1)
Severe 11 (52.4) 10 (47.6)
Without AR 360 (87.8) 50 (12.2)
Minimal involvement 164 (78.8) 44 (21.2)
Minimal to mild 152 (73.4) 55 (21.6)
AR Mild to moderate 119 (70.8) 49 (29.2) <0.001
Moderate to severe 21 (61.8) 13 (38.2)
Severe 5 (62.5) 3 (37.5)
. No 612 (81.2) 142 (18.8)
Rheumatic-AR Yes 200 (74.4) 72 (25.6) 0.016
Without PR 242 (77.1) 72 (22.9)
Minimal involvement 550 (80.2) 136 (19.8)
PR Minimal to mild 15 (78.9) 4(21.1) 0.730
Mild to moderate 13 (87.7) 2 (13.3)
Moderate to severe 1 (100) 0(0.0)
Without TS 794 (79.2) 208 (20.8)
Minimal involvement 9 (81.8) 2 (18.2)
TS Minimal to mild 12 (85.7) 2 (14.3) 0.922
Mild to moderate 6 (85.7) 2 (14.3)
Without TR 47 (70.1) 20 (29.9)
Minimal involvement 283 (76.1) 89 (23.9)
Minimal to mild 163 (81.1) 38 (18.9)
TR Mild to moderate 175 (82.5) 37 (17.5) 0.086
Moderate to severe 59 (84.3) 11 (15.7)
Severe 94 (93.2) 19 (16.8)
Rheumatic No 755 (78.6) 206 (21.4)
tricuspid 0.030
involvement Yes 66 (89.2) 8 (10.8)
Mild 72 (84.7) 13 (15.3)
MS Moderate 519 (81.7) 116 (18.3) 0.003
Severe 230 (73) 85 (27)

*A chi-square test was conducted to compare the groups.
Abbreviation: AS= Aortic Stenosis, MR= Mitral Regurgitation, AR= Aortic Regurgitation, PR= Pulmonary Regurgitation,
TS=Tricuspid Stenosis, TR= Tricuspid Regurgitation, MS= Mitral Stenosis
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Table 3 compares the severity of MS in individuals with As the severity of MS grows from mild to very severe,
different rhythms and valvular disorders. The data are there are significant increases in MR (P-value =
categorized into three groups depending on the severity 0.0002), TR (P-value < 0.001), TS (P-value = 0.027), as
of MS. MS s classified based on the MVA measured well as atrial fibrillation (AF) (P-value < 0.0001).
via echocardiography. An MVA between 1.0 cm? and These findings highlight the correlation between the
1.5 cm? indicates severe stenosis, an MVA larger than severity of MS and the presence of other valvular
1.5 cm? is considered mild stenosis, and an MVA disorders as well as rhythm abnormalities.

smaller than 1 cm? is classified as very severe stenosis.

Table 3. Comparison of Mitral Stenosis Severity in Patients with Different Rhythms and Various Valvular Involvements

Mild mitral stenosis ~ Severe mitral stenosis Very Severe mitral
. (>1.5Cm) (1-1.5Cm) stenosis (<1 Cm)
Variables *P-Value
Numbers Numbers Numbers
(present)% (present)% (present)%
Sinus 97 (65.5) 419 (73.3) 173 (54.9)
Rhythm AFs 51 (345) 153 (26.7) 142 (@5.1) <0.001
Without AS 112 (75.7) 441 (77.1) 223 (70.8)
Minimal involvement 15 (10.1) 38 (6.6) 22 (7)
AS M_lnlmal to mild 16 (10.8) 47 (8.2) 36 (11.4) 0.130
Mild to moderate 4(2.7) 32 (5.6) 21 (6.7)
Moderate to severe 0(0) 5(0.9) 2 (0.6)
Severe 1(0.7) 9 (1.6) 11 (3.5)
Without AR 60 (40.5) 237 (41.4) 113 (35.9)
Minimal involvement 32 (21.6) 121 (21.2) 55 (17.5)
AR Minimal to mild 28 (18.9) 99 (17.3) 80 (25.4) 0.333
Mild to moderate 28 (14.2) 93 (16.3) 54 (17.1)
Moderate to severe 5(3.4) 18 (3.1) 11 (3.5)
Severe 2(1.4) 4 (0.7) 2 (0.6)
Rheumatic- NO 111 (75.0) 431 (141) 212 (103) 0017
AR Yes 37 (25.0) 75.3 (24.7) 67.3 (32.7) '
Without MR 23 (15.5) 77 (13.5) 28 (8.9)
Minimal involvement 23 (15.5) 127 (22.2) 94 (29.8)
Minimal to mild 25 (16.9) 115 (20.1) 69 (21.9)
MR - 0.002
Mild to moderate 40 (27.0) 158 (27.6) 85 (27.0)
Moderate to severe 22 (14.9) 46 (8.0) 20 (6.3)
Severe 15 (10.1) 49 (8.6) 19 (6.0)
Without PR 55 (37.2) 173 (30.2) 86 (27.3)
Minimal involvement 89 (60.1) 385 (67.3) 212 (67.3)
PR Minimal to mild 2(1.4) 8(1.4) 9 (2.9) 0.201
Mild to moderate 2(1.4) 6 (1.0) 7(2.2)
Moderate to severe 0(0) 0 (0) 1(0.3)
Without TR 11 (7.4) 41 (7.2) 15 (4.8)
Minimal involvement 55 (37.2) 238 (41.6) 79 (25.1)
Minimal to mild 26 (17.6) 114 (19.9) 61 (19.4)
R _ <0.001
Mild to moderate 34 (23.0) 104 (18.2) 74 (23.5)
Moderate to severe 9 (6.1) 29 (5.1) 32 (10.2)
Severe 13 (8.8) 46 (8.0) 54 (17.1)
Rheumatic No 142 (95.9) 537 (93.9) 282 (89.5)
tricuspid 0.016
involvement Yes 6 (4.1) 35 (6.1) 33 (10.5)
Without TS 145 (98.0) 561 (98.1) 296 (94.0)
TS Mild 1(0.7) 5(0.9) 5 (1.6) 0.027
Moderate 1(0.7) 3(0.5) 10 (3.2)
Severe 1(0.7) 3(0.5) 4(1.3)

*The groups were compared using a chi-square test.
Abbreviation: AS= Aortic Stenosis, AR= Aortic Regurgitation, MR= Mitral Regurgitation, PR= Pulmonary Regurgitation, TR=
Tricuspid Regurgitation, TS= Tricuspid Stenosis
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Table 4 compares various indicators such as age, heart
rate, PTMC score, AVA, and PAP among patients with
different degrees of mitral valve stenosis.

The findings indicate that:

PTMC scores (P-value < 0.001) and PAP (P-value <

0.001) are significantly higher in patients with very
severe MS. These results highlight the significant
differences in these parameters depending on the
severity of MS.

Table 4. Comparison of Echocardiographic Indices and Standard Questionnaire Results in Patients with Different Severities of MS

mild mitral valve Severe mitral valve Very severe mitral valve

Variable - : - P-value
stenosis stenosis stenosis
Age (years) 53.5+13.44 47.67+12.97 50.86+13.57 *<0.001
Median heart rate (IQR) 78 (16) 76 (25) 76 (21) **(0.585
PTMC score (Meanz SD) 7.45+1.51 7.54+1.17 8.65+1.32 *<0.001
Median AVA (IQR) 1.70 (0.41) 1.60 (2.28) 1.60 (0.40) **0.80
Median PAP (IQR) 40 (11) 35 (15) 45 (20) **<0.001

*The one-way ANOVA was employed to compare two groups,

**A Kruskal-Walli’s test was conducted to assess the differences between the groups.
Abbreviation: AVA= Aortic Valve Area, PAP= Pulmonary Artery Pressure.

Discussion

In this cross-sectional study, we examined the
prevalence of rheumatic MS in the city of Mashhad over
five years. We identified 1,035 patients with MS
between 2016 and 2020. Since the population of
Mashhad is approximately 3 million, the prevalence of
MS along this period was estimated to be 0.3 per 1,000
patients. Note that some patients may have come from
other cities in Khorasan Razavi, which could influence
this estimate [22]. Geographical conditions affect the
prevalence of MS, with an estimated rate of 0.2-0.3 per
1000 in developed countries and 5.5-5.7 per 1000 in
developing countries [23, 24]. Of the entire population
studied, 21% were male and 79% were female,
revealing that mitral stenosis is more prevalent among
women. Similarly, a study conducted by Movahed et al.
in 2006 on 24,265 patients found that MS was
significantly more prevalent in females (1.6% vs. 0.4%
in males). Nevertheless, the prevalence of mitral
regurgitation (MR) was similar between both genders
(24.4% in females vs. 25% in males) [25]. Based on our
findings, we infer that females exhibit enhanced
susceptibility to rheumatic mitral stenosis. This
predisposition appears to emanate from a more robust
autoimmune response, which accelerates valvular
damage following infection. In the context of rheumatic
heart disease, the autoimmune cascade is likely
amplified in females owing to sex-specific differences
in immune regulation, leading to a more rapid
progression of valve fibrosis and stenosis. Moreover,
inherent anatomical variations—such as thinner valve
leaflets and a greater propensity for mitral annular
calcification—may further promote their vulnerability.
Collectively, these interrelated factors help explain the
higher prevalence of rheumatic mitral stenosis in
women compared to men.

The mean age of patients was 50 years, suggesting a
middle-aged predominance. Notably, 67% of patients
maintained normal sinus rhythm, while 33% exhibited
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AF, comparable to Stassen et al. (2023), who found
32.8% of MS patients developed new-onset AF [26]. It
can be suggested that the link between AF and advanced
MS, especially when the mitral valve area falls below
0.5 cm?, is likely driven by increased left atrial strain.
Nonetheless, widespread antibiotic use has contributed
to reducing the occurrence of severe AF cases related to
rheumatic heart disease.

Our study found that rheumatic aortic valve
involvement in Mashhad is nearly four times more
common than rheumatic tricuspid valve involvement.
This finding contrasts with a 2019 study from Pakistan
by Baqi et al., in which 7% of rheumatic heart patients
had tricuspid stenosis and 93.9% manifested tricuspid
regurgitation [27]. In our cohort, aortic regurgitation
emerged as the most prevalent valvular abnormality,
followed by mitral regurgitation, tricuspid regurgitation,
and aortic stenosis. Several factors may account for this
discrepancy. For instance, regional differences in the
immunological and inflammatory response to group A
streptococcal infections may predispose patients in
Mashhad to aortic, rather than tricuspid, valve
involvement.  Furthermore, variations in genetic
susceptibility, environmental influences, and healthcare
access—including differences in the implementation of
prophylactic antibiotic regimens—may contribute to
distinct patterns of valve damage. Methodological
factors, such as variations in diagnostic protocols and
imaging techniques, could further affect the detection
and classification of valve lesions.

Interestingly, sinus rhythm, AS, AR, rheumatic AR,
rheumatic tricuspid involvement, and MS were
statistically significantly different between males and
females. We observed that AF is more prevalent among
male patients with MS compared to their female
counterparts. One potential explanation for this disparity
is that men generally have a higher body mass index
(BMI), a known risk factor for AF. Elevated BMI can
contribute to structural and electrical remodeling of the
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atria, increasing susceptibility to AF. Further, hormonal
and metabolic differences between genders, together
with lifestyle factors such as higher rates of smoking
and alcohol consumption among men, may further
exacerbate the risk [19].

Although AS and AR are more prevalent in men,
tricuspid valve involvement is more common in women.
Rheumatic stenosis of the mitral valve is three times
more common in women than in men [25].
Degenerative stenosis of the mitral valve is also more
prevalent in women, possibly due to higher rates of
mitral annular calcification [28]. Moreover, rheumatic
mitral insufficiency, tricuspid valve stenosis, and
secondary tricuspid valve insufficiency are more
common in women [29]. These differences may be
assigned to changes in estrogen levels at various ages
and their effects on heart valves.

Our findings demonstrate that while mild and moderate
MS is more common in women, the severe form is more
prevalent in men. This disparity may be attributed to
higher rates of risky behaviors such as excessive alcohol
consumption and smoking among men, which
contribute to increased atherosclerosis and, hence, more
severe mitral stenosis. Further, a traditional belief in
male stubbornness often prevents men from seeking
medical attention in the early stages of the disease,
resulting in diagnoses at more advanced stages.

It appears that more severe MS is associated with a
higher incidence of AF, as most cases of AF take place
when the MVA is smaller than 0.5 cm?. We found a
statistically significant difference in the distribution of
mitral stenosis severity between patients with and
without rheumatic AR. Most patients, regardless of the
presence of rheumatic AR, have also mild to moderate
MS. it seems logical because the presence of rheumatic
AR can impact the left atrium and mitral valve by
enlarging the volume and pressure on the left ventricle,
which might lead to MS.

We found that severe MS is more common among
patients with comorbid mitral regurgitation. This
indicates a relationship between the severity of mitral
stenosis and the presence of mitral regurgitation.
Although 22% of patients with severe MS do not have
TR, more severe TR is often accompanied by more
severe MS. This suggests a direct linear relationship
between the severity of MS and TR. Both MS and TR
can emanate from rheumatic heart disease, affecting
multiple valves. Hence, the progression of rheumatic
disease can lead to the simultaneous worsening of both
MS and TR.

The data revealed a statistically significant difference in
the prevalence of rheumatic tricuspid involvement and
TS across different severities of MS. Patients with
severe MS indicate higher rates of both rheumatic
tricuspid involvement and TS compared to those with
mild or moderate MS. Thus, severe mitral valve
involvement is often linked to the involvement of
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multiple valves, irrespective of the underlying cause.
We infer that as MS progresses, the heart’s structural
and functional integrity gradually deteriorates, elevating
the risk of multiple valve involvement. Ultimately,
altered hemodynamics-characterized by changes in
blood flow dynamics and elevated pressures on adjacent
structures, such as the tricuspid valve, would further
contribute to the likelihood of multi-valvular damage.
We did not find any significant relationship between the
severity of MS and age, heart rate, or aortic valve area.
Nonetheless, a smaller body surface area was associated
with more severe MS. Moreover, higher pulmonary
artery pressure and PTMC scores were observed in
patients with more severe MS. In severe MS, the
obstruction of the valve results in increased pressure in
the left atrium, which subsequently drains into the
pulmonary veins. Over time, this culminates in changes
to the pulmonary arteries and an increase in pulmonary
pressure. Finally, rheumatic heart disease can
independently cause valvular disease, leading to left
ventricle dysfunction [30, 31].

In summary, our study is underpinned by several
notable strengths. The robust sample size of above
1,000 patients collected over a five-year period from
two major cardiology centers provided a solid
foundation for reliable prevalence estimates and detailed
clinical characterization.  Further, the wuse of
comprehensive echocardiographic evaluations along
with standardized measurements boosted the accuracy
of our findings. Nevertheless, certain limitations must
be acknowledged. The hospital-based, cross-sectional
design may restrict the generalizability of our results to
the wider community of Mashhad, given the potential
referral bias and the possibility that some patients
originated from outside the city. In addition, the
retrospective nature of the data collection and inherent
variability in echocardiographic imaging, in spite of our
strict exclusion criteria, could have introduced
measurement inconsistencies. Unaccounted
confounders, such as socioeconomic factors and
differential access to healthcare, may have also
influenced our observations. Future prospective and
multicenter studies are warranted to further clarify the
epidemiology of rheumatic heart disease and address
these limitations.

Conclusion

This study of 1,035 rheumatic MS patients in
northeastern Iran (prevalence: 0.3/1,000) found that
while MS was more common in women, severe cases
predominated in men, likely owing to delayed care and
riskier behaviors. Severe MS often involved multiple
valves, with higher pulmonary artery pressure and
PTMC scores. Women indicated more tricuspid valve
involvement, while 60.4% had concurrent aortic
regurgitation, challenging the notion of isolated MS.
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Despite downward prevalence aligning with global
trends, the significant female predominance contrasts
with greater male disease severity. These findings
highlight the need for: 1) comprehensive
echocardiographic evaluation to ascertain multivalvular
involvement, 2)  gender-specific ~ management
approaches addressing delayed male presentation and
female susceptibility, as well as 3) strengthened primary
and secondary prevention programs. The persistence of
clinically significant MS burden underscores the
significance of early detection, proactive care, and
targeted interventions to lower complications, providing
key insights for clinicians and policymakers in
managing this pan-valvular disease.
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