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Abstract
Osteogenesis imperfecta (OI) is a rare genetic disorder caused by abnormal collagen type I production. While OI is primarily 
characterized by bone fragility and deformities, patients also have extraskeletal manifestations, including an increased risk 
of cardiovascular disease. This review provides a comprehensive overview of the literature on cardiovascular diseases in OI 
patients in order to raise awareness of this understudied clinical aspect of OI and support clinical guidelines. In accordance 
with the PRISMA guidelines, a systematic literature search in PubMed, Embase, Web of Science and Scopus was conducted 
that included articles from the inception of these databases to April 2023. Valvular disease, heart failure, atrial fibrillation, 
and hypertension appear to be more prevalent in OI than in control individuals. Moreover, a larger aortic root was observed 
in OI compared to controls. Various cardiovascular diseases appear to be more prevalent in OI than in controls. These car-
diovascular abnormalities are observed in all types of OI and at all ages, including young children. As there are insufficient 
longitudinal studies, it is unknown whether these abnormalities are progressive in nature in OI patients. Based on these 
findings, we would recommend referring individuals with OI to a cardiologist with a low-threshold.
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Abbreviations
BSA	� Body surface area
EDS	� Ehlers–Danlos syndrome
OI	� Osteogenesis imperfecta
LA	� Left atrium
LV	� Left ventricle

Introduction

Osteogenesis imperfecta (OI) is a rare genetic disorder char-
acterized by brittle bones that are prone to fractures. The 
prevalence is 6–7 per 100,000 individuals [1]. OI has high 
genetic variability [2]. In approximately 85% of the cases, 
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it is caused by monogenic variants in COL1A1 or COL1A2, 
the genes encoding collagen type I [3], a protein that confers 
strength and structure to bones and other tissues. In about 
15% of cases, OI is attributed to pathogenic variants in genes 
encoding proteins which are crucial for processes regulat-
ing the biosynthetic pathways of collagen type I, includ-
ing its posttranslational modification and folding. As such, 
these processes are essential for the structural integrity and 
proper function of collagen type I. There are several types of 
OI, classified by the severity of skeletal symptoms [4]. The 
severity spectrum ranges from perinatal lethal OI to individ-
uals with severe skeletal deformities to nearly asymptomatic 
individuals with a mild predisposition to fractures. While 
OI is characterized by bone fragility and bone deformities, 
patients also have extraskeletal manifestations, among which 
are the better known blue sclerae, dentinogenesis imperfecta, 
hearing difficulties, and pulmonary dysfunction.

Collagen type I is the most abundant protein in the human 
body. It provides tensile strength and support to various 
structures in the body, including bones, tendons, ligaments, 
and the skin [5]. It is also found in the cardiovascular system, 
namely the myocardium, the chordae tendineae, the valvular 
lamina fibrosa, and the vascular adventitia [6–11]. Individu-
als with OI are reported to have an increased risk of cardio-
vascular disease compared to a reference population [12]. 
Similarly to the general population, cardiovascular disease 
is a common cause of mortality in individuals with OI [13].

A different connective tissue disorder, namely 
Ehlers–Danlos syndrome (EDS) distinguishes multiple 
subtypes, including vascular EDS and cardiac-valvular EDS 
[14]. These types are most often caused by pathogenic vari-
ants in collagen type III, however both subtypes can also be 
a result of pathogenic variants in collagen type I. Patients 
with these forms of EDS may experience valvular heart 
dysfunction, atrial rupture, and may be more susceptible to 
aneurysms or rupture [14, 15]. OI mouse model studies have 
shown that collagen type I distortion can result in cardio-
vascular abnormalities such as lower breaking strength of 
large vessel walls, rupture of blood vessels, valvular abnor-
malities and myocardial dysfunction [9, 10, 16–20]. This 
indicates that abnormal collagen type I production could 
possibly lead to complications such as valvular heart dis-
ease and heart failure and underlie decreased blood vessels 
rigidity, by which aortic dilatation and aneurysm formation 
can be promoted.

The last review regarding cardiovascular disease in OI 
was published in 2015 [21]. Since then, more studies, espe-
cially echocardiographic studies in children, have been per-
formed [22–26]. Although cardiovascular disease appears 
to be more prevalent in individuals with OI compared to 
control individuals [12, 21], there are currently no clinical 
guidelines addressing whether individuals with OI should be 
screened for cardiac or vascular abnormalities. This is due 

to a lack of information about the effect of altered collagen 
type 1 on the cardiovascular system in OI and its related 
cardiovascular pathology. Our review aims to provide a com-
prehensive overview of the literature to date reporting on 
cardiovascular diseases in people with OI. In this way, we 
aim to promote awareness about this understudied clinical 
aspect of OI in critical support of clinical guidelines.

Methods

Literature Search

This review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [27]. To identify all relevant publica-
tions, we performed systematic searches in the bibliographic 
databases PubMed, Embase.com, Web of Science (Core 
Collection) and Scopus from inception to April 11, 2023, 
with support of a medical information specialist (RV).

The following search terms were used (including syno-
nyms and closely related words) as index terms or free-text 
words: “Osteogenesis Imperfecta”, “COL1A1”, “COL1A2”, 
“Cardiovascular diseases”, “Cardiovascular system”. The 
initial search was performed without date or language 
restrictions. The complete search strategy for every database 
can be found in the Supplementary material.

Selection Process

After deduplication, a total of 4249 papers were identified. 
Two reviewers (SV and SS) independently screened titles 
and abstracts of all potentially relevant publications for eli-
gibility. Differences in judgement were resolved through a 
consensus procedure.

Inclusion and Exclusion Criteria

The following inclusion criteria were used: (1) studies con-
taining patients with osteogenesis imperfecta; (2) studies 
giving an adequate description of the cardiovascular abnor-
mality and/or the cardiovascular examination performed; (3) 
studies published in English; (4) full text availability; and 
(5) case–control studies, cohort studies, and case series of 
at least 10 patients. The following exclusion criteria were 
used: (1) reviews with only previously described OI cases; 
(2) studies focusing on animal models.

Quality Assessment

The full text of the selected articles was obtained for further 
review. Two reviewers (SV and SS) independently evaluated 
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the methodological quality of the full text papers using the 
Study Quality Assessment Tool created by NHLBI [28].

Results

Search Results

The literature search generated a total of 9709 references: 
2163 in PubMed, 2541 in Embase.com, 1871 in Web of Sci-
ence and 3134 in Scopus. After removing duplicates of refer-
ences that were selected from more than one database, 4249 
references remained. The flow chart of the search and selec-
tion process is presented in Fig. 1. Of the total 4249 articles 
that were identified, 214 were included for full text analysis. 
In total 22 articles were included. Twelve case–control stud-
ies [12, 22–26, 29–34] and ten large case series (n > 10)/
cohort studies [10, 35–43] were identified. A quality assess-
ment (NHLBI) of the included articles was performed and 
showed that 10% of the studies were classified as poor, 37% 
as fair and 53% as good.

Cohort and Case Series/Cohort Studies

We classified the various findings of the cohort and 
case–control studies according to distinctive cardiovascu-
lar diseases, which we will specify in the next paragraphs. 

As the case–control studies by Radunovic ’11,’12,’15 used 
the same cohort, these studies have been contemplated as 
one study [29, 30, 34]. The demographics and results of the 
case–control studies can be found in Table 1 and 2. Demo-
graphics and findings of case series/cohort studies are pre-
sented in Table 3.

Vascular Aneurysms and/or Dissections

The retrospective Danish health registry-based study by 
Folkestad et al. identified no statistically significant differ-
ence in the prevalence of vascular dissection or aneurysm 
diagnosis between OI and the reference population (five age-
matched groups of individuals from the general population) 
[12]. No distinction between OI types could be made. No 
other case–control or case series/cohort studies investigated 
the presence of vascular dissections or aneurysms in OI 
patients. Dilatation of the aortic root is discussed separately 
in Sect. “Aortic Root Dilatation”.

Congenital Cardiovascular Defects

The literature search yielded no case–control studies on 
congenital cardiovascular defects. In six case series/cohort 
studies, OI cases with congenital cardiovascular defects 
were reported (Table 3). The six studies included in total 

Fig. 1   Flow chart of the study 
selection process
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492 patients with OI of whom 28 patients (5.7%) were found 
to have a congenital/structural heart defect.

Valvular Heart Disease

While the prevalence of valve regurgitation in individuals 
with OI varies across different studies, there is evidence to 
suggest that they may have a higher chance of experienc-
ing valvular abnormalities compared to control subjects, 
with mitral and aortic valve regurgitation being the most 
commonly reported. However, many of these regurgita-
tions are mild or considered trivial, and only a small per-
centage are clinically significant. In total, eight case–con-
trol studies reported the presence or absence of valve 
regurgitation (Table 1). Although low in absolute numbers, 
the retrospective study by Folkestad et al. determined that 
OI patients in Denmark have a statistically significantly 
higher chance of having mitral and aortic valve regurgi-
tation compared to five age-matched control individuals 
(sub-hazard ratios of 4.5 and 6.7, respectively) [12]. In 
addition, individuals with OI had a statistically signifi-
cant higher chance of being surgically treated for mitral 
valve regurgitation compared to control cases and they 
were diagnosed with valvular regurgitation at an earlier 

age. Studies by Zhao et al., Pinheiro et al. and Migliaccio 
et al. also showed that OI patients had a higher chance 
of experiencing valvular regurgitation compared to con-
trol subjects [24, 26, 33]. In contrast, Hernández Jiménez 
et al. did not detect a difference in the prevalence of valve 
regurgitations between people with OI and controls [31]. 
The prevalence of valve regurgitations in case–control 
studies using echocardiography presented a wide range 
from 20.7% (Hernández Jiménez et al.) to 95% (Migli-
accio et al.) in adults [31, 33]. Whereas in controls, the 
prevalence of valve regurgitations ranged between 2.5% 
(Migliaccio et al.) and 25% (Hernández Jiménez et al.). In 
children, the prevalence of valvular abnormalities ranged 
from 0 (Al-Senaidi et al.) to 37.7% (Zhao et al.) [22, 26]. 
The valvular abnormalities found often included mild or 
trivial valve regurgitations with no hemodynamic effect. 
However, in one study by Migliaccio et al., three mitral 
valve prolapses were identified, accounting for 3.8% of 
all valvular abnormalities in that study [33]. Additionally, 
moderate valve regurgitations were found by Radunovic 
et al. in 9.0% of all valvular abnormalities in their studies 
[29, 30, 34]. Only mild and trivial valvular abnormalities 
were found in the controls. In cohort studies, the preva-
lence of valve regurgitations varied greatly (Table 3). In 
studies with both children and young adults the prevalence 

Table 2   Summary of case–control studies

A
o

rt
ic

 r
o

o
t 

d
ia

m
et

er
 (

m
m

) 

A
o
rt

ic
 r

o
o
t 

d
ia

m
et

er
/B

S
A

 

(m
m

/m
2
) 

L
A

 d
ia

m
et

er
 (

m
m

) 

L
A

 d
ia

m
et

er
/B

S
A

 (
m

m
/m

2
) 

L
V

 d
ia

m
et

er
 e

n
d
-d

ia
st

o
le

 

(m
m

) 

L
V

 d
ia

m
et

er
 e

n
d
-

d
ia

st
o

le
/B

S
A

 (
m

m
/m

2
) 

L
V

 d
ia

m
et

er
 e

n
d

-s
y

st
o

le
 

(m
m

) 

L
V

 d
ia

m
et

er
 e

n
d
-

sy
st

o
le

/B
S

A
 (

m
m

/m
2
) 

L
V

 p
o
st

er
io

r 
w

al
l 

d
im

en
si

o
n
 

(m
m

) 

L
V

 p
o
st

er
io

r 
w

al
l 

d
im

en
si

o
n
/B

S
A

 (
m

m
/m

2
) 

L
V

 m
as

s 
(g

ra
m

s)
 

S
ep

ta
l 

d
ia

st
o

li
c 

th
ic

k
n

es
s 

(m
m

) 

S
ep

ta
l 

d
ia

st
o
li

c 

th
ic

k
n

es
s/

B
S

A
 (

m
m

/m
2
) 

E
je

ct
io

n
 f

ra
ct

io
n

 (
%

) 

R
ig

h
t 

v
en

tr
ic

le
 d

ia
m

et
er
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E
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ts 

Hernández Jiménez et al. 
Cases 26.7 ±3.6 17.1 ±3.3 32.7 ±6.0 20.8 ±4.6 46.4 ±17.5 29.8 ±9.8 32.5 ±7.9 20.8 ±8.3 8.5 ±1.2 NA NA 8.7 ±1.8 NA 65.8 ±7.3 NA 1.5 ±0.5 

Controls 24.5 ±3.8 13.9 ±3.5 33.8 ±4.9 19.2 ±4.7 46.9 ±4.9 26.8 ±7.6 27.5 ±5.3 15.7 ±4.8 8.2 ±1.3 NA NA 8.3 ±1.2 NA 68.3 ±6.1 NA 1.4 ±0.4 

Migliaccio et al.
Cases 22.7 ± 0.5 NA 35 ±0.7 NA 47 ±0.6 NA 29.8 ±0.4 NA 9.2 ±0.1 NA NA 9.3 ±0.1 NA 66 ±0.04 29 ±0.5 1.0 ±0.03 

Controls 22 ± 0.1 NA 35 ±0.3 NA 49 ±0.4 NA 30 ±0.3 NA 9 ±0.1 NA NA 10 ±0.1 NA 65 ±0.01 28 ±0.5 1.2 ±0.01 

Radunovic et al.
Cases 20.2 ±2.6 12.7 ±3.1 NA NA 47.4 ±6.1 29.8 ±6.4 NA NA 8.9 ±1.9 5.7 ±1.8 158 ±53 10.1 ±2.8 6.6 ±2.3 56 ±6 NA 1.18 ±0.5 

Controls 19.2 ±2.3 10.4 ±1.3 NA NA 48.1 ±5.8 25.9 ±2.6 NA NA 8.1 ±1.3 4.4 ±0.7 138 ±44 8.7 ±1.5 4.7 ±0.8 59 ±6 NA 1.46 ±0.7 

Ch
ild

re
n 

Al-Senaidi et al.
Cases 14.8 ± 2.5 28.5 ±7.8 

NS NS 

31.0 [25.5-38.0] 61.4 ±13.6 20.0 ±5.3 37.4 ±8.5 5.0 [5.0-6.5] 10.7 ±2.8 NA 6.5 ±1.3 12.7 ±4.3 71.0 ±4.2 NA 1.8 ±0.6 

Controls 15.1 ± 4.8 ]0.14-0.33[0.830.2±3.71 44.1 ±7.1 24.3 ±3.6 27.9 ±3.9 5.0 [4.0-5.0] 5.7 ±1.6 NA 5.7 ±1.0 6.7 ±1.8 66.4 ±5.8 NA 2.1 ±0.4 

Karamifar et al.
Cases 12.5 ±3.5 23.8 ±4.1 NA NA 27.4 ±5.5 53.4 ±11.7 

NS NS 
5.5 ±1.8 10.8 ±3.8 NA NA NA 71.4 ±6.7 NA NA 

Controls 12.1 ±3.6 18.4 ±3.7 NA NA 22.2 ±6.6 1.2±6.52.11±4.64 8.5 ±2.6 NA NA NA 73.8 ±9.5 NA NA 

Pinheiro et al.

OI type I cases 23.7 ±3.6 

* 

28.2 ±4.4 

* 

41.0 ±5.9 

* 

24.7 ±3.8 

* 

6.6 ±1.2 

* 

NA 6.9 ±1.0 

* 

69.9 ±5.6 16.4 ±5.1 NA 

Controls (OI I) 22.8 ±3.2 26.3 ±3.4 40.4 ±4.2 24.3 ±3.0 6.7 ±1.4 NA 7.1 ±1.2 70.5 ±4.3 12.8 ±3.8 NA 

OI III/IV/V 21.8 ±4.5 26.5 ±5.9 36.4 ±6.4 22.0 ±4.2 5.8 ±1.0 NA 5.9 ±1.0 71.0 ±3.9 14.9 ±4.6 NA 

Controls (OI III,IV,V) 18.8 ±3.9 21.6 ±5.1 33.5 ±7.2 19.5 ±4.1 5.8 ±1.2 NA 6.0 ±1.1 73.5 ±3.2 13.8 ±4.7 NA 

Rush et al.

OI type I cases 17.0 ±2.8 

* 

NA NA 39.8 ±5.1 

* 

26.0 ±3.8 

* 

NA NA 73.5 ±35.7 NA NA NA NA NA 

Controls (OI I) 16.4 ±3.6 NA NA 37.8 ±5.8 24.6 ±4.8 NA NA 82.3 ±40.2 NA NA NA NA NA 

OI III/IV 16.1 ±2.6 NA NA 35.4 ±5.8 23.4 ±4.1 NA NA 60.2 ±31.63 NA NA NA NA NA 

Controls (OI III,IV) 15.1 ±3.1 NA NA 34.5 ±6.1 22.7 ±4.5 NA NA 61.8 ±41.33 NA NA NA NA NA 

Zhao et al.

OI total 21.0 ±4.3  

* 

25.8 ±5.1 

* 

38.5 ±5.8 

* 

NA 

* 

5.5 ±1.3 

* 

59.3 ±30.9 5.6 ±1.3 

* 

68.4 ±4.5 17.7 ±3.7 NA 

OI I 21.0 ±4.5 26.1 ±5.2 39.0 ±6.4 NA 5.6 ±1.3 61.7 ±33.1 5.7 ±1.2 68.2 ±4.7 17.7 ±3.8 NA 

OI III/IV/V 21.0 ±4.2 25.5 ±5.1 37.8 ±4.9 NA 5.4 ±1.3 55.9 ±27.8 5.6 ±1.4 68.7 ±4.3 17.8 ±3.7 NA 

Controls 20.3 ±4.5 21.1 ±4.2 35.0 ±6.2 NA 6.7 ±2.7 66.2 ±46.0 6.7 ±2.7 71.7 ±5.9 16.5 ±2.2 NA 

In blue highlighted are the values that were found to be statistically significant (P<0.05). In white/not highlighted are the values found to be not statistically significant. Data is presented either as mean ± standard deviation or as median and [interquartile range]. 

* Cases/controls matched on BSA. 

BSA  body surface area m2, E/A ratio  ratio between early (E) and late (atrial - A) ventricular filling velocity, LA  left atrium; LV  left ventricle; NA  not available, NS  not statistically significant, however, exact values unknown, OI osteogenesis imperfecta. 
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was between 3.4 and 78% whereas in studies with only 
adults the prevalence was 60% [10, 35–40, 42]. Many of 
the reported valve regurgitations were mild or considered 
trivial.

Myocardial Dysfunction/Heart Failure

Studies indicate that individuals with OI may have an 
increased risk of heart failure and alterations in cardiac 
dimensions and function, with some evidence suggesting 
that they may have increased left ventricular dimensions 
and decreased ejection fraction (Table 2). However, results 
are not consistent across studies, with some reporting no 
significant differences in cardiac measurements between OI 
patients and healthy controls. A clear indicator that people 
with OI may have a higher risk of heart failure was dem-
onstrated in the Danish OI population [12]. They appeared 
to have a higher risk of being diagnosed with heart failure 
compared to the reference population (sub-hazard ratio: 
2.3). Additionally, the average age at diagnosis was lower 
in the OI population compared to the reference population 
(58 compared to 76 years). In eight case–control studies 
(Table 2), echocardiographic results were reported. Radovu-
nic et al. and Hernandez et al. found increased left ventricle 
(LV) dimensions in OI patients compared to controls when 
adjusted for BSA [30, 31]. Although within normal range, 
these studies found lower ejection fraction values in OI 
patients compared to controls. In contrast, Migliaccio et al. 
did not find a difference in LV dimension or in ejection frac-
tion between OI and control subjects [33]. However, Migli-
accio et al. in addition to Radunovic et al. did report indica-
tions of differences in diastolic myocardial function between 
OI and controls shown by a lower E/A ratio (ratio between 
early (E) and late (atrial—A) ventricular filling velocity). 
This was not confirmed by Hernández Jiménez et al., who 
showed a higher E/A ratio. In OI children, increased LV 
dimensions were found in some studies, but not consistently 
across all studies. Ejection fraction was generally found to 
be equal between OI cases and controls, except for in Zhao 
et al. and Pinheiro et al. where a lower ejection fraction was 
found in specific subgroups [24, 26]. When stratified based 
on genetic variants, Zhao et al. found increased LA and LV 
diameters with lower ejection fraction for individuals with a 
COL1A1 variant compared to controls. Additionally, cardiac 
dimensions and/or myocardial function were evaluated in 
seven case series/cohort studies (Table 3).

Aortic Root Dilatation

The available evidence reported on by nine case–control 
studies, suggests that there may be an association between OI 
and increased aortic root diameters (Table 2) [32]. However, 
there is some inconsistency in the findings across studies, 

with some studies reporting no difference between OI cases 
and controls. Furthermore, the prevalence of an actual aor-
tic root dilatation remains unclear. In adults, the studies by 
Hernandez-Jimenez et al. and Randunovic et al. demon-
strated higher aortic root diameters in OI patients compared 
to controls. In contrast, the study by Migliaccio et al. did 
not identify a difference between aortic root diameters of 
OI cases and healthy controls [29, 33]. In children, higher 
aortic root diameters were found in OI cases compared to 
controls by Al-Senaidi et al., Karamifar et al., Pinheiro et al., 
and Rush et al. [22–25]. In the study of Karamifar et al. 5 of 
24 children with OI had Z-scores > 2. Zhao et al. found no 
difference in aortic root diameter in OI individuals compared 
to controls, they did however find an increased pulmonic 
artery root in individuals with OI compared to controls [23, 
26]. In the study conducted by Kalath et al., 12.9% of type 
I or IV OI patients had a dilated aortic root [32]. Despite 
the lack of a direct correlation between aortic root stiffness 
and aortic root diameter, the results indicated an increase in 
aortic root stiffness relative to the control group. Accord-
ing to the study of Katalth et al. his appears consistent with 
aging-related alterations and suggest that premature aging of 
the aortic root may occur in OI. No other studies investigated 
aortic root stiffness. In case series/cohort studies five studies 
investigated aortic root dilatation (Table 3). The prevalence 
varied between 0 in children (Ahmad et al.) and 31.6% in 
both children and adults (White et al.) [42, 43].

Hypertension

Diagnosis of hypertension or use of hypertensive drugs was 
more prevalent in the Danish OI population compared to 
a reference population according to Folkestad et al. (prev-
alence 28.1 vs 21.6%) [12]. In the case–control study by 
Radunovic et al., 37 of 99 patients (37.4%) had hyperten-
sion, although the prevalence in their control group was 
not reported [29]. In the large case series of Hortop et al. 
the prevalence of hypertension was 2.8% in 109 individu-
als 1–74 year old whereas this was 35% in 20 individuals 
13–68 year old in the study of White et al. [36, 42] (Table 3).

Atherosclerosis

Folkestad et al. found no statistical significant difference in 
the prevalence of diagnosis of ischemic cardiovascular dis-
ease and dyslipidemia [12]. In the study by Radunovic et al., 
two of 99 patients (2.0%) were reported to have ischemic 
cardiovascular disease [29]. The prevalence in the control 
population is not reported. In the case series by White et al. 
1 of 20 patients (5%) was reported to have had a stroke (age 
unknown) [42]. This patient also had hypertension.
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Atrial Flutter/Fibrillation

The Danish OI population presented a higher chance of atrial 
fibrillation or atrial flutter diagnosis compared to the used 
reference population (sub-hazard ratio: 1.7) [12]. No other 
case–control or cohort studies reported on this topic.

Discussion

The purpose of this article was to provide a systematic 
review of the existing literature describing cardiovascular 
abnormalities in patients diagnosed with OI. We included 
22 studies with both retrospective and prospective designs. 
Valvular heart disease, (subclinical) myocardial dysfunc-
tion, atrial fibrillation and hypertension appear to be 
more common in OI compared to controls. Notably, atrial 
fibrillation and hypertension have been examined in only 
a single, yet the largest study currently available [12]. In 
addition, a wider aortic root was observed in OI compared 
to controls. Cardiovascular abnormalities are reported at 
all ages, including early childhood and spread across all 
types of OI.

Collagen type I is highly abundant in the lamina fibrosa 
of the heart valves and is essential for the mechanical 
integrity [44]. According to the studies in our review, 
individuals with OI appear to have a higher risk of val-
vular regurgitation. Most case–control and cohort studies 
concerned almost exclusively mild regurgitations with no 
hemodynamic effect [23, 24, 26, 33]. On the other hand, 
according to Folkestad et al., mitral valve regurgitations is 
more frequently treated surgically in OI patients compared 
to controls, indicating that valvular abnormalities are clini-
cally significant [12]. This points to valvular heart disease 
being clinically relevant abnormalities in OI. It remains 
unclear whether the risk of valvular abnormalities differs 
between different OI types and/or patients with different 
pathogenic variants. Further research is needed to assess 
the clinical consequences for the patients. A study per-
formed in a severe OI mouse model (homozygous OIM 
mice) suggested that aortic valves are more affected than 
mitral valves [20]. Furthermore, collagen fibril disorgani-
zation and decreased collagen fibril diameter was found 
in atrioventricular valves of fetuses with OI type II [8]. It 
remains unclear if one heart valve is more often affected 
in OI compared to other heart valves.

Based on the studies included in this review, individu-
als with OI are more likely to have (subclinical) LV dys-
function compared to than controls. The underlying cause 
of heart failure in OI patients remains poorly understood. 
Fibrillar collagen is the most prevalent protein of the car-
diac extracellular matrix; it consists mainly of collagen 
type I (over 80%) and collagen type III (over 10%) [45]. 

Since they provide tensile strength and resistance to defor-
mation, collagen type I fibers are especially essential for 
maintaining the integrity and elasticity of cardiac tissue 
[46, 47]. In addition, they play a crucial role in transfer-
ring mechanical forces from the extracellular matrix to the 
cardiomyocytes and vice versa, optimizing the pumping 
efficiency of the heart [48, 49]. Structural and functional 
problems of the heart arise from collagen metabolism 
imbalance, as seen in cardiac fibrosis or after myocar-
dial infarction [50]. Therefore, collagen type I defects 
(abnormal or less collagen type I) may affect the myocar-
dial structure. In homozygous OIM mice, a higher risk of 
ventricle rupture after myocardial infarction was noticed 
compared to wild type mice, suggesting that deficiency 
of collagen I leads to a myocardial wound-healing defect 
[51]. However, no further studies on this topic have been 
published. Furthermore, patients with OI may also be at 
higher risk of developing other conditions that can contrib-
ute to heart failure, such as scoliosis, chronic lung disease, 
and obesity [52]. These comorbidities can cause additional 
strain on the heart and cardiovascular system, potentially 
leading to heart failure.

In studies using echocardiograms, both adults and chil-
dren with OI had on average a larger aortic root compared 
to controls. While these values were often within normal 
ranges, there were instances in which they exceeded nor-
mal levels, such as by more than two Z-scores in children 
[23]. As no longitudinal studies are currently available, it is 
unclear whether this should be considered potentially pro-
gressive. Collagen type I accounts for approximately 60% of 
the collagen found in the vessel wall. It is important for the 
mechanical resistance of the arterial wall [53]. In homozy-
gous OIM mice and homozygous Col-IntΔ mice, both severe 
OI models with a collagen type I defect, vascular aneurysms 
and/or ruptures are more frequent compared to wild type 
mice [9, 16–18]. Vascular aneurysms and dissections are 
reported in OI individuals in case-reports and small case 
series [54]. However, they do not appear to be more preva-
lent compared to controls, as a low absolute number was 
found and no differences were identified between OI indi-
viduals and the reference population, which was only inves-
tigated in one case–control study [12]. Additionally, a few 
case-reports reported cerebrovascular abnormalities (aneu-
rysms and/or dissections) [55], but this has not been studied 
on a larger cohort, and thus not included in the results of 
this review. These case-reports included reports on intrac-
ranial hemorrhage after relatively minor head-trauma in OI 
patients, suggesting that vascular fragility may be a contribu-
tor factor in addition to cranial bone fragility [56–59].

The risk of hypertension, atrial fibrillation and arterio-
sclerosis in individuals with OI has been scarcely studied. 
People with OI examined in a retrospective study appear to 
be more likely to have hypertension and atrial arrhythmias, 
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while no statistically significant difference was found for the 
prevalence of diagnosis of ischemic cardiovascular disease 
and dyslipidemia [12]. Since hypertension is common and 
multifactorial, with no known association to OI or collagen 
type I, further research is needed to elucidate its relation to 
OI. An explanation for a connection between OI and arrhyth-
mias may be the role of collagen type I as component of the 
extracellular matrix of the cardiac conduction system, which 
ensures its insulation from the rest of the cardiac tissue. In 
this case, collagen integrity may be required for efficient 
transduction of the electrical signals [60, 61].

The investigation of congenital cardiovascular abnormali-
ties in patients with OI is limited, which could indicate that 
patients with OI do not appear to have a (clinically relevant) 
higher risk of congenital defects compared to controls. How-
ever, the mean prevalence of 5.7% in OI cohort studies and 
large case series is higher than the approximately 1% occur-
rence rate in live births in the general population [62]. Septal 
defects and patent ductus arteriosus are the most common 
cardiovascular abnormalities found in OI patients, similar to 
the general population. Due to the limited number of cases 
studied, it is unclear whether the findings are coincidental 
or linked to abnormal collagen formation in OI.

A limitation of this review is that as a result of studies 
with a small number of patients, a wide range of age groups, 
and differences in demographic profiles and OI types, the 
correlational power of the findings of some studies may be 
insufficient. Therefore, systematic research on large cohort 
and case–control studies with comprehensive clinical and 
molecular characterization and uniform outcome measures 
should be encouraged. Unfortunately, for this review, it was 
not possible to correlate cardiovascular problems with the 
type of OI, given that in most studies in adults, no discrimi-
nation between OI types was made in the analyses or the OI 
type was unknown. In studies involving children, attempts 
were made at times to distinguish between mild (OI I) and 
severe OI (OI IV, III, or V). However, the varying character-
istics across these studies and the absence of clear, consistent 
differences between OI I and OI IV, III, or V) presented chal-
lenges in drawing conclusions. In future research, distinction 
between clinical OI types and genetic defect types can hope-
fully help to decipher the contribution of skeletal deformities 
and different genetic backgrounds to the cardiovascular OI 
pathology. Moreover, further research is necessary to inves-
tigate the relationship between cardiovascular abnormalities 
in OI and age. Pathologic examination can also be invaluable 
for insights in the way in which structure and function of 
the cardiovascular system is compromised in OI. Nonethe-
less, this review provides valuable insights into potential 
cardiovascular abnormalities in OI. Currently, there is no 
established policy or practice regarding screening for car-
diovascular abnormalities in OI. Due to existing knowledge 
gaps, it would be premature to provide recommendations 

based on the findings of this review. We do believe vigilance 
is deserved, and we advocate low-threshold referral for a 
transthoracic echocardiogram for OI patients.

In conclusion, the existing literature suggests that indi-
viduals with OI have a higher risk of cardiovascular abnor-
malities, including valvular heart disease, heart failure, and 
a wider aortic root compared to controls. Valvular abnor-
malities, specifically mitral valve regurgitation, appear to 
be clinically relevant. Although currently investigated in 
only a single study, atrial fibrillation and hypertension may 
be potentially more frequent in individuals with OI. As no 
longitudinal studies exist, it is unclear whether these car-
diovascular abnormalities are progressive in nature in OI. 
The risk of hypertension, atrial fibrillation and congenital 
heart disease in individuals with OI requires further study. 
Overall, further research is necessary to understand the pre-
cise mechanism and clinical consequences of cardiovascular 
abnormalities in individuals with OI.
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