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Prevalence and Clinical Correlates of Isolated Mitral, Isolated
Aortic Regurgitation, and Both in Adults Aged 21 to 35 Years

(from the CARDIA Study)

Cheryl L. Reid, MDa, Hoda Anton-Culver, PhDa, Carla Yunis, PhDb, and Julius M. Gardin, MDc,*

Aortic regurgitation (AR) and mitral regurgitation (MR) can result in serious clinical
complications and death. The physiologic and clinical correlates of AR and MR in a
free-living young adult population, however, have not been well defined. The prevalence
and correlates of AR and MR were investigated in Coronary Artery Risk Development in
Young Adults (CARDIA), a multicenter National Heart, Lung, and Blood Institute study
of 4,352 men and women aged 21 to 35 years who had 2-dimensionally directed M-mode
echocardiographic and spectral and color Doppler examinations. Isolated MR by color
Doppler was detected in 10.4% (90.4% with trivial or mild severity). Isolated AR by color
Doppler was present in 0.8% (37.7% with mild severity). Combined AR and MR occurred
in 0.5%. There was no association between body mass index and the prevalence or severity
of MR or AR. Left ventricular mass was greater in subjects with isolated AR (mean � SD
172 � 49 g) than in those with MR (155 � 48 g) and greater in both groups than in subjects
without MR and AR (148 � 44 g). AR was associated with increased aortic root diameter,
whereas subjects with isolated MR and those with AR and MR had increased left atrial
dimensions and greater left ventricular internal dimensions. In conclusion, MR and AR
detected by color Doppler echocardiography are relatively uncommon in a healthy young
adult population, but both are associated with evidence of increased left ventricular
dimensions and mass. © 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;99:

830–834)
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oronary Artery Risk Development in Young Adults
CARDIA) is a prospective, multicenter epidemiologic
tudy of healthy young adults aged 23 to 35 years at the time
f their initial echocardiographic examinations.1 The pur-
oses of the present study were to determine in this popu-
ation (1) the prevalence and severity of left-sided valvular
egurgitation; (2) the relation of valvular regurgitation to
ther clinical variables, such as age, gender, ethnicity, and
eight; (3) the frequency and severity of morphologic ab-
ormalities associated with mitral regurgitation (MR) and
ortic regurgitation (AR); and (4) whether minimal or mild
egrees of valvular regurgitation are associated with differ-
nces in left ventricular (LV) systolic function and anatomy
dimension and mass) compared with young adults without
alvular regurgitation.

aDepartment of Medicine, Division of Epidemiology, University of
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ethods
Study population: The overall design and objectives

f CARDIA have been described elsewhere.2 The initial
ARDIA cohort comprised 5,115 participants aged 18 to
0 years at the time of enrollment (1985 to 1986), 5 years
efore the first echocardiographic examination. The sample
as approximately balanced by race (black and white),
ender, age (18 to 24 and 25 to 30 years), and education
high school and more than high school). The CARDIA
ohort included participants recruited and examined at 4
eld centers located in Birmingham, Alabama; Chicago,
llinois; Minneapolis, Minnesota; and Oakland, California.
chocardiograms were initially obtained from 4,352 partic-

pants aged 21 to 35 years as part of the third CARDIA
xamination (1990 to 1991). This cohort comprised 905
lack men, 1,054 white men, 1,214 black women, and 1,179
hite women. At the time of the echocardiographic exam-

nations, participants underwent detailed clinical evalua-
ions, including measurements of height, weight, and sys-
olic and diastolic blood pressures.

Echocardiography: Two-dimensionally directed M-mode
chocardiography was attempted in all participants using a
rotocol similar to that used in the Cardiovascular Health
tudy (CHS), a multicenter study of free-living elderly
ubjects sponsored by the National Heart, Lung, and Blood
nstitute (Bethesda, Maryland).1 The echocardiograms were
btained using an Acuson ultrasound machine (Mountain
iew, California) with a 2.5-MHz transducer. A baseline

-mode, 2-dimensional, spectral, and color Doppler echo-

www.AJConline.org
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ardiogram was recorded on super-VHS videotape during a
0-minute examination of each subject. Videotapes were
orwarded from the field centers to the Echocardiography
eading Center at the University of California, Irvine,
here images were digitized and measurements made using
Dextra D-200 off-line image analysis system (Dextra
edical, Inc., Lakewood, California). M-mode measure-
ents were performed of the left atrial and aortic root

imensions and of ventricular septal thickness, LV posterior
all thickness, and LV internal dimension, all in systole and
iastole. M-mode measurements were made using the rec-
mmendations of the American Society of Echocardiogra-
hy.3 Derived measurements included (1) LV fractional
hortening, calculated as [(LVIDd � LVIDs)/LVIDd] �
00%, and (2) LV mass (in grams) derived as described by
evereux et al,4 calculated as 0.80 {1.04 [(VSTd � LVIDd
PWTd)3 � LVIDd3]} � 0.6, where LVIDs is LV internal

imension at end-systole, LVIDd is LV internal dimension
t end-diastole, PWTs is posterior wall thickness at end-
ystole, PWTd is posterior wall thickness at end-diastole,
nd VSTd is ventricular septal thickness at end-diastole.

Morphologic abnormalities: After review of the 2-di-
ensional echocardiograms, valvular abnormalities associ-

ted with AR were coded as bicuspid aortic valve, dilated
ortic root, vegetations, and thickened aortic valve. Valve
hickening was defined by visual inspection as increased
hickness of �1 valve leaflet. Valvular abnormalities asso-
iated with MR were coded as increased leaflet thickness,
egetations, subvalvular calcification, rheumatic valve, and
itral valve prolapse. Data describing the presence of mitral

alve prolapse in CARDIA have been previously reported
nd are summarized only in relation to other morphologic
bnormalities.5 There were no subjects with mechanical or
ioprosthetic aortic or mitral valves.

Valvular regurgitation: Color Doppler recordings were
erformed in the apical 4-chamber and long-axis views. The
everity of AR was quantitated on the basis of the ratio of
he jet width (measured in the apical long-axis view directly
elow the aortic valve leaflets) to LV outflow height (mea-
ured in the parasternal long-axis view) times 100%. On the
asis of this ratio, severity was divided into 4 grades: (1)
rivial (�6%), (2) mild (6% to �25%), (3) moderate

able 1
lood pressure and echocardiographic characteristics of mitral and aortic regu

ariable Isolated MR
(n � 455)

Isolated
(n � 3

ystolic blood pressure (mm Hg) 108.2 � 11.5 110.7 �
iastolic blood pressure (mm Hg) 69.1 � 10.0 70.7 �
ulse pressure (mm Hg) 39.2 � 8.3 40.0 �
V internal dimension, diastole (mm) 5.0 � 0.5 5.2 �
V internal dimension, systole (mm) 3.3 � 0.5 3.3 �

nterventricular septum, diastole (mm) 0.9 � 0.2 0.9 �
V posterior wall, diastole (mm) 0.9 � 0.2 0.9 �
eft atrial size (mm) 3.6 � 0.5 3.5 �
ortic root (mm) 2.8 � 0.4 3.1 �
V fractional shortening (%) 34.5 � 5.9 37.1 �
V mass (g) 155.0 � 47.9 172.2 �
�25% to �47%), and (4) severe (�47%).6 The severity of y
R was quantitated in the apical 4-chamber view as the
atio of jet area to left atrial area times 100%. On the basis
f this ratio, severity was graded as (1) trivial (�6%), (2)
ild (�6% to �20%), (3) moderate (�20% to �41%), and

4) severe (�41%).7

Covariates analyzed: Clinical and physical characteris-
ics either caused by or suspected of association with left-
ided valvular regurgitation were analyzed in relation to the
resence and severity of valvular regurgitation. Factors se-
ected a priori included (1) age; (2) gender; (3) race; (4)
ystolic and diastolic blood pressure (in millimeters of
ercury), corresponding to the average of the second and

hird seated cuff pressures at rest in systole and diastole,
easured after 1 minute of rest; and (5) body mass index

BMI), calculated as weight in kilograms divided by
eight in square meters. To assess the effect of the
resence and severity of valvular regurgitation on cardiac
unction, the following factors were analyzed: (1) pulse
ressure in subjects with AR (calculated as the difference
etween systolic and diastolic blood pressure and measured
n millimeters of mercury), (2) LV mass (in grams), (3) LV
nternal dimension at end-diastole and end-systole (in cen-
imeters), (4) LV fractional shortening (in percent), (5)
ortic root dimension (in centimeters), and (6) left atrial
imension (in centimeters).

Statistical analysis: All values are reported as mean �
SD. The statistical significance of continuous variable

omparisons was determined using Student’s t test. Physi-
logic covariates were adjusted for BMI. Subjects were
lassified into 4 categories (see Table 1): isolated MR,
solated AR, combined MR and AR, and no MR or AR. To
void the effects of concomitant regurgitation present in
oth valves, statistical analysis for AR was performed after
ubjects with moderate or greater MR had been excluded.
or analysis of MR covariates, subjects with AR were
xcluded. The statistical significance of categorical variable
omparisons was assessed using the chi-square test. Differ-
nces were considered significant at an � level of �0.05.

Relation of BMI to valvular regurgitation: A nested
ase-control design was used to examine the relation be-
ween MR or AR and BMI. For the purposes of this anal-

n in the Coronary Artery Risk Development in Young Adults cohort

Combined MR and AR
(n � 20)

No MR/No AR
(n � 3,844)

p Trend
(overall p Value)

110.1 � 16.4 107.7 � 11.5 0.31
67.1 � 10.0 69.3 � 10.2 0.63
43.0 � 10.0 38.5 � 8.4 0.027

5.4 � 0.7 4.9 � 0.5 �0.0001
3.4 � 0.8 3.2 � 0.4 �0.0001
0.9 � 0.1 0.9 � 0.2 0.55
0.8 � 0.1 0.8 � 0.1 0.089
3.8 � 0.7 3.5 � 0.5 0.0004
2.9 � 0.4 2.8 � 0.4 0.0001

36.5 � 8.9 35.8 � 5.9 0.0001
170.0 � 55.9 148.5 � 44.1 0.0001
rgitatio

AR
3)

15.9
12.1
9.3
0.6
0.7
0.2
0.1
0.5
0.5
7.0
sis, only patients identified as having mild, moderate, or
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evere MR and/or AR were selected and compared with a
roup of 406 controls from the CARDIA cohort randomly
elected to match for age and gender.

Patients and controls were assigned to 4 categories using
ender-specific percentiles of BMI as cut points: (1) low
ody mass: �25th percentile of BMI in the CARDIA cohort
men �22.9 kg/m2, women �21.6 kg/m2); (2) average body
ass: BMI between the 25th and 75th percentiles (men 22.9

o 28 kg/m2, women 21.6 to 29.2 kg/m2); (3) moderately
igh body mass: BMI between the 75th (inclusive) and 90th
ercentiles (men 28 to 31.8 kg/m2, women 29.2 to 34.5
g/m2); and (4) very high body mass: BMI �90th percentile
men �31.8 kg/m2, women �35.5 kg/m2). From these cat-
gories, 3 dummy variables were created, with the category
f average body mass as the reference group. The 2 cate-
orical variables, gender and age (21 to 24, 25 to 29, 30 to
4, and 35 to 41 years), were controlled for in the analyses.
nalyses for AR and MR were conducted separately. Lo-
istic regression was used to compute odds ratios for regur-
itation within each level of BMI, controlling for gender
nd age.

esults
Prevalence and severity of valvular regurgitation: No

R or MR was noted in 88.3% of the total cohort. Isolated
R of any severity was present in 0.8%, isolated MR was
resent in 10.4%, and combined MR and AR were present
n 0.5%, for a total prevalence of valvular regurgitation of
1.7%. There were no differences in the prevalence of AR
r MR on the basis of gender (AR: 1.4% in men vs 1.0% in
omen; MR: 11.2% in men vs 10.7% in women) or race

AR: 1.1% in blacks vs 1.3% in whites; MR: 11.0% in
lacks vs 10.9% in whites).

The severity of AR on the basis of color Doppler record-
ngs was mild in 37.7% and moderate in 62.3%. There were
o cases of trivial or severe AR. The severity of MR was
rivial in 25.7%, mild in 64.0%, moderate in 10.1%, and
evere in 0.2% of subjects with MR.

Physiologic abnormalities associated with valvular
egurgitation: The direct and derived M-mode echocardio-
raphic measurements for the 4 MR and AR categories are
isted in Table 1. In participants with any degree of AR,
here was a small but significant increase in LV internal
imension in diastole (5.3 � 0.6 vs 4.9 � 0.5 cm,
�0.0001) after adjustment for BMI. The increase in LV

nternal dimension was associated with an increase in LV
ass, without a concomitant increase in end-diastolic

entricular septal or LV posterior wall thickness. Aortic
oot dimension was significantly increased in subjects

able 2
revalence of valvular regurgitation by body mass index

MI (kg/m2) MR

en: �22.9, women: �21.6 98 (28.1%)
en: 22.9–28, women: 21.6–29.2 179 (51.3%)
en: 28–31.8, women: 29.2–34.5 41 (11.8%)
en: �31.8, women: 35.5 31 (8.9%)

otal 349
ith AR compared with those without AR (3.0 � 0.5 vs e
.8 � 0.4 cm, p �0.0001). Pulse pressure was signifi-
antly greater in subjects with AR because of slightly
reater systolic blood pressure.

In participants with mild or greater MR compared with
hose without MR, there was a similar modest increase in
V internal dimension after adjustment for BMI during
iastole (5.0 � 0.5 vs 4.9 � 0.5 cm, p �0.0001) and systole
3.3 � 0.4 vs 3.2 � 0.4 cm, p � 0.001), which was
ssociated with an increase in LV mass. There was no
ignificant difference in LV diastolic dimensions between
he group with mild MR and no AR and the group with
oderate to severe MR and no AR (5.0 � 0.5 cm in the 2

roups, p � NS). Left atrial dimension was only slightly
reater in participants with MR (3.6 � 0.5 vs 3.5 � 0.5 cm,
�0.0001). When the variables listed in Table 1 were

ompared with the severity of MR (mild vs moderate to
evere), no significant differences were found.

Echocardiographic morphologic abnormalities: Ab-
ormalities of the aortic valve or root were present in only
.3% of the entire cohort. Of the 53 participants with AR
20 with concomitant MR), no echocardiographic abnor-
ality of the aortic valve or root was noted in 46 (86.8%).
icuspid aortic valves were detected in 4 subjects (7.5%): 2
ith mild AR and 2 with moderate AR. In the entire cohort,
icuspid aortic valves were detected in 0.14%. Other ab-
ormalities visualized included a thickened valve in 1 sub-
ect and dilated aortic roots in 2 subjects. In those subjects
ithout AR, bicuspid aortic valves were detected in 2 (a

otal prevalence of 0.14%), thickened valves in 3, and di-
ated aortic roots in 2.

Morphologic abnormalities of the mitral valve were
oted in 6.3% of the total cohort. Of the 475 participants
ith MR (20 with concomitant AR), 405 (85.3%) had no

chocardiographic abnormalities recorded. Thickened mi-
ral leaflets were noted in 10 (2.1% of subjects with MR and
.09% of those without MR), and rheumatic mitral disease,
efined as thickened mitral leaflets with apparent restricted
eaflet tip motion, was present in 1 subject.

Mitral valve prolapse by any definition was present in
62 participants in the total cohort (6.0%); 26 were classi-
ed as having “definite” mitral valve prolapse (0.6%), and

he remainder of the subjects had “possible” mitral valve
rolapse.5 The cause of MR was definite mitral valve pro-
apse in 9 subjects (1.9% of those with MR; 6 with mild and
with moderate severity) and possible mitral valve prolapse

n 51 subjects (10.7%).

Prevalence of valvular regurgitation by BMI: Table 2
hows the prevalence of AR by BMI. The odds ratios for

No MR AR No AR

84 (23.9%) 17 (32.7%) 16 (30.2%)
179 (50.9%) 28 (53.9%) 29 (54.7%)
52 (14.8%) 5 (9.6%) 6 (11.3%)
37 (10.5%) 2 (3.9%) 2 (3.8%)

352 52 53
ach level of BMI were not significant (all confidence in-
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ervals included 1.0). Logistic regression analysis was not
erformed within each gender and age subgroup because
f the small (or zero) numbers of subjects within the
ubgroups.

Table 2 lists the prevalence of MR by BMI. The odds
atios for each level of BMI were not significant (all con-
dence intervals included 1.0). In addition, the logistic
egression models were analyzed within each gender and
ge subgroup. None of the odds ratios was significant,
xcept for that in men aged 25 to 29 years with moderately
igh BMIs. In this instance, the odds ratio was 0.122 (95%
onfidence interval 0.024 to 0.61), indicating that men aged
5 to 29 years with moderately high BMIs are significantly
ess likely to have MR. This isolated finding, however,
hould be interpreted with caution, because the data do not
upport a graded relation between BMI and MR severity.
pecifically, men aged 25 to 29 years in the highest BMI
roup were slightly, but not significantly, more likely to
ave MR. Furthermore, this finding was not replicated in
ny other gender or age subgroup, or in the overall analysis
ith adjustments for gender and age.

iscussion

he most significant finding in this large study is that most
88.3%) healthy, young adults have no left-sided valvular
egurgitation by color Doppler echocardiography. Either
R or MR, or both, occurred in only 11.7% of the total

ohort. Isolated AR was extremely uncommon (0.8%),
hereas MR was significantly more frequent (10.4%). In a
revious report of a much smaller, healthy cohort (61 pa-
ients), the prevalence of left-sided valvular regurgitation
etected by color Doppler echocardiography in those �50
ears of age was 39%; all cases were considered trivial in
everity and confined to the mitral valve.8 In a similar study
f subjects in whom valvular regurgitation was excluded by
hysical examination, color Doppler flow studies detected
R in 44% of those �40 years of age.9 The severity of MR
as not classified, although the mean jet area for the group
as 0.26 cm2, which would generally be considered mild or

rivial. No AR was detected.
The incidence of left-sided valvular regurgitation has

een shown to increase with age.8 In patients �50 years of
ge, the prevalence in 1 report of AR by color Doppler was
3% (all mild or trivial) and of MR was 58% (all mild or
rivial). AR was seen exclusively in older subjects.8 In a
arge, National Institutes of Health–sponsored study of free-
iving elderly subjects aged �65 years, the prevalence of
R detected by color Doppler echocardiography was 20%

mild: 44% of AR) and of MR was 30% (mild: 73% of
R).10 From these large studies, it is apparent that age is a

rimary determinant of “normal” prevalence of left-sided
alvular regurgitation and should be considered when inter-
reting echocardiograms.

The diagnosis and estimation of the severity of valvular
egurgitation in our study were based on the quantitative
easurement of the regurgitant jets recorded by color
oppler echocardiography. These techniques have been
reviously validated for AR and MR.6,7 One difficulty in
omparing large population studies that use color Doppler

chocardiography is the variability among studies of the p
riteria for the classification of trivial regurgitation, espe-
ially of the mitral valve. Regurgitation of the mitral valve
ay occur in relation to valve closure (“physiologic”) and

e of short duration, occurring only during midsystole.11,12

he incidence, therefore, of small degrees of valvular re-
urgitation in a population will depend on many factors,
ncluding the criteria used in the detection and the sensitiv-
ty of the ultrasound machine.7 In the CARDIA study, trivial

R was considered to be a well-defined jet, with a jet
rea/left area ratio of �6%. For the purposes of further
nalyses, these subjects were excluded. Regardless of the
efinition of trivial or physiologic regurgitation, small
mounts of closure leakage of the mitral valve are unlikely
o have hemodynamic consequences. Mild MR was present
n 6.8% of the total CARDIA population, whereas moderate
o severe MR, which is the most clinically significant, oc-
urred in only 1.3% of this large young, healthy cohort.
here was no difference in LV internal dimension in dias-

ole in these 2 MR groups, possibly because in this young
dult cohort, the duration of the MR was relatively short,
hus allowing less time for LV remodeling occur (e.g., in the
roup with moderate to severe MR).

AR, in contrast to MR, has not generally been encoun-
ered in normal subjects. In 2 previously reported studies, no
R was detected in young, healthy populations.8,9 AR was
resent in only 1.2% of the CARDIA cohort and was con-
idered mild to moderate in severity in all subjects. The
mall prevalence of AR encountered in this study, compared
ith previous studies, most likely reflects the difference in

ecruitment of potential participants. In the CARDIA study,
ubjects were required only to be free living and able to
omplete all parts of the examination, such as exercise
esting and questionnaires.2 No attempt was made to ex-
lude participants on the basis of physical examination or
edical history. Therefore, the findings in this study prob-

bly more accurately reflect the prevalence of regurgitation
n a young, free-living population.

The detection of abnormalities of valve morphology
y 2-dimensional echocardiography was unusual in the
ARDIA cohort. There were no significant differences in

he abnormalities of the aortic valve or root in subjects with
r without AR, although aortic root dimensions were greater
n those with AR. Bicuspid or congenital aortic valve ab-
ormalities were noted by 2-dimensional echocardiography
n only 0.14%. However, this study should not be viewed as
efinitive regarding the prevalence of bicuspid aortic valves
n young adults. The reason for this is that the study was
esigned a priori to focus on LV and left atrial anatomic and
unctional measurements and only secondarily to look at
natomic details of the aortic valve. Consequently, it is quite
ossible that sonographers recording the echocardiograms
nd echocardiographic readers may not have focused their
ttention on documenting the presence of bicuspid aortic
alves. In comparison, autopsy series have shown an inci-
ence of congenital aortic valve abnormalities of 2.5%.13

he sensitivity of 2-dimensional echocardiography for the
etection of bicuspid aortic valves in subjects with either
urgical or pathologic inspection has been reported to be
8%.14 The true prevalence of bicuspid aortic valves in an
pparently healthy population has not been previously re-

orted. In the Strong Heart Study (SHS), which included
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lder subjects aged 45 to 74 years, the incidence of bicuspid
ortic valves was 0.3%.15 Bicuspid aortic valves may be-
ome either stenotic or regurgitant and lead to death, but the
requency with which this occurs is unclear. Thus, surgical
r autopsy series may overestimate the prevalence of this
alvular abnormality in the general population.

In contrast, the most common echocardiographic valvular
bnormality in this CARDIA cohort was mitral valve prolapse.
he reported incidence of mitral valve prolapse detected by
chocardiography in the general population has varied from
% to 13%.16,17 This variability results from differences
mong the studies in the diagnostic method, criteria, and
opulation. Two-dimensionally guided M-mode echocardi-
graphy has been reported to increase the specificity of the
iagnosis and to avoid some of the false-positive findings
aused by holosystolic prolapse present on M-mode echo-
ardiography alone. In the CARDIA study, the criteria for
itral valve prolapse were divided into definite and possible

n the basis of the method used (2-dimensionally guided
-mode vs 2-dimensional echocardiography) and the diag-

ostic criteria. On the basis of the most stringent criteria of
efinite mitral valve prolapse, the previously reported 0.6%
ncidence in the CARDIA study is similar to studies report-
ng much lower incidences in the general population.18,19

lthough the criteria for definite mitral valve prolapse would
esult in a high degree of specificity, they may result in an
nderestimation of the actual prevalence. When all suggested
riteria were applied as possible mitral valve prolapse, the
verall incidence of 6.0% is similar to the 5.0% reported in the
ramingham study, using similar M-mode criteria. The impor-

ance of a noninvasive technique with a high degree of sensi-
ivity and specificity results from the known complications
ssociated with mitral valve prolapse, including arrhythmias
ith sudden death, severe regurgitation requiring valve repair
r replacement, endocarditis, and stroke.19–22 Furthermore, ev-
dence suggests that patients at increased risk for complications
ssociated with mitral valve prolapse can be identified by
-dimensional echocardiography.

The CARDIA echocardiographic study was designed pri-
arily to assess factors associated with LV mass. The assess-
ent of valvular regurgitation was not the primary end point,
hich may have influenced the diligence in detection. For

xample, the time spent in scanning patients and machine
ettings were optimized for endocardial border detection. Thus,
mall degrees of valvular regurgitation may have not been
etected or noted during the recordings of the studies and in
heir interpretation. As noted previously, the prevalence of
orphologic abnormalities (e.g., bicuspid aortic valves) may

lso represent an underestimation compared with that reported
n other studies, because this study was not specifically de-
igned to detect such morphologic abnormalities.
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