Prevalence and Clinical Determinants of
Mitral, Tricuspid, and Aortic
Regurgitation (The Framingham
Heart Study)

Jagmeet P. Singh, Mp, Dphil, Jane C. Evans, mpH, Daniel Levy, mp,
Martin G. Larson, scD, Lisa A. Freed, mp, Deborah L. Fuller, rRocs,
Birgitta Lehman, rocs, and Emelia J. Benjamin, MD, scM

Litle information is available on the prevalence and
determinants of valvular regurgitation in the general
population. This study sought to assess the prevalence
and clinical determinants of mitral (MR), tricuspid (TR),
and aortic (AR) regurgitation in a population-based co-
hort. Color Doppler echocardiography was performed in
1,696 men and 1,893 women (aged 54 + 10 years)
attending a routine examination at the Framingham
Study. After excluding technically poor echocardio-
grams, MR, TR, and AR were qualitatively graded from
trace to severe. Multiple logistic regression analysis was
used to examine the association of clinical variables with
MR and TR (more than or equal to mild severity) and AR
(more than or equal to trace severity). MR and TR
of more than or equal to mild severity was seen in
19.0% and 14.8% of men and 19.1% and 18.4% of

women, respectively, and AR of more than or equal to

trace severity in 13.0% of men and 8.5% of women. The
clinical determinants of MR were age (odds ratio [OR]
1.3/9.9 years, 95% confidence interval [CI] 1.2 to 1.5),
hypertension (OR 1.6; 95% Cl 1.2 to 2.0), and body
mass index (OR 0.8/4.3 kg/m?; 95% Cl 0.7 to 0.9). The
determinants of TR were age (OR 1.5/9.9 years; 95% Cl
1.3 to 1.7), body mass index (OR 0.7/4.3 kg/m?; 95%
Cl1 0.6 to 0.8), and female gender (OR 1.2; 95% Cl 1.0 to
1.6). The determinants of AR were age (OR 2.3/9.9
years; 95% Cl 2.0 to 2.7) and male gender (OR 1.6; 95%
Cl 1.2 to 2.1). A substantial proportion of healthy men
and women had detectable valvular regurgitation by
color Doppler echocardiography. These data provide
population-based estimates for comparison with pa-
tients taking anorectic drugs. ©1999 by Excerpta
Medica, Inc.

(Am J Cardiol 1999;83:897-902)

n the wake of controversy surrounding anorectithis study was twofold: (1) to use color Doppler echo-

drugs and valvular regurgitatibAthere has been acardiography to establish the prevalence and distribu-
sudden surge of interest in the prevalence and prediion of mitral (MR), tricuspid (TR), and aortic regur-
tors of valvular regurgitation. Little information, how-gitation (AR) in a population-based cohort; and (2) to
ever, is available on the prevalence and determinastsidy the clinical determinants of these regurgitant
of regurgitant valvular lesions in the general populasalvular lesions.
tion. Color Doppler echocardiography, a sensitive
technique for detecting valvular regurgitation, pro-
vides a semiquantitative method for estimating thiMETHODS
severity of regurgitatiof. Previous color Doppler  Study sample: The Framingham Heart Study is a
echocardiographic studies reporting prevalence of vglrospective epidemiologic study established in 1948
vular regurgitation have been limited to small subsetg evaluate potential risk factors for coronary heart
of patients?-¢ athletes, children® and to subjects disease. The original study cohort included 5,209 men
with structurally normal heartsé.° There are no pub- and women, aged 28 to 62 years. In 1971, 5,124
lished reports of the prevalence rates of mitral, tricugdditional subjects were entered into the Framingham
pid, or aortic regurgitation in a large unselected sar@ffspring Study. Study design and selection criteria
ple of middle-aged men and women. The purpose bfive been published@-12

Subjects for the present investigation were Fra-
mingham Offspring Study subjects who had color
Doppler echocardiographic examinations performed
between 1991 and 1995 during their routine fifth ex-
amination cycle at the Framingham Heart Study
clinic. Subjects were excluded if they met any of the
following criteria: (1) technically poor echocardio-
gram (i.e., color Doppler of insufficient quality to
assess accurately the severity of regurgitation); (2)
mitral stenosis; (3) more than mild aortic stenosis, or
(4) prosthetic or bioprosthetic heart valve.

The clinical variables included in this investigation
were age, sex, hypertension, body mass index, smok-
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TABLE | Definitions of Grades of Regurgitation

hospitalizations, and visits to per-
sonal physicians in accordance with

Grades MR TR AR published criterid3 Diabetes was
Absent _ _ _ defined as a fasting blood glucose
Trace w/in 1 cm of valve w/in 1 cm of valve JH/LVOH < 10% level =140 mg/dl 7.7 mmol/L) or

Milj RIA/LAA<19% RIA/RAA<19% 10%-24% the use of insulin or an oral hypogly-
Moderate 20%-40% 20%-40% 25%-49% ; ; g
ot o TPy o0 cemic agent. Body height and weight

Valvular regurgitation was assessed qualitatively using these semiquantitative categories as guidelines.
JH = jet height; LAA = left atrial area; LVOH = left ventricular outflow height; RAA = right atrial area;
RIA = regurgitant jet area; w/in = within.

TABLE lla Prevalence of Valvular Regurgitation Stratified by Age and Severity in
Men

measurements, medical history,
physical examination, blood pressure
measurements, and pulmonary func-
tion tests were performed routinely
at the same examination.
Color Doppler echocardiography:

Color Doppler examinations were
performed with a commercially

Age (yr) available system (Hewlett- Packard,
Yy
2630 4049 50-59 5060 70-83 Sonos 1000, Andover, Massachu-
— Dol o35 moa32 =372 =0 setts) using a 2.5-MHz transducer.
itral regurgitation n= n= n= n= n= i i -
Nono (%) 4 133 13 127 50 f\ll images W(IeDre recordee/glg wdeio
Trace (%) 76.7 72.9 74.6 0.3 51.7 ape using a Fanasonic » System
Mild (%) 8.9 13.5 12.5 24.6 28.1 (AG 7350, Matsushite Electrical In-
=Moderate (%) 0.0 0.3 1.6 2.4 1.2 dustrial Limited, Osaka, Japan).
Tri{C\IUSPid(;e)gurgiwﬂon (n]j §7) (n ]=72§39) (n ]=93020) (n ]=82§>0) (nlz ?6) Conventional pulsed Doppler echo-
one (7, . . . . . H
Trace (%) 72.7 725 715 59.8 470 cardiography was performed rou-
Mild (%) 13.0 9.4 9.2 219 258 tinely in apical 4- and 5-chamber
=Moderate (%) 0.0 0.3 0.3 0.0 1.5 views by selective placement of the
Aortic regurgitation (h=91) (n=352) (hn=433) (=359 (h=91)| sample volume on the color Doppler
None (%) 96.7 05.4 °1.1 74.3 75.6 echocardiographic regurgitation sig-
Trace (%) 33 2.9 4.7 13.0 10.0 Is wh i
Mild (%) 0.0 1.4 3.7 12.1 12.2 nals when present.
=Moderate (%) 0.0 0.3 0.5 0.6 2.2 Color Doppler variations were

TABLE llb Prevalence of Valvular Regurgitation Stratified by Age and Severity in
Women

represented by different groups of
brightness and color intensity. Flow
directed toward the transducer was
conventionally coded in red and flow
away from the transducer in blue.

Age [yr) Valvular regurgitation was diag-
26-39 40-49 50-59 60-69 70-83 nosed using color-coded Doppler im-
b g g e | SO RO 0 e Vel plae
one (%, . . . . . ¢
Trace (%) 76.3 75.0 74.0 66.5 70.8 the chamber proximal to the _valve.
M'i\lil S’é) - g.g 18.;5 1?.8 2;113) 203.06 For color Doppler studies, gain set-
=Moderate (% : . : - . tings were adjusted to eliminate back-
Trilc\luspid(;e)gurgitcﬂon (nzz 24) (n ]:63071) (n 124451 4)  (n 12032)0) (n ]j 7]) grgund speckjling and to maximize the
one |7, . . . . . . . R .
Trace (%) 65.1 70.0 70.7 62.2 56.4 extent of intracavitary velocity coding.
Mild (%) 13.2 13.5 14.1 257 23.9 MR was sought from the parasternal
=Moderate (%) 1.2 0.5 0.7 1.7 5.6 long-axis, apical 4- and 2-chamber,
Aot regurgitafion ——{n 231 In 2 A1 29131 In 23901 = 901 | apical long-axis, and subcostal views.
Troce ) %y s %3 18) | TR was sought from the parastemal
Mild (%) 0.0 0.7 1.9 6.0 14.6 right ventricular inflow, parasternal
=Moderate (%) 0.0 0.0 0.2 0.8 2.3 short-axis, apical 4-chamber, and sub-

Data are presented as percentage of subjects.

costal views. AR was sought using the
parasternal long-axis, parasternal
short-axis, apical 5-chamber, and api-
cal long-axis views.

ing, total cholesterol level, diabetes mellitus, and his- MR was considered to be present if blue, green, or
tory of myocardial infarction or congestive heart failimosaic signals were seen originating from the mitral
ure. The association between TR and percent prealve and spreading into the left atrium during systole.
dicted forced expiratory volume in 1 second was alsbR was considered to be present if blue, green, or
examined. The diagnoses of myocardial infarction andosaic signals were seen originating from the tricus-
congestive heart failure were confirmed by a commipid valve and spreading into the right atrium during

tee of 3 physicians who evaluated records from ttsystole. AR was considered to be present if red, yel-
Framingham Heart Study clinic examinations, interifow, or mosaic signals (blue in the parasternal long
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mild aortic stenosis and 9 for pros-

75 thetic heart valves. Subjects with tech-
- [] Men nically poor color Doppler echocardio-

63 Il Women grams were also excluded (344 men

60 | and 334 women for MR, 354 men and

340 women for AR, and 668 men and
639 women for TR). A total of 2,881
45 | subjects (1,336 men and 1,545
women) were eligible for assessing
MR, 2,252 (1,012 men and 1,240

30 | women) were eligible for assessing

J— TR, and 2,865 (1,326 men and 1,539
women) were eligible for assessing
15 L AR. Subjects selected for analyses
0 (age [meant SD], 54+ 10 years) had
One Two

a lower body mass index (meanSD:

LI men, 27.6 + 3.6 kg/nf; women,
Three 26.0=+ 4.7 kg/nf) compared with sub-

. jects excluded from analysis for tech-

Number of Regurgitant Valves nically poor echocardiograms (men,

30.1* 4.7 kg/nt; women, 29.8+ 6.9
FIGURE 1. Histogram showing prevalence of valvular regurgitation by number of kg/m?, p <0.0001).

regurgitant valves. One indicates any single regurgitant valve; Two, any 2 regurgi- Prevalence of valvular requraitation:
tant valves; Three, combined aortic, miira?, and tricuspid regurgitation. Regurgita- viarreg g .

tion was defined as =mild severity for mitral and tricuspid regurgitation and MR was detectable in 87.7% of men
=trace severity for aorfic regurgitation. and 91.5% of women, whereas TR was

detectable in 82.0% of men and 85.7%
of women. AR was less prevalent and

axis) were seen originating from the aortic valve andas observed in 13.0% of men and 8.5% of women
spreading into the left ventricle during diastole. Val{Table II). The prevalence of MR of more than or
vular regurgitation was assessed qualitatively usirggjual to mild severity was 19.0% in men and 19.1% in
semiquantitative guidelines and graded none, tracgomen and of TR, 14.8% in men and 18.4% in
mild, moderate, or severe (Table ). women. The prevalence of regurgitation of more than

Statistical analysis: All statistical analyses were or equal to mild severity was much lower for all 3
valve specific. Prevalence rates of MR, TR, and ARalves in both sexes (range 0.4% to 2.0%). When
were examined by grade of regurgitation in differeréxamined across different age groups, the prevalence
age groups. Age- and sex-adjusted Spearman rasfkMR and TR of more than or equal to mild severity,
correlations were used to examine associations d AR of more than or equal to trace severity, in-
tween clinical variables and each regurgitant lesionreased with advancing age in both sexes (Tables lla
The clinical variables included body mass index, hyand IIb).
pertension, cholesterol, diabetes, smoking, history of A total of 944 men and 1,225 women had color
myocardial infarction, or congestive heart failure. Doppler echocardiograms technically adequate for all

Multivariable regression analysés were per- 3 valves. Regurgitation (MR or TR of more than or
formed to assess the strength and independence ofélgeial to mild severity or AR more than or equal to
clinical variables with MR and TR=mild severity) trace severity) involving a single valve was more
and AR (trace severity). This analysis was pereommon than regurgitation ¢t2 valves (Figure 1).
formed after excluding subjects with a history of myo- Determinants of valvular regurgitation: Age was re-
cardial infarction or congestive heart failure, becaudated positively to the severity of MR, TR, and AR (p
these disease states are known to be associated with0001) (Table Ill). The prevalence of AR was
valve regurgitation. Results are expressed as odgi®ater in men, whereas tricuspid regurgitation was
ratios (OR) and 95% confidence intervals (Cl). ORsiore common in women. In models that adjusted for
are expressed for 1 SD of the continuous variablemge and sex, the severity of MR and TR correlated
Statistically significant values were defined as with lower body mass index and history of congestive
2-tailed p<<0.05. All analyses were done on a Spardieart failure and myocardial infarction (Tables llla
station 2 (SUN Microsystems, Palo Alto, Californiaand IlIb). Mitral regurgitation was also related to
using the Statistical Analysis System (SAS, Canpresence of systemic hypertension. Figure 2 shows the

Prevalence of Valvular Regurgitation (%)

None

North Carolina)t> predicted prevalence of MR, TR, and AR in the pop-
ulation in relation to body mass index.
RESULTS Multiple logistic regression analyses were per-

Subjects: Of 3,589 subjects (1,696 men and 1,89%rmed after excluding subjects with a history of myo-
women) who attended the baseline examination acdrdial infarction or congestive heart failure (Table
underwent color Doppler echocardiographic examindy). The clinical determinants of MR (more than or
tion, 21 were excluded for mitral stenosis or more thagqual to mild severity) were age, lower body mass
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TABLE llla Clinical Characteristics and Severity of Mitral Regurgitation

Degree of Regurgitation

Clinical Characteristics None Trace Mild =Moderate r p Value
Men/women (%) 55/45 45/55 45/55 60/40 0.03 0.09
Age (yrs) 54+ 10 54+ 10 57+ 10 62+9 0.13 0.0001
BMI (kg/m?) 269 = 0.2 26.8 = 0.1 26.1 £ 0.2 26.3 = 0.6 —0.06 0.0006
Systemic HTN (%) 29 30 35 43 0.05 0.004
Total Chol (mg/dl) 210 =2 204 =1 204 = 2 200 = 5 -0.04 0.052
Diabetes mellitus (%) 6 5 7 4 0.02 0.30
Smoking (pack-years) 17 16 15 22 —-0.02 0.23
CHF or MI (%) 2 3 5 10 0.09 0.0001

BMI = body mass index; CHF = congestive heart failure; Chol = cholesterol; HTN = hypertension; Ml = myocardial infarction.

TABLE lllb Clinical Characteristics and Severity of Tricuspid Regurgitation

Degree of Regurgitation

Clinical Characteristics None Trace Mild =Moderate r p Value
Men/women (%) 50/50 45/55 39/61 38/62 0.06 0.003
Age (yrs) 53.0 +9.9 53.1+97 57.0 +10.5 622+ 128 0.12 0.0001
BMI (kg/m?) 27.2+0.2 26.2 = 0.1 253 +0.2 23.9+0.8 -0.15 0.0001
Systemic HTN (%) 33 28 28 13 -0.03 0.1
Diabetes mellitus (%) 6 5 3 2 —-0.03 0.20
Smoking (pack-years) 15«1 16 =1 14 =1 19 =4 —-0.01 0.60
CHF or MI (%) 2 3 4 4 0.04 0.04
Airflow obstruction (%) 12 9 10 9 -0.14 0.50

Abbreviations as in Table llla.

index, and systemic hypertension; the determinants mfevious reports, our study is not limited by selection
TR (more than or equal to mild severity) were agéjias (by virtue of echocardiography laboratory referral
lower body mass index, and female sex; and thgatterns)-6-9or by interpretation of echocardiograms
determinants of AR (more than or equal to tracenblinded to the clinical status of patierits.
severity) were age and male sex. Prevalence rates in the Framingham Heart Study
sample differed markedly according to threshold def-
initions (i.e., trace vs mild severity). The high preva-
DISCUSSION lence of trace regurgitation suggests that this may be
_ The results of our study show that valvular reguran artifact of valve closut@ or may be a feature
gitation detectable by color Doppler echocardiography|ated to closure of anatomically normal valvés.

was highly prevalent in the general population. MR jinicql determinants: Age was observed to exert a
and TR were most common, followed by AR. Obesity, tqund influence on the prevalence of valve regur-

was associated with a lower prevalence of TR a P : P :
MR. These data provide population-based estimat] éar;[g)en (I)?: }\r/]leR pgr%ulaatlnodn.A%ugnfér;ggwsgesdtrﬁ:ﬁhaeggrz\;e

forlfrz\r:;?eﬂ:%? xllslr::lg?trf;}rsg:r?:ii]rg g?g\;ﬁ)cdg:s%%gsconsistent with earlier Doppler studie$é Long-
. . . . " standing mechanical stress may play a role in the wear
les using conventional pulsed Doppler methOdOIO%d tear of the valve, resulting in valvular regurgita-

have varied widely in their estimates of the prevalen : . .
of valvular regurgitation. In normal subjec?s, prevallon*? Although left-sided valves (aortic and mitral)

lence rates of TR have been 24% to 96%, MR 10% € €xposed to high pressures and are likely to un-
80%, and AR 0% to 33%%-20 Color Doppler flow 4€rgo degenerative changes earlier than right-sided
imaging, which superimposes color-coded flow pat2/ves, the prevalence rates of MR and TR were
terns on the real-time 2-dimensional image, is a mof@mparable at all ages. _ _
comprehensive and sensitive, yet less tedious, methodSYStemic hypertension was associated with MR but
than conventional pulsed-wave Doppler echocardiofot With AR. Increased afterload may play an impor-
raphyfl,Zl Consequently, Color Dopp|er echocard|og ntll'Ole n the geI’IESIS Of minor degl’eeS Of MR.
raphy has become the procedure of choice to detdgrlier reports have suggested that hypertension pre-
and measure valvular regurgitation. The reportedisposes to aortic root enlargement and, consequently,
prevalence has varied widely, from 15% to 100% fdp AR.23 Our observation of a lack of association
TR, 38% to 58% for MR, and 0% to 18% for ARS8 between hypertension and AR is supported by a recent
The discrepancies in prevalence rates can be explairséddy demonstrating the lack of an association be-
by the fact that the earlier studies have been limited teveen blood pressure and dilation of the aortic root at
small numbers of subjects® and have varied in their the site of commissural attachment and ARThe
definitions of regurgitatiori=6°2 Also, in contrast to present investigation and previous stuétes have

900 THE AMERICAN JOURNAL OF CARDIOLOGY®  VOL 83 MARCH 15, 1999



TABLE lllc Clinical Characteristics and Severity of Aortic Regurgitation

Degree of Regurgitation

Clinical Characteristics None Trace Mild =Moderate r p Value
Men/women (%) 45/55 54/46 60/40 54/46 -0.07 0.0001
Age (yrs) (mean = SD) 53 +10 60 = 10 63 =8 63 =10 0.24 0.0001
BMI (kg/m?) 26.7 +0.8 26.5+0.3 26.5+04 256 +1.2 —0.009 0.62
Systemic HTN (%) 30 34 32 12 0.029 0.12
Total cholesterol (mg/dl) 205 + 1 201 =3 207 =3 195 =10 —-0.01 0.54
Diabetes mellitus (%) 5 6 10 0 0.03 0.18
Smoking (pack-years) 16 =1 15+2 16 =2 1M=x6 -0.24 0.19
CHF or Ml (%) 3 4 6 0 0.006 0.76

Data expressed as mean = SEM.
r = Spearman rank correlations.
Abbreviations as in Table llla.

TABLE IV Results of Multivariable Regression Analyses

shown a strong association between

AR AR and age, which in turn may ex-

Clinical Determinants MR TR . L.
0 R P57l R 5% R 5% <l plain the lack of association between
nit % % % hypertension and AR after adjustin
Age yr) -9 1312, 1.9) 1:3(1.3,1.7) 2.3(20,27) fc}/rpa e in the multivariable mtj)del °
Sex M/F 1.1(0.9,1.3) 1.2(1.0, 1.6) 0.6 (0.5,0.8) ge alle :
BMI (kg/m?) 4.3 0.8(0.7,0.9) 0.7 (0.6, 0.8) 1.0(0.8, 1.1) Qbesnty and regurgitation: The se-
HTN Y/N 1.6 (1.2, 2.0) 1.1 (0.8, 1.4) 1.2(0.9,1.5) | verity and prevalence of MR and TR

expressed for 1 SD of age and BMI.
Abbreviations as in Table llla.

Data expressed as odds ratio (95% confidence intervals). Odds ratios for continuous variables

decreased as a function of increasing
body mass index. This may be be-
cause ultrasonic penetration becomes

® Men
O Women

e
S

25

20 -

15

MR

10

5
25 -

20

TR

15 -

10

5
25 -

Predicted Prevalence (%)

20

15

AR

Body Mass Index

FIGURE 2. Graphic representation of the mean predicted preva-
lence of mitral, tricuspid, and aortic regurgitation for the popula-
tion subdivided into deciles, on the basis of their body mass in-

dex (kg/m?).

poorer in obese persons, and ultra-
sound may be too attenuated to per-
mit adequate detection of Doppler
signals from distally located areas. To minimize this
bias, we purposefully excluded subjects with techni-
cally poor Doppler echocardiograms. The inverse re-
lation between body mass index and MR and TR
persisted despite exclusion of technically limited stud-
ies. Because obesity is associated with changes in
cardiac structure, hemodynamics, and altered ventric-
ular inflow patterngé27 it may be speculated that
mechanisms other than technical factors are involved
in the inverse association between body mass index
and valvular regurgitation. Further studies are needed
to examine this association.
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