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Using a familial correlation model to assess familial influences, baseline dehydroepiandrosterone sulfate (DHEAS) and its
change (post-training minus baseline) in response to a 20-week endurance exercise training program were analyzed in 85
black families who participated in the HERITAGE Family Study (HERITAGE). Baseline levels were adjusted for a polynomial in
age, and the training response was adjusted for a polynomial in age, as well as the baseline values, within 4 sex-by-generation
groups before genetic analysis. We found that the maximal heritability for baseline DHEAS reached 66% (with no sex and
generation differences) in black families, which is slightly (but not significantly) higher than the estimate (58%) reported
previously in 99 white families in HERITAGE. Whereas weak, but significant, familial effects (26%) for the training response
were previously reported for whites in HERITAGE, they were undetectable in the present study. Furthermore, we found
heterogeneity in the pattern of familial aggregation (primarily due to different spouse and parent-offspring correlations) for
both the baseline and its training response between blacks and whites. In conclusion, baseline DHEAS levels in blacks were
also determined by substantial familial factors (just as for whites), independent of the effects of age and sex. Genetic and
nongenetic familial components influencing baseline DHEAS levels in both races may be different.
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EHYDROEPIANDROSTERONE (B-hydroxyandrost-5-  sor of testosterone and estradiol in worh&hand is associated
ene-17-one, DHEA) 3-sulfoconjugate (DHEAS) is the with levels of testosterone, estradiol, sex hormone-binding
principal C-19 steroid produced in high quantities by the hu-globulin (SHBG), insulin, and numerous CVD risk factérs.
man adrenal glands, with higher levels in men than in women Previous twin and family studies found that DHEAS levels
after pubertyt-2 In distinct contrast to other adrenal steroids, were under the influences of genetic determinants and familial
DHEAS levels decline progressively and markedly with ag- environmental factors, with the magnitude of the effect ranging
ing.134In men, epidemiologic reports have consistently sug-from 39% to 65%-4-17 Sex differences in the familiality were
gested that low DHEAS levels are associated with an increaseshown in white families who participated in the Cincinnati
risk for cardiovascular disease (CVD) and diabétémterest-  Myocardial Infarction and Hormone (CIMIH) Family Stutfy
ingly, high levels of DHEAS appear to confer beneficial effects and in the HERITAGE Family Study (HERITAGEY,in which
against the development of degenerative procesBesults in - the maximal heritabilities reached 65% in men and 50% in
women, however, suggest that high levels of DHEAS maywomen?®
either indicate increased risk of mortality from C¥BPor have It is not clear if regular exercise has any chronic effect on
no effectlo.11|n addition, DHEAS may be a metabolic precur- DHEAS concentrations. Two studies suggested that DHEAS
levels increased after exercise trainf®g! whereas 1 investi-
gation questioned whether exercise training alone could affect
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physical activity over the previous 6 months (see Bouchard esimple difference of the averaged values of the post- and the averaged

al 25 for details). values of the pretraining levels. Reproducibility of the baseline DHEAS
measurements in HERITAGE was very high, with intraclass correlation
MATERIALS AND METHODS (ICC) and coefficient of variation (CV) for repeated measurements for

s | day-to-day variation being about 0.96 and 16%, respectively. ICC and
ample CV for analytical error were 0.98% and 10%, respectively.
HERITAGE was designed to investigate the role of the genotype in

cardiovascular, metabolic, and hormonal responses to aerobic exercig®ata Adjustments

training, and the contribution of regular exercise to changes in CVD ) I
and diabetes risk factors. A description of HERITAGE protocol, pop- As baseline DHEAS _data were not normglly distributed, they were
log-transformed and adjusted for a polynomial in age (age, age).

ulation, and inclusion and exclusion criteria has been published else:- . o
where2s The adjustments were performed within each of the 4 sex-by-genera-

A total of 296 individuals from 85 black families (109 men and 187 tion groups in both the mean and the variance (eg, heteroscedasticity)

women) and 472 individuals from 99 white families (233 men and 239 using jl. st?pc\j/v]:se multllple rgg(t_essmn pr(c)jct(;dukr]e. Tlhe trallnlng rFespons::
women) completed the training. Participants with incomplete pre- andVas acjusted fora polynomial in age and the baseiiné values. For eac
of the regressions, only terms that were significant at the 5% level were

post-training DHEAS measurements were excluded for the training tained. Each of the adiusted bh din th i vsi
response. Table 1 gives the sample sizes within 4 sex-by-generatio planed. tach ot the adjusted p enotypes used in the genetic anaysts
s finally standardized to a mean of zero and a standard deviation

groups (fathers, mothers, sons, and daughters) and by the races (blac&?D) of 1
and whites) for the baseline and the training response. '

The following entry criteria were applied to screen subjects for .
participation. First, individuals were between the ages of 17 to 65 year§ @Milial Resemblance
(17 to 40 years for children and 65 years for parents). Second, all A sex-specific familial correlation model was used to look for
participants were required to be sedentary at baseline. Third, a bodgvidence of familial effects underlying the variation in the baseline and
mass index (BMI) of less than 40 kgfmvas required unless a physi  the training response. The computer program SEGPATas used to
cian certified that the subject was able to safely meet the demands dft the sex-specific familial correlation model directly to the family data
the exercise testing and training program. Fourth, resting blood presusing the maximum likelihood method. The general model was based
sure (BP) levels weres 159 mm Hg for systolic BP anet 99 mm Hg  on 4 subgroups (father$)( mothers ff), sons §), and daughtersdy)
for diastolic BP in the absence of medications. Finally, participantsgiving rise to 8 correlations in 3 familial classes (1 spouse),(4
were required to be in good general physical health to complete theyarent-offspring s, fd, ms, myJ and 3 sibling $s, dd, s}). Each null
20-week exercise training program. Exclusion criteria can be found inhypothesis was tested by a comparison to the general model using the

a previous publicatiof? likelihood ratio test (LRT), which is the difference in minus twice the
] o log-likelihood (-2 In L) obtained under 2 nested models. In addition to
Exercise Training Program the LRT, Akaike’s Information Criterion (AIC), which is =2 In L plus

Following the initial test battery, subjects completed a 20-week twice the number of estimated parameters, was used to compare non-

endurance training program (3 days/week for a total of 60 exercisd'€Steéd model& The most parsimonious model is the one with the

sessions) on cycle ergometers (Universal Aerobicycle; Cedar Rapid$mallest AIC. o

IA), which were computer-controlled to maintain the participant’s heart The null hypotheses of no sex and generatloh differences were tested
rate at levels associated with fixed percentages of thejmax. The ~ In model 2 (no sex differences in offsprings=fd, ms=md,
training program started at 55% obymax for 30 minutes/session and SS=dd=sd), model 3 (no sex differences in parents or offspring,
gradually increased to 75% ofdgmax for 50 minutes/session during S=fd=ms=md, ss=dd=sd), and model 4 (no sex or generation dif-
the last 6 weeks of training. The full test battery was administered agair{e"encesfs=fd=ms=md=ss=dd=sd (Table 2). The significance of

at the conclusion of the training program. Details of the training the familial correlations was examined in model 5_(no sibling resem-
program have been published elsewt&rall training sessions were ~ Plance, ss=dd=sd=0), model & (no parent-offspring resemblance,

supervised on site, and adherence to the protocol was strictly monitS=fd=ms=md=0), and model 7 (no spouse resemblanfre=0).

tored. Finally, a single correlation was fit to the data by equating all 8
parameters in model 8. A parsimonious model was determined by
Measurements combining as many of the nonrejected hypotheses into a single test as

possible. Maximal heritability was computed using the familial corre-

Before and after the 20-week standardized exercise training programgions from the most parsimonious model. This estimate includes both
blood samples were taken from an antecubital vein into vacutainerp0|ygeniC and familial environmental sources of variance and is ad-
tubes containing EDTA. Samples were collected in the morning after gysted for the degree of spouse resemblance (see Table 3 footnote for
12-hour fast with the participant in a semirecumbent position and wergpq equation).
drawn twice before training (24 hours apart) and twice near the end of Heterogeneity between the races was tested under a 16-correlation
training (at least 24 hours apart and at least 20 hours after a training,odel. This model is a simple extension of the 8-correlation {s, fd,
session). Blood samples collected at each clinical center were preparerq& md, ss, dd, $enodel and allows for race-specific correlatiofray(
according to a standard protocol before being shipped to the COrgs fd,, ms, mdy, ss, ddy, sd, in blacks, andm,, fs,, fd,, ms, md, sS,
laboratory in Qubec. They were adjusted for possible post-training g, sq, in whites). Because means and variances are estimated sepa
hemodilution based on the assay of total protein. Serum DHEASyately for each race, this procedure allows for not only testing the

concentrations were determined by a specific radioimmunoassay usingyerall heterogeneity, but also a determination of the sources of het-
Diagnostic Products kits (San Antonio, TX). The antiserum is highly erogeneity, if any.

specific to DHEAS with very low cross-reactivity to other blood
compounds. No effects of bilirubin and hemolysis on the assay were RESULTS
found to be significant.
Baseline DHEAS levels were determined by averaging the 2 pre- Means and SD of the baseline and the training response are
training measurements. The training response was determined by given in Table 1. Based on a comparison of standard errors
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Table 1. Means and SD for Baseline DHEAS and Its Training Response (ADHEAS) in Both Races

AN ET AL

Variables No. Means SD No. Means SD
Fathers Mothers
Blacks
Age (yr) 28 50.2*1 7.2 56 46.4*%t 6.7
BMI (kg/m?) 28 27.3 5.1 56 28.9 4.9
DHEAS (nmol/L) 28 32631 1784 56 2591t 1450
ADHEAS (nmol/L) 25 2671 701 49 -26 942
Sons Daughters
Age (yr) 81 27.3t 7.3 131 2711 7.3
BMI (kg/m?) 81 27.3 5.7 131 27.8 7.1
DHEAS (nmol/L) 81 6730*t 2505 131 4653*t 3231
ADHEAS (nmol/L) 61 —573t%# 1443 100 -215 1101
Whites Fathers Mothers
Age (yr) 94 53.41 5.5 87 52.21 5.1
BMI (kg/m?) 94 28.3t 4.5 87 2711 4.3
DHEAS (nmol/L) 94 3627*t 2154 87 2263*t 1325
ADHEAS (nmol/L) 93 89 702 87 45 549
Sons Daughters
Age (yr) 139 25.51 6.1 152 25.51 6.6
BMI (kg/m?) 139 25.7*t 4.9 152 23.4%t 4.1
DHEAS (nmol/L) 139 7477*t 3331 152 4524*t 2258
ADHEAS (nmol/L) 139 —45% 1600 149 -129 1264

* Significant (P < .05) mean differences for father-mother or son-daughter (within generation) comparisons.
t Significant (P < .05) mean differences for father-son or mother-daughter (within sex) comparisons.
¥ Significant (P < .05) mean difference between blacks and whites for son-son comparison for the training response.

(SE), there were significant sex and generation differences at
baseline, with higher levels in men than in women within
generation (nonsignificant for father-mother comparison in the
black sample) and with higher levels in offspring than in
parents within the same sex. In contrast, no sex or generation
differences in the training response were found (except for

Table 2. Model-Fitting Summary for Baseline DHEAS and Its
Training Response in Blacks

father-son comparison in the black sample). In addition, no

sample difference (between the races) in the baseline or train- Baseline DHEAS

ing response was observed (except for son-son comparison for 1. General model

the training response). In black participants, the significant 2- No sex differences in offspring
terms and percentages of variance accounted for by the covari-
ates were 19% (baseline) in sons and 5% (agez, ages) in
daughters for the training response. A similar set of stepwise
regressions were also performed by including BMI as a covari-
ate, however, it was not a significant predictor of either the
baseline or the training response.

Familial correlation model-fitting results for black partici-
pants are given in Table 2. For the baseline, rejected hypotheses  correlation
suggested the presence of sex and generation differences in thgraining response
familial correlations. Sibling (model 5) and parent-offspring - General model*
(model 6) correlations were significant, but there was no spouse
resemblance (model 7). Both a single correlation (model 8) and
a single correlation with no spouse correlation (modé#rg;0, 4
fs=fd=ms=md=ss=dd=sd) hypotheses fit the data. The AIC 5
suggests that the latter is the most parsimonious (Al00.45). 6. No parent-offspring correlations

For the training response, none of the constrained models 7
was rejected. The general model did not converge, thus a 8
revised model with no sex difference in the sibling correlations 9. No correlation

Models df P AlC
0 - 16.00
4 .09 15.96
3. No sex differences in parents and
offspring 5 14 14.24
4. No sex and generation differences 6 .21 12.34
5. No sibling correlations 3 <.01 32.75
6. No parent-offspring correlations 4 <.01 23.07
7. No spouse correlation 1 14 14.14
8. Single correlation 7 12 13.54
9. Single correlation with no spouse
7 .30 10.45
0 - 12.00
2. No sex differences in offspring 2 .56 9.17
. No sex differences in parents and
offspring 3 .54 8.15
. No sex and generation differences 4 .63 6.61
. No sibling correlations 1 .34 10.92
4 .70 6.17
. No spouse correlation 1 .25 11.30
. Single correlation 5 .62 5.49
6 .68 4.01

Wa_S regarded as the “general: model (sge Table 2 footnote), = The general model did not converge for the training response. It
which was used to test each of the constrained hypotheses. A NQas thus revised (fm, fs, fd, ms, md, ss = dd = sd) to test each of the

correlation (model 9im=fs=fd=ms=md=ss=dd=sd=0) hy- constrained hypotheses.
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pothesis fit the data and was the most parsimonious according
to the AIC (4.01).

Parameter estimates (correlationsSSE) are given in Table 3
under the general and most parsimonious models. The maximal
heritabilities include both genetic and nongenetic familial
sources of variance. In contrast to zero for the training re-
sponse, the heritability for the baseline reached 66%, with no
sex and generation differences. Figure 1 presents familial cor-
relation estimates for the baseline in both race groups.

Race differences in familiality were assessed using the 16-
correlation heterogeneity model. There were overall heteroge-
neities between the races in the baseline and training response
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Fig 1. Differences in familial correlations for baseline DHEAS be-
tween blacks and whites in the HERITAGE Family Study.

The maximal heritability, corrected for the observed degree
of spouse resemblance, reached 66% in black families for
baseline DHEAS, independent of the effects of age and sexblack families was slightly (but not significantly) higher than
However, it was zero for the training response, which wasour estimate (58%) reported previously in white families in
similarly corrected for the effects of age and sex, as well as thédERITAGE2° In contrast to sex differences previously shown
baseline values. The familial effects in the present study reflecin whites in HERITAGE}® no sex and generation differences in
both genetic determinants and shared environmental factorghe familial correlations were found in blacks in the current
Familial aggregation studies were previously performed instudy. This may suggest different familial components between

white twins4.15 and familiest® 19 as well as Mexican Ameri-

the races. Familial effects for the training response are low in

cansts17 put not in blacks. Therefore, the current report basedwhites (26%), with no sex and generation differences in the

on black families in HERITAGE conveys new information.
The maximal heritability (66%) for baseline DHEAS in

Table 3. Maximal Heritabilities (+SE) for Baseline DHEAS and Its
Training Response in Blacks

Parameters

General Model

Parsimonious Model

Baseline DHEAS

fm 0.06 = 0.17 [0]*

fs 0.57 £ 0.14 0.33 = 0.05

fd 0.27 £ 0.15 [0.33]

ms 0.24 = 0.15 [0.33]

md 0.32 £ 0.11 [0.33]

ss 0.62 +0.12 [0.33]

dd 0.41 = 0.1 [0.33]

sd 0.08 +0.18 [0.33]
Maximal heritability (%)t 66 = 10
Training response

fm 0.25 + 0.20 [0]

fs 0.32 £ 0.31 [0]

fd 0.07 = 0.18 [0]

ms 0.06 = 0.18 [0]

md —0.26 + 0.20 [0]

ss 0.11 = 0.12 [0]

dd [0.11] [0]

sd [0.11] [0]
Maximum heritability (%) 0

* Parameters in square brackets were fixed to zero or equated to a

preceding parameter.

t Maximal heritability computed as [(rgipiing + Mparent-offspring) (1 +
Tspouse)/(T + Tspouse T 2*Tspouse™ Tparent-offspring)] iNcludes both genetic
and familial environmental sources of variance and is adjusted for the
degree of spouse resemblance.??

correlationst® They were, however, undetectable in blacks in
the present study. In the literature, either no sex differences in
familiality were reported in the San Antonio Family Heart
Study (SAFHS)s or they had an opposite pattern, ie, higher
estimates in women (74%) than in men (29%) in the CIMIH
Family Study!8 suggesting possible differences in characteris-
tics of the samples. In HERITAGE, participants were seden-
tary, healthy, nonobese, nondiabetic, and nonhypertensive,
whereas in the CIMIH Family Study, the families were ascer-
tained through white men who survived a myocardial infarction
before the age of 5819 The participants in the SAFHS were
low income Mexican Americans and were randomly ascer-
tained without regard to disease stat@ls.

Our estimate (66%) for baseline DHEAS in black families is
also somewhat higher than (or as high as) those (39% to 65%)
from other studies in whites and Mexican Americafss Al-
though circulating DHEAS levels are not significantly different
between blacks and whites in adulthd8é? the heritability
could still vary across the races. In the present study, an
in-depth assessment of heterogeneity in the familial correla-
tions between the races not only evidenced overall sample
heterogeneity, but also pointed to differences in spouse and
parent-offspring correlations at baseline and in response to
training. The correlation estimates were different (borderline to
significant, P =< .05) between the races in spouse (zero in
blacksv 0.27 = 0.10 in whites), father-daughter (0.330.05
in blacksv 0.21 = 0.08 in whites), mother-son (0.38 0.05 in
blacksv 0.24 + 0.09 in whites), son-daughter (0.330.05 in
blacksv 0.47 + 0.12 in whites), and daughter-daughter (0333
0.05 in blacksv 0.20 = 0.09 in whites) correlations in HERI-
TAGE. In contrast, the estimates were similar for father-son
(0.33 = 0.05 in blacksv 0.34 = 0.08 in whites), mother-
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daughter (0.33= 0.05 in blacksv 0.38 = 0.07 in whites), and In conclusion, baseline DHEAS in HERITAGE black par-
son-son (0.33+ 0.05 in blacksv 0.40 = 0.10 in whites) ticipants is under the influence of substantial genetic determi-
correlations between the races (see Fig 1). Although a similanants and nongenetic familial factors, with no sex and gener-
analysis was not performed in blacks previously, we noted lation differences. Heterogeneity in the pattern of familial
report in white families in the Cincinnati Myocardial Infarction aggregation between the races was found, which was mainly
and Hormone Family Studi? In that study, the son-son driven by different spouse and parent-offspring correlations.
(0.15+ 0.07) and daughter-daughter (0.8370.05) correlations  Familial effects on the training response are negligible in
showed an opposite pattern of sex differences in familial cor-blacks, while they are low in whites.

relations than those in whites in HERITAGE, while the spouse

and parent-offspring correlations were quite compatible with ACKNOWLEDGMENT
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differences in familial correlations appear to be due to differ-the Molecular Endocrinology Laboratory at Laval University where the
ences in the specific characteristics of the samples. steroids were assayed.

REFERENCES

1. Orentreich N, Brind JL, Rizer RL, et al: Age changes and sexvascular disease risk factors in Mexican Americans. Hum Hered 46:
differences in serum dehydroepiandrosterone sulfate concentration301-309, 1996
through adulthood. J Clin Endocrinol Metab 59:551-555, 1984 17. Jaquish CE, Mahaney MC, Blangero J, et al: Genetic correla-

2. Parker CR Jr: Dehydroepiandrosterone and dehydroepiandrosions between lipoprotein phenotypes and indicators of sex hormone
terone sulfate production in the human adrenal during development anfévels in Mexican Americans. Atherosclerosis 122:117-125, 1996
aging. Steroids 64:640-647, 1999 18. Rice T, Sprecher DL, Borecki IB, et al: The Cincinnati Myo-

3. Akamine Y, Kato K, Ibayashi H: Studies in changes in the cardial Infarction and Hormone Family Study: Family resemblance for
concentration of serum adrenal androgens in pubertal twins. Actajehydroepiandrosterone sulfate in control and myocardial infarction
Endocrinol 93:356-364, 1980 families. Metabolism 42:1284-1290, 1993

4. Nestler JE, Close JN, Blackard WG: Metabolism and action of 19, An P, Rice T, Gagnon J, et al: A genetic study of dehydroepi-
dehydroepiandrosterone in humans. J Steroid Biochem Mol Biol 40:androsterone sulfate measured before and after a 20-week endurance
599-605, 1991 exercise training program: The HERITAGE Family Study. Metabolism

5. Barrett-Connor E, Khaw K, Yen SSC: A prospective study of 49-098.304, 2000
dehydroepiandrosterone sulfate, mortality and cardiovascular disease. 5 arnetz BB, Theorell T, Levi L, et al: An experimental study of
N Engl J Med 315:1519-1524, 1986 _ social isolation of elderly people: Psychoendocrine and metabolic

6. Nafziger AN, Herrington DM, Bush TL: Dehydroepiandrosterone effects. Psychosom Med 45:395-406, 1983
apd dehydrgepia_ndrosterone sulfate: Their relation to cardiovascular 51 | ittman A, Fava M, Halperin P, et al: Physiologic benefits of a
disease. Epidemiol Rev 13:267-293, 1991 o stress — Type A behavior program for healthy middle-aged army
7. Vermeulen A: Decreased androgen levels and obesity in men «icers. J Psychosom Res 37:345-354, 1993
Ann Med 28:13-15, 1996 22. Milani RV, Lavie CJ, Barbee RW, et al: Lack of effect of

8. BarreFt-Connor E, Khaw K: Absence_: of an inverse rfalayon of exercise training on dehydroepiandrosterone-sulfate. Am J Med Sci
dehydroepiandrosterone sulfate with cardiovascular mortality in post-

menopausal women. N Engl J Med 317:711, 1987 Slgézg;zgingMggnatun a AK, Wagner MA, et al: Adrenal androgen-
9. Johannes CB, Stellato RK, Feldman HA, et al: Relation of dehy- ' ' g ’ 9 ’ ) 9

droepiandrosterone and dehydroepiandrosterone sulfate with cardi%);‘;rg:t'g:ss;:':g_ 42?3%?02355(9@@” to race and blood pressure.

vascular disease risk factors in women: Longitudinal results from the 24, Richards RJ. S F Bao W. et al: Steroid h duri
Massachusetts Women'’s Health Study. J Clin Epidemiol 52:95-103, - Richards RJ, svec 7, bao W, et al. Sleroid hormones during

1999 puberty: Racial (black-white) differences in androstenedione and es-
10. Barrett-Connor E, Goodman-Gruen D: Dehydroepiandrosteronéradiol — The Bogalusa Heart Study. J Clin Endocrinol Metab 75:624-
sulfate does not predict cardiovascular death in postmenopausaﬁ31’ 1992

women. The Rancho Bernardo Study. Circulation 91:1757-1760, 1995 2. Bouchard C, Leon AS, Rao DC, et al: The HERITAGE family

11. Schaefer C, Friedman G, Ettinger B, et al: Dehydroepiandros—smdy: Aims, design and measurement protocol. Med Sci Sports Exerc

terone sulfate (DHEAS), angina, and fatal ischemic heart disease. Am §7:721-729, 1995

Epidemiol 143;S69, 1996 (abstr) 26. Skinner JS, Wilmore KM, Krasnoff JB, et al: Adaptation to a
12. Longcope C: Dehydroepiandrosterone metabolism. J Endocrino$tandardized training program and changes in fitness in a large, heter-
150:S125-S127, 1996 ogeneous population: The HERITAGE Family Study. Med Sci Sports

13. Nestler JE, Usiskin KS, Barlascini CO, et al: Suppression of Exerc 32:157-161, 2000
serum dehydroepiandrosterone sulfate by insulin: An evaluation of 27. Province MA, Rao DC: General purpose model and a computer
possible metabolisms. J Clin Endocrinol 69:1040-1046, 1989 program for combined segregation and path analysis (SEGPATH):
14. Rotter JI, Wong FL, Lifrak ET, et al: A genetic component to the Automatically creating computer programs from symbolic language
variation of dehydroepiandrosterone sulfate. Metabolism 34:731-736/model specifications. Genet Epidemiol 12:203-219, 1995

1985 28. Akaike H: A new look at the statistical model identification.
15. Meikle AW, Stringham JD, Woodward MG, et al: Heritability of |EEE Trans Automat Control 19:716-723, 1974
variation of plasma cortisol levels. Metabolism 37:514-517, 1988 29. Rice T, Despre JP, Daw EW, et al: Familial resemblance for

16. Jaquish CE, Blangero J, Haffner SM, et al: Quantitative geneticabdominal visceral fat: The HERITAGE Family Study. Int J Obes
of dehydroepiandrosterone sulfate and its relation to possible cardio21:1024-1031, 1997



