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The aim of this study was to investigate whether there are familial influences on cortisol levels at baseline and in response

to endurance exercise training and, if so, whether there is evidence for a major gene effect. There were 476 white individuals

in 99 nuclear families and 247 black individuals in 105 families with valid cortisol data in the HERITAGE Family Study. Data

adjustments were carried out separately in each of 8 sex by generation by race groups, using stepwise multiple regression

procedures. The familial factors underling the variability in baseline cortisol (log-transformed and adjusted for age and

baseline body mass index [BMI]) and its training response (post-training minus baseline, adjusted for age, baseline BMI, and

the baseline cortisol value) were assessed by estimating familial correlations and carrying out segregation analysis. In the

white sample, significant familial resemblance was detected for both baseline cortisol and the training response, with

maximal heritabilities of 38% and 32%, respectively. However, significant familial correlations were not detected for either

cortisol phenotype in the black sample, perhaps owing, in part, to the much smaller family sizes. Results of segregation

analysis of the white sample provided evidence for Mendelian additive genes influencing baseline cortisol and its training

response. The major genes accounted for 33% and 31% of the variance for baseline cortisol and the training response with

48% and 5% of the sample homozygous for the genotype leading to high values, respectively. In conclusion, we found

significant familial effects influencing levels of baseline cortisol and its training response in the white sample. The putative

major gene effects appear to explain most of the observed familial resemblance, this will motivate further linkage and

association studies.
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CORTISOL IS ONE of the major secretory product of the
adrenal cortex, and in excess causes obesity, insulin

resistance, hypertension, and dyslipidemia.1,2 Adrenocortico-
tropin (ACTH) released from the pituitary stimulates the adre-
nals to produce and release cortisol, which in turn is kept within
an optimal range through the feedback action of cortisol. This
action is mediated via centrally located glucocorticoid recep-
tors interacting with neural control mechanisms.3,4 Once corti-
sol is bound to these receptors, the activity of the hypothalamic-
pituitary-adrenal (HPA) axis is regulated.3,4

Environmental and genetic factors influence the HPA axis, as
well as the variation in the cortisol level.5-7 Environmental
challenges, such as stress, endurance training, inactivity, and
fasting, transiently increase the plasma concentrations of cor-
tisol.8-12 Wide variations in cortisol levels, at baseline and in
response to different stimuli, have been described in normal
individuals, and they seem to be age- and sex-dependent.8,13-17

Moreover, there is diurnal variation, although there is intrain-

dividual stability when measures are taken early in the morning
after an 8-hour fast.6,12

Despite reports from several twin studies, the degree of
heritability for cortisol secretion is still unclear.8,18-21 For ex-
ample, although the heritabilities were similar between the
results of Meikle at al19 (45%) and Inglis at al20 (46%), the
latter estimate was not significant, probably due to small sam-
ple size. Kirschbaum et al8 investigated the genetic effects on
cortisol levels at baseline and in response to 3 different stim-
ulation procedures in twin pairs: synthetic human corticotropin-
releasing hormone (hCRH), ergometry, and psychological
stress. Maximum cortisol responses to these 3 stimuli were
significantly intercorrelated in males, but in females only the
cortisol responses to hCRH and ergometer exercise showed a
significant correlation. However, the heritabilities, based on
correlation coefficients of monozygotic and dizygotic pairs,
were significant only for variation in cortisol levels at baseline
and in response to hCRH, but not for response to exercise and
psychological stress.

These twin studies suggest that genetic factors are relevant.
However, comparable studies in nuclear families or extended
pedigrees have not been reported and major gene hypotheses
have not been tested. Thus, the purpose of this study was to
investigate the extent of familial resemblance and evidence for
major gene effects on cortisol levels both at baseline and in
response to endurance training in white and black subjects
participating in the HERITAGE Family Study.

MATERIAL AND METHODS

Sample

The HERITAGE Family Study is a multicenter project designed to
investigate the role of genetic factors on cardiovascular and diabetes
risk factors, and metabolic and hormonal responses to endurance ex-
ercise training. The specific aims and study design have been described
elsewhere by Bouchard et al.22 Through extensive publicity and adver-
tisement, 529 white individuals from 99 nuclear families and 326 black
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individuals from 105 family units were studied in 4 clinical centers.
The inclusion and exclusion criteria were described previously.22 In
summary, individuals were (1) within 17 to 65 years of age; (2)
sedentary at baseline, defined as not having engaged in regular vigorous
physical activity over the previous 6 months; (3) in good health; (4)
with a body mass index (BMI) less than 40 kg/m2, unless certified by
a physician that the subject was capable of undertaking the testing and
training program; and (5) with systolic and diastolic blood pressures
not greater than 159 mm Hg and 99 mm Hg, respectively. The study
was approved by each of the institutional review boards and written
informed consent was obtained from each individual. After accounting
for missing data, individuals who did not complete the training protocol
and outliers (64 SD from the mean), the final analysis sample com-
prised 476 white subjects and 247 black subjects.

Endurance Training Program

Each individual was exercise-trained under supervision on a cycle
ergometer 3 times a week for 20 weeks using the same standardized
training protocol in each of the 4 clinical centers. The intensity and
duration of the training program were adjusted every 2 weeks so that
during the last 6 weeks of the training the subject exercised at the heart
rate associated with 75% of maximum oxygen uptake (VO2 max) for
50 minutes. The power output of the cycle ergometer was adjusted by
computer to match the subject’s actual heart rate with the programmed
training heart rate.23

Measures

A battery of measures relevant to cardiovascular disease and diabetes
risk factors was obtained both prior to (baseline) and after the endur-
ance training program. Blood samples were obtained from an antecu-
bital vein into vacutainer tubes with no anticoagulant in the morning,
after a 12-hour fast with participants in a semi-recumbent position.
Samples were obtained twice at baseline and drawn at least 24 hours
apart, and twice after the endurance training program, with one sample
drawn 24 hours and the other 72 hours post-training. The present study
is based on mean values from these 2 samples obtained at baseline and
2 samples obtained after the endurance training program. For eumen-
orrheic women, all samples were obtained in the early follicular phase
of the menstrual cycle. Fasting serum was prepared according to a
standard protocol. After centrifugation of blood at 2,0003 g for 15
minutes at 4°C, 2 aliquots of 2 mL in cryogenic tubes were frozen at
280°C until shipment within a month. Serum samples from the 3
United States HERITAGE Clinical Centers were shipped in the frozen
state to the HERITAGE Steroid Core Laboratory in the Molecular
Endocrinology Laboratory at the Laval University Medical Center in
Québec City. Serum cortisol levels were assayed directly by radioim-
munoassay using a commercially available kit (Diagnostic System
Laboratories, Webster, TX). Reproducibility was studied from cortisol
data obtained across 4 days in an intracenter quality control (ICQC),
using technical errors (TE), coefficients of variation (CV) for repeated
measures, and intraclass correlation coefficients (ICC) obtained on the
main cohort, as well as on ICQC samples from each of the 4 Clinical
Centers (described in more detail elsewhere24-26). For day-to-day vari-
ation in baseline cortisol levels, the values were TE5 107, ICC 5
0.52, and CV5 26% in 325 males, and TE5 110, ICC5 0.88, and
CV 5 25% in 420 females. For the ICQC substudy, the values were
TE 5 108, ICC5 0.55, and CV5 26% in 35 males, and TE5 115,
ICC 5 0.70, and CV5 21% in 25 females. Intra-assay error rates were
6.6% in males and 8.7% in females.

Data Adjustments

Baseline cortisol levels were transformed using natural logarithms to
correct for nonnormality. All adjustments prior to genetic analysis were
carried out separately in each of 8 sex by generation by race groups,
using stepwise multiple regression analysis and retaining terms that

were significant at the 5% level. The adjusted phenotypes were finally
standardized to a mean of zero and an SD of 1. Baseline cortisol was
adjusted for the effects of a polynomial in age (age, age2, age3) and
baseline BMI. The training response was adjusted for the effects of a
polynomial in age, baseline BMI, and the baseline cortisol values.

Familial Correlations

The familial correlation model involves 4 types of individuals (f 5
fathers,m 5 mothers,s 5 sons,d 5 daughters) leading to 8 interin-
dividual correlations in 3 classes (1 spouse [fm]; 4 parent-offspring [fs,
fd, ms, md], and 3 sibling [ss, dd, sd]). Familial correlations were
estimated by fitting a model directly to data under the assumption of
multivariate normality using the maximum likelihood computer pro-
gram SEGPATH.27 Reduced models considering sex and generation
differences in the correlations were tested using the likelihood ratio test
(LRT), which is the difference in minus twice the log-likelihoods (-2 ln
L) between the reduced model and a more general model. Nonnested
models were compared by Akaike’s28 information criterion (AIC),
which is computed as minus twice the log likelihood of the model plus
twice the number of estimated parameters. The model with the lowest
AIC indicates the most parsimonious fit to the observed data. Maximal
heritability (h2) was computed from the familial correlations according
to the following equation29:

h2 5 (r sibling 1 r parent-offspring) (1 1 r spouse)/

(1 1 r spouse1 2 r spousez r parent-offspring).

It represents the maximal heritability because both genetic and
shared environmental sources of variation are reflected in the familial
correlations.

Segregation Model

Segregation analysis was conducted using the unified mixed model30

as implemented in the computer program POINTER.31,32 The mixed
model assumes that a phenotype is influenced by the independent and
additive contributions from a major gene locus, a multifactorial com-
ponent, and a random environmental component. The major gene effect
results from segregation at a single locus having 2 alleles (A, a), with
the genotypes in Hardy-Weinberg equilibrium. There are 7 parameters
in the model: the overall variance (V); the overall mean (u); the allele
frequency (q), which determines the relative proportion (q2) of the
component distribution with the highest mean; the displacement be-
tween the 2 homozygous means (t); the relative position of the mean of
the heterozygotes, or dominance (d); and 2 parameters representing the
multifactorial heritabilities in children (H) and parents (HZ). The trans-
mission pattern from parents to offspring can be tested via transmission
probabilities (t1, t2, andt3) to verify if the gene is segregating accord-
ing to Mendelian expectations. For a single diallelic locus, the 3t
values denote the probabilities of transmitting alleleA for genotypes
AA, Aa, andaa, with Mendelian expectations of 1, 1/2, and 0, respec-
tively. No transmission of the major effect is obtained when the 3t
values are equal. Parameters are estimated by maximizing the joint
likelihood of the nuclear family data. All analyses are conducted using
maximum likelihood methods, and the most parsimonious models are
determined using likelihood ratio tests and AIC.

RESULTS

Table 1 gives the sample sizes (N), means, standard devia-
tions (SD), range (minimum and maximum values) of unad-
justed baseline cortisol, and its training response, within each
of the 4 sex by generation groups for the white and black
samples. Based on a comparison of standard errors, these sex
and generation differences were significant, with higher mean
levels in females than in males, and higher levels in offspring
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than parents, for both baseline cortisol and its training response
in the white sample. By contrast, for the black sample, there
were also significant sex and generation differences in baseline
cortisol, with lower mean levels in mothers than fathers, but
higher levels in daughters than sons and also higher levels in
offspring. However, there were no significant sex or generation
differences in the training response in the black families.

BMI for mothers, and age3 and BMI for daughters were
significant predictors of the phenotypic variance of baseline
cortisol in the white sample, accounting for 8.7% and 13.8% of
the variance, respectively. For the training response in the
white sample, significant terms accounted for 10.9% (baseline
cortisol), 13.9% (baseline cortisol), 35.7% (baseline cortisol
and BMI), and 29.5% (baseline cortisol and BMI) of the
variance, in fathers, mothers, sons, and daughters, respectively.
For baseline cortisol in the black sample, BMI accounted for
3.9% in daughters, while for training response the significant
terms accounted for 23.4% (baseline cortisol), 27.3% (baseline
cortisol), and 46% (age, age2, and baseline cortisol) of the
variance, in mothers, sons, and daughters, respectively.

Hypothesis tests regarding familial correlation models for
baseline cortisol and the training response in the white and
black samples are given in Table 2. The significance tests
suggested that sex and generation differences in the correla-
tions were significant for baseline cortisol in the white sample.
Both hypotheses of no sex differences in the offspring corre-
lations (model 2:x4

2 5 13.10,P 5 .011 ) and no sex differences
in offspring or parents (model 3:x5

2 5 18.99,P 5 .002) were
rejected. The hypothesis of no sex or generation differences
was also rejected (model 4:x6

2 5 19.11, P 5 .004). The
significance tests suggest that each of the sibling (model 5:x3

2

5 21.69,P , .001), parent-offspring (model 6:x4
2 5 22.80,

P , .001), and spouse correlations (model 7:x1
2 5 7.25,P 5

.007) were greater than zero. The test of no familial resem-
blance (model 8:x8

2 5 48.40,P , .001) was rejected, and the
correlations could not be equated (model 9:x7

2 5 19.69,P 5
.006). Thus, the general model provided the best fit to the data
according to the LRT and AIC. The familial correlations were:
fm 5 0.28,fs 5 0.18,fd 5 0.00,ms5 0.39,md5 0.21,ss5
0.18, sd 5 0.40, anddd 5 0.11. Even though the restricted
hypothesis with equal parent-offspring and equal sibling cor-
relations (model 3) was rejected, we can use this model to
obtain an approximate estimate of maximal heritability, which
was 38%.

For the training response in the white sample, there were
parent-offspring (model 6:x4

2 5 14.27,P 5 .006) and spouse
(model 7:x1

2 5 13.69,P , .001) correlations. However, the
sibling correlations (model 5:x3

2 5 7.19,P 5 .066) were not
significant, nor were there any sex or generation differences
(model 4:x6

2 5 2.61, P 5 .856). Thus, the LRT suggested a
model with no sex or generation differences and no sibling
correlation (ie,fs 5 fd 5 ms 5 md, ss 5 dd 5 sd 5 0).
Although this model fit by LRT (x6

2 5 8.08,P 5 .23), the AIC
(10.08) was larger than that for model 4 (AIC5 6.61). Thus,
the most parsimonious model was for no sex or generation
differences, ie,fm 5 0.38,fs 5 fd 5 ms5 md5 ss5 sd5 dd
5 0.18 (model 4). The maximal heritability was 32%.

Overall, there is evidence of significant familial resemblance
for both baseline cortisol and its training response in the white
sample. Given the significant spouse correlation with additional
parent-offspring and sibling correlations, the heritability is
likely to reflect both genetic and familial environmental deter-

Table 1. Means, Standard Deviations, and Ranges of Unadjusted Baseline Cortisol and the Training Response for White and Black Samples

Sample/Variable

Fathers Mothers

N Mean 6 SD Range N Mean 6 SD Range

White
Age 99 53.5 6 5.3 44.4-64.3 95 52.0 6 5.1 42.4-65.2
BMI 98 28.4 6 4.43 20.6-41.5 94 27.6 6 5.0 18.5-47.5
Baseline cortisol (nmol/L) 98 371.7 6 100.6 171.5-671.2 93 378.1 6 130.9† 137.1-779.9
Training response (nmol/L) 97 10.7 6 92.8 2186.9-230.3 91 48.9 6 128.9† 2247.6-327.7

Black
Age 29 50.0 6 7.2 39.3-65.9 59 46.7 6 6.6 33.7-64.8
BMI 29 27.5 6 5.2 19.4-41.9 59 29.4 6 5.2 20.2-43.5
Baseline cortisol (nmol/L) 28 336.5 6 92.7 149.0-565.7 57 307.9 6 119.0† 144.1-688.2
Training response (nmol/L) 25 9.2 6 97.8 2303.7-123.3 49 23.3 6 105.1 2286.4-223.6

Sons Daughters

N Mean 6 SD Range N Mean 6 SD Range

White
Age 163 25.2 6 6.0 17.0-40.3 171 25.4 6 6.3 17.2-40.9
BMI 160 25.6 6 4.9 17.3-44.2 168 23.7 6 4.5 17.0-39.4
Baseline cortisol (nmol/L) 157 394.3 6 115.1* 121.3-682.8 169 534.6 6 274.5*† 145.1-1470.5
Training response (nmol/L) 143 15.7 6 124.1* 2296.5-307.8 155 55.4 6 227.2*† 2605.5-783.2

Black
Age 88 27.0 6 7.2 15.9-45.8 148 27.7 6 7.5 16.4-48.1
BMI 84 27.4 6 5.7 17.4-43.6 147 27.9 6 7.0 17.5-50.9
Baseline cortisol (nmol/L) 84 366.3 6 116.4* 150.6-815.0 139 391.1 6 196.5*† 80.7-1293.0
Training response (nmol/L) 66 20.13 6 131.5 2336.6-321.5 117 4.5 6 166.4 2823.2-450.3

NOTE. Significant (P , .05) mean differences for *father-son or *mother-daughter (within sex), and also for †father-mother or †son-daughter
(within generation) comparisons.
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minants. On the other hand, for both baseline cortisol and
training response in the black sample, the familial correlations
generally were not significantly greater than zero (model 8:x8

2

5 10.64,P 5 .223;x8
2 5 8.97,P 5 .345, respectively), perhaps

owing in part to the much smaller sample size. However, there
was some borderline evidence of parent-offspring resemblance
for baseline levels (x4

2 5 9.75,P 5 .045). Thus, the major gene
hypothesis was only investigated in the white sample.

The results of segregation analysis for baseline cortisol and
training response are presented in Table 3. For baseline cortisol,
there was no generation difference (Z 5 1) in the multifactorial
component (model 2v 1: x1

2 5 0.22, P 5 .64). There was a
significant familial component (d 5 t 5 q 5 H 5 0) (model 3v
2: x4

2 5 27.39,P , .001), although neither of the hypotheses of no
major gene (d 5 t 5 q 5 0) (model 4v 2: x3

2 5 4.76,P 5 .19)
or no multifactorial effect (H 5 0) (model 5v 2: x1

2 5 0.25,P 5

.62) could be rejected. In the absence of a multifactorial compo-
nent, the recessive (d 5 0) mode of inheritance (model 6v 5: x1

2

5 5.59,P 5 .02) was rejected, whereas the dominant mode was
borderline (model 8v 5: x1

2 5 3.18,P 5 .07), and the additive
mode best fit the data (model 7v 5: x1

2 5 1.59,P 5 .21). The
transmission probabilities were tested under the additive mode.
The Mendelian hypothesis (model 7v 9: x3

2 5 0.07,P . .99) was
not rejected, and the no-transmission hypothesis (model 10v 9: x3

2

5 18.78,P , .001) was rejected. Thus, while either the major
gene (model 7) or the multifactorial model (model 4) fit the data,
the additive locus hypothesis (model 7) was the most parsimoni-
ous as suggested by the AIC. The additive major gene accounted
for 33% of the overall phenotypic variance, and approximately
48% (q2) of the sample were homozygous for the genotype,
leading to high values.

For the training response (Table 3), there was a major effect

Table 2. Summary of Familial Correlation Hypotheses for Baseline Cortisol and Its Training Response in White and Black Samples

Model df

White Black

Baseline Cortisol Training Response Baseline Cortisol Training Response

x2 P AIC x2 P AIC x2 P AIC x2 P AIC

1. General (fm, fs, fd, ms, md, ss, dd, sd) 16.00* 16.00 16.00 16.00
2. No sex offspring (fm, fs 5 fd, ms 5 md, ss

5 dd 5 sd) 4 13.10 .011 21.10 2.04 .729 10.04 3.86 .426 11.86 2.87 .580 10.87
3. No sex difference in offspring and parents

(fm, fs 5 fd 5 ms 5 md, ss 5 dd 5 sd) 5 18.99 .002 24.99 2.05 .843 8.05 4.75 .447 10.75 3.99 .551 9.99
4. No sex or generation differences (fm, fs 5

fd 5 ms 5 md 5 ss 5 dd 5 sd) 6 19.11 .004 23.11 2.61 .856 6.61† 6.34 .386 10.34 4.27 .640 8.27
5. No sibling correlation (fm, fs, fd, ms, md,

ss 5 dd 5 sd 5 0) 3 21.69 ,.001 31.69 7.19 .066 17.19 1.08 .783 11.08 0.79 .852 10.79
6. No parent-offspring correlations (fm, fs 5

fd 5 ms 5 md 5 0, ss, dd, sd) 4 22.80 ,.001 30.80 14.27 .006 22.27 9.75 .045 17.75 5.98 .201 13.98
7. No spouse correlation (fm 5 0, fs, fd, ms,

md, ss, dd, sd) 1 7.25 .007 21.25 13.69 ,.001 27.69 0.00 .987 14.00 2.89 .089 16.89
8. No familial correlation (fm 5 fs 5 fd 5 ms

5 md 5 ss 5 sd 5 dd 5 0) 8 48.40 ,.001 48.40 34.83 ,.001 34.83 10.64 .223 10.64 8.97 .345 8.97
9. No difference in the correlations (fm 5 fs

5 fd 5 ms 5 md 5 ss 5 sd 5 dd) 7 19.69 .006 21.69 6.64 .467 8.64 6.94 .435 8.94 4.69 .697 6.69

NOTE. Correlations values for the parsimonious model: *fm 5 0.28, fs 5 0.18, fd 5 0.00, ms 5 0.39, md 5 0.21, ss 5 0.18, sd 5 0.40, and dd 5

0.11; †fm 5 0.38, fs 5 fd 5 ms 5 md 5 ss 5 sd 5 dd 5 0.18.

Table 3. Segregation Results for Baseline Cortisol and Training Response in White Sample

.Model df

Baseline Cortisol Training Response

22lnL 1 c1 x2 P AIC Test 22lnL 1 c2 x2 P AIC

1. Mixed 0.00 14.00 0.00 14.00
2. Mixed (Z 5 1) 1 0.22 0.22 .64 12.22 2 vs. 1 0.10 0.10 .75 12.10
3. Sporadic (d 5 t 5 q 5 H 5 0) 4 27.61 27.39 ,.001 31.61 3 vs. 2 29.97 29.87 ,.001 33.97
4. No-major effect (d 5 t 5 q 5 0) 3 4.98 4.76 .19 10.98 4 vs. 2 11.46 11.36 .01 17.46
5. No-multifactorial (H 5 0) 1 0.47 0.25 .62 10.47 5 vs. 2 3.05 2.95 .09 13.05
6. Recessive (d 5 0) 1 6.06 5.59 .02 14.06 6 vs. 5 6.06 3.01 .08 14.06
7. Additive (d 5 0.5)* 1 2.06 1.59 .21 10.06 7 vs. 5 5.01 1.96 .16 13.01
8. Dominant (d 5 1) 1 3.65 3.18 .07 11.65 8 vs. 5 8.23 5.18 .02 16.23
9. Free tS (d 5 0.5) 3 1.99 0.07 ..99 15.99 7 vs. 9 1.29 3.72 .29 15.29
10. Equal tS (d 5 0.5; tS 5 1 2 q) 3 20.77 18.78 ,.001 28.77 10 vs. 9 18.53 17.24 ,.001 26.53

*Parsimonious Model (d 5 0.5) V u t q V u t q
1.01 6 0.05 2.01 6 0.04 1.77 6 0.15 0.69 6 0.07 1.03 6 0.05 0.02 6 0.04 1.91 6 0.19 0.23 6 0.06

NOTE. 22lnL 1 c 5 minus twice the log likelihood plus constant; c1 5 1332.09; c2 5 1337.79; V 5 overall variance; u 5 overall mean; d 5 degree
of dominance; t 5 displacement between the two extreme component means; q 5 allele frequency.
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(model 4v 2: x3
2 5 11.36,P 5 .01), but no multifactorial effect

(model 5v 2: x1
2 5 2.95,P 5 .09). The mode of inheritance

appeared to be additive (model 7v 5: x1
2 5 1.96,P 5 .16), the

Mendelian model was not rejected (model 7v 9: x3
2 5 3.72,

P 5 .29), and the no-transmission hypothesis was rejected
(model 10v 9: x3

2 5 17.24,P , .001). The additive major gene
accounted for 31% of the overall phenotypic variance, with
approximately 5% of the sample homozygous for the allele,
leading to high values. Thus, the segregation analysis results
suggested the presence of a major locus controlling cortisol
levels at baseline, as well as in response to endurance training.

DISCUSSION

Cortisol has a strong circadian variation as well episodic
secretion. In order to minimize some of these variations, blood
samples were collected in the morning based on mean values
from 2 samples obtained at baseline and 2 samples obtained
after the endurance training program. The HERITAGE data
showed a wide interindividual variability in both raw baseline
cortisol levels and the training response in white and black
samples (Table 1). However, the day-to-day baseline cortisol
levels were moderately reproducible with coefficient of varia-
tions of 25% to 26% and intraclass correlation coefficients for
repeated measurements from different days of 52% to 88%.
Interindividual variation as well as intraindividual stability of
cortisol levels at baseline and also in response to some stimu-
lation procedures have been described previously.6,8 For exam-
ple, Huizenga et al6 showed intraindividual stability of serum
cortisol levels at baseline and 2.5 years later in response to
suppression reaction using a low dose of dexamethasone in
both sexes. Furthermore, the variation in cortisol levels can be
age and sex dependent, as indicated in Table 1 in the present
study, which is in accordance with other investigations.8,13-17

Despite some twin reports5-7 of possible genetic factors
influencing the variation in cortisol levels, investigations ap-
plying other genetic epidemiology methods are scarce. In the
present study, evidence of familial resemblance was found both
for baseline cortisol and for its training response, in a sample of
white nuclear families, with significant maximal heritabilities
of 38% and 32%, respectively. However, the familial correla-
tions for baseline cortisol showed considerable variability by
sex and generation, and were not consistent with a simple
genetic model. Most perplexing was the absence of a significant
father-daughter correlation. In regard to the black sample, both
for baseline cortisol and its training response, the familial
correlations generally were not significantly different from
zero. These results need to be viewed with caution, since the
lack of familial resemblance in blacks could be due to smaller
sample and/or sampling variability.

About 45% of the variation in cortisol levels in twins is

heritable,19,20 and the intraclass correlations in monozygotes
(;0.55 to 0.95) are higher than in dizygotes (;0.24 to 0.50)8,19

both at baseline and in response to different stimuli.8 However,
correlations among members of nuclear families or extended
pedigrees have not been described yet. The present analysis
shows a clear suggestion of familial aggregation, as reflected by
significant sibling and parent-offspring correlations. However,
environmental effects also are likely to have an important role
in the variability of cortisol levels given the magnitude of the
spouse correlation as compared to the parent-offspring and
siblings correlations.

This study is also unique in that we investigated a major gene
hypothesis controlling cortisol levels for both the baseline and
the response to endurance training. For the white sample,
evidence of a major gene controlling the baseline cortisol levels
and its response to endurance training was obtained, accounting
for 33% and 31% of the phenotypic variance, respectively. It is
interesting that there was no additional multifactorial effect, ie,
the familial effect appears to be due entirely to a major gene
(33% and 31%) for each trait. In fact, the percentage of vari-
ance accounted for by the major gene is similar to the account-
able variance from the familial correlation model (38% and
32%). Since the mode of inheritance of the major gene was
additive, these findings are consistent across the 2 types of
methods (familial correlationsv segregation analysis). In fact,
the perplexing finding was the suggestion of an environmental
component in the familial correlations (as evidenced by signif-
icant spouse correlation), which was not found in the segrega-
tion models (multifactorial component not significant).

In summary, the present study suggests that despite the
complex pattern of familial resemblance for cortisol levels,
segregation analysis supports a major gene effect influencing
baseline cortisol and the response to training. However, circu-
lating levels of cortisol are influenced by a feedback loop
involving the HPA axis, in addition to mediaton by glucocor-
ticoid receptors. Thus, further genetic studies using linkage and
association analyses particularly with regard to genes involved
in the HPA axis are warranted.
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