Evidence of Pleiotropic Loci for Fasting Insulin,
Total Fat Mass, and Abdominal Visceral Fat in
a Sedentary Population: The HERITAGE
Family Study

Yuling Hong,* Jean-Pierre Despset+ Treva Rice,* Andr&ladeau,§8 Michael A. Province,* Jacques Gagnon,t
Arthur S. Leon, James S. Skinfjefack H. Wilmore,# Claude Bouchard,** and D.C. Rao*tt

Abstract variance under a recessive inheritance pattern, affecting
HONG, YULING, JEAN-PIERRE DESPRE TREVA 11% of the sample (i.e., allele frequeney0.33). However,
RICE, ANDRE NADEAU, MICHAEL A. PROVINCE, after adjusting for the effects of AVF or FM, neither a major
JACQUES GAGNON, ARTHUR S. LEON, JAMES S. effect alone nor a multifactorial component alone could be
SKINNER, JACK H. WILMORE, CLAUDE BOUCHARD, rejected, and support for a major gene was equivocal, i.e.,
AND D.C. RAO. Evidence of pleiotropic loci for fasting neither the hypothesis of Mendeliarvalues or that of the
insulin, total fat mass, and abdominal visceral fat in a sedentary€dual s were rejected and the equamodel fit the data

population: the HERITAGE Family Stud@bes Res2000;8: better than the Mendelianmodel. This pattern (i.e., major
151-1509. gene evidence for insulin before but not after adjustment for

AVF or FM) suggests that there is a putative locus with
pleiotropic effects on both insulin and FM and another
pleiotropic locus for both insulin and AVF.

Objective:To examine whether there is a major gene effect
on fasting insulin and pleiotropic loci for fasting insulin,

total fat mass (FM), and abdominal visceral fat (AVF). . S :
Research Methods and Procedure&:major gene hypoth- Discussion:Although these data do not directly support an
’ additional major gene for insulin independent of AVF and

esis for fasting plasma insulin levels was asgessed uSingFM such support cannot be ruled out because there is still
segregation analyses of data on 495 members in 98 normo>, significant major effect on FM- or AVF-adjusted insulin

lipidemic sedentary families of white descent who partici- : : : : :

pated in the HERITAGE Family Study. (albeit the Mendelian nature of this effect is ambiguous).
Results: Segregation analyses were performed on insulin
adjusted for age, on insulin adjusted for age and FM, and on
insulin adjusted for age and AVF. Before adjustment for

AVF and FM, a major gene effect on fasting insulin levels

was indicated. The putative locus accounted for 54% of the _ Introduction _
Type 2 diabetes is one of the most common chronic
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standard method used for assessing insulin resistance (12)training in sedentary families. The HERITAGE sampling
fasting insulin levels are still widely used in epidemiologi- procedure and the inclusion and exclusion criteria have been
cal studies, and the two methods are highly correlated in described in detail elsewhere (30).
subjects with normal glucose tolerance (16). In brief, several criteria were used to screen subjects and
Among many other factors, genetic components have families for participation. First, offspring were required to
been reported to play important roles in variation of insulin be between the ages of 17 and 40 years, and parents were
resistance (17-21). Heritability estimates for fasting insulin required to be 65 years old or less, in order to minimize
and insulin resistance ranged from moderate to high. For possible complications associated with subjects undergoing
example, in a study of a European population, an autosomalgrowth (low end) and aging (high end). Second, families
recessive gene was indicated for insulin response to glucosevere required to be sedentary, defined at baseline as no
(22), whereas in non-diabetic Pima Indians, commingling regular strenuous physical activity over the previous 6
analysis suggested that a mixture of three distributions bestmonths (30). Third, individuals with a BMI greater than 40
fit the data, consistent with a pattern of a co-dominant major kg/m? were usually excluded unless they were deemed fit
gene (23). Using segregation analysis, a major gene for(by a physician) to exercise on a cycle ergometer without
fasting insulin was found in non-Hispanic white families of difficulties. Fourth, individuals with blood pressures greater
Utah areas that were ascertained through type 2 diabeticthan 159 mm Hg systolic and/or 99 mm Hg diastolic were
probands (24); however, the major gene effect was only also excluded. Fifth, individuals with any life-threatening
found after adjustment for both age and body mass index condition or disease, or a condition that could be aggravated
(BMI). In a Mexican American population, a major gene by cycle exercise, were excluded (e.g., a malignancy, un-
model for fasting insulin was not supported, although there controlled endocrine, and metabolic disorders, including
was clear evidence of a major gene effect for 2-hour insulin diabetes, definite or possible coronary heart disease, and
levels measured after an oral glucose tolerance test (25). ltchronic or recurrent respiratory problems). Finally, individ-
appears that the evidence for a major gene effect depends omals taking lipid-lowering or antihypertensive drugs
the populations studied and the adjustments for other co-were excluded.
variates such as adiposity indices. Among the adiposity In all, 98 nuclear families of white descent, each with
phenotypes, total body fat mass (FM) and abdominal vis- both biological parents and at least two biological children
ceral fat (AVF) are considered important indicators of met- (most often three or more), completed the protocol. Data
abolic disturbances leading to insulin resistance (26—28). from African American families were also collected but not
In the present investigation, univariate segregation anal-reported in the present investigation.
ysis of fasting insulin was applied to 495 subjects from 98
normolipidemic sedentary white families who participated
in the HERITAGE Family Study. A moderate heritability of

fasting insulin was found using a familial correlation model _ 4 ¢ completing a 20-week standardized exercise train-

IN_our previous mv_estlgatlon of this same sample (29). ing program (see Reference 30 for details). Results from the
Univariate segregation analyses of a trait both before and baseline (pre-exercise training) tests are reported in the

after adjustment for covariate effects can also be used to
luate whether there i leiotropic effect on the trait dpresent study.
evaluate whether there IS a plelotropic etiect on the ralt and pqting  plasma InsulinBlood samples were collected

the covariate, although indirectly. Here, the effect of a major under EDTA and the tubes were centrifuged at Ipada

gege f(?[n fasting _msﬂ:n Ief\f/eli W?SF'&VeSJ%J\?;e?f?ﬁth b_efore temperature of 4 °C for 10 minutes. Plasma was kept
and after removing the etfects o or : ere 1S a fo7en at—20 °C until the time of assay. Plasma insulin

major gene for plasma insulin that also affects AVF or FM, levels were measured by radioimmunoassay after
then thg segregation patterns_fo_r msglln levels should differ polyethylene glycol separation as described by
depending on whether or not it is adjusted for AVF or FM. Desbuquois and Aurbach (31). Polyclonal antibodies,

A difference in pattern could provide an indication as which cross-react more than 90% with proinsulin and

to hO.W these t_ralts interact with each other from a presumably its conversion intermediates, were used (32).
genetic perspective. Therefore, in this study as in others (32,33), insulin refers
to immunoreactive insulin defined as the sum of insulin,
proinsulin, and split-proinsulin. In the present cohort with
Research Methods and Procedures normal fasting glucose levels and no history of diabetes,
Study Subjects it is estimated that about 10% of the immunoreactive
The HERITAGE Family Study is a multicenter exercise insulin is in the form of proinsulin and its conversion
study involving families. The main objective of the study is intermediates (33). Insulin levels were treated as missing
to assess the role of genetic factors in the cardiovascular,for three individuals with insulin antibodies, four
metabolic, and hormonal responses to aerobic exerciseindividuals with extremely low glucose disappearance

Measurements
All participants underwent a series of tests both before
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rate, and one individual with both conditions. All the Results
assays were performed at a central laboratory inb@ae Descriptive Results

The intra- and interassay coefficients of variation were  1pje 1 presents the means and SDs of the unadjusted
7.7% and 10.3%, respectively. levels of fasting insulin, AVF, FM, and BMI in the four
Abdominal Visceral FatAVF levels were measured by sex-by-generation groups. Based on a comparison of means
computerized tomography scanning (34). Subjects wereang SEs, males have higher fasting insulip,<{ 0.001),
examined in a supine position with their arms stretched AvVF, (p < 0.001), and BMI p < 0.001) than females,
above the head. The abdominal scan was obtainedwhile there is no significant sex difference in FNd &
between the fourth and fifth lumbar vertebrae. The 0.15). In addition, there is a phenotypic correlation between
attenuation interval used in the quantification of the areas fasting insulin and FM levels (= 0.47,p < 0.01 for males;

of adipose tissue ranged from190 to —30 Hounsfield r = 0.35,p < 0.01 for females). The correlation between
units. The AVF area was defined by drawing a line fasting insulin and AVF is also significant & 0.43,p <
within the muscle wall surrounding the abdominal cavity. 0.01 for malesy = 0.31,p < 0.01 for females), as is the
Total Body Fat Mass. Underwater weighing was correlation between FM and AVF = 0.69,p < 0.01).
performed to determine total body FM (35). A correction

was made for residual lung volume by oxygen dilution Segregation Analysis

methods (36). At the Laval University Clinical Center, Segregation analysis results are given in Table 2 for
residual lung volume was assessed by the helium dilution insulin levels adjusted for age, in Table 3 for insulin levels
technique (37). adjusted for age and FM, and in Table 4 for insulin levels

adjusted for age and AVF. For age-adjusted insulin, the test
for no multifactorial effect (model 2 vs. model 1) was not
rejected p < 0.24), whereas the test for no major effect
(model 3 vs. model 1p < 0.01) was rejected. This sug-
gested that there is a major effect for fasting insulin levels.
Under the general Mendelian model with no multifacto-
rial component, a recessive mode of inheritance for the
major effect could not be rejected € 0: model 5 vs. model
2; p = 0.73), whereas neither additivé € ¥2: model 6 vs.
model 2;p < 0.01) nor dominant modesd & 1: model 7 vs.
model 2; p < 0.01) fit the data. Finally, tests on the
"transmission probabilities suggest that the hypothesis of
Rvendelianr values (model 8 vs. model §;= 0.61) was not
rejected, whereas that of equal (model 10 vs. model 9;
p = 0.02) was rejected. These results satisfy all the require-
ments needed to infer a major gene: 1) rejection of the
hypothesis of no major effect; 2) non-rejection of the hy-
Segregation Analysis pothesis of Mendeliams; and 3) rejection of the hypothesis
The computer program POINTER (38) was utilized to of no transmission of the major effect. Under the most
carry out the segregation analyses. A more detailed expla-parsimonious model, the major gene effect accounts for
nation of the segregation analysis method used here is giverb4% of the variance of fasting insulin levels, affecting 11%
in the Appendix. The overall meam)(and variance (), of the population.
heritable multifactorial effects in offspringd) and parents Results for age- and FM-adjusted insulin levels are given
(HZ), and parameters of the major gene component (singlein Table 3. Both hypotheses of a major effect only (model
bi-allelic locus) are estimated. The major effect is repre- 2 vs. model 1;p < 0.01) and a multifactorial effect only
sented by three parametegswhich determines the relative  (model 3 vs. model 1p < 0.01) were rejected, suggesting
proportion @) of the component distribution with the high  that both components are significant. The testZot 1
est (homozygote) mear; which is the displacement be- (model 5 vs. model Ip = 0.72) was not rejected, indicating
tween the two extreme (homozygote) component means;there was no generation difference in the multifactorial
andd, which is the relative position of the middle (hetero- effect. Further tests on the nature of the major effect show
zygote) component mean (i.el,= 0 is recessive and = that a recessive mode of transmission (model 6 vs. model 5;
1 is dominant). Three transmission probabilitieg ¢, and p = 1.00) was not rejected, whereas additive (model 7 vs.
T5) are estimated to test whether the major effect is trans model 5;p < 0.01) and dominant (model 8 vs. modejbL
mitted in families according to Mendelian expectations 0.01) modes of transmission were rejected. The hypothesis
(see Appendix). of Mendeliants under the parsimonious Mendelian model

Data Adjustments

Insulin levels were analyzed under two different ad-
justment schemes. First, insulin levels were adjusted for
a polynomial in age (age, ageand agd) using stepwise
multiple regression. Second, insulin levels were adjusted
for the linear effects of FM in addition to the polynomial
effects of age. Third, insulin levels were adjusted for the
linear effects of AVF in addition to the polynomial
effects of age. All the data adjustments were carried out
separately in the four sex-by-generation groups (fathers
mothers, sons, and daughters) because significant grou
differences in the means were noted. The significance
level for retaining terms in the stepwise regression anal-
ysis was 5%.
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Results of segregation analysis for age- and AVF-
adjusted insulin levels are similar to those for age- and
FM-adjusted insulin levels (Table 4). Both a major effect
only (model 2 vs. model 1p < 0.01) and a multifactorial

Table 1. Characterics of age, plasma insulin, AVF,
and FM by sex and generation groups

Variable Group N  Mean SD X
effect only (model 3 vs. model ;1 < 0.01) were rejected.
Fasting insulin (pM) Fathers 90 78.28 59.04 There is no generation difference in the multifactorial effect
Mothers 90 61.81 29.25 (model 5 vs. model 1p = 0.45) and a recessive mode of
Sons 151 67.23 40.77 inheritance for the major effect component (model 6 vs.
Daughters 166 58.73 26.36 Model5p = 1.00) best fit the data. Also, the hypothesis of
AVF (cm?) Fathers 95 156.68 61.17 M(_andellanfs under the parsimonious Mendelian model was
Mothers 92 12018 59.35 rejected (model 9 vs. mO(_jeI 1@; = 0.02), whereas the
equalrs model was not rejected (model 11 vs. model 10;
Sons 155 77.11 43.52 . )
p = 0.30). Thus, a major gene for age- and AVF-adjusted
Daughters 166  52.20 28.77 insulin levels is not supported.
FM (kg) Fathers 89 2467 9.8 The segregation analysis results clearly indicate a major
Mothers 85 2698 10.38 gene effect for age-adjusted insulin levels, whereas there is
Sons 146 16.90 11.10 no evidence of major gene effect for age- and FM-adjusted
Daughters 167  18.01  9.77 insulin levels or age- and AVF-adjusted insulin levels. To-
BMI (kg/m?) Fathers 95 28.28 4.48 gether, these findings suggest that there is evidence of a
Mothers 93 27.65 4.98 pleiotropic locus for insulin and FM and another pleiotropic
Sons 157 2565 4.92 locus for insulin and AVF. The non-Mendelian major effect
Daughters 167 23.68 4.44 found for age- and FM-adjusted insulin and age- and AVF-

adjusted insulin levels could be environmental, but a major
gene that interacts with other unmeasured factors (genetic or

(model 9: no generation difference in the multifactorial €NVironmental) cannot be ruled out.

component and a recessive mode of inheritance for the
major effect component) was rejected (model 9 vs. model
10; p = 0.04), whereas the equad model was not rejected The present segregation analyses were performed to as-
(model 11 vs. model 10p = 0.65). Thus, for age- and sess whether there is a major gene effect on insulin levels
FM-adjusted insulin levels, both the multifactorial and ma- and whether oligogenic-pleiotropic mechanisms are in-
jor components are significant, although there is no trans- volved in the relationship between levels of fasting insulin,
mission of the latter component and therefore a major geneFM, and AVF in an adult normolipidemic sedentary popu-
effect cannot be inferred. lation by comparing the results for insulin levels before and

Discussion

Table 2. Segregation analysis of insulin levels adjusted for age

Model d t q H Z —=2InL+c Model comparison  x? p

1. General model 0.00 3.12 0.29 0.12 1.16 —-1.12

2. Major effect only 0.02 295 0.33 [0] [0] 1.72 vs. model 1 284 2 0.24
3. Multifactorial effect only  [0] [0] [0] 0.13 0.45 66.46 vs. model 1 67.58 30.01

4. No familial effect [0] [0] [0] [0] [0] 77.26 vs. model 1 78.38 5<0.01

5. Recessive [0] 291 0.33 [0O] [0] 1.84 vs. model 2 012 1 0.73
6. Additive ¥ 412 0.06 [O] [0] 41.72 vs. model 2 40.00 1<0.01

7. Dominant [1] 2.39 0.08 [0O] [0] 32.39 vs. model 2 30.67 XO0.01

8. Parsimonious Mendelian* [0] 2.91 0.33 [0] [0] 1.84 vs. model 9 1.84 3 0.61
9. Freerst [0] 292 0.22 [0 [0] 0.00
10. Equalrst [0] 299 0.30 [0 [0] 9.43 vs. model 9 943 3 0.02

*V = 1.52,u = 0.15, and 54% of the variance due to the major locus under parsimonious Mendelian model.
tm, =0.82,7, =059 =0.13.
fr,=1=1=071
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Table 3. Segregation analysis of insulin levels adjusted for age and total body fat

Model

Model d t a H z —2InL+c  comparison X df p

1. General Mendelian 0.00 332 026 025 0.88 8.23

2. Major effect only 0.17 321 0.32 [0] [0] 37.00 vs. model 1 28.77 2X0.01

3. Multifactorial effect only [0] [0] [0] 0.30 0.65 76.54 vs. model 1 68.31 3<0.01

4. No familial effect [0] [0] [0] [0] [0] 93.67 vs. model 1 85.44 5 <0.01
52=1 0.00 333 0.26 024 [1] 8.36 vs. model 1 013 1 0.72
6. Recessive [0] 3.33 0.26 0.24 [1] 8.36 vs. model 5 0.00 1 1.00
7. Additive ¥ 093 0.02 024 [1] 76.76 vs. model 5 68.40 1<0.01

8. Dominant [1] 179 0.09 0.08 [1] 58.03 vs. model 5 56.65 1<0.01

9. Parsimonious Mendelian* [0] 3.33 0.26 0.24 [1] 8.36 vs. model 10 836 3 0.04
10. Freerst [0] 320 019 031 [1] 0.00
11. Equalrst [0] 317 0.23 026 [1] 1.66 vs. model 10 166 3 0.65

*V = 1.42,u = 0.12, under parsimonious Mendelian model.
tr, =0.89,7 =052 = 0.68.
fr,=1=1=0.77.

after adjustment for FM or AVF. Before adjustment for FM insulin levels was equivocal because the Mendelian trans-
or AVF, there was a clear evidence of a major gene effect mission could not be inferred. This pattern suggests that
for fasting insulin, whereas multifactorial familial effects there is a major gene with pleiotropic effects on insulin
were not significant. The major gene effect accounted for levels and FM and possibly another one for insulin and
54% of the variance and affected 11% of the sample. AVF. In addition, there is evidence of a non-Mendelian
However, it is interesting to note that, after adjusting for FM major effect that explains the residual familial effects on
or AVF, the evidence of a putative major locus for the insulin levels. The non-Mendelian major effect could pos-

Table 4. Segregation analysis of insulin levels adjusted for age and abdominal visceral fat

Model

Model d t o} H 4 —2InL+c  comparison X df p

1. General Mendelian 0.00 333 0.28 0.23 0.65 9.19

2. Major effect only 0.18 3.73 0.27 [0] [0] 21.03 vs. model 1 11.84 2<0.01

3. Multifactorial effect only [0] [0] [0] 022 1.76 72.88 vs. model 1 63.69 3<0.01

4. No familial effect [0] [0] [0] [0] [0] 92.32 vs. model 1 83.13 5 <0.01
5.2=1 0.00 337 027 020 [1] 9.75 vs. model 1 056 1 0.45
6. Recessive [0] 337 027 020 [1] 9.75 vs. model 5 000 1 1.00
7. Additive 1z 081 050 0.22 [1] 73.72 vs. model 5 63.97 1<0.01

8. Dominant [1] 2.38 0.07 0.10 [1] 52.10 vs. model 5 42.35 1<0.01

9. Parsimonious Mendelian* [0] 3.37 0.27 0.20 [1] 9.75 vs. model 10 9.75 3 0.02
10. Freerst [0] 330 0.15 0.27 [1] 0.00
11. Equalrst [0] 330 0.23 021 [1] 3.75 vs. model 10 375 3 0.30

*V = 1.56,u = 0.16, under parsimonious Mendelian model.
tr, =079t =079 = 0.29.
I T, = T, = T3 = 0.77.
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sibly be explained by multifactorial factors. However, we locus, if any) may be a function of polygenic and/or envi-
cannot rule out the possibility of a second major gene that ronmental factors. However, the possibility that this residual
interacts with other unknown covariates. familial effect is due to a second locus (oligogenic) that
There are several reports on the segregation analyses ointeracts with other unknown covariates cannot be ruled out.
fasting insulin levels and insulin resistance. A major gene  The differences in findings between the Utah Study (24)
effect for insulin response to glucose was noted in a Euro- and the HERITAGE Family Study may be simply a function
pean population. A major gene for fasting insulin was also of different samples in which there are different allele
found in Pima Indians and non-Hispanic whites (22—24) but frequencies and/or genotypes. In addition, the choice of
not in Mexican Americans (25). Moreover, a co-dominant obesity phenotypes may be relevant. It is known that the
pattern was observed in the Pima Indians, whereas a recesBMI is a generalized measure of body composition and
sive pattern was noted in the white populations. Different incorporates bone and muscle mass as well as FM. FM and
study designs and different study populations may explain AVF, on the other hand, are strictly measures of total FM
the different results. First, the genetic basis for insulin and FM in the abdominal visceral area. In our previous
resistance could vary in different ethnic groups. Addition- investigation (45) and the Qbec Family Study (46), a
ally, different subgroups in the same ethnic groups may alsomajor gene effect for AVF was indicated. A major gene
differ in their genetic background. For example, clinical and ith pleiotropic effect on AVF and FM was also indicated
epidemiological studies show that non-diabetic Pima Indi- jn oyr previous study (45).
ans and Mexican Americans have higher fasting insulin gigyre 1 illustrates a hypothetical model accounting for
levels than do non—Hlspa.nlc whites (39)..InsuI|.n resistance o oligogenic-pleiotropic genetic evidence for fasting insu-
also occurs more often in blacks than in yvhltes (40,41). lin, FM, and AVF found in the present study and our
Furt.herrnore., obese and sedentary populauong have h"r:]hebrevious studies. First, there is a major gene with pleiotropic
fasting insulin levels than non-obese and physically active effect (G, for levels of fasting insulin and FM and a

pggiuclavt\;ﬁ;;s@ﬂly:nw?ri %fniizt wg;esstrlgg;lggvzf fro]?r;{HIZ-r- second pleiotropic locus () for fasting insulin and AVF.
P i Y9 yp Second, there is a possible additional major geng (@&

insuli ia. This f is slightly higher than that f
NSLANeMIa. 1S requency 1 Sgnty nigner than that for fasting insulin independent of FM and AVF. Third, given

non-Hispanic whites from the Utah study (6.25%) but lower .
than that for Pima Indians. Our higher frequency in com- € réport by Rice et al. (45) and Bouchard et al. (46), the

parison with the Utah Study could be partly due to our POSSibilityis that G; and Gy, are the same gene or at least
ascertainment from a sedentary population, especially if highly correlated. Fourth, the pleiotropic and independent
inactivity is due in part to genetic influence (43) and inac- environmental effects on levels of fasting insulin, FM, and
tivity is related to insulin resistance or type 2 diabetes (44). AVF are not illustrated because they were not tested in the
The difference between whites and Pima Indians could be present study. Fifth, at the phenotypic level, it is likely that
due to the fact that Pima Indians tend to be more obese andaccumulation of FM is directly or indirectly (for example,
have a high prevalence of type 2 diabetes. via increased levels of AVF) involved in the regulation of
Hyperinsulinemia and obesity are strongly associated fasting insulin levels. The pleiotropic genetic effects for
(42). The Utah Study also investigated the relationship fasting insulin and FM may be responsible for the overall fat
between insulin levels and obesity (24). A major gene accumulation and increased insulin levels, whereas the
affecting insulin was detected only after the variance in pleiotropic loci for fasting insulin and AVF may be related
insulin levels attributable to BMI was removed. This pattern mainly to fat distribution and tissue-specific insulin resis-
is consistent with a potential oligogenic model for insulin tance. In support of our findings of pleiotropic genetic
with additional common familial factors affecting both in- effects for insulin and FM or AVF, one locus on human
sulin and BMI. That is, before adjusting insulin for BMI, the chromosome 11, namely the uncoupling protein-2, has re-
major gene evidence was equivocal, although there werecently been reported to be linked to hyperinsulinemia and
significant familial effects. After adjustment for BMI, a obesity (47). However, in two other recent studies on Pima
major gene effect was apparent (i.e., oligogenic). The dif- Indians, evidence of linkage for fasting insulin was found at
ferent results before and after adjustment for BMI also 3g21-24 and 4p15-q12 (48), whereas evidence of linkage
indirectly suggest the evidence for pleiotropy. The source of for percentage body fat was found at 11g21-g22 and
the common familial component could be multifactorial, or 18921 (49).
it could be due to another major locus that is influenced by  Confirmation of these linkage results in other studies is
other unmeasured covariates. Our results in the HERITAGE needed. In addition, whether these linkage results stand after
Family Study suggest that major loci with pleiotropic ef- adjusting insulin levels for FM and/or AVF will also add to
fects are partly responsible for the common familial effects our understanding of the function of these genes. Molecular
for fasting insulin, FM, and AVF. In addition, the residual studies to address these issues in the HERITAGE Family
familial effect on insulin levels (after accounting for that Study are currently underway.
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Figure 1. Oligogenic-pleiotropic genetic effects on levels of
fasting insulin, total body FM, and AVF. G represents a pleio
tropic locus for fasting insulin and FM; & a pleiotropic locus for
fasting insulin and AVF; the correlation betweep,@nd G,, may
be 1.0, indicating that these may be the “same” gene@aGnajor
gene for FM; G, a major gene for AVF; G a possible major gene
for fasting insulin.

10.

In conclusion, there is evidence for existence of a major 11.

gene with pleiotropic effects on levels of fasting insulin and
FM and a possible second pleiotropic locus for fasting

insulin and AVF. These two pleiotropic loci could be the 12

same gene or highly correlated. Although these data do not
clearly support a gene effect on insulin independent of AVF
and FM, presence of such a gene cannot be ruled out
because there is still a significant major effect on FM- or
AVF-adjusted insulin (albeit the Mendelian nature of this
effect is ambiguous).

14.
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Appendix: Segregation Analysis

Segregation analysis was carried out using the unified
mixed model (50) as implemented in the computer program
POINTER (38). The general model assumes that a pheno-
type is composed of the independent and additive contribu-
tions from a major gene effect, a heritable multifactorial
background, and a unique environmental component (resid-
ual). The major effect is assumed to result from the segre-
gation at a single locus having two alleles (i.&.and a).
The A allele is defined as decreasing the quantitative phe-
notypes. See text for a definition of the seven parameters in
the model ¥, u, q, t, d, Hand 2).
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The transmission pattern from parents to offspring can be is obtained when the threevalues are equal. To infer a major
tested in the unified mixed model to verify that the gene is gene, three conditions are usually required: 1) rejection of the
segregating according to Mendelian expectations. The trans-no major effect hypothesisl& t = q = 0); 2) failure to reject
mission pattern is characterized by three parameterss the hypothesis of Mendelian transmission; and 3) rejection of
the probability that amdA individual transmits allelé\ to the the hypothesis of no transmission of the major effect (e¢mial
offspring; 7, is the probability thaf\atransmitsA; andr; is the model). Finally, maximum likelihood methods were used for
probability thataatransmitsA. Under Mendelian expectations, fitting the models to data, and likelihood ratio tests were used
T, = 1,7, = ¥, 75 = 0, and no transmission of the major effect for evaluating nested hypotheses.
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