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OBJECTIVE— To examine the hypothesis that hyperinsulinemia among relatives
of NIDDM probands will increase the prevalence of DLPs, we measured insulin levels
and examined the frequency of DLPs among NIDDM pedigree members.

RESEARCH DESIGN AND METHODS— We performed 2-h 75-g OGTTs and
measured lipid and insulin levels of 287 family members and 86 spouses from 16
large Utah pedigrees ascertained for >2 siblings with NIDDM.

RESULTS — One-hour insulin levels were higher among 206 family members with
NGT than among 65 NGT spouses (483.3 vs. 361.7 pM, P = 0.05). Among the NGT
family members, 32% had cholesterol levels at or above the age- and sex-specific 90th
percentile level defined by the LRC studies, 33% had HDL levels <10th percentile,
and 20% had triglyceride levels >90th percentile. DLP (any of the three abnormal-
ities) was found among 58% of NGT family members, which was significantly higher
than the expected 27% (P < 0.00001) and the prevalence among spouses of 45%
(P < 0.05). By NCEP criteria for hyperlipidemia, 40% of family members met criteria
for diet and/or pharmacological therapy.

CONCLUSIONS— Normoglycemic members of NIDDM pedigrees have a high
prevalence of DLPs, which approaches the prevalence in patients with NIDDM. Our
data suggest that members of NIDDM pedigrees should be screened carefully for lipid
abnormalities.
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The association of hyperinsulinemia
with dyslipidemias has been noted
by several researchers (1-3). Hy-

perinsulinemia and impaired insulin ac-
tion appear to be familial and predictive
of NIDDM onset (4-12). We recently
described hyperinsulinemia among non-
diabetic members of 16 large white ped-
igrees that were ascertained for >2
NIDDM siblings compared with spouse
control subjects (12). To test the hypoth-
esis that inherited hyperinsulinemia
would result in a high prevalence of lipid
abnormalities among members of
NIDDM pedigrees, we examined triglyc-
erides, total cholesterol, and HDL cho-
lesterol among normoglycemic members
of these pedigrees.

RESEARCH DESIGN AND
METHODS— Pedigrees were selected
from Utah's white population for >2 liv-
ing available siblings with NIDDM, as
described previously (12). Ascertainment
was independent of known lipid abnor-
malities or the presence of coronary ar-
tery disease in the family. Diabetic
probands, siblings, and offspring of
NIDDM probands and siblings were
studied. In addition, spouses of diabetic
probands and siblings, and some spouses
of the offspring, were studied. Table 1
presents characteristics of the pedigrees
studied.

Each nondiabetic pedigree mem-
ber underwent a standard 2-h 75-g
OGTT with both fasting and 1-h insulin
levels; we also measured height and
weight. Individuals who did not meet
WHO criteria for diabetes or IGT were
considered NGT (13). BMI was calcu-
lated as weight/height2 (kg/m2), and obe-
sity was defined as BMI >27.8 kg/m2 for
men and >27.3 kg/m2 for women (14).
Glucose levels were measured by stan-
dard glucose oxidase assay; insulin levels
were measured by double-antibody ra-
dioimmunoassay, with an interassay CV
of 8.0% at 112.9 |xU/ml. Lipid levels
were measured using standardized meth-
ods in the Cardiovascular Genetics Re-
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Table 1—Characteristics of pedigrees under study

DIAGNOSES OF FAMILY MEMBERS AND

FAMILY

1
2
4
7
8
9

10
11
13
14
15
16
17
18
19
20

TOTAL

SPOUSES§

SPOUSES

NIDDM
(N)*

4
5
4
3
3
2
2
3
4
2
3
3
5
2
3
4

53
9

IGT (N)t

3
0
0
2
0
7
2
0
2
1
4
0
1
2
0
1

25
13

NGT (N)

14
14
13
20
11
10
12
13
8

10
15
17
23

8
8

10
206

65

CHARACTERISTICS OF NGT FAMILY

MEN (N)

7
10
8
6
4
3
7
5
3
1
6

12
12
3
2
7

96
30

AND

MEAN AGE

(YR)

33.0
31.1
33.9
38.0
39.1
32.6
26.8
34.8
42.4
39.2
34.7
34.7
34.8
38.6
34.1
31.5
34.8
53.3

SPOUSES

MEAN BM1

(KG/M2)

26.7
23.9
26.1
25.8
25.4
27.1
27.0
28.7
28.5
24.2
25.6
32.5
23.9
26.1
24.4
27.4
26.4
26.9

MEMBERS

DLPf

N %

10 77
11 79
7 58

10 52
2 18
4 40

10 83
9 75
3 43

10 100
5 36

15 88
10 43
3 38
2 25
4 40

115 58
27 45

* Includes both known and newly diagnosed NIDDM.
tWHO criteria used for diagnosis.
* Any of three lipid abnormalities (cholesterol, triglycerides,
may not total because of missing values for some variables.
§Unrelated individuals married into above families.

or HDL); expected value is 27%. Numbers

search Laboratory (15-17). The Utah
laboratory has been standardized to the
Northwest LRC and to the Centers for
Disease Control.

The published age- and sex-
specific average lipid levels of the LRC
prevalence study of 48,482 people were
used to identify study subjects with total
cholesterol and triglyceride levels >90th
percentile or HDL <10th percentile
(18). Williams et al. (19) observed that
normotensive spouses of individuals in
Utah pedigrees studied for early coro-
nary heart disease, stroke, or hyperten-
sion have a distribution of lipid abnor-
malities similar to the LRC data. DLP was
defined as having any of three lipid ab-
normalities (cholesterol or triglyceride
>90th percentile or HDL < 10th percen-
tile).

We also used criteria for hyper-
lipidemia as defined by the NCEP (20),
in order to compare our results with
those reported previously for NIDDM
and non-NIDDM individuals (21,22).
Those meeting criteria for dietary and/or
pharmacological intervention include in-
dividuals with LDL cholesterol >4.14
mM (160 mg/dl) or LDL >3.38 (130
mg/dl) if coronary artery disease or two
or more risk factors are present. Risk
factors include male sex, cigarette smok-
ing, hypertension, diabetes, severe obe-
sity (>30% overweight), HDL choles-
terol <0.91 mM (35 mg/dl), and a family
history of coronary heart disease. In this
study, family history of heart disease
was not available, and severe obesity was
defined as BMI >30 kg/m2. In addition,
we did not have information on cere-

brovascular or peripheral vascular dis-
eases.

Data analysis
Family members with NGT were com-
pared with NGT spouses. ANCOVA with
the SAS (SAS Institute, Cary, NC) general
linear model procedure was used to ad-
just continuous variables for age, sex,
and BMI. Categorical outcomes were an-
alyzed with Mantel-Haenszel x2 statistic
and logistic regression (23). In addition,
we compared the number of family
members and spouses with a lipid abnor-
mality to the expected number with the
binomial distribution (24). The expected
proportion is 10% for individual lipids
and 27% for any of three lipids [100-
(90%)3]. Because the three lipid levels
are not independent, the estimate of 27%
for any of the three abnormalities is ac-
tually higher than the true expected
value, and thus is a conservative estimate
because our hypothesis is that the prev-
alence will be >27%.

Because the analyses involved
families, the assumption that each indi-
vidual is an independent observation
may not be correct. To address this
problem, the family members were cate-
gorized by sibship and a random mem-
ber of each sibship was selected and
compared with the spouses. Thus, the
family-member group consisted mostly
of second- and third-degree relatives, in
which family correlations are much less
important. In addition, we used a logistic
regression program that controlled for
within-pedigree intraclass correlations of
the dependent variable to confirm statis-
tical relationships detected in the SAS
analyses (25).

RESULTS— The characteristics of the
16 pedigrees are shown in Table 1. This
study focuses on lipid results for the 206
spouses and 65 family members with
normal OGTTs (Table 2). Detailed infor-
mation on analyses of insulin levels has
been presented elsewhere (12). As re-
ported previously, stimulated insulin lev-
els were higher among family members
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Table 2—Insulin and lipid abnormalities in normal OGTTs spouses and family members

DEMOGRAPHICS

N

AGE (YR)*

BMI (KG/M2)*

MEN, N (%)

OBESE, N (%)

MEAN 1-H INSULIN!

PERCENT1LES OF UP1D LEVELS*

CHOLESTEROL > 9 0 T H %

OBESE

NONOBESE

TRIGLYCERIDE > 9 0 T H %

OBESE

NONOBESE

HDL < 10TH %
OBESE

NONOBESE

A N Y D L P U

OBESE

NONOBESE

SPOUSES

65
53.3 ± 13.3
26.9 ± 4.33
30 (46.2)
26 (40.6)
361.7

20.8 (5/24)
28.6§ (10/35)

20.8 (5/24)
8.6 (3/35)

29.2§ (7/24)
28.6§ (10/35)

45.81(11/24)
45.7§ (16/35)

FAMILY MEMBERS

206
34.8 ± 10.6
26.4 ± 5.75
96 (46.6)
64(31.1)
483.3

43.6§ (27/62)
27.3§ (38/139)

37.1§ (23/62)
12.2 (17/139)

45.9§ (28/61)
26.7§ (36/135)

69.4§ (43/62)
52.2§ (72/138)

P

—
—
—
—
—

0.05

0.33
0.47

0.24
0.87

0.21
0.99

0.09
0.20

•Values are means ± SD.
tlnsulin adjusted for age, sex, and BMI with ANCOVA; P = 0.05, spouses vs. family members.
f Lipid values presented as percentage and n > 90th percentile of age-sex-specific values from the LRC
prevalence study (SlOth percentile for HDL). In parentheses are number affected over total in that
category. Numbers may not total because of missing variables in some categories.
§Greater than expected proportion at P < 0.05 using binomial distribution, with expected prevalences of
0.10 for cholesterol, triglyceride, and HDL, and 0.27 for any DLP.
fAny of three lipid abnormalities (cholesterol, triglycerides, or HDL); expected value is 27%. Using logistic
regression to compare spouses and family members or 2.1, 95% CI 1.0-4.4).
P values, spouses vs. family members (based on logistic regression controlling age, sex, BMI).

than among spouses. Only one individ-
ual who reported using an anticholes-
terol medication is included.

The prevalences of lipid abnor-
malities, as defined by the age- and sex-
specific values of the LRC, were found at
higher than expected levels among fam-
ily members. Among NGT family mem-
bers, 32% had cholesterol levels at or
above the age- and sex-specific 90th per-
centile level, 33% had HDL levels <10th
percentile, and 20% had triglyceride lev-
els >90th percentile. DLP (any of the
three abnormalities) was found among
58% of NGT family members, which was
significantly higher than the expected
27% (P < 0.00001).

Family members also had a
higher prevalence of DLP than did

spouses. Among NGT spouses, 45% had
DLP (P = 0.044, family members vs.
spouses). Differences between family
members and spouses were most evident
among the obese group. Among family
members, 69.4% of the obese group and
52.2% of the nonobese group had DLP;
among spouses, 45.8% of the obese and
45.7% of the nonobese had DLP. Con-
trolling for age, sex, and BMI with logis-
tic regression, the OR comparing family
members with spouses for prevalence of
DLP was 2.1 (95% CI 1.0-4.4).

To examine the hypothesis that
the high prevalence of DLP was mediated
through hyperinsulinemia, we compared
family members and spouses, controlling
1-h insulin level. The difference between
family members and spouses was de-

creased (OR, 1.8, 95% CI 0.8-4.0,
P = 0.14), indicating that at least some
of the increased prevalence of DLP
among family members can be attributed
to higher insulin levels.

Using criteria of the NCEP, 40%
of family members met criteria for di-
etary and/or pharmacological therapy.
Because we did not have data on family
history of coronary heart disease, this
estimate is conservative. Only 23% of
hyperlipidemic family members were
aware of their diagnosis. In comparison,
Stem et al. (21) reported that 24% of
non-Hispanic nondiabetic individuals
and 43% of non-Hispanic NIDDM indi-
viduals met NCEP criteria for hyperlipi-
demia; of these, only 20 and 25%, re-
spectively, were aware of their diagnosis
(21). Harris (22) reports that - 3 2 % of
NGT individuals and 70% of NIDDM
individuals meet NCEP criteria for initi-
ation of dietary/and or pharmacological
intervention. In our data, the prevalence
of hyperlipidemia with NCEP criteria did
not differ between family members and
spouses when we controlled for age, sex,
and BMI.

Lipid abnormalities were found
in normoglycemic members of all 16
pedigrees (Table 1). The percentage with
lipid abnormalities ranged from 18 to
100%. The increased prevalence of lipid
abnormalities did not result from multi-
ple affected members of only a few ped-
igrees. None of the pedigrees met criteria
for familial hypercholesterolemia; 5 met
criteria for familial combined hyperlipi-
demia (26). In addition, differences in
DLP prevalence between men and
women were not evident.

Among family members, there
were 84 sibships. A random member of
each sibship was selected to determine
whether the increased prevalence of
DLPs could be attributed to familial cor-
relations. Among this group, findings
were virtually identical to those from the
entire sample: 33% had cholesterol levels
at or above the age- and sex-specific 90th
percentile levels; 37% had HDL levels
<10th percentile, and 21% had triglyc-
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eride levels >90th percentile. The pres-
ence of any DLP (any of the three abnor-
malities) was found among 61%, and the
differences between spouses and family
members remained statistically signifi-
cant (P = 0.013, controlling age, sex,
and BMI). Controlling for intraclass cor-
relations within pedigree did not change
the findings.

CONCLUSIONS— To our knowl-
edge, this study is the first to report lipid
values for a large number of normogly-
cemic white members of N1DDM fami-
lies. We found that 58% of the family
members had either cholesterol or tri-
glycerides >90th percentile for their age
and sex or HDL < 10th percentile. Using
the NCEP criteria, 40% met criteria for
hyperlipidemia requiring initiation of di-
etary and/or pharmacological interven-
tion; the prevalence approaches that re-
ported by Stem et al. (21) for individuals
who have already developed N1DDM.
The NCEP criteria are age dependent,
making comparisons with other studies
difficult; however, the finding that
>40% of these relatively young family
members (mean age 34.8 yr) meet NCEP
criteria for hyperlipidemia has important
clinical implications. We also found, as
did Stem et al., that a large percentage
are unaware of their diagnosis.

Although many researchers have
described lipid abnormalities among in-
dividuals with N1DDM (22,27,28), only
a few have examined lipid levels among
unaffected relatives (7,8), and none have
examined extended families with multi-
ple affected members. The treatment of
lipid disorders in individuals with
NIDDM has received increased attention
(22,29). Our findings indicate that rela-
tives of individuals with NIDDM also
should be screened carefully for lipid
disorders. Previously, we reported that
only 2.6% of the same family members
were newly diagnosed with NIDDM and
only 7.7% with IGT (12). Thus, screen-
ing individuals with a family history of
NIDDM for DLPs may be even more ap-
propriate than screening for NIDDM.

Although no previous studies of
lipid abnormalities with large NIDDM
pedigrees have been conducted, others
have found evidence for DLPs among
relatives of NIDDM individuals. In their
studies Haffner et al. (6,7) observed that
Mexican Americans with a parental his-
tory of diabetes had higher insulin levels,
higher blood pressures, and more abnor-
mal lipid values than those without a
parental history. Laws et al. (8) examined
35 nondiabetic subjects and found
higher triglyceride and VLDL levels
among those having at least one first-
degree relative with diabetes.

Our finding that DLPs are in-
creased in a group at high risk to devel-
op NIDDM is consistent with previous
findings. McPhillips et al. (30) reported
that, among an older population, the
baseline prevalence of hypertension and
DLPs was higher among individuals
who eventually developed IGT and
NIDDM than among those who re-
mained normoglycemic. Haffner et al. (9)
found that nondiabetic Mexican Ameri-
cans who eventually developed NIDDM
over an 8-yr follow-up had higher levels
of cholesterol, triglycerides, fasting glu-
cose, fasting insulin, BMI, and blood
pressure at baseline, and lower levels of
HDL. The differences between those de-
veloping diabetes and those not develop-
ing the disease disappeared when they
controlled for baseline fasting insulin
levels.

We found higher 1-h insulin lev-
els among family members than among
spouses, and the differences in the prev-
alence of DLP between spouses and fam-
ily members decreased when controlling
for 1-h insulin levels. The decrease in the
difference when controlling for insulin
levels is consistent with the findings of
Haffner et al. (9) and indicates that the
increased prevalence of cardiovascular
risk factors among individuals who even-
tually develop NIDDM may be mediated
through hyperinsulinemia (31).

Although family members had
higher prevalence of DLPs than spouses,
spouses also had higher than expected

prevalence of DLPs. Both assortive mat-
ing and common environment are expla-
nations: Spouses would be expected to
be similar to their mates for environmen-
tal factors that modify the risks of both
NIDDM and DLP, including obesity,
diet, and physical activity. However, be-
cause spouses share a common environ-
ment, they are a conservative control
group; the use of spousal control sub-
jects biases against finding a significant
difference. We did find significant dif-
ferences between spouses and family
members; however, further work is
needed to investigate the complex inter-
actions between genetics and environ-
ment in the etiology of hyperinsulinemia,
DLPs, and NIDDM in high-risk families.
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