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OBJECTIVE — Little is known about medial arterial calcification (MAC) other than its asso-
ciation with age, sex, diabetes, and diabetes complications. Familial aggregation of this disorder
was studied to determine the importance of potential genetic factors and to assess whether such
familial aggregation was independent of that of diabetes.

RESEARCH DESIGN AND METHODS— Members of 1,256 Pima Indian nuclear
families with 3,339 offspring were examined radiologically for MAC of the feet. Multiple logistic
regression analyses were used to compare the presence of the disorder in a parent with the
presence ol MAC in an offspring and to determine whether familial aggregation of MAC was
independent of parental diabetes.

RESULTS— Controlled for age, sex, diabetes, serum cholesterol, and blood pressure, off-
spring of one parent with MAC had 3.3 (95% CI 1.5-7.6) times the odds of MAC as did offspring
of parents without MAC, and offspring with both parents affected had an even higher risk (odds
ratio, 8.1; 95% CI 3.4-18.8). Controlled for offspring age and sex and for parental age and
diabetes, parental MAC was associated with the disorder in offspring (P < 0.001), but the effect
of parental diabetes on MAC in the offspring was not significant when controlled for parental
MAC (P = 0.36). Furthermore, offspring of nondiabetic parents with MAC, controlled for age,
sex, diabetes, and diabetes duration, had 1.7 (95% CI 0.9-3.1) times the odds of MAC than did
offspring of diabetic parents with MAC.

CONCLUSIONS — Independent of parental age and diabetes and offspring age, sex, diabe-
tes, and diabetes complications, parental MAC confers an increased risk of MAC in offspring.
These findings suggest that the factors responsible for the familial clustering of MAC may be
different from those for diabetes.

Mcdial arterial calcification (MAC)
is more common in people with
diabetes than in those without

(1,2), and in diabetic subjects MAC is a
predictor of vascular complications (3-
6), mortality from all causes (6), and mor-
tality from cardiovascular diseases (7,8).
Many subjects with long-standing diabe-
tes do not develop MAC, whereas others
develop MAC soon after the diagnosis of
diabetes. There are even some nondia-
betic subjects who develop MAC (9). Sus-

ceptibility to MAC, therefore, appears to
be attributable to factors in addition to
age, sex, and diabetes. The extent to
which this susceptibility may be genetic is
unknown, but demonstration of familial
aggregation of this disorder, independent
of that of diabetes, may suggest the im-
portance of genetic factors. Several stud-
ies have reported familial aggregation of
diabetes (10-15) and some of its compli-
cations^,17), but there has been no
published account of familial clustering of
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MAC. This cross-sectional study in 1,256
Pima Indian nuclear families with 3,339
offspring provides evidence of strong fa-
milial aggregation of MAC.

RESEARCH DESIGN AND
METHODS — Subjects were recruited
from a population-based study of diabe-
tes among Pima Indian residents of the
Gila River Indian Community in Arizona,
a population with a very high frequency
of NIDDM (18). Family data were based
on examination of all subjects rather than
reliance on family history. Examination
included a medical history and measure-
ment of weight, height, blood pressure,
ankle tendon reflexes (ATRs), urinary
protein, serum cholesterol, and a 75-g
oral glucose tolerance test. Diabetes was
defined as a 2-h post-load plasma glucose
concentration ^11.1 mmol/1 (19) at the
research examination or a diagnosis made
in the course of routine medical care.
BMI, a measure of obesity, was calculated
as weight in kilograms divided by height,
in meters, squared (20). Anyone who cur-
rently smoked or had ever smoked at least
one cigarette per week was defined as a
smoker. Urine containing a trace or more
of protein on dipstick was tested quanti-
tatively for protein (21) and for creatinine
(22). Proteinuria was defined as a urine
protein-to-creatinine ratio of ^ 1 g/g,
which corresponds to a urine protein ex-
cretion rate of approximately 1 g/24 h
(23,24). ATRs were measured using rein-
forcement when necessary, and bilateral
absence was used as a measure of periph-
eral neuropathy. No other data on neu-
ropathy, sensory or autonomic, were uni-
formly collected. Study participants aged
>15 years had posteroanterior radio-
graphs of the hands and feet regardless of
known disease and were examined for ar-
terial calcification by a radiologist (F.A.R.)
who was blinded to the clinical data (6).
Linear calcification in any artery was cat-
egorized as MAC, and any patchy calcifi-
cation was classified as intimal arterial cal-
cification (25). Radiographs with both
intimal and medial calcification were cat-
egorized as MAC, while those that were
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indeterminate or only found to have inti-
mal calcification were categorized as not
having MAC. As the feet are the most fre-
quent and almost always the earliest site
of MAC (6), and because MAC in the feet
correlates strongly with MAC in other
sites, MAC was denned solely on the basis
of radiographs of the feet for this analysis.
Nuclear families with information on
MAC in both parents and at least one off-
spring were identified. Simultaneous data
on MAC and other relevant variables were
available on 1,256 such families with
3,3.39 (1,642 male, 1,697 female) off-
spring.

Statistical analysis
The association between MAC in off-
spring and the number of parents with
MAC, controlled for potentially con-
founding factors, was examined by the
Mantel-Haenszel procedure (26) and by
multiple logistic regression analysis (27).
Two indicator variables were used to rep-
resent the number of parents with MAC,
and the group with both parents without
MAC was considered the reference cate-
gory. There were no significant interac-
tions between MAC in fathers and MAC in
mothers or among any of the predictor
variables used in the models. Odds ratios
and 95% CIs were calculated as described
by Kleinbaum et al. (28). Covariate-
adjusted prevalence rates of MAC in off-
spring were calculated from regression
models by covariance adjustment of rates
to mean values of the covariates in the
sample (29). Conventional logistic regres-
sion assumes the independence of indi-
vidual observations, but this is not the
case with family data. Therefore, condi-
tional logistic regression was also per-
formed using the binomial generalized es-
timating equations of Zeger and Liang,
which allow for lack of independence
among observations (30). Multiple logis-
tic regression models were used to deter-
mine whether familial aggregation of
MAC is independent of parental age and
diabetes. A model including offspring age
and sex and parental MAC, age of onset of
MAC, diabetes, and age of onset of diabe-
tes was compared with a model without
parental diabetes and also with a model
without parental MAC using the likeli-
hood ratio test (31). No significant inter-
actions between parental age and parental
MAC or parental diabetes were found.
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Figure 1—Age-specific prevalence oj MAC in
offspring by the number of parents with MAC. P
value for null hypothesis of equal prevalence of
MAC between parental categories was adjusted
across strata using the Mantel-Haenszel proce-
dure.

RESULTS — Among both diabetic and
nondiabetic subjects, the prevalence of
MAC in the offspring varied with age and
was generally highest if both parents had
MAC and lowest if neither parent had
MAC (Fig. 1). Male sex, smoking, diabe-
tes, parental diabetes, diabetes duration,
proteinuria, and bilateral absence of ATRs
in the offspring were also associated with
MAC (P < 0.001 for each). In all strata of
these variables except in nondiabetic fe-
male subjects, the prevalence of MAC in
the offspring was directly associated with
the number of parents with MAC (data
not shown). In stepwise multiple logistic
regression analyses, MAC in the parent
and age, sex, serum cholesterol, and sys-
tolic blood pressure of offspring were sig-
nificantly (P < 0.05 for each) associated
with MAC in the offspring among all sub-
jects and among diabetic subjects. Among
diabetic subjects, diabetes duration, pro-
teinuria, and bilateral absence of ATRs

were also significantly (P < 0.05 for each)
associated with MAC in the offspring.

Odds ratios for MAC in the off-
spring, controlled for potential confound-
ing factors, for all subjects and for diabetic
subjects are shown in Table 1. Among all
subjects, offspring of one parent with
MAC, adjusted for covariates, had a
higher prevalence of MAC than did off-
spring of parents without MAC (odds ra-
tio, 3.3; 95% CI 1.5-7.6), and offspring of
parents who both had MAC had an even
higher risk (odds ratio, 8.1; 95% CI 3.4-
18.8). Among diabetic subjects, con-
trolled for age, sex, 2-h post-load plasma
glucose concentration, cholesterol, pro-
teinuria, bilateral ATRs, and diabetes du-
ration, offspring of one parent with MAC
had 2.7 (95% CI 0.9-8.3) times the odds
of having MAC than did offspring of par-
ents without MAC, and offspring of both
parents with MAC had 6.3 (95% CI 2.0-
20.4) times the odds. Controlling for fam-
ily membership with conditional logistic
regression did not alter the results mate-
rially.

Figure 2 shows the age-specific
prevalence of MAC by sex, adjusted for
parental age at onset of MAC, in relation
to whether or not the parents had MAC.
In both sexes, the prevalence of MAC in
offspring was associated with MAC in a
parent, independent of parental age. In
both sexes, MAC in offspring was signifi-
cantly associated with both MAC in fa-
thers and MAC in mothers (P < 0.001 for
each). The risk of MAC in offspring was
higher in offspring whose fathers had
MAC than in those whose mothers had
MAC.

Since diabetes in offspring was a
strong risk factor for MAC, additional
analyses were conducted to determine
whether familial aggregation of MAC was
independent of that for diabetes. Con-
trolled for offspring age, sex, and parental
age, parental MAC had an effect on MAC
in offspring independent of parental dia-
betes (x2 = 39, df = 4, P < 0.001), but
the effect of parental diabetes on MAC in
offspring was not independent of parental
MAC (x2 = 3.3, df = 4, P = 0.36). Con-
trolled for offspring age, sex, and diabetes
and parental age and diabetes, both ma-
ternal MAC (odds ratio, 2.1; 95% CI 1.1-
3.5) and paternal MAC (odds ratio, 4.3;
95% CI 2.3-7.8) were significantly asso-
ciated with MAC in offspring.

The prevalence of MAC in off-
spring of nondiabetic parents with MAC
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Table 1—Conventional and conditional multiple logistic regression models in all subjects
and in subjects with diabetes

Variable Conventional Conditional

All subjects (n = 3,339, MAC in offspring = 105)
No. of parents with MAC

0 1 1
1 3.3 (1.5-7.6) 3.3 (1.4-7.9)
2 8.1 (3.4-18.8) 8.1 (3.2-20.7)

Age (per 5 years) 1.7(1.5-1.9) 1.7(1.5-1.9)
Male sex 6.0 (3.3-10.6) 6.0 (3.4-10.5)
Diabetes (present) 4.6 (2.4-8.7) 4.6 (2.5-8.6)
Cholesterol (per mmol/1) 1.6 (1.3-2.0) 1.6 (1.3-2.0)
Systolic blood pressure (per 5 mmHg) 1.1 (1.0-1.2) 1.1 (1.0-1.2)

Subjects with diabetes (n = 555, MAC in offspring
- 8 8 )

No. of parents with MAC
0 1 1
1 2.7 (0.9-8.3) 2.7 (0.9-8.5)
2 6.3 (2.0-20.4) 6.2 (1.8-20.9)

Age (per 5 years) 1.5(1.2-1.8) 1.5(1.2-1.7)
Male sex 9.5 (4.0-22.6) 9.8 (4.3-22.3)
2-h post-load plasma glucose (per 2.5 mmol/1) 1.0(0.9-1.2) 1.0(0.9-1.2)
Cholesterol (per mmol/1) 1.4 (1.1-1.9) 1.4 (1.0-1.9)
Bilateral absence of ATRs 2.6(1.2-5.5) 2.7(1.2-5.7)
Proteinuria present 5.5(2.2-13.9) 5.8(2.1-15.9)
Diabetes duration (per 5 years) 1.5(1.1-2.0) 1.5(1.1-2.0)

Data are odds ratios (95% CI). The conditional logistic regression model was controlled for family member-
ship correlation using SPIDA program GEE. Each odds ratio was controlled for all other variables in the
model. The group of subjects with both parents without MAC was considered the reference category and,
therefore, had an odds ratio of 1. Everything listed in the table except the number of parents with MAC is an
offspring variable.

was greater than in offspring of diabetic
parents with MAC (27 vs. 17%, respec-
tively; P = 0.02), and controlled for off-
spring age, sex, diabetes, and diabetes du-
ration, offspring of nondiabetic parents
with MAC had 1.7 (95% CI 0.9-3.1)

Male

times the odds of MAC than offspring of
diabetic parents with MAC.

DISCUSSION— MAC in offspring
and MAC in a parent are strongly associ-
ated in male and female Pima Indians.

Female

100

U 60
2
& 40

MAC in parent
— Nolthor -+• Mothor * Fathor •» Both

Age of offspring (years)

Figure 2—Age- and sex-specific prevalence of MAC in offspring by parental MAC, adjusted for
parental age using multiple logistic regression model. Parental age was the age at which disorder was first
noted or, if the parent had not developed the disease, age at last examination.

This association was present in diabetic
and nondiabetic offspring and remained
when controlled for potential confound-
ing factors. Although diabetes (10-15)
and its renal complications (16,17) aggre-
gate in families, this is the first report of
familial aggregation of MAC.

MAC is associated with age, male
sex, diabetes (1,2), and diabetic compli-
cations (4-6), particularly neuropathy,
vascular disease, and mortality (6,7). If
MAC were only a complication of diabe-
tes, its occurrence might be expected to
be a function only of the duration and
severity of diabetes. However, MAC also
occurs in nondiabetic subjects (6,7), and
although duration and severity of diabe-
tes are strongly associated, this study
shows that MAC in a parent confers an
increased risk of MAC in offspring.

Familial aggregation was inde-
pendent of parental diabetes, and off-
spring of nondiabetic parents with MAC
were at somewhat higher risk of MAC
than were offspring of diabetic parents
with MAC. This suggests that the factors
responsible for the familial aggregation of
MAC may be different from those for dia-
betes. If these factors are genetic, then di-
abetes and MAC may be inherited
through different genes, and the coexist-
ence of the conditions may be due to over-
lapping pathogenesis. Environmental fac-
tors can also cluster in families and might
explain part of the familial aggregation of
MAC.

Recent studies in mice suggest
that the pathogenesis of arterial calcifica-
tion may have potential genetic compo-
nents (32). Elucidating the potential ge-
netic basis of MAC may help to further
understand the pathogenesis of the con-
dition and, perhaps, other vascular dis-
eases. Attempts should be made to repli-
cate these findings in other populations
and to search for the possible genetic
causes of MAC.
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