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Context: Data on the presence, extent, and reversibility of cardiovascular disease in primary hy-
perparathyroidism (PHPT) are conflicting.

Objective: This study evaluated carotid structure and function in PHPT patients compared with
population-based controls.

Design: This is a case-control study.

Setting: The study was conducted in a university hospital metabolic bone disease unit.

Participants: Forty-nine men and women with PHPT and 991 controls without PHPT were
studied.

Outcome Measures: We measured carotid intima-media thickness (IMT), carotid plaque presence
and thickness, and carotid stiffness, strain, and distensibility.

Results: IMT, carotid plaque thickness, carotid stiffness, and distensibility were abnormal in PHPT
patients, and IMT was higher in patients than controls (0.959 vs. 0.907 mm, P � 0.0001). In PHPT,
PTH levels, but not calcium concentration, predicted carotid stiffness (P � 0.04), strain (P � 0.06),
and distensibility (P � 0.07). Patients with increased carotid stiffness had significantly higher PTH
levels than did those with normal stiffness (141 � 48 vs. 94.9 � 44 pg/ml, P � 0.002), and odds of
abnormal stiffness increased 1.91 (confidence interval � 1.09–3.35; P � 0.024) for every 10 pg/ml
increase in PTH, adjusted for age, creatinine, and albumin-corrected calcium.

Conclusions: Mild PHPT is associated with subclinical carotid vascular manifestations. IMT, a pre-
dictor of cardiovascular outcomes, is increased. Measures of carotid stiffness are associated with
extent of PTH elevation, suggesting that those with more severe PHPT may have impaired vascular
compliance and that PTH, rather than calcium, is the mediator. (J Clin Endocrinol Metab 94:
3849–3856, 2009)

Classical primary hyperparathyroidism (PHPT) was a
symptomatic disease with increased cardiovascular

morbidity and mortality (1, 2). Today, most patients with
PHPT have serum calcium levels within 1 mg/dl above the
upper limit of normal, and the majority are without ob-
vious cardiovascular or other symptoms (3). Although ep-
idemiological studies from Scandinavia (1, 2, 4–8) have

continued to report increased cardiovascular mortality in
PHPT, the single American epidemiological study assess-
ing patients with more mild hypercalcemia did not con-
firm this (9). Indeed, those with mild PHPT had reduced
cardiovascular mortality (relative risk, 0.6), although
mortality was increased in those with the highest calcium
levels. As the clinical findings in PHPT have become more
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subtle over time, the investigation of cardiovascular man-
ifestations of the disease has recently turned to less clini-
cally overt abnormalities.

Increased carotid intima-media thickness (IMT) is an
early, subclinicalpredictorof systemicatherosclerosisaswell
as clinical coronary and cerebrovascular events (10–12).
IMT was recently found to be markedly increased in 20 pa-
tients with PHPT, but this population had higher calcium
levels (range 11.3–13.1 mg/dl) than is typical of most PHPT
patients today,making itdifficult toextrapolate thesedata to
the majority of patients with PHPT (13). Interpretation of
other studies showingnoeffectofPHPTor itscureoncarotid
IMT are limited by small sample sizes or IMT measurement
in portions of the carotid vascular bed or brachial artery
where atherosclerotic disease is rare (14–16).

Investigations of other carotid pathology, including ca-
rotid plaque thickness and decreased vascular compliance,
have not been undertaken in PHPT. Carotid plaque thick-
ness, however, was recently found to be positively associated
with serum calcium levels within the normal range (17). Ar-
terial distensibility, a measure of an artery’s ability to expand
and contract during systole and diastole, may decrease early
in the atherosclerotic process before structural wall changes
become detectable (18). Decreased carotid distensibility has
been associated with stroke (19), and impaired arterial dis-
tensibility has been reported in patients with PHPT in other
parts of the vasculature (15, 20–23).

This study was designed to determine whether there are
subclinical structural and functional abnormalities within
the carotid vasculature in patients with mild PHPT and
whether carotid vascular indices are associated with serum
calcium and/or PTH levels in this disease.

Subjects and Methods

Measures of carotid structure and function in patients with
PHPT were compared with normal values from the literature and
to a cohort of non-hyperparathyroid control subjects. All PHPT
patients and control subjects gave written, informed consent.
This study was approved by the Institutional Review Boards of
Columbia University Medical Center and The University of Miami.

Subjects
Participants with PHPT were referred from the Metabolic

Bone Diseases Unit at Columbia University Medical Center and
represent consecutive cases who agreed to participate in the
study. Cases were eligible if they were 45–75 yr of age, in order
to study those at risk for cardiac disease and because it includes
the vast majority of patients with PHPT. Patients had serum
calcium higher than 10.2 but lower than 12.0 mg/dl (to assess the
presence of cardiovascular findings in those with mild hypercal-
cemia) and an elevated or inappropriately normal PTH level.
Calcium/creatinine clearance ratio was measured to exclude fa-
milial hypocalciuric hypercalcemia, and none had thiazide-in-

duced hyperparathyroidism. Exclusion criteria included current
use of bisphosphonates and initiation or changes in cholesterol-
lowering medications within 2 yr.

Normal controls were from the Northern Manhattan Study
(NOMAS), a population-based study designed to investigate
vascular risk factors in 3298 individuals free of stroke (24, 25).
Carotid duplex Doppler sonography was performed on 2000
subjects, chosen at random. All NOMAS participants who had
undergone carotid Doppler imaging, had normal serum calcium
concentration, and were between the ages of 45–75 yr and of
similar race/ethnicity to cases (Caucasian Hispanic and non-His-
panic) were included (n � 991).

Cardiovascular risk factors
Participants were interviewed to obtain demographic data, car-

diac risk factors, andmedicalhistory.Race/ethnicitywasdefinedby
self-identification. Coronary artery disease was defined as a history
of myocardial infarction, angina, angioplasty, or coronary artery
bypass surgery. Hypercholesterolemia was defined as being told by
a physician of elevated lipid levels or being on a lipid-lowering med-
ication. Hypertension was defined as a systolic blood pressure re-
cording of at least 140 mm Hg, a diastolic blood pressure recording
of at least 90 mm Hg, or a patient’s self-report of hypertension or
use of antihypertensive medications. Diabetes mellitus was defined
as a fasting blood glucose level of at least 126 mg/dl or a patient’s
self-report of diabetes or use of insulin or other hypoglycemic med-
ications. Cigarette smoking was categorized as nonsmoker or
ever-smoked.

Biochemical evaluation
Fasting samples for serum calcium, albumin, total choles-

terol, and triglycerides were measured by an automated chem-
istry analyzer. Low-density lipoprotein was calculated (26). PTH
was measured by immunochemiluminometric assay for intact
PTH (Scantibodies Laboratories, Inc., Santee, CA), which de-
tects PTH (1-84) and PTH (7-84).

Carotid ultrasonography
High-resolution B-mode carotid ultrasound was performed

using a GE LogIQ 700 system (GE Healthcare, Milwaukee, WI)
with a multifrequency 9/13-MHz transducer. With the subject in
a supine position, the extracranial carotid arteries were imaged
in short axial and long longitudinal planes (anterior, lateral, and
posterior views)using standardizedcarotidultrasoundprotocols
as previously described (27). Blood pressure was obtained for
each subject from the right brachial artery after a minimum of 10
min rest in a supine position with a semiautomated oscillometric
blood pressure recorder (Dinamap Pro100; Critikon, Inc.,
Tampa, FL). Blood pressure was measured before and after each
examination and averaged.

Carotid IMT was measured according to the NOMAS pro-
tocol (27, 28). Total carotid IMT was calculated as a composite
measure of the near and far walls IMT of the common carotid
artery (CCA), bifurcation, and internal carotid artery from both
sides of the neck. Values of IMT of 0.9 mm or higher were con-
sidered abnormal (threshold for increased cardiovascular risk in
the Cardiovascular Health Study) (11).

Carotid plaque in any of the carotid artery segments (the
CCA, bifurcation, and internal carotid artery) was defined as an
area of focal wall thickening or protrusion in the arterial lumen
more than 50% greater than the surrounding wall thickness.
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Maximal carotid plaque thickness (MCPT) was measured at the
highest plaque prominence from the multi-angled images. If
plaque was present in any carotid segments, the plaque bound-
aries were traced and MCPT was calculated using the semiau-
tomatic Image Pro version 5.2 software (Microsoft Corp., Red-
mond, WA) by a single trained sonographer.

Carotid distensibility was measured in the 10-mm segment of
the right CCA below the origin of the carotid bulb from at least five
consecutive cardiac cycles on the B/M-mode imaging recordings
using Image Pro analysis software. The systolic diameter and dia-
stolic diameter of the right CCA were measured, and the following
metrics were calculated: carotid strain � (systolic diameter � dia-
stolic diameter)/diastolic diameter (percent); stiffness (�) � ln (sys-
tolic blood pressure/diastolic blood pressure)/strain; and distensi-
bility (1/�) adjusted for IMT � 1/[ln(systolic blood pressure/
diastolic blood pressure)/strain � IMT]. Lower strain, lower
distensibility, or higher stiffness indicates impaired vascular com-
pliance.Stiffnessof6ormore, strain less than6%,anddistensibility
of 0.425 or less are abnormal and represent the 75th percentile
distribution in the NOMAS cohort (n � 2000) for the study age
range.

Statistical analysis
Between-group differences in demographic and cardiovascu-

lar risk factors were evaluated by independent two-sided t test,
�2, or Fisher’s exact test as appropriate. Critical test values were
adjusted for unequal variances when necessary. The five carotid
outcomes (IMT, stiffness, strain, distensibility, and maximal ca-
rotid plaque thickness) were treated as a vector of within-subject
repeated measures, and between-group differences were esti-
mated using a linear mixed model with a fixed effect of group,
covariates selected from the cardiovascular risk factors that dif-
fered significantly between the groups [gender, diabetes, systolic
and diastolic blood pressure, triglycerides, and body mass index
(BMI)], and an unstructured covariance matrix. Model-esti-
mated means and SD are presented with P values for the between-
group difference based on linear mixed-model differences be-
tween groups within measure.

Relationships between albumin-corrected calcium, PTH, and
carotid variables were assessed with Pearson correlation. Mul-
tiple regression models were created for those variables with
significant correlations to assess the effect of PTH on outcomes,
independent of confounders (albumin-corrected calcium, creat-
inine, and age). The contribution of individual subjects’ values to
overall variance was assessed using Cook’s distance. No values
met the criterion as influence points (Cook’s distance �1). An
assessment of colinearity among predictors in the final model
was used to establish independence of predictors (variance in-
flation factors all �10). Because PTH was found to be a signif-
icant predictor of stiffness, PTH and calcium levels in those with
normal vs. abnormal stiffness and IMT were compared using
independent two-sided t tests. For all analyses, a two-tailed P �
0.05 was considered to indicate statistical significance. Statistical
analysis was performed using SAS version 9.1.3 (Cary, NC).

Results

Clinical and biochemical data
Consistent with their diagnosis of PHPT, cases were

predominantly female (Table 1) and had biochemical ev-

idence typical of mild PHPT [serum calcium (mean � SD),
10.5 � 0.5 mg/dl, normal 8.7–10.2 mg/dl; PTH, 116 � 51,
normal 10–66 pg/ml). The control group had more car-
diovascular risk factors than did the PHPT patients: a
higher proportion of men, higher mean BMI, more par-
ticipants with diabetes, higher mean systolic and diastolic
blood pressure, and higher serum triglycerides. All cases
and controls were Caucasian, although more controls
were of Hispanic ethnicity. We compared men (PHPT n �
8; control n � 421) and non-Hispanic Caucasian women
(PHPT n � 38, 78% of all cases; control n � 100) sepa-
rately as well.

Carotid structure and function
Mean carotid IMT was elevated in PHPT (Table 2), and

69% of cases had high IMT. IMT was also higher in PHPT
than controls (all, 0.96 � 0.39 vs. 0.91 � 0.09 mm; P �
0.0001; men, 1.05 � 0.60 vs. 0.93 � 0.08 mm; P �
0.0001; non-Hispanic Caucasian women, 0.95 � 0.18 vs.
0.90 � 0.11 mm; P � 0.0006; Fig. 1). Although carotid
plaque was more common in the control group (present in
61 vs. 39% of subjects), plaque thickness was above the
threshold associated with deleterious cardiovascular out-
comes in both groups. Similarly, although control subjects
had higher carotid stiffness than did cases, the mean value
for stiffness in PHPT was elevated, and 41% had frankly
increased carotid stiffness. There were no between-group
differences in carotid strain, distensibility, or maximum
plaque thickness in those with carotid plaque (Table 2),
however distensibility was abnormal in both groups.

TABLE 1. Participant characteristics and cardiovascular
risk factors

Variables

All participants

PHPT,
n � 49

Controls,
n � 991 P value

Age (yr) 61.6 � 7.4 63.6 � 6.0 0.07
Male (%) 16 42 �0.0001
BMI (kg/m2) 25.6 � 4.1 28.3 � 4.9 �0.001
Coronary artery

disease (%)
8 9.6 1.00

Hypercholesterolemia (%) 38 42 0.46
Hypertension (%) 35 46 0.12
Diabetes (%) 2 15 �0.01
Tobacco ever use (%) 55 51 0.55
Systolic blood pressure

(mm Hg)
127 � 19 142 � 21 �0.0001

Diastolic blood pressure
(mm Hg)

75 � 11 85 � 11 �0.0001

Calcium (mg/dl) 10.5 � 0.5 9.1 � 0.4 �0.0001
Total cholesterol (mg/dl) 211 � 34 203 � 39 0.18
Low-density lipoprotein

(mg/dl)
124 � 30 131 � 35 0.17

Triglycerides (mg/dl) 98 � 56 144 � 84 �0.0001

Results are mean � SD unless indicated otherwise.
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Relationship between PTH, calcium, and carotid
measures in PHPT

Carotid IMT was not associated with levels of PTH or
serum calcium, nor did PTH or serum calcium levels differ
in those with abnormal vs. normal IMT (PTH, 109 � 43
vs. 131 � 67 pg/ml, P � 0.22; calcium, 10.5 � 0.6 vs.
10.6 � 0.4 mg/dl, P � 0.29). There was no association
between maximum plaque thickness and PTH or calcium.

Higher levels of PTH were, however, associated with
worse carotid stiffness (r � 0.41; P � 0.009), carotid strain
(r � �0.45; P � 0.003), and distensibility (r � �0.39; P �
0.02) in patients with PHPT. Serum calcium and albumin-
corrected calcium level correlated with carotid strain (r �
�0.29; P � 0.04), and the association with distensibility
was marginally significant (r � �0.28; P � 0.054).

Because increasing age and worsening renal function
are associated with rising PTH levels, and PTH and serum
calcium are associated with each other in PHPT, we as-
sessed these relationships in a multiple regression model
including PTH, albumin-corrected calcium, age, and cre-

atinine. PTH concentration, but not serum calcium level,
was a significant predictor of carotid stiffness (Table 3).
PTH was the only independent predictor of carotid stiff-
ness, accounting for 11% of the variance when the con-
founding influence of age, creatinine, and calcium was
removed. Patients with increased carotid stiffness had sig-
nificantly higher PTH levels than did those with normal
stiffness (141 � 48 vs. 94.9 � 44 pg/ml, P � 0.002; Fig.
2), whereas calcium levels did not differ (10.6 � 0.5 vs.
10.4 � 0.5 mg/dl; P � 0.25). The odds of abnormal stiff-
ness increased 1.91-fold (95% confidence interval, 1.09–
3.35; P � 0.024) for every 10 pg/ml increase in PTH,
adjusted for age, creatinine, and albumin-corrected calcium.

Using the same multiple regression (including PTH, al-
bumin-corrected calcium, age, and creatinine), PTH, but
not calcium concentration, tended to predict carotid strain
(P � 0.06) and distensibility (P � 0.07) as well (Table 3).
Those with abnormal strain had a marginally significant
higher PTH than those with normal strain (148 � 66 vs.
108 � 45 pg/ml; P � 0.058; Fig. 2).

TABLE 2. Comparison of carotid measures between
PHPT and NOMAS control subjects, adjusted for gender,
diabetes, systolic and diastolic blood pressure,
triglycerides, and BMI

PHPT Controls Normal range
IMT (mm)a 0.96 � 0.39b 0.91 � 0.09 0.7–0.9
Strain (%) 9.1 � 21.5 8.5 � 5.0 6–12
Stiffnessa 6.2 � 24.2c 8.3 � 5.8 �6
Distensibilitya 0.19 � 0.54 0.17 � 0.13 �0.425
MCPT (mm)a 2.09 � 1.00 2.08 � 0.76 �1.9

Results are mean � SD. Normal ranges are from Cardiovascular Health
Study and NOMAS (11).
a Indices that were abnormal in both cases and controls.
b,c PHPT vs. control group: b P � 0.0001; c P � 0.05.

TABLE 3. Multiple Regression models of carotid strain,
stiffness, and distensibility in PHPT patients

Variable � SE P value Model R2

Strain
PTH �0.0002 0.0782 0.06 0.34 P value � 0.007
Corrected

calcium
�0.0109 0.0078 0.17

Age �0.0005 0.0006 0.38
Creatinine �0.0284 0.0158 0.09

Stiffness
PTH 0.0259 0.0120 0.04 0.26 P value � 0.045
Corrected

calcium
0.2861 0.9637 0.76

Age 0.1214 0.0735 0.11
Creatinine 0.8426 1.9661 0.67

Distensibility
PTH �0.0005 0.0003 0.07 0.43 P value � 0.0012
Corrected

calcium
�0.0160 0.0204 0.44

Age �0.0049 0.0016 0.004
Creatinine �0.0401 0.0416 0.34
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FIG. 1. Comparison of carotid IMT between PHPT (black bar) and
control (white bar) subjects. IMT was higher in PHPT than control
in all subjects (P � 0.0001), non-Hispanic Caucasian women
(P � 0.006), and Hispanic as well as non-Hispanic men (P �
0.0001). Data are presented as mean � SD adjusted for gender,
diabetes, systolic and diastolic blood pressure, triglycerides, and
BMI. *, P � 0.01.
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FIG. 2. PTH levels (picograms per milliliter) are higher in PHPT patients
with abnormal (black bar) vs. normal (white bar) stiffness (P � 0.0022)
and strain (P � 0.058). Data are presented as mean � SD.
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Discussion

These data demonstrate that mild PHPT is associated with
subclinical structural changes in the carotid vasculature
and functional changes that reflect increased vascular stiff-
ness. Carotid IMT, stiffness, distensibility and plaque
thickness were all abnormal in patients with PHPT, al-
though only IMT was higher in PHPT than in a non-PHPT
group with many more cardiovascular risk factors. The
greater IMT may portend a higher risk of stroke and other
cardiovascular events inpatientswithPHPT,because IMT
is a strong cardiovascular risk factor in non-hyperpara-
thyroid populations (10, 29). Indices reflecting carotid
vascular function (stiffness, strain, and distensibility) were
associated with the extent of elevation of PTH, suggesting
that those with biochemically more severe PHPT may have
impaired vascular compliance. PTH but not serum cal-
cium levels were higher in those with abnormal vs. normal
stiffness and strain, and PTH was an independent predic-
tor of stiffness, suggesting that PTH, rather than calcium,
is the mediator of these effects.

Patients with classical PHPT clearly demonstrate car-
diovascular abnormalities (1, 2). Studies conducted in pa-
tients with varying severity of PHPT, looking at different
portions of the vascular tree, some assessing structural
changes and others functional abnormalities, has led to
conflicting data in less severe disease. This report, target-
ing only the carotid vascular bed, assessed for anatomical
abnormalities (IMT and plaque) and for early abnormal-
ities in vascular function (carotid stiffness, strain, and dis-
tensibility). Altered vascular compliance in PHPT could be
due to impaired endothelial function or to calcification of
the vascular wall.

In prospective epidemiological studies, IMT is strongly
associated with the prevalence and incidence of clinical
cardiovascular disease (11, 12, 30–33). Our finding of
increased IMT extends this finding to PHPT patients with
mild disease. As neither calcium nor PTH correlated with
IMT, it is unclear how PHPT results in this increase. Im-
paired carotid compliance may be the pathological mech-
anism or a precursor to increases in IMT (18). In a recent
study, carotid IMT was increased in 20 PHPT patients
with marked hypercalcemia (11.4–13.5 mg/dl). IMT was
not associated with PTH or calcium either, although the
study may have had limited power (13). There was, how-
ever, a trend toward more frequent plaque in those with
PHPT, raising the possibility that the lower calcium levels
may have been responsible for its absence in our cohort. A
second study, also in more severely hypercalcemic pa-
tients, found increased IMT and plaque frequency only in
PHPT patients with traditional cardiovascular risk fac-
tors. The authors concluded that traditional cardiovascu-

lar risk factors, rather than hypercalcemia and/or PTH
elevation, were the determinants of carotid atherosclerosis
in PHPT (16). However, the group with more traditional
cardiovascular risk factors also had higher mean calcium
levels (12.2 � 1.04 vs. 11.64 � 0.88 mg/dl). It is therefore
impossible to know whether the increased IMT was at-
tributable to the cardiovascular risk factors, higher cal-
cium, PTH, or an interaction between risk factors and the
biochemical abnormalities found in PHPT. Another study
found no increase in IMT, but it evaluated the brachial
artery, an uncommon site for atherosclerotic disease (15).

Although IMT was worse in PHPT, the other structural
measure, carotid plaque, was not. The two are generally
associated with each other in studies of atherosclerosis but
may have different pathogenetic mechanisms (34, 35). In
the Cardiovascular Health Study, IMT and plaque thick-
ness remained independent risk factors for cardiovascular
outcomes and all-cause mortality (11, 36). It is also im-
portant to note that the mean plaque thickness in both
PHPT and control groups was frankly elevated. In 2189
NOMAS subjects, after adjusting for age, gender, race-eth-
nicity, risk factors (hypertension, diabetes, high-density li-
poprotein, low-density lipoprotein, BMI, alcohol intake,
current smoking, education, use of aspirin, and lipid-lower-
ing medication), MCPT higher than 1.9 mm (the 75th per-
centile in NOMAS) was associated with a 2-fold increased
risk of ischemic stroke, myocardial infarction, or vascular
death (hazard ratio 1.48, 1.05–2.1) (37). The mean plaque
thickness in the PHPT group (2.09 mm) was above this
threshold and, furthermore, was not different from plaque
thickness in a control group at significantly higher cardio-
vascular risk.

PTH levels predicted carotid compliance in mild PHPT.
The nature of the association between PTH and vascular
stiffness and/or calcification is a subject of ongoing inves-
tigation. PTH increases production and reorganization of
collagen by vascular smooth muscle cells in vitro (38).
PTH activates the endothelial nitric oxide synthase system
(eNOS) and stimulates endothelial expression of receptor
of advanced glycation end products (RAGE), which may
promote atherogenesis (39). At the same time, PTH de-
creases osteoprotegerin secretion, which may protect
against vascular calcification (39).

In clinical studies, associations between PTH and vas-
cular stiffness or abnormal endothelial function have pre-
viously been reported in both primary and secondary hy-
perparathyroidism (end-stage renal failure) (40, 41).
Although several studies have reported increased vascular
stiffness or impaired endothelium-dependent vasodilata-
tion in patients with PHPT, none have previously evalu-
ated the carotid vasculature, and several studied patients
with marked hypercalcemia, limiting the applicability of
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their conclusions in a less affected cohort (20–23, 42). We
previously found that mild PHPT was an independent risk
factor for increased aortic stiffness, as assessed by aug-
mentation index and pulse wave velocity (23). In that
study, PHPT was a stronger predictor of increased stiff-
ness of the aorta than many traditional cardiovascular risk
factors. Similar to the findings of this report, aortic stiff-
ness was positively correlated with the extent of elevation
in PTH, but not serum calcium, levels. Although our group
and others (42) reported that PHPT was associated with
increased vascular stiffness based upon augmentation in-
dex, an indirect measure of vascular stiffness, this study is
the first to measure vascular compliance in PHPT directly.
Somewhat surprisingly, in a multiple regression model
that included age, serum creatinine, calcium, and PTH
levels, only PTH predicted all three measures of carotid
compliance: stiffness, strain, and distensibility. Further-
more, those with abnormal carotid stiffness and strain had
higher PTH levels than those who did not.

Our study has a number of limitations. The control group
was a free-living population of individuals without stroke,
but it was not well matched with our patients with respect to
cardiovascular risk factors.Wemayhavebeenbiasedagainst
finding carotid abnormalities in PHPT because the tradi-
tional cardiovascular risk factors, which we adjusted for,
were all greater in the control population. Indeed, mean val-
ues for IMT, carotid stiffness, and distensibility were abnor-
mal inbothcases andcontrols comparedwithnormal ranges
from the Cardiovascular Health Study and NOMAS, and
mean plaque thickness was well above the threshold associ-
ated with doubling of risk of ischemic stroke, myocardial
infarction, or vascular death in both groups as well. That
controls had mean values outside the normal range for some
outcomes is consistent with the preponderance of cardiovas-
cular risk factors in this group. More unexpectedly, the
PHPT group, who were at much lower cardiovascular risk,
also had values outside the reference range. This is particu-
larly striking with regard to the elevation in IMT, which was
abnormaldespite thenormal rangehavingbeenderived inan
older population (subjects in the Cardiovascular Health
Study were all �65 yr; mean age 73) in whom more cardio-
vascular abnormalities might have been expected. The fact
that PHPT cases and controls were not ideally matched with
regard to cardiovascular risk factors could have impacted
our conclusions. Although these differences were taken into
account in the data analysis, statistical adjustment may not
fully account for these disparities, and it is possible that the
data might have suggested more carotid disease in PHPT if
cases and controls were more equally matched. We would
haveexpectedvalues forplaquethickness, carotidstrain,and
distensibility to have been better than those in the control
group, given their lower BMI, systolic and diastolic blood

pressure, triglyceride levels, and incidence of diabetes. Cer-
tainly, the direction of the differences should have biased
againstour findingofworse IMTinthePHPTgroup.Finally,
the study is also limited because it represents a convenience
sample of patients with PHPT, including those who met as
well as those who did not meet surgical criteria for parathy-
roidectomy. Because the size of the PHPT group precludes a
subgroup analysis, we cannot address the issue of different
carotid findings in those who meetvs. those who do not meet
criteria for surgery.

Despite these limitations, the study has several notable
strengths. We fully characterized the effect of mild PHPT
on the carotid bed in a group of patients with mild PHPT.
We used techniques that detect subclinical markers that
have been associated with cardiovascular morbidity and
mortality. To enhance our confidence in our data, and
unlike some previous studies in this area, we measured
carotid IMT at 12 carotid sites. The measures we chose
assessed end-points reflecting both cardiovascular struc-
ture and function, because it was unclear whether the mild
increases in serum calcium and PTH might have different
effects on these indices. Finally, we had information on
demographic and cardiovascular risk factors available for
both cases and controls.

In conclusion, this study demonstrates that mild PHPT
is associated with cardiovascular manifestations in the ca-
rotid vascular bed. Carotid IMT is increased and stiffness
of the carotid vasculature is independently associated with
the degree of PTH elevation. Although carotid IMT is a
strong preclinical marker of atherosclerosis in non-hyper-
parathyroid populations (43), we do not know that the
increased IMT in PHPT necessarily has the same clinical
implications. There is, however, a considerable body of
data supporting the usefulness of IMT to reflect the re-
sponse to interventions designed to reduce cardiovascular
risk. In particular, carotid IMT has been used as a surro-
gate outcome in studies of angiotensin-converting enzyme
inhibitors, hydroxymethylglutaryl-coenzyme A reductase
inhibitors, �-blockers, calcium channel blockers, vita-
mins, and thiazolidinediones (31–33, 44–46). It will be of
significant interest to extend these data to include an in-
vestigation of the effect of surgical cure of PHPT on IMT.
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