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Vitamin D Deficiency and Secondary Hyperparathyroidism
Are Common Complications in Patients with Peripheral

Arterial Disease
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OBJECTIVE: To investigate via the vitamin D status whether
patients with peripheral arterial disease (PAD) tend to develop
vitamin D deficiency that in turn influences their clinical
symptoms.

DESIGN: Cross-sectional.
SETTING: University hospital.

PATIENTS AND PARTICIPANTS: Three hundred twenty-seven
patients were evaluated; subjects with secondary causes of
bone disease or bone active medication were excluded. One
hundred sixty-one patients with either PAD stage II (n = 84) or
stage IV (n = 77) were enrolled and compared to 45 age- and sex-
matched healthy controls.

MEASUREMENTS AND MAIN RESULTS: All patients underwent
determinations of serum chemistry, 25-hydroxyvitamin D
(vitamin D3) intact parathyroid hormone (iPTH), alkaline
phosphatase (ALP), and osteocalcin and were further
stratified according to an individual restriction score into 3
groups: mildly, moderately, or severely restricted in daily life
due to the underlying disease. Patients with PAD IV showed
significantly lower vitamin D3 (P = .0001), and calcium
(P = .0001) values and significantly higher iPTH (P = .0001),
osteocalcin (P = .0001) and ALP (P = .02) levels as compared to
patients with PAD II. Patients considering themselves as
severely restricted due to the underlying disease showed lower
vitamin D3 and higher iPTH levels than those who described
only a moderate (vitamin D3: P < .001; iPTH: P < .01) or mild
(vitamin D3: P < .001; iPTH: P < .001) restriction in daily life.

CONCLUSION: Patients with PAD IV, especially those who feel
severely restricted due to the disease, are at high risk of
developing vitamin D deficiency, secondary hyper-
parathyroidism, and ultimately osteomalacia due to
immobilization and subsequent lack of exposure to sunlight,
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all of which in turn lead to further deterioration. Monitoring of
vitamin D metabolism and vitamin D replacement therapy
could be a simple, inexpensive approach to mitigating clinical
symptoms and improving quality of life in patients with
advanced PAD.
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ain is the main clinical complaint of patients suffering

from peripheral arterial disease (PAD). Intermittent
claudication is typical for the disease, with pain in the
calves and/or thighs during exercise that is relieved with
rest, and/or pain caused by local ulcers. In addition to
pain, patients frequently complain of muscle weakness
with difficulty in rising from a sitting position or climbing
stairs, along with paresthesia, arthralgia, fatigue, and deep
bone pain.

These symptoms are less typical for PAD than for
osteomalacia and vitamin D deficiency,'™ which is
commonly defined by decreased serum 25-hydroxyvitamin
D (vitamin Ds) levels below 9 ng/mL (22 nmol/L).” ¢
There is evidence that even individuals with serum
25-hydroxyvitamin D levels less than 20 ng/mL’ or
50 nmol/L8 show increased serum PTH levels,”® indi-
cating that the definition of vitamin D deficiency should
perhaps be broadened.® Although osteomalacia is a
histomorphometric diagnosis, individuals with serum
25-hydroxyvitamin D levels below 5 ng/mL are at high risk
of developing such a deficiency.”"°

Vitamin D deprivation has been frequently described
in elderly populations.!' 2! The major source of vitamin D
is the skin. Because only approximately 15% to 20% of
vitamin D is derived from food?? 2% and more than 80% of
the vitamin D requirement is synthesized in the skin, lack
of exposure to sunlight is an important risk factor for
developing vitamin D deficiency, secondary hyperparathy-
roidism, and ultimately, osteomalacia.'3:14:16:21.27-32 Other
causes of vitamin D deficiency are renal diseases, mal-
nutrition, malabsorption, hepatic failure, and drugs influ-
encing vitamin D and calcium metabolism.'°33-3* With
increasing age, the capacity of the skin to synthesize and
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store vitamin Dj decreases, as do reabsorption in the
kidney and absorption in the gut. In PAD patients,
immobilization due to the underlying disease could be an
important risk factor for the development of vitamin D
deficiency even in the absence of any additional secondary
causes of bone disease.

The aim of this study was to determine the prevalence
of vitamin D deficiency and secondary hyperparathyroid-
ism in patients with confirmed PAD in relation to severity
and duration of the disease and a subjective score of
restriction due to PAD.

PATIENTS AND METHODS

Approximately 50 patients per day are referred to
our angiologic outpatient clinic by their primary health
care physicians. On average, 80% of these patients have
established PAD and undergo angiography, bypass
surgery, or percutaneous transluminal angioplasty; they
are included in an aftercare program with regular
ultrasound measurements, laboratory analysis, and clin-
ical examination.

Between December 1999 and March 2000, a total of
327 patients with either PAD stage II (pain in calves and/or
thighs only during exercise, relieved by rest) or PAD stage
IV (history of, or presence of local ulcers) were evaluated.
Clinical diagnosis was always confirmed by angiography.
Sixty-six patients were excluded because of impaired renal
function, gastrointestinal diseases, or special diets. A
further 99 patients were excluded because of drugs with
known influence on calcium and vitamin D metabolism
(heparin, cumarine, loop diuretics, statins, prostaglandins,
magnesium, calcium, vitamin D, hormone replacement
therapy, or osteoprotective therapy). One woman was
excluded due to hypercalcemia.

The remaining 161 patients (64 women, 97 men) were
assigned, according to the clinical stage of disease, to either
group A: PAD stage II (n = 84; 29 females and 55 males)
with history of intermittent claudication, or to group B:
PAD stage IV (n = 77; 35 females and 42 males) with local
ulcers current or past. Patients with PAD stage I or stage III
were not included in this study because PAD I is an
angiographical diagnosis without clinical symptoms and
stage III usually requires prompt intervention either con-
servatively with prostaglandins or with percutaneous
transluminal angioplasty. Stage III is thus transient and
patients either progress to stage IV or improve enough to be
reclassified as PAD II. Vitamin D storage lasts for a few
months. Patients with a history of shorter duration may
therefore still have “full vitamin D stores” and may
misrepresent the analysis. (See also DISCUSSION.)

All patients were ambulatory, white, and willing to
answer a questionnaire concerning duration of disease,
comorbidities, comedication, clinical symptoms, and sub-
jective restriction (feeling mildly, moderately, or severely
handicapped in daily life due to the disease). Retrospec-
tively, patients were stratified into 3 categories according to

the duration of the disease—up to 1 year, between 1 and
2 years, or longer than 2 years.

As controls, 45 age- and sex-matched healthy subjects
from the same geographical area were invited to undergo
laboratory analysis of serum chemistry, vitamin D3 and
intact parathyroid hormone (iPTH). These individuals were
recruited for a nationwide study by articles in local news-
papers which invited the general public to undergo
evaluation of vitamin D status and bone metabolism at 1
of 5 centers in Austria. A total of 1,350 healthy people were
investigated, and these data are currently being analyzed.

All patients and healthy volunteers gave written
informed consent to participate in this study.

Laboratory Analysis

In addition to the routine laboratory blood parameters,
including serum chemistry and alkaline phosphatase
(ALP), blood count, lipid profile, and immunologic param-
eters, an additional vial for later analysis of iPTH,
osteocalcin and vitamin D3 was collected. All blood samples
were drawn between 8 and 10 AM after an overnight fast.
The vial for special analysis was immediately cooled,
centrifuged at +4°C, aliquoted, and frozen at —80°C until
further analysis.

Routine serum parameters were measured by auto-
analyzer (Hitachi 747; Roche Diagnostics, Vienna, Austria).
Osteocalcin and iPTH were analyzed using a chemolumi-
nescence immunometric assay (Nichols Diagnostics, San
Juan Capistrano, Calif), and vitamin D3 was measured by
radioimmunoassay following extraction. The intra-assay
precision was between 5% and 6.3% and the interassay
precision between 7.3% and 8.2% (Immunodiagnostic
Systems, Boldon, U.K.). The measurements were per-
formed in undiluted samples according to the manufac-
turers’ instructions. All samples were measured in
duplicate and averaged. If the coefficient of variation was
greater than 10%, the sample was re-assayed.

The definition of vitamin D deficiency was based
on serum 25-hydroxyvitamin D levels below 9 ng/mL
(22 nmol/L) according to Thomas et al.*®

All blood samples were collected in wintertime, when

vitamin D3 concentrations are lowest.3%57

Statistical Analysis

All data are presented as mean + SE unless otherwise
indicated. All data were checked for normality using the
Kolmogorov-Smirnov test. For between-group comparisons
either the unpaired Student’s t test or x? test was used.
Analysis of variance was followed by Fisher’s multiple
comparison test to distinguish differences in variables
between the groups. Simple linear regression calculations
were used to analyze the correlation between the various
parameters. All statistical analyses were performed using
the statistical software package STATVIEW 4.0 (Abacus
Concepts Inc., Berkeley, Calif).
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RESULTS

Age and gender distribution were statistically compar-
able in all groups. Median ages 69 + 2 year for Group A, 66
+ 1 year for Group B, and 66 + 1 year for the Control Group.
Females comprised 35% (n = 29) of the patients in Group A,
45% (n = 35) in Group B, and 48% (n = 21) in the Control
Group.

Patients with PAD IV (Group B) showed significantly
lower vitamin D3 levels as compared to Group A (P=.0001),
which was paralleled by a decreased serum calcium level
(P = .0001). Intact parathyroid hormone (P = .0001), OC
(P=.0001) and ALP levels (P = .02) were significantly higher
than in Group A patients. There was no significant
difference in kidney or liver function, serum magnesium,
or albumin levels between patients in Groups A and B
(see Table 1).

Comparing the patient groups to an age- and sex-
matched control group, no differences in vitamin D status
and iPTH levels could be found in relation to patients with
PAD II (Group A). PAD IV (Group B) patients, however, had
significantly lower vitamin D3 (P = .0001) and higher iPTH
levels (P = .0001) than the Control Group (See Fig. 1 and
Table 1).

More than 71% (n = 55) of Group B patients had serum
vitamin D3 levels below 9 ng/mL, 13% (n = 10) had serum
calcium levels below the normal range, and 40% (n = 31)
had iPTH levels above the upper limit of normal, indicating
secondary hyperparathyroidism. About one third of vitamin
D-deficient individuals in this group (31%, n = 17) showed
serum vitamin D3 levels below 5 ng/mL, indicating that
these patients could be at high risk for developing
osteomalacia.”"®

Serum vitamin D3 showed a significant negative
correlation with iPTH(r = —.42; P =.0001) and osteocalcin
(r = —.24; P = .002). There was no correlation to age,
creatinine, calcium, magnesium, phosphate or ALP.

According to an individual restriction score, patients
were further categorized into 3 groups: mildly, moderately,
or severely handicapped in daily life due to claudication or
pain caused by the disease. We found a significant
difference in vitamin D status, iPTH, and serum calcium
levels between the 3 groups (Table 2). Patients describing
themselves as severely handicapped had lower mean
vitamin D3 and calcium levels and higher iPTH levels than
those who hardly felt disabled (Table 2). These differences
in vitamin D3 levels were consistent not only for the whole
study population but also when patients were stratified
according to their stage of disease (Fig. 2); more patients
with PAD IV described themselves as severely handicapped
than did patients with PAD II (Table 3). The differences in
vitamin D3 levels remained significant between grade II and
grade IV PAD patients throughout all 3 individual restric-
tion score categories.

When patients were stratified according to the dura-
tion of the disease in categories of up to 1 year, between 1
and 2 years, and longer than 2 years, there were no
significant between-category differences in any of the
parameters investigated.

DISCUSSION

We found a strikingly high prevalence of vitamin D
deficiency paralleled by secondary hyperparathyroidism in
patients with peripheral arterial disease. It appears to us
that vitamin D deficiency is an underestimated complica-
tion in patients with PAD.

Impaired vitamin D metabolism is accompanied by
insufficient intestinal calcium absorption and renal cal-
cium loss, resulting in secondary hyperparathyroidism
and, ultimately, osteomalacia.”® Symptoms typical for
osteomalacia, such as arthralgia, paresthesia, fatigue,
muscle pain and weakness, deep bone pain, and difficulties
in walking, are frequently described in these patients and

Table 1. Biochemical Characteristics of the PAD Groups and Controls

Group A (PAD II) +SE

Group B (PAD V) +SE

Control Group +SE

Serum creatinine (0.6-1.3 mg/dL) 0.95 + 0.02
Gamma glutamyl transferase (<29 U/L) 35+1
Serum magnesium (0.7-1.1 mmol/L) 0.92 + 0.01
Albumin (3.5-5.3 g/dL) 4.5 + 0.05
Serum phosphate (2.6-4.5 mg/dL) 3.38 + 0.06
Total serum calcium (2.2-2.65 mmol/L) 2.46 = 0.01
Alkaline phophatase (55-170 U/L) 102 £ 2
Osteocalcin (1-35 ng/mL) 15+ 0.6
Vitamin D3 (9-45 ng/mL) 234 +1.4
Intact PTH (10-65 pg/mL) 30.7 + 1.3

0.93 = 0.02 0.96 = 0.02

33+1 34 +3
0.89 = 0.02 0.91 =+ 0.04
4.4 + 0.05 4.3 +0.07
3.31 £ 0.06 3.34 = 0.09
2.37 = 0.02%* 2.45 + 0.04
111 = 3™+ 97 +9
24.7 + 1.6* NA

9.4 + 1%+ 20.5 + 1.2
55.8 + 3%+ 34.2+2

To convert values of intact parathyroid hormone (iPTH) into picomoles per liter multiply by 0.11; to convert 25-hydroxyvitamin D (vitamin D3)
levels into nanomoles per liter, multiply by 2.5; to convert values for alkaline phosphatase (ALP) and gamma glutamyl transferase into
microkatals per liter, multiply by 0.0167; to convert creatinine into micromoles per liter, multiply by 88.4; to convert serum phosphate into

mmol/L, multiply by 0.3229.

*P =.0001 vs group A.

'P =.05 vs group A.

#P =.0001 vs control group.

NA, not applicable; PAD, peripheral arterial disease.
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FIGURE 1. Comparisons of the mean vitamin D3 (25-hydroxy-
vitamin D) and intact parathyroid hormone (iIPTH) levels
between Group A, Group B, and the Control Group. Patients
with peripheral arterial disease (PAD) IV had highly significant
lower vitamin D3z and significantly higher iPTH levels as
compared fo the Control Group and to patients with PAD II.

contribute significantly to the clinical picture of PAD.
Common causes of vitamin D deficiency, including
impaired renal function, malnutrition, malabsorption,
hepatic failure, or bone-active drugs® %2634 were excluded
from our study. Nevertheless, our population was an
elderly one, and age is associated with decreasing vitamin
D3 synthesis and storage in the skin as well as decreased
absorption in the gut and kidneys. It is, however, well
known that restricted mobility with subsequent lack of
sunlight exposure leads to vitamin D deficiency, even in
patients with normal renal function,!3-14:16.22.33.34.38-40

Patients with PAD, especially those with local ulcers,
are frequently immobilized by pain and may become
socially isolated. The lack of sunlight exposure caused by
partial or total immobility would be a reasonable explana-
tion for the deficiency or inadequacy of vitamin D even in
the absence of renal or liver disease or bone-active
medication. On the basis of this hypothesis, we were able
to show significantly lower vitamin D3 and serum calcium
levels in patients with PAD grade IV than in patients with
PAD grade II or control subjects. It must be pointed out that
there were no differences when the latter 2 groups were
compared to each other. Vitamin D deficiency was found in
more than 70% of PAD grade IV patients, of which
osteomalacia could be assumed in 31%, with serum
vitamin D3 levels even below 5 ng/mL. Even though
vitamin D deficiency is common in the elderly, the
magnitude of the problem in PAD patients was surprising.
That we found no correlation of vitamin D3 to the patients’
age in the study population may be due to the narrow age
range of our patient group.

We found elevated iPTH values in patients with
decreased serum vitamin D3 levels, as previously
described.!®*! The prevalence of secondary hyperpara-
thyroidism in our study was only 40% in Group B patients,
a relatively low value despite a high prevalence of vitamin D
deficiency (71%). Chapuy et al. described an increased iPTH
level in virtually all elderly subjects investigated despite a
prevalence of hypovitaminosis D of only 39%, but they
studied only older women and did not exclude those with
impaired renal function.*! In contrast, Thomas et al.
described a relatively low percentage of severe vitamin D

Table 2. Comparison Between PAD Patients Stratified into 3 Groups According to Their Subjective Feeling of Restriction

Individual Restriction Score

Mildly Restricted (A) +SE  Moderately Restricted (B) +SE Severely Restricted (C) +SE P Values

Age, y 68 =+ 1.3
Group C versus B
Group C versus A
Group B versus A
Vitamin D3 (9-45 ng/mlL)
Group C versus B
Group C versus A
Group B versus A
Serum calcium (2.2-2.65 mmol/L)
Group C versus B
Group C versus A
Group B versus A
Intact PTH (10-65 pg/mL)
Group C versus B
Group C versus A
Group B versus A
Osteocalcin (1-35 ng/mL)
Group C versus B
Group C versus A
Group B versus A

23+1.9

2.40 £ 0.02

35.8+3

171+ 1.4

68 + 1.2 66 + 1.2
NS
NS
NS
17.7 £ 1.7 8.7 £0.8
.0001
.0001
.05
2.41 = 0.02 2.40 = 0.02
NS
NS
NS
39.7 2.3 52.3 + 3.8
.01
.001
NS
182+ 1.1 24 + 2.2
.01
.01

NS

To convert values of intact parathyroid hormone (iPTH) into picomoles per liter, multiply by 0.11; to convert 25-hydroxyvitamin D (vitamin Ds)

levels into nanomoles per liter, multiply by 2.5.
NS, not significant.
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FIGURE 2. Vitamin D3 (25-hydroxyvitamin D) serum levels in
relation to the patient’s individual restriction score. Patients with
a subjective feeling of being severely immobilized and
restricted in personal life had significantly lower vitamin D3
levels as compared to those who described themselves as only
moderately or mildly handicapped. Throughout the 3 groups, it
was evident that patients with PAD IV (black columns) had
significantly lower vitamin D3 levels compared to PAD Il patients
(gray columns).

deficiency (<9 ng/mL) of 22% in younger medical inpatients,
although many of the patients had impaired renal or liver
function or co-medications with known influence on vitamin
D metabolism.'° The discrepancy between this study and
our findings may be due to the fact that those patients were
younger and hospitalization only lasted for a few days—not
long enough to deplete vitamin D stores that are likely to be
higher in these patients than in ours, because their patients
were younger and mobile prior to hospitalization. Another
possible explanation may be the fact that fortified milk or
dairy products are not available in Austria.

Surprisingly, the duration of the disease had no
influence on vitamin D status in our patients. There is
some evidence that vitamin D depletion occurs within a
relatively short time.'®2° We included only patients with a
PAD history of at least 6 months. After this time, vitamin D
depletion already seems to be established.

The individual disability score was a major determi-
nant of vitamin D status in our study. Bischoff et al.
described a decrease of vitamin D3 combined with elevated
bone resorption markers with increasing immobility in
a population of residents of a geriatric ward stratified by a
grade 4 mobility score.*? In another study, patients with
a high personal outdoor score had higher vitamin Dj
and lower iPTH levels than more-or-less homebound
individuals.*! Our patients were categorized in a similar
fashion and were asked to quantify their personal assess-
ment of being restricted and housebound by their disease.
Subjects who felt severely disabled had significantly lower

vitamin D3 and higher serum iPTH levels than those who
described themselves as only mildly restricted, regardless
of the stage of PAD. This finding again supports our
hypothesis that lack of sunlight exposure is the key factor
for the development of vitamin D5 deficiency. As mobility
decreases, the problem increases, since vitamin D defi-
ciency aggravates fatigue, muscle weakness, and bone
pain. In parallel, PAD progresses with decreasing mobility
and lack of exercise, creating a vicious cycle from which
patients cannot escape. Another interesting aspect could
be that vitamin D-deficient individuals may be at high risk
of developing PAD due to fatigue, pain, and the consequent
lack of exercise.

A low serum vitamin D3 concentration is not a simple
biochemical abnormality. Pfeifer et al. have described how
hypovitaminosis D is associated with increased body sway
and an elevated risk for falls and fall-related fractures.*>
Because vitamin Dj is required for calcium homeostasis,
secondary hyperparathyroidism may develop in patients
with vitamin D deficiency who are on a normal- or low-
calcium diet. With increasing severity of vitamin D deficiency
and secondary hyperparathyroidism, patients may progress
from initially increased bone turnover to greatly impaired
mineralization with generalized osteomalacia.

We found significantly higher osteocalcin levels in
patients with PAD grade IV as compared to Group A,
indicating increased bone turnover. The present study is of
course limited by the absence of measurements of resorp-
tion markers and/or bone density. Nonetheless, surrogates
of bone metabolism, such as ALP, the most commonly used
marker for hypovitaminosis D osteopathy, 124445 as well as
OC as a further parameter for this condition,*® were
significantly higher in patients in Group B than in those
in the other groups. A higher prevalence of osteopathy is
therefore likely in at least some of these patients. Falls and
bone fractures may also aggravate the clinical condition of
PAD patients. Further studies are needed to elucidate
whether the biochemical findings in our study would also
document low bone mass, osteoporosis, and increased
fracture incidence in PAD.

There is evidence that vitamin D-deficient patients
profit from simple vitamin D3 substitution*’~*° and, after a
few months of substitution, muscle strength improves
remarkably. 44454849 There is evidence that calcium and

Table 3. Distribution of Study Patients According to the
Stage of Disease (PAD II/PAD 1V) as Well as to Their
Individual Restriction Score

Mild, Moderate, Severe,
Restriction n (%) n (%) n (%)
Total group 50 (31) 63 (39) 48 (30)
PAD II 36 (43) 33 (39) 15 (18)
PAD IV 14 (18) 30 (39) 33 (43)

PAD, peripheral arterial disease.
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vitamin D3 substitution significantly reduce the risk of falls
and therefore the incidence of bone fractures.*°3

The magnitude of vitamin D depletion in our patients
justifies regular and routine monitoring of vitamin D status
in the management of patients with peripheral arterial
occlusive disease. In the elderly populations of industrial-
ized countries, PAD has a known prevalence of about 10%,
and there is evidence for even more unrecognized cases.?*
Management of PAD, therefore, raises public health expen-
ditures for specific therapy and additional medication and
physiotherapy for such symptoms and consequences of
vitamin D deficiency and osteomalacia as fatigue, myalgia,
muscle weakness, bone pain, and fractures.

Replacement therapy with vitamin D3 could be an
inexpensive, well-tolerated, and highly effective supportive
treatment to mitigate pain and the risk of falls with
subsequent bone fractures, and ultimately to improve the
quality of life and outcome in PAD patients. Further studies
should investigate the influence of vitamin D3 replacement
therapy on quality of life and outcome in this special group
of patients.

We are grateful to Mrs. Eugenia Lamont for reading the
manuscript.
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