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Link Between Increased Serum Calcium Concentration and Cardiovascular
Disease Mortality
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Serum calcium concentration has recently been shown to predict cardiovascular mortality in a large health-screening
program. Since impaired glucose tolerance (IGT) is an independent cardiovascular risk factor, we examined the association
between glucose intolerance and serum calcium in a population-based cohort study. To characterize this association, we
measured total serum calcium, parathyroid hormone (PTH), 25-hydroxyvitamin D (250HD), and 1,25-dihydroxyvitamin D
(1,25-(0OH),D) levels in a cohort of 1,071 randomly selected white individuals aged 40 to 65 years in whom an oral glucose
tolerance test had been completed. In multivariate analyses, the 2-hour plasma glucose was positively associated with
increasing total serum calcium and PTH in men and women after adjustment for age, obesity, season, and 250HD. The
adjusted odds ratio (OR) between increasing quintiles of total serum calcium and IGT was 1.63 {95% confidence interval [CI],
1.42 to 1.88). The OR comparing the top with the bottom quintile was 8.5 (95% Cl, 4.5 to 16.0). The association with quintile of
serum PTH was 1.30 (95% Cl, 1.14 to 1.49). These data suggest that IGT is associated with an increase in both total serum
calcium and PTH that cannot be explained by confounding by aging, obesity, or 250HD. This relationship may explain the
previously observed association between serum calcium and cardiovascular mortality. Whether this association is a
manifestation of a shared cellular defect or represents a common relationship with an unknown etiologic factor are important

questions for further research.
Copyright © 1997 by W.B. Saunders Company

N A RECENT REPORT from a population study of 33,346
individuals in Sweden, the serum calcium concentration
measured at baseline predicted survival during the subsequent
10.8 years of follow-up study.! In men aged less than 50 years,
this excess mortality was largely attributable to cardiovascular
disease. When serum calcium was 2.51 to 2.55 mmol/L, the risk
of death was increased 50% compared with those for whom
serum calcium was 2.31 to 2.45 mmol/L. However, this study
was unable to suggest any mechanisms for this observation, nor
was it able to describe the relationship between elevated serum
calcium levels and other established cardiovascular risk factors.
Impaired glu'cdse tolerance (IGT) is associated with an
increased risk of coronary artery disease and with a cluster of
other metabolic abnormalities in the metabolic cardiovascular
syndrome (or syndrome X), a common key feature of which is
insulin resistance.? An association between an increased serum
calcium concentration and IGT would be of interest since it
might explain, in part, the observed relationship between the
serum calcium concentration and future risk of cardiovascular
mortality. It has previously been suggested that altered calcium
metabolism might be an additional feature of the metabolic
cardiovascular syndrome, although the evidence for this is
relatively weak. In a large cross-sectional study, a weak
unadjusted correlation was observed between a random glucose
concentration and serum total calcium.> In a separate case-
control study, male subjects with IGT had elevated calcium
concentrations by comparison to control subjects, although this
did not reach conventional statistical significance.* In this latter
study, subjects were not matched for confounding factors that
are associated with glucose intolerance but that might also
affect calcium homeostasis, most notably aging and obesity. We
therefore undertook a study with the aim to describe the
association between glucose intolerance and calcium homeosta-
sis in a population in which these confounding factors were
measured. Since this investigation was constructed as a popula-
tion-based cohort study, we were able to describe the relation-
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ship of total serum calcium with glucose intolerance, with the
latter measured as a continuous and a categorical variable.

A link between calcium and glucose metabolism could occur
via a number of pathways. It has long been known, for example,
that insulin secretion is a calcium-dependent process.” The
exocytosis of secretory granules containing insulin in the B cell
is dependent on the influx of calcium through voltage-
dependent calcium channels. Persistent alteration of extracellu-
lar calcium concentrations could therefore have effects on
[-cell secretory function. Since insulin secretion is an important
determinant of glucose tolerance,S this might be a plausible
mechanism linking abnormalities of calcium homeostasis to
glucose intolerance. A further possible link has been suggested
by the observation of an association between low serum
25-hydroxyvitamin D (250HD) levels and glucose intolerance.”
Such an association is biologically plausible, because insulin
secretion has been shown to be reduced when the serum
concentration of 250HD is low.?® In this study, we have
therefore assayed serum 250HD, 1,25-dihydroxyvitamin D
(1,25-(OH),D), and parathyroid hormone (PTH), as well as
measures of insulin secretion and insulin resistance, in an
atternpt to describe the underlying relationship between calcium
homeostasis and glucose intolerance.
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SUBJECTS AND METHODS

The Isle of Ely Study was established in 1990 as a longitudinal cohort
study of the etiology and pathogenesis of non-insulin-dependent
diabetes mellitus and related metabolic disorders. The study design and
methods have been described in detail elsewhere,l® but in brief, a
sample of 1,122 white subjects were selected at random from a
sampling frame consisting of all adults free of known diabetes who
were registered with the single general practice in the city of Ely
(response rate, 74%). The volunteers underwent for a standard 75- g oral
glucose tolerance test and a clinical examination that included a dietary
and medical questionnaire and standard anthropometric measurements.
Thie volunteers were asked to fast from 10:00 M the previous evening.
Smoking status and alcohol intake were assessed using the Health and
Lifestyle Survey questionnaire.!! Leisure time physical activity was
assessed using the Pafferibarger questionnaire!? with standard coding of
specific activities using published MET scores (metabolic equivalcnts)
for recreations and sports.!>!% The study was approved by the Cam-
bridge Local Research Ethics Committee.

Serum and plasma samples were obtained at fasting and 30 and 120
minutes post—glucose load. Plasma samples were immediately sepa-
rated in a cooled centrifuge at 4°C. Serum was removed from the clotted
samples after 1 hour. All fasting samples were taken between 8:30 and
9:30 am. They were immediately placed on ice and permanently stored
at —70°C within 4 hours. Glucose concentrations were measured
immediately in the routine laboratory using a hexokinase assay.!’ All
other biochemical measurements were made on stored aliquots at a later
date. For each analyte, assays were performed in a single batch to
eliminate between-batch assay variation. Sérum 250HD concentrations
were measured on fasting samples by acetonitrile extraction followed
by radioimmunoassay (reported coefficient of variation [CV] of the
assay at 12.8 pg/L, 14.4%). Serum 1,25-(OH),D was determined by
column chromatography immunoextraction followed by radioimmuno-
assay (Immunodiagnostic Systems, Boldon, UK; CV at 44.5 ng/L,
12.4%). The setum intact PTH level was measured using a two-site
immunoradiometric assay with an N-terminal monoclonal antibody as
capture (Immunodiagnostic Systems; CV at 28.8 ng/L, 8.1%). The total
serum calcium level was measured using a modification of the
ortho-cresolphthalein compexone reaction with 8-quinolinol to reduce
magnesium interference (CV at 2.3 mmol/L, 1.7%). Serum albumin was
assayed using an adaptation of the bromocresol purple dye-binding
method (CV at 42 g/L, 1.7%). The serum creatinine level was measured
using the alkaline picrate (Jaffe reaction) (Dimension (R) clinical
chemistry system; DuPont, Wilmington, MA). The plasma insulin level
was measured using two-site immunometric assays with either 251 or
alkaline phosphatase labels.'®!7 The 30-minute insulin incremental
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response was calculated by dividing the difference between the
30-minute insulin and fasting insulin by the 30-minute plasma glu-
cose.!8 Total serum calcium was adjusted for serum albumin using the
equation of the linear regression between these variables derived
directly from this population rather than from the routine laboratory, as
has been recommended elsewhere.!?

Statistical Methods

World Health Organization (WHO) criteria for diabetes and IGT were
used to classify the 1,122 subjects.®® Fifty-one subjects were found to
have newly diagnosed diabetes. We elected a priori to exclude these
subjects from the analyses, since the relationship between the intermedi-
ate physiological parameters (insulin resistance and secretion) may be
different in the diabetic state as a result of glucose toxicity. We also
excluded subjects whose serum creatinine was 150 pmol - L™! or
greater. Univariate correlations were examined using Spearman rank
correlation, and multiple regression analyses were conducted using the
SPSS (SPSS Inc, Chicago, IL) for Windows package. These data were
collected over a 2-year period, and therefore, individuals were studied
under differing climatic conditions. Analysis of the effect of season was
undertaken by grouping individials according to three periods of the
year, November to February, March to June, and July to October, on the
basis of the observed relationship between mean serum 250HD
concentration and mean hours of daily sunshine (data supplied by the
local Metrological Office). These seasons were coded for in the various
multivariate models by a pair of binary indicator variables. The
relationship between IGT as a binary outcome variable and calcium
homeostasis was described by use of logistic regression in the EGRET
epidemiological statistical package (Statistics and Epidemiology Re-
search Corp, Seattle, WA).

RESULTS

One thousand seventy-one nondiabetic subjects were identi-
fied by the oral glucose tolerance test. Because of the possibility
that renal impairment could affect calcium and PTH homeosta-
8is, 14 subjects whose serum creatinine was 150 ymol - L~! or
greater were excluded from the analyses. Thus, the remaining
analyses were conducted on 1,057 subjects, of whom 188 were
found to have IGT by WHO criteria.

In Table 1, the arithmetic mean calcium concentration is
shown by category of the 2-hour plasma glucose concentration
stratified by gender. In both men and women, there was a
significant increase in serum calcium with worsening glucose

Table 1. Serum Calcium, PTH, and Vitamin D Concentration by 2-Houy Plasma Glucose Concentration

PTH (ng - mL-1} 250HD (pg - L™ 1,25-{OH},D {pmol - L%}
2-Hour Plasma Glucose {mmol - L-1) No. of Subjects  Calcium (mmol - L=")  Mean Range Mean Range Mean Range
Men
<5.00 111 2.27 + 0.10 252 233272 214 19.7-23.30 85.8 81.2-90.8
5.00-5.69 62 2.29 = 0.11 248 22.8-27.2 245 22.3-27.0 87.5 80.8-94.8
5.70-6.49 97 2,27 £ 0.10 28.1 26.1-30.3 205 18.6-22.6 81.8 76.9-86.9
6.50-7.79 114 2,26 = 0.10 28.0  26.0-30.1 21.6 20.1-23.4 89.3 84.0-95.0
=7.78 74 2.33 £ 0.1 28.0 25.6-305 27.6 24.8-30.8 90.4 83.8-97.5
Signiﬁcance test for linear trend .03 .01 .018 NS
Women
<5.00 123 2.26 = 0.12 25.9 241-279 199 18.1-21.8 81.4 76.8-86.3
5.00-5.69 103 2.26 = 0.1 252 23.3-27.3 20.2 18.5-22.1 76.7 70.8-82.9
5.70-6.49 126 2.28 = 0.12 26.8 26.0-28.7 200 18.6-21.6 79.6 74.5-85.1
6.50-7.79 133 2.29 + 0.12 29.4  27.2-31.7 19.1 17.5-20.8 78.9 74.6-83.4
=7.78 114 2.36 = 0.11 33.9 31.1-36.8 21.3 19.5-23.2 79.2 73.2-85.6
Significance test for linear trend <.0001 <.0001 NS NS
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tolerance. Data for serum PTH, 250HD, and 1,25-(OH),D are
shown as the geometric mean (95% confidence interval [CI]),
since the underlying distribution was skewed but was normal-
ized by logarithmic transformation. Mean serum PTH also
increased with worsening glucose tolerance. Individuals in the
highest 2-hour plasma glucose group, ie, those with IGT, had
the highest mean serum calcium and highest serum PTH
concentration. In men, serum 250HD increased across the
glucose tolerance categories, but this relationship was not seen
in women. In neither sex was there a significant linear relation-
ship with serum 1,25-(OH),D.

In subsequent analyses, we examined the possibility that the
association between scnir_n total calcium and glucose intoler-
ance was due to confounding. We have previously demonstrated
the association between increasing age and obesity and glucose
intolerance in this population.!® Therefore, we examined the
relationship between serum calcium, PTH, and vitamin D and
age and obesity. Table 2 shows that the mean total corrected
serum calcium and PTH increased with age in men and women.
In women in this population, the mean concentration of serum
250HD increased across age strata, but this effect was not seen
in men. Conversely, the concentration of serum 1,25-(OH),D
decreased with increasing age in men, but there was no
significant relationship in women. Table 3 shows the rank
correlation coefficients between these variables and markers of
obesity. There was a positive correlation between body mass
index (BMI) and total serum calcium and PTH in men, and a
similar but weaker relationship in women. The concentration of
serum 1,25-(OH),D was strongly negatively correlated with
increasing obesity. Overall, these data demonstrate that an older
and more obese group would be characterized by elevated
serum calcium and elevated PTH. Thus, i't‘is possible that the
observed relationship between worsening glucose tolerance and
serum calcium could be due to confounding by age and obesity.
Subsequent analyses examined the extent to which the relation-
ship was independent of these confounding factors.

Table 4 shows regression coefficients for serum calcium in
sex-specific multiple regression analyses with 2-hour plasma
glucose as the dependent variable. The first model included age,
BMI, serum 250HD, and the indicator variables for season. We
have included season as a covariate because it is possible that
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the season of the year could be a confounder in the relationship
between calcium and glucose tolerance, and that this effect
might be mediated by a pathway that is independent of exposure
to sunlight and hence higher serum 250HD concentration. It
has been reported, for example, that plasma glucose concentra-
tions after a glucose load increase with the ambient terpera-
ture.! The data demonstrate that there is a strong association
between serum calcium and 2-hour plasma glucose that is
independent of age, obesity, setum 250HD, or season. In the
second model, the following additional potential confounding
factors were added: smoking (as a pair of indicator variables
coding for smokers, ex-smokers, and nonsmokers) and physical
activity. The effect of total serum calcium in the model
remained significant. Since the age group studied included
premenopausal and postmenopausal women, we examined the
possibility of confounding by menopausal status. Since we had
neither self-reported nor biochemical menopausal status, we
stratified women by age into groups aged less than 50 and older
than 50, as the mean age of the menopause in women in the
United Kingdom is 50 years.”>? We examined the association
between serum calcium and glucose tolerance in the two groups
separately, and demonstrated that the association among women
less than 50 was the same ds for women over 50 (data not
shown). '

Figure 1 shows the arithmetic mean total serum calcium and
the geometric mean serum PTH by 2-hour plasma glucose after
adjustment for age, BMI, seaSon, serum 250HD, and gender.
The data show that both total serum calcium and PTH increase
with the 2-hour plasma glucose, and that this increase is
independent of age, BMI, gender, season, and serum 250HD
concentration. The adjusted means suggest that there is possibly
a threshold in this association, with the gréatest increase in
calcium occurring at the transition from normal glucose toler-
ance to IGT. Therefore, the data were analyzed as a case-control
study so that the strength of the relationship could be assessed
by examining the association between increasinig quintiles of
serum PTH and total calcium and the risk of having IGT. This
risk is expressed as an odds ratio (OR), the measure of
association between an exposure and a binary outcome variable.
If there is no association between the exposure and the disease,
the OR would be 1. If the exposure increases the risk of having

Table 2. Serum Calcium, PTH, and Vitamin D Concentration by Age Group

PTH (ng - mL-1) 250HD (pg - L") 1,25-(0H),D (pmol - L)
Age Group No. of Subjects Calcium {mmol - L-7) Mean Range Mean Range Mean Range
Men
40-44 73 2.25 + 0.12 24.8 22.5-27.4 221 19.5-25.0 91.9 85.5-98.4
45-49 84 2.28 = 0.10 26.4 24.1-29.0 21.8 20.0-23.9 87.9 82.2-94.0
50-54 85 2.25 + 0,10 25.8 23.8-27.9 22.0 19.8-24.3 89.6 84.0-95.5
55-59 81 2.29 = 0.10 271 25.0-29.3 225 20.4-24.8 85.0 79.2-91.2
60-65 135 2.30 = 0.10 28.7 27.1-30.5 23.7 22.1-25.4 82.7 78.2-87.6
Pfor linear trend .001 .008 NS .015
Women
40-44 11 2.23 + 0.10 25.6 23.5-27.8 19.1 17.5-20.9 81.8 76.3-87.7
45-49 119 2.26 + 0.11 26.2 24.3-28.3 18.5 17.0-20.2 74.1 69.1-79.5
50-54 115 2.27 + 0.14 27.1 25.0-29.3 19.1 17.3-21.0 75.9 71.1-81.1
55-59 91 2.33+0.10 29.2 26.6-32.1 21.4 19.4-23.7 79.8 74.0:85.9
60-65 163 2.34 = 0.11 31.3 29.3-33.3 21.7 20.3-23.2 83.6 79.1-88.3
Pfor linear trend <.0001 <.0001 .002 NS
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Table 3. Rank Correlation Between Age and Obesity and
Biochemical Measures by Gender

Calcium PTH 250HD 1,25-(0OH);D
Variable {mmol - L) (ng - mL~") (g - L™ {pmol - L7}
Age {yr}
Men 13% .156% .06 —.10*
Women .38% .19t .13t .04
BMI (kg - m~2)
Men .13t 22% —.08% —.19%
Women .07 A1 .06 —.13t
WHR
Men .04 161 -.05 —.10%
Women .10* .18% -.03 -.09*%
*P < .05,
TP<.01.
$P < .001.

the disease, the OR is greater than 1, whereas a protective
exposure would have an OR less than 1. Figure 2 shows that
there was a strong linear relationship between the OR for IGT
and quintile of total serum calcium. The overall association per
quintile of total serum calcium was 1.75 (95% CI, 1.53 to 1.99).
Thus, the transition from one quintile to the next highest is
associated with a 75% increase in the odds of having IGT. When
compared with the lowest quintile, the absolute risk in the
highest quintile of total serum calcium (where total serum
calcium is >2.38 mmol/L) was 8.5 (95% CI, 4.5 to 16.0). When
the data were adjusted for age, BMI, and gender, the overall OR
was reduced from 1.75 to 1.64 (95% CI, 1.43 to 1.88),
suggesting that there is some degree of confounding. The
addition of season and serum 250HD to this model did not alter
the OR (OR, 1.63; 95% CI, 1.42 to 1.88). In this model, the term
for serum 250HD was itself weakly positively associated with
the outcome (OR, 1.03; 95% CI, 1.01 to 1.05). The indicator
variables for season were also significantly associated with an
apparent excess risk of IGT in individuals studied in the
summer months. The fact that season and serum 250HD were
both significant terms in this model suggests that the effect of
season is probably mediated via another pathway, perhaps
ambient temperature.

The relationship between PTH and IGT was weaker than that
for total serum calcium (Fig 3). However, the overall associa-
tion was 1.30 (95% CI, 1.15 to 1.46). This effect was reduced by
adjustment for age, BMI, and gender (OR, 1.19;95% CI, 1.05 to
1.34). However, addition of serum 250HD and season to this
model increased the effect size (OR, 1.30; 95% CI, 1.14 to
1.49). Inclusion of physical activity in the models for serum
PTH or calcium did not affect the OR, nor did it alter the

Table 4. Regression Coefficients for Serum Calcium in Sex-Specific
Models With 2-Hour Plasma Glucose as Dependent Variable

Regression Coefficient

Other Factors included in Model for Serum Calcium

Model 1 Age, BMI, season, 260HD Male 1.34*%
Female 217t
Model 2 Age, BMI, season, 260HD, smoking, Male 1.76*

physical activity Female 1.67*

*P<.056.
tP<.001.
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Total serum calcium (mmol/l)
2.33

; [HI

225

<5,00 5.00-5.69 5.70-6.49 6.50-7.79 >=7.80

120 minute plasma glucose (mmol/l)

Parathyroid hormone (ng/ml)
32

30

: IIII

26

24

<5.00 5.00-569 570-649 6.50-7.79 >=7.80

120 minute plasma glucose (mmol/l)
Fig 1. Adjusted arithmetic mean serum total calcium and geomet-
ric mean serum PTH by category of 2-hour plasma glucose. The model

included age, obesity, season, and 250HD concentration as covari-
ates.

Odds ratio for IGT

10

T T TTTIT

0.1 ] ] I i ]
<2.20 220-225 225-231 231-238 >2.38

Total serum calcium (mmol/1)

Adjusted odds ratio for IGT*

10

T T T

=TT

0.1 . 1 I ! 1
<2,20 2.20-225 2.25-2.31 2.31-238 >2.38

Total serum calcium (mmol/l)

Fig 2. Unadjusted and adjusted OR for IGT for increasing quintiles
of total serum calcium. *Adjusted for age, BMI, gender, season, and
250HD.
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Odds ratio for IGT

10

T T

0.1 ) I} ! 1 1
<19 19-25 25-31 31-39 >39

Parathyroid hormone (ng/ml)

Adjusted odds ratio for IGT*

10

T T TTTIIT

T T T

0.1 ! 1 ! L ]
<19 19-25 25-31 31-39 >39

Parathyroid hormone (ng/ml)

Fig 3. Unadjusted and adjusted OR for IGT for increasing quintiles
of serum PTH. *Adjusted for age, BMI, gender, season, and 250HD.

association between any of the covariates and the outcome
measure.

We have previously demonstrated?® that glucose tolerance in
this population is associated positively with the fasting insulin,
a measure of insulin resistance,”® and negatively with the
30-minute insulin increment, a measure of rapid insulin secre-
tion.!® Since these two factors are possible pathways leading to
glucose intolerance, we examined their relationship with serum
calcium. A strong association between serum calcium and
fasting insulin would, for example, suggest that the association
between calcium and glucose intolerance could be mediated via
an effect on insulin resistance. Partial correlation coefficients
(adjusted for age and BMI) between these markers of insulin
resistance and secretion and serum calcium are shown in Table
5. No association was demonstrated with serum calcium,

Table 5. Partial Correlation Coefficients Between Measures of Insulin
Resistance and Secretion and Calcium and PTH Adjusted for

Age and BMI
Calcium PTH
Variable {mmol - L") {(ng - mL~")
Men
Fasting insulin {pmol . L-7) .03 A1*
30-minute insulin increment
{pmol - L-Y/mmol - L-7) .01 .02
Women
Fasting insulin (pmol - L-1) .02 .10*
30-minute insulin increment
(pmol - L-"/mmol . L-1) ~-.07 -.03
*P < .05,
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suggesting that the association of serum calcium and 2-hour
plasma glucose cannot be explained by an effect on insulin
resistance or insulin secretion.

DISCUSSION

This study demonstrated that there is a strong association
between the total corrected serum calcium concentration and
the risk of IGT, and a weaker but still significant positive
association with increasing concentrations of serum PTH.
Before accepting that these observed associations imply that
there is a true relationship between calcium homeostasis and
IGT, the role of chance, bias, and confounding as alternative
explanations must be considered.

Because this study was established as a population-based
cohort study with a good response rate, it is unlikely that this
finding could be attributed to selection bias. The strength of the
associations is such that chance is a very unlikely explanation.
Therefore, in seeking to find an explanation for this observation,
one must concentrate on the possibility of confounding. The
major factors that have an association with calcium and PTH in
the normal population are age and obesity. The observation in
this study of increasing serum PTH concentrations with age is
consistent with other studies,?26 as is the observation that
serum PTH concentrations are independently increased by
obesity.?”?® Although the effect of obesity on total calcium has
been observed in other studies, the reported effect of aging is
more variable, with a positive independent association of age
and calcium found in some? and a nonsignificant or significantly
negative association found in others.”262° The diversity may
reflect true differences between populations in the relationship
between calcium and increasing age, perhaps as a result of
differences in the availability of serum 250HD.

The associations of serum 250HD and 1,25-(OH),D with age
and obesity and the interrelationships between the two are
variable between studies.®®3! In our study, obesity was associ-
ated with lower serum 1,25-(OH),D, but an inconsistent effect
on serum 250HD. Most studies that have a wide age range have
suggested that aging is associated with decreased serum 250HD.
However, given the strong environmental determinants of
serum 250HD,*? whether these observations are explicable on
the basis of the aging process itself or are a reflection of
behaviors that are correlated with increasing age is unclear. If
the latter is the case, then variation between populations might
be expected. Such variation between populations in the relation-
ship between serum 250HD and other risk factors could also
explain why we have been unable to replicate the observation of
an association between low serum 250HD and IGT that has
been seen in other populations.”** Another reason may be that
only 1.1% of the population studied in Ely had levels of serum
250HD that were considered indicative of deficiency (ie, <5
pg/L). This is in marked contrast to studies in the East Asian
population in London?? and the New Zealand Polynesians,’ for
example, where low levels of 250HD were common. The
absence of an association of serum 250HD and IGT in the Ely
study could imply that vitamin D concentrations must be in the
truly deficient range to have an effect on glucose tolerance. This
suggestion might explain the apparently discrepant observa-
tions seen in small supplementation studies.** It is also
possible that a gene-environment interaction is necessary for
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expression of the relationship between serum 250HD and
abnormal glucose tolerance.

The pattern of these interrelationships between aging, obe-
sity, vitamin D, and calcium suggests that these are important
potential confounding factors for the association between
calcium and glucose intolerance. However, in this study,
adjustment for these confounding factors does not eliminate this
association. Previous studies have not controlled for confound-
ing to such a degree. One demonstrated that serum calcium was
elevated in patients with type II diabetes by comparison to age-
and sex-matched controls,?® but this observation was not shown
in a less well-controlled study.’” This report is the first study to
demonstrate an independent association with IGT of total serum
calcium and serum PTH. The two processes might be indepen-
dent of each other in a pathophysiological sense but share a
common cause, as has been suggested for diabetes and heart
disease.®% Alternatively, calcium homeostasis and IGT could
be linked more directly by a common biochemical abnormality
that affects both systems. It has been observed, for example, that
insulin action is abnormal in individuals with primary hyperpara-
thyroidism* and is normalized following surgery. Although it
has been speculated that calcium homeostasis, glucose intoler-
ance, insulin resistance, and hypertension may be linked by a
common defect in cellular ion handling,*! we were unable to
find a correlation between markers of either insulin resistance or
insulin secretion and serum calcium. This may suggest that our
measures of these intermediate physiological variables were too
imprecise or that the association with glucose intolerance
occurs via a different mechanism.

Although the analysis of the role of chance, bias, and
confounding leads us to strengthen our conclusions about the
association between glucose tolerance and serum calcium
concentration, measurement of calcium levels in this study was
not free of error. Because of the size of the study, we measured
total rather than ionized calcium levels. Since the latter is of
greater physiological significance, a change in the total to
ionized calcium ratio would complicate the interpretation of
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changes in total calcium. This could introduce a bias into this
type of study, if the ratio itself were associated with the outcome
variable or with a powerful confounding factor. In one study, a
negative association between ionized calcium and both the BMI
and waist to hip ratio was demonstrated, but no significant
association was found between albumin-corrected calcium and
BMI. This implies that there is a relationship between the total
to ionized calcium ratio and obesity.*> In morbid obesity, there
is an increase in nonionized calcium in the serum as a
consequence of binding to plasma proteins and free fatty acids.
Thus, any changes in total serum calcium might be atiributable
to altered plasma binding and not to a true variation in ionized
calcium.*? If serum total calcium is a true manifestation of
serum ionized calcium, then the positive association of calcium
and PTH with IGT might imply that there is an alteration in the
calcium-PTH set point in this condition. Alternatively, the
association with total serum calcium could be a reflection of
markedly altered protein binding in IGT.

In conclusion, we have demonstrated a strong and indepen-
dent association between total serum calcium and glucose
intolerance, measured both as a continuous variable and as a
category. Since glucose intolerance is an independent risk factor
for ischemic heart disease, it is possible that this association
may explain, in part, the observed link between total serum
calcium and the future risk of cardiovascular disease mortality.
However, a clear pathophysiological explanation for these
observations remains elusive.

ACKNOWLEDGMENT

We are grateful to the staff and patients of the St Mary’s Street
Surgery, Ely, and to I. Koncewicz, H. Shannasy, S. Farmer, M. Quinn, J.
Lipscombe, and Drs D.R.R. Williams, B.D. Cox, J.R. Shackleton,
T.WM. Wang, D.C. Brown, and V. Warren for help with the fieldwork
for this study. The staff of the NHS Department of Clinical Biochemis-
try, Addenbrooke’s Hospital, Cambridge, performed the glucose analy-
ses. We are grateful to Professor Kay-Tee Khaw and Dr Juliet Compston
for helpful comments regarding these data.

REFERENCES

1. Leiffsson BG, Ahrén B: Serum calcium and survival in a large
health screening program. J Clin Endocrinol Metab 81:2149-2153, 1996

2. Ferrannini E, Haffner SM, Mitchell BD, et al: Hyperinsulinaemia:
The key feature of a cardiovascular and metabolic syndrome. Diabetolo-
gia 34:416-422, 1991

3. Lind L: Relation of serum calcium concentration to metabolic risk
factors for cardiovascular disease. Br Med J 297:960-963, 1988

4. Lind L, Lithell H, Hvarfner A, et al: Indices of mineral metabo-
lism in subjects with an impaired glucose tolerance. Exp Clin Endocri-
nol 96:109-112, 1990

5. Milner RDG, Hales CN: The role of calcium and magnesium in
insulin secretion from rabbit pancreas studied in vivo. Diabetologia
3:47-49, 1967

6. Hales CN: The pathogenesis of NIDDM. Diabetologia 37:S162-
S168, 1994 (suppl 2)

7. Scragg R, Holdaway I, Singh V, et al: Serum 25-hydroxyvitamin
D;s levels decreased in impaired glucose tolerance and diabetes mellitus.
Diabetes Res Clin Pract 27:181-188, 1995

8. Norman AW, Frankel BJ, Heldt AM, et al: Vitamin D deficiency
inhibits pancreatic secretion of insulin. Science 209:823-825, 1980

9. Cade C, Norman AW: Vitamin D; improves impaired glucose

tolerance and insulin secretion in the vitamin D-deficient rat in vivo.
Endocrinology 119:84-90, 1986

10. Williams DRR, Wareham NI, Brown DC, et al: Glucose
intolerance in the community: The Isle of Ely Diabetes Project. Diabet
Med 12:30-35, 1995

11. Cox BD, Huppert FA, Whichelow MJ (eds): The Health and
Lifestyle Survey: Seven Years On. Aldershot, UK, Dartmouth, 1993

12. Paffenbarger RS, Blair SN, Lee I-M, et al: Measurement of
physical activity to assess health effects in free-living populations. Med
Sci Sports Exerc 25:60-70, 1993

13. Ainsworth BE, Haskell WL, Leon AS, et al: Compendium of
physical activities: Classification of energy costs of human physical
activities. Med Sci Sports Exerc 25:71-80, 1993

14. Wolf AM, Hunter DJ, Colditz GA, et al: Reproducibility and
validity of a self-administered physical activity questionnaire. Int J
Epidemiol 23:991-999, 1994

15. Kunst A, Draeger B, Ziegenhorn J: UV-methods with hexokinase
and glucose-6-phosphate dehydrogenase, in Bergmeyer HU (ed): Meth-
ods of Enzymatic Analysis. Deerfield, IL, Verlag Chemie, 1983, pp
163-172

16. Sobey WJ, Beer SF, Carrington CA, et al: Sensitive and specific



GLUCOSE TOLERANCE AND CALCIUM HOMEOSTASIS

two site immunoradiometric assays for human insulin, proinsulin, 65-66
split and 32-33 split proinsulins. Biochem J 260:535-541, 1989

17. Alpha B, Cox L, Crowther N, et al: Sensitive amplified
immunoenzymatic assays (IEMA) for human insulin and intact proinsu-
lin. Eur J Clin Chem Biochem 30:27-32, 1992

18. Wareham NJ, Phillips DI, Byrne CD, et al: The 30 minute insulin
incremental response in an oral glucose tolerance test as a measure of
insulin secretion. Diabet Med 12:931, 1994

19. Barth JH, Fiddy JB, Payne RB: Adjustment of serum total
calcium for albumin concentration: Effects of non-linearity and of
regression differences between laboratories. Ann Clin Biochem 33:55-
58, 1996

20. WHO Study Group: Diabetes mellitus. WHO Tech Rep Ser
1985,p 11

21. Akanji AO, Oputa RN: The effect of ambient temperature on
glucose tolerance. Diabet Med 8:946-948, 1991

22. Khaw K-T: The menopause and hormone replacement therapy.
Postgrad Med J 68:615-623, 1992

23. Hales CN, Byrne CD, Petry CJ, et al: Measurement of insulin
and proinsulin. Diabetes Rev 4:320-335, 1996

24. Laakso M: How good a marker is insulin level for insulin
resistance? Am J Epidemiol 137:959-965, 1993

25. Quesada JM, Coopmans W, Ruiz B, et al: Influence of vitamin D
on parathyroid function in the elderly. J Clin Endocrinol Metab
75:494-501, 1992

26. Chapuy M-C, Durr F, Chapuy P: Age-related changes in
parathyroid hormone and 25 hydroxycholecalciferol levels. J Gerontol
38:19-22, 1983

27. Atkinson RL, Dahms WT, Bray GA, et al: Parathyroid levels in
obesity: Effects of intestinal bypass surgery. Miner Electrolyte Metab
1:315-320, 1978

28. Bell NH, Epstein S, Greene A, et al: Evidence for alteration of
the vitamin D-endocrine system in obese subjects. J Clin Invest
76:370-373, 1985

29. Khaw K-T, Sneyd M-J, Compston J: Bone density, parathyroid
hormone and 25-hydroxyvitamin D concentrations in middle aged
women. Br Med J 305:273-277, 1992

30. Bell NH, Shaw S, Turner RT: Evidence that 1,25-dihydroxyvita-

1177

min Dj inhibits the hepatic production of 25-hydroxyvitamin D in man.
I Clin Invest 74:1540-1544, 1984

31. Krall EA, Sahyoun N, Tannenbaum S, et al: Effect of vitamin D
intake on seasonal variations in parathyroid hormone secretion in
postmenopausal women. N Engl J Med 321:1777-1783, 1989

32, Lawson DEM, Paul AA, Black AE, et al: Relative contributions
of diet and sunlight to vitamin D state in the elderly. Br Med J
2:303-305, 1979

33. Boucher BJ, Mannan N, Noonan K, et al: Glucose intolerance
and impairment of insulin secretion in relation to vitamin D deficiency
in East London Asians. Diabetologia 38:1239-1245, 1995

34. Lind L, Pollare T, Hvarfner A, et al: Long-term treatment with
active vitamin D (alphacalcidol) in middle-aged men with impaired
glucose tolerance. Effects on insulin secretion and sensitivity, glucose
tolerance and blood pressure. Diabetes Res 11:141-147, 1989

35. Nyomba BL, Auwerx J, Bormans V, et al: Pancreatic secretion in
man with subclinical vitamin D deficiency. Diabetologia 29:34-38,
1986

36. Levy J, Stern Z, Gutman A, et al: Plasma calcium and phosphate
levels in an adult non-insulin-dependent diabetic population. Calcif
Tissue Int 39:316-318, 1986

37. Heath H, Lambert PW, Service FJ, et al: Calcium homeostasis in
diabetes mellitus. J Clin Endocrinol Metab 49:462-466, 1979

38. Hales CN, Barker DJP: Type 2 (non—insulin-dependent) diabetes
mellitus: The thrifty phenotype hypothesis. Diabetologia 35:595-601,
1992

39. Stern MP: Diabetes and cardiovascular disease. The “common
soil” hypothesis. Diabetes 44:369-374, 1995

40. Kim H, Kalkhoff RK, Costrini NV, et al: Plasma insulin
disturbances in primary hyperparathyroidism. J Clin Invest 50:2596-
2605, 1971

41. Resnick LM: Calcium metabolism in hypertension and allied
metabolic disorders. Diabetes Care 14:505-520, 1991

42, Lind L, Lithell H, Hvarfner A, et al: On the relationship between
mineral metabolism, obesity and fat distribution. Eur J Clin Invest
23:307-310, 1993

43. Andersen T, McNair P, Fogh-Andersen N, et al: Increased
parathyroid hormone as a consequence of changed complex binding of
plasma calcium in morbid obesity. Metabolism 35:147-151, 1986



