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Background and Purpose: We aimed to assess the association between calcium and
phosphorous and metabolic syndrome (MetS) in normal-weight individuals.

Patients and Methods: The study sample comprised 460 normal-weight (body mass index
<25kg/m?) adults aged 18-35 years. The diagnosis of MetS was based on the presence of at
least two of the following: 1) systolic blood pressure (SBP) >130 mmHg or diastolic blood
pressure (DBP) >85 mmHg, 2) triglycerides (TG) >150 mg/dl, 3) high-density lipoprotein
cholesterol (HDL-C) <1 mmol/in men and <1.2 mmol/l in women, 4) total cholesterol (TC)
>5.2 mmol/l, and 5) fasting glucose (FBG) >5.55 mmol/l.

Results: Patients with MetS were more often male and slightly older and they had a higher
body mass index (BMI) and waist circumference. By definition, patients with MetS had
higher levels of BP, GLC, glycated hemoglobin Alc, TC, low-density lipoprotein cholesterol
(LDL-C), TG, and apolipoprotein B but significantly lower concentrations of HDL-C and
apolipoprotein A. Moreover, subjects with MetS had higher activity of the liver enzymes
alanine aminotransferase, alkaline phosphatase and gamma-glutamyl transpeptidase (GGTP).
Higher concentrations of uric acid, creatinine and albumin (ALB) were also observed in
subjects with MetS. The factors associated with MetS in the multivariate analysis were
higher GGTP activity (OR per 5 unit increase — 1.23 (1.11-1.37); p<0.0001), a higher BMI
(OR — 1.28 (1.1-1.52); p=0.003), a higher concentration of calcium (OR per 0.1 mmol/l
increase — 1.79 (1.21-2.7); p=0.004), higher ALB levels (OR per 5 g/l increase — 1.76
(1.11-2.95), p=0.02); higher phosphorous levels (OR per 0.1 mmol/l increase — 0.82 (0.67—
0.99); p=0.04), and a good household situation (odds ratio (OR) — 0.58 95% confidence
interval (CI) (0.31-1.07); p=0.08).

Conclusion: Calcium and phosphorus levels are significantly associated with MetS in
normal-weight individuals.

Keywords: calcium, phosphorus, gamma-glutamyl transpeptidase, metabolic syndrome

Introduction

Metabolic syndrome (MetS) has traditionally been diagnosed in only overweight or
obese subjects.1 In the past few years, studies from various countries have provided
evidence that there is a substantial proportion of normal-weight individuals who,
based on their glucose (GLC) levels, blood pressure (BP) or lipid parameters, could
be diagnosed with MetS.? As a result, overweight and obesity were undermined as
necessary criteria for a diagnosis of MetS, and the concept of MetS in normal-
weight individuals emerged.’
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Calcium plays an important role in lipid metabolism
and in the pathomechanism of insulin resistance.* Higher
calcium levels have been associated with MetS and its
components.” However, a recent retrospective analysis
yielded different results, showing that higher calcium
levels in healthy individuals were associated with
a lower risk of MetS during 4.3 years of follow-up.® To
the best of our knowledge, there is no data on calcium
levels in normal-weight subjects with MetS.

The aim of the present analysis was to assess the
association between calcium and phosphorus and MetS

in normal-weight individuals.

Patients and Methods

Study Sample and Recruitment

This analysis was conducted on a study sample recruited
for the MAGNETIC study (Metabolic and Genetic
Profiling of Young Adults with and without a Family
History of Premature Coronary Heart Disease). The study
protocol has been published previously.” In brief, the study
sample was recruited Dbetween July 2015 and
December 2017. As the primary aim of the MAGNETIC
study was to analyze the differences between healthy
individuals with and without a family history of premature
coronary artery disease (P-CAD), the inclusion criteria
were age between 18 and 35 years and angiographically
confirmed P-CAD in 1st degree relatives (cases) or no
angiographically confirmed P-CAD in 1st degree relatives
(controls). The exclusion criteria were a lack of informed
consent, pregnancy, lactation, and acute or chronic dis-
eases requiring pharmacotherapy. Subjects with a positive
family history of P-CAD were recruited by contacting the
offspring of older patients hospitalized due to P-CAD from
20102017 at the Silesian Center for Heart Diseases.
P-CAD was defined as angiographically documented cor-
onary artery disease in a lst degree relative before 55
years of age in men and 65 years of age in women. The
control group was recruited from healthy (without pre-
viously diagnosed diseases) subjects aged 18-35 years
who attended screening appointments at the center. For
the purpose of the present analysis, only normal-weight
patients (body mass index (BMI) 25 kg/m?) were included.

Biochemical Analyses

Peripheral blood was collected from participants during
the morning hours after 8-10 hours of fasting. A Cobas
6000 analyzer (Roche Diagnostics, USA) was used to

conduct the biochemical analyses. To obtain serum,
blood was centrifuged at 1500 rpm at 4°C. GLC, lipid
profile, lipoproteins, uric acid (UA), high-sensitivity
C-reactive protein (hs-CRP), calcium, phosphorus, vitamin
D, albumin (ALB), total protein, aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP) and gamma-glutamyl transpeptidase
(GGTP) were measured. Glycated hemoglobin Alc
(HbAlc) was measured in whole blood. Fibrinogen was
assessed using a Siemens BCS XP analyzer (Siemens
Healthcare, Germany). The test kits and catalog numbers
are shown in Table S1, Supplementary Material. The per-

centage of high-density lipoprotein (HDL [%]) was calcu-
lated as the HDL-C level divided by the TC level (mmol/l)
x100. ALB-corrected calcium levels were obtained
according to the following formula: corrected calcium =
measured calcium + {(40 — [ALB]) x 0.02}.%

Diagnosis of Metabolic Syndrome

Diagnosis of MetS was based on the presence of at least
two of the following: 1) systolic blood pressure (SBP)
>130 mmHg or diastolic blood pressure (DBP) > 85
mmHg, 2) triglycerides (TG) over 150 mg/dl, 3) HDL
cholesterol (HDL-C) < 1 mmol/l in men and < 1.2
mmol/l in women, 4) total cholesterol (TC) >5.2 mmol/l,
or 5) fasting glucose (FBG) over 5.0 mmol/l. The criteria
for diagnosing MetS apart from obesity were used based
on the study by Buscemi et al.?

Statistical Analysis

Continuous variables were compared using Student’s
t-test, while categorical variables were compared using
the chi-square test. A univariate analysis was performed
to better describe the associations between clinical char-
acteristics and MetS. A P-value of 0.05 was used as a cut-
off for statistical significance.

There were some missing data for white blood cells
(WBC) (0.4%), fibrinogen (0.8%), vitamin D (1.5%),
HbA1c (0.4%), smoking status (0.8%), household situation
(0.2%), and sleep hours on weekdays (0.2%). Little’s
MCAR test was used to assess whether data were missing
at random. A multivariable logistic regression analysis with
backward selection procedure was performed on the com-
plete case dataset. The outcome variable was the presence
of MetS. The independent variables initially included in the
model were all variables referring to demographics and
family history, inflammatory parameters, corrected cal-
cium, phosphorous and vitamin D liver tests, total protein,

submit your manuscript

1282

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13


https://www.dovepress.com/get_supplementary_file.php?f=232497.zip
https://www.dovepress.com/get_supplementary_file.php?f=232497.zip
http://www.dovepress.com
http://www.dovepress.com

Dove

Osadnik et al

albumin, uric acid, and creatinine. See Table 1. The vari-
ables that were used for the definition of MetS, which
included lipid parameters

(including apolipoproteins

A (apo A) and B (apo B) that are closely correlated with

HDL-C and low-density lipoprotein (LDL-C) levels,
respectively), GLC, HbAlc and BP were not included in
the multivariable analysis. The independent variables that
were included in the multivariate model were based on the

Table | Clinical Characteristics of the Study Participants

Variable All n = 460 With MetS n= 70 Without MetS n =390 P value
Demographics, Family History & Physical Examination
Male sex (%) 210 (45.7) 58 (82.9) 152 (39.0) <0.0001
Age (years) 274 £ 45 28.07 + 4.48 26.86 + 4.49 0.04
Family history of P-CAD?* (%) 191 (41.5) 34 (48.6) 157 (40.3) 0.19
Family history of DM? (%) 60 (13.0) 10 (14.3) 50 (12.8) 0.74
Cigarette smoking (%) 92 (20.2) 19 (27.5) 73(18.9) 0.1
Place of residence [%] (city >20.000 inhabitants vs city <20.000 inhabitants) 347 (75.4) 52 (74.3) 295 (75.6) 0.8l
Household situation (%) (good and very good vs average or below) 271 (59.0) 35 (50.0) 236 (60.7) 0.09
Education (%) (higher vs primary or secondary) 264 (57.4) 38 (54.3) 226 (57.9) 0.57
Body mass index [kg/m?] 21.58 £ 2.17 229 £ .66 21.34 £2.16 <0.0001
Waist [cm] 7492 + 8.82 81.52 + 8.04 7372 £ 843 <0.0001
SBP [mmHg] 123.18 + 12.78 133.19 £ 11.52 121.38 £12.78 <0.0001
DBP [mmHg] 76.9 £9.63 81.57 + 845 76.06 £ 9.6 <0.0001
Inflammatory Parameters
WBC [10¢/mm?] 5.66 + 1.46 59+ 1.6l 5.62 + 1.43 0.17
Fibrinogen [mg/dl] 263.32 + 55.88 264.36 + 55.21 263.14 £ 56.07 0.87
High-sensitivity C-reactive protein [mg/l] 1.58 £ 2.97 1.69 + 3.39 1.56 +2.89 0.75
Calcium and Phosphorous Parameters
Calcium [mmol/l] 242 + 0.09 2.46 +0.08 241 +0.09 <0.0001
Corrected calcium [mmol/l] 2.27 + 0.09 2.29 £ 0.07 2.26 + 0.09 0.006
Phosphorous [mmol/I] 1.12 £ 0.16 1.06 £0.18 1.14 £ 0.15 0.002
Vitamin D [nmol/L] 22.86 + 10.45 23.55 % 1245 22.74 £ 10.06 0.6l
Lipids & Glucose
Cholesterol [mmol/l] 482 +£0.98 553+ I.15 4.7 £ 0.88 <0.0001
LDL cholesterol [mmol/I] 2.77 £ 0.88 3.52 £ 0.98 2.64 £ 0.79 <0.0001
HDL cholesterol [mmol/l] 1.74 £0.44 1.5 + 0.47 1.78 £ 0.43 <0.0001
HDL [%] 3691 +9.86 27.56 + 8.47 3859 £ 9.13 <0.0001
Triglycerides [mmol/I] 0.94 + 0.53 1.5 £0.87 0.84 + 0.35 <0.0001
Lipoprotein A [nmol/l] 43.71 + 66.08 61.59 £ 90.45 40.5 + 60.27 0.06
Apolipoprotein A [mmol/l] 1.69 + 0.34 1.61 +£0.39 1.71 £ 0.33 0.06
Apolipoprotein B [mmol/I] 0.88 + 0.48 1.22 £ 1.08 0.82 £ 0.21 0.003
GLC [mmol/l] 491 £ 041 519+05 4.85 £ 0.38 <0.0001
HbAlc [%] 493 £0.25 5.05 +0.25 49 +0.24 <0.0001
Liver Tests
AST [IU/L] 22.17 £ 23.37 31.06 £ 54.85 20.58 £ 9.7 0.12
ALT [IU/L] 20.55 + 18.57 30.61 £ 26.97 18.74 £ 16.01 0.0006
ALP [IU/L] 62.18 £ 19.73 71.1 £21.02 60.58 £ 19.08 0.0002
GGTP [IU/L] 19.56 + 18.85 36.27 + 38.78 16.56 £ 9.65 <0.0001
Other
Total protein [g/L] 7536 £ 5.71 76.27 + 439 75.19 £ 591 0.08
Albumin [g/L] 47.63 + 3.53 48.59 + 2.55 47.45 + 3.66 0.002
Uric acid [umol/l] 285.35 £ 66.97 333.76 + 63.38 276.67 £ 63.9 <0.0001
Creatinine [umol/L] 76.28 £ 13.92 82.67 + 13.4 75.14 £ 13.72 <0.0001

Note: °In Ist degree relatives.

Abbreviations: P-CAD, premature coronary artery disease; DM, diabetes mellitus; LDL, low-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood
pressure; WBC, white blood cells; HDL, high-density lipoprotein; HbAlc, hemoglobin AIC; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline

phosphatase; GGTP, gamma-glutamyl transpeptidase.
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Akaike information criterion (AIC). The group counts of 70
patients with MetS and 390 not meeting MetS criteria were
sufficient to detect a difference of at least 36% of the
standard deviation with a power of 80% or more, assuming
equal variances. The figures were prepared in Excel. The
statistical analysis was performed using the computing
environment R (R Development Core Team, 2005) and
Power Analysis Software (PASS Statistical Software,
Kaysville, Utah) Statistical RCT (2013).>'°

Results

The clinical characteristics of the study group are pre-
sented in Table 1. In general, the patients with MetS
were more often male and slightly older; although within
the normal range, they had a higher BMI, waist circum-
ference (WC) and waist-to-hip ratio (WHR). By definition,
the patients with MetS had higher levels of BP, GLC,
HbAlc, TC, LDL-C, TG, and apo B but significantly
lower concentrations of HDL-C and apo A. Moreover,
the subjects with MetS had higher activity of the liver
enzymes ALT, ALP and GGTP. Higher concentrations of
UA, creatinine (CR) and ALB were also observed in the
subjects with MetS.

The calcium levels, both crude and adjusted for ALB
concentration, were higher in patients with MetS. On the
other hand, the phosphorus levels were lower in the patients
with MetS. The univariate analysis confirmed the associa-
tions identified in the group comparisons. (Figure S1) The
factors with the strongest associations with MetS, apart from
lipid parameters, GLC and BP, which are used as diagnostic
criteria of MetS, were male sex; liver enzymes, in particular
ALP, GGTP and ALT; calcium; phosphorus; and UA.

As there were less than 1% missing data and Little’s
MCAR test showed that data were missing completely at
random (p value = 0.57), a multivariable analysis was per-
formed after the exclusion of observations with missing data.

GGTP (per 5 unit increase)

BMI (per 1 kg/m2 increase)

Corrected calcium (0.1 unit mmol/l increase)

Albumin (per 5 g/l increase)

Age (per 5 year increase)

Phosphorous (per 0.1 unit mmol/l increase)

Household situation (good and very good vs. average and below)

All variables except those that were used for the definition of
MetS were included in the analysis (see methods section).
Worse household situation, higher BMI, higher activity of
GGTP, a higher concentration of calcium, a higher ALB level
and a lower concentration of phosphorus were most signifi-
cantly associated with MetS. (Figure 1)

Discussion

MetS encompasses the conditions of hypertension, insulin
resistance, dyslipidemia and obesity.!' The increased BMI
component seems to not be an obligatory factor because
MetS may also occur in patients with normal body
weight.'? The influence of calcium and phosphorus levels
on the biochemical changes leading to MetS remains con-
troversial in the literature and may be interesting, espe-
cially in normal-weight individuals, where neither obesity
nor overweight seem to impact the clinical outcome.

Calcium homeostasis is known to play an important
role as a regulator in several biochemical processes, such
as bone formation and biomineralization, muscle contrac-
tion, neurotransmitter and hormone release, blood clotting,
inflammatory response and the transmission of cell signals.
The level of calcium and its metabolism are known to be
altered in the contexts of hyperglycemia and hypertension.
Moreover, changes in calcium metabolism appear to be
a key factor linking osteoporosis and hypertension. '

Our results indicate that among patients with MetS, the
calcium levels appear to play an important role as
a differentiating factor. The most interesting finding is
that among normal-weight individuals, the calcium level
was higher in the MetS group than in the group of healthy
individuals with normal weight. Additionally, we found an
inverse relationship in reference to the phosphorus level in
the groups mentioned.

To our knowledge, this is the first study showing
the calcium-phosphorus relationship in the context of

0Odds Ratio (95% Cl); P value

1.23 (1.11 - 1.37); <0.0001

-
1.28 (1.1-1.52); 0.003
- 1.79 (1.21 - 2.7); 0.004
= 1.76 (1.11 - 2.95); 0.02
m 1.03 (1-1.06); 0.02

0.82(0.67 - 0.99); 0.04
0.58(0.31-1.07); 0.08

0

Lower risk of MetS

Higher risk of MetS

Figure | Independent factors associated with metabolic syndrome. Variable selection was based on the Akaike information criterion.
Abbreviations: BMI, body mass index; GGTP, gamma-glutamyl transpeptidase; MetS, metabolic syndrome; 95% Cl, 95% confidence interval.
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normal-weight individuals with MetS, so it is difficult to
directly compare our results with those of other authors.
In general, the observed tendency could be consistent
with the findings of Yamaguchi et al,'* who found that
the serum calcium level was positively associated with
impaired GLC metabolism in men with type 2 diabetes
(T2DM), whereas in a study by Sun et al,'® high cal-
cium levels were correlated with high concentrations of
GLC and insulin resistance in women. Serum calcium
concentrations have also been found to be positively
related to SBP and DBP as well as to the serum levels
of GLC and cholesterol.'® In a study by Peredes et al,'’
high calcium levels were associated with MetS.
Additionally, according to Kim et al,'® the prevalence
of MetS increased progressively as the serum calcium
levels increased. Serum calcium was also found to be
significantly and positively associated with SBP, DBP
and serum TC.'? Increased serum calcium levels lead to
the influx of calcium into arterial smooth muscles via
calcium channels, increasing cytosolic calcium and
inducing muscle contraction and arterial vasoconstric-
tion. As a result, increased BP pressure and peripheral
vascular resistance can be observed.”’

A significant positive correlation among GLC, insulin
resistance and the level of calcium found in a study by Sun
et al'® showed that the subjects with low calcium levels had
the lowest concentration of GLC and the lowest levels of
insulin resistance, whereas subjects with high calcium levels
had the highest concentration of GLC and the highest level
of insulin resistance. However, according to the findings of
Jehle et al,*' supplementation with calcium may improve
insulin sensitivity. Additionally, the findings of Baz-Hecht
et al** and Bener et al** showed that daily consumption of
calcium was inversely associated with the risk of developing
T2DM. However, the effect of calcium supplementation on
MetS remains poorly established.** The conflicting results
for calcium supplementation, which appears to decrease the
level of insulin resistance and increase the serum calcium
levels, appears to be associated with a higher level of insulin
resistance, implying a more complex pathomechanism than
that only merely reflected by the serum calcium levels.

It is known that the level of calcium increases with
increasing parathyroid hormone (PTH) levels. Moreover,
high phosphorus levels directly stimulate PTH secretion and
synthesis by human parathyroid tissue.”> Ahlstrom et al'!
observed an association between MetS parameters and
increased cardiovascular diseases and plasma PTH. In the
mentioned study, an association between serum PTH and

both SBP and DBP was also found. It was also shown that
insulin sensitivity is inversely correlated with the plasma level
of PTH.?® Nevertheless, the findings of Yamaguchi et al'*
suggested that serum calcium but not PTH may play a role in
insulin resistance and hyperglycemia in men with T2DM.
We also found a significant difference in phosphorus levels
between healthy individuals and individuals with MetS, with
lower phosphorus levels in the individuals with MetS. It is
known that hypophosphatemia may be related to the develop-
ment of obesity and dyslipidemia.?’ Impaired phosphorus
metabolism may lead to the development of MetS, as phos-

phorus is involved in the metabolism of carbohydrates.**=

Similarly to our study, in the study of Park al,”’

a group of
patients with higher serum levels of phosphorus tended to
have lower BMI, TG levels and FBG levels. Lower levels of
phosphorus in the quoted study were, on the other hand,
correlated with MetS and higher insulin levels. In the study
by Dhingra et al,>® the serum phosphorus level was positively
correlated with the TC/HDL-C ratio but inversely correlated
with BMI and SBP. Moreover, in the study by Kalaitzidis
et al,’' patients with MetS had significantly lower serum
phosphorus levels than the controls, which seems to be in
partial agreement with our results.

We also found a strong correlation between the level of
calcium and the level of GGTP, with significantly higher
levels of the enzyme in normal-weight individuals with
MetS than in healthy normal-weight individuals (36.27 IU/L
vs 16.56 TU/L). Franzini et al*” noted the role of GGTP as
a differentiating factor for MetS patients among hypertensive
subjects. Additionally, the conclusions from the meta-analysis
of Kunutsor et al*> showing a strong positive association
between GGTP and MetS are consistent with our results.
GGTP showed the highest correlation with calcium among
all tested liver parameters in our trial, suggesting that it is an
interesting component of the calcium-GGTP-phosphorus triad
for the diagnosis of MetS in normal-weight individuals.

Additionally, the results we obtained show that in the
group of normal-weight patients, calcium was positively
correlated with ALP, which was significantly higher in the
normal-weight individuals with MetS than in the healthy
normal-weight individuals. The idea that MetS is associated
with higher serum ALP levels seems to be consistent with
our results. Moreover, increased serum ALP may reflect
osteoporosis, indicating a higher risk of osteoporosis in the
group of patients with MetS and higher calcium levels.** The
correlation among hypertension, diabetes and osteoporosis is
well known. It has also been suggested that ALP may pro-
mote vascular calcification by hydrolyzing pyrophosphate.*

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13
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An association of elevated serum ALP levels with progres-
sive arterial calcification was also observed by Sigrist et al.*®
Nevertheless, we cannot confirm whether there is an associa-
tion between serum ALP and vascular calcification, as we
have no data on vascular calcification in our group. It is
important to emphasize that the total ALP level may be
associated with mean arterial pressure and HDL-C and that
hyperinsulinemia, insulin resistance and MetS are also

strongly associated with one another.”

Conclusion

In summary, the comparison of the results obtained for
normal-weight individuals revealed for the first time
a unique, significant calcium—phosphorus relationship.
Taking into account the results obtained from liver tests,
it might also be worth focusing on the comprehensive
relationship between the triad of calcium, phosphorus
and GGTP levels, especially in normal-weight individuals
with MetS. The unique finding of a calcium-GGTP-
phosphorus association seems to be a presumable predictor
for MetS in normal-weight individuals.
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