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Can Bone-Specific Alkaline Phosphatase be a Marker of
Vascular Calcification in Type 2 Diabetes Mellitus?
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Background and Aims: Alkaline phosphatase (ALP) enzyme has been linked to vascular calcification. Unexplained elevations in serum
ALP levels have been reported in patients with type 2 diabetes mellitus (T2DM). We assessed bone-specific alkaline phosphatase (BAP)
levels in patients with T2DM who had unexplained ALP elevations and studied the association between BAP and other markers of vascular
calcification. Methods: Patients with T2DM who had high serum ALP in the absence of known causes of ALP elevation were studied. The
control group was T2DM patients with normal ALP. We measured the serum levels of BAP along with the leptin, fetuin-A, and vitamin K2
levels. Ankle—brachial index (ABI) was also measured in both groups. Results: Serum BAP levels were significantly higher in the group with
high ALP when compared with the normal ALP group. A significant positive correlation was present between BAP and serum fetuin-A as well
as between BAP and Vit K2 levels. There was no correlation between BAP and serum leptin. ABI was comparable between the two groups.
Conclusions: Patients with T2DM may have unexplained elevation in ALP due to an increase in BAP. Elevation in BAP may be associated

with other markers of vascular calcification suggesting an increased risk of vascular calcification.
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INTRODUCTION

Individuals living with type 2 diabetes mellitus (T2DM) are
at risk of atherosclerosis. The pathogenesis of atherosclerosis
includes the calcification of atherosclerotic plaques. The
alkaline phosphatase (ALP) enzyme has been linked to vascular
calcification in patients with end-stage chronic kidney disease.")
Elevated ALP has been associated with increased mortality in
patients with coronary artery disease.”! Unexplained elevations
in serum ALP levels have been reported in patients with type 2
diabetes mellitus.B! This elevation was attributed to a rise in
bone-specific alkaline phosphatase (BAP). Serum BAP levels
are also associated with markers of insulin resistance and
metabolic syndrome in normoglycemic individuals.[) Overall,
data on unexplained ALP elevations and BAP in T2DM are
scanty. The role of BAP in vascular calcification in T2DM is
also not well understood. We assessed BAP levels in patients
with T2DM who had unexplained ALP elevations and also
studied the association between BAP and other markers of
vascular calcification in these patients.
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SusJECTS

This study was conducted at the diabetes clinic of a tertiary
care hospital in North India.

Patients with T2DM between 30 and 70 years of age were
eligible for the study if their serum ALP levels were elevated.
The control group consisted of patients with T2DM who had
normal ALP levels. The exclusion criteria included the history
of coronary artery disease, ischemic stroke, peripheral arterial
disease, chronic liver disease, deranged kidney function
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test (defined as CKD stage 3 or worse based on eGFR by
MDRD equation), deranged liver function tests (defined as
any elevation in serum bilirubin, alanine transaminase, or
aspartate transaminase above the reference range), elevated
parathormone levels, recent fractures (past 3 months),
hypothyroidism, pregnancy, or lactation. The study was
approved by the institutional ethical committee.

MaTteriALs AND METHODS

We screened the electronic medical records between 2019 and
2021 to identify patients with elevated ALP who did not meet
the exclusion criteria. Similarly, patients with normal ALP not
meeting the exclusion criteria identified for the control group.
These patients were invited to participate in the study after
obtaining informed consent. A total of 50 patients with high ALP
and 50 with normal ALP were selected. Serum parathormone
levels were measured in patients with elevated ALP. Those with
serum parathormone levels above the reference range were
excluded from the study. We repeated serum ALP levels in all
patients to confirm its elevation or normalcy prior to inclusion
in the study. Serum ALP levels were measured by AMP method
at 30 °C on a Randox Imola autoanalyzer (Randox Laboratories,
UK) using commercially available reagents (AP8302, Randox
Laboratories, UK). The upper limit of normal for this assay is
90 U/L. ALP levels greater than 90 U/L were defined as high
ALP for this study, while levels equal to or less than 90 U/L
were defined as normal ALP.

Blood was drawn for measurement of serum BAP, leptin,
fetuin-A, and vitamin K2 levels. The serum samples were
stored at — 80°C till the analysis. BAP was estimated using
ELISA kits (Ostase BAP EIA kit, Immunodiagnostics
System Ltd, UK). The intra-assay CV was 3.16%. Similarly,

ELISA was done for serum leptin (DRG International USA),
serum fetuin-A (Biovendor Laboratorni Medicina a.s. Czech
Republic), and vitamin K2 levels (Qayee Biochemicals,
Shanghai, China. The intra-assay CV was 3.83% for leptin,
1.04% for fetuin-A, and 2.05% for vitamin K2. Ankle—brachial
index (ABI) was measured in all patients using Vista AVS-L500
VA system (Wallach Surgical, USA).

The data were entered in to a Microsoft Excel worksheet and
statistical analysis was performed on SPSS version 21 (IBM,
USA). The categorical variables were compared using the
Chi-square test. Continuous variables were compared using the
Student’s ¢ test if the variables were normally distributed. We
performed a log transformation of skewed variables to achieve
anormal distribution. The correlation between BAP and other
markers was studied by calculating Pearson’s coefficient. In
case the variable was significantly different between the high
and normal ALP groups, we adjusted for the BAP levels by
performing a one-way analysis of variance (ANOVA) with
BAP as the dependent variable and other variables (which
were significantly different between the two groups being
studied) as covariates.

The study was approved by Institutional Ethics Committee-
Human Research, University College of Medical Sciences,
Delhi, India vide letter no IEC-HR/2019/41/144 on 16/10/2019.
Written informed consent was obtained for participation in the
study and use of the patient data for research and educational
purposes. The procedures follows the guidelines laid down in
Declaration of Helsinki 2008.

ResuLts

A total of 100 patients were studied. Out of these, 50 were in
the normal ALP group and 50 were in the high ALP group. The

Table 1: Baseline characteristics of the normal ALP and high ALP group

Parameter Normal ALP (n=50) High ALP (n=50) P
Age (years) 50.4+11.5 49.5£9.9 0.68
Female sex 28 (56%) 26 (52%) 0.84
Duration of diabetes (years) 3.845.1 2.40+4.4 0.14
BMI (kg/m?) 26.8+5.0 26.1+4.6 0.44
Fasting plasma glucose (mg/dl) 204.2480.3 212.0+80.0 0.63
Postprandial plasma glucose (mg/dl) 292.8496.3 293.7+81.7 0.96
HbAlc 10.04£2.7% (86.0 mmol/mol) 10.0+£2.4% (86.0 mmol/mol) 0.49
Total Chol (mg/dl) 177.5+54.7 185.9+46.4 0.42
TG (mg/dl) 137.0+68.7 154.1£77.1 0.26
HDL (mg/dl) 38.2+10.4 29.748.3 <0.001
LDL (calculated) (mg/dl) 101.7+£34.4 123.1+£38.8 0.006
eGFR (ml/min/1.73 m?) 97.4+12.1 86.7£16.5 0.001
ALP (U/L) 78.9+9.1 135.8+16.5 <0.001
Calcium (mg/dl) 9.43+0.99 9.47+0.53 0.85
Phosphate (mg/dl) 3.6+0.4 3.8+0.5 0.03
Serum PTH (pg/ml) 35.7x13.6 31.1+9.7 0.06
Serum 25-OH vitamin D 10.57+9.52 10.18+9.50 0.32
ABI Right 1.02+0.07 1.06+0.11 0.19
ABI Left 1.07+0.07 1.08+0.08 0.55

Indian Journal of Endocrinology and Metabolism | Volume 27 | Issue 2 | March-April 2023 -




Raizada, ef al.: Bone-specific alkaline phosphatase and vascular calcification in diabetes

mean ALP levels and the other baseline characteristics of the
two groups are shown in Table 1. The groups were comparable
in age, sex, duration of diabetes, BMI, and glycaemic status.
The calculated LDL values were significantly higher in the high
ALP group, while the HDL values were significantly lower.
The high ALP group had significantly higher phosphate levels
than the normal ALP group. The serum 25 hydroxy vitamin D
levels were similar between the two groups. While the eGFR
was significantly lower in the high ALP group, the serum PTH
levels were higher in the normal ALP group (although not
attaining statistical significance). In the normal ALP group,
28% of patients had eGFR between 60 and 90 ml/min/1.73
m? while this percentage in the high ALP group was 60%. The
results of BAP and other markers of vascular calcification are
shown in Table 2.

Ankle—brachial indexes were not significantly different in
the two groups. There was no significant correlation between
ankle—brachial index values and levels of BAP, vitamin K2,
leptin or fetuin-A. On performing one-way ANOVA with BAP
as the dependent variable and serum ALP as the covariate,
we found that adjusted mean BAP levels were 20.91 pg/L
in the normal ALP group and 25.86 ug/L in the high ALP
group. The difference in adjusted means was statistically
significant. A simple linear regression was calculated to
predict serum ALP based on BAP. A significant regression
equation was found (F (1,98) =44.23, P < 0.001), with an
R square of 0.311. The patient’s predicted serum ALP is equal
to 62.1 +1.95 (BAP)ug/L when ALP is measured in U/L. The
participant’s average ALP increased by 1.95 units for every
one-unit rise in BAP.

A significant positive correlation between BAP and serum
fetuin-A was seen (Pearson’s coeff 0.35, P<0.001). [Figure 1]
Similarly, a significant negative correlation exists between BAP
and Vit K2 levels (Pearson’s coeff 0.37, P < 0.001). [Figure 2]
However, there was no correlation between BAP and leptin
levels.

The high ALP group had lower eGFR which may explain the
rise in BAP. In view of the significant difference in eGFR in
the two groups, we performed two analyses. Firstly, we ran
a one-way ANOVA with BAP as the dependent variable and

eGFR as the covariate, we found that adjusted mean BAP levels
were 18.34 ug/L (SE 1.20, 95% CI 15.9-20.7) in the normal
ALP group and 28.44 ug/L (SE 1.20, 95% CI 26.0-30.8) in
the high ALP group. The adjusted means were statistically
significant (P < 0.001). Secondly, we also compared the BAP
levels in the normal ALP and the high ALP groups separately
for those with eGFR >90 and between 60 and 90. In this
analysis, the BAP levels were higher in the high ALP groups
in both scenarios as shown in Table 3.

BAP showed a negative correlation with HDL levels (Pearson
coefficient — 0.206, P = 0.04), while there was no significant
correlation with LDL, total cholesterol, and triglycerides. There
was no significant correlation between PTH and BAP levels.

Discussion

In this study, we found that patients with type 2 diabetes
mellitus and unexplained elevation in ALP have higher
BAP levels, lower serum vitamin K2 levels along with
fetuin-A levels which tended to be higher. BAP levels were
significantly associated with vitamin K2 as well as fetuin-A
levels. Unexplained ALP elevations in type 2 diabetes mellitus
have been reported the past.’! Further, BAP levels have also
been reported to be elevated in type 2 diabetes.” Although

Table 2: Results of BAP and other markers of vascular
calcification

Parameter Normal ALP High ALP P

BAP (ug/L) 18.10+7.68 28.68+8.78 <.001
Leptin (ng/ml) 6.84+6.95 4.92+4.65 0.14
Vitamin K2 (ng/ml) 30.67+6.51 20.71+11.23 <.001
Fetuin-A (ug/ml) 748.9+210.8 839.3+266.3 0.063

Table 3: BAP levels in normal and high ALP
groups with eGFR >90 ml/min/1.73 m? and eGFR
60-90 ml/min/1.73 m?

Normal ALP  High ALP P
¢GFR >90 ml/min/1.73 m? 17.2+6.7 29.249.6 <0.001
eGFR 60-90 ml/min/1.73 m? 20.4+9.4 28.3+8.2 0.01
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Figure 1: Correlation between serum BAP and serum fetuin-A

Figure 2: Correlation between serum BAP and serum vitamin K2
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there are no recent publications directly addressing this issue,
the link between ALP and metabolic syndrome component
has been recognized.!! Hence, an elevation of ALP in type 2
diabetes in the absence of the usual causes is plausible. In
fact, we observed seemingly unexplained elevations in ALP in
several patients in our diabetes clinic—this led us to explore
this topic further. The major component of this elevation in
our study is the BAP—which confirms the findings of the
previous studies.?* Chronic kidney disease (CKD) is a known
cause of ALP elevation but this elevation typically occurs in
CKD stages 3 to 5 and occurs in conjunction with secondary
hyperparathyroidism. Our study included patients with CKD
only if they were CKD stage 1 or 2. Further, elevated PTH
was an exclusion criterion in our study. The persistence of the
high ALP despite adjusting for eGFR further shows that CKD
did not contribute to high ALP in our study. Studies in chronic
kidney disease have established that vascular calcification is
associated with an elevation in ALP and BAP.I'"? High ALP
levels have been associated with coronary calcification in
patients with as well as without established coronary artery
disease.[*?! Patients with diabetes mellitus have higher coronary
calcium scores as compared to those without diabetes.'” In
patients with diabetes mellitus, coronary artery calcification
predicts future CVD events.['!! In patients with coronary artery
disease, elevated ALP has been associated with more severe
disease; the patients with diabetes in one such study had
high ALP levels.”) Hence, ALP, presumably its bone-specific
component, plays a role in vascular calcification in type 2
diabetes.

The mechanism by which BAP increases vascular calcification is
interesting. BAP is expressed in vascular smooth muscle cells.['”
Vascular smooth muscle cells release matrix vesicles which act
as anidus for vascular calcification. Some of these matrix-bound
vesicles have high concentrations of BAP, while some contain
calcification inhibitors including fetuin-A (non-calcifying
vesicles).I"¥) BAP increases calcification by several methods.
BALP inactivates polyphosphates which inhibit calcification,
especially pyrophosphate.[' Inhibition of osteopontin via its
dephosphorylation has also been proposed as a mechanism.[']
Further, BAP can hydrolyse organic phosphate esters to release
phosphate which is a substrate for calcification.!' The change
in the phosphate to pyrophosphate ratio in the vascular tissue
can lead to vascular calcification even if serum phosphate
levels are not elevated.!!”

Vitamin K also plays a role in vascular calcification.
A vitamin K-dependent protein called matrix GLA protein
is an inhibitor of vascular calcification.!"¥! Studies suggest
that vitamin K deficiency results in vascular calcification in
chronic kidney disease.l”? Vitamin K antagonists, used as
anticoagulant agents, can increase vascular calcification.!*”!
Vitamin K2 supplementation reduced vascular calcification
in animal studies, while in clinical studies, the results have
been mixed.?!**I High vitamin K2 intake may reduce the risk
of coronary artery disease and peripheral arterial disease.!>*2°!
The low vitamin K2 levels in the high ALP group in our

study may signify an increased predisposition to vascular
calcification.

In our study, fetuin-A was higher in the high ALP group,
although the difference was not statistically significant.
Fetuin-A is an inhibitor of vascular calcification and has
an inverse correlation with calcification in atherosclerotic
plaques.?” Low fetuin-A levels have been associated with
vascular calcification in dialysis patients. Fetuin-A inhibits
vascular calcification by two processes—firstly, it gets
incorporated into matrix vesicles of the vascular smooth
muscle cells and prevents their mineralization; secondly, it
acts systemically by binding to excess minerals and formation
of a fetuin—mineral complex. These fetuin—mineral complexes
contribute to the clearance of fetuin-A from circulation.®! If
we assume that high ALP is a surrogate marker for vascular
calcification, it would be logical to expect lower fetuin-A in
the group with high ALP. However, other explanations for
high fetuin-A levels also exist. Fetuin-A is also associated with
insulin resistance and atherosclerosis. High fetuin-A levels
are associated with an increased risk of diabetes mellitus.”!
Some studies have reported increased cardiovascular disease
risk with higher fetuin-A levels in patients with diabetes,
while the converse was true for those without diabetes.”
Diabetes mellitus patients with peripheral arterial disease had
higher fetuin-A than those who do not have the peripheral
arterial disease.B!! It is possible that fetuin-A is elevated
in atherosclerotic states and may reduce later as vascular
calcification progresses.

The present study did not find a significant difference in
leptin levels in the study groups. Leptin has been shown to be
involved in vascular calcification in mouse models. Vascular
cells treated with leptin in vitro, demonstrated an increase in
ALP activity with subsequent differentiation to osteoblastic
cells.??! Elevated leptin levels are associated with aortic
calcifications in humans.?*! In one study, plasma leptin levels
had a positive association with coronary artery calcification in
women.¥ Patients with diabetes had higher leptin levels and
greater vascular calcification in lower extremities as compared
to controls without diabetes in one study.’) However, in a
larger study with 906 participants biomarkers including leptin
did not have any association with coronary artery calcium.®
The role of leptin in vascular calcification, inflammation, and
insulin resistance is complex and requires further research.

Ankle—brachial index has been used as a surrogate marker
of vascular calcification and atherosclerosis.®” Our study
population is relatively young with female predominance (many
of which may be premenopausal); therefore, clinically
detectable vascular calcification may be less in this population.
Further, it is well recognized that South Asians are less likely to
develop peripheral arterial disease while simultaneously being
at a higher risk for coronary artery disease.*® This can explain
the lack of difference in ABI between the groups in our study.

It is now understood that type 2 diabetes mellitus may not
be a single disease but rather a conglomeration of multiple
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disorders. Novel subgroups of adult-onset diabetes mellitus,
each of which has a different long-term complication risk
profile, have been identified.’” Hence, it is safe to say that
certain patients with type 2 diabetes mellitus are more likely
to develop atherosclerosis as compared to the remainder.
This risk may further be modulated by environmental factors.
Once the atherosclerotic process has been initiated in at-risk
individuals, vascular calcification also starts. The elevation of
ALP, probably as a consequence of raised BAP, is a reflection
of this process. However, since vascular calcification is not a
sine qua non of atherosclerosis, all patients with atherosclerosis
may not have high ALP. But the presence of seemingly
unexplained ALP elevation could signal an underlying
atherosclerotic process.

The strength of this study is that it has brought back into focus
the unexplained elevations in ALP in type 2 diabetes, which
although known for decades, has not been studied recently. The
weaknesses of the study include the relatively small sample
size. The skewed distribution of results suggests that a larger
sample size might have yielded more conclusive results. We
did not take into account dietary factors which may influence
vitamin K levels. Since South Asians are more predisposed
to CAD rather than PAD, the use of coronary artery calcium
score instead of ABI would have yielded more precise results.

Unexplained elevations in ALP in type 2 diabetes and its
relationship with high BAP and some markers of vascular
calcification in an interesting finding are observed. Future
research can further elucidate if the severity of atherosclerosis
and the presence of atherosclerotic vascular disease can be
predicted by simple laboratory tests such as ALP and BAP. It
is possible that individuals with elevated ALP and BAP may
constitute a subgroup which is at a higher risk for ASCVD.
Hence, targeted screening or more intense primary preventive
measures can be instituted in these individuals. It is also
possible that other markers of vascular calcification such as
Vit K 2 may also be used for the same purpose. Considering
the significant mortality and morbidity due to macrovascular
disease in type 2 diabetes, more research in this area is
imperative.
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