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Abstract 
Introduction: Metabolic syndrome (MetS) is a multifactorial disorder characterized by central obesity, 
dyslipidemia, hypertension, insulin resistance, and a pro-inflammatory state. Recent studies have identified 
serum alkaline phosphatase (ALP) as a potential biomarker associated with chronic low-grade inflammation and 
cardiometabolic risk. However, limited data is available on the correlation between ALP and metabolic 
syndrome in the Indian population. This study aims to investigate the association between serum ALP levels and 
metabolic syndrome, and its relationship with anthropometric and biochemical parameters. 
Methods: This comparative cross-sectional study was conducted at a tertiary healthcare center over a two-
month period. A total of 120 adult participants were enrolled 60 with metabolic syndrome (cases) and 60 
healthy individuals (controls). Anthropometric measurements including BMI and waist circumference, along 
with blood pressure, lipid profile, CRP, and serum ALP levels were recorded. Blood samples were collected 
after a 12-hour fast and analysed using standard laboratory techniques.  
Results: Patients with metabolic syndrome exhibited significantly higher ALP levels (111.0 IU/L) compared to 
controls (79.8 IU/L, p<0.001). CRP levels were markedly elevated in cases (median: 12.6 mg/L) versus controls 
(1.4 mg/L, p<0.001). Significant differences were also observed in waist circumference (102.25 cm vs. 84.27 
cm), BMI (28.3 vs. 22.0), total cholesterol (174.6 mg/dl vs. 148.1 mg/dl), triglycerides (129.5 mg/dl vs. 97 
mg/dl), LDL (113.5 mg/dl vs. 80.2 mg/dl), and HDL (41.2 mg/dl vs. 46.2 mg/dl). Glycaemic parameters were 
elevated in cases, with FBS and PPBS averaging 165.4 mg/dl and 198.7 mg/dl, respectively. 
Discussion: The study establishes a significant association between elevated serum ALP levels and metabolic 
syndrome, supporting its role as a marker of low-grade inflammation, insulin resistance, and visceral obesity. 
Findings align with existing literature indicating a link between ALP, dyslipidaemia, and inflammation. Given 
its accessibility and cost-effectiveness, ALP could serve as a practical biomarker for early identification of 
individuals at risk for metabolic syndrome, especially in primary care settings. 
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Introduction 

Human alkaline phosphatases can be categorized 
into at least four isoenzyme forms specific to 
tissues, based on the tissue being expressed, known 
as placental alkaline phosphatase, intestinal 
alkaline phosphatase (IALP), liver/bone/kidney 
alkaline phosphatase, and germ cell ALP1.  

Serum ALP levels are frequently utilized for 
diagnosing diseases, with the tissue-non-specific 
isoforms serving as indicators of bone and liver 
pathologies. [2] The metabolic syndrome appears 
to encompass three possible etiological categories: 
obesity and adipose tissue disorders; insulin 
resistance; and a range of independent factors (such 

as molecules derived from hepatic, vascular, and 
immunologic sources) that influence specific 
elements of the metabolic syndrome. Additional 
elements—aging, a proinflammatory state, and 
hormonal fluctuations—have also been suggested 
as contributing factors. [3] Inflammation plays a 
role in the onset of metabolic syndrome. [4]  

Serum alkaline phosphatase (ALP) has recently 
been recognized as a biomarker for chronic low-
grade inflammation and cardio metabolic diseases. 
ALP activity and fat accumulation in cells indicate 
that ALP is crucial for fat build up in human 
preadipocytes isolated from abdominal fat and 
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mammary gland adipose tissue[5]. ALP facilitates 
the transformation of preadipocytes into 
adipocytes.  

Inhibitors of tissue non-specific alkaline 
phosphatase can prevent adipogenesis in humans 
by downregulating Alpl, the gene responsible for 
coding alkaline phosphatase - tissue nonspecific 
alkaline phosphatase. This results in heightened 
expression of adipokines and adiponectin, 
consequently leading to greater insulin resistance 
[10, 12] Therefore, an increase in ALP leads to a 
decrease in adiponectin levels, resulting in insulin 
resistance [11].  

A positive correlation exists between ALP, CRP, 
and visceral body mass. Therefore, an increase in 
ALP levels is accompanied by a rise in CRP and 
visceral body mass. The research carried out by 
Kim et al. aimed at investigating the relationship 
between serum ALP levels and metabolic 
syndrome (MetS) demonstrated that ALP was 
positively and independently correlated with 
metabolic syndrome in both men and women, even 
after controlling for potential confounding factors. 
Additionally, increased activity and higher levels of 
alkaline phosphatase were associated with the onset 
of obesity. [6-8] 

Only a limited number of studies have been done 
on the Indian population regarding alkaline 
phosphatase and metabolic syndrome. This 
research was carried out to determine the 
relationship between serum alkaline phosphatase 
and metabolic syndrome.  

This cross-sectional study was conducted at a 
tertiary healthcare facility with the permission of 
patients with metabolic syndrome who visited for 
routine check-ups over a period of 2 months. The 
primary aim of this research was to investigate the 
relationship between ALP and metabolic syndrome 
by comparing ALP activity against waist 
circumference, BMI, lipid profile, CRP, and blood 
glucose levels.  

The primary motivation for this research is the 
limited number of studies connecting ALP and 
metabolic syndrome in India. This research was 
carried out to determine the relationship between 
ALP and metabolic syndrome.  

In this time, a swift increase of metabolic syndrome 
is observed. Metabolic syndrome raises the 
likelihood of developing type 2 diabetes mellitus 
and ischemic heart disease multiple times. From 
this study, we discovered that ALP is also a factor 
linked to metabolic syndrome, and there exists a 
positive correlation between ALP and CRP; 
therefore, it serves as a marker of low-grade 
inflammation in metabolic syndrome. This study 
was conducted to compare the alkaline phosphatase 
levels with lipid profile and CRP in persons with 

normal BMI and persons with overweight and to 
find out association of alkaline phosphatase with 
metabolic syndrome. 

Materials and Methodology 

This is a comparative cross sectional study which 
was done in a tertiary health care centre and was 
conducted in a population of 60 people taken as 
control, were those who came to the hospital for 
master health check-up and 60 people were those 
who came to blood collection centre and were 
taken as cases. 

Adults over 18 years who attended OP in a fasting 
condition and individuals with a BMI greater than 
25 were part of the study. Children and adolescents 
under 18 years old, those with osteoporosis, a 
cancer history, renal, respiratory, rheumatologic, 
hepatobiliary diseases, AST levels exceeding 80 
U/L or ALT levels above 80 U/L, leukocyte counts 
over 10,000/μL, missing ALP data, or a history of 
hormone replacement therapy were excluded. The 
duration of the study lasted for 2 months.  

This research was conducted after obtaining ethical 
clearance from the institutional committee and 
informed consent from the patients; pertinent 
information was gathered using a structured 
proforma. Current information about the participant 
and a concise history of ongoing and previous 
illnesses was gathered. A thorough clinical 
examination was performed.  

Body weight and height were measured to the 
closest 0.1 kg and 0.1 cm, respectively. BMI is 
determined by dividing weight in kilograms by 
height in meters squared (kg/m²).  

Digital blood pressure monitor recorded systolic 
and diastolic pressure. Waist circumference, a 
reliable measure of visceral fat, was recorded to the 
nearest 0.5 cm with a steel tape, Waist 
circumference is measured using tape measure at 
the level of navel. 

Following sterile procedures, a 4ml blood sample 
for serum and a 2ml blood sample for CBC were 
collected from the antecubital vein after fasting 
overnight for 12 hours, and the serum was 
separated. The blood and serum specimens were 
examined using a CBC analyzer and a fully 
automated chemistry analyzer (Erba XL 640).  

The gathered data was inputted into Microsoft 
version 13, and the analysis was conducted with the 
SPSS statistical package for social sciences version 
16. Continuous variables were represented as mean 
and standard deviation, while median and 
interquartile range were utilized for variables that 
did not follow a normal distribution. The 
categorical variables were expressed as frequencies 
and percentages .the association of cases and 
control for the categorical variable were done 
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using chi square test. The association for 
continuous variables were done using unpaired 
student T test , Mann Whitney U test was used in 
case of the continuous variables when not 
normally distributed the results were expressed in 
terms of tables and graphs 

Results 

The study comprised a total of 120 subjects, 
divided into cases with metabolic syndrome (60 
patients) and controls (60 patients). Among patients 
with metabolic syndrome, 53 were over 40 years of 
age, while 7 were under 40 years. In the control 
group, only 12 patients were over 40 years, with 
the majority (48 patients) being under 40 years. 
Gender distribution revealed that 60% of cases 
were females and 40% were males, whereas the 

control group had an equal distribution of both 
genders. 

Significant differences were observed in the 
anthropometric measurements between the two 
groups. Patients with metabolic syndrome 
demonstrated substantially higher waist 
circumference with a mean of 102.25 cm (95% CI: 
98.22-106.78) compared to controls who had a 
mean of 84.27 cm (95% CI: 82.61-85.84). This 
difference was statistically significant (p=0.001).  

Similarly, BMI values were markedly elevated in 
the metabolic syndrome group with a mean of 28.3 
(95% CI: 27.8-28.9) versus 22.0 (95% CI: 21.5-
22.4) in the control group. This difference was 
highly significant (p<0.001), indicating substantial 
weight-related disparities between the groups. 

 
Table 1:  The distribution of waist circumference and BMI 

 Cases Control 
S. No. Parameter Mean SD Mean SD 
1 Waist circumference (cm) 102.25 17.05 84.27 6.25 
2 BMI 28.3 2.3 22.0 1.9 
 
Liver Function and Inflammatory Markers 

Alkaline phosphatase (ALP) levels were 
significantly higher in cases (mean 111.0 IU/L; 
95% CI: 102.6-120.9) compared to controls (mean 
79.8 IU/L; 95% CI: 75.6-83.8), with p<0.001. This 
suggests potential differences in liver function or 
bone metabolism between the groups. C-reactive 

protein (CRP), an inflammatory marker, showed 
pronounced elevation in the metabolic syndrome 
group with a median of 12.6 mg/L (95% CI: 9.4-
17.1) compared to controls with a median of 1.4 
mg/L (95% CI: 1.0-2.4). The statistical significance 
(p<0.001) highlights the inflammatory component 
associated with metabolic syndrome. 

 
Table 2: Biochemical Parameters 

  Cases Control 
S. No. Parameter Mean SD Mean SD 
1 ALP (IU/L) 111.0 36.1 79.8 16.3 
2 CRP (mg/L) 12.6 5.25 1.4 0.7 
3 Total Cholesterol (mg/dl) 174.6 34.7 148.1 24.1 
4 Triglycerides (mg/dl) 129.5 94.2 97 90.0  
5 HDL (mg/dl) 41.2 6.3 46.2 11.1 
6 LDL (mg/dl) 113.5 29.7 80.2 9.8 
 
The lipid profile parameters revealed consistent 
abnormalities in the metabolic syndrome group. 
Total cholesterol was elevated in cases (mean: 
174.6 mg/dl; 95% CI: 166.1-183.1) versus controls 
(mean: 148.1 mg/dl; 95% CI: 142.0-154.1), with 
p<0.001. 

Triglycerides were also significantly higher in the 
metabolic syndrome group with a median of 129.5 
mg/dl compared to 97 mg/dl in controls (p<0.001). 
The distribution of triglycerides was noted to be 
non-normal in both groups. 

HDL cholesterol, which is considered protective, 
was lower in cases (mean 41.2 mg/dl; 95% CI: 
39.6-42.8) compared to controls (mean 46.2 mg/dl; 
95% CI: 43.4-49.0), with p=0.004. This inverse 
relationship aligns with the typical dyslipidemic 
pattern observed in metabolic syndrome. 

LDL cholesterol levels were markedly higher in 
cases (mean 113.5 mg/dl; 95% CI: 106.2-120.8) 
versus controls (mean 80.2 mg/dl; 95% CI: 77.8-
82.8), with p<0.001, further confirming the 
dyslipidaemia profile in metabolic syndrome.

Table 3: Distribution of blood glucose levels among cases and control 
Sl. No. Parameter Mean  SD  
1 RBS (mg/dl) in Controls 99.4  18.4  
2 FBS (mg/dl) in Cases 165.4  20.5  
3 PPBS (mg/dl) in Cases 198.7  26.7  
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The glycemic parameters showed distinct 
differences between the groups.  

For controls, only random blood sugar (RBS) was 
measured, with a mean of 99.4 mg/dl (95% CI: 
94.9-103.9), which falls within the normal range 
(80-120 mg/dl). In contrast, cases had both fasting 
blood sugar (FBS) and postprandial blood sugar 

(PPBS) measurements. The mean FBS in cases was 
165.4 mg/dl (95% CI: 160.1-170.3), and mean 
PPBS was 198.7 mg/dl (95% CI: 192.3-205.4).  

These elevated values clearly indicate 
hyperglycemia in the metabolic syndrome group, 
consistent with the diagnostic criteria for this 
condition. 

 
Table 4: Comparison of Mean Values 

Sl. No. Parameter Test statistics P value*** 
1 Waist circumference 17.98 0.001 
2 BMI* 16.45 <0.001 
3 ALP (IU/L)* 8.527 <0.001 
4 CRP**(mg/L) 417 <0.001 
5 Total Cholesterol (mg/dl)* 4.898 <0.001 
6 Triglycerides (mg/dl)** 1110 <0.001 
7 HDL (mg/dl)* -2.926 0.004 
8 LDL (mg/dl)* 8.279 <0.001 
 
There was significant difference among the cases 
and control in terms of waist circumference, BMI, 
ALP, CRP, total cholesterol, triglycerides, HDL 
and LDL. 

Discussion 

In this cross-sectional comparative study, we 
examined the relationship between serum ALP and 
metabolic syndrome in individuals visiting a 
tertiary care facility. This research was conducted 
following approval from the ethical committee of 
the institution and obtaining informed consent for 
the study, with relevant data gathered using a 
structured Proforma. The current information about 
the participant and a concise history of their current 
and previous illnesses were also gathered. A 
thorough clinical examination was performed.  

BMI was determined by dividing weight in 
kilograms by the square of height in meters (kg/m²) 
and served as an estimate of total body fat. Waist 
circumference, a reliable measure of visceral fat, 
was recorded to the nearest 0.5 cm with a steel tape 
[9].  

In individuals with metabolic syndrome, ALP, total 
cholesterol, triglycerides, LDL cholesterol and 
CRP levels were significantly elevated compared to 
those in the control group. HDL cholesterol levels 
were reduced in individuals with metabolic 
syndrome. The comparison of ALP and CRP 
showed a significant link to fasting hyperglycemia.  

The research carried out by Kim et al. to investigate 
the relationship between serum ALP levels and 
metabolic syndrome (MetS) demonstrated that ALP 
was positively and independently linked to 
metabolic syndrome in both men and women after 
controlling for possible confounding factors. 
Increased activity and elevated alkaline 
phosphatase levels were associated with the onset 

of obesity. [8] within the elements of metabolic 
syndrome, hypertriglyceridemia and diminished 
HDL cholesterol were observed to rise significantly 
in correlation with ALP levels among 14,224 
Korean participants. [7] Our research presented 
comparable results.  

CRP was linked to the risk of developing 
abdominal obesity, while ALP was connected to 
the emergence of elevated triglycerides and 
decreased HDL. Insulin resistance plays a role in 
the link between serum ALP and metabolic 
syndrome, along with ongoing low-grade 
inflammation. [9] 

They discovered that serum ALP levels had an 
inverse relationship with adiponectin levels, which 
are closely linked to the onset of type 2 diabetes 
and hypertension. [14] Silencing the ALPL gene 
lowered leptin expression, a hormone crucial for 
systemic signaling in adipocytes and insulin 
resistance. [11] A rise in Tissue non-specific 
Alkaline phosphatase levels contributes to insulin 
resistance by elevating leptin levels and decreasing 
adiponectin levels, either directly or indirectly. 
Additionally, elevated ALP activity encourages 
lipolysis, linked to insulin resistance due to higher 
levels of free fatty acids. [12]  

Two earlier studies concerning metabolic syndrome 
and ALP indicated that low HDL-C and high 
triglycerides, as components of metabolic 
syndrome, had a significant association with ALP 
[8, 13]. Our findings align with these studies. 
Furthermore, in contrast to lipid profile, ALP 
serves as a cost-effective marker and can be 
obtained regardless of the patient's fasting status 
during standard clinical evaluations. As a result, 
healthcare providers might identify insulin 
resistance or metabolic syndrome through the 
observation of increased ALP levels. [7] 
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In this cross-sectional study carried out at our 
hospital, we discovered that serum ALP activity 
has a positive correlation with metabolic syndrome 
after accounting for the confounding variables. The 
outcomes achieved were favorable, as ALP activity 
in fat tissue enhances lipolysis linked to insulin 
resistance. Insulin resistance plays a role in linking 
serum ALP to metabolic syndrome because of the 
longstanding low inflammatory characteristics of 
alkaline phosphatase.  

Only a small number of studies have been carried 
out in the Indian population regarding alkaline 
phosphatase activity in relation to metabolic 
syndrome. A constraint of this research is that it is 
carried out in a limited population.  

Conclusion: 

This comprehensive analysis demonstrates that 
patients with metabolic syndrome exhibit 
significant abnormalities across multiple 
parameters compared to controls. Specifically, they 
show increased waist circumference, elevated BMI, 
higher levels of ALP, CRP, total cholesterol, 
triglycerides, and LDL, alongside reduced HDL 
levels. These findings collectively reflect the 
multifaceted nature of metabolic syndrome, 
encompassing central obesity, dyslipidemia, 
inflammation, and dysglycemia. The statistically 
significant differences across all measured 
parameters underscore the distinct 
pathophysiological state that characterizes 
metabolic syndrome and highlights the importance 
of addressing these multiple abnormalities in 
clinical management. ALP is an economical 
marker and can be used along with BMI, waist 
circumference, fasting blood glucose and CRP to 
predict the development of abdominal obesity and 
metabolic syndrome. And it can be done in a 
primary health centre level at risk individuals to 
prevent the development of metabolic syndrome. 
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