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ARTICLE INFO                                         ABSTRACT 
 

 
 
 

Polycystic ovarian syndrome (PCOS) is a endocrine disorder characterized by irregular menstrual 
cycle, hyperandrogenism and polycystic ovaries.  It is been reported that there is strong association 
between PCOS and cardio-metabolic risk.  Cystatin C is non-glycosylated protein, acts as cysteine 
protease inhibitor and synthesized at a constant rate in all nucleated cells.  Cystatin C are strongly 
associated with cardiovascular risk and correlated with changes inflammatory biomarkers and reliable 
marker for assessment of renal function. This study was to evaluate cystatin C levels in the PCOS 
cases and to correlate with BMI, Waist circumference and lipid levels.  This cross-sectional study 
enrolled total of 108 women with PCOS and a group of 54 healthy volunteers as controls.  Body mass 
index (BMI/kg m2) and waist circumference (cm) were measured and evaluated the Cystatin C and 
lipid levels in patients with PCOS and controls as well.  Total cholesterol, triglyceride, LDL, and 
cystatin C levels were significantly higher and the HDL cholesterol levels were lower in comparison 
with healthy subjects (p < 0.05). We also found positive correlations between the cystatin C levels 
and BMI, Waist circumference, Total cholesterol and LDL levels in the PCOS patients.   As PCOS is 
associated with higher levels of cystatin C and recent studies have suggested a role for cystatin C in 
progression of cardiovascular disease and its complications. More research and clinical studies are 
needed on the precise role of cystatin C as a cardiovascular risk factor in PCOS and measures to be 
taken to reduce the overall cardiovascular risk. 
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INTRODUCTION 
 

Polycystic ovarian syndrome(PCOS) is a heterogeneous group 
of endocrine disorder characterized by irregular menstrual 
cycle, hyperandrogenism and polycystic ovaries, with 
prevalence of 6 to 15% of reproductive-age women.(1–3). In 
one of the study conducted in India, the prevalence of PCOS 
has been reported to be 9 to 11% (Mendeley - Prevalence of 
Polycystic Ovarian Syndrome in Indian Adolescents).The 
diagnosis of PCOS using Rotterdam criteria requires presence 
of two of the three following diagnostic features: Polycystic 
ovaries, Oligo/anovulation and/or Clinical or Biochemical 
evidence of hyperandrogenism (4). In recent years, many 
studies have reported a strong association between PCOS and 
cardiometabolic risk factors including obesity, insulin 
resistance, and dyslipidemia (2,3). Indeed, the incidence of 
PCOS is very high in overweight or obese women(5,6). 
Dyslipidemia in PCOS is characterized by elevated Total 
Cholesterol, Triglyceride (TG), low density lipoprotein 
cholesterol (LDL-C), very low density lipoprotein cholesterol 
(VLDL-C) and decreased high density lipoprotein cholesterol 
(HDL-C) (7).The clustering of these metabolic indices is 

implicated in the earlier onset and development of type 2 
diabetes and Cardiovascular disease(CVD)  in PCOS(8–12) . 
 

Cystatin C is non-glycosylated protein, acts as cysteine 
protease inhibitor and synthesized at a constant rate in all 
nucleated cells(13)(16).  Cystatin C has been proposed as a 
reliable marker for assessment of renal function, owing to its 
free filtration across glomerular capillaries, complete 
reabsorption by renal tubules, lack of tubular secretion and 
does not excrete in urine.(14,15)(10,11). 
 

Serum Cystatin C is correlated with changes in inflammatory 
biomarkers like fibrinogen, serum albumin, D-dimer, 
antithrombin III(16,17) and this shows strong association 
between Cystatin C and inflammation.  Inflammatory state 
contributes to development of atherosclerotic plaque, risk of 
plaque rupture and thrombotic complications(18).  
 

Obesity, increased BMI, higher waist circumference, and 
increased % of body fat are associated with high levels of 
serum cystatin C in normal healthy individuals(19,20). 
Cystatin C is highly expressed in human adipose tissue, 
equivalently in subcutaneous and omental fat depots. Adipose 

Article History: 
 

xxxxxxxxx 

 
 

Key words: 
 

PCOS, Cystatin C 



International Journal of Current Medical And Pharmaceutical Research, Vol. 6, Issue, 01(A), pp. xxx-xxx, January, 2020 

 

 4231

tissue expression of cystatin C is increased in obesity.  A 
graded association is existing between high BMI and elevated 
serum Cystatin C levels(19,21). This increase could arise from 
enlarged adipocytes and macrophages, which express cystatin 
C mRNA and infiltrate the adipose tissue in obesity (22). 
 

Cystatin C is strongly associated with cardiovascular risk, but 
its precise role in the development and progression of 
cardiovascular disease is not clearly understood(23,24). 
Studies suggest that cystatin C shows a stronger linear 
correlation with cardiovascular morbidity and mortality in 
comparison with serum level of creatinine (11).Elevated levels 
of Cystatin C have been shown to predict coronary heart 
disease, liver fibrosis, and stroke(8,25,26).  The purpose of this 
study was to evaluate cystatin C levels in the PCOS cases and 
to correlate with BMI, Waist circumference and lipid levels. 
 

MATERIALS AND METHODS 
 

Ethical statement 
 

This study was approved by the Human ethics committee, 
Mamata medical college and general hospital, Khammam, 
Telengana. Informed consent was obtained from each member 
before enrolling in the study. 
 

Study population and design 
 

This cross-sectional study enrolled total of 108 women with 
PCOS and a group of 54 healthy volunteers as controls at 
department of Obstrectics and Gynaecology unit of Mamata 
General Hospital and Shymala Hospital in the Khammam 
town, Telangana. The diagnosis of PCOS was made according 
to the 2003 Rotterdam criteria(4).  The subjects having 
Diabetes mellitus, hypertension, coronary heart disease and 
endocrine disorders were excluded. Alcoholics, smokers, 
pregnant women, subjects on vitamin supplementation and 
subjects with altered kidney function (random urinary protein 
>16mg/dl, serum creatinine >1.1mg/dl) are also excluded  
from the study. 
 

Body mass index (BMI/kg m2) and waist circumference (cm) 
were measured in each subject.  5 ml of blood sample was 
collected from the subjects as well as controls after overnight 
fasting (12hr) by venipuncture and then centrifuged; aliquots 
of serum were stored at -80oC until assayed. Total Cholesterol, 
Triglycerides and High-density lipoprotein (HDL) were 
measured using cholesterol oxidase/peroxidase, glycerol 
phosphate oxidase/peroxidase, and phospho-tungstate 
precipitation methods respectively. Low-density lipoprotein 
(LDL) was calculated using Friedewald formula. Serum levels 
of cystatin C were measured using Latex enhanced Immuno 
turbidimetry method.  
 

Statistical Analysis 
 

All values were expressed as mean ± SEM. The results 
obtained were analysed statistically using the unpaired 
student‘t’ test to evaluate the significance of difference 
between the mean values. Pearson’s correlation coefficient was 
used for correlation among variables. Differences were 
considered statistically significant at a level of P <0.05. 
 

RESULTS 
 

The mean BMI and waist circumference were increased in 
PCOS cases when compared to controls. Serum cholesterol, 
TG, LDL-C and cystatin C levels were higher and HDL 
cholesterol levels were lower in PCOS patients when 

compared with non PCOS controls. (Table 1). Cystatin C has 
shown positive correlation with obesity (BMI and waist), 
cholesterol and LDL-C. (Table 2) 
 

Table 1 Comparison of anthropometric and clinical parameters 
between healthy volunteers  and subjects with PCOS. 

 

Parameter 
Healthy Volunteers 

(n=54) 
PCOS 

(n=108) 
P-value 

BMI(kg/m2) 24.3 ± 0.7 24.2 ± 0.4 NS 
Waist(cm) 79.46 ± 1.3 82.11 ± 0.9 NS 

Cholesterol (mg/dl) 162.6 ± 4.4 189.1 ± 3.3 <0.0001* 
TG(mg/dl) 119.0 ± 4.5 147.9 ± 4.4 <0.0001* 

HDL(mg/dl) 41.81 ± 0.4 38.06 ± 0.4 <0.0001* 
LDL(mg/dl) 96.98 ± 4.2 122.1 ± 3.2 <0.0001* 

CystatinC (mg/L) 0.82 ± 0.02 1.10 ± 0.02 <0.0001* 
 

Values expressed as meanSEM.  NS - Not Significant; *statistically 
significant. 
 

BMI: Body mass index; TG-Triglycerides; HDL-High density 
lipoprotein; LDL-Low density lipoprotein 
 

Table 2 Pearson’s correlation with r-value (Cystatin C vs other 
parameters) 

 

Variable Cystatin c R 
BMI(Kg/m2) 0.529*** 
Waist(cm) 0.345*** 

Cholesterol(mg/dl) 0.261** 
TG(mg/dl) -0.119NS 

HDL-C(mg/dl) -0.124NS 
LDL-C(mg/dl) 0.292** 

 

**significant at 1% ***significant at 0.1%NS: Not significant 
 

BMI: Body mass index; TG-Triglycerides; HDL-High density 
lipoprotein; LDL-Low density lipoprotein 
 

DISCUSSION 
 

This study compared the levels of Cystatin C in PCOS patients 
and healthy volunteers and evaluated the correlation of 
Cystatin C with BMI, Waist circumference and lipid levels.  
Total cholesterol, triglyceride, LDL, and cystatin C levels were 
significantly higher and the HDL cholesterol levels were lower 
in comparison with healthy subjects (p < 0.05). We also found 
positive correlations between the cystatin C levels and BMI, 
Waist circumference, Total cholesterol and LDL levels in the 
PCOS patients.  
 

Cystatin C, an established serum marker of renal function is 
becoming acknowledged as a marker of elevated risk of death 
from cardiovascular complications, myocardial infarction and 
stroke(27).We found that serum cystatin C levels were 
significantly higher in PCOS women than controls and these 
results are in line with earlier study conducted by Mohammad 
Hossein et al (28). 
 

The increasing global prevalence of obesity may play a key 
role in promoting the development of PCOS in susceptible 
individuals. In addition, obesity aggravates preexisting 
clinical, hormonal and metabolic features in most women with 
PCOS(29,30). 
 

Dyslipidemia was observed in PCOS cases when compared 
with controls. The increase in mean cholesterol, TG and LDL-
C were more pronounced in obese women. Servais et al (31) 
showed that cystatin C level is significantly related with 
metabolic syndrome components like blood pressure, 
triglycerides and waist circumference. Recent studies have 
demonstrated increased cystatin C as independent risk factor 
for CVD, hypertension, atherosclerosis and stroke that may 
reflect an increased inflammatory statethat contributes to 
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atherosclerotic plaque vulnerability and a high risk of plaque 
rupture and thrombotic complications (18). In our study 
cystatin C has shown positive correlation with obesity (BMI 
and waist), cholesterol and LDL-C. 
 

CONCLUSION 
 

As PCOS is associated with higher levels of cystatin C and 
recent studies have suggested a role for cystatin C in 
progression of cardiovascular disease and its complications. 
More research and clinical studies are needed on the precise 
role of cystatin C as a cardiovascular risk factor in PCOS and 
measures to be taken to reduce the overall cardiovascular risk. 
This will supplement PCOS treatment and can help in 
minimizing future cardiovascular risk. 
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of  sepsis increases the possibility of  initiating timely and 
specific treatment.2

The clinical diagnosis of  sepsis and also assessing its 
severity is complicated due to non-specific and highly 
variable signs and symptoms. There are various biomarkers 
for assessing severity of  sepsis, prognostication, guiding 
antibiotic therapy, evaluating response to therapy, and 
predicting sepsis complication like organ dysfunction.3

Procalcitonin [PCT] has been considered as a better 
biomarker of  systemic inflammatory response to infection.4 
It is elevated in various severe infections and inflammations. 
However, the exact role of  PCT in various stages of  sepsis 
remains undefined.5 Moreover, the sequential organ failure 

INTRODUCTION

Sepsis is one of  the leading causes of  death in emergency 
medicine despite the use of  new antibiotics and advanced 
resuscitation therapies. Recent data have suggested that 
18 million of  new sepsis occurs each year with a mortality 
rate of  30%.1 Hence, early diagnosis in assessing the severity 
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was calculated for all the patients. The statistical analyzes were done using one-way ANOVA.

Results: Of 100 patients studied, there were 30 patients in sepsis group, 40 in severe sepsis group, and remaining 30 in septic 
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assessment (SOFA) score can assess the severity of  sepsis 
and multi-organ failure at the beginning of  sepsis and after 
48 h.6 Hence, the present study was conducted including 
both serum PCT levels and SOFA score in assessing the 
severity of  sepsis.

MATERIALS AND METHODS

The present cross-sectional observational study was carried 
out in a tertiary health care center at Telangana, India. 
A total of  100 patients were included in the study.

Inclusion Criteria
• The patients with age above 18 years
• Clinical diagnosis of  sepsis.

Exclusion Criteria
• Patients with acute inflammatory lesions, severe burns, 

heat stroke, and mesenteric embolism
• Patients on treatment with antibiotics and tumor 

necrosis factor-α inhibitors
• History of  recent surgeries, cardiac surgery, recent 

trauma
• Patients with malignant neoplasm.

Informed consent and ethical clearance were taken from 
the patient attendants. A detailed clinical history, general 
physical examination, and systemic examination of  the 
patients were carried out.

The study subjects were divided into three groups: 
(1) Sepsis, (2) severe sepsis, and (3) septic shock based on the 
American College of  Chest Physicians/Society of  Critical 
Care Medicine (ACCP/SCCM) consensus guidelines.5 
The presence of  organ dysfunctions (cardiovascular, 
neurological, respiratory, renal, hepatic, and coagulation) 
was assessed using a SOFA score (Table 1).7

Peripheral blood sample were collected from all the patients 
in sterile vacutainer and transported at room temperature to 
the central laboratory within 24 h of  collection (as per the 

laboratory directions). Serum PCT levels were estimated, 
and SOFA score was calculated for all the patients.

Serum PCT was measured by semi-quantitative rapid assay 
(BRAHMS PCT-Q). It is an immunochromatographic 
test using monoclonal mouse anti-calcitonin antibody 
conjugated with colloidal gold (tracer) and a polyclonal 
sheep anti-calcitonin antibody (solid phase).8

Statistical Analysis
The statistical analysis was done using mean, standard 
deviation, and ANOVA.

RESULTS

Of  the 100 patients studied, there were 30 patients in sepsis 
group, 40 in severe sepsis group, and remaining 30 belonged 
to septic shock group. The most common age group 
involved was 41-50 years (35.3%), 51-60 years (30%), and 
31-40 years (34.6%) in sepsis, severe sepsis, and in septic 
shock groups, respectively. Males were more frequently 
affected than females with male:female ratio being 1.7:1%.

In the present study, serum PCT was positive in 84% and 
negative in 16% of  the total study population (mean value 
20.38 ± 35.49 ng/ml). Among the groups, PCT was positive 
in 46.7% of  sepsis group, 100% in both the severe sepsis 
group and septic shock group (P < 0.001) (Table 2).

The SOFA score in the present study was analyzed between 
severe sepsis group and septic shock group based on SOFA 
score. The mean value of  SOFA score among the total 
group was 2.03 ± 2.97. In severe sepsis group, SOFA score 
was 1.23 ± 1.29 while in septic shock group, the SOFA 
score was 5.92 ± 3.96. The mean levels of  SOFA score 
were statistically significant for the diagnosis of  severe 
sepsis and septic shock (P < 0.001*) (Table 3).

In our study among the three groups, the overall mortality 
was 50%. It was 3.3% in sepsis, 60% in severe sepsis, 
and 83.3% in septic shock group (Table 4). Mean serum 

Table 1: SOFA score
SOFA score 0 1 2 3 4
Respiratory: PaO2/FiO2 > 400 ≤400

221-300
≤300

142-220
≤200

67-141
≤100
<67

Hematology: Platelet count [103/mcL] >150 ≤150 ≤100 ≤50 ≤20
Hepatic: Bilirubin (mg/dL) <1.2 1.2-1.9 2.0-5.9 6.0-11.9 >12.0
Cardiovascular: Hypotension No 

Hypotension
MAP<70 mmHg Dopamine ≤5a 

or dobutamine 
(any dose)

Dopamine >5a or 
epinephrine ≤0.1a or 
norepinephrine ≤0.1a

Dopamine >15a or 
epinephrine >0.1a or 
norepinephrine >0.1a

Renal: Creatinine (mg/dL) <1.2 1.2-1.9 2.0-3.4 3.5-5.9; urine 
output ≤500 mL/day

>5; urine 
output <200 mL/day

Neurologic: Glasgow coma scale score 15 13-14 10-12 6-9 <6
SOFA: Sequential organ failure assessment, PaO2: Arterial oxygen tension, FiO2: Fractional inspired oxygen, MAP: Mean arterial pressure, aAdrenergic agents administered for 
at least 1h (doses given are in µg/kg/min)
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PCT levels in patients who succumbed to death were 
43.78 ng/ml and patients who survived had 6.22 ng/ml.

DISCUSSION

Sepsis is a complex chain of  events involving cell-mediated 
and humoral immunity, inflammatory and anti-inflammatory 
reactions, and also circulatory disturbances.9 It has become 
a common problem in intensive care units of  healthcare 
and also responsible for mortality and morbidity of  the 
elderly population. Martin et al.10 reported that sepsis more 
frequently occurred in men, which was similar with our study. 
The probable reason could be that men have more exposure 
to various environmental conditions and stress factors.

The diagnosis of  sepsis remains a challenge, as both 
clinical and standard laboratory tests are not very much 
helpful. Based on ACCP/SCCM criteria, the most 
common observed group was severe sepsis group with 
40% followed by sepsis group and septic shock group 
(30% each). Furthermore, the microbiological assessment 

appears unreliable because of  many negative culture results. 
However, a multitude of  potential biomarkers has been 
used in clinical studies.11 Indeed, a few biomarkers have 
been assessed for their ability to distinguish septic patients 
from non-septic patients. Among the various biomarkers, 
PCT has been extensively used for diagnosis of  sepsis but 
not for the severity of  sepsis.4 Hence, the present study 
was conducted to know the role of  serum PCT in assessing 
the severity of  sepsis. Previous documented reports 
suggest that raised PCT levels can be observed in trauma12 
and major surgery13 and cardiac surgery.14 Therefore, we 
excluded these patients in our study.

Harbarth et al.15 and Brunkhorst et al.16 reported high levels 
of  PCT among severe sepsis and septic shock group. In the 
present study, we observed increased serum PCT levels in 
84% of  the total study population. There was a significant 
statistical association for PCT between the severe sepsis 
and septic shock groups (P < 0.001).

Although, a small amount of  PCT is found in the peripheral 
circulation of  healthy subjects, they are increased in 
infectious, non-infectious, and inflammatory conditions.17 
These various conditions release pro-inflammatory 
mediators (e.g., interleukin-1β, interleukin-6, and tumor 
necrosis factor-α) either by direct pathway (induced 
by lipopolysaccharides or toxins released by microbes) 
or indirect pathway (cell-mediated response). The pro-
inflammatory mediators further may stimulate monocytes 
and can induce calcitonin mRNA expression in the non-
neuroendocrine cells to release unprocessed PCT. Since, 
there are no specific storage secretory granules for PCT; 
the unprocessed PCT is released into the plasma resulting 
in increased PCT levels.18 Thus, PCT appears to possibly 
aid in assessing the severity of  sepsis, and also can support 
in predicting the prognosis of  sepsis.

In the present study, SOFA score was increased among 
severe sepsis and septic shock groups (P < 0.001). Similar 
results were also observed by studies conducted by Bale 
et al.7 and Moreno et al.19 Among the three groups, mortality 
was high in septic shock group (83.3%) followed by severe 
sepsis group (60%). Thus, increased SOFA scores reflect the 
poor functioning of  the organ systems during the course 
of  severe sepsis and septic shock groups, mostly in non-
surviving patients. Therefore, SOFA score can be a better 
predictor of  mortality and also assess the severity of  sepsis.

CONCLUSION

Serum PCT levels and SOFA score were significantly elevated 
in patients with severe sepsis and septic shock indicating their 
utility in predicting the severity of  sepsis. Moreover, early 
identification of  severity can prevent the fatal outcome of  

Table 2: Association of PCT with Diagnosis in 
patients studied
Procalcitonin Sepsis Severe 

sepsis
Septic 
shock

Total

≤1 16 (53.3%) 0 (0%) 0 (0%) 16 (16%)
1-10 14 (46.7%) 19 (47.5%) 0 (0%) 33 (33%)
10.1-50 0 (0%) 21 (52.5%) 23 (76.7%) 44 (44%)
50.1-100 0 (0%) 0 (0%) 3 (10%) 3 (3%)
>100 0 (0%) 0 (0%) 4 (13.3%) 4 (4%)
Total 30 40 30 100
Mean±SD 1.50±1.95 13.49±9.69 55.66±54.61 20.38±35.49
Variation between groups: F statistics: 26.57, df: 2, P value: 0.001*, SD: Standard 
deviation, PCT: Procalcitonin

Table 3: Association of SOFA score with diagnosis 
in patients studied
SOFA 
score

Sepsis Severe 
sepsis

Septic 
shock

Total

0 30 (100%) 19 (47.5%) 0 (0%) 49 (49%)
1-5 0 (0%) 21 (52.5%) 15 (50%) 36 (36%)
6-10 0 (0%) 0 (0%) 12 (40%) 12 (12%)
>10 0 (0%) 0 (0%) 3 (10%) 3 (3%)
Total 30 40 30 100
Mean±SD 0 1.23±1.29 5.92±3.96 2.03±2.97
Variation between groups: F statistics: 81.75, df: 2, P value: 0.001*, SOFA: Sequential 
organ failure assessment, SD: Standard deviation

Table 4: Association of outcome with diagnosis in 
patients studied
Outcome Sepsis Severe sepsis Septic shock Total
Death 1 (3.3%) 24 (60%) 25 (83.3%) 50 (50%)
Recovery 29 (96.7%) 16 (40%) 5 (16.7%) 50 (50%)
Total 30 40 30 100
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sepsis. Therefore, Serum PCT levels with SOFA score can 
be considered as helpful indicators in assessing the severity 
of  sepsis and outcome of  sepsis complications.
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