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Abstract

Introduction

 Type 2 diabetes mellitus (DM) is one of the leading 
non-communicable causes of death in the Philippines and 
the number of people being diagnosed with type 2 DM is 
growing with a prevalence of 5.4%.1,2 Complex mechanisms 
are involved in the pathogenesis of type 2 DM. This involves 
an interplay of genetic and environmental risk factors which 
contribute strongly to the development of insulin resistance, 
as well as β-cell failure.3 Uncontrolled diabetes mellitus can 
lead to microvascular and macrovascular complications like 
diabetic retinopathy, nephropathy, neuropathy, myocardial 
infarction, hypertension and peripheral arterial disease.4

 Insulin resistance has been considered to have an 
important role in the pathogenesis of type 2 DM and an 
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increase in body fat is generally associated with an increase 
in risk of metabolic diseases.5,6 An established risk factor for 
developing type 2 DM is excess weight and most patients 
with type 2 DM are obese.7 Also, the risk of developing type 2 
DM for individuals who were overweight or obese was about 
1.5 to five times higher than for individuals with normal body 
mass index (BMI).8 It must be noted that BMI is a powerful 
and modifiable risk factor for diabetes.9

 Since insulin resistance is involved in DM, the quantification 
of insulin secretion and insulin sensitivity are important in the 
assessment of beta-cell function in diabetes. The gold-
standard methods for evaluation are the hyperglycemic and 
euglycemic-hyperinsulinemic clamp, but these tests are time 
consuming, expensive and require trained personnel. Other 
methods used to evaluate insulin secretion and sensitivity 
include surrogate markers derived from basal measurements 
(such as homeostasis model assessment (HOMA) indexes), 
fasting insulin and C-peptide; and oral stimulation tests (with 
glucose or mixed meals), intravenous stimulation tests (with 
glucose, glucagon or arginine).10
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Introduction: Type 2 diabetes mellitus (DM) is one of 
the leading non-communicable causes of death in the 
Philippines with a prevalence of 5.4% and its pathogenesis 
includes insulin resistance correlated with excess weight and 
BMI. Asian-based studies have shown that serum C-peptide 
is strongly associated with newly diagnosed diabetes and 
has a linear increasing trend with BMI, hence, this  study  
aimed  to  determine  the  correlation of body mass index 
(BMI) with fasting C-peptide levels in Fil ipino patients 
with newly diagnosed type 2 DM. Also, to determine the 
correlation of fasting C-peptide, markers of insulin secretion 
and sensitivity (Homeostasis Model Assessment of beta cell 
function and insulin resistance: HOMA-IR, HOMA-B) with 
other metabolic parameters in newly diagnosed diabetics: 
waist circumference, HbA1C, fasting blood sugar (FBS), 
lipid profile.

Methods: This cross-sectional study included 35 treatment 
naïve, newly diagnosed type 2 DM Filipino patients evaluated 
with anthropometric measurements, fasting C-peptide, 
and other metabolic parameters. The correlations among 
fasting C-peptide, BMI, waist circumference, FBS, HbA1c, 

lipid profile, HOMA-IR, and HOMA-B were determined using 
Pearson correlation.

Results: A significant positive relationship were observed 
between BMI and HOMA-IR(r=0.335); C-peptide and waist 
circumference (r=0.363); C-peptide and HOMA-B(r=0.357); 
HOMA-IR and C-peptide (r=0.892); HOMA-IR and waist 
circumference (r=0.438); HOMA-IR and triglycerides (r=0.543). 
HOMA-B was negatively correlated with FBS and HbA1C (r=-
0.771, and r=-0.641, respectively). No correlation was seen 
between BMI and C-peptide (p=0.61).

Conclusion:  Body mass index (BMI) is not correlated 
with fasting C-peptide levels in newly diagnosed type 2 
DM Filipino patients. The positive relationship between 
C-peptide, waist circumference, and HOMA-IR merits further 
evaluation with larger studies.
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 C-peptide can be used to compute for the HOMA 
indices. It is a pancreatic peptide of about 31 residues and 
is the middle segment of proinsulin. Equimolar insulin and 
C-peptide are released on proteolytic cleavage of proinsulin. 
C-peptide immunoassay has been used to assess pancreatic 
beta cell function in diabetic patients with circulating insulin 
antibodies or exogenous insulin. The half-life of C-peptide is 
30 minutes, almost eight times that of insulin which makes it 
a more stable parameter in assessing insulin secretion and 
sensitivity.11 Recent studies have suggested that C-peptide is 
not only a marker of beta cell function but is also biologically 
active. C-peptide increases glucose utilization when studied 
on type 1 diabetic patients.12

 In a study done in Thailand, it showed that fasting serum 
insulin and C-peptide levels progressively increased from 
normal subjects to the diabetic subjects. Serum C-peptide 
was also more strongly associated with newly diagnosed 
diabetes than insulin, and was an independent factor 
associated with newly diagnosed diabetic subjects.13 While 
in China, they found that fasting C-peptide showed linear 
increasing trend while HbA1C showed decreasing trend with 
BMI. They also saw that underweight patients had the lowest 
C-peptide and highest HbA1C while overweight patients 
had the highest C-peptide, blood pressure, triglyceride but 
lowest HbA1C levels.14 Interestingly, a study done in Denmark 
showed that C-peptide concentrations below 0.4 nmol/L 
would predict insulin dependence on patients who are 
already on oral hypoglycemic agents.15  

 The correlation of BMI and C-peptide has been 
mentioned in previous studies in other countries but there 
are no local studies yet. This study aims to answer if BMI is 
correlated with fasting C-peptide levels in Filipinos, newly 
diagnosed with type 2 DM. Taking into consideration that the 
pathophysiology of type 2 DM involves BMI, insulin sensitivity 
and insulin resistance, this study would help improve the 
knowledge on BMI, beta-cell function, insulin resistance 
and severity of diabetes in newly diagnosed Fi l ipino 
patients and help in the decision on the treatment of these 
patients. We would also want to determine if BMI could be 
a surrogate marker for insulin resistance in place of the more 
expensive C-peptide test. This study could also be used as 
a reference for future research on correlating C-peptide 
levels with initiation of insulin treatment and development 
of complications on this subset of patients.

The general objective of this study is to determine the 
correlation of BMI with fasting C-peptide levels in patients 
with newly diagnosed type 2 DM. Specifically, this study 
aimed:
1. To determine the correlation of fasting C-peptide 

with other metabolic parameters in newly diagnosed 
diabetics: waist circumference, HbA1C, FBS, lipid profile, 
HOMA-IR, HOMA-B.

2. To determine the correlation of insulin secretion and 

sensitivity (HOMA-B, HOMA-IR) with waist circumference, 
HbA1C, FBS, lipid profile.

Methods

Study design and subjects

 This was a cross-sectional study approved by the 
Institutional Review Board and Institutional Ethics Review 
Committee of St. Luke’s Medical Center (SLMC), Quezon 
City that included 35 treatment-naïve, newly diagnosed 
type 2 DM Filipino patients seen at both the private clinics 
and social service out-patient department of SLMC, 
Quezon City, Philippines from August 2016-January 2017. 
Endocrinologists, fellows-in-training and medical residents 
informed the researchers on potential participants then 
they were screened during out-patient visit, and asked to 
participate in the study based on the inclusion and exclusion 
criteria. Patients were included if they are adults (age more 
than 18 years old) and newly diagnosed patients who 
matched the American Diabetes Association (ADA) criteria16 
for the diagnosis of type 2 DM within three months who are 
also medication-naïve. They were excluded if the patients 
were on anti-diabetic medications for other indications; on 
steroid therapy; pregnant; with active infection; with chronic 
kidney disease stage three, four and five (eGFR <60), since 
there was higher levels of C-peptide compared to those 
with stage one and two disease17; and with history of liver 
disease since liver disease can cause alteration in levels of 
C-peptide particularly in cirrhotic patients.18 The subjects 
were recruited by consecutive sampling. 

 All participants signed the informed consent voluntarily 
after thorough explanation on the nature of the research; 
objectives, risks, and expected benefits to participation. 
Par t ic ipants  were in terv iewed by the researcher . 
Demographic information was collected, as well as medical 
history and other related diseases, they then underwent a 
physical examination. Height, weight, waist circumference, 
and blood pressure were measured by the researcher using 
the weighing scale, tape measure and sphygmomanometer 
of the diabetes, thyroid and endocrine center at SLMC, 
Quezon City.

Laboratory analysis

 Blood samples were collected and processed by the 
pathology department at SLMC, Quezon City. Complete 
blood count was measured by electrical impedance using 
the Sysmex XN-3000. Fasting blood sugar was measured 
by hexokinase method using Dimension RXL Max with 
versacell. Creatinine, lipid profile and SGPT were measured 
using the same machine. C-peptide was measured by 
chemiluminescence using Architect 1000ISR. HbA1C was 
measured by HPLC using Biorad Variant II Turbo. HOMA-B 
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and HOMA-IR were computed using an online calculator 
downloaded from the University of Oxford website: https://
www.dtu.ox.ac.uk/homacalculator/. 

 No further fol low-up was required after al l  data 
collection and laboratory extraction. Patients proceeded 
with their regular check-up or follow-up with their respective 
physicians.
 
Sample size calculation

 Sample size was computed using piface program for 
linear regression. Given a correlation of 0.488, and assuming 
SD of one and error SD of one, 35 subjects were needed to 
achieve 80% power at 0.05 alpha.

Statistical analysis

 Descriptive statistics was used to characterize the 
study population. Data were expressed as percentage and 
mean±SD. These included the age, gender, family history 
of diabetes, blood pressure, height, weight, BMI and waist 
circumference. Statistical analyses were performed using 
the SPSS software package. Pearson’s correlation analyses 
were used for correlating BMI with fasting C-peptide levels, 
and were also used for correlating C-peptide levels with 
waist circumference, HbA1C, Lipid Profile, FBS, HOMA-IR 

and HOMA-B. Pearson’s correlation analyses were used for 
correlating HOMA-IR and HOMA-B with waist circumference 
HbA1C, Lipid Profile, and FBS. A p-value of <0.05 was 
considered statistically significant.

Results
 
 Mean age was 50 years in this set of newly diagnosed 
type 2 DM patients. (Table I). The youngest subject included 
in this study was 26 years of age. Almost a third of the 
subjects were male. 80% (n=28) were obese, 17% (n=6) were 
overweight, and three percent (n=1) with normal BMI, based 
on the Asia-Pacific guidelines on obesity, with a mean of 
28.6 kg/m2. Mean FBS was 174 with an HbA1C of 8.8 with 
males having a higher HbA1C compared to females. More 
than half of the participants had a first degree relative with 
type 2 DM. The mean cholesterol, triglyceride, low-density 
lipoprotein (LDL) were elevated and the mean high-density 
lipoprotein (HDL) were below normal based on gender.

 No correlation was seen between BMI and C-peptide 
with a p-value of 0.61 but positive correlations with moderate 
association were noted with BMI and HOMA-IR(r=0.335). 
C-peptide showed a linear positive correlation with waist 
circumference (r=0.363). HOMA-IR was positively correlated 
with C-peptide with a strong association (r=0.892), and with 
waist circumference with moderate association (r=0.438). 

Table I.  The anthropometric and metabolic characteristics of participants

Characteristics Overall (n=35) Males (10) Females (25)

Age (years ± SD) 50 ± 9 50 ± 7 50 ± 10

Height (cm ± SD) 156.4 ± 9.8 164.8 ± 5.9 153 ± 9

Weight (kg ± SD) 70.1 ± 12.5 76.6 ± 11.3 67.5 ± 12

Body Mass Index (kg/m2 ± SD) 28.6 ± 4.1 28.3 ± 3.9 28.8 ± 4.1

Waist circumference (cm ± SD) 96.6 ± 7.8 97.2 ± 7.2 96.4 ± 8

Family History of Diabetes (with family history %) 60% 50% 64%

Systolic BP (mmHg ± SD) 128 ± 14 134 ± 17 126 ± 12

Diastolic BP (mmHg ± SD) 80 ± 7 83 ± 8 78 ± 5

Creatinine (mg/dL ± SD) 0.76 ± 0.19 0.95 ± 0.17 0.68 ± 0.14

SGPT (U/L ± SD) 49.8 ± 33 47 ± 25.8 50.9 ± 35.6

FBS (mg/dL ± SD)a 174 ± 63 208 ± 66 160 ± 56

HbA1C (% ± SD) 8.8 ± 2.3 10.1 ± 2.9 8.3 ± 1.9

Total Cholesterol (mg/dL ± SD) 220 ± 43 221 ± 53 220 ± 38

Triglycerides (mg/dL ± SD) 170 ± 114 227 ± 152 148 ± 85

HDL (mg/dL ± SD)b 46 ± 13 39 ± 8 49 ± 13

LDL (mg/dL ± SD)c 140 ± 34 134 ± 40 142 ± 30

C-peptide (ng/mL ± SD) 2.79 ± 1.03 2.76 ± 1 2.8 ± 1

HOMA-IR (IR ± SD)d 2.56 ± 0.97 2.78 ± 1 2.47 ± 0.95

HOMA-B (% ± SD)e 65.14 ± 40.39 51.49 ± 28.93 70.6 ± 42.95
aFasting blood sugar, bHigh Density Lipoprotein, cLow Density Lipoprotein, dHomeostasis Model Assessment of Insulin 
Resistance, eHomeostasis Model Assessment of beta cell function
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HOMA-IR was also positively correlated with triglycerides 
with strong association (r=0.543). HOMA-B was positively 
correlated with C-peptide (r=0.357), and negatively 
correlated with FBS and HbA1C (r=-0.771, and r=-0.641, 
respectively). (Table II).

Discussion

 Unlike in the study done in China and Thailand13,14, this 
cross-sectional studies showed no association between 
the BMI and C-peptide. This non-association may be due 
to differences in body composition of a person, a higher 
BMI does not necessarily correlate to disturbed glucose 
tolerance or increase in body fat percentage which could 
affect C-peptide levels.19 Also, although of the same 
race, there might be ethnic differences which could have 
contributed to the difference in the results of the studies. 
Another factor to consider with the non-correlation of BMI 
and C-peptide is the patient’s physical activity. It has been 
shown that habitual physical activities are associated with 
lower C-peptide levels.20, 21 Some of these individuals may 
have these activities hence altering the results. None of the 

patients had a C-peptide level of <1.2 ng/mL (<4 nmol/L) 
indicating that these patients can still be treated with oral 
hypoglycemic agents and there is a lower possibility for 
future insulin requirement.15

 Insulin resistance calculated with HOMA-IR is correlated 
positively with increasing BMI, more so with increasing waist 
circumference. Studies showed different results regarding 
waist circumference and BMI as predictors of insulin 
resistance. Some studies suggest that waist circumference 
could be a better predictor of insulin resistance and 
cardiovascular risk while others showed no difference.22,23,24 
In this study, both BMI and waist circumference were 
associated with HOMA-IR but waist circumference showed 
a stronger statistical significance. This may provide us with 
another parameter to consider on how to treat our patients 
with greater waist circumference seeing that it is correlated 
with insulin resistance. Triglycerides were also associated 
with insulin resistance probably due to the physiology and 
interaction of triglycerides and insulin.

 Increasing HOMA-B in relation to a decreasing FBS and 
HbA1C is the physiologic response of the body to decrease 
glucose levels. This trend is seen during the early stages of 
type 2 DM where the pancreas still has enough beta cell 
activity to compensate but cannot totally normalize the 
fasting blood glucose. 

 Based on this study, BMI may not be a good surrogate 
marker in place of C-peptide in determining insulin resistance 
in Filipinos with newly diagnosed type 2 DM.

Conclusion

 Body mass index (BMI) is not correlated with fasting 
C-peptide levels in newly diagnosed type 2 DM Filipino 
patients. The researchers recommend further investigation 
on waist circumference since this may be used as a less 
expensive way of determining insulin resistance and aid in 
a more appropriate management of DM.
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