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Change in the Adiponectin and Metabolic Parameters After Metformin
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Aim: To study the effect of metformin treatment on adiponectin levels and other parameters in newly diagnosed
patients with type 2 diabetes mellitus.

Methods: This is a prospective observational study in a single centre where 46 patients with type 2 diabetes mellitus
are included. Metformin is given to achieve the glucose control for 6 months and adiponectin levels are estimated at
baseline and after 6 months of metformin treatment. The primary endpoint is to study the change in the adiponectin
levels with metformin and secondary endpoint being change in the body mass index (BMI), fasting blood glucose
(FBQG), postprandial blood glucose (PPBG), haemoglobin Alc (HbAlc), lipid profile.

Results: BMI is reduced by 1 kg/m?(p<0.0001), FBG and PPBG decreased from 155.2+27 mg/dL, 269+76.6 mg/dL
at baseline to 102+16.7 mg/dL, 160£13.9 mg/dL after treatment (p<0.0001). HbAlc has decreased from 7.1+0.7%
to 6.2+0.5% which is statistically significant (p=0.0001). In our study, total cholesterol (TC) and triglycerides (TG)
has decreased from 203+3.5 mg/dL, 199.0 mg/dL from baseline to 189+33.0 mg/dL, 166+£34.6 mg/dL after 6 months
of metformin treatment respectively which is statistically significant (p=0.0001). LDL has decreased from 95.1£21.3
mg/dL to 94.0=17.8 mg/dL, but statistically not significant (p=0.359). The levels of high-density lipoproteins (HDL)
have decreased from 39.1+4.7 mg/dL to 38.4+4.6 mg/dL which is also statistically not significant (p=0.240). There is
significant increase in serum adiponectin level from 28.7+12.6 ug/mL at baseline to 36.4+12.5 pg/mL after 6 months
of metformin treatment (p=0.0001). There is no correlation between adiponectin and BMI, BMI, FBG, PPBG, HbAlc
and lipid profile. Mild gastrointestinal (GI) symptoms are seen in 4 patients. No patient reported hypoglycaemia.

ABSTRACT

Conclusion: In conclusion, our study has shown the beneficial effect of metformin treatment on BMI, glycaemic
control and improvement in the lipid parameters. There is significant elevation of adiponectin with metformin
treatment but there is no correlation between adiponectin and the above parameters suggesting that these effects are
through different mechanisms.
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INTRODUCTION

Type 2 diabetes mellitus (T2D) is characterized by insulin resistance and relative insulin deficiency. Adiponectin is secreted
from the adipose tissue and implicated in insulin resistance and morbid obesity is associated with low levels of adiponectin.'”
Adiponectin secretion from subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) are also different.®
Metformin is the first line drug in the treatment of T2D. Lot of mechanisms are proposed as the actions of metformin
including activating mitogen activated protein kinase (MAPK) pathway and resultant reduction in the gluconeogenesis in
the liver. It’s also proposed that metformin also acts through increasing adiponectin levels and consequent improvement in
the insulin sensitivity.” But the relation between metformin action and adiponectin levels is controversial as reported in the
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literature.'®!' So, we wanted to study the effect of metformin treatment on adiponectin levels and other parameters in newly
diagnosed patients with T2D.

PaTiEnTs AND METHODS

This is a prospective observational study done in the Department of Endocrinology, King George Hospital, Visakhapatnam,
Andhra Pradesh, India from September 2018 to July 2019. Sixty-eight newly detected patients with type 2 diabetes mellitus
and prediabetes attending the endocrinology OPD are included in the study. The American Diabetic Association (ADA)
criteria are taken to define diabetes mellitus and prediabetes (diabetes mellitus when fasting plasma glucose is >126 mg/dL or
post glucose plasma glucose >200 mg/dL, prediabetes when fasting plasma glucose is 100-125 mg/dL or post glucose plasma
glucose 140-199 mg/dL). Patients who are controlled on diet and lifestyle measures are excluded from the study. Also, patients
who required oral antihyperglycemic drugs (OAD) other than metformin and insulin are excluded. FBG, 2hr PPBG, HbAlc
serum creatinine and lipid profile are estimated at baseline. These patients are started on metformin 1000 mg/day and dose
adjusted to target diabetes control. The mean dose of metformin used is 7404350 mg/day (range 500-1500). Adiponectin levels
are estimated at baseline and 6months after treatment. Adiponectin is measured by using RD191023100 human adiponectin
enzyme-linked immunosorbent assay (ELISA), high sensitivity sandwich enzyme immunoassay (Biovender R&D products,
Czech Republic). The lowest detectable range of adiponectin is 5 pg/mL.

Statistical analysis

Statistical analysis is done using SPSS software version 16. Pearson correlation analysis is used to determine the strength of
association between parameters. R value of 0.8 to 1.0 is considered significant.

REesuLts

Out of total 64 patients, 10 patients required other OADs and insulin whereas 5 controlled on only lifestyle measures and
medical nutrition therapy. Three patients didn’t turn up for the follow up. So, the final analysis is done in 46 patients with type
2 diabetes mellitus. Baseline characteristics are depicted in Table 1. The mean age of the patients is 43 years in our study and
maximum number are between 40 to 60 years. Males are more than females in our study. The mean FPG is 155.2+27 mg/dL
and 2hr PPG is 269+76.6 mg/dL with HbAlc of 7.2+0.7%. Baseline lipid parameters include total cholesterol 203+3.5 mg/
dL, low-density lipoproteins (LDL) cholesterol 95.1+21.3 mg/dL, triglycerides 199+37.4 mg/dL and mean HDL 39.1+4.7
mg/dL. The mean adiponectin in our study is 28.7+£12.6 pg/mL.

Table 1. Baseline Characteristics

Baseline characteristics Mean (SD)
Age 43 years

Sex (M:F) 2.1:1

BMI 29.3+4.3 kg/m?
FPG 155.2+27 mg/dL
2hr PPG 269+76.6 mg/dL
HbAlc 7.2+0.7%

TC 203+36.5 mg/dL
LDL 95.1+21.3 mg/dL
TG 199.0+37.4 mg/dL
HDL 39.144.7 mg/dL

Adiponectin 28.7+12.6 ng/mL
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After metformin treatment:
The results are depicted in Table 2.

6 months after metformin treatment, BMI has significantly decreased from 29.3+4.3 kg/m? to 28.3+£3.9 kg/m> FBG and
PPBG decreased from 155.2427 mg/dL, 269+76.6 mg/dL at baseline to 102+16.7 mg/1, 160+=13.9 mg/dL after treatment both
are statistically significant (p<<0.0001). HbAlc has decreased from 7.1£0.7% to 6.2+0.5% which is statistically significant
(p<0.0001). In our study, TC and TG has decreased from 6.24+0.5% mg/dL, 199.0 mg/dL from baseline to 189+33.0 mg/dL,
166+34.6 mg/dL after 6 months of metformin treatment respectively which is statistically significant (p=0.0001). LDL has
decreased from 95.14£21.3 mg/dL to 94.0+17.8 mg/dL, but statistically not significant (p=0.359). The levels of HDL have
decreased from 39.1+4.7 mg/dL to 38.4+4.6 mg/dL which is also statistically not significant (p=0.240). There is significant
increase in serum adiponectin level from 28.9+12.4 pg/mL at baseline to 36.4+£12.5 ug/mL after 6 months of metformin
treatment (p<0.0001). There is no correlation between adiponectin and BMI, FBG, PPBG, HbAlc and lipid profile. Four
patients had mild GI symptoms and none had hypoglycaemia.

Table 2. Changes in parameters with treatment

Parameter Baseline 6 months p value
BMI (kg/m) 29.3+4.3 28.6+3.9 0.0001
FBG (mg/dL) 155.2+27 102+16.7 0.0001
PPBG (mg/dL) 269+76.6 160+13.9 0.0001
TC (mg/dL) 203+36.5 189+33.0 0.0001
LDL (mg/dL) 95.1£21.3 94.0+17.8 0.359

TG (mg/dL) 199.0+£37.4 166+34.6 0.0001
HDL (mg/dL) 39.1+4.7 38.4+4.6 0.240

HbAlc (%) 7.1£0.7 6.2+0.5 0.0001
Sr. Adiponectin (ng/mL) 28.7+12.6 36.4+12.5 0.0001

Discussion

This is a single centre prospective observational study from a tertiary care hospital from south India. Most of the patients are
in the age group of 40 to 60 years which confirms with the known fact that incidence of diabetes mellitus increases with age.
Around 40% are obese and 14% are overweight in our group which predisposes to T2D. The mean adiponectin levels are
28.7£12.6 pg/mL. The mean dose of metformin used in our patients is 740+350 mg/day (range 500-1500). BMI decreased
by 0.7% (29.3+4.3 to 28.6+3.9 kg/m?). In most of the studies, it was shown that metformin is weight neutral. The weight
reduction in our study could be influenced by both lifestyle intervention and dietary modification. In some of the studies, it
was shown that metformin itself can reduce weight. The proposed mechanisms are by reducing the appetite, by increasing
the utilization of more glucose in the GI epithelial cells and also through increasing the GLP-1 secretion. There is significant
reduction of both fasting and postprandial blood glucose. HbAlc is reduced by 0.9% (7.1-6.2%) with metformin treatment
which is observed in other studies also. In our study, there is a favourable effect of metformin on lipid profile. There is
reduction in both total cholesterol and triglycerides after metformin treatment though we cannot totally exclude the effect of
lifestyle intervention and glucose lowering on lipids.

The primary objective of our study is to look for the effect of metformin on serum adiponectin levels. There is significant
improvement in adiponectin levels with metformin (28.7+£12.6 to 36.4+12.5 pg/mL). In a meta-analysis by Su et al., Similar
improvement with metformin was observed.'? In another study by Zulian A ef al., metformin treatment resulted in increase in
the expression and secretion of adiponectin in SAT but not in VAT in vitro."* They also observed increase in adiponectin and
reduction in the macrophage activation marker i.e., cluster of differentiation 68 (CD68) only in SAT and not in VAT even in
the in vivo experiment suggesting that metformin alters adiponectin by modifying the adipose tissue inflammation. Whether
metformin directly acts over the adipose tissue through MAP kinase pathway or alters adipogenes and increases the adiponectin
or is it surrogate effect of appetite and glucose reduction or effect of altered lipolysis and lipogenesis, is not known.
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There is no correlation between BMI and adiponectin in our study though there is weight reduction and increase in the
adiponectin levels observed, in our patients six months after metformin therapy. BMI assesses both visceral and subcutaneous
adipose tissue whereas the contribution of these two portions of fat tissue to the serum adiponectin levels is controversial.
Kovacova Z et al. studied the effect of obesity on adiponectin and found that the secretion of total adiponectin is less
in the adipose tissue explants from subcutaneous adipose tissue (SAT) and not in visceral adipose tissue (VAT) in obese
individuals.' Nonobese people secreted more amount of high molecular weight (HMW) adiponectin from VAT whereas this
difference is not seen in obese people. So various monomers of adiponectin may be more relevant in obese and nonobese
individuals. After bariatric surgery induced weight loss, it was found that HMW adiponectin levels increased with weight
loss.!S So different monomeric forms estimation may be more appropriate than measuring total adiponectin levels. In our
study, glucose lowering is not associated with the increase in adiponectin levels. Blood glucose control by metformin is by
reducing the gluconeogenesis from the liver whereas increment in adiponectin may be by the independent action of metformin
on adipose tissue and that will explain the noncorrelation between glycaemic control and increment in the adiponectin.
Mercedes et al. showed that adiponectin alters insulin sensitivity and low adiponectin levels are associated with reduced
fatty acid oxidation in the muscle increasing the insulin resistance.'® It was also explained that metformin improves insulin
sensitivity and adiponectin may be a marker of insulin sensitivity. But there can be other reasons for change in the adiponectin
values like role of exercise, inflammation, ratio of subcutaneous to visceral adiposity. Our study didn’t show any correlation
between adiponectin and various lipid parameters. Again, this finding suggests that the beneficial effect of metformin on lipid
parameters are through multiple mechanisms and adiponectin may or may not be responsible for this effect.

Limitations

The sample size is small and proportion of visceral and subcutaneous adipose tissue is not measured. Insulin resistance is also
not estimated.

SUMMARY

In conclusion, our study has shown the beneficial effect of metformin treatment on BMI, glycaemic control and improvement
in the lipid parameters. There is significant elevation of adiponectin with metformin treatment but there is no correlation
between adiponectin and the above parameters suggesting that these effects are through different mechanisms.
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