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ABSTRACT 

Beta cell dysfunction and insulin resistance are believed to cause persistent hyperglycemia which characterizes type 2 diabetes. 
Previous study found potential relationship between elevated free testosterone level and an insulin resistance status in 
hyperprolactinemia women. Treatment with different doses of metformin result in a significant reduction in prolactin level. This 
study is designed to explore the potential role of metformin in improving β cell function via its effect on ameliorating metabolic and 
hormonal parameters in type 2 diabetic women by direct or indirect relationship. A 20 middle age newly diagnosed type II diabetes 
mellitus female patients treated with 1500mg metformin daily for 6 months. Fasting blood glucose, fasting serum insulin, HOMA-IR, 
HOMA-B, serum prolactin, total and free testosterone were measured. Following three to six months with  metformin therapy, 
significant improvement in glycemic parameters, insulin resistance, β cell function was clear(P<0.05). Similarly for endogenoustotal 
and free testosterone, and serum prolactin levels were significantly reduced (P<0.05). Fasting serum insulin positively correlated 
only with serum prolactin after 6 months of metformin therapy (P<0.05). Fasting serum insulin and IR showed negative correlation 
with free testosterone at the baseline and after metformin therapy (P<0.05). The reduction in serum prolactin and endogenous total 
and free testosterone following metformin therapy may potentially reduce fasting serum insulin, insulin resistance, and thereby 
improves β cell function.  

Keywords: Type II diabetes mellitus, prolactin, testosterone, metformin, HOMA-IR, HOMA-B. 

 
INTRODUCTION 

eta cell (β cell)dysfunction and insulin resistance 
are believed to cause persistent hyperglycemia 
which characterizes type 2 diabetes.1 The two 

pathological states influence each other and 
synergistically exacerbate diabetes.2 Preserving β cell 
function and insulin signaling in β cells and insulin 
signaling in the glucose recipient tissues will maintain 
glucose homeostasis.3 

The interplay between beta cell dysfunction and insulin 
resistance remains complex process.4 A decreases in β cell 
function were modeled by changing its response to 
plasma glucose concentrations, and the well-defined 
HOMA –B model. The latter is derived from a 
mathematical assessment of the interaction between 
βcell function and IR in an idealized model that is then 
compute the steady-state insulin and glucose 
concentrations.5 

Pancreatic β cells are exposed during β cell compensation 
to metabolic changes associated with obesity. Factors 
commonly associated with obesity — such as insulin 
resistance (including that in β cells), adipokines, FFAs, 
reactive oxygen species, and endoplasmic reticulum–
associated stress — should therefore be examined as 
candidates for inducers of β cell failure.6 

Insulin resistance develop via the existence of intertissue 
communication mediated not only by hormones and the 

nervous system but also through bioactive molecules 
produced by several cell types.7 

Effects of prolactin in type 2 diabetes mellitus and its 
complications shown in previous studies, existing 
experimental studies indicate an influence of prolactin on 
type 2 diabetes mellitus via its metabolic effects on 
adipose tissue 8,9, development and growth of pancreatic 
ß-cells10,11, insulin resistance9,12, and lipid metabolism.13,14 

The ability of prolactin to stimulate insulin 10 and suppress 
adiponectinin addition to interleukin-6 release further 
suggests an important role in the manifestation of insulin 
resistance.8 In addition, high prolactin levels may increase 
proinflammatory response indicating an involvement in 
human immune dysfunction.15, 16 

Previous study found potential relationship between 
elevated free testosterone level and an insulin resistance 
status in hyperprolactinemia women.17 Moreover, 
previous study found that HOMA-IR had significant 
correlation with free testosterone in premenopausal 
T2DM women with high insulin level only, but no 
significant correlation with total testosterone and SHBG 
was found among all study patients with the high, low, or 
near normal fasting insulin level.18 

Metformin improves insulin sensitivity in liver, muscle 
and fat. However, the functional roles of metformin 
action in pancreatic β cells remain unclear.19 One study 
showed that Metformin improved HOMA-B more than 
other oral hypoglycemic agents.20 Also, treatment with 
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different doses of metformin result in a significant 
reduction in prolactin level.21 

Taking together these findings, this study is designed to 
explore the potential role of metformin in improving β 
cell function via its effect on ameliorating metabolic and 
hormonal parameters in type 2 diabetic women by direct 
or indirect relationship. 

MATERIAL AND METHODS 

The present study was a prospective, open label, 
randomized controlled group study. A 20 middle age 
newly diagnosed type II diabetes mellitus female patients 
were enrolled in the study in addition to 18 healthy 
females matched with patients for age were included. The 
local clinical research ethics committee in accordance 
with Helsinki declaration 1998, approved the study 
protocol and all subjects gave written informed consent 
to participate in the study. 

The patients evaluated for inclusion/exclusion criteria. 
The inclusion criteria include newly diagnosed female 
with type II diabetes according to ADA diagnostic 
criteria.16 The exclusion criteria include drugs and medical 
conditions that affect serum prolactin such as a medical 
history of prolactinema,hypothyroidism or drugs that 
increase prolactin level,pregnancy and breast feeding.  

The patients were treated with 1500mg metformin daily 
for 6 months. Blood samples were obtained by 
venipuncture from a peripheral vein after 12hour fasting 
and prior to any treatment as baseline then after 3 and 6 
months the blood was allowed to clot and serum was 
separated and stored at −20 °C.Fasting blood glucose 
(FBG) was measured by enzymatic colorimetric test using 
commercial kit (Bio lab reagent–France). Fasting serum 
insulin (FSI) was analyzed using commercial kit based on 
sandwich ELISA test (DRG-international Inc. USA).  

Insulin resistance and B-cell function was determined by 
using homeostatic model assessment (HOMA) depending 
on fasting insulin concentration and fasting glucose 
concentration and calculated as 18: 

HOMA-IR = fasting insulin (microU/L) x fasting glucose 
(mmol/L)/22.5 

HOMA-B% =20 × fasting insulin (microU/L) /fasting 
glucose (mmol/L)− 3.5 

With the stored frozen samples, total and free 
testosterone levels were measured using ELISA kit (DRG-
international Inc. USA).And the serum level of prolactin 
was measured by a commercial ELISA kit. 

Statistical Analysis  

Data were expressed as mean± SD. statistics were 
performed using SPSS (version 16). Comparison between 
pre and post treatment results in patients group was 
assessed by using Paired sample t-test.ANOVA was used 
to assess differences between groups (patients and 
control). 

Correlation among variables was performed using 
Pearson's correlation coefficient. A p-value of <0.05 was 
considered significantly different. 

RESULTS 

Changes in glycemic parameters, β cell function, insulin 
resistance, and endogenous hormones 

Table 1summarizes the metabolic and hormonal 
parameters of the 20 middle-aged premenopausal 
women enrolled in this prospective study.  

The BMI in T2DM women tended to be comparable to 
control non diabetic subjects at the baseline level 
(28.37±0.16 vs 28.34±0.13 kg/m2) 

Fasting blood glucose was significantly higher among 
patient group (13.03 ± 0.74 mmol/L) compared to 
controls (4.57 ±0.33mmol/L) (P<0.05) at the pre-
treatment level. Significant reduction in FBG was found 
after 3 and 6 months with 1500mg/day metformin (10.18 
± 1.15 mmol/L ) and  (7.6944 ± 1.06  mmol/L ) (P<0.01) 
respectively. 

Fasting serum insulin tended to be comparable between 
patient group and control non diabetic subjects at the 
pre-treatment level (9.63 ± 0.44 vs 9.28 ± 0.88 mU/ml) 
respectively. Significant reduction in FSI was found 6 
months with 1500mg/day metformin (8.85 ± 0.42 mU/ml) 
(P<0.05) compared to pre-treatment level. 

HOMA-IR score was significantly high among patient 
group (5.56 ± 0.40) compared to the control subjects 
(1.88 ± 0.22)(P<0.05) at the pre-treatment level. 
Significant reduction in HOMA-IR score was found after 3 
and 6 months with 1500mg/day metformin (4.34 ± 0.54) 
and (3.03 ± 0.48)(P<0.01) respectively compared to pre-
treatment level. 

Similarly, HOMA-Bscore was significantly low among 
patient group (20.32 ± 1.90) compared to the control 
subjects (192.31 ± 72.19)(P<0.05) at the pre-treatment 
level. Significant increase in HOMA-B score was noticed 
after 3 and 6 months with 1500mg/day metformin (29.43 
± 4.81)and (44.60 ± 10.18)(P<0.01) respectively compared 
to pre-treatment level. 

Total but not free testosterone was significantly high in 
patient group (4.36 ± 0.72 ng/ml) compared to control 
subjects (3.18 ± 0.72 ng/ml) (P<0.05) at the pre-treatment 
level. 

Significant decrease was noticed in total testosterone 
after 3 and in free testosterone after 6 months of 
treatment compared to pre-treatment level (3.83 ± 0.64 
vs 3.33 ± 0.58 ng/ml ) and  (0.82 ± 0.11 vs 0.74 ± 0.02 
ng/ml) (P<0.01) respectively. 

Serum prolactin level was significantly higher among 
patient group (32.17 ± 8.19 ng/L) compared to controls 
(10.83 ± 3.19ng/L) (P<0.05) at the pre-treatment level. 
Significant reduction in  prolactin level was found after 3 
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and 6 months with 1500mg/day metformin (28.93 ± 7.77 
ng/L ) and  (23.23 ± 0.69ng /L ) (P<0.01) respectively. 

Correlation between glycemic parameters and 
endogenous hormones 

The results showed no significant correlation between 
FBG with total testosterone, free testosterone, and serum 
prolactin levels at pre-treatment and after metformin 
therapy. There was significant negative correlation 
between FSI level and free testosterone at pre-treatment 
and after 3 months (P<0.05), and positive correlation with 
serum prolactin level only after 6 months of metformin 
therapy (P<0.05). HOMA-IR was negatively correlated 
with free testosterone at pre-treatment and after 6 
months of metformin therapy (P<0.05). HOMA-B did not 
show any correlation with any endogenous hormone 
(table 2). 

 

Correlation between HOMA-IR and HOMA-B with 
glycemic parameters 

Correlation between HOMA-IR and HOMA-B with fasting 
serum insulin level and fasting blood glucose level in this 
study were illustrated in table (3). HOMA-IR was 
significantly positive correlated with FBG and FSI, and 
significant negatively correlated with HOMA-Bat pre-
treatment and after 3 and 6 months of treatment 
(P<0.01). While HOMA-B showed significant negative 
correlation with FBG at pre-treatment and during 
treatment period, but significantly correlated with FSI at 
pre-treatment only (P<0.01). 

Correlation between prolactin and endogenous 
hormones 

The results showed no significant correlation between 
serum prolactinlevel with total testosterone and free 
testosteronebefore and after metformin therapy (table 
4). 

 

Table 1: Changes in glycemic parameters, β cell function, insulin resistance, and endogenous hormones at baseline level 
and after metformin therapy compared to healthy controls 

Parameters period 

T2DM 

Treated with 1500mg/day 

(n=20) 

Control (n=18) 

Fasting Serum 
Glucose(mmol/L) 

Pre-treatment 13.03 ± 0.74* 4.57 ± 0.33 

After 3 months 10.18 ± 1.15*†a - 

After 6 months 7.6944 ± 1.06*†b - 

Fasting Serum Insulin 
(mU/ml) 

Pre-treatment 9.63 ± 0.44 9.28 ± 0.88 

After 3 months 9.58 ± 0.40a - 

After 6 months 8.85 ± 0.42†b - 

HOMA-IR 

Pre-treatment 5.56 ± 0.40* 1.88 ± 0.22 

After 3 months 4.34 ± 0.54*†a  

After 6 months 3.03 ± 0.48*†b  

HOMA-B 

Pre-treatment 20.32 ± 1.90* 192.31 ± 72.19 

After 3 months 29.43 ± 4.81*†a - 

After 6 months 44.60 ± 10.18*†b - 

Free testosterone 

(ng/ml) 

Pre-treatment 0.82 ± 0.11 0.86 ± 0.12 

After 3 months 0.79 ± 0.08†a - 

After 6 months 0.74 ± 0.02*†b - 

Total testosterone 

(ng/ml) 

 

Pre-treatment 4.36 ± 0.72* 3.18 ± 0.72 

After 3 months 3.83 ± 0.64*†a - 

After 6 months 3.33 ± 0.58†b - 

Serum prolactin 

(ng/L) 

Pre-treatment 32.17 ±  8.19* 10.83 ± 3.19 

After 3 months 28.93 ± 7.77*†a - 

After 6 months 23.23 ± 0.69*†b - 

Data were expressed as mean±SD; n=number of patients; *P<0.05 with respect to control group; †P<0.05 with respect to pre-treatment value; a,b 
P<0.01 between 3 and 6 months. 
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Table 2: Correlation between glycemic parameters and endogenous hormones at baseline and after metformin therapy 

Variables/ days Free Testosterone Total Testosterone Prolactin 

Fasting Serum Glucose 

Pre-treatment 

After 3 months 

After 6 months 

 

-0.409(p=0.092) 

-0.281 (p=0.258) 

-0.390 (p=0.110) 

 

0.169(p=0.502) 

0.102 (p=0.688) 

0.284 (p=0.254) 

 

0.201(p=0.424) 

0.244 (p=0.328) 

0.133(p=0.598) 

Fasting Serum Insulin 

Pre-treatment 

After 3 months 

After 6 months 

 

-0.501*(p=0.034) 

-0.530*(p=0.024) 

-0.452 (p=0.060) 

 

-0.044(P=0.862) 

-0.020 (P=0.939) 

0.089(p=0.725) 

 

0.273(p=0.273) 

0.444(p=0.065) 

0.652**(p=0.003) 

HOMA-IR 

Pre-treatment 

After 3 months 

After 6 months 

 

-0.664**(p=0.003) 

-0.401 (p=0.099) 

-0.483*(P=0.043) 

 

0.132(p=0.602) 

0.093 (p=0.713) 

0.308(p=0.214) 

 

0.332(p=0.178) 

0.299 (p=0.229) 

0.288(p=0.246) 

HOMA-B 

Pre-treatment 

After 3 months 

After 6 months 

 

 0.079(p=0.757) 

0.130 (p=0.608) 

0.313(p=0.206) 

 

-0.177(p=0.483) 

-0.147 (p=0.560) 

-0.252(p=0.313) 

 

-0.019(p=0.940) 

-0.176(p=0.485) 

-0.039(p=0.877) 

**. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed). 

Table 3: Correlation between HOMA-IRand HOMA-B with glycemic parameters at baseline and after metformin therapy 

Variables/ days FBG FSI HOMA-B 

HOMA-IR 

Pre-treatment 

After 3 months 

After 6 months 

 

0.773**(p=0.000) 

0.936** (p<0.01) 

0.959** (p<0.01) 

 

0.590*(p=0.010) 

0.500* (p=0.034) 

0.533* (p=.023) 

 

-0.314 (p=0.204) 

-0.805** (p<0.01) 

-0.896** (p<0.01) 

HOMA-B 

Pre-treatment 

After 3 months 

After 6 months 

 

-0.844**(p=0.000) 

-0.957** (p<0.01) 

-0.977** (p<0.01) 

 

0.580* (p=0.012) 

0.068 (p=0.788) 

-0.144 (p=0.568) 

_ 

**. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed). 

Table 4: Correlation between prolactin and endogenous hormones at baseline and after metformin therapy 

Variables/ days Free Testosterone Total Testosterone 

Prolactin 

Pre-treatment 

After 3 months 

After 6 months 

 

-0.339(p=0.169) 

-0.206(p=0.413) 

-0.269(p=0.280) 

 

-0.185(p=0.462) 

-0.168 (p=0.505) 

-0.202(p=0.422) 

**. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed). 

 

DISCUSSION 

Therapies targeting the maintenance of the protecting 
pancreatic beta-cells from injury or death might be crucial 
in the treatment of diabetes. It is well known that 
metformin enhances the expression of Glucagon-Like 
Peptide -1R via a peroxisome proliferator-activated 

receptor- (PPAR-) 𝛼-dependent mechanism, and improves 
the responsiveness to incretins.22 The present study 
revealed several changes at the baseline level and 
following the administration of metformin in middle-aged 
premenopausal type 2 diabetic women in respect to the 
glycemic parameters, insulin resistance, β cell function, 
and endogenous hormones. 
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Needless to say that at the baseline level of the present 
study, diabetes related  metabolic abnormalities showed  
marked changes in premenopausal type 2 diabetic 
women compared to that in non-diabetic controls , in 
addition to the increase in insulin resistance and the 
noticed reduction in β cell function expressed by the 
HOMA-B score (P<0.05). 

The premenopausal type 2 diabetic women, in the 
present study, have an increase in endogenous 
testosterone at the baseline level (P<0.05), although 
inverse level in other studies.18 There was also significant 
increase in serum prolactin at the baseline compared to 
non-diabetic controls (P<0.05). The support of this result 
is hypothesis via cellular studies which show the 
lactogenic hormone increase prolactin receptor 
expression on β-cells, induce β-cell replication and 
increase glucose-stimulated insulin secretion (GSIS), since 
the prolactin receptor is highly expressed at the 
pancreatic b-cell.23, 24 Other large scale population-based 
study reporting a cross-sectional inverse association 
between prolactin and prevalent type 2 diabetes in both 
genders.25 

Following three to six months with metformin therapy, 
significant improvement in glycemic parameters, insulin 
resistance, β cell function was clear(P<0.05). Similarly for 
endogenous testosterone and serum prolactin levels 
(P<0.05). 

At the baseline, fasting serum insulin showed significant 
correlation with both HOMA- IR and HOMA-B, and after 6 
months of treatment it was inversely correlated with 
HOMA-B only(P˃0.05), speculating that reducing FSI via 
metformin cause improving of  β cell function expressed 
by HOMA-B. 

Fasting serum insulin positively correlated only with 
serum prolactin after 6 months of metformin therapy 
(P<0.05).Thus the reduction in serum prolactin following 
metformin therapy may potentially improves fasting 
serum insulin and IR.21 

Since chronic hyperprolactinemia patients have 
postprandial hyperinsulinemia and an exaggerated insulin 
secretary response to glucose.26  The direct dual effect of 
metformin on both pathophysiological conditions will be 
expected to improve β-cell function more. 

No direct correlation was noticed between endogenous 
testosterone and serum prolactin (P˃0.05), possibly due 
to the complex cross-talk between endogenous hormone 
receptors and insulin receptor. 

Fasting serum insulin and IR showed significant negative 
correlation with free testosterone at the baseline and 
after metformin therapy (P<0.05). Hyperinsulinemic 
premenopausal type 2 diabetic women may have 
increase (or decrease) in endogenous testosterone level 
according to previous studies.17, 18 The reduction in 
endogenous testosterone level after metformin therapy 

(P<0.05) correlated with improvement of insulin 
resistance. 

Among most of the interventions preventing the 
deterioration of β-cell function, metformin improves β-
cell function more effectively than other oral 
hypoglycemic drugs in type 2 diabetes patients.27, 28 

CONCLUSION 

In the present study, the reduction in serum prolactin and 
endogenous total and free testosterone following 
metformin therapy may potentially reduce fasting serum 
insulin, insulin resistance, and thereby improves β cell 
function in premenopausal type 2 diabetic women. Larger 
scale and longer duration of treatment may better 
explore these potential relationships. 
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