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Effects of Metformin on Thyroid Function in
Patients of Subclinical Hypothyroidism
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Abstract

Background: To study the effect of metformin on thyroid function
test (TFT) in patients of subclinical hypothyroidism (SCH).

Methods: A total of 30 patients of SCH with TSH between 5 - 10
mlIU/L were given 2,000 mg/day of metformin forl2 weeks. Pa-
tients were divided into two groups based on presence or absence of
thyroid peroxidase antibody (TPO). Baseline anthropometric char-
acteristics, T3, fT4, TSH, serum insulin, HOMA-IR and quality of
life were assessed at baseline and at 12 weeks.

Results: A total of 23 patients (76.7%) who were TPO antibody
negative (group 1) showed statistically significant decrease in TSH
concentration at 12 weeks with no significant change in fT3 and fT4
in contrast to 7 patients (23.3%) who were TPO antibody positive
(group 2). Patients in group 1 were significantly more obese, had
higher serum insulin and HOMA-IR as compared to group 2. Body
weight, waist circumference, BMI and percentage body fat decreas-
es significantly in both the groups at 12 weeks as compared to base-
line but on intergroup comparison this decrease was not significant
statistically (P = 0.46). The HOMA-IR of group 1 was significantly
higher than that of group 2 at baseline (P < 0.02). Serum insulin
and HOMA-IR decreased significantly in both the groups but again
on intergroup comparison, no significant difference was observed.
A positive correlation between serum TSH and serum insulin level
and HOMA-IR level (r = 0.608, P < 0.01 and r = 0.592, P < 0.01
respectively) was observed in group 1.

Conclusion: Metformin suppresses serum TSH levels without af-
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fecting fT3 and fT4 levels in SCH without any evidence of autoim-
mune thyroiditis.

Keywords: Subclinical hypothyroidism; Metformin; Thyroid func-
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Introduction

Subclinical hypothyroidism (SCH) is defined as serum thy-
rotropin (TSH) concentration above statistically defined up-
per limit of normal reference range with normal serum free
levothyroxine (fT4) concentration [1]. The prevalence of
SCH increases with age, is higher in women but after sixty
years of age prevalence in men approaches that of women
with a combined prevalence of 10% [1, 2]. Most clinicians
agree that individuals with TSH level higher than 10 mIU/L
should be treated with levothyroxine (LT4) but there is un-
certainty regarding usefulness of treating those with TSH
levels between 5 - 10 mIU/L [3, 4]. Also at the same time
failure to decrease LT4 dosage in those developing sub-
normal TSH level while on treatment puts these patients to
undesirable side effects of LT4 on bone density and cardiac
function [5, 6].

Metformin is a biguanide derivative oral drug used for
treatment of T2DM and is commonly regarded as safe drug
with no clinically relevant side effect and drug interaction
with exception of folate and vitamin B12 [7]. In recent years
few studies have shown TSH suppressive effect of metfor-
min with no effect on fT4 levels [8, 9]. Vigersky et al [8]
observed that use of metformin for a duration varying from
2 - 8 months induced reversible suppression of TSH without
a change in fT4 or fT3 levels, or clinical signs of hyperthy-
roidism in a patient of nonalcoholic steatohepatitis who was
on LT4 after radioactive iodine treatment for graves’ disease
and three additional hypothyroid patients (two post surgical
and one with hashimoto’s disease) who developed TSH sup-
pression when they were placed on metformin for treatment
of diabetes mellitus. In contrast oleandri et al [9] found no
difference in thyroid function test among 28 patients who
were treated for obesity with metformin. Thus till today no
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Table 1. Baseline Characteristics of Group 1 and Group 2

Baseline Characteristics Group 1 (n=23) Group2 (n=7) P value
Age (years) 36.70 +£7.32 39+ 13.68 0.09
Weight (kg) 70.96 +9.22 62.43 +7.79 0.02
BMI (kg/m?) 29.39 +£4.56 2429 +2.81 0.004
Waist Circumference (cm) 91.43 £8.58 82.14+2.41 0.001
Body fat (%) 36.38 +£4.39 31.86+5.70 0.02
fT3 (2.4 -4.2 pg/mL) 2.83 +£0.65 3.14+£0.38 0.21
fT4 (0.8 - 1.7 ng/dL) 1.04 +0.21 1.00+0.14 0.3
TSH (0.34 - 4.25 mIU/L) 7.39 +1.37 7.29 +£1.38 0.83
Anti TPO Ab (< 60 IU/mL) 45.17 £ 19.55 2186.29 £ 2110.00 <0.001
S. Insulin (mIU/L) 15.30 £ 3.62 8.29+3.82 <0.01
HOMA-IR 3.20+0.84 2.00 +1.00 0.02
TG (mg/dL) 13591 + 36.34 134.00 + 40.17 0.71
Cholesterol (mg/dL) 174.17 £ 18.55 180.86 +27.55 0.76
HDL (mg/dL) 42.04 +4.56 42.71+2.93 0.43
LDL (mg/dL) 109.22 +17.89 114.71 +24.63 0.69
VLDL (mg/dL) 22.87 +£4.90 23.57+8.92 0.91

definite conclusion has been drawn behind thyrotropin low-
ering effect of metformin and the likely mechanism remains
unclear. Due to lack of conclusive data regarding effect of
metformin in patients of mild SCH with TSH level 5 - 10
mlU/L, the present study was planned to see the effects of
metformin administration on thyroid function test in patients
with mild SCH.

Material and Methods

The study was conducted in 30 consecutive newly diagnosed
drug naive SCH subjects with TSH level between 5 - 10
mlU/L attending “Endocrinology Clinic” at PGIMS Rohtak.
A written consent was taken from all patients and the in-
stitutional review board at University of Health Sciences
approved the study protocol. The patients with overt hypo-
thyroidism, those taking levothyroxine and/or anti thyroid
drugs, patients suffering from any chronic diseases includ-
ing T2DM, pregnant and post-partum women were excluded
from the study. None of the patients had gastro-intestinal
disease. The study was carried for a time period of 12 weeks.
Anthropometric parameters, thyroid function tests, plasma
glucose, serum insulin level, serum lipid levels and quality
of life parameters were assessed at baseline (before start of
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treatment) and at 12 weeks. Percentage body fat (BF) was
calculated by impedance plethysmography (bioelectrical im-
pedance meter Omron BF 302). Percentage body fat > 25%
in men and > 30% in women was used as criteria to define
overweight in healthy subjects [10, 11]. Thyroid peroxidase
antibody (TPO) levels were assessed in all the patients to
assess etiology of SCH. fT3 (normal range: 2.4 - 4.2 pg/mL)
and fT4 (normal range: 0.89 - 1.76 ng/dL) were assessed by
chemiluminescent method using analyzer and kits of Sie-
mens (ADIVA Centaur CP). TSH (normal range: 0.34 - 4.25
mlU/L) was done by immunometric assay (PC RIA MAS by
Startek) by Turbo TSH using IRMA kit. Lipid profile was
assessed by Konelab 30i using analyzing kits by Randox.
Serum insulin was measured by Elisa method and insulin re-
sistance was calculated by HOMA-IR (Homeostatic model
assessment for insulin resistance) [12]. Quality of life was
assessed by RAND 36 which measured health according to
eight subscales which are: physical functioning, role limita-
tion due to physical health, role limitation due to emotional
problems, energy/fatigue, emotional wellbeing, social func-
tioning, pain and general health. The scale score ranged from
0 to 100 for every subscale, with a higher outcome meaning
a better health status [13].

The therapeutic efficacy of metformin across various
dosage regimens were studied by Garber et al [14] and found
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Table 2. Showing Anthropometric Parameters in Group 1 and 2 at Baseline and at 12 Weeks

Group 1 (n =23)

Group2 (n=7)

Anthropometric
parameters
Baseline 12 WKS Baseline 12 WKS
Body wt (kg) 70.96 £ 9.22 69.17 £8.77 62.43 +7.79 62.14 £ 7.54
(P<0.01) (P=0.03)
BMI (kg/m?) 29.44 £ 4.55 28.65 +4.44 2427 +£2.73 2417 +£2.65
(P<0.01) (P=10.03)
WC (cm) 91.43 £8.58 90.17 £ 8.36 82.14 £2.41 81.35+2.37
(P<0.01) (P=0.02)
BF (%) 36.43 £4.38 35.17 +£4.42 31.80+5.42 31.30+5.24
(P=0.01) (P=0.001)

that the efficacy of metformin plateau after 2,000 mg/day
and therefore a dose of 200 mg/day of metformin was cho-
sen for this study. All patients were given metformin 500 mg
twice a day for period of one week and then dose was esca-
lated to 1,000 mg twice a day for remaining eleven weeks.
Patients failing to tolerate total dose of 2,000 mg/day due to
gastro-intestinal side effects were excluded from the study.
Based on results of TPO antibody patients were divided into
two groups and appropriate statistical methods were used for
analysis of the data.

Results

Out of thirty patients 2 were male and 28 were female with
mean age of 33.5 + 9.39 years. Twenty-three patients with
TPO antibody in normal range form group one and seven
patients with elevated TPO antibody form group two. The
baseline characteristics of both the groups are shown in Ta-
ble 1. There was no statistical significant difference in TSH
between the two groups at baseline (P = 0.83). Patients in
group 1 were significantly more obese, had higher serum
insulin and HOMA-IR as compared to group 2. Significant
reduction in serum TSH was seen in group 1 at the end of
12 weeks (P < 0.001) with no effects on fT4 and fT3 levels
while in group 2 increase in serum TSH was seen at the end
of 12 weeks which was statistically significant (P < 0.01).
In group 1 out of 23 patients who showed reduction in TSH
concentration at 12 weeks, only 9 patients (39.13%) attained
euthyroidism as defined by TSH level less than 4.25 mIU/L.
Body weight, waist circumference, BMI and percentage
body fat decreases significantly in both the groups at 12
weeks as compared to baseline but on intergroup comparison
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this decrease was not significant statistically (P = 0.46). The
HOMA-IR of group 1 was significantly higher than that of
group 2 at baseline (P < 0.02). Serum insulin and HOMA-IR
decreased significantly in both the groups but again on inter-
group comparison, no significant difference was observed.
Table 2 and 3 shows comparison of anthropometric parame-
ters and various biochemical parameters between two groups
at baseline and at 12 weeks. A positive correlation between
serum TSH and serum insulin level and HOMA-IR level (r
=0.608, P <0.01 and r = 0.592, P < 0.01 respectively) was
observed in group 1. None of the patient in either group de-
velop clinical or biochemical hypoglycemia during the study
period. On quality of life assessment (QOL) statistically sig-
nificant improvement in scores of energy/fatigue was seen
in both the groups at 12 weeks while significant improve-
ment in scores of physical functioning, role limitation due to
physical health, emotional well being and social functioning,
pain and general health was seen in group 1 at 12 weeks.

Discussion

Subclinical hypothyroidism has been detected with increas-
ing frequency in recent years and is causing major contro-
versies concerning management and treatment. Treatment of
patients with a serum TSH level between 5 and 10 mIU/L,
remains controversial [3, 4]. The strongest arguments for
levothyroxine therapy are the high risk of progression to
overt hypothyroidism, the possible improvement of quality
of life, and the possibility that SCH is a cardiovascular risk
factor but the potential risks of therapy include development
of subclinical hyperthyroidism, which may occur in 14% to
21% of individuals treated with levothyroxine [3-6].
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Table 3. Showing Biochemical Parameters in Group 1 and 2 at Baseline and at 12 Weeks

Group 1 (n=23)

Group2 (n=7)

Biochemical parameter

Baseline 12 WKS Baseline 12 WKS
fT3 (pg/mL) 2.76 £0.53 2.79+0.55 3.18+0.36 2.73 +£0.31
(P=0.27) (P=0.02)
fT4 (ng/dL) 1.11£0.19 1.10+0.28 1.03+£0.18 0.88 +£0.12
(P=0.75) (P=0.02)
TSH (mIU/L) 7.33 +£1.37 5.00+1.38 7.05+1.33 8.55+1.08
(P<0.01) (P=0.003)
FPG (mg/dL) 84.96 + 10.59 80.74 £ 6.95 81.43+3.21 77.14 +£4.98
(P=0.07) (P=0.07)
S.INSULIN (mU/L) 15.30+3.63 8.28 +£2.76 8.30+3.82 5.66 +£2.51
(P<0.01) (P=0.004)
HOMA-IR 3.20+0.84 1.65+0.57 1.95+0.86 1.29 £ 0.66
(P<0.01) (P=0.001)
TG (mg/dL) 135.93 £36.36 127.04 +32.63 133.99 +40.02 127.54 +£42.74
(P<0.01) (P=0.02)
CHOLESTEROL (mg/dL) 174.17 £ 18.55 168.78 £16.58 180.93 £27.62 174.06 £17.0
(P<0.01) (P=0.16)
HDL (mg/dL) 42.04 £ 4.56 4326 +3.57 42.71 £2.96 4371 £2.98
(P=0.002) (P=0.03)
LDL (mg/dL) 109.22 +£17.89 103.17 £ 16.28 114.67 £24.72 107.69 +19.23
(P<0.01) (P=0.04)
VLDL (mg/dL) 22.87 +4.89 23.09+5.5 23.54+8.83 22.66 £ 6.36
(P=0.75) (P=0.71)

Various studies have shown the effects of metformin on
thyroid profile of the hypothyroid/subclinical hypothyroid
patients stating a TSH lowering effect of the drug [15-17].
However no definite conclusion has been derived till date
behind these findings and the mechanism still remain un-
clear.

In the present study patients of subclinical hypothy-
roidism who are more obese, had higher degree of insulin
resistance and were TPO antibody negative responded fa-
vorably to metformin therapy at 12 weeks as compared to
individuals of SCH with underlying autoimmune etiology
as suggested by presence of TPO antibody. Similar obser-
vation were made by Rotondi et al [15] who showed that
autoimmune hypothyroidism is more prevalent in patients
with lower degrees of weight excess, whereas a high serum
level of TSH, not indicative of thyroid failure, would pre-
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dominate in morbidly obese patients suggesting that obese
patients often present with elevated serum level of TSH. A
study done in rats demonstrated that animals fed a high fat
diet for 8 weeks display an increase in their serum levels
of TSH, which was not accompanied by changes in serum
fT3 and fT4 [16]. Our findings that TSH lowering effect is
observed only in individuals who were TPO antibody nega-
tive are in contrast with observation made by Capelli et al
[17] who showed that significant reduction in TSH level was
seen in those patients on metformin who had a baseline TSH
higher than 2.5 mIU/I independent of presence or absence of
TPO antibodies. But the study done by capelli et al [17] was
a retrospective study on euthyroid diabetic patients while the
present study was a prospective one involving non-diabetic
subjects. Also none of author had studies anthropometric in-
dices and insulin resistance in patients of SCH subjects who
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were given metformin therapy, which has been observed to
decrease significantly with treatment in the present study.
Similar observations were made by Taghavi et al [18] who
studied the effect of metformin administration on thyroid
function in overweight women with polycystic ovarian syn-
drome. They selected twenty-seven overweight women with
PCOS and subclinical hypothyroidism. Fifteen patients were
treated with metformin 1,500 mg/day for 6 months and 12
patients with placebo. A significant decrease in TSH lev-
els was observed in group given metformin treatment after
6 months as compared to group given placebo treatment.
No significant change in free T3 and free T4 was observed
through the study in any group. They concluded that in obese
PCOS patients with subclinical hypothyroidism, metformin
results in a significant fall and sometimes normalization of
TSH, without causing any reciprocal changes in other thy-
roid function parameters. Although TSH decreased statisti-
cally in all 23 obese patients in group 1 in the present study,
only 9 (39.13%) were able to achieve euthyroidism at 12
weeks of metformin therapy, suggesting that period of more
than 3 months is required to observe this TSH lowering ef-
fect of metformin.

The various suggested mechanism of action responsible
for this TSH lowering effect of metformin include an increase
in number or sensitivity of thyroid receptors, an increase in
dopaminergic tone, and activation of TSH receptors. Cap-
pelli et al [17] hypothesized that metformin may enhance
the inhibitory modulation of thyroid hormones on central
TSH secretion. Such an effect would not modify circulating
FT3 or TSH levels when the closed loop control system is
normally functioning, but may well explain the reduction of
circulating TSH levels observed in subjects with altered thy-
roid hypophyseal feedback. Another explanatory hypothesis
could be that metformin ameliorates the thyroid function re-
serve in those patients with hypothyroidism both treated and
untreated. They concluded that metformin administration in
diabetic patients with hypothyroidism, both with L-T4 ther-
apy and untreated, is associated with a significant reduction
in the serum levels of TSH, with no change in FT4. No effect
is detectable in patients with an intact pituitary thyroid axis.
However, these hypotheses would require that metformin be
able to cross the blood brain barrier but since metformin is
a low molecular mass water-soluble molecule (168 Da), its
penetration across blood brain barrier has not been studied.
Also, if metformin produced subtle increases in the absorp-
tion of L-T4 from the gastrointestinal tract, then suppression
of serum TSH might be predicted. In the present study as well
in other studies the reduction in TSH level is not associated
with changes in fT4 and fT3 levels suggesting that increase
in LT-4 absorption is unlikely mechanism for this TSH low-
ering effect of metformin. In the present study we also ob-
served a positive correlation between serum TSH and serum
insulin level and HOMA-IR level (r = 0.608, P < 0.01 and
r=0.592, P <0.01 respectively) suggesting that reduction
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in insulin resistance secondary to use of metformin might
be causing change in serum levels of insulin and adipocyte
cytokine like leptin, which are known to cross blood brain
barrier and might be responsible for TSH lowering of met-
formin. Sayed et al [10] in their study found that there was
a positive correlation between serum TSH and fasting serum
insulin levels. It is known that there is a complex interaction
between thyroid hormones and adipose tissue where TSH
and thyroid hormone may participate in adipocyte differen-
tiation and lipolysis regulation whereas various adipocyte
cytokines may interact with hypothalamic-pituitary-thyroid
axis [20, 21]. In this complex system of hypothalamic regu-
lation, factor most favored by various authors for causing
elevation of TSH is activation of hypothalamic centers by
leptin released from adipocytes in fat tissue [22]. It is antici-
pated that with decrease in insulin resistance secondary to
loss of body weight there will be decrease in serum insulin
and leptin level, which will result in reduction of TSH level,
and the same has been observed in the present study. How-
ever in present study apart from serum insulin levels that are
found to be positively correlated with TSH levels we have
not measured leptin levels and this needs to be studied and
proved in future studies.

To conclude with the present study shows that metfor-
min suppresses serum TSH levels without affecting fT3 and
fT4 levels in individuals without any evidence of autoim-
mune thyroiditis as suggested by negative TPO antibody by
improving insulin sensitivity in contrast to patients of SCH
with underlying evidence of autoimmunity and such patients
needs not to be treated with thyroid hormone unless there are
other signs of thyroid disease. However to substantiate the
results of present study and to explore the potential mech-
anism for this observed effect, further studies with a large
sample size and longer duration of follow-up are needed.
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