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Summary. Metformin is a widely used drug that results in clear benefits in relation to glucose metabolism
and diabetes-related complications. The global increase in the prevalence of obesity among children and
adolescents is accompanied by the appearance and increasing prevalence of insulin resistance, prediabetes,
and type 2 diabetes mellitus (T2DM). In addition, children, and adolescents with premature pubarche and
polycystic ovary have considerable degree of insulin resistance. The insulin sensitizing actions of metformin
encouraged many investigators and physician to use it as the key drug in these conditions for both prevention
and treatment. However, long term-controlled studies are still required to assess the degree and duration of
effectiveness and safety of using metformin. This review tries to update physicians about the main and the new
therapeutic perspectives of this drug. (www.actabiomedica.it)
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Introduction

Metformin (1,1-dimethylbiguanide) is the most
widely used drug to treat type 2 diabetes, and is one
of two oral antidiabetic drugs reported by the World
Health Organization (WHO) in list of essential medi-
cines and is recommended, in conjunction with life-
style modification (diet, weight control and physical
activity), as a first line oral therapy in the guidelines
of the American Diabetes Association and European
Association of the Study of Diabetes (1).

Unlike most modern drugs, metformin is derived
from a natural product used in herbal medicine (plant
Galega officinalis) (2). Jean Sterne (3) was the first to
investigate dimethylbiguanide (Metformin) for clini-
cal development and proposed the name ‘Glucophage’
(glucose eater) and published his results in 1957. It
was established as a safe and effective therapy before

detailed mechanistic studies became possible. Despite
its clinical use for 60 years, its molecular mechanisms
of action remain much debated (4).

It is an effective anti-hyperglycemic agent that
inhibits hepatic glucose production, increases pe-
ripheral glucose uptake and inhibits small intestinal
glucose absorption. Metformin also exerts benefi-
cial effects on circulating lipids and exhibits cardio-
protective features in obese patients. In addition, it
may also have therapeutic potential in other condi-
tions in which insulin resistance constitutes part of
the pathogenesis, including obesity, prediabetes, and
polycystic ovary disease and non-alcoholics fatty liv-
er. There are relatively few controlled studies that ad-
dress therapeutic benefits and safety of metformin in
children and adolescents with these disorders. Some
have controversial results. This review aims at updat-
ing physicians’ information about the mechanisms of
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action, therapeutic effects, and side effects of using
metformin in children and adolescents, with different
diseases, which have insulin resistance as important
part in their pathogenesis (5,6).

Pharmacokinetics and mechanism(s) of action

(Figure 1 and table 1)

In humans, following oral dosing of immediate-
release metformin, approximately 70% of the dose is
absorbed from the small intestine with the remainder
passing into the colon before being excreted in feces.
The intestinal absorption of metformin may be pri-
marily mediated by plasma membrane monoamine
transporter (PMAT/SLC29A4), which is expressed
on the luminal side of the enterocytes.

Metformin has an oral bioavailability of 50-60%
under fasting conditions and is absorbed slowly. Peak
plasma concentrations (C....) are reached within one

to three hours of taking immediate-release metformin
and four to eight hours with extended-release formu-
lations. Steady state is usually reached in one or two
days. Metformin has a half-life of around five hours
and undergoes renal excretion with 90% being elimi-
nated within 24 hours (7, 8). Metformin is excreted
in urine unchanged, with no metabolites reported.
A metformin positron emission tomography (PET)
study demonstrated that oral metformin becomes
highly concentrated in the intestines, liver, kidneys and
bladder (reflecting its route of elimination), with only
slow accumulation in muscle (9). The absence of liver
metabolism clearly differentiates the pharmacokinet-
ics of metformin from that of other biguanides, such
as phenformin. Metformin is undetectable in blood
plasma within 24 hours of a single oral dose (10). This
elimination is prolonged in patients with renal impair-
ment and correlates with creatinine clearance. There
are only scarce data on the relationship between plas-
ma metformin concentrations and metabolic effects

Metformin
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Figure 1. The main cellular actions of metformin in different end-organs

Legend: AMP: Adenosine Monophosphate, ATP: Adenosine Triphosphate, AMPK: Adenosine monophosphate-activated protein
kinase, cAMP: Cyclic adenosine monophosphate, PKA: Protein kinase A, GLP-1: Glucagon-like peptide-1, FFA: Free fatty acid,

GLUT: Glucose transporter type.
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Table 1. Summary of therapeutic mechanisms of metformin

Table 1. Summary of therapeutic mechanisms of metformin

Hyperglycemic Disorders: Type 2 DM, Prediak

Liver—Reduction of hepatic glucose production

1. Activation of AMP kinase secondary to shift in cellular energy balance due to mild inhibition of mitochondrial respiratory complex |

2. Inhibition of glucagon - induced hepatic gluconeogenesis due to reduction in cellular cAMP

Muscle—Increase glucose uptake
1. Increasing insulin - induced glucose uptake and disposal in muscle
2. Reduce fat stores by increase phosphorylation of Acetyl-CoA carboxylase

Intestine—Increase glucose disposal within the gut wall and intraluminal

1. Accumulation of metformin in intestinal tissues leads to increased insulin - independent anaerobic glucose metabolism

2. Enhancing GLP - 1 secretion
3. Promoting the transport of glucose from the circulation into stool.

Pancreas— Stimulates glucose- sensitive insulin release in the pancreas

Cardiovascular Protective Effects:

Weight loss

Modestly decreasing LDL, Cholesterol and triglyceride levels

Variable effects on blood pressures.

Shift toward more efficient fibrinolysis consistent with reduced tendency to intravascular clot formation
Reducing inflammation/oxidative stress: reducing formation of free radicals in mitochondria

Improving endothelial function (in some studies)

oUnswWwNE

Icoholic fatty liver disease (NAFLD)

Weight loss

Reduced liver transaminases

Proposed effect on intestinal microbiota and/or barrier function.

Attenuated the progression of NAFLD to steatosis accompanied with inflammation

Reduced lipogenesis by inhibiting proteolytic cleavage and transcriptional activity in hepatocytes
Increased insulin sensitivity and reduced liver fibrosis

oUnHswWwNE

Metabolic syndrome and it’s association (eg: Obesity, and PCOs)
Weight loss
Reduced leptin by decreasing lipogenesis
Increased insulin sensitivity on peripheral tissues
Suppressed levels of andr dione and 17-hy

yprog

Weight control and reduced waist circumference
Modestly lowered glycosylated haemoglobin
Increase insulin sensitivity and modestly reduced insulin doses
4. Improved vascular smooth muscle function and decreased cardiovascular disease risk factors

1
2.
3.
4.
Typel DM with insulin resistance
1
2
3

(11). Food decreases the extent of and slightly delays
the absorption of metformin, as shown by approxi-
mately a 40% lower mean peak plasma concentration.
The plasma protein binding of metformin is negligible.
It should be taken with food to reduce the potential for
gastrointestinal side effects.

The therapeutic dose for most patients is in the
range of 2 grams per day, suggesting that the effect is
not the result of an interaction with a specific protein
target (12).

In the liver, it suppresses hepatic gluconeogenesis,
and increases peripheral insulin sensitivity in insulin
sensitive tissues such as muscle and adipose tissue, and
enhances peripheral glucose utilization (4-8). A major
long-term, effect of metformin is to increase hepatic
insulin sensitivity. Metformin can also antagonize the
action of glucagon, thus reducing fasting glucose lev-
els (13). In skeletal muscle, activation of AMP-kinases
(AMPK) increases glucose uptake and lipid oxidation.
In adipose tissue, activation of AMPK reduces both
lipolysis and lipogenesis (14,15). In the heart, met-
formin increases fatty acids uptake and oxidation, and
increases glucose uptake and glycolysis (16).

In
glucose metabolism and utilization. This result in re-
duced net glucose uptake and increased lactate delivery
to the liver. Metformin increases colonic uptake and

enterocytes, metformin increases anaerobic

metabolism of systemic glucose. Metformin may also
impact on glucose metabolism by increasing glucagon-
like peptide-1 (GLP-1) secretion, an effect that is
described for both immediate-release and delayed-
release. Recently, it has been shown that it promotes
the transport of glucose from the circulation into stool
(17). Another potential gut-mediated mechanism of
action of Metformin involves alteration of the intes-
tinal microbiome. Metformin-dependent increases in
Escherichia spp. and decreases in Intestinibacter spp.
were consistently observed in type 2 diabetes associ-
ated with metformin use (18).

In addition to the previously discussed mecha-
nisms, many studies suggested a significant effect of
metformin through inhibition of appetite probably
by increasing the levels of GLP- 1 and by interacting
with signaling of other hormones or cytokines (such
as ghrelin, leptin and insulin). Metformin enhances
the expression of the genes encoding the receptors for
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both GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP) in mouse islets and also increases
the effects of GIP and GLP-1 on insulin secretion
from beta cells. These incretin-sensitizing effects of
metformin appear to be mediated by a peroxisome
proliferator-activated receptor a-dependent pathway,
as opposed to the more commonly ascribed pathway
of metformin action involving AMP-activated protein
kinase (19,20).

In addition, emerging evidence suggests that
metformin could improve obesity-induced meta-
inflammation via direct and indirect effects on tissue-
resident immune cells in metabolic organs (adipose
tissue, the gastrointestinal tract and the liver) (13).

In summary, Metformin has multiple sites of ac-
tion and multiple molecular mechanisms. It acts directly
or indirectly on the liver to lower glucose production,
and acts on the gut to increase glucose utilization and
loss in the stools, increase GLP-1 and alter the micro-
biome. At the molecular level, metformin inhibits the
mitochondrial respiratory chain in the liver, leading to
activation of AMPK, enhancing insulin sensitivity, and
reducing the expression of gluconeogenic enzymes.
Metformin inhibits hepatic fructose-1,6-bisphos-
phatase by AMP. These cell and tissue responses are
not only a product of dose, but also of treatment dura-
tion. Further, pharmacogenetic studies in humans, and
careful physiological validation of cell-based metform-
in studies, are justified to enable a clearer understand-
ing of the key mechanisms that are active in long-term
treatment with metformin in humans.

Side-effects and contraindications of metformin

Adverse events were reported to have occurred in
all metformin trials, with gastrointestinal side effects
the most commonly reported. Moderate-strength evi-
dence indicated that 26% children treated with met-
formin reported gastrointestinal complaints versus
13% in the control groups (21).

Intestinal side effects (transient abdominal pain,
diarrhea, nausea) may occur, but can be minimized
in most patients with slow dosage titration over 3 — 4
weeks and instructions to always take the medication

with food. The side effects may also be attenuated by
the use of extended release formulations (22).

The most common symptoms following over-
dose appear to include vomiting, diarrhea, abdominal
pain, tachycardia, drowsiness, and, rarely, hypoglyce-
mia (16). This gut irritating effect is believed to be
mediated through inhibition of serotonin reuptake
transporter (SERT)-mediated intestinal reuptake of
serotonin resulting in increased intestinal motility and
water retention (10).

There is little to no risk of hypoglycemia with
monotherapy and hypoglycemia is very uncommon but
has been reported in combination regimens, likely due
to metformin potentiating other therapeutic agents.

In a 5-year chart review of metformin exposure
cases that were reported to the American Association
of Poison Control Center (AAPCC), hypoglycemia
was reported in 112 (2.8%) of 4072 cases and it was
referred to decreased caloric intake, heavy exercise,
or sulfonylurea co-ingestion. A pediatric clinical trial
compared Metformin to a sulfonylurea (glimepiride).
Metformin showed similar efficacy to glimepiride with
lower occurrence of hypoglycemia (23).

However, the main alarming effect of metformin
is lactic acidosis, although it is a rare condition (24).

Members of the American Diabetes Association
and European Association for the Study of Diabetes
(25), report that metformin seems safe unless eGFR
falls to <30 mL/min per 1.73 m*.

The National Institute for Health and Clinical
Excellence specifies that metformin be stopped if se-
rum creatinine exceeds 150 pmol/L (1.7 mg/dL) or
eGFR is < 30 mL/min per 1.73 m? (26).

In contrast, the Canadian Diabetes Association
practice guidelines recommend caution with eGFR
<60 mL/min per 1.73 m* and contraindicating its use
with eGFR < 30 mL/min per 1.73 m* (27).

Inzucchi et al. (28) analyzed publications related
to the topic between January 1950 and June 2014.
They showed that lactate levels were frequently nor-
mal in patients receiving metformin with mild CKD
(eGFR 60-90 mL/min) or moderate (30-60 mL/min).

Long-term use of metformin has been associated
with increased homocysteine levels and malabsorption
of vitamin B12. Malabsorption of vitamin B12 occurs
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with metformin in 30% of diabetic subjects. The earli-
est manifestations are numbness and paresthesia in the
feet, which, unless the vitamin B12 deficiency is cor-
rected, can be followed by weakness, ataxia, sphincter
disturbance, and changes in mental status. B12 defi-
ciency —associated macrocytic anemia, is often pre-
ceded by the development of neuropathy. While the
anemia of vitamin B12 deficiency is reversible, the
progress of the neuropathy is only arrested and not re-
versed with initiation of vitamin B12 therapy. Periodic
monitoring of B12 should be considered (29,30).

In summary, metformin appears to be safe in chil-
dren and adolescents with little risk of hypoglycemia
and/or lactic acidosis. The main side effects are gas-
trointestinal that can be minimized in most patients
by using slow dosage titration. However, metformin
should not be given to patients with severe renal im-
pairment, hepatic disease, cardiac or respiratory insuf-
ficiency, or who are receiving radiographic contrast
materials. Metformin should be temporarily discon-
tinued during a gastrointestinal illness.

Therapeutic perspectives in children and
adolescents

1. Prediabetes

New criteria defining prediabetes includes the
presence of one or more of the following, impaired
fasting glucose (IFG), impaired glucose tolerance
(IGT) and HbAlc of 5.7-6.4% (31). Prediabetes is a
serious health condition which increases the risk of de-
veloping T2D, heart disease and stroke. The progres-
sion from prediabetes to diabetes is related to insulin
resistance and B-cell dysfunction. In people with IGT
or recently diagnosed diabetes, youth have lower in-
sulin sensitivity, hyper responsive B-cells, and reduced
insulin clearance compared with adults. The impact of
responses to glucose-lowering interventions including
metformin remains to be determined (32).

Controversy still exit regarding the benefit of
metformin to improve glycemic abnormality or to de-
lay the onset of DM in individuals with prediabetes.
Results from several clinical trials in the prediabetes

population, including children, adolescents, and adults,
have indicated that metformin can delay or halt the
progression from prediabetes to diabetes (33-35).

In summary, metformin can be considered in
selected high-risk patients with prediabetes who are
not successfully treated with lifestyle and weight-loss
medications and who remain glucose intolerant, as
well as for patients with additional CVD risk factors
including hypertension, dyslipidemia, or polycystic
ovarian syndrome; for patients with a family history of
DM in a first-degree relative and/or for patients who
are obese.

2. Type 2 Diabetes Mellitus (T2DM)

Thirty-eight million children under the age of
5 were overweight or obese in 2019 and over 340
million children and adolescents aged 5-19 were
overweight or obese in 2016 (36). 'This increased
prevalence was accompanied by the appearance
and increasing prevalence of type 2 diabetes melli-
tus (T2DM). Depending on geographic locations,
T2DM accounted for 8-45% of new cases of child-
hood diabetes (37). T2DM is not a benign disease
and can be more hazardous and lethal compared to
T1DM in children (38).

Metformin has been approved by the Food and
Drug Administration (FDA) for children with T2DM
aged 10 years and older. The ADA clinical practice
and the international Society of Pediatric Diabetes
(ISPAD) guidelines (39) recommended metformin as
the initial pharmacologic treatment of choice in the
incidentally diagnosed or metabolically stable patients
(HbAlc <8.5% and asymptomatic) adolescents with
T2DM, if renal function is normal. It is used with a
concomitant initiation of lifestyle modification pro-
gram, including nutrition and physical activity (40,41)
(Table 2). Figure 2
2 months treatment with oral metformin in a newly
diagnosed obese adolescent with T2DM.

Table 2. The ADA recommendations regarding
metformin use (Ref.41)

In many studies metformin proved to be both

shows the glycemic effect of

safe and effective for treatment of pediatric patients
with T2D (age 10 to 16 years) (42).The treatment was
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Table 2. The ADA recommendations regarding metformin use (Ref.41)

1. Initial pharmacologic treatment of youth with T2D should include metformin and insulin alone or in combination, depending
on degree of hyperglycemia and metabolic disturbances, and presence or absence of ketosis/ketoacidosis.

2. Metabolically stable patients (HbA1lc < 8.5 and no symptoms) should be started on metformin.

TID.

3. Patient can be started on 500-1000 mg (or 850 mg when this is the lowest available dose) daily x 7- 15 days, then titration of
the dose can be done weekly over 3-4 weeks, depending on patient tolerance, to a maximal dose of 1000 mg BID or 850 mg

4. In patients with ketosis/Ketonuria/ketoacidosis, treatment with subcutaneous or intravenous insulin should be initiated to
rapidly correct the metabolic abnormality. Metformin can be started along with insulin, once acidosis is resolved. Transition
onto metformin monotherapy can usually be achieved safely over 2-6 weeks.

5. Subsequent treatment

tion of basal insulin should be strongly considered.

ated and titrated to reach target HbAlc < 7%.

1) If the patient fails to reach target HbAlc of < 7% (<47.5 mmol/mol) within 4 months on metformin monotherapy, addi-

2) If target is not attained on the combination metformin and basal insulin (up to 1.5 U/kg), prandial insulin should be initi-

associated with decreased HbA1c and improved glyce-
mic control in half of the participants. Metformin plus
rosiglitazone was significantly better than metformin
monotherapy (43).

However data from the TODAY study (Treat-
ment Options for T2DM in Adolescents and Youth)
tested three approaches: metformin alone, metformin
plus rosiglitazone, and metformin plus lifestyle in-
tervention (44,45). The 3.9-year clinical trial showed
that metformin plus rosiglitazone was the most ef-
fective treatment for T2DM, followed by metformin
plus lifestyle intervention and then metformin alone
(44,45). A more recent TODAY study showed the
effectiveness of metformin plus short-term dia-
betes education in a large ethnically/racially and
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geographically diverse population of adolescents
with recent-onset T2DM who completed at least
8 weeks of treatment. This study provided short-
term improvements in glycemic control and cardio
metabolic risk factors in a large adolescent T2DM
population (46).

3. Obesity, insulin resistance and prediabetes

a. Prevention of obesity and metabolic syndrome in obese
children and adolescents

Rates of childhood overweight and obesity have
nearly tripled in the U.S. and western countries over the

Figure 2. Glycemic effect of 2 months treatment with metformin in an obese adolescent with Type 2 DM (Continuous Glucose

Monitors ; CGMYS)
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last 30 years. Concomitant with the rise in prevalence
of childhood obesity there has been a corresponding
increase in the incidence insulin resistance, prediabetes
or impaired glucose tolerance (IGT), T2DM, hyper-
tension, hyperlipidemia, non-alcoholic fatty liver dis-
ease (NAFLD) and polycystic ovary syndrome (47).

It has been hypothesized that high insulin blood
levels, due to the high concentration of glucose, may
excessively stimulate specific insulin-dependent path-
ways, resulting in acanthosis nigricans, ovarian hy-
perandrogenism (PCOS), lipodystrophy, accelerated
or impaired linear growth, autoimmunity, and muscle
cramps (48).

Arslanian et al. (49) compared obese adolescents
and adults with IGT, showed a greater insulin resist-
ance in adolescents than adults, despite similar degrees
of adiposity and glycemic status. This finding could
give an explanation to the less improvement in insulin
sensitivity in response to metformin and faster decline
of B-cell function registered in youth than in adults
with T2DM.

Lifestyle intervention is recommended as the pri-
mary treatment for childhood obesity. Reduction of
excessive weight gain has a favorable effect on blood
pressure, glycemia, and lipid metabolism. However,
the long-term outcomes of lifestyle interventions for
childhood obesity carried out in a clinical-practice set-
ting have varied widely. Low rate of success in many
trials promoted an interest in pharmacological in-
terventions and bariatric surgery to prevent diabetes
among obese children and adolescents (50).

Addressing obesity and insulin resistance by drug
treatment represents a rational strategy for the pre-
vention of T2DM. Pediatric randomized, controlled
trial studies have shown improvement in BMI, fast-
ing serum glucose, fasting insulin, homeostasis model
assessment-estimated insulin resistance (HOMA-IR)
and lipid profile in patients on metformin therapy for
exogenous obesity associated with insulin resistance.

Many studies have confirmed that, in the short
term, metformin combined with standardized lifestyle
intervention could reduce body weight and improve
insulin sensitivity in obese children and adolescents.
Nevertheless, many investigations have focused on
the effects of metformin on weight loss, but lack of
attention was paid to the effects of insulin resistance,

despite it was one of the outcomes for these studies.
Meanwhile, different studies have different views on
whether metformin could improve insulin resistance in
obese children and adolescents (51-55).

Recent reviews including a total of 15 rand-
omized controlled trials with metformin treatment
(1000-2000 mg/day) over 6 months in children and/
or adolescents with obesity and hyperinsulinemia
reported that more than 50% of the studies showed
a greater reduction in body mass index (BMI) with
metformin versus controls (average reduction of -1.3
kg/m?) and about 25% of the studies showed a sig-
nificant reduction in HOMA-IR in the metformin
versus control group (average reduction of -0.6)
(56,57). Furthermore, low-dose metformin (850 mg/
day) in young children with obesity and risk mark-
ers for metabolic syndrome was efficacious, well tol-
erated, and had potential long-term benefits in the
improvement of body composition and inflammation

markers (58).

b. Metformin in children who were born SGA and had
rapid catch up in weight and central obesity.

Children born small-for-gestational-age (SGA)
who experience rapid postnatal catch-up in weight
are at risk for central adiposity and hyperinsulinemia.
Metformin reduced central adiposity and improved
insulin sensitivity in non-obese catch-up SGA
children (59).

In conclusion, metformin offers significant po-
tential to intervene to reduce or reverse the metabolic,
endocrine, and cardiovascular changes associated with
obesity in children and adolescents. Metformin ef-
fects were more apparent in studies that lasted only
6 months compared to those that continued for a year
or more, suggesting a decline in effectiveness over
time. Patients with insulin resistance and higher BMI
appeared to have a better benefit. Therefore, metform-
in appears to be a valuable and useful drug for obese
adolescents with prediabetes and insulin resistance but
definitely it is not the answer to the obesity epidemic.
Larger, long-term controlled studies across different
populations are needed to establish the role of met-
formin as therapy for obesity and cardio-metabolic

risk in young people.
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4. Type 1-diabetes (T1DM) associated to insulin
resistance

Insulin resistance of puberty is well documented
in both non diabetic and diabetic adolescents. During
puberty increased body fat and BMI correlate strongly
with insulin resistance. In adolescents with Type 1-
diabetes (T1DM), insulin resistance plays a role in
complicating glycemic control and potentially increas-
ing cardiovascular disease (CVD) risk (60-62).

In addition, overweight and obesity are now prev-
alent among youth with T1DM, and a recent study
demonstrated that youth with T1D are more likely to
be overweight than their peers without the condition
(63). Others have noted more than a twofold increase
of overweight and obesity in youth with TIDM since
the 1990s when the Diabetes Control and Complica-
tions Trial (DCCT) availed the benefits of tight glu-
cose control to reduce the complications of TIDM.
Both puberty and obesity are potential factors of in-
creasing insulin resistance and increasing cardio meta-
bolic risks in adolescents with T1DM (64,65).

The addition of metformin to insulin therapy
in an attempt to improve insulin sensitivity, support
weight control, and reduce insulin dose requirements
in patients with TIDM has been assessed in some
studies and systematic reviews (66).

A double-blind placebo-controlled study was con-
ducted to assess the effects of metformin on metabolic
parameters when added to insulin therapy in 74 pu-
bertal adolescents (ages: 13-20 yr.) with T1IDM . Par-
ticipants were randomized to receive either metformin
or placebo for 6 months. Compared to placebo group,
metformin caused significant decrease in total daily
insulin dose, BMI Z-score and waist circumference
at 3 and 6 months compared to baseline, even among
normal-weight participants. In the placebo group, total
insulin dose and systolic blood pressure increased sig-
nificantly at 3 months and total insulin dose increased
significantly at 6 months. No significant change was
observed in HbAlc at any time point between met-
formin and placebo groups or within either group (67).

In adolescents with poorly controlled TIDM, the
effect of metformin added to insulin therapy was re-
viewed. Two studies confirmed that metformin treat-
ment modestly lowered HbAlc in adolescents with

T1DM who had poor metabolic control. Improve-
ments in insulin sensitivity, body composition or se-
rum lipids were not documented in either study. One
study showed a decrease in insulin dosage by 10%. Ad-
verse gastrointestinal side effects were reported in both
studies and hypoglycaemia in one study (68).

In a metanalysis, five double-blind randomized
controlled trials (RCTs) that included 301 adolescents
with TIDM were identified. Metformin plus insulin
was associated with reduced HbA1c levels, total daily
insulin dosage, body mass index (BMI), and body
weight. However, the subgroup analysis demonstrated
that HbA1c levels were not significantly changed in
overweight/obese adolescents and were significantly
reduced in the general patients. On the contrary,
BMI and body weight were significantly reduced in
overweight/obese adolescents but not in the general
patients. Metformin was associated with higher inci-
dence of adverse events. The authors concluded that
among adolescents with T1DM, administering ad-
junctive metformin therapy in addition to insulin was
associated with improved HbA1c levels, decreased to-
tal daily insulin dosage, BMI, and body weight (69).

In summary, adjunctive metformin therapy to in-
sulin in children and adolescents with T1DM showed
variable clinical results. The ADA reported that there
is insufficient evidence to support the routine use of
adjunctive medical therapies including metformin in

children with T1IDM (70) .
5. Non-alcoholic fatty liver disease (NAFLD)

Non-alcoholic fatty liver disease (NAFLD) is
recognized as the most common cause of liver disease
in obese children and adolescents. NAFLD includes
a wide spectrum of histologic abnormalities rang-
ing from hepatic steatosis to non-alcoholic steato-
hepatitis (NASH) that may progress to cirrhosis, and
subsequent end stage liver disease and hepatocellular
carcinoma (71).

The prevalence of dysglycemia in youth with
NAFLD is higher than in those without NAFLD.
In a multicenter cohort of youth with NAFLD, pri-
marily of Hispanic descent, a third of the children
with NAFLD had abnormalities in glucose metabo-
lism; 23.4% had prediabetes and 6.5% had T2DM.
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Moreover, T2DM in youth is associated with greater
NAFLD histologic severity than in adults, which may
imply a heightened risk of progression to fibrosis, cir-
rhosis, and hepatic failure. In addition, dyslipidemia is
a frequent in children with NAFLD. NASH resolu-
tion and histologic improvement are associated with
improvements in some forms of dyslipidemia (72,73).

The first-line treatment of NAFLD is currently
based on diet and lifestyle modifications. Gradual
weight loss (5-10%), calorie-restricted diet, and regu-
lar physical exercise lead to a decrease in the incidence
of metabolic syndrome, improvement in liver enzyme
profile, and resolution of hepatic steatosis. Lifestyle
changes also had a significant impact on steatosis, re-
ducing the risk by 61%. However, treatment is more
focused on those with NASH because they are at
highest risk for progressive liver disease (74,75).

A pharmacological treatment in patients with
NAFLD is not universally accepted yet. However, giv-
en that insulin resistance plays a key role in the patho-
genesis of NAFLD, many studies have evaluated the
use of insulin sensitizers (metformin and thiazolidin-
ediones) as a possible treatment for this disease (76).

Several clinical trials have supported the benefi-
cial role of metformin in patients with NAFLD.

Mazza A et al. (77) reviewed 6 open-label trials
that have evaluated the liver histology modification to-
gether with serum aminotransferase levels and insulin
resistance markers’ amelioration in NAFLD patients
treated with metformin alone or in association with
other drugs. All these studies reported an improve-
ment in the indices of insulin resistance: five studies
reported a reduction in liver function test values, and
one reported a non-significant increase of these values.
In terms of histological improvement, only three trials
showed significant differences in inflammation, steato-
sis, and fibrosis after treatment with metformin.

More recently, a metanalysis of 6 RCTs involving
307 non-diabetic individuals with NAFLD compared
the effect of taking metformin compared to controls.
Metformin significantly reduced BMI and serum as-
partate aminotransferase (AST) with marginal im-
provement of body weight. The authors emphasized
the clinical importance of metformin administration
for improving liver function and body composition in

non-diabetic NAFLD patients (78).

On the other hand, a metanalysis of randomized
clinical trials comparing metformin with placebo or
other interventions for treating NAFLD, that includ-
ed 417 patients, showed that metformin failed to im-
prove any pooled outcome (79).

In conclusion, lifestyle intervention remains the
cornerstone of NAFLD treatment. Non-conclusive
studies suggested that metformin, when associated
to hypocaloric diet and weight control, might add a
little benefit in the treatment of children and adoles-
cents with NAFLD irrespective of its effects as insulin
sensitizer. However, the heterogeneity of these stud-
ies still prevents from reaching firm conclusions about
treatment guidelines. ADA did not recommend adju-
vant pharmacological treatment of children and ado-
lescents with NAFLD (80). Nevertheless, metformin,
because of its metabolic effects and its safety profile,
remains a hopeful drug in NAFLD therapy, especially
in patients who meet the diagnostic criteria of meta-
bolic syndrome. Larger randomized controlled trials
of sufficient duration using clearly defined histological
endpoints are needed to fully assess the efficacy of this
drug in modifying the natural history of NAFLD in

children and adolescents.

8. Premature pubarche

Premature adrenarche (PA) has been linked
with unfavorable
hyperinsulinism, dyslipidemia, and later-appearing
ovarian hyperandrogenism and it may be associated

metabolic features including

with the metabolic syndrome and this may precede
the development of clinical ovarian androgen excess
in adolescence. The recent discoveries of two novel
monogenic causes of early onset androgen excess,
apparent cortisone reductase deficiency and apparent
DHEA sulpho-transferase deficiency, support the
notion that PA may represent a forerunner condition
for PCOs (81,82).

Miller et al. (83) suggested a “unified theory of
adrenarche, PCOS and hyperinsulinemia”, and Ibéfiez
et al. (84) suggested that the underlying mechanism
may be abnormal regulation or increased expression
of the CYP17A1 androgen synthesis enzyme in the
adrenals and ovaries. The researchers suggested preco-
cious treatment with metformin and lifestyle changes
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aimed at reducing hyperinsulinemia, as some authors
have suggested as a treatment for PCOS (85,86). The
early recognition of girls at risk of developing hyperin-
sulinemia androgen excess might enable prevention in
childhood (84-86).

In adolescents with premature pubarche, in-
tervention with metformin, as an insulin sensitizing
agent, either as mono-therapy or in combination with
the anti-androgen flutamide at low doses, appeared
to have some beneficial effects on abdominal adipos-
ity, androgen levels and indices of insulin resistance
(87,88).

Girls born with low birth weight (LBW) and
precocious pubarche are more insulin resistant with
evidence of increased cardiovascular risk and have an
increased incidence of a polycystic ovarian phenotype
in young adulthood. Early metformin therapy, for 4- 5
years, proved valuable in delaying menarche, augment-
ing height and reducing total, visceral, and hepatic adi-
posity and lowering circulating levels of androgens and
leptin in these girls compared to late therapy (89,90).

In a study of adolescents with hyperandrogen-
ism and T1DM, metformin treatment significantly
decreased serum androgens compared to placebo.
Metformin therapy did not, however, significantly af-
fect clinical parameters, such as hirsutism, ovulation,
and glycemic control; but therapy duration of only
9 months is generally thought to not be long enough to
impact on hirsutism (91).

In summary, there is not enough evidence to rec-
ommend metformin as first-line therapy for women
with PCOS but adding metformin to other PCOS

treatment seems an optimal option
7. Polycystic Ovary Syndrome (PCOs)

Polycystic ovary disease (PCOs) is a common en-
docrine condition which is rapidly gaining epidemic
proportions. PCOs affects5-10% of females in the
reproductive age-group and is characterized by hy-
perandrogenism and amenorrhea or oligomenorrhea
secondary to chronic anovulation. PCOs is the most
common cause of menstrual dysfunction and hyperan-
drogenism in adolescents (92).

In a recent review and meta-analysis included
12 studies and 149,477 participants the prevalence of

PCO in adolescents based on the Rotterdam criteria
was 11.04% (95% CI: 6.84-16.09%), based on the Na-
tional Institute of Health criteria and was 8.03% (95%
CI: 6.24-10.01%) based on Androgen Excess and Pol-
yeystic Ovary Syndrome Society (93).

The prevalence of PCOS is significantly higher
in adolescent girls with obesity compared with ado-
lescent girls without overweight/obesity. Metabolic
dysfunction constitutes an important risk associated
with PCOs, and it can manifest at an early age. One-
third of adolescents with PCOs meet criteria for the
metabolic syndrome including (obesity, dyslipidemia,
hypertension, and glucose intolerance) compared
with approximately 5% of adolescents from the gen-
eral population . In adolescent girls with PCOS and
obesity, there is increased insulin resistance that, when
combined with impaired B-cell function, predispose to
prediabetes and T2DM (94,95).

Pau et al. (96) conducted an open-Label, Interven-
tional Study showed on women with PCOS (n = 36)
who received metformin. They reported that the use
of metformin resulted in decreased weight, waist and
hip circumferences, and diastolic blood pressure. In
addition, it improved glucose effectiveness (not insulin
sensitivity) and decreased androgen levels. Further-
more, 61% of the women with PCOs had an improved
ovulatory response after metformin treatment.

In 22 adolescents aged 13 to 18 years with hy-
perinsulinemia and PCO, Participants were randomly
assigned to take a 12-week course of either metformin
or placebo. Metformin significantly lowered total tes-
tosterone concentrations, increased the likelihood of
menses, and improved high-density lipoprotein cho-
lesterol levels without affecting measures of insulin
sensitivity or body weight (97). Two small randomized,
placebo-controlled clinical trials were performed
on 79 obese adolescent women with PCOs. Results
showed that metformin, in combination with lifestyle
modification and oral contraceptives reduced central
adiposity, decreased total testosterone, and increased
HDL, but did not enhance overall weight reduction
(98). Fifteen obese adolescents with PCOs and im-
paired glucose tolerance received 3 months of met-
formin (850 mg, twice daily) therapy. Results showed
that metformin treatment of those adolescents was
beneficial in improving glucose tolerance and insulin
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sensitivity, in lowering insulinemia, and in reducing el-
evated androgen levels. Moreover, metformin therapy
was associated with attenuation of the adrenal steroi-
dogenic response to ACTH (99).

Al Khalifah RA etal. (100) conducted a systematic
review and meta-analysis of randomized controlled
trials (RCTs) to evaluate the use of metformin versus
oral contraceptive pills (OCPs) for the treatment of
PCOs in adolescents, aged 11 to 19 years. Metformin
resulted in greater BMI reduction and it was associ-
ated with decreased dysglycemia prevalence and im-
proved total cholesterol and low-density lipoprotein
levels. Metformin and OCPs were similar in terms of
impact on hirsutism.

However, randomized controlled studies and sev-
eral meta-analyses have changed the picture and put
the drug that was once heralded as “magic” in a much
contracted place with modest effects on body weight
and adiposity, and posed controversial issue on its ef-
ficiency in PCOS patients (101,102).

Recommendations from the international evi-
dence-based guideline for the assessment and manage-
ment of PCOs advised that metformin in additional to
lifestyle, could be considered in adolescents with a clear
diagnosis of PCOs or with symptoms of PCOs before
the diagnosis is made. They advised that combination
of metformin shall be given with the combination of
COCP for treatment of adolescents with PCOs with
BMI > 25 kg/m2 where COCP and lifestyle changes
do not achieve desired goals (103).

In summary, currently, metformin appears to of-
fer reasonable benefit to obese adolescents with PCOs,
but greater evidence of benefit is required to encourage
its wide use.

Conclusions

Metformin is currently approved and widely pre-
scribed for adolescent patients with T2D and PCOs.
Adolescents during their pubertal growth spurt have
higher insulin resistance compared to other periods
in life. Many conditions and metabolic disorders have
been shown to be linked to increased insulin resist-
ance including T2DM, obesity and PCOs. The in-
terest in metformin therapy has dramatically increased

as the population-based cohort studies showed it can
decrease insulin resistance and decline the risk of de-
veloping the metabolic syndrome and associated car-
diovascular and cerebral morbidities in children and
adolescents with high insulin resistance. The clinical
trial data and clinical experience over several decades
have demonstrated its safety and variable degree of ef-
ficacy in these conditions. This review discussed the
results of recent studies (in the past 20 years) includ-
ing systemic reviews , metanalyses as well as RCT and
controlled studies on clinical use of metformin and
its potential benefits and side effects in the manage-
ment of obese children and adolescents with T2DM,
obesity, NAFLD and those with prediabetes and with
premature pubarche and PCOs. Long-term controlled
translational and clinical trials need to be continued
and expanded to determine if these indications are
genuine and reliable and to assess the degree and dura-
tion of effectiveness.
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