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Background: Polycystic Ovary Syndrome (PCOS) is a very common endocrine disorder of
young women.

Aim: The proper treatment of PCOS requires a thorough understanding of the underlying
cause of disease. In this article, we review the extent to which hyperinsulinemia contributes to
the development of PCOS.

Setting: The goal of this review was to assess the current literature on the contribution of
hyperinsulinemia to the hyperandrogenism of polycystic ovary syndrome in hopes of
promoting future research and advancements in clinical treatments for women with PCOS
focusing on this major contributing factor, hyperinsulinemia.

Method: A review of published peer-reviewed literature was conducted by searching the
keywords.

Results: Excessive insulin causes both the overproduction of testosterone and decreased sex
hormone binding globulin (SHBG) levels seen in PCOS, both of which collaborate in creating
an increased testosterone effect.

Conclusion: The majority of research and evidence shows that the hyperandrogenism of PCOS
is likely caused by hyperinsulinemia. Yet the conventional treatment of hyperandrogenic
symptoms in women with PCOS is not directed towards correcting this underlying
hyperinsulinemia. Furtherresearchis needed to assess how the treatment of the hyperinsulinemia
through lifestyle would compare to the current treatment of hyperandrogenemia through
testosterone-lowering drugs.
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Introduction

Polycystic Ovary Syndrome (PCOS) has now evolved into the most common endocrine disorder
of young women, involving multiple organ systems. Newer estimates of the prevalence suggest
it affects 15% — 20% of women, making it the most common endocrine disorder of young women
by far.! The three main symptoms of PCOS are: (1) Hyperandrogenism, (2) Menstrual Irregularity
and (3) Polycystic ovaries. The hormonal underpinnings of PCOS began to be appreciated in the
1950s, with the development of the radioimmunoassay that could measure various hormone
levels. In the 1960s and 1970s, research focused on Luteinising Hormone (LH) and follicle
stimulating hormone (FSH), key regulators of the normal menstrual cycle. For many years, an
abnormal LH/FSH ratio was considered diagnostic of PCOS.? By the 1980s, testosterone was
recognised as the main androgen that was responsible for the majority of problems.?
Hyperandrogenemia is the biochemical hallmark of PCOS.*

Material and methods

The goal of this review was to assess the current literature on the contribution of hyperinsulinemia
to the hyperandrogenism of polycystic ovary syndrome in hopes of promoting future research
and advancements in clinical treatments for women with PCOS focusing on this major contributing
factor, hyperinsulinemia.

A review of published peer-reviewed literature was conducted by searching the keywords:
PCOS, polycystic ovary syndrome, polycystic ovarian syndrome, hyperandrogenemia and
hyperinsulinemia. Additional articles were suggested by the authors and clinicians involved in
this review. Studies were first selected based on title and abstract. A full text assessment was
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then utilised to ensure relevance. Studies were included if
the title and abstract focused on the contribution of
hyperinsulinemia to hyperandrogenemia.

Ethical considerations

This article followed all ethical standards for research without
direct contact with human or animal subjects.

Results
Hyperandrogenemia

Excessive androgen production, specifically testosterone, has
been extensively linked to many symptoms of PCOS.

Testosterone is produced in both the ovaries and the adrenal
glands in roughly equal proportions.® One key question is
whether the hyperandrogenism of PCOS was of ovarian or
adrenal origin. For years, it was assumed that both organs
were equally culpable.

By 1989, studies firmly pointed towards the ovary as the key
source of excessive testosterone production in women with
PCOS. Specifically, it is the theca cells within the ovary that
are responsible for the overproduction of hormones.”

This suspicion is further strengthened by Drs Stein and
Leventhal’s research, who performed ovarian wedge
resection surgery on patients with PCOS, which often
restored normal ovulation and normal menstrual cycles.® The
hyperandrogenism of PCOS, secreted mostly by the ovaries,
caused the symptoms of hirsutism and infertility.*

Direct measurement of blood testosterone levels is not part of
the diagnostic criteria for hyperandrogenemia’ and is highly
problematic for three reasons. Firstly, blood testosterone
levels vary widely throughout the day with age and
menstrual status.’” Secondly, even in established PCOS, the
ovarian portion of T production only rises to about 60% of
total daily production of T." Thirdly, a major contributing
factor to the excess androgen effect seen in PCOS (hirsutism,
acne etc.) is not excessive testosterone, but rather low levels
of sex hormone binding globulin (SHBG).® The SHBG is the
protein designed to carry testosterone inactively; testosterone
without SHBG is free to exert its effects.

Testosterone in high levels starts to exert its masculinising
effects on the neighbouring organs because of the lack
of SHBG,”? thus the excessive development of acne,
excessive facial hair, male pattern baldness and other
hyperandrogenemia expressions. Women with PCOS are
often found to have low levels of SHBG,® which allows higher
levels of free testosterone and greatly increases the extent of
testosterone’s effect on the body, even if total testosterone
levels are not particularly high.

Hyperinsulinemia

Insulin and testosterone blood levels have showed a strong
85% correlation, highly suggestive that one hormone is

Page 2 of 3 . Review Article

http://www.insulinresistance.org . Open Access

directly stimulating the other.”® This relationship was further
elucidated by in vitro studies.* But did hyperinsulinemia
stimulate testosterone production or did high testosterone
stimulate  hyperinsulinemia?  Experimental evidence
suggested that hyperinsulinemia was the primary cause.
Purified ovarian cells bathed in insulin significantly increased
their testosterone production. The opposite does not hold
true; purified ovarian cells bathed in testosterone did not
produce insulin. The pancreas is the organ responsible for
insulin production and secretion, but there was little evidence
that high testosterone levels, such as from a tumour, could
produce hyperinsulinemia.

In vivo studies have confirmed that high insulin does indeed
increase androgen levels. Direct insulin infusion measurably
increases androgen production by binding to insulin or
insulin-like growth factor-1 receptors in the ovary.!> The
response to insulin was also graded; higher levels of insulin
infusion yielded higher levels of androgen production.”
Even 24 hours after the insulin infusion was stopped, the
testosterone levels continued to be elevated.

Insulin plays another role as the major regulator of SHBG
production in the liver; hyperinsulinemia has been linked to
hyperandrogenemia and lack of SHBG.'* Moreover, an
inverse relationship between insulin levels and SHBG
production has been proved for both men and women."”

Particularly with diabetics, type 1 diabetics, with very low
insulin levels, have very high SHBG, and type 2 diabetics,
with very high insulin levels, have very low SHBG."

Insulin directly inhibits liver production of SHBG, and
therefore increases the levels of free and bioavailable
androgens.’®

Thus, excessive insulin causes both the overproduction of
testosterone and decreased SHBG levels, both of which
collaborate in creating an increased testosterone effect.

Conclusions

The majority of research and evidence shows that the
hyperandrogenism of PCOS is likely caused by
hyperinsulinemia. Yet the conventional treatment of
hyperandrogenic symptoms in women with PCOS
is not directed towards correcting this underlying
hyperinsulinemia. Rather, conventional treatments focus on
lowering testosterone levels, with moderate success. This is
symptomatic treatment only, and therefore would not be
expected to be very successful. Instead, decreasing insulin
levels through weight loss, diet and lifestyle might have
greater success in overall signs and symptoms of PCOS as
well as preventing associated conditions such as type 2
Diabetes, Obesity and Cardiovascular Disease.

Further research is needed to assess how the treatment of
the hyperinsulinemia through lifestyle would compare to
the current treatment of hyperandrogenemia through
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testosterone-lowering drugs. More research is also

warranted to gain a better understanding of evidenced-
based guidelines for treatment of PCOS, especially when
considering specific dietary recommendations.
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