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A
Acne is principally a disorder of 

adolescence. However, the prevalence of 
adult patients with acne is increasing. Acne 
tarda (adult acne) is defined as acne that 
develops (late-onset acne) or continues 
(persistent acne) after 25 years of age.1

Earlier puberty onset for female individuals 
triggers a higher incidence of acne vulgaris 
in the younger age ranges when compared 
to male individuals, regardless of a country’s 
economic level.2 In an Indian study, acne 
prevalence was highest among younger men 
and older women.3 

Both types of adult acne are more common 
in women. Seventy-five percent of women 
with acne report a premenstrual flare.4 
Hormonal factors, stress, increased use of 
cosmetics, and exposure to hot and humid 
conditions (e.g., while cooking) might 
play a role in increased prevalence of adult 
acne in women. In cases of persistent acne, 
female patients report lesions on most days 
and might experience a premenstrual flare. 
Late-onset acne can be further subdivided 
into chin acne (i.e., acne that occurs around 
the chin and perioral area) and sporadic 
acne. Chin acne is inflammatory and flares 
premenstrually, while sporadic acne occurs 
suddenly in adult life with no distinguishing 
features.5 

The morphological characteristics of 
adult female acne are often distinct from 

adolescent acne (Figures 1 and 2). In adults, 
inflammatory lesions (particularly papules, 
pustules, and nodules) are generally more 
prominent on the lower chin, jawline, 
and neck, and comedones are closed (i.e., 
micro cysts). Adult acne is mainly mild-to-
moderate in severity and might be refractory 
to treatment.6

Use of cosmetics to hide lesions and post-
acne pigmentation is higher in women, and 
the psychological effects of persistent adult 
acne might effect women at a higher rate 
than men,7 especially among professional or 
working women. 

We explored associations that acne might 
have with certain clinical, hormonal, and 
biological factors among a local cohort of 
female patients who presented to our clinic 
for acne treatment. We also reviewed the 
current literature on acne to determine the 
prevalence of these associations. Here, we 
describe and discuss the results of our study 
and literature review, and we interpret how 
these findings might be used to improve 
treatment and optimize patient outcomes in 
dermatology.

METHODS
Thirty-six female subjects of reproductive 

age who had visited a private skin clinic in 
Western India between October 2016 and 
February 2017 for treatment of acne were 
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recruited for this study, which followed the 
Declaration of Helsinki Ethical Principles of 
Medical Research. Patients gave informed 
consent to participate in the study, and 
patients whose photographs are used in this 
article provided written consent for the same. 

Inclusion criteria was the presence of 
acne (irrespective of grade) with one or 
more of the following characteristics: 
hirsutism, acanthosis nigricans/acrochordons, 
patterned hair loss, weight gain, menstrual 
disturbances, and/or poor response to 
topical therapies or isotretinoin. Exclusion 
criteria were pregnancy and lactation, oral 
contraceptive use, any systemic illness 
including known hypothyroidism, current 
use of oral systemic medication, and/
or infertility treatment. The typical age 
of the study participants ranged from 16 
to 39 years. All patients belonged to the 
middle socioeconomic class. The clinical 
characteristics of the patients are described 
in Table 1. 

Because follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH) were 
being measured, the investigations were 
carried out within the first five days of 
onset of menses. An oral glucose tolerance 
test (OGTT) was performed in which blood 
sugar and insulin were measured after at 
least eight hours of fasting and two hours 
post-75g glucose. As some hormones have 
peak levels in the morning, FSH, LH, serum 
testosterone (total), anti-Müllerian hormone 
(AMH), thyroid stimulating hormone (TSH), 
serum prolactin, and serum vitamin D were 
measured from the morning fasting sample. 
Homeostatic Model of Assessment of Insulin 

Resistance (HOMA IR) score was calculated. 
Based on the method used by the laboratory 
and the references available, the following 
cut-off levels for “normal” were used: fasting 
blood sugar  lower than 100mg/dL; two 
hours post-load blood sugar lower than 
140mg/dL; fasting insulin lower than 17IU/
mL; two hours post-glucose insulin lower 
than 41IU/mL; HOMA IR lower than 2.5; 
LH lower than FSH (as the test was done in 
follicular phase); Serum AMH lower than 
6.8ng/mL; and vitamin D higher than 20ng/
mL. Abdominopelvic ultrasound was done 
within 2 to 3 days of the blood tests and was 
checked for the presence of polycystic ovary 
syndrome (PCOS).

RESULTS
Of the 33 study participants who consented 

to receive a pelvic ultrasound, 14 (45%) 
showed the presence of PCOS. Two patients 
were detected as having a single large (<5cm) 
cyst in their ovaries and were referred to a 
gynecologist for appropriate treatment.

 Prevalence rates of raised biochemical 
markers for insulin resistance and hormone 
dysfunction are shown in Table 2. Thirty-five 
out of the 36 patients (97.22%) showed at 
least one altered marker.

Twenty-one (58.3%) patients had at least 
one biochemical marker of insulin resistance. 
Mean fasting insulin in our study was 10.3 
versus 7.7 from a healthy adult Indian cohort.45

Two patients were newly detected as having 
hypothyroidism. Prolactin levels were high, 
but were under 100ng/mL in 11 patients 
(30.5%).

DISCUSSION
Serum testosterone. It has been shown 

that the development of acne can be a 
cutaneous symptom of hyperandrogenism, 
a medical condition characterized by 
excessive levels of male sex hormones (e.g., 
testosterone) in the female body.8 Other 
cutaneous clinical signs of hyperandrogenism 
include hirsutism, patterned hair loss, 
acanthosis nigricans, and acrochordons. Serum 
testosterone level estimation is a simple 
and cost-effective laboratory test used to 
determine the presence of hyperandrogenism. 
As serum testosterone has been associated 
with acne vulgaris, testosterone levels should 
be measured in patients presenting with 

acne vulgaris, especially in those cases that 
are treatment-resistant. In female cases of 
elevated testosterone levels, anti-androgen 
treatment should be considered.8

 The total testosterone screening test, a 
marker of overall androgen production, has 
some advantages over free testosterone 
screening in that it is less expensive and might 
be considered easier to interpret. However, 
measuring free testosterone, which represents 
the biologically active testosterone, might 
be a more sensitive indicator of hormonal 
abnormality. 

If total testosterone is elevated, the 
clinician should consider further testing 
for free testosterone, sex hormone binding 
globulin (SHBG), and other androgens. 
However, not all women with clinical signs of 
hyperandrogenism have elevated circulating 
androgen levels.5 Cutaneous signs of 
hyperandrogenism with a normal androgen 
level in the blood can be either due to 
increased responsiveness of the pilosebaceous 
unit to the normal androgen level (end-organ 
hypersensitivity) or increased activity of 

FIGURE 1. A women with polycystic ovaries, acne, 
hirsutism, and acanthosis nigricans on the chin 

FIGURE 2. A woman with irregular menstrual cycle, 
acne, and hirsutism

TABLE 1. Clinical profile of cases

CLINICAL CHARACTERISTIC n (%)

Hirsutism 29 (80.5%)

Weight gain 18 (50%)

Acanthosis nigricans/acrocordons 12 (33.3%)

Patterned hair loss 4 (11.1%)

Menstrual disturbances (current or 
previous)

9 (25%)

Poor response to topicals 19 (27.8%)

Poor response to isotretinoin 2 (5.5%)
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5α-reductase, which converts testosterone to 
dihydrotestosterone, a sex steroid that is five 
times more potent than testosterone.9

In the skin, some follicles might be more 
acne-prone than others, and these follicles 
will have different levels of susceptibility to 
circulating hormones. Increased sensitivity 
of the sebaceous gland to androgens and the 
increased metabolization of local androgen 
hormones into potent androgen metabolites 
might offer alternative mechanisms in acne 
pathophysiology.10,11 

Vitamin D. Vitamin D is a fat-soluble 
prohormone steroid with endocrine, paracrine, 
and autocrine functions.12 Seventy-nine 
percent of Indians are believed to be vitamin 
D-deficient,13 and in a study from South India, 
76 percent of women were found to be vitamin 
D deficient.14 

Vitamin D plays a physiologic role in 
reproduction, including ovarian follicular 
development and luteinization via altering 
AMH signaling, FSH sensitivity, and 
progesterone production in human granulosa 
cells.15 Low 25(OH)D levels are significantly 

correlated with insulin resistance in women 
with PCOS.16 

There have been a few in-vitro studies 
that support the theory that vitamin D has a 
functional role in acne development.17–19 The 
identification of vitamin D receptors in human 
sebocytes and the modulation of lipid and 
cytokine production by vitamin D suggests a 
possible association between vitamin D and 
acne pathophysiology.17,18 Propionibacterium 
acnes (P. acnes) is a potent inducer of Th17, 
and 1,25(OH)2D inhibits P. acnes-induced Th17 
differentiation; therefore, vitamin D could be 
considered an effective tool for modulating 
acne.19 Vitamin D(3) supplementation also 
improves postprandial insulin sensitivity.20 
The level of 25(OH)D has been inversely 
associated with the severity of acne, and there 
is a significant negative correlation between 
25(OH)D levels and the development of 
inflammatory lesions.21

Insulin. Acne is a common component 
of seborrhea-acne-hirsutism-androgenetic 
alopecia (SAHA) syndrome, PCOS, and 
hyperandrogenism, insulin resistance, and 

acanthosis nigricans (HAIR-AN) syndrome, 
all of which are linked to insulin resistance 
(Figure 3). Fasting insulin levels and HOMA are 
significantly higher among patients with acne 
compared with non-acne controls.22 

Insulin resistance (IR) is a metabolic disorder 
in which target cells fail to respond to normal 
levels of circulating insulin, which results 
in compensatory hyperinsulinemia in order 
for the human body obtain an appropriate 
physiological response. It is particularly 
prevalent in individuals with diabetes mellitus 
(DM) Type 2, decompensated Type 1 DM, 
diabetic ketoacidosis, and obesity. In normal 
populations, IR has a prevalence rate of 20 to 
25 percent.23 

There are three types of IR: 1) Type A, 
caused by a reduced number and dysfunction 
of insulin receptors; 2) Type B, caused by 
the formation of antibodies against insulin 
receptors; and 3) Type C, which corresponds to 
a post-receptor defect. Patients with obesity 
and patients with PCOS tend to have Type A 
insulin resistance. Subsequent DM develops 
when insulin secretory capacity fails to reduce 
serum glucose.24 

IR increases during puberty and appears 
to be related to fat accumulation.25 The 
insulin receptor belongs to the family of 
tyrosine kinase receptors, which includes the 
insulin-like growth factor (IGF), epidermal 
growth factor (EGF), fibroblast growth factor 
(FGF), platelet derived growth factor, colony 
stimulating factor I, and several cytokine 
receptors. A high concentration of insulin 
results in the direct and indirect activation 
of IGF-1 receptors in keratinocytes and 
fibroblasts, leading to their proliferation and 
formation of comedones. Other mediators 
can also contribute, including other tyrosine 
kinase receptors (e.g.,  epithelial growth 
factor receptor and fibroblast growth factor 
receptor).26,27 Hyperinsulinemia increases 
ovarian androgen, IGF-1, and IGF-2 production 
in the liver. Insulin and IGF-1 increase the 
activity of 17-hydroxylase in the ovaries, 
causing excessive production of androgens, 
especially 17-hydroxyprogesterone (17-
OHP). Indirectly, insulin potentiates the 
action of LH in the ovaries.28,29 Another 
effect of hyperinsulinemia is a decrease 
in the hepatic production of SHBG (a sex-
hormone carrier protein) and IGF-1 binding 
protein (IGFBP-I), contributing to greater 

Acne
•	 Direct/indirect activation of IGF1 receptors 

in keratinocytes and fibroblasts causing 
infundibular keratinisation

•	 Increased liver IGF 1 & 2
•	 Increased 17 hydroxylase activity in ovaries 

leading to ovarian androgen production
•	 Increased 5 alfa reductase activity 

causing increased intracrine conversion 
of testosterone to the potent di hydro 
testosterone

•	 Decreased SHBG and IGF BP1 formation 
in liver causing increased bioavilability of 
testosterone and IGF 1

•	 Formation of pro inflammatory cytokines

FIGURE 3. Relationship between insulin resistance and acne.

Acne
Insulin abnormalities
•	 Physiologic (puberty)
•	 Physical inactivity
•	 High glycemic foods
•	 Dairy (mTORCI stimulators)
•	 Decrease number and dysfunction of insulin 

receptors (PCO and obesity)

Insulin 
Resistance/Raised  

Insulin Levels
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action of free testosterone and IGF-1, 
respectively, in target cells. In-vitro studies 
have shown that insulin and IGF-1 might 
act with androgens to stimulate growth 
of hair follicles. Hyperinsulinemia can also 
increase the action of 5α-reductase, leading 
to increased conversion of testosterone into 
dihydrotestosterone.30,31

A Western diet is characterized by high 
glycemic load and increased levels of milk/
dairy protein, containing abundant amounts 
of branched-chain amino acids (leucine, 
isoleucine, and valine). These two dietary 
stimuli overstimulate a kinase termed 
mammalian target of rapamycin complex 1 
(mTORC1). The activation of mTORC1 signaling 
is involved in both acne pathogenesis (altering 
sebaceous gland homeostasis with the 
promotion of cell growth and proliferation) 
and IR (stimulating the kinase S6K1, which 
negatively controls insulin signaling at 
the level of insulin receptor substrate-1 
phosphorylation).32 Insulin resistance has been 
recognized as an inflammatory disease, and 
there is a close relation between inflammatory 
acne and insulin resistance.33,34 

To date, there is no single test that can 
diagnose insulin resistance. A World Health 
Organization (WHO) consensus group 
concluded that the Insulin Sensitivity Index 
(SI) of the lowest 25 percent of a general 
population can be considered insulin-resistant. 
Insulin sensitivity shows ethnical- and gender-
based variations.35–37 The hyperinsulinemic 
euglycemic clamp technique, considered 
the gold standard for diagnosing insulin 
resistance, is impractical in a clinical setting. 
HOMA IR might be a more practical alternative 
as its value is calculated using an equation 
(Figure 4) and is considered to replicate the 
clamp technique.38 

A HOMA IR cut-off value of 2.5 has been 
identified to diagnose metabolic syndrome in 
urban Indian adolescents.39 An Indian study 
of adults identified a cut-off value of 2.41 to 
diagnose insulin resistance.40

The OGTT with insulin measurements 
at fasting and two hours after 75g glucose 
ingestion is a practical approach to diagnose 
insulin resistance. WHO defines the upper level 
of normal fasting blood glucose as 110mg/
dL; the American Diabetes Association has 
defined it as 100mg/dL.41 An Indian consensus 
group has recommended that for the diagnosis 

of impaired fasting glucose, a cut-off value 
of 100mg/dL should be applied to Asian 
Indians.42 A fasting insulin level above 25mg/
dL is considered abnormal.43 In a study of 
Caucasian women with obesity, a level of 
fasting insulin above 9µIU/mL was determined 
as a marker of pre-diabetes.44 A recent study 
from Western India (where our study was 
conducted) recommends a cut-off level of 
17mg/dL for diagnosis of hyperinsulinemia.45 
As insulin response pattern, post-glucose, 
varies considerably in patients with 
impaired fasting glucose and impaired 
glucose tolerance, fasting measurements 
are generally recommended in population 
studies. Measuring only fasting insulin levels 
is sometimes inadequate for a diagnosis of 
mild insulin resistance in women with acne.46 
There are very few studies defining cut-offs for 
post-load insulin. The cut-off value of 41µIU/
mL was used here in the present study and in 
another Indian study as well.47 Other non-
Indian studies have used a cut-off value of  
35µIU/mL.48,49 

The glucose-insulin (GI) ratio at baseline, 
one, and two hours is lower in women with 
PCOS than in healthy controls.50 A fasting GI 
ratio of less than 4.547 and a two-hour GI ratio 

less than 1 is supportive of a diagnosis of 
insulin resistance in women with PCOS.51

It seems wise to perform an OGTT with 
HOMA IR calculation to avoid missing insulin 
resistance in patients with acne. Most of the 
data for cut-offs available to us are for patients 
with PCOS. Large-scale, cross-control studies 
in subjects who are acne prone compared to 
normal controls are needed to determine the 
cutoff levels of fasting and post-load insulin, 
HOMA IR, and GI ratios for diagnosis of insulin 
resistance in patients with acne.

AMH. Excessive production of AMH secreted 
by growing follicles is now considered a 
feature of PCOS. Acne is the most common 
cutaneous manifestation of PCOS,52 so 
dermatologists can play an important role in 

TABLE 2. Biochemical and hormone markers

LABORATORY MARKER n (%)

Fasting glucose >100mg/dL 7 (19.4%)

Fasting insulin >17IU/mL 4 (11.1%)

Post-load glucose >140mg/mL 0

Post-load insulin >41IU/mL 9 (25%)

HOMA IR >2.5 17 (47%)

Fasting GI ratio <4.5 1 (2.7%)

Post-load GI ratio <1 1 (2.7%)

LH levels > FSH levels 15 (41.6%)

Serum testosterone (total) >56.94mg/dL 5 (13.8%)

Serum AMH >6.8ng/mL 10 (27.7%)

Serum vitamin D (D2+D3) <20ng/mL 28 (82.3%)

Serum prolactin >25 ng/mL 11 (30.5%)

TSH >6µIU/mL 2 (5.5%)

HOMA IR: Homeostasis Model of Assessment of Insulin Resistance; GI: glucose-insulin; LH: leutinizing hormone;  
FSH: follicle stimulating hormone; AMH: anti-Müllerian hormone ; TSH: thyroid stimulating hormone

Fasting  Insulin (IU/L) x Fasting Glucose (mmol/L)
22.5

Or
Fasting  Insulin (IU/L) x Fasting Glucose (mg/dL)

405

FIGURE 4. HOMA IR (Homeostasis Model of Assessment of 
Insulin Resistance) equation
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PCOS diagnosis. Girls with severe acne or acne 
resistant to oral and topical agents, including 
isotretinoin, have a 40-percent likelihood of 
developing PCOS.53 Twenty to 40 percent of 
female patients with acne suffer from PCOS.54 

The performance of transvaginal ultrasound 
is not possible in women who are not yet 
sexually active. While FSH and LH testing 
is dependent on the menstrual cycle, the 
menstrual cycle has little influence on AMH. 
AMH testing is useful for diagnosing PCOS in 
patients with persistent acne.55 Serum AMH 
level is also correlated with the severity of 
PCOS, and thus a raised AMH should prompt 
the clinician to do an ultrasound for PCOS.

LH/FSH. In healthy women, LH/FSH ratio is 
approximately 1:1 during the follicular phase.57 
LH hypersecretion is a characteristic hallmark 
of PCOS.58 High LH levels in the follicular phase 
indicate hypersecretion and probably an 
absence of LH surge, which causes anovulation 
in PCOS. Thus, in the present study we used 
the principle of LH/FSH ratio greater than 1 to 
indicate an abnormality in LH secretion. For 
PCOS, the ratio of greater than 2 is accepted as 
abnormal.

Prolactin. Women with 
hyperprolactinemia might present with 
signs of chronic hyperandrogenism, such as 
hirsutism and acne (possibly due to increased 
dehydroepiandrosterone sulfate secretion from 
the adrenals) and reduced SHBG, leading to 
high free testosterone levels. Normal serum 
prolactin levels range from 5 to 25ng/mL in 
female subjects, although physiological and 
diurnal variations occur.59 Hyperprolactinemia 
is usually defined as fasting levels of above  
25ng/mL in women.60 Many common 
medications can cause hyperprolactinemia 
with prolactin levels 100ng/mL or less. Other 

common conditions that must be excluded 
when considering raised prolactin levels 
include samples taken from a non-fasting 
individual or from individuals who excessively 
exercise, have had chest wall surgery or 
trauma, have renal disease or cirrhosis, or have 
had a seizure within 1 to 2 hours of testing. 
Certain medications can also affect prolactin 
levels. All of these conditions can cause 
prolactin elevation over 50ng/mL.61 

Study limitations. We found an almost 
universal prevalence of altered biochemical 
and hormone markers in our study. One reason 
for this might be the socioeconomic bias, as all 
patients in our study belonged to the middle 
class. Also, since only those patients who had 
some objective indication of insulin resistance 
or hyperandrogensim were included in our 
study, the prevalence rates do not reflect the 
real-world prevalence in female individuals 
with acne. 

CONCLUSION
Rather than a transient pubertal cutaneous 

condition, acne is now recognized as a 
chronic systemic disease. There is a very high 
prevalence of altered metabolic and hormonal 
status in female individuals with acne. 
Although this study focused on women in 
India, there is no reason to believe that similar 
findings would not be seen in insulin-resistant 
men or in other countries.34 

It has been suggested that PCOS should 
be renamed  “female metabolic syndrome” or 
“syndrome XX.”62 Dermatologists frequently 
evaluate and manage the cutaneous 
manifestations of PCOS, and therefore 
can play a key role in PCOS diagnosis and 
management.63 Knowing the markers that 
indicate abnormalities can guide us to the 

correct acne treatment approach (Table 3). 
A patient with insulin resistance should be 
counseled about weight loss, exercise, and 
the consumption of a diet with low glycemic 
index. These patients can also be treated 
with metformin. Myoinositol supplements 
improve insulin sensitivity in PCOS patients.64 
Oral contraceptives with antiandrogenic 
progesterone can be used in women with PCOS 
who are experiencing irregular menstrual 
cycles. Vitamin D supplementation can help 
treat acne directly or indirectly by improving 
insulin sensitivity and hormone dysfunction.20 
Since the prevalence of vitamin D deficiency 
is ubiquitous, a study should be conducted 
to assess whether all acne patients should 
be given vitamin D supplements. Insulin 
resistance is also highly prevalent in patients 
with acne, so diet modification should be 
prescribed universally. 

The skin reflects the internal health of the 
body. Dermatologists should keep a high index 
of suspicion for other disorders, including 
PCOS, in their patients with acne, and evaluate 
them appropriately. Dermatologists are 
in a unique position to introduce lifestyle 
modifications at an early age to their patients 
with acne in order to prevent or delay the 
onset of serious systemic disorders.
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