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ABSTRACT

This study conducted a systematic review of studies on the relationship between androgenic alopecia
and metabolic syndrome. We performed a comprehensive review of databases including PubMed, Web of
Knowledge, Google Scholar, Scopus, and Embase, and extracted relevant articles published from 2010 to
2018.The case reports, review articles, or studies lacking full-text articles were excluded. We examined
nine studies for the meta-analysis step. The results showed a significant relationship between alopecia and
metabolic syndrome (OR = 2.81; CI 95% = 2.16-3.66; 12 = 73%; P = 0.0003). There is a significant
correlation between androgenic alopecia and metabolic syndrome.
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RESUMO

Este estudo conduziu uma revisao sistematica de estudos sobre a relagao entre alopecia androgénica e sindrome metabo-
lica. Realizamos uma revisdo abrangente de bancos de dados, incluindo PubMed, Web of Knowledge, Google Scholar,
Scopus e Embase, e extraimos artigos relevantes publicados de 2010 a 2018. Os relatos de caso, artigos de revisdo ou
artigos sem textos completos foram excluidos. Nove estudos foram examinados para a etapa de metanalise. Os resulta-
dos mostraram uma relagdo significativa entre alopecia e sindrome metabdlica (OR = 2,81; IC 95% = 2,16-3,66;
I2 = 73%; P = 0,0003). Existe uma correlagdo significativa entre a alopecia androgénica e a sindrome metabdlica.
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INTRODUCTION

Androgenetic Alopecia (AGA) is a type of alopecia that
shows hair thinning and loss in the frontal and central regions of
the head or the vertex.'

According to evidence, 50% of men and women suffer
from androgenic alopecia.? AGA mainly affects people in the
third and fourth decades of life but can occur any time after
puberty and is more common in men than women. Also, the
pattern of hair loss is different between the sexes.’

The etiology of AGA is multifactorial. Two fundamental
changes occur in the hair cycle causing the condition: first, the
hair anagen phase decreases, producing vellus and miniaturized
hairs; second, the distance between the telogen and anagen pha-
ses increases, resulting in an increased number of empty hair
follicles.* Dihydrotestosterone (DHT) is a major factor in AGA
pathogenesis. Five-alpha reductase enzyme converts testosterone
to DHT.There are two types of 5-alpha reductase enzymes: type
1 and type 2. Type-2 5-alpha reductase plays an essential role in
AGA.DHT binds to androgen receptors in the dermal papilla of
the hair follicle, inhibits adenyl cyclase, and activates the genes
responsible for transforming terminal hair to vellus hair in the
anagen phase, resulting in empty follicles.>® Excess insulin and
insulin resistance decrease the sex hormone-binding globulin
levels and lead high free testosterone levels.”An increased serum
androgen level also causes hypertension through the androgen
receptors in the arterial endothelium, causing the proliferation
and hyperplasia of smooth muscle cells in the arteries and con-
tracting the lumen leading to high blood pressure.'"" Also, mi-
crovascular disorders and follicular hypoxia decrease the number
of hair follicles.'

Studies on the effects of androgens on the serum lipid in-
dex show that anabolic steroids such as testosterone cause decrea-
sed HDL, increased LDL, hyperlipidemia, and coronary artery
disease.” Research show that androgenic alopecia is a risk factor
for insulin resistance and type-2 diabetes mellitus in men."*'* In-
sulin resistance and high blood insulin levels are also risk factors
for cardiovascular disease.'”” Metabolic syndrome consists of in-
sulin resistance, obesity, dyslipidemia, and hypertension, increa-
sing the risk of cardiovascular diseases, stroke, and diabetes.'*"*
Studies show that some dermatologic conditions and metabolic
syndrome are correlated,'” but there is still controversy about the
association between AGA and metabolic syndrome.””

The classic pattern of hair loss in men involves the fron-
tal, temporal, and vertex regions of the scalp, while the hair on
the parietal and occipital areas remains.' Female Pattern Hair
Loss (FPHL) appears first as thinning and then as hair loss arou-
nd the ear. However, some women experience other configura-
tions, such as centralized, Christmas tree, or male patterns. The
scattered pattern is graded using the Ludwig scale, the centrali-
zed pattern using the Olsen scale, and the male pattern using the
Hamilton-Norwood scale to assess AGA.?

The present study systematically reviewed studies on the
relationship between AGA and metabolic syndrome.

METHODS

Protocol and Registration

All the design steps were based on the PRISMA guideli-
nes and the study sought to answer the question of whether the
prevalence of the metabolic syndrome is higher in androgenic
alopecia patients than in healthy controls.

Information Sources

We conducted a comprehensive review of databases in-
cluding PubMed, Web of Knowledge, Google Scholar, Scopus,
and Embase, and extracted pertinent articles.

The keywords used to find the articles included: Meta-
bolic syndrome, central obesity, high blood pressure, high blood
sugar, high serum triglycerides, low serum high-density lipopro-
tein, and androgenic alopecia.

Search Strategy

The search strategy for PubMed was: (Metabolic syndro-
me) OR (central obesity) OR (high blood sugar) OR (high
serum triglycerides) OR (low serum high density lipopro-
tein) AND (androgenic alopecia) AND (“2010/01/01” [PDat|:
“2018/12/31” [PDat])

After extracting pertinent articles from the databases, we
entered all of them into Endnote and removed the duplicates.
Subsequently, two researchers selected the articles independently,
and whenever there was disagreement about the selections for
the final review, a third researcher was recruited to make the
final decision.

Eligibility Criteria

This study included all articles published in English from
2010 to 1018 on patients with androgenic alopecia examined in
terms of metabolic syndrome. Case reports, review articles, or
studies lacking full-text articles were excluded.

Evidence Synthesis and Results

STATA version 13.2 and Metan software were used to
determine the prevalence of the condition. The pooled odds ra-
tio was finally calculated, and the result was determined based
on a 95% confidence interval (CI). The heterogeneity of the
results of the studies was determined based on I? statistics and
P-value. Publication bias was also determined based on a funnel
plot graph and Egger test.

RESULT

There was a significant relationship between metabolic
syndrome and alopecia. This result is contrary to the findings
of some studies, perhaps because these other studies had not
appropriately examined the confounding factors. The odds ratio
(OR) of 2.81 shows that androgenic alopecia is a risk factor for
metabolic syndrome. The incidence of metabolic syndrome was
43% to 51% in the groups with androgenic alopecia and 20% to
28% 1n the healthy controls.

Figure 1 shows the selection process for the databases.
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The meta-analysis included a total of nine studies. The
total sample size of the studies was 1,452, and 880 cases had
AGA. Table 1 presents the list of studies included in the meta-
-analysis. Table 2 shows the risk of bias in the studies. We used a
forest plot chart to calculate the numerical results of the studies
(Fig. 2). Based on this chart, the results showed a significant rela-
tionship between alopecia and metabolic syndrome (OR = 2.81;
95% CI = 2.16-3.66; I = 73%; P = 0.0003).

Figure 2:The forest plot chart for examining the OR and
significance of the relationship between alopecia and metabolic
syndrome.

The funnel plot chart was used to investigate publication

Records identified through
database searching
(n=141)

!

Identification

bias. As shown in figure 3, the studies are reasonably accurate,
and there is no significant publication bias.

Figure 3:The funnel plot investigating the symmetry bet-
ween the studies

DISCUSSION

Just two review studies have been conducted on meta-
bolic syndrome and endogenous alopecia, and both confirm the
results of our analysis. According to these analyses, there is a sig-
nificant correlation between androgenic alopecia and metabolic
syndrome.

In 1972, Cotton et al.* showed a significant relationship
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FIGURE 1: PRISMA diagrams examining the process of include and exclude studies to meta-analysis
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Table 1: Details of the reviewed studies

Year of

Pati Al i
Reference Title Publica- Country at.1ent opecia Result
. Size Grading Scale
tion
Acibucu et The assoc1at10in of insulin 1'Aeslstance Hamilton- Significant in the
. and metabolic syndrome in early 2010 Turkey 128 .
al. . . Norwood Scale alopecia group
androgenetic alopecia
The investigation of insulin resistance
Mun:guoglu gnd met'abohc syndrome in male 2011 Turkey 90 Hamilton- S1gn1ﬁc%1nt in the
etal.” patients with early-onset androgenet- Norwood Scale alopecia group
ic alopecia
Chakrabarty Assoaanop of premature androgenet- . Norwood- Significant in the
” ic alopecia and metabolic syndrome 2014 India 170 . .
et al. . . ) Hamilton Scale alopecia group
in a young Indian population
Androgenetic alopecia, metabolic
Bal:‘y et syndrome, anq il?sulin resistance: Is 2014 India 200 Hamilton- Signiﬁc:ilnt in the
al. there any association? A case-control Norwood Scale alopecia group
study.
Oubas Gok Is there rez?]ly relatlgnshlp betweer} Hamilton- Not significant
I androgenetic alopecia and metabolic 2015 Turky 116 between
et al. Norwood Scale
syndrome? the two groups
Hamilton-
Androgenetic alopecia as an indicator Norivrzloz)?cale Sienificant in the
Ertas ¥ of metabolic syndrome and cardio- 2016 Turky 68 ghiics
) and the presence  alopecia group
vascular risk. >
of vertex hair loss
Agamia Bemgn prostatic hyperplasia, .meta_ Hamilton- Significant in the
”s bolic syndrome and androgenic alo- 2016 Egypt 68 .
et al. . . . . Norwood Scale alopecia group
pecia: Is there a possible relationship?
Association of early-onset androge-
Pengislae netic al'opecia. and metabolic syn- 2013 Thailand 400 Hamilton- Signiﬁc%mt in the
et al.” drome in Thai men: a case-control Norwood Scale alopecia group
study
Is early onset androgenic alopecia a
Bang1egr mar.ker of metabolic synd.ro?ne and 2015 India 200 Hamilton- Slgmﬁc?nt in the
et al. carotid artery atherosclerosis in young Norwood Scale alopecia group

Indian male patients?

between hair loss and cardiovascular diseases for the first time.
In 2010, Acibucu et al.*' revealed, assessing 168 patients, that the
probability of metabolic syndrome was 2.7 times higher in the
AGA group than in the control group. The main problem of
their study was the small sample size in the control group, al-
though they showed significant intergroup correlations.”’ In
2011, in Turkey, Mumcuoglu ef al.” examined insulin resistance
and metabolic syndrome in men with early androgenic alopecia
and showed that insulin resistance-related diseases and coronary
artery diseases are more common in men with androgenic alo-

pecia. This study included 50 men (18-30 years) with AGA >3

on the Hamilton-Norwood scale and BMI <27 and 40 men
matched in weight and age. According to the results, high Ho-
meostatic Model Assessment for Insulin Resistance (HOMA-
-IR) and Fasting Insulin Resistance Index (FIRI) scores indicate
that men with AGA have insulin resistance.” In a 2014 case-
-control study, Chakrabarty et al.>® examined the frequency of
metabolic syndrome in people with primary AGA at a cognitive
therapy clinic in Bangalore, India. They assessed 85 cases of AGA
and 85 matched controls using the Norwood-Hamilton scale to
evaluate the degree of AGA. The study used the Chi-square test
to compare the ratios between the groups and compared the
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TABLE 2: The risk of bias in the reviewed studies

Random Reportin Other
Sequence Selection Bias Detection Bias Attrition Bias P . g .
. Bias Biases
Allocation
Acibucu et al. »! + ? _ _ ? +
Mumcuoglu et al.?? ? ? ? _ + ?
Chakrabarty et al. % ? ? ? _ ?
Bakry et al. ? ? ? _
Banger et al. '® + + + + _
Ozbas Gok et al ** ? ? _ _ ? +
Ertas et al.*’ + ? ? + ? +
Agamia ef al.® ? ? ? _ ? ?
Penggalae et al.* ? - + - - ?
Experimental  Control 0dds ratio 0dds ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%(Cl Year M-H, Fixed, 95% CI
10.1111/j.1365-2133.2010.09816x 25 80 7.3% 3.18[1.20,846] 2010 —
10.1684/ejd.2010.1193 4 50 2 50 2.6% 2.09[0.36,11.95] 2011 —
PMD: 23991602 21 40 10 40 6.7% 3.32[1.29,8.55] 2013 -
10.4103/0974 - 7753.138586. 22 100 8 100 8.8% 3.24[1.37,7.69] 2014 -
10.4103/2229 - 5178.137776. 39 100 19 100 16.4% 2.73[1.44,5.18] 2014 *
10.4103/0974 - 7753.171566. 37 85 3 85 2.4% 21.07[6.16,72.03] 2015
10.1155/2015/980310 35 74 26 42 24.7% 0.55[0.26,1.20] 2016 B
10.1016/j.ju.2016.01.003 153 300 28 100 29.0% 2.68[1.64,4.38] 2016 "
10.3109/08037051.2015.1111021 25 51 2 17 2.2% 7.21[1.49,34.81] 2016
Total (95% CI) 880 582 100% 2.81[2.16, 3.66] ‘
361
Total events
ity: 2= = = 2=
Hererogeneity: Chi2 =29.20, df =  (p =0.0003); I2=73% .01 o1 1 1 100

Test for overall effect: Z=7.73 (p <0.00001)

Favours [experimental] Favours [control]

FIGURE 2: Forest Plot Chart, checking OR and Significant Relationship Between Alopecia and Metabolic Syndrome

means between the subjects with metabolic syndrome and the
controls using the independent t-test.

AGA was associated with metabolic syndrome in Indian
men younger than 30 years old (P<0.001), but the severity of
AGA was not correlated with metabolic syndrome. A 2015 ca-
se-control study by Banger et al.'® in India examined the clinical
characteristics of AGA and the presence of metabolic syndrome
and carotid artery atherosclerosis in men with early AGA and
compared the results against a control group. The samples con-
sisted of 100 men aged 18-35 years with AGA and several heal-
thy controls; 22% of the patients with early androgenic alopecia

met the criteria for metabolic syndrome compared to 8% in the
control group. Nonetheless, there was no significant difference
in the mean cholesterol levels. The research found an atheroscle-
rotic plaque in two patients in the case group and no plaque in
the control group.

Another case-control study by Ozbas Gok S. et al.** in
2015 in Turkey assessed 74 men with AGA and 42 male controls.
Of the 74 male AGA patients (age range of 20-50 years, mean
age of 32.14 years), 24 were in stage 2, 26 in stage 3, 17 in stage
4,1 in stage 5,and 5 were in stage 7. In the case group, 35 out of’
74 individuals had metabolic syndrome. However, 26 out of the
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42 subjects in the control group were affected. There was no sig-
nificant difference in metabolic syndrome prevalence between
the AGA patients and the control group (P=0.135). Among the
studied parameters, only systolic blood pressure was significantly
higher in the AGA group than in the control group. **A study

1.» in Egypt in 2016 found a significant associa-

by Agamia et a
tion between benign prostatic hyperplasia (BPH) and metabolic
syndrome with AGA: the risk of metabolic syndrome was 2.68
times higher in the patients with androgenic alopecia. Androge-
nic changes in men’s bodies also increase the chance of develo-
ping prostate cancer.” A study by Pengsalae et al.* in Thailand in
2013 evaluated the association between androgenic alopecia and
metabolic syndrome in Thai men. The research selected 80 male
subjects, including 40 with early diagnosis of AGA (before 35
years of age) and 40 controls without alopecia. The patients with
early androgenic alopecia were 3.48 times more likely to have
metabolic syndrome than the control group (P =0.015, OR =
3.48,95% CI = 1.25-9.75). Pengsalae et al.”® found a significant
association between androgenic alopecia and metabolic syndro-
me. Also, they observed a correlation between the severity of
AGA and metabolic syndrome (P= 0.629).They concluded that
the early detection of metabolic syndrome in this population
might be helpful in preventing cardiovascular diseases. *°A study
in South Korea by Yi ef al”” in 2012 using the Norwood scale
for men and the Ludwig scale for women examined a total of

\‘ O
O \‘
\ FIGURE 3: Funnel plot,
, OR investigating the
T * 1
10 100 symmetry of Existing

Studies

3,408 individuals (1,707 men and 1,701 women) from January
2008 to February 2010. The relationship between AGA and all
five metabolic syndrome components (waist circumference, tri-
glycerides, high-density lipoprotein, blood glucose, and blood
pressure) was statistically non-significant.

‘When multiple regressions were used to adjust for age,
family history, and smoking status, there was no significant re-
lationship between the prevalence of metabolic syndrome and
AGA in the male group. In contrast, there was a statistically sig-
nificant relationship between the prevalence of metabolic syn-
drome and AGA 1in the female group. A 2010 study by Acibucu
et al®' in Singapore assessed the frequency of insulin resistance,
hyperinsulinemia, and metabolic syndrome in patients with an-
drogenic alopecia. The study analyzed 80 patients with primary
AGA and 48 healthy controls. The results showed that the dif-
ference in insulin resistance between the groups was statistically
significant, as this index was higher in patients with preterm
AGA compared to the healthy controls. Also, the incidence of
metabolic syndrome was significantly higher in the AGA group
than in the control group. The study showed that the preva-
lence of insulin resistance and metabolic syndrome increases in
patients with AGA.?' A 2010 study by Su L. H. ef al. in Taiwan
evaluated the relationship between metabolic syndrome and an-
drogenic alopecia in 740 individuals aged 40 to 91 years.® It used
the Norwood scale to evaluate the rate of hair loss. The research
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collected data on the components of metabolic syndrome and
other possible risk factors, and the results showed a significant
relationship between AGA and metabolic syndrome (OR= 1.67,
95% CI= 1.01-2.74) as well as a significant relationship between
AGA and the number of components of the metabolic syndro-
me (OR= 1.21, 95% CI= 1.03-1.42). Among the components
of the metabolic syndrome, high-density lipoprotein cholesterol
(HDL-C) was identified as the most important factor associated
with AGA (OR= 2.36, 95% CI= 1.41-3.95; P= 0.001). This
finding may have significant implications for the detection of
metabolic syndrome in patients with moderate or severe AGA.
A 2016 cross-sectional study by Gopinath H. ef al."” in India,
examined the association between metabolic syndrome and
early androgenic alopecia in men aged 18-55 years. The research
included 85 cases with clinically diagnosed early-onset (less than
35 years) androgenic alopecia (Norwood III) plus 85 controls
without androgenic alopecia. Metabolic syndrome was obser-
ved in 19 (22.4%) patients with androgenic alopecia and eight
(4.9%) controls (P = 0.021). Abdominal obesity, hypertension,
and low-density lipoprotein levels were higher in patients with
androgenic alopecia compared to the controls.'”” A 2014 study
by Eckel et al.?® in India evaluated the link between metabolic
syndrome and insulin resistance in patients with AGA. It recrui-
ted 100 men with stages III-VII AGA based on the Hamilton-
-Norwood scale and 100 controls of the same sex and age. They
observed a significant correlation between AGA and metabolic
syndrome (P = 0.002) and between AGA and IR (P<0.001).

There are many articles on the rise regarding the sig-
nificant association between dermatologic disorders, metabolic
syndrome, and its correlated laboratory markers and also possible
logical adjunctive therapeutic options, especially psoriasis, acne,
androgenic alopecia, acanthosis nigricans, hidradenitis suppura-
tiva, and lichen planus.'**** This systematic review and meta-a-
nalysis focused on the association between androgenic alopecia
and metabolic syndrome. @
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Abbreviations:

AGA: Androgenic Alopecia

DHT: Dihydrotestosterone

FPHL: Female Pattern Hair Loss

HOMA-IR: Homeostatic Model Assessment for Insulin
Reesistance

FIRI: Fasting Insulin Resistance Index; BPH: Benign
Prostatic Hyperplasia

HDL-C: High-Density Lipoprotein Cholesterol

Review criteria:

* This systematic review was conducted using five da-
tabases to assess the relationship between androgenic
alopecia (AGA) and metabolic syndrome.

* This systematic review adheres to the PRISMA
guidelines. Two independent reviewers extracted data,
and an expert epidemiologist performed the meta-a-
nalysis.

Implications for clinical practice:

* According to the results of this study, there was a sig-
nificant relationship between metabolic syndrome and
androgenic alopecia;

* Androgenic alopecia could be a risk factor for meta-
bolic syndrome;

* The incidence of metabolic syndrome was 43% to
51%in the groups with androgenic alopecia and 20%
to 28% in the healthy groups.
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