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The most frequent cause of progressive hair loss is androgenetic 
alopecia (AGA), commonly known as pattern hair loss.1 AGA is a 
multifactorial condition with di� erent degrees of severity, age 

of presentation, and distinct pattern of scalp hair loss.2 The interplay 
of hormonal and genetic factors was suggested by Hamilton3 as a 
possible pathoetiology of AGA in 1951. Since then, research continues 
to elaborate di� erent disturbances in hair cycle dynamics involved in 
"miniaturization" of hair follicle, which is the main event characterizing 
the pathology of AGA.4,5 Yet, most molecular mechanisms addressing 
AGA are still obscure, limiting e� ective long-term treatment options. 

Previous studies have sought to investigate the association between 
AGA and systemic diseases, particularly metabolic syndrome (MetS).6

The de� nitions and criteria for MetS are constantly being amended and 
reviewed, and thresholds vary between the various criteria;7-10 however, 
the key components are basically the same: obesity, insulin resistance, 
hypertension, and dyslipidemia.

Alarin, a 25-amino acid peptide implicated in food intake and 
metabolism, is the newest member of the galanin neuropeptide 
family.11,12 Studies have shown that intracerebroventricular injection 
of alarin in rats can promote an increase in food intake and body 
weight.13-15

There is growing evidence that circulating alarin levels are much 

higher in newly diagnosed patients with MetS and that oral glucose 
challenge, acute hyperinsulinemia, and lipid infusion can impact 
circulating alarin level.11 We aimed to investigate whether alarin could 
represent a novel link between AGA and MetS.

METHODS
The Research Ethics Committee of Benha Faculty of Medicine at Benha 

University in Egypt, authorized the protocol for this case-control study, 
which was carried out in compliance with the Declaration of Helsinki's 
precepts. Prior to participation, every subject gave their informed 
consent. The study comprised 80 participants: 50 male patients with 
clinically diagnosed and dermoscopically con� rmed AGA who attended 
the dermatology outpatient clinic at Benha University hospitals, and 30 
age- and sex-matched controls.

Subjects with alopecia other than AGA, undetermined hair loss 
diagnosis, any other dermatological disease, other considerations or 
medical conditions that may give rise to hair loss, previous use of topical 
minoxidil or � nasteride, type 1 diabetes, hepatic and renal failure, or 
congestive heart failure were excluded from the study. Patients who 
were taking chemotherapeutic treatments or other drugs that could 
a� ect hair development prior to their � rst presentation were also 
excluded.

BACKGROUND: The � eld of research into the probable link between androgenetic alopecia (AGA) and metabolic syndrome (MetS) is rapidly 
expanding. The exact underlying pathogenesis yet to be identi� ed. Alarin, a galanin neuropeptide, found to be elevated in patients with metabolic 
syndrome and may represent a potential link between AGA and MetS. OBJECTIVE: The aim of this study was to assess serum levels of alarin 
in patients with AGA and investigate its possible correlation, if any, with criteria of MetS in those patients. METHODS: The study included 50 
male patients with AGA and 30 healthy controls. Weight, height, waist circumference, and body mass index (BMI) were all measured. Systolic 
and diastolic blood pressure readings were recorded. Serum level of lipids, fasting blood glucose (FBG) and alarin were also assessed. RESULTS:
Anthropometric measures, serum lipids, FBG, and serum alarin were much higher in patients with AGA compared to controls (p<0.05). Forty-one 
patients with AGA (82%) met the criteria for diagnosis of MetS. Serum level of alarin was signi� cantly higher in those patients and correlated 
positively with severity and duration of AGA. CONCLUSION: Serum level of alarin might represent a potential link between AGA and MetS, opening 
the door for better understanding of the pathogenesis of both conditions and the possible association between them. KEYWORDS: Alarin, 
metabolic syndrome, androgenetic alopecia

by AHMED MOHAMMED HAMED, MD; MARWA ABDEL FATAH, MGE, MSc; and GHADA MOHAMED SHAMS, MD
All authors are with the Department of Dermatology and Andrology and Faculty of Medicine at Benha University, in Banha, Egypt.

J Clin Aesthet Dermatol. 2022;15(7):32-37.

FUNDING: No funding was provided for this article
DISCLOSURES: The author reports no con� icts of interest relevant to the content of this article.
CORRESPONDENCE: Ahmed Mohamed Hamed, MD; Email: ahmedhamed06@yahoo.com

Androgenetic Alopecia and Metabolic 
Syndrome: Is Alarin a Missing Link?



33
JCAD JOURNAL OF CLINICAL AND AESTHETIC DERMATOLOGY July 2022 • Volume 15 • Number 7

O R I G I N A L  R E S E A R C H

All study participants were given a 
thorough medical history, as well as a clinical 
general and dermatological examination. 
Body mass index (BMI) and anthropometric 
measurements (weight, height, and waist 
circumference) were measured. Abdominal 
obesity was de� ned as having a waist 
circumference (WC) of more than 94cm. 
Overweight was de� ned as a BMI of 25.0 to 
29.0 kg/m2, while obesity was de� ned as a 
BMI of 30 kg/m2 or higher. The weight (kg)/
height (m) formula was used to compute BMI 
(m2). The Hamilton–Norwood categorization 
method was used to categorize male patients 
based on their hair loss pattern.16

A blood sample was obtained from every 
participant under complete aseptic conditions 
by sterile venipuncture and put into dry 
sterile plain tubes. The subjects' fasting blood 
glucose (FBG), blood pressure, and lipid pro� le 
including triglycerides (TG), total cholesterol, 
high-density lipoprotein (HDL), low-density 
lipoprotein (LDL), and very low-density 
lipoprotein (VLDL) were all assessed.

The levels of serum alarin were 
determined using a commercial ELISA kit 
and the manufacturer's procedure (Phoenix 
Pharmaceuticals, Inc., Belmont, California). 
The kit exhibited a linear range of 0.08–0.78 
ng/mL and a sensitivity of 0.08ng/mL. Intra-
assay and inter-assay di� erences were 10 
percent and 15 percent, respectively.

Based on the International Diabetes 
Federation (IDF-2005) diagnostic criteria,10

MetS was de� ned as the presence of waist 
circumference >94cm and at least two of 
the following criteria: triglyceride value 
>150mg/dL or speci� c treatment for this 
lipid abnormality, high density lipoprotein 
<40mg/dL or speci� c treatment for this lipid 
abnormality, blood pressure ≥130/85mmHg 
or antihypertensive treatment, and either FBG 
≥100mg/dL or diagnosed diabetes mellitus.

STATISTICAL ANALYSIS
The IBM SPSS software program version 

20.0 was used to examine the data that 
was supplied into the computer. (IBM Corp., 
Armonk, New York) Qualitative data were 
described using percentages and numbers. 
To ensure that the distribution was normal, 
the Kolmogorov-Smirnov test was employed. 
Quantitative data were represented using 
range (minimum and maximum), mean, 

FIGURE 1. Comparison of the level of alarin between the two studied groups

FIGURE 2. A) ROC curve for Level of alarin to di� erentiate patients with androgenetic alopecia (n=50) from control 
(n=30), B) ROC curve for level of alarin to predict patients with metabolic syndrome (n=41) from patients without 
metabolic syndrome (n=9) 

TABLE 1. Comparison between the two studied groups regarding anthropometric measures 

CLASSIFICATION
CASES

(N=50)
CONTROL

(N=30)
t P-VALUE

Weight
Min–Max 65.0–113.0 62.0–96.0

4.396* <0.001*Mean±SD 88.26±12.71 77.80±8.54
Median (IQR) 94.0 (78.0– 98.0) 75.0 (72.0– 82.0)

Height
Min–Max 160.0–185.0 160.0–188.0

0.968 0.336Mean±SD 172.16±5.95 173.60±7.20
Median (IQR) 170.0 (169.0– 177.0) 173.0 (167.0– 179.0)

Body mass index
Min–Max 22.50–36.10 23.40–30.30

6.322* <0.001*Mean±SD 29.67±3.80 25.80±1.61
Median (IQR) 29.35 (27.10–32.90) 25.40 (25.10–26.40)

Waist circumference
Min–Max 94.0–108.0 86.0–94.0

25.713* <0.001*Mean±SD 102.78±2.63 88.73±1.84
Median (IQR) 103.0 (102.0–104.0) 88.0 (88.0–90.0)

*Statistically signi� cant at p≤0.05; IQR: Interquartile range; SD: Standard deviation; t: Student t-test,
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standard deviation, median, and interquartile 
range (IQR). The signi� cance of the acquired 
results was assessed at a 5 percent level. The 
Chi-square test was performed to compare 
categorical variables between groups. For 
regularly distributed quantitative data, the 
student t-test was employed to compare two 
groups.  For regularly distributed quantitative 

data, the Mann Whitney test was employed to 
compare two groups. The Spearman coe�  cient 
was utilized to � nd a correlation between two 
abnormally quantitative variables that were 
dispersed randomly. For erratically distributed 
quantitative variables, the Kruskal Wallis test 
was employed to compare more than two 
investigated groups. A p value <0.05 was set 

for statistical signi� cance. Plotting sensitivity 
(TP) on the Y axis versus 1-speci� city (FP) 
on the X axis at various cut o�  levels yielded 
a receiver operating characteristic curve 
(ROC). The diagnostic performance of a test 
is measured by the area under the ROC curve. 
A performance of more than 50 percent is 
acceptable, while a performance of more than 
100 percent is the best for the test.

RESULTS
A total of 80 male subjects were enrolled 

in this study: 50 male patients with AGA 
aged 24 to 62 years old (mean 40.84±9.43), 
and 30 age-matched, seemingly healthy 
subjects as control, aged 29 to 55 years (mean 
38.17±7.58). Anthropometric measures 
revealed signi� cantly greater weight, WC, and 
BMI of patients than controls (p<0.001) (Table 
1).

 Mean age of onset of AGA in patients 
was 26.50±4.41 years, with mean duration 
12.32±9.11 years. All patients reported 
progressive course of the disease. According to 
the Hamilton–Norwood classi� cation system: 
10 percent were Class I, 20 percent were Class 
II, 16 percent were Class IIIa, 20 percent were 
Class IIIv, 24 percent were Class IV, and 10 
percent were Class V.

Serum TG, cholesterol, LDL, and VLDL were 
signi� cantly higher in patients (n=50) than 
control subjects (n=30) (P<0.001) while 
serum HDL was signi� cantly lower in patients 
(P<0.001) (Table 2).

 Fasting blood glucose was also signi� cantly 
higher in patients with AGA (95.32±14.32) 
than control subjects (78.43±13.85) 
(p<0.001). Recorded systolic and diastolic 
blood pressure was higher in patients with 
AGA (125.0±5.44) mmHg and (80.50±6.94) 
mmHg respectively, than control subjects 
(112.50±9.54) mmHg and (73.0±7.02) 
mmHg respectively (p<0.001). Accordingly, 41 
patients (82%) met the IDF-2005 17 criteria for 
diagnosis of metabolic syndrome.

Serum alarin level was signi� cantly higher 
(9.31±13.34 ng/mL) in patients than control 
subjects (1.09±1.60 ng/mL) (p<0.001) (Figure 
1). Furthermore, a signi� cant increase in its 
level was noticed with increased severity 
of AGA (Table 3). A positive correlation was 
noticed with duration of AGA in patients (Table 
4).

In addition, serum alarin level was positively 

TABLE 2. Comparison between the two studied groups according to lipid pro� le

CLASSIFICATION
CASES

(N=50)
CONTROL

(N=30) TEST OF 
SIGNIFICANCE

P-VALUE
N % N %

Triglycerides

Normal (<150) 10 20.0 28 93.3

χ2=40.804* <0.001*Borderline (150–199) 20 40.0 2 6.7

High (200–499) 20 40.0 0 0.0

Min–Max 68.0–233.0 62.0–185.0

t=8.954* <0.001*Mean±SD 178.08±41.52 99.07±31.84

Median (IQR) 190.0 (160.0–210.0) 91.0 (70.0–116.0)

Cholesterol

Desirable (<200) 15 30.0 28 93.3

χ2=30.381* <0.001*Borderline (200–239) 27 54.0 2 6.7

High(≥240) 8 16.0 0 0.0

Min–Max 130.0–250.0 95.0–205.0

t=7.115* <0.001*Mean±SD 204.02±32.77 152.67±28.52

Median (IQR) 210.0 (190.0–225.0) 150.0 (136.0–170.0)

HDL

<40 40 80.0 2 6.7

χ2=45.132* MCp<0.001Normal (40–60) 10 20.0 24 80.0

>60 0 0.0 4 13.3

Min–Max 30.0–45.0 36.0–75.0

t=11.266* <0.001*Mean±SD 33.64±4.15 53.33±9.02

Median (IQR) 32.0 (30.0–36.0) 52.0 (46.0–60.0)

LDL

Normal (<130) 0 0.0 17 56.7

χ2=63.024* <0.001*Borderline (130–159) 4 8.0 12 40.0

High (≥160) 46 92.0 1 3.3

Min–Max 145.0–170.0 115.0–169.0

t=14.330* <0.001*Mean±SD 164.18±4.53 131.53±11.98

Median (IQR) 164.0 (162.0–168.0) 129.0 (125.0–132.0)

VLDL

Normal (2–30) 19 38.0 29 96.7
χ2=26.889* <0.001*

Abnormal 31 62.0 1 3.3
Min–Max 22.0–39.0 5.0–31.0

t=7.072* <0.001*Mean±SD 31.70±3.55 21.17±7.68
Median (IQR) 32.0 (29.0–35.0) 23.50 (15.0–28.0)

*Statistically signi� cant at p≤0.05, IQR: Interquartile range; MC: Monte Carlo; SD: Standard deviation; t: Student t-test; 
VLDL: Very low density lipoprotein; LDL: Low density lipoprotein; χ2: Chi square test
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correlated with serum TG, cholesterol, LDL and 
VLDL and fasting blood glucose (p<0.001). It 
was also increased in relation to blood pressure 
readings but not to a statistically signi� cant 
level. A positive correlation was also noticed 
between serum alarin level and BMI in patients 
(p<0.001) (Table 4).

Serum alarin level was accordingly 
signi� cantly higher in patients with AGA who 
met the criteria for diagnosis of MetS (10.92± 
14.21 ng/mL) versus (1.96± 2.51 ng/mL) 
in those who did not ful� ll the MetS criteria 
(p<0.001).

ROC curve analyses were performed. The 
results showed that the best cut-o�  value 
for Alarin to predict MetS was 2.16ng/mL 
(sensitivity 75.61%, speci� city 88.89%, AUC 
0.854, PPV 96.9 and NPV 44.4) (Figure 2A). 
While the best cut-o�  value for alarin to 
predict AGA was 1.22ng/mL (sensitivity 82%, 
speci� city 96.67%, AUC 0.894, PPV 97.6 and 
NPV 76.3) (Figure 2B).

DISCUSSION
The pathomechanism of AGA is not yet 

fully understood. With advances in molecular 
biology and genetics, a better understanding 
of the underlying pathologic events of pattern 
hair loss ensues. Emerging studies continue to 
link AGA with systemic morbidities, including 
cardiovascular risks17 and MetS6,18 extending 
the scope of AGA beyond cosmetic appearance.

The current study demonstrated signi� cant 
hyperlipidaemia (including high serum TG, 
cholesterol, LDL and VLDL) (p<0.001) in 
male pattern hair loss patients as compared 
to control group. That was consistent with 
variable studies19-21 that also demonstrated the 
increased risk of cardiovascular comorbidities 
in such patients. A meta-analysis 
demonstrated more than 20 studies linking 
high lipid pro� le values with AGA22 with the 
underlying mechanism linking both conditions 
remaining unclear.23

Based on previous studies suggesting 
increased serum free testosterone level in 
patients with AGA24 and considering the 
anabolic e� ect of testosterone on lipid 
pro� le,25 some authors suggested this as a 
possible mechanism explaining the association 
between both conditions.26,27 Nowadays, it 
is well established that increased peripheral 
sensitivity to circulating androgens is the 
key mechanism in AGA pathogenesis rather 

than increased serum free testosterone level, 
making this hypothesis unreliable. Moreover, 
multiple researchers23,28 demonstrated 
even a negative correlation between serum 
testosterone and lipid pro� le values.

Weight, WC, and BMI were signi� cantly 
higher in patients with AGA compared to 
control subjects, similar to results obtained by 
Bakry et al29 and Swaroop et al.20

In our work, fasting blood glucose was 
found to be signi� cantly higher in patients 
with AGA than control subjects (p<0.001), that 
was also emphasized in studies by Acibucu et 
al,30 Matilainen et al,31 Pengsalae et al,32 and 
González-González et al.33 There was also a 
signi� cant di� erence in systolic and diastolic 
blood pressure between both groups. That was 
contrary to Swaroop et al20 and in agreement 
with results concluded by Bakry et al,29 Hirsso 
et al,34 Matilainen et al,31 and Arias-Santiago 
et al.35

Insulin resistance and hence insulin excess 
was supposed to increase local androgen 
production and the peripheral conversion 
of testosterone to dihydrotestosterone 
(DHT), its more active form,36 which in turn 
contributes to miniaturization of hair follicle. 
Microvasculature changes associated with 
insulin resistance was another suggested 
possible mechanism.37

Consistent with previous data, 82 percent of 
AGA enrolled in this study met the criteria for 
diagnosis of MetS. A noticeably large number 
of published studies investigated the potential 
relationship between AGA and MetS, with the 
number of studies supporting the association 
between both conditions overwhelming the 
number of studies opposing it.6 This variation 
maybe explained by di� erent age, sex and 
ethnic populations involved in those studies. 
The exact underlying mechanism connecting 

both conditions has not been yet fully clari� ed.
Alarin is a member of the galanin family 

of peptides with dose-dependent vasoactive 
biological activity.38 Apart from being involved 
in regulation of feeding behaviour, metabolism 
and, subsequently, body weight,39 its receptors 
were detected in microvasculature of dermal 
papillae.38 Reduction of dermal blood � ow 
and decreased dermal vascular permeability 
are the main suggested mechanisms by 
which alarin exerts its vasoactive response in 
dermis.40 As compromised vasculature was 
detected in dermal papillae of balding scalp,41

we tried to investigate the possible role of 
alarin as a vasoactive peptide in AGA.

TABLE 3. Relation between level of alarin and grade of androgenetic alopecia (AGA) in patients (n= 50)

GRADE OF 
AGA

N
LEVEL OF ALARIN

H P-VALUE
MIN–MAX MEAN±SD MEDIAN

I 5 0.25–1.08 0.81±0.36 1.05

43.036* <0.001*

II 10 0.22–3.66 1.74±0.96 1.88

IIIa 8 1.25–4.09 2.36±0.85 2.15

IIIv 10 5.0–10.0 6.98±1.64 6.38

IV 12 8.18–80.0 20.72±20.88 11.0

V 5 10.40–31.0 21.34±7.54 20.50
*Statistically signi� cant at p≤0.05; H: H for Kruskal Wallis test

TABLE 4. Correlation between level of alarin and 
di� erent parameters in cases group (n=50)

CLASS
LEVEL OF ALARIN

rS P-VALUE

Triglycerides 0.723 <0.001*

Cholesterol 0.603 <0.001*

HDL -0.192 0.182

LDL 0.343 0.015*

VLDL 0.466 0.001*

Age of onset -0.008 0.953

Duration 0.834 <0.001*

Weight 0.797 <0.001*

Height 0.179 0.212

Body mass index 0.847 <0.001*
Waist 
circumference

0.518 <0.001*

FBG 0.596 <0.001*

Systolic 0.008 0.957

Diastolic 0.088 0.542
HDL: High density lipoprotein; LDL: Low density 
lipoprotein; VLDL: Very low density lipoprotein; FBG: 
Fasting blood glucose ;rs: Spearman coe�  cient; 
*Statistically signi� cant at p≤0.05  
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To our best knowledge, this is the � rst 
study to investigate the alarin level in sera 
of patients with AGA. Our results revealed 
a signi� cantly higher serum Alarin level in 
patients with AGA versus control subjects 
(p< 0.001). The serum alarin level correlates 
positively with the duration and severity of 
AGA in our studied patients. 

The statistical analysis of our results 
revealed a positive correlation between 
serum Alarin level and serum TG, cholesterol, 
LDL and VLDL, FBG, weight, WC and BMI in 
patients with AGA in agreement with results 
concluded by Zhou et al,38 Hu et al,42 and 
Fang et al.43 Whether elevated serum level of 
alarin is a cause or a result of lipid and glucose 
metabolism dysregulation, still a matter of 
debate.21

The ROC curve analysis in current work 
revealed that serum alarin may predict both 
AGA and MetS in our studied population. 
However, validity of alarin as a marker for MetS 
in AGA needs to be further investigated in a 
larger sample size.

Exclusive enrolment of male AGA and 
relatively small sample size may represent 
limitations to our study.

CONCLUSION
In our study, serum alarin levels were 

signi� cantly elevated in patients with AGA 
and correlates positively to multiple factors 
including weight, waist circumference, BMI, 
FBG, severity and duration of AGA. Alarin 
may represent a potential link between AGA 
and MetS. This needs to be investigated on a 
multicentric scale. 
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