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Abstract

Aim: The association between insulin resistance anduttims in women is well
studied. However there is no previous data absst@ation between insulin resistance
and male body hair density. Thus, the aim of thres@nt study is to evaluate association

between insulin resistance and trunk hair densityonobese Turkish men.

Study design This is a a cross-sectional, observational, milotical study conducted

with the approval of ethical review board.

Place and duration of Study: Department of Internal Medicine and Dermatology,

Afyonkarahisar State Hospital, between July 201dt@ntober 2014.

Methodology: The study included 58 nonobese Turkish men witmesathnicity,

without a systemic disorder. The body mass indeMIjBvas calculated, and total trunk
hair density was evaluated with a scoring methad elach participant. Laboratory
investigations, including fasting blood glucosesulin and serum lipid levels were
performed. In each patient, insulin resistance wasulated as Homeostasis model

assessment of insulin resistance (HOMA-IR).

Results: Mean age of the patients was 27.88 + 8.14 (ran@ges8). Total trunk hair
score positively correlated with BMI (P = 0.0013sfing insulin levels (P = 0.021),
HOMA-IR score (P = 0.019) and insulin resistance=(B.003). Especially, abdominal

hair score correlated with insulin resistance (PGO3).

Conclusion: Total trunk hair score, especially abdominal hafore correlated

positively with insulin resistance in nonobese Tsik men. Thus, evaluation of



abdominal hair density may be a clinical methodrisk assesment of insulin resistance

in nonobese Turkish men.

Keywords: men; insulin resistance; trunk hair; hyperinsulinem

Introduction

Hirsutism is defined as excessive growth of terininaar in the androgen-sensitive skin
regions caused by increased androgen concentrairoinereased androgen sensitivity
in pilosebaceous unit [1, ZThe association between hirsutism and endocrinalanice

in women is a well known entity [1, 2hsulin resistance, hyperinsulinemia and obesity
are closely associated with polycystic ovary synEqPCOS), which is characterized
with chronic anovulation, hirsutism and hyperanémigm and insulin-sensitizer drugs
are usually used to improve hirsutism in PCOS p#i€3, 4]. There are also some data
about the association of insulin resistance witlogdthic hirsutism, which is
characterized by increased sensitivity of hairiéds to androgens despite normal

serum androgen levels [1].

The etiopathogenesis underlying the relation betwlegperandrogenism and insulin

resistance remains unclear [5]. Some authors stugiggsinsulin resistance may cause
hyperandrogenism [5]. It has been shown that inseihances androgen production
and may act synergistically with luteinizing horneof6, 7] . However some other

studies suggest the reverse. There is previousmrsdd that androgens influence the
adipose tissue distribution, and hyperandrogendmaig been associated with central
obesity, as well as with insulin resistance [8]p&sure to testosterone can cause insulin

resistance by influencing the effects of insulinniiscle and adipose tissues, and the



administration of anti-androgens to transsexuaividdals increases insulin sensitivity

[5].

Previous studies showing the association of instdsistance with body hair density
especially focused on women and there is not pusviiudy evaluating the association
of male hair density with insulin resistance. Thile aim of this pilot study was to
investigate the association of insulin resistaace, body mass index (BMI) with trunk

hair density in a group of Turkish nonobese men.

Materials and Methods

This cross-sectional observational pilot study udeld 58 nonobese (with BMI < 30)
Turkish male patients with the same ethnicity. Hgn criteria included prior history
of any systemic, or skin disorder (including hyg@demia, insulin resistance, diabetes
mellitus, hypoandrogenemia, and any disorder affgdhair density), history of body
hair removal, and drug or cosmetic usage that rifegtebody hair density. Height, and
weight were measured, and the BMI was calculateccdah participant. Additionally,
family history of diabetes mellitus was recorde@ndus blood samples were collected
from an antecubital vein between 8.30-9.30 a.mr adte overnight (12 hours) fast.
Laboratory investigations, including fasting blogllicose, fasting insulin, very low-
density lipoprotein (VLDL), low-density lipoprotei(LDL), high-density lipoprotein
(HDL), total cholesterol, and triglyceride were foemed. Serum levels of fasting blood
glucose were measured on the analyzer (BeckmarteZl2700®, CA, USA) using
the glucose oxidase method. Fasting insulin comagohs were measured on a cobas e-
601 analyzer (Hitachi High Technologies Corporatiofokyo, Japan) with an

electrochemiluminescence immunoassay kit. And sdewels of lipids were measured



using commercial clinical diagnostic laboratory hegts (Beckman Coulter AU2700®,
CA, USA, CA). In each patient, insulin resistancasvealculated as Homeostasis model
assessment of insulin resistance (HOMA-IR), usihg following formula: fasting
serum insulin (uU/ml) x fasting plasma glucose (Mihia2.5 [9]. HOMA-IR score
greater than 2.34, was accepted as the cut-ofevauinsulin resistance in the study
population as previously reported [1BMI was calculated as weight/heigttkg/nT).
Trunk hair density was evaluated with a scoringesys(Table 1 and Figure 1). In this
method, terminal hair density in 4 different boégions (chest, abdomen, lower back
and upper back) is scored and is given a score4ofAnd total sum of the grades for
each region constitute the total trunk hair scevkich ranges from 4 to 16. For all
participants, same physician evaluated the totatkirhair density according to the

scoring system in Figure 1.



Table 1. Scoring system of the trunk hair density in menTotal sum of the scores

within each group gives the total trunk hair scoamging from 4-16.

Body region

Description of terminal hair density

Chest

Abdomen

Upper back

Lower back

1

N

: No hair, or involves < 25% of the chest

. Involves 25-50% of the chest

: Involves 50-75% of the chest

: Involves > 75% of the chest

: No hair, or hair only at midline

: More in midline and also present laterally (€80
: Involves 50-75% of the abdomen

: Involves > 75% of the abdomen

: No hair, or involves < 25% of tlupper bac
: Involves 25-50% of the upper back

. Involves 50-75% of the upper back

. Involves > 75% of the upper back

. At sacral region, < 4c

: Both at sacral region and sides

. Involves 50-75% of the lower back

. Involves > 75% of the lower back




Figure 1. Scoring system of the trunk hair densityin men. Each of 4 body regions
(chest, abdomen, lower back and upper back) isngavecore of 1-4 according to the
criteria at Table 1. And these scores are summeutawide the total trunk hair score,

which ranged from 4 to 16.

Statistical analyses were performed using SPSS.0v.i& Windows (SPSS Inc.,

Chicago, IL, USA). Continuous variables are preseérds mean + standard deviation,
and categorical variables as frequencies and pe@es Associations between total
hair density score, HOMA-IR score, insulin resise@rand BMI were analyzed with

correlation analysis. Correlations between normadlistributed parametric variables
were evaluated using Pearson’s correlation coefiiciand nonparametric correlations
were evaluated using Spearman’s correlation coeffic The chi-square test was used
to determine associations between categorical hMasga Statistical significance was

considered as P < 0.05. The study protocol wasoappr by the Afyon Kocatepe



University Ethical Review Board, and all the papants were informed about the

procedures and provided written informed consent.

Results

The study included nonobese 58 male patients. Mganof the patients was 27.88 +
8.14 (17-58), and mean BMI of the patients was 23t63.49 (range: 17.2-29.7).
Family history of diabetes mellitus was preseni®(32.8%) patients. Mean HOMA-
IR score was 2.31 + 1.59 (range: 0.71-9.78), and(308%) patients had insulin
resistance. There was significant association betvi@mily history of diabetes mellitus

and presence of insulin resistance (P = 0.024).

Total trunk hair score positively correlated witMB(correlation coefficient = 0.415, P
= 0.001), fasting insulin levels (correlation céefint = 0.302, P = 0.021), and HOMA-
IR score (correlation coefficient = 0.307, P = @DHowever there was not significant
correlation between family history of diabetes imedl and total trunk hair score (P =
0.715).Mean total trunk hair score was 8.95 + 2.37 ingua# with insulin resistance,
whereas 7.13 + 1.64 in patients without insulinstesice (P = 0.001), and there was a
positive correlation between total trunk hair scaral insulin resistance (correlation
coefficient = 0.378, P = 0.003). Furthermore, sobgr analysis showed positive
correlation between abdominal hair score and ins@sistance (correlation coefficient
= 0.388, P = 0.003), and HOMA-IR score (correlatomefficient = 0.306, P = 0.019).
Furthermore, HOMA-IR score correlated with totaiglyrceride (P = 0.001), total
cholesterol (P < 0.001), VLDL (P = 0.002), and L[R.< 0.001). In addition total trunk

hair score correlated with total cholesterol (P.62@) and LDL (P = 0.016).

Results of the study were summarized in Table 23and



Table 2.Clinical and laboratory findings in the study group.

Feature Study group
(n=58)

Mean age, years + SD (Range) 27.88 + 8.14 (17-58)

Family history of diabetes mellitus, [n (%)] 19 (82

Mean BMI(kg m?2) (Range)
Mean hair density score

Mean fasting glucose (mg df)
Mean fasting insulin concentration (LU
Mean HOMA-IR

Insulin resistance [n (%)]
Mean total cholesterol (mg df)
Mean LDL (mg dC?)

Mean total triglyceride (mg dt)
Mean VLDL (mg dL*)

Mean HDL (mg dC%)

23.65 + 3.49 (17.2-29.7)
7.72 +2.08

98.88 + 7.77

9.56 +6.26

2.31+1.59
19 (32.8)

164.78 + 45.2

99.22 + 34.92

131.21 +92.22
26.28 +18.51
43.1 £10.3

Table 3. Correlation between HOMA-IR score and otheparameters.

Features Correlation coefficient P

BMI 0.651 < 0.001
Total trunk hair score 0.307 0.019
Abdominal hair score 0.306 0.019
Total cholesterol 0.454 <0.001
LDL 0.482 < 0.001
Total triglyceride 0.410 0.001
VLDL 0.400 0.002
HDL -0.253 0.06

Bold P values denote significant correlation.



Discussion

Previous studies showing the association betwesaliim resistance and body hair
density especially focused on women with PCOS, lewéhere is not previous data
about the link of body hair density and metabobkcgmeters such as insulin resistance
and increased BMI in men. Previous studies inclgdiirsute women with PCOS,
showed association with metabolic irregularitiestsas obesity, metabolic syndrome,
type 2 diabetes mellitus, and insulin resistande13].Even lean women with PCOS,
have been shown to have insulin resistance [12,153,16].Furthermore, fasting
insulin levels have been found to be associatel s@verity of hirsutism [17Although
still contraversial, some recent studies showesb association between insulin
resistance and idiopathic hirsutism in nonobese evofti4, 18]In the present study we
showed an association between trunk hair densiyfasting insulin levels, HOMA-IR

scores and insulin resistance in nonobese men.

The exact effects of hyperinsulinemia and insulasistance on hair follicles are
unknown. Previously it has been shown that insefihances insulin-like growth factor-
1 (IGF-1) expression [17]n-vivo mouse studies and in-vitro culture studies/e
shown that IGF-1 is a significant regulator of gefbliferation and differentiation in
hair follicle, and has a positive effect on haiowth [19, 20] Furthermore, insulin
resistance and hyperinsulinemia increase ovari@haanenal androgen secretion and
supress sex-hormon binding globulin production, affielct the activity of 5 reductase
in hair follicles [17, 21].The present study findings support the previousiyorted
effects of hyperinsulinemia on hair follicles, howee underlying molecular

etiopathogenesis needs to be further studied.
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In the present study, we found that especially abdal hair density correlated with
insulin resistance. Previously positive correlatibatween abdominal obesity and
insulin resistance has been shown [21-A8]a result of this, waist circumference has
been suggested to be a marker for risk assesmémsudin resistance, even in patients
with normal BMI [22, 24]Although abdominal fat distribution has been assted with
hyperandrogenism and hyperinsulinemia, the exadenying molecular events are
unknown. Hyperinsulinemia, itself may effect fastdbution with its direct effects on
adipocytes [23]Such as increased abdominal fat, increased abdbimair density may
be associated with local effects of hyperinsulirmwhich needs to be clarified with
further studies. According to the present studgifigs, we suggest that evaluation of

abdominal hair density may give clue about undegdynsulin resistance.

Since the present study included the patients a&elinito the hospital, it may not
represent the general population, which may berdeghas a potential limitation.
Another limitation of the study is that we couldtnoeasure the androgen levels.
Nevertheless, the present study may be acceptagidst study, and the study findings

need to be clarified with larger prospective stadie

In conclusion, the present study showed that isg@d@MI and insulin resistance were
associated with increased trunk hair density, eapjgcabdominal hair density, in

nonobese Turkish men for the first time. And wegasj that evaluation of abdominal
hair density may be a clinical method for risk assent of insulin resistance in Turkish
men. Association between insulin resistance andfbbicle functions in men needs to

be further studied in larger series.

Competing Interests

11



Authors have declared that no competing interesgss.e

Ethical Approval

All authors hereby declare that all experimentsehbgen examined and approved by
the appropriate ethics committee and have therdfeem performed in accordance with

the ethical standards laid down in the 1964 Detitamaof Helsinki.

References

1.Talaei A, Adgi Z, Mohamadi Kelishadi M. Idiopathiirsutism and insulin resistance.
Int J Endocrinol. 2013; 2013: 593197. doi: 10.126833/593197.

2. Erkan M, Albayrak M, Karatas A, Keskin F, Aydifi Ak HY, et al. Are insulin
resistance and serum resistin levels increasedmem with idiopathic hirsutism? Eur
Rev Med Pharmacol Sci. 2014; 18(13): 1889-95.

3.Amato MC, Galluzzo A, Merlino S, Mattina A, Ridsa P, Criscimanna A, et al.
Lower insulin sensitivity differentiates hirsuteon non-hirsute Sicilian women with
polycystic ovary syndrome. Eur J Endocrinol. 20085(6): 859-65.

4. Gambineri A, Pelusi C, Genghini S, Morselli-Lesa&M, Cacciari M, Pagotto U, et
al. Effect of flutamide and metformin administer@dne or in combination in dieting
obese women with polycystic ovary syndrome. Clird&srinol (Oxf). 2004; 60(2):
241-9.

5. Huang R, Zheng J, Li S, Tao T, Ma J, Liu W. Glateristics and contributions of
hyperandrogenism to insulin resistance and othéalmoéic profiles in polycystic ovary
syndrome. Acta Obstet Gynecol Scand. 2015; 94@):5D0. doi: 10.1111/a0gs.12612.

6. Legro RGlob. libr. women's medISSN: 1756-22282008;

12



doi: 10.3843/GLOWM.10303.

7. Willis D, Mason H, Gilling-Smith C, Franks S. Moalation by insulin of follicle-
stimulating hormone and luteinizing hormone actionshuman granulosa cells of
normal and polycystic ovaries. J Clin Endocrinoltie 1996; 81(1): 302-9.

8. Lerchbaum E, Schwetz V, Rabe T, Giuliani A, Ohayer-Pietsch B.
Hyperandrogenemia in polycystic ovary syndrome:lagion of the role of free
testosterone and androstenedione in metabolic py@#noPLoS One. 2014; 9(10):
€108263. doi: 10.1371/journal.pone.0108263

9.Matthews DR, Hosker JP, Rudenski AS, Naylor BAeather DF, Turner RC.
Homeostasis model assessment: insulin resistartéeta-cell function from fasting
plasma glucose and insulin concentrations in mabd&ologia. 1985; 28(7): 412-9.

10. Uzunlulu M, Quz A, Aslan G, KaradaF. Cut-off values for waist circumference
in Turkish population: Is there a threshold to peedhsulin resistance? Turk Kardiyol
Dern Ars. 2009; 37 Suppl 6: 17-23.

11. Vrbikova J, Hainer V. Obesity and polycystiany syndrome. Obes Facts. 2009;
2(1): 26-35. doi: 10.1159/000194971.

12. Manco M, Castagneto-Gissey L, Arrighi E, CaeflicA, Brufani C, Luciano R, et
al. Insulin dynamics in young women with polycystwary syndrome and normal
glucose tolerance across categories of body mdss.ifPLoS One. 2014; 9(4): €92995.
doi: 10.1371/journal.pone.0092995.

13. Lim SS, Norman RJ, Davies MJ, Moran LJ. Theaffof obesity on polycystic
ovary syndrome: a systematic review and meta-aisal@@bes Rev. 2013; 14(2): 95-

109. doi: 10.1111/j.1467-789X.2012.01053.x.

13



14. Arduc A, Saricam O, Dogan BA, Tuna MM, Tutun¢A, Isik S, et al. Should
insulin resistance be screened in lean hirsute w@n@&ynecol Endocrinol. 2015 Jan 5:
1-5.

15. Cebeci F, Onsun N, Mert M. Insulin resistanc&vomen with hirsutism. Arch Med
Sci. 2012; 8(2): 342-6. doi: 10.5114/aoms.2012.3856

16. Abdel Fattah NS, Darwish YW. Is there a role ifesulin resistance in nonobese
patients with idiopathic hirsutism? Br J Dermat@009; 160(5): 1011-5. doi:
10.1111/j.1365-2133.2009.09078.x.

17. Landay M1, Huang A, Azziz R. Degree of hypsuimemia, independent of
androgen levels, is an important determinant ofstheerity of hirsutism in PCOS. Fertil
Steril. 2009; 92(2): 643-7. doi: 10.1016/j.fertms008.06.021.

18. Ucak S, Basat O, Satir E, Altuntas Y. Evaluataf various insulin sensitivity
indices in lean idiopathic hirsutism patients. Ecrdh 2012; 59(4): 291-6.

19. Weger N, Schlake T. IGF-1 signaling controlg tmair growth cycle and the
differentiation of hair shafts. J Invest Derma005; 125(5): 873-82.

20. Ahn SY, Pi LQ, Hwang ST, Lee WS. Effect of IGBn Hair Growth Is Related to
the Anti-Apoptotic Effect of IGF-I and Up-Regulatiof PDGF-A and PDGF-B. Ann
Dermatol. 2012; 24(1): 26-31. doi: 10.5021/ad.2042..26.

21. Ramezani Tehrani F, Behboudi-Gandevani S, SirvhaAzizi F. A population-
based study of the relationship between idiopaihigutism and metabolic disturbances.
J Endocrinol Invest. 2014 Sep 9 [Epub ahead ot]prin

22. Toscani M, Migliavacca R, Sisson de CastroSpyjtzer PM. Estimation of truncal

adiposity using waist circumference or the sumrahk skinfolds: a pilot study for

14



insulin resistance screening in hirsute patientsh wvor without polycystic ovary
syndrome. Metabolism. 2007; 56(7): 992-7.

23. Godoy-Matos AF, Vaisman F, Pedrosa AP, Farids Mendonca LM, Pinheiro
MF. Central-to-peripheral fat ratio, but not peepal body fat, is related to insulin
resistance and androgen markers in polycystic oggngdrome. Gynecol Endocrinol.
2009; 25(12): 793-8. doi: 10.3109/09513590903015528

24. Lebovitz HE, Banerji MA. Point: visceral aditysis causally related to insulin

resistance. Diabetes Care. 2005; 28(9): 2322-5.

15



