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Capsule summary:
- Multiple biomarkers have been associated with female hair loss, but studies showed
inconsistent results.
- We identified low HDL cholesterol and low Insulin-like growth factor-1 as
independent risk factors for female hair loss.
- When replicated, pathways leading to female hair loss can be identified as potential

treatment targets.



Abstract

Background: Multiple biomarkers have been associated with hair loss in women, but studies
showed inconsistent results.

Objective: We investigated the association between markers of cardiovascular disease risk
(e.g., serum lipid levels and hypertension) and aging (e.g., 25-hydroxyvitamin D and insulin-
like growth factor) with hair loss in a population of middle-aged women.

Methods: In a random subgroup of 323 middle-aged women (mean age: 61.5 years) from
the Leiden Longevity Study, hair loss was graded by three assessors using the Sinclair scale;
women with a mean score higher than 1.5 were classified as cases with hair loss.

Results: Every standard deviation increase in HDL cholesterol was associated with a 0.65
times lower risk (95% confidence interval [CI]: 0.46-0.91) of hair loss; for IGF-1 the risk
was 0.68 times lower (95% ClI: 0.48-0.97) per standard deviation increase, independent of
the other studied variables. Women with both IGF-1 and HDL cholesterol levels below the
median of the study population had a 3.47 times higher risk (95% CI: 1.30-9.25) of having
hair loss.

Limitations: The observational setting limits causal inference of the findings.

Conclusion: Low HDL cholesterol and IGF-1 were associated with a higher risk of hair loss

in women.



Introduction

Hair loss has a prevalence of approximately 70 percent in men and 30 percent in
women under the age of 70 years™? with androgenic alopecia as the most common form. The
pathogenesis of hair loss, in both men and women, involves increasing numbers of
miniaturized hair follicles together with a shorter anagen (growth) phase and longer telogen
(rest) phase. These changes result in shorter and thin vellus-like hairs® 3, and ultimately in a
loss of hair.

Several studies support the overall assumption that hair loss in men and hair loss in
women are two different entities, being predominantly genetically determined in men* > and
mainly environmentally determined in women®. For example, hair loss in men starts with
bitemporal recession, which is followed by mid-frontal hair loss and vertex baldness?, while
hair loss in women (e.g., female pattern hair loss or FPHL) is predominantly characterized by
diffuse reduction in scalp hair density on the crown and frontal scalp without recession of the
hair-line from the forehead®. Furthermore, androgens clearly play a role in hair loss in men,
but not in women* "8, Accordingly, randomized clinical trials on the use of finastride, a type
Il 5-alpha-reductase inhibitor which inhibits the conversion of testosterone into
dihydrotestosterone, only improved hair growth in men and not in women® *°.

The risk of FPHL has been found to increase in those that smoke™*, have high

13,14

cholesterol and high triglyceride levels*?, coronary heart disease (CHD)™ ', insulin

14-16 12,14, 17

resistance™ ", metabolic syndrome ,and blood pressure and hypertension*. However,

most of these factors have been inconsistently associated with FPHL. For example, the
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association between smoking and FPHL was not observed in four other cohorts
the association with insulin resistance was dependent on the presence of the metabolic

syndrome™®. Also, findings were often observed in univariate models, which makes it difficult



to determine the independence of the findings. Furthermore, studies often selected
participants prior to inclusion™® .

With aging, there is a decrease in several age-related domains, including physiological
function, endocrine function, musculoskeletal function, immune function and cognitive
function, for which different biomarkers are available®®. The aims of this study were twofold.
First, we investigated the association between female pattern hair loss with age, smoking,
history of diabetes, hypertension and stroke, and available markers of specific subdomains of
physiological function that are related to increased CVD risk, notably cardiovascular
function, glucose metabolism, body composition and inflammation as well as with available
endocrine markers of aging (related to the growth hormone /insulin-like growth factor-1 axis,
hypothalamic pituitary (HPA axis), hypothalamic pituitary thyroid (HPT) axis and 25-

hydroxyvitamin D)*. Second, we aimed to investigate whether identified factors were

specifically risk factors for women or also associated with hair loss in middle-aged men.



Methods
Ethics statement

This study has been approved by the Medical Ethical Committee of the Leiden
University Medical Center. Written informed consent was obtained from all study

participants.

Study setting

The Leiden Longevity Study was originally designed to identify genetic and
phenotypic markers related to familial longevity. A detailed description about the design and
recruitment strategy has been described elsewhere®* %, In short, between 2002 and 2006 a
total of 421 Caucasian families were recruited. Families were eligible for inclusion when at
least two long-lived siblings were still alive, had the same parents and fulfilled the age
criterion of being at least 89 years for men and 91 years for women, which represents less
than 0.1% of the overall Dutch population in 2001. There were no selection criteria on health
or demographic characteristics. Additionally, offspring of these nonagenarians were included,
because proper controls at high age are lacking. The partners thereof were included as

controls with a similar age, lifestyle and environment.

Study design and population

The study was conducted using a cross-sectional study design comprising all eligible
female offspring and partners of the Leiden Longevity Study. Participants were included in
this study when they had donated a non-fasted blood sample (collected between 2002 and
2006) and when a facial photograph was taken for the assessment of the degree of hair loss
(collected between 2006 and 2008). From a random subpopulation of 323 female participants

also facial photographs were taken for the assessment of the degree of hair loss. These data



were also available for 322 male participants, which were used to study whether observed

markers related to FPHL are sex-specific or general markers of hair loss in both sexes.

Hair loss assessment

Participants came to the research center without any makeup or having used any
hairstyling products for the photographs. Photographs used for the assessment of hair loss
were taken of the vertex of the head with the scalp hair parted along the midline. We used the
average score from three assessors who gave independent assessments using the 5-point
Sinclair scale for determining the degree of hair thinning in females®*. We considered
participants with a Savin score higher than 1.5 as cases with FPHL. Participants with a Savin
score equal or below 1.5 were considered as controls. Hair loss in men was determined using

the Hamilton score*, and used continuously.

Assessment of determinants

The following potential markers were studied: age, body mass index (BMI),
percentage of body fat, systolic and diastolic blood pressure, smoking status, 25-
hydroxyvitamin D, HDL cholesterol, low-density lipoprotein (LDL) cholesterol,
triglycerides, adiponectin, leptin, glucose, insulin, insulin-like growth factor-1 (IGF-1),
thyroid-stimulating hormone (TSH), free trilodothyronine (fT3), high sensitivity C-reactive
protein (hsCRP), aspartate aminotransferase (ASAT), dehydroepiandrosterone sulfate
(DHEAS), and history of diabetes, hypertension and stroke.

Biochemical measures. Non-fasting blood samples were drawn and processed within
2 hours. The Cobas e411 (Roche Diagnostics, Almere, the Netherlands) was used for
measuring 25-hydroxyvitamin D level. The levels of HDL cholesterol, triglycerides, leptin,

adiponectin, hsCRP and glucose were measured using the Hitachi Modular P800 or the Cobas



Integra 800 (Roche Diagnostics, Almere, the Netherlands). LDL cholesterol was calculated
using the Friedewald formula®. The Immulite 2500 from Siemens DPC (Los Angeles, CA,
USA) was used for measuring IGF-1 and insulin. TSH and fT3 were measured on the
Modular E170, DHEAS was measured using the Chemiluminescent Microparticle
Immunoassay technology on a Abbott ci8200 (Abbott, Abbott Park, USA).

Other measures. The age at the moment of the facial photographs was used in the
analyses. Weight (in kilograms), height (in meters), systolic and diastolic blood pressure were
measured by research nurses at the study center. BMI was calculated by dividing weight with
height squared. Four blood-pressure measurements (systolic and diastolic) were taken at two
different time points maximally 2 hours apart. The mean thereof was used for analyses. The
percentage of body fat was determined using the In-Body (720) body composition analyzer.
A detailed description of the In-Body (720) body composition analyzer has been published
elsewhere®®. A lifestyle questionnaire was used to determine smoking status (current or non-
smoker). Disease history (diabetes mellitus, hypertension, and stroke) was defined on the

basis of records of the general practitioner.

Statistical analyses

The initial analyses were only conducted in females. As the outcome FPHL was
dichotomized, analyses were conducted with logistic regression. For the analyses, we
considered offspring and controls as one study population. All continuous markers were
transformed into Z-scores. Therefore, all results of these markers should be interpreted as the
effect per standard deviation increase. We conducted the analyses using a two-step approach.
First, we conducted analyses in which we studied all markers separately, and adjusted for
age. Second, we conducted one multivariable analysis including the determinants that had a

p-value below 0.1 in the univariate analysis, adjusted for age. A composite score was



calculated for the markers that reached statistical significance (p-value<0.05) in the
multivariate analysis. In this score, numerical data was dichotomized based on the median of
the study population (low/high). Participants were allowed to have missing data. Missing
markers of cardiovascular disease or aging were estimated using multiple imputations (5
times).

A number of sensitivity analyses were conducted. In case of glucose and insulin, the
univariate analyses were repeated for participants without diabetes. Furthermore, in case of
systolic and diastolic blood pressure, the univariate analyses were repeated in participants
without hypertension. As multiple determinants in the present study were previously
described to be different between offspring and partners (e.g., glucose, 25-hydroxyvitamin
D?" %), analyses were additionally stratified for these groups to study potential effect
modification by study group.

The determinants that reached statistical significance in the multivariable analysis on
FPHL were also studied with respect to baldness in men. For these variables, a similar
composite score was calculated per participant. As the Hamilton score was normally
distributed, these analyses were conducted using linear regression models.

All statistical analyses were conducted using SPSS v.20 for Windows (SPPS Inc.,

Chicago, IL, U.S.A.). P-values below 0.05 were considered statistically significant.



Results
Study characteristics

The general characteristics of the study population are presented in Table 1. In short,
the study population comprised women with a mean age of 61.5 years and a BMI of 26.4

kg/m?; of the studied diseases, hypertension was most common (25.7%).

Markers of health and disease and female hair loss

Of the 323 female participants, 43 (13.3%) participants were defined as cases with
FPHL.

The associations between the markers with FPHL are presented in Table 2. Per
standard deviation higher level of HDL cholesterol and IGF-1, the risk of female hair loss
was significantly lower (HDL cholesterol: 0.59 [95% CI: 0.42 — 0.83]; IGF-1: 0.64 [95% CI:
0.45 —0.90]). Furthermore, we observed a trend toward an association between higher
diastolic blood pressure and higher risk of hair loss (95% confidence interval [CI]: 0.95 —
1.86). None of the others studies variables were associated with FPHL (p-value > 0.1). The
sensitivity analyses on glucose and insulin (excluding women with diabetes mellitus), and
systolic and diastolic blood pressure (excluding women with hypertension) did not materially
change the results (results not shown). Furthermore, results were similar for offspring and
partners (results not shown).

The observed effect estimates of diastolic blood pressure, HDL cholesterol and IGF-1
did not change when we included these variables together in a multivariate analysis (Table
2). One standard deviation higher level of HDL cholesterol and IGF-1 were statistically
significantly associated with a lower risk of hair loss (HDL cholesterol: 0.65 [95% CI: 0.46 —

0.91]; IGF-1: 0.68 [95% CI: 0.48 — 0.97]).
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Participants with both IGF-1 and HDL cholesterol level below the median of the study
population had a 3.47 times higher risk to have hair loss (Figure 1), which was statistically
significant (95% CI: 1.30 — 9.25). Participants with either a level of IGF-1 or HDL
cholesterol level below the median of the study population also had a higher risk of hair loss,
but this was not statistically significant. Furthermore, there was a significant trend across the

study groups (p-valuegyeng = 0.011).

Association IGF-1 and HDL and hair loss in men

In a second analysis, a total of 322 men with a mean age of 61.1 years (SD = 6.5)
were included. Neither IGF-1 nor HDL cholesterol level were, after adjustment for age,
associated with a higher mean Hamilton score. Furthermore, men with a level of IGF-1 and
HDL cholesterol lower than the median of the study population had no higher mean Hamilton

score than males with serum levels above the median (Figure 2).
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Discussion

In the present study, we aimed to assess the association between markers
cardiovascular disease risk and aging with FPHL at middle-age. Of the studied markers,
higher levels of HDL cholesterol and IGF-1 were associated with a lower risk of FPHL in
univariate models. These associations remained similar in the multivariate analysis, which
suggests that HDL cholesterol and IGF-1 were independently associated with FPHL.
Furthermore, neither HDL cholesterol nor IGF-1 were associated with baldness in men.

The association between high HDL cholesterol level and less hair loss in women
suggests a role for cardiovascular risk factors in the process of hair loss. However, the
association between HDL cholesterol and FPHL has not been found in female European or
Korean populations'” 8. Furthermore, HDL cholesterol was not associated with male
baldness in our study population, which is similar to findings of other studies***’. A meta-
analysis on determinants of hair loss, in which hair loss in men and women was treated as the
same phenotype, also found no association between HDL cholesterol and hair loss™.
However, the heterogeneity in their results was large, which speculatively could be in part
driven by sex differences. Hence, further studies are required to confirm the link between
HDL cholesterol and hair loss in women.

Although associations between cardiovascular disease or its risk factors and FPHL

have been observed previously in a number of studies*? *3 > 16

, including the present study, a
pathogenic link has yet to be fully elucidated. Interestingly, patients with primary cicatricial
alopecia, a class of rare inflammatory disorders characterized by the destruction of hair
follicles and permanent hair loss, were shown to have an impaired cholesterol biosynthetic
pathway in the skin and hair follicles®®. Cholesterol precursors stimulated pro-inflammatory

processes and recruitment of macrophages, which ultimately resulted in the destruction of the

hair follicle?. Indeed, an accumulation of cholesterol precursors in murine skin was shown to
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cause defects in hair growth, but was also shown to be reversible with simvastatin
treatment™®. Furthermore, deficits in cholesterol biosynthesis, as seen, for example, in
congenital hemodysplasia with ichthyosiform erythroderma and limb defects and
desmosterolosis, are also accompanied by hair loss*!. Conversely, an inherited form of
hypertrichoses is caused by genetic mutations in the ABCA5 leading to increased cholesterol
levels in the lysosome®?. Based on these studies, cholesterol metabolism might have an
essential role in hair growth, and thus could be a potential target for treatment.

The association between cardiovascular risk and FPHL is also supported by the trend
between high diastolic blood pressure and increased risk of FPHL in our study population,
although not statistically significant in the multivariable model. An association between high
blood pressure (both systolic and diastolic) and hair loss has been observed previously in
women*" 2. Again though, two other studies observed no significant link between blood
pressure and FPHL, which highlights the contradictory results in literature'” 2. Indeed, as the
association between FPHL and diastolic blood pressure was only borderline significant in this
study, further research is required to determine whether blood pressure or correlates thereof
are truly associated with FPHL.

In this study, a high level of IGF-1 was associated with a lower risk of hair loss in
women (but not in men) independently of HDL cholesterol levels. IGF-1 has an essential role
in hair cycle control, hair follicle development, and hair shaft differentiation®**. Although
the IGF-1 levels measured in this study were in serum, secreted levels of IGF-1 in sebum
from the skin are strongly correlated to serum levels®®. Hence, this data suggests that lower
circulating IGF-1 reflects lower IGF-1 levels in the hair bulb which could reduce hair growth
and differentiation. In men, there is conflicting data on IGF-1 links to hair loss. Whereas we
found no significant association between baldness in men and serum IGF-1, Platz et al*’

found a higher level of IGF-1 associated with a higher risk of male baldness, and
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Panchaprateep and Asawanonda®® found significantly lower levels of IGF-1 secreted from
dermal papilla cells from balding sites. Within the present study population we previously
observed significant associations between high levels of IGF-1 and lower degree of skin
wrinkling® and a lower degree of skin pigmentation’, indicating a more general role of IGF-
1 in skin aging features which potentially also effects hair loss. How reduced levels of IGF-1
could ultimately induce hair loss in women but not men is unclear and, as this is the first
study to find a link between serum IGF-1 and FPHL, replication of these results is therefore
warranted.

This study has a few limitations. First, the observational setting of the study limits the
possibility to infer causality of IGF-1 and HDL cholesterol levels with hair loss. Second, the
serum measures were measured in serum collected approximately 4 years before photographs
for hair loss assessment were collected. However, this could actually be a strength of the
study as, although the stability of IGF-1 and HDL cholesterol over the years is uncertain, the
process of hair loss takes a number of years and could be captured more precisely in studies
with determinants assessed a number of years earlier. Third, the assessment by photographs
gives only an approximation of the degree of hair loss, and hair color can influence the
assessment of FPHL, as the scalp can be identified more easily with dark hair than with grey
hair®; both factors could have resulted in reduced accuracy of the FPHL data. Finally, as the
insulin and glucose levels were measured in non-fasted samples, which could be a reason for
why we did not observe an association with insulin resistance as previously reported*> *.
Further studies using oral glucose tolerance tests (OGTT) or intravenous glucose tolerance
tests (IGTT) are required to better investigate glycaemic control and FPHL.

In conclusion, a higher level of IGF-1 and HDL cholesterol were found to be
independently associated with a higher degree in hair loss in middle-aged women. Given the

limitations of the present study and the contradictory results present in the literature, larger
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studies are required to confirm the association between IGF-1, HDL cholesterol and FPHL.
Furthermore, additional studies are required to elucidate whether circulating HDL cholesterol

and IGF-1 levels reflect levels in the hair bulb, and how reduced levels could induce hair loss.

15



Acknowledgements

We would like to thank all participants, the secretary staff, Meriam H.G.F. van der
Star and Ellen H.M. Bemer-Oorschot for their contribution to this study. We would also like

to thank Sarah Paterson for the FPHL grading.

Funding

This study was funded by the Innovation Oriented research Program on Genomics
(SenterNovem; IGE01014 and IGE5007), the Centre for Medical Systems Biology (CMSB),
the Netherlands Genomics Initiative/Netherlands Organization for scientific research
(NGI/NOW; 05040202 and 050-060-810, NCHA), Unilever PLC and the EU funded

Network of Excellence Lifespan (FP6 036894).

Conflict of interest

Although no products were tested, it is possible this manuscript could promote anti-

aging products which could lead to financial gain for Unilever.

16



References

1. Birch MP, Lalla SC, Messenger AG. Female pattern hair loss. Clinical and experimental
dermatology 2002;27:383-88.

2. Gan DC, Sinclair RD. Prevalence of male and female pattern hair loss in Maryborough.
The journal of investigative dermatology Symposium proceedings / the Society for
Investigative Dermatology, Inc [and] European Society for Dermatological Research
2005;10:184-9.

3. Messenger AG, Sinclair R. Follicular miniaturization in female pattern hair loss:
clinicopathological correlations. The British journal of dermatology 2006;155:926-30.

4. Nyholt DR, Gillespie NA, Heath AC , Martin NG. Genetic basis of male pattern baldness.
The Journal of investigative dermatology 2003;121:1561-4.

5. Rexbye H, Petersen I, lachina M, Mortensen J, McGue M, Vaupel JW et al. Hair loss
among elderly men: etiology and impact on perceived age. The journals of gerontology Series
A, Biological sciences and medical sciences 2005;60:1077-82.

6. Gunn DA, Rexbye H, Griffiths CE, Murray PG, Fereday A, Catt SD et al. Why some
women look young for their age. PloS one 2009;4:e8021.

7. Kaufman KD. Androgens and alopecia. Molecular and cellular endocrinology
2002;198:89-95.

8. Schmidt JB, Lindmaier A, Trenz A, Schurz B, Spona J. Hormone studies in females with
androgenic hairloss. Gynecologic and obstetric investigation 1991;31:235-9.

9. Leyden J, Dunlap F, Miller B, Winters P, Lebwohl M, Hecker D et al. Finasteride in the
treatment of men with frontal male pattern hair loss. Journal of the American Academy of

Dermatology 1999;40:930-7.

17



10. Price VH, Roberts JL, Hordinsky M, Olsen EA, Savin R, Bergfeld W et al. Lack of
efficacy of finasteride in postmenopausal women with androgenetic alopecia. Journal of the
American Academy of Dermatology 2000;43:768-76.

11. Gatherwright J, Liu MT, Gliniak C, Totonchi A , Guyuron B. The contribution of
endogenous and exogenous factors to female alopecia: a study of identical twins. Plastic and
reconstructive surgery 2012;130:1219-26.

12. Arias-Santiago S, Gutierrez-Salmeron MT, Castellote-Caballero L, Buendia-Eisman A ,
Naranjo-Sintes R. Androgenetic alopecia and cardiovascular risk factors in men and women:
a comparative study. Journal of the American Academy of Dermatology 2010;63:420-9.

13. Mansouri P, Mortazavi M, Eslami M , Mazinani M. Androgenetic alopecia and coronary
artery disease in women. Dermatology online journal 2005;11:2.

14. Trieu N, Eslick GD. Alopecia and its association with coronary heart disease and
cardiovascular risk factors: a meta-analysis. International journal of cardiology
2014;176:687-95.

15. Ekmekei TR, Ucak S, Basat O, Koslu A, Altuntas Y. The presence of insulin resistance
and comparison of various insulin sensivity indices in women with androgenetic alopecia.
European journal of dermatology : EJD 2007;17:21-5.

16. Hirsso P, Rajala U, Laakso M, Hiltunen L, Harkonen P , Keinanen-Kiukaanniemi S.
Health-related quality of life and physical well-being among a 63-year-old cohort of women
with androgenetic alopecia; a Finnish population-based study. Health and quality of life
outcomes 2005;3:49.

17.Yi SM, Son SW, Lee KG, Kim SH, Lee SK, Cho ER et al. Gender-specific association of
androgenetic alopecia with metabolic syndrome in a middle-aged Korean population. The

British journal of dermatology 2012;167:306-13.

18



18. Matilainen V, Laakso M, Hirsso P, Koskela P, Rajala U , Keinanen-Kiukaanniemi S. Hair
loss, insulin resistance, and heredity in middle-aged women. A population-based study.
Journal of cardiovascular risk 2003;10:227-31.

19. Abdel Fattah NS, Darwish YW. Androgenetic alopecia and insulin resistance: are they
truly associated? International journal of dermatology 2011;50:417-22.

20. Lara J, Cooper R, Nissan J, Ginty AT, Khaw KT, Deary IJ et al. A proposed panel of
biomarkers of healthy ageing. BMC medicine 2015;13:222.

21. Slagboom PE, Beekman M, Passtoors WM, Deelen J, Vaarhorst AA, Boer JM et al.
Genomics of human longevity. Philosophical transactions of the Royal Society of London
Series B, Biological sciences 2011;366:35-42.

22. Schoenmaker M, de Craen AJ, de Meijer PH, Beekman M, Blauw GJ, Slagboom PE et al.
Evidence of genetic enrichment for exceptional survival using a family approach: the Leiden
Longevity Study. European journal of human genetics : EJHG 2006;14:79-84.

23. Westendorp RG, van Heemst D, Rozing MP, Frolich M, Mooijaart SP, Blauw GJ et al.
Nonagenarian siblings and their offspring display lower risk of mortality and morbidity than
sporadic nonagenarians: The Leiden Longevity Study. Journal of the American Geriatrics
Society 2009;57:1634-7.

24. Sinclair R, Jolley D, Mallari R, Magee J. The reliability of horizontally sectioned scalp
biopsies in the diagnosis of chronic diffuse telogen hair loss in women. Journal of the
American Academy of Dermatology 2004;51:189-99.

25. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge.
Clinical chemistry 1972;18:499-502.

26. Ling CH, de Craen AJ, Slagbhoom PE, Gunn DA, Stokkel MP, Westendorp RG et al.

Accuracy of direct segmental multi-frequency bioimpedance analysis in the assessment of

19



total body and segmental body composition in middle-aged adult population. Clinical
nutrition 2011;30:610-5.

27. Noordam R, de Craen AJ, Pedram P, Maier AB, Mooijaart SP, van Pelt J et al. Levels of
25-hydroxyvitamin D in familial longevity: the Leiden Longevity Study. CMAJ : Canadian
Medical Association journal = journal de I'Association medicale canadienne 2012;184:E963-
8.

28. Rozing MP, Westendorp RG, Frolich M, de Craen AJ, Beekman M, Heijmans BT et al.
Human insulin/IGF-1 and familial longevity at middle age. Aging 2009;1:714-22.

29. Panicker SP, Ganguly T, Consolo M, Price V, Mirmirani P, Honda K et al. Sterol
intermediates of cholesterol biosynthesis inhibit hair growth and trigger an innate immune
response in cicatricial alopecia. PloS one 2012;7:e38449.

30. Evers BM, Farooqi MS, Shelton JM, Richardson JA, Goldstein JL, Brown MS et al. Hair
growth defects in Insig-deficient mice caused by cholesterol precursor accumulation and
reversed by simvastatin. The Journal of investigative dermatology 2010;130:1237-48.

31. Porter FD , Herman GE. Malformation syndromes caused by disorders of cholesterol
synthesis. Journal of lipid research 2011;52:6-34.

32. DeStefano GM, Kurban M, Anyane-Yeboa K, Dall’Armi C, Di Paolo G, Feenstra H et al.
Mutations in the cholesterol transporter gene ABCADS are associated with excessive hair
overgrowth. PLoS genetics 2014;10:e1004333.

33. Weger N, Schlake T. Igf-1 signalling controls the hair growth cycle and the
differentiation of hair shafts. The Journal of investigative dermatology 2005;125:873-82.

34. Philpott MP, Sanders DA , Kealey T. Effects of insulin and insulin-like growth factors on
cultured human hair follicles: IGF-1 at physiologic concentrations is an important regulator of

hair follicle growth in vitro. The Journal of investigative dermatology 1994;102:857-61.

20



35. Little JC, Redwood KL, Granger SP , Jenkins G. In vivo cytokine and receptor gene
expression during the rat hair growth cycle. Analysis by semi-quantitative RT-PCR.
Experimental dermatology 1996;5:202-12.

36. Vora S, Ovhal A, Jerajani H, Nair N , Chakrabortty A. Correlation of facial sebum to
serum insulin-like growth factor-1 in patients with acne. The British journal of dermatology
2008;159:990-1.

37. Platz EA, Pollak MN, Willett WC , Giovannucci E. Vertex balding, plasma insulin-like
growth factor 1, and insulin-like growth factor binding protein 3. Journal of the American
Academy of Dermatology 2000;42:1003-7.

38. Panchaprateep R , Asawanonda P. Insulin-like growth factor-1: roles in androgenetic
alopecia. Experimental dermatology 2014;23:216-8.

39. Noordam R, Gunn DA, Tomlin CC, Maier AB, Griffiths T, Catt SD et al. Serum insulin-
like growth factor 1 and facial ageing: high levels associate with reduced skin wrinkling in a
cross-sectional study. The British journal of dermatology 2013;168:533-8.

40. van Drielen K, Gunn DA, Griffiths CE, Griffiths TW, Ogden S, Noordam R et al.
Markers of health and disease and pigmented spots in a middle-aged population. The British

journal of dermatology 2015.

21



Table 1: Characteristics of the study population

Total (N = 323)

General characteristics

Age (years) 61.5+6.0
Body mass index (kg/m?) 26.4 + 4.7
Body fat percentage 35174
Systolic blood pressure (mmHg) 140+ 21
Diastolic blood pressure (mmHg) 82+11

Current smoking, n (%) 35 (10.8)

Non-fasted serum markers
25-hydroxyvitamin D (ng/mL), median (IQR)

42.7 (38.0 - 48.7)

High density lipoprotein (mmol/L) 16+05
Low density lipoprotein (mmol/L) 3410
Triglycerides (mmol/L), median (IQR) 140 (1.0-2.1)
Adiponectin (mg/L), median (IQR) 6.1 (4.6 — 8.6)
Leptin (ng/mL), median (IQR) 22.4 (11.7 - 39.8)
Glucose (mmol/L) 59+12
Insulin (mU/L), median (IQR) 16.0 (10.0 — 29.0)
Insulin-like growth factor-1 (nmol/L) 172+5.1
Thyroid-stimulating hormone (mU/L), median (IQR) 1.7(1.1-25)
Free Triiodothyronine (pmol/L) 3.9+0.7
C-reactive protein (mg/L) 1.3(0.7-3.1)
Aspartate aminotransferase (U/L) 19.0 (15.0 - 25.0)
Dehydroepiandrosterone sulfate (umol/L) 3.1(1.9-4.7)
Disease history
Diabetes, n (%) 14 (4.3)
Hypertension, n (%) 83 (25.7)
Stroke, n (%) 5(1.5)

All data is presented with mean £ SD unless otherwise stated.

Abbreviations: IQR, interquartile range
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Table 2: Association between markers of health and aging and FPHL

Univariate model Multivariate model
OR 95% ClI OR 95% ClI
General characteristics
Age 1.23 0.89-1.71 1.15 0.82-1.61
Body mass index 1.14 0.82 -1.58
Body fat percentage 1.22 0.87-1.70
Systolic blood pressure 1.29 091-184
Diastolic blood pressure 1.33 0.95-1.86 1.28 0.91-1.82
Smoking, yes 1.00 0.34—-2.95
Non-fasted serum markers
25-hydroxyvitamin D 0.72 0.68 — 1.30
High density lipoprotein 0.59 0.42-0.83" 0.65 0.46 - 0.91
Low density lipoprotein 1.03 0.74-1.43
Triglycerides 1.13 0.81-1.57
Adiponectin 0.92 0.67 - 1.28
Leptin 1.15 0.83-1.60
Glucose 1.19 0.85-1.67
Insulin 1.23 0.88-1.72
Insulin-like growth factor 1 0.64 0.45-0.90" 0.68 0.48 -0.97
Thyroid-stimulating hormone 0.86 0.62-1.19
Free Triiodothyronine 0.96 0.70-1.33
High-sensitivity C-reactive protein 1.31 0.94-1.82
Aspartate aminotransferase 1.14 0.81-1.60
Dehydroepiandrosterone sulfate 0.99 0.69-1.43
Disease history
Diabetes, yes 1.05 0.23-4.89
Hypertension, yes 1.05 0.51-2.19
Stroke, yes 1.59 0.17-14.6

Results depicted at the relative risk of a standard deviation increase of a determinant or as
indicated otherwise. All analyses were adjusted for chronological age. Abbreviations: Cl,
confidence interval; OR, odds ratio. “p-value < 0.1. T p-value < 0.05.
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P-valueyeng = 0.011

Odds Ratio

Figure 1: IGF-1 and HDL status (low and high) and risk of female pattern hair loss
Abbreviations: h, high; HDL, high-density lipoprotein; IGF-1, insulin-like growth factor-1; I,
low. ) p-value < 0.05 with respect to the reference group. Analysis was adjusted for age.
Low IGF-1, range between 6.49 and 16.6 nmol/L; high IGF-1, range between 16.8 and 37.4
nmol/L; low HDL cholesterol, range between 0.42 and 1.57 mmol/L; high HDL cholesterol,
range between 1.58 and 3.24 mmol/L. In the high IGF-1 and high HDL group, there were 6
cases of female pattern hair loss. On both the high IGF-1 and low HDL as well as the low

IGF-1 and high HDL, there were 9 cases. In the low IGF-1 and low HDL, there were 19

cases.
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Figure 2: IGF-1 and HDL status (low and high) and the mean degree of hair loss in men
Abbreviations: h, high; HDL, high-density lipoprotein; IGF-1, insulin-like growth factor-1; I,
low; SE, standard error of the mean. Results depicted as the mean Hamilton score and the
standard error of the mean. Analysis adjusted for age. Low IGF-1, range between 3.90 and
16.9 nmol/L; high IGF-1, range between 17.0 and 35.5 nmol/L; low HDL cholesterol, range
between 0.18 and 1.20 mmol/L; high HDL cholesterol, range between 1.21 and 2.51 mmol/L.
A total of 86 participants were in the high IGF-1 and high HDL group. There were 75
participants in the group with low IGF-1 and high HDL, and 74 participants in the group with

high IGF-1 and low HDL. 87 participants had a low IGF-1 and a low HDL.
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