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Background: Female pattern hair loss (FPHL) is the most common hair loss disorder in women, which may impair patient’s self-
identity. It presents as a diffuse reduction in hair density at the mid and frontal regions of the scalp with preservation of the frontal
hairline. TrichoScan can be used as a diagnostic tool and for monitoring patients in male pattern hair loss, but little is known in FPHL
with Chinese population.

Objective: To explore the predictive value of various TrichoScan characteristics at different areas of the scalp in the diagnosis and
evaluation of FPHL.

Materials and Methods: A total of 261 FPHL subjects were divided into three groups according to Ludwig classification. Together
with 108 healthy controls, they were evaluated by computer-assisted TrichoScan. Various hair parameters were analyzed in the frontal,
midscalp, vertex, parietal, and occipital areas of the scalp.

Results: Declining hair densities, terminal hair percentage, hair follicular unit density, mean hair diameter, and average hair/unit
combined with increased intermediate hair percentage, and vellus hair percentage were observed across all areas of the scalp for FPHL
subjects. Hair density and terminal hair percentage in the midscalp area were the factors most affecting Ludwig classification. The two
parameters combined achieved 85.12% correct classification rate and an area under the ROC curve of 0.88 in the diagnosis of FPHL.
Additionally, we reported a unique type of FPHL which mostly affected the parietal area, occurring with or without traditional midline
changes.

Conclusion: FPHL in a Chinese population presented characteristics of reduced hair density and miniaturization of hair follicles in
the midline scalp and to a lesser extent in the parietal area. Hair density and terminal hair percentage in the midscalp exhibited the
greatest predictive value of Ludwig classification. Our results may further provide the basis for quantitative classification of FPHL.
Keywords: FPHL, TrichoScan, hair density, terminal/intermediate/vellus hair percentage, Ludwig classification, predictive value,
parietal area hair loss

Introduction

Hair plays an important role in body image and self-identity for women, though it has a more social and psychological
significance than biological relevance. Female pattern hair loss (FPHL) is the most common hair loss disorder in
women.' Studies in women of white European ethnicity in the USA, UK and Australia record a prevalence of 3—12%
in the third decade of life, rising to 14-28% in the sixth decade. Reported prevalence rates in East Asian women are
lower, reaching 12-25% in the over 70 group. As such, the overall prevalence of FPHL in Chinese women was 3.1%.”
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FPHL typically presents as a diffuse reduction in hair density at the mid and frontal regions of the scalp with
preservation of the frontal hairline.>* It may present with three different patterns:® (1) diffuse thinning of the crown
region with preservation of the frontal hairline (two scales are used to describe this: the 3-point Ludwig scale® and the
5-point Sinclair scale’); (2) thinning and widening of the central part of the scalp with breach of frontal hairline
(described by the Olsen scale: Christmas tree pattern®); and (3) thinning associated with bitemporal recession (described
by the Hamilton-Norwood scale).” Ludwig classification is the most widely used hair loss classification system, divided
into three degrees: Ludwig I — lighter form with thinning on the top of the head; Ludwig II — moderate form; and Ludwig
III — severe form.%'°

Accurate and consistent Ludwig classification is not always obtained in the clinic since the classification system
requires skilled experience and is not the most sensitive for treatment assessment. A more quantitative scoring system is
thus needed. TrichoScan is a system that combines epiluminescence microscopy and automated digital image analysis. It
allows the estimation of the number and density of hairs, the percentage of terminal and vellus hairs, and the percentage
of hairs in the anagen and telogen phases by mathematical approximation. TrichoScan can be used as a diagnostic tool
and for monitoring patients in hair loss treatment.'*'!

In this study, we aimed to evaluate the hair parameters of FPHL at different scalp areas compared to healthy controls,
evaluating the diagnostic assessment value of TrichoScan in FPHL. Additionally, we explored the characteristics of
a unique type of FPHL, which presented hair loss predominantly in the parietal areas mentioned by Rohirunsakool and
Suchionwanit (2018)."?

Subjects and Methods

Subjects
A total of 261 subjects diagnosed by three experienced dermatologists with FPHL according to Ludwig classification and
108 healthy female controls without androgenetic alopecia were recruited to participate in the study between
August 2020 and April 2021 at the Institute of Dermatology, Chinese Academy of Medical Sciences (Figure 1).
Excluding criterion included chronic dermatologic conditions of the scalp; other types of hair loss, including acute
telogen effluvium, were excluded by medical history, clinical examination and, where necessary, by relevant clinical tests
such as complete blood count, iron, total iron-binding capacity, ferritin, thyroid hormones and antinuclear antibody titres.
Written informed consent was obtained from all participants, and the study protocol was approved by the ethical
committees of Institute of Dermatology, Chinese Academy of Medical Sciences. Participants under 18 years of age in the
control group required parental informed consent to participate.

Methods

Five different areas of each subject’s scalp were evaluated (Figure 2). Three sites on the scalp were then measured at 12,
24, and 30 cm from the glabella, similar to Kanchana et al’s study, which were identified as the frontal, vertex, and
occipital area.'* The midscalp area was an imaginary line between the left and right external auditory ear canals. The
parietal area was the area 7 cm above both external auditory ear canals.'”> Trichoscopic pictures were taken by
TrichoScan (FotoFinder Bodystudio ATBM, Germany) at these five sites. All hair parameters were evaluated, including
hair density (hair number in 1cm? area), terminal hair percentage (hair diameter >0.06mm), intermediate hair percentage
(0.03mm < hair diameter < 0.06mm), vellus hair percentage (hair diameter <0.03mm), hair follicular unit density, mean
hair diameter, and average hair/unit. All hair parameters were analyzed at 70-fold magnification, and images were
analyzed by a combination of manual labeling and computer assisted counting (Figure 1). All hair parameters were
evaluated three times, independently, to calculate average scores.

Statistical Analysis
The statistical software package SPSS version 23 (IBM Inc, Armonk, New York) was used for all analyses. Different
parameters were compared across groups by one-way analysis of variance (ANOVA). Logistic analysis, prediction and
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Figure | Hair images taken by camera and TrichoScan at 70X magnification for FPHL subjects and healthy controls. ((A) Healthy controls; (B) subjects of Ludwig I; (C)
subjects of Ludwig II; yellow arrow shows vellus hair).

Figure 2 Marked points (red dot) at different scalp areas. (A) Green arrow shows frontal area, blue arrow shows midscalp area and yellow arrow shows vertex area. (B)
Parietal area; (C) occipital area.

the Confusion matrix were performed by stataSE64. Data were showed as mean =+ standard deviation (SD). P-value <0.05
denoted a statistically significant difference.

Results

Demographic Characteristics

A total of 261 FPHL subjects with a mean age of 30.4+7.83 (ranged 18—62 years old) and 108 healthy female controls
with a mean age of 31.9+10.18 (ranged 16-58 years old) were recruited to participate in the study. The FPHL subjects
were divided into three groups according to Ludwig classification, including 182 in Ludwig I, 74 in Ludwig II, and 5 in
Ludwig III (Table 1). Ludwig III females were excluded from further analysis due to small sample size.
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Table | Demographic Characteristics of FPHL Subjects and Healthy Controls

FPHL Controls
Ludwig | Ludwig 1l Ludwig HI Total

Number of Subjects 182 74 5 261 108
Age (years)
Mean age (SD) 28.23 29.96 46.2 29.07 31.42

(x6.71) (£7.85) (x6.61) (£7.46) (£9.90)
Median age 27 29.5 43 28 28.5
Range 18~61 18~62 41~57 18~62 16~58
<20 19(10.4%) 3(4.1%) 0 22(8.4%) 8(7.4%)
20-30 104(57.1%) 38(51.4%) 0 142(54.4%) 50(46.3%)
3040 49(26.9%) 27(36.5%) 0 76(29.1%) 35(32.4%)
40-50 8(4.4%) 5(6.8%) 4(80%) 17(6.5%) 6(5.6%)
50-60 1(0.5%) 0 1(20%) 2(0.8%) 9(8.3%)
260 1(0.5%) 1(1.4%) 0 2(0.8%) 0
Course of disease (number)
<1 years 36(24.3%) 10(14.7%) 0 46(20.8%)
|-5 years 86(58.1%) 29(42.6%) 3(60%) 118(53.4%)
5-10 years 12(8.1%) 18(26.5%) 1(20%) 31(14.0%)
210 years 14(9.5%) 11(16.2%) 1(20%) 26(11.8%)
Total number 148 68 5 221
Family history
Yes 89(56.3%) 39(56.5%) 2(40%) 130(56.0%)
No 69(43.7%) 30(43.5%) 3(60%) 102(44.0%)
Total number 158 69 5 232

Abbreviations: FPHL, female pattern hair loss; SD, standard deviation.

The total number of FPHL subjects was 261, with 232 of these recording a family history of FPHL, other 29
participants did not record (Table 1). Participants in the Ludwig I group (n = 158) included 89 (56.3%) which reported
a family history of FPHL, while the remaining 69 (43.7%) did not. Of the 69 participants in the Ludwig II group, 39
(56.5%) reported a family history of FPHL with the remaining 30 (43.5%) did not. There was no statistically significant
differences between the groups (P > 0.05).

Hair Parameters at Different Scalp Regions in FPHL Subjects and Normal Controls
Hair Density

Hair density of different scalp sites at distinct clinical stages is shown in Figure 3A and described in Table 2. Hair
density in 108 healthy females demonstrated clear regional differences. Specifically, the midscalp area presented the
highest hair density, followed by vertex, occipital, and frontal regions, while the parietal area observed the lowest
density. When comparing mean hair density between Ludwig classification groups and healthy controls, all five
scalp areas displayed a tendency toward decreasing hair density with increased severity of FPHL stage. Statistically
significant differences were detected for Ludwig I (p < 0.001) and Ludwig II (p < 0.001) groups across all five

arcas.

Hair Percentage (Terminal/Intermediate/Vellus)

The highest terminal hair percentage in normal females was observed at the occipital site, followed by the vertex,
midscalp, and parietal areas Figure 3B. Compared to controls, the midscalp, vertex, occipital and parietal sites demon-
strated statistically significant decreases in terminal hair percentage for Ludwig I participants (p < 0.05), with enhanced
decreases seen in Ludwig II participants (p < 0.001). On the other hand, decreased terminal hair percentage in the frontal
scalp area was only detected in Ludwig II females (p < 0.01).
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Figure 3 The hair density, terminal hair percentage and vellus hair percentage of FPHL subjects and healthy controls across different scalp areas. (A) Compared with healthy
controls, hair density presented decreasing tendency with improving severity of FPHL stage. (B) Compared with healthy controls, all the scalp sites except for frontal showed
a tendency of decreasing terminal hair percentage with higher Ludwig stage. (C) Compared with healthy controls, vellus hair percentage showed a positive correlation with
increased Ludwig classification at all areas except for the frontal region. (** represented P < 0.01, Ludwig | or Ludwig Il VS normal controls at the same scalp area).

Intermediate hair percentages in normal controls were highest in the frontal site and lowest in the occipital site
(Supplementary 1A). Compared with normal controls, midscalp, vertex, and occipital arcas showed statistically sig-

nificant increases of the middle hair percentage in both Ludwig I (p < 0.001) and Ludwig II (p < 0.001) groups. Frontal
and parietal sites only displayed significant increases in the Ludwig II group (p = 0.04, p < 0.001).

Table 2 Comparison of Hair Parameters in Different Scalp Areas Between FPHL Subjects and Healthy Female Controls

Frontal Midscalp Vertex Parietal Occipital
Hair density
Controls 131.22£17.77 145.89+17.94 143.22+20.17 121.49£18.07 132.75+19.39
Ludwig | 122.20£16.96%* 129.57+15.30%* 130.18£16.56** | 114.39+16.62%* | 122.05+16.50%*
Ludwig Il 114.20+16.77+* 117.13£18.33%* 117.54£18.70% | 108.80+18.19%* | [15.78+14.31**
Terminal hair percentage
Controls 62.70£16.01 75.54+11.78 76.03+12.59 68.59+17.31 77.78+11.24
Ludwig | 65.10£15.11 62.77+15.73** 64.41£16.14%* 63.18+16.59% 71.93£13.09%*
Ludwig Il 55.43+16.95%* 45.37£12.50%* 49.51£13.91** 54.18+18.12** 62.18+16.90%*
Intermediate hair percentage
Controls 23.24%11.65 18.79+9.65 18.37+10.33 22.37£13.06 17.04+10.29
Ludwig | 22.28+12.52 26.04+13.16** 26.44+3.54** 25.01£12.72 22861 1.81**
Ludwig Il 27.20+14.28* 36.98+12.98** 36.25+13.44%F 30.77+15.09%* 28.18+14.49°%*
Vellus hair percentage
Controls 14.34x12.17 5.68+5.87 5.60£6.17 9.041£9.56 5.18%5.92
Ludwig | 13.27+10.72 I'1.14£8.94%* 9.64+9.41%* 12.18+10.55* 5.3846.10
Ludwig Il 17.77+14.80 17.65£9.68+* 14.39£10.2 1% 14.74£9.95% 9.69+9.43%
Mean hair diameter
Controls 69.50+12.38 76.65+8.60 77.63+9.67 72.48+11.46 76.93£10.06
Ludwig | 73.42+15.79% 72.56+3.33** 712411 .49%* 68.86+12.50* 70.27+9.72%*
Ludwig Il 66.91+13.44 63.47£14.67* 63.22+12.27%* 63.57+| .45%* 67.76£10.72*
Hair follicular unit density
Controls 97.33£17.78 81.02+14.46 79.29+12.85 75.72£15.49 73.02£10.57
Ludwig | 81.60+18.24** 73.26£11.99%* 75.26+12.47% 72.10£15.12 68.66+10.93**
Ludwig Il 83.80£18.15% 75.26+14.26** 75.93+15.04 70.70+14.83* 67.19+11.20%*
Average hair/unit
Controls 1.37+0.27 1.80+0.28 1.84+0.29 1.61+0.32 1.86+0.29
Ludwig | 1.41+0.25 1.65£0.27(8.3%)** |.68+0.27+* 1.56+0.34 1.83+0.29
Ludwig Il 1.34+0.23 1.44£0.21(20%)** 1.52+0.28** 1.55+0.26 1.73+0.30%*

Notes: The values in table represent mean * SD (**Represented P < 0.01, *Represented P < 0.05, Ludwig | or Ludwig Il VS normal controls at the same scalp area).
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Controls observed the highest vellus hair percentage in the frontal area, followed by the temporal, midscalp, and
vertex regions. In contrast, the occipital site showed the lowest (Figure 3C). Vellus hair percentage showed an
increasing tendency in parallel with advancing Ludwig classification at all areas except for the frontal region. The
midscalp and vertex showed statistically significant increases in the vellus hair percentage for Ludwig I (p < 0.001)
and Ludwig II (p < 0.001) groups. The parietal region showed similar significant increases for Ludwig I (p =0.01) and
Ludwig IT (P < 0.001) groups. On the other hand, the occipital site only demonstrated statistically significant increases
in vellus hair percentage in the Ludwig II (P < 0.001) group.

Mean Hair Diameter
The vertex site had the highest mean hair diameter, followed by the occipital, midscalp, parietal and frontal area in
normal control group (Supplementary 1B). Mean hair diameter in all areas of the scalp (except for frontal) tended to

decrease as the severity of Ludwig classification increased. When comparing the normal group against each Ludwig
stage, the midscalp, vertex and occipital regions showed significantly lower mean hair diameters in Ludwig I (P < 0.001)
and Ludwig II (P < 0.001) groups. Similarly, the parietal area saw significant differences in Ludwig I (P = 0.01) and
Ludwig II (P < 0.001) groups. Mean hair diameters on the frontal area were the lowest in the Ludwig I (P = 0.02) group.

Hair Follicular Unit Density
In the normal controls, the frontal area observed the highest hair follicular unit density, followed by the midscalp,
vertex, parietal and occipital regions (Supplementary 1C). The frontal, midscalp and occipital sites demonstrated

significant decreases in hair follicular unit density in both the Ludwig I (p < 0.01) and Ludwig II (p < 0.01) groups.
Meanwhile, the vertex region only observed this pattern in the Ludwig I (P = 0.01) group and the parietal region in the
Ludwig II (P = 0.03) group.

Average Hair/Unit
Control participants observed the highest average hair/unit at the occipital site followed by the vertex, midscalp, parietal
and frontal regions (Supplementary 1D). Compared to controls, FPHL cases demonstrated lower average hair/unit across

the vertex and midscalp in Ludwig I (P < 0.001) and Ludwig II (P < 0.001) groups, demonstrating a severity-based
decline. On the occipital site, significant differences in average hair/unit were found only in Ludwig II (P = 0.003) group.

Hair Parameters in the Parietal Region Seriously Affected FPHL Patients
A total of 15 FPHL subjects in this study presented characteristics of seriously affected parietal area hair loss
compared to conventional FPHL patients, which presented most hair loss in the frontal and vertex areas (Figure 4).
This small sub-group consisted of all three Ludwig classifications, with Ludwig I, II, and III comprised of 9, 5, and
1 subject, respectively. The mean age in this sub-group was 30.67 years with SD 7.5 (Supplementary 2).

Hair parameters across different scalp regions for parietal area seriously affected FPHL subjects are summarized in
Table 3. Hair density decreased on all five scalp sites in this group compared to normal controls (P < 0.01). Terminal hair

Figure 4 Clinical images in FPHL subjects with parietal area seriously affected. (A) Left lateral view; (B) right lateral view; yellow arrows show sparse hairs in parietal areas.
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Table 3 Comparison of Hair Parameters in the Parietal Region Seriously Affected FPHL Patients with Healthy Controls

Frontal Midscalp Vertex Parietal Occipital
Hair density
Controls 131.22£17.77 145.89+17.94 143.22+20.17 121.49£18.07 132.75£19.39
FPHL 112.14£10.1 0%k 121.51£22.79%¥F* 120.10£17.94%F¥* 109.59+13.14* 113.07£13.427%%*
Terminal hair percentage
Controls 62.70x16.01 75.54x11.78 76.03+12.59 68.59+17.31 77.78+11.24
FPHL 55.83+21.54 56.62x3.00%++* 50.78+8.38%++* 57.26x17.93* 71.22+14.20%
Intermediate hair percentage
Controls 23.24x11.65 18.79+9.65 18.37£10.33 22.37+13.06 17.04£10.29
FPHL 27.24+17.00 31.14£11.96%* 36.20£16.34%F 27.36x14.01 19.36£10.27
Vellus hair percentage
Controls 14.34£12.17 5.68+5.87 5.60%6.17 9.04+9.56 5.18+5.92
FPHL 17.22+20.15 12.2249.44%+¢ 13.0248.60#** 1551£12.21%* 9.43+12.90*
Mean hair diameter
Controls 69.50+12.38 76.65+8.60 77.63+9.67 72.48+11.46 76.93+10.06
FPHL 74.97+19.08 76.75+14.76 70.46x11.99* 66.05+12.78* 67.14+14.94**

Notes: The values in table are expressed as mean + SD (****Represented P < 0.0001, ***Represented P < 0.001, **Represented P < 0.0, *Represented P < 0.05,
parietal region seriously affected FPHL VS normal controls at the same scalp area).

rate decreased in this group, while middle hair rate and vellus hair rate increased across all five scalp sites compared with
normal controls. The regional differences observed in hair densities, terminal/intermediate/vellus hair percentage, were
more severe than differences observed in the Ludwig I (P < 0.05) group, while similar to but less severe than Ludwig II
(P > 0.05) characteristics. The mean hair diameter in vertex, parietal and occipital areas of the parietal area seriously
affected subgroup fell somewhere between the Ludwig I and Ludwig II parameters.

Predictive Value of Hair Density and Terminal Hair Percentage in the Midscalp
Multi-Logistic Regression
We have collected data including age, family history, disease course and all potentially relevant hair parameters. All 38
variables were considered in order to find the appropriate subsets which contains variables that strike a balance between
the number of variables and the performance of fitting. After some experiments by multi-logistic regression, we
determined that hair density and the terminal hair rate in the midscalp were the optimum candidates. With the estimated
coefficients of the multi-logistic model (Supplementary 3), the model correctly predicted (73+147+44)/364 = 72.5% of
cases among the Ludwig I, Ludwig II classifications, as well as healthy controls (Supplementary 4).

Next, we ran a 10-fold cross validation to deal with potential overfitting and make use of the entire data set. After 10-
fold cross validation, the model correctly predicted (73+143+39)/364 = 70.1% of classes, only slightly lower than the
previous rate of 72.5% (Supplementary 5). This demonstrates that the model is very robust in predicting class

assignment.

Binary Response

We combined the two Ludwig classes (I and II) into one category, creating a binary classification. Subsequently, we fit
a logistic regression model to run the prediction. The estimated coefficients for hair density and terminal hair rate in the
midscalp are shown in Supplementary 6. The two parameters can achieve 85.12% correctly classified rate, with area
under the ROC curve of 0.88 in the binary classification of FPHL (Figure 5) (Supplementary 7).

Discussion

In our study, a total of 261 FPHL subjects were included with 182 in Ludwig I and 74 in Ludwig II. Only 5 cases showed
severe sign of Ludwig III, which were excluded in the next study because of small number. This result was in keeping
with characteristics of Japanese women and another report of southern Chinese women.'*'> The most affected age group
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Figure 5 The ROC curve and area under ROC curve of Binary classification in FPHL.

of FPHL patients in our study came from 20~40 years old. This result seems to conflict with previous reports that the
incidence of FPLH steadily increased with age across all ethnicities.'® In general, FPHL onset presents during the
reproductive years. The second peak incidence typically occurs at menopause, between 50 and 60 years of age. However,
increasing evidence suggests the incidence of severe cases may become noticeable as early as puberty. The potential
effects of the large number of 20—40 years old patients may be due to greater demand for treatment among patients aged
25-40 years.'™'” Additionally, Silke et al* have reported that the locus of AR/EDA2R in FPHL may represent a common
genetic factor for early-onset FPHL.

Genetic susceptibility can influence the development of male androgenetic alopecia, but relatively little is known
regarding the genetic basis and inheritance pattern of FPHL.> An Australian gene-wide association study of white women
suggested that the aromatase gene (CYP19A1) may contribute to FPHL.'® The CYP19A1 gene encodes the enzyme
aromatase, responsible for the conversion of androgens to oestrogens, thus regulating the balance of sex steroid hormone
levels in hair follicles.'” While multiple genes may contribute to the susceptibility of FPHL,> no definitive familial
inheritance pattern has been identified.

Our study also demonstrated that FPHL patients presented with decreased hair density, mean hair diameter, terminal
hair percentage and increased intermediate hair percentage and vellus hair percentage. Moreover, their parameters were
positively correlated with the severity of clinical Ludwig staging. The biological cycle of the hair follicles is divided into
three phases: anagen (growth phase), catagen (regression) and telogen (resting phase). This process is not synchronized
among the adjacent units, assuming a mosaic pattern in the scalp.?® Around 80-90% of hair is expressed in the anagen
phase, 10-20% in the telogen phase and 1-2% in the catagen phase in normal adult scalps. FPHL patients observe
a reduction in the duration of the anagen phase and a delay between the end and start of a new anagen phase.”'
Additionally, FPHL patients experience gradual decreases in capillary density and follicle miniaturization in affected
areas.'” The altered hair follicle cycling and miniaturization of hair follicles lead to the transformation from terminal to
vellus hair follicles.*

Our results confirmed that the entire scalp is involved in the progression of FPHL patients, but the most affected arcas
were the midscalp, followed by the vertex, consistent with previously published reports.'*!** One hypothesis for
regional hair loss differences in FPHL is the variable embryonal derivation of the scalp regions. The dermis of the frontal
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and parietal scalp is of neural crest origin, while that of the occipital scalp is of mesodermal origin.>**> Follicular units
from different regions of the scalp vary in their susceptibility to undergo terminal to vellus hair transformation, leading to
macroscopic and microscopic patterns of hair loss, respectively.*®

In our observation, there were a small quantity of FPHL patients who presented with serious hair loss in the parietal
area. The hair parameters presented were somewhere between Ludwig I and Ludwig II (but closer to Ludwig II). The
pathophysiology of this special FPHL subgroup may have some relationship with the increased Sa-reductase enzyme in
this area compared to other scalp sites. Similar mechanisms occurring in the frontal scalp have been described before.'*?’
However, the exact mechanism is not entirely clear and more research must be carried out to clarify the pathogenesis.

Multi-logistic regression showed that hair density and terminal hair percentage in the midscalp area obtained best
predictive accuracy of Ludwig classification of FPHL. This was in accordance with the clinical manifestation and
pathophysiological aspect of FPHL. The Ludwig rating system bears limitations to precisely classifying intermediate
stages. By combining dermoscopic and TrichoScan parameters, we correctly classified FPHL more precisely regardless
of regions and patterns. The binary classification using hair density and terminal hair percentage in the midscalp area
particularly can help clinicians identify early-onset FPHL patients and assign timely treatments.

There are some limitations in our study, including the single-center population which may not represent character-
istics of FPHL in Chinese individuals in general. Additionally, the consistency of measurements used in our study was
not compared with others. In the future, more populations should be included and the consistency of different measuring
tools should be compared.

Conclusion
Our study analyzed hair parameters of Chinese FPHL as well as healthy controls and indicated that hair density and
terminal hair percentage in the scalp site exhibited the best predictive values in the Ludwig classification. We also

reported a small quantity of female patients manifesting mainly parietal area hair loss were in moderate-to-severe stage in
FPHL.
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