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ABSTRACT 
 

Quantitative measurement and practical application of hair diameter 

diversity as a diagnostic indicator of androgenetic alopecia 
 

 

 

Androgenetic alopecia (AGA), a common form of pattern hair loss, is traditionally diagnosed 

using subjective methods like the Norwood-Hamilton and Ludwig’s classifications. While hair 

diameter diversity (HDD) serves as an objective indicator within AGA diagnostic processes, 

reflecting the variation in hair diameter, its quantitative definition remains ambiguous. This study 

introduces and evaluates two quantitative definitions of HDD, employing a robust methodology on 

a cohort of 240 Korean male AGA patients. In Part 1, we explore HDD through the ‘thin hair ratio’ 

at the vertex, considering diverse diameter thresholds beyond the initial 40 µm to define thin hairs. 

This approach investigates how varying thresholds impact the correlation between thin hair ratio 

and AGA progression, aiming to identify the most effective diameter threshold for the Korean male. 

Part 2 explore a distribution-based definition of HDD, analyzing the ‘change point in hair diameter 

distribution’ at both the vertex and occiput. This method assesses the shift in hair diameter percentile, 

seeking to understand how these changes in distribution patterns correspond to AGA's severity.  

In Part 1, the application of various thresholds revealed that a 45 µm threshold for defining thin 

hair, alongside a 21.65% cutoff for the thin hair ratio, provides optimal diagnostic accuracy for 

Korean males. In Part 2, the analysis indicated that the change point in hair diameter distribution 

aligns with AGA progression, demonstrating that change points within the 20-30% range are 

significantly related to AGA diagnosis. Comparing the change points between the vertex and occiput 

suggests potential diagnostic benefits for early AGA diagnosis. Additionally, this analysis reveals 

individual differences in hair diameter irrespective of AGA stage, highlighting the importance of 

personalized assessment. 

In conclusion, our study reinforced the validity of the traditional HDD 20% threshold, suggesting 

that it remains a reliable indicator of AGA. We found that employing a 45 µm threshold for defining 

thin hair provides optimal diagnostic accuracy. Furthermore, change point analysis in hair diameter 
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distribution underscores their correlation with AGA progression, suggesting potential diagnostic 

benefits for early AGA diagnosis. 

 

                                                                   
Key words : androgenetic alopecia, hair diameter diversity, korean male, quantitative measurement 
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1. INTRODUCTION 
 

Androgenetic alopecia (AGA), commonly known as pattern hair loss, predominantly 

leads to the thinning of hair in affected individuals.1–5. Traditionally, the diagnosis of 

AGA has been largely subjective, utilizing classification systems like Norwood-Hamilton, 

Ludwig’s, or the Basic and Specific (BASP) classification to assess severity2. The concept 

of increased variation in hair diameter, known as hair diameter diversity (HDD), was first 

presented in 2001 and has since been acknowledged as a crucial clinical marker for 

diagnosing AGA6. Hair follicle miniaturization is a key aspect of AGA, making HDD an 

essential and easily understandable sign of this condition6. Referred to as anisotrichosis 

as well, HDD is currently viewed as a precise marker for AGA in literature, especially if 

the diversity surpasses a 20% threshold7–12. HDD implies an increase in the diversity of 

hair thickness, which is intuitively understandable, yet even the study that first introduced 

it does not provide a clear definition of its criteria6. Moreover, the specific methodology 

for quantitatively measuring the diversity of hair thickness has not been defined, making 

the 20% threshold criterion for HDD challenging to use as an objective indicator6. 

Consequently, we have speculated on two possible quantitative definitions for this 

ambiguous concept. Firstly, we hypothesized that HDD could be considered as ‘an 

increase in the ratio of thin hairs in the vertex’ corresponding to the progression of AGA. 

This approach is utilized in various studies citing HDD, and the threshold for thin hairs 

is assumed to be 40 µm, based on the paper that initially proposed HDD6,9,13. Secondly, 

we hypothesized that the increase in HDD, attributable to a diversity of hair thickness, 

could be interpreted as ‘a change in the distribution pattern of hair diameter’. To further 

investigate this hypothesis, we conducted a comparative analysis of HDD patterns in the 

vertex and occiput areas, noting that the occiput is relatively less influenced by AGA, to 

elucidate the differences in HDD between these two areas3,14. In conclusion, through 

quantitative measurement of hair diameter, we have analyzed two potential quantitative 

definitions of HDD. This endeavor not only advances our understanding of HDD but also 
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contributes to a more objective and precise diagnostic framework for AGA. 

 

2. MATERIALS AND METHODS 
 

2.1. Participant selection 

This study included 240 Korean male patients with AGA who visited the Dermatology 

Department at Severance Hospital in Seoul, South Korea, between January 2020 and 

August 2023. The study only included AGA patients aged 18 and above without significant 

systemic diseases. Those with other specific hair conditions (e.g., telogen effluvium, 

alopecia areata, scarring alopecia and psoriasis) or scalp abnormalities (e.g., burns or 

inflammation) were excluded. This study followed the principles of the Declaration of 

Helsinki and received approval from the Institutional Review Board at Severance Hospital 

(approval # 4-2022-1003). All procedures and methodologies were conducted in 

accordance with the relevant guidelines and regulations. 

 

2.2. Sample size determination and cohort selection 
To achieve a sample size with 90% power and account for a Type I error of 0.05 and a 

Type II error of 0.10, based on the anticipated area under cover (AUC) of 0.7 for HDD, 

124 patients were prospectively enrolled considering an approximate 10% dropout rate, 

and 116 were retrospectively included to form a replication cohort. The selection was based 

on the prevalent clinical application and reasonable diagnostic efficacy of HDD, even 

though there is limited literature on its precise diagnostic accuracy. The use of both a 

prospective cohort and a retrospective cohort aimed to enhance the study's statistical 

significance and confirm the consistency of HDD's diagnostic performance in actual 

clinical environments (Figure 1).  
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Figure 1. Comparison of hair diameter between retrospective and prospective cohorts. 

The comparison between the retrospective (n=116, 55.3±12.6 µm) and prospective 

(n=124, 56.1±14.5 µm) cohorts shows no significant difference (n.s.) in overall hair 

diameter measurements. 

 
2.3. Clinical assessment and photography 

Each participant in the prospective cohort provided informed consent, followed by a 

comprehensive history review and clinical evaluation. For the retrospective cohort, the 

study utilized standardized global photography and analyzed existing medical records of 

the patients. The photography protocol was uniform for all subjects, employing headrest 

and headband to maintain consistent head positioning and ensuring image clarity. A 

headband was used to expose the frontal hairline, and photographs of the frontal area were 

taken. In this position, photographs were taken of the temporal areas, and then, upon 

removing the headband, additional photographs of the vertex area were taken (Figure 2). 

Two board-certified dermatologists classified the clinical photos using the BASP 

classification to accurately determine the extent of hair loss. Subsequently, patients were 

grouped according to the V stages of the BASP classification, with V0 designated as the 
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control group, representing individuals without AGA in the vertex region.  

 

Figure 2. Standardized photographic assessment of AGA. (a) is a frontal view with a 

headband exposing the frontal hairline; (b) is a lateral view showing the temporal areas; 

(c) is a vertex view taken without the headband. Abbreviations: AGA; androgenetic 

alopecia 

  

 
2.4. Phototrichogram technique for magnified hair imaging 

A phototrichogram (Folliscope® 5.0; Lead M, Seoul, Republic of Korea) was utilized 

to capture magnified images of hair at the vertex and occiput, using magnifications 

between 50x and 85x. The focus was on two specific points: V point at the vertex and the 

P point at the occiput (Figure 3)15,16. To ensure the hair maintained a uniform direction 

and arrangement, combing was performed from side to side, centering on the V and P 

points. For accuracy of the analysis, between 2 to 4 photographs were captured at each 

location, with the selection of the clearest image that showed the minimum hair overlap 

for further analysis.  
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Figure 3. Anatomical reference points for hair imaging in AGA. (a) shows the 'V point' 

marked at the intersection of the mid-sagittal and coronal lines above the headband; (b) 

indicates the 'P point' at the junction of the posterior mid-sagittal line and the horizontal 

line across the top of the ears. Adapted from Lee EH et al., Dermatol Surg. 

2010;37(8):1150-115216. Abbreviations: AGA; androgenetic alopecia 

 

2.5. Hair diameter measurement using Image J software 
While the Folliscope® 5.0 was utilized to measure hair diameter, its precision did not 

meet the necessary standards for this study. To enhance accuracy, the clearest images 

obtained from the Folliscope® 5.0 were analyzed using Image J software (Rasband, W.S., 

Image J, U. S. National Institutes of Health, Bethesda, Maryland, USA, Version 1.53e). 

This analysis involved precise hair diameter measurements, with calibration based on a 1 

mm reference scale from the Folliscope® 5.0. The images were zoomed to pixel-level 

detail to allow for precise measurement of each hair's diameter. All visible hairs were 

measured, except for those significantly overlapped or located at the image's edges where 

measurement accuracy could be compromised (Figure 4). To account for the natural 

increase in hair diameter closer to the follicle, measurements were consistently taken 350-

450 µm above the scalp's surface (Figure 5). For each subject, 10 to 72 hairs were 

measured, calculating hair density per square centimeter, and 73% of the patients had 



６ 

 

more than 20 hairs measured. The researchers measuring the hair were blinded to the 

clinical and reference standards.  

 

 
Figure 4. Hair diameter measurement using Image J software. This figure illustrates 

the use of Image J software for the precise measurement of hair diameter, using 

enhanced pixel-level magnification. All visible hairs are measured for diameter, except 

for hairs that are overlapped or at the periphery to ensure accuracy, as shown in the 

magnified inset.  
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Figure 5. Standardized measurement of hair diameter at specified height from scalp. 

Measurement of hair diameter using telogen hair shafts from healthy donors, (a) a 

young female with long hair and (b) a young male with short hair, highlights that from 

350-450 µm above the scalp up to the mid-shaft, the hair maintains its diameter before 

tapering towards the end due to wear. 

 

2.6. Statistical analysis 
Statistical evaluations were conducted using SPSS Statistics software (Version 29.0.0.0, 

IBM Corp, Armonk, NY; 2022) and R statistical software (version 4.3.1, R Foundation for 

Statistical Computing, Vienna, Austria) following the clinical evaluations and hair 

measurements. Continuous variables, like age and hair diameter, were reported as mean 

values and standard deviations (SD), and categorical variables were summarized as 

frequencies and percentages. The study is divided into two parts, where Part I is titled 

‘Absolute criteria of hair diameter in vertex’. The study examined diverse hair diameter 

thresholds, including a specific 40 µm threshold for characterizing 'thin hair,' to evaluate 

the diagnostic effectiveness of the HDD≥20% criteria. It analyzed the positive predictive 

value (PPV) and negative predictive value (NPV) across different stages, distinguishing 

normal (V0) from AGA stages (V1-3). The threshold that yielded the optimal Youden index 

at the 20% level was further examined. This examination included receiver operating 
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characteristic (ROC) curve analysis for distinct HDD thresholds to identify the one with 

the greatest diagnostic accuracy, determined by the Youden index and the cutoff percentage. 

For Part II, titled ‘Change point analysis of hair diameter distribution in vertex and occiput’, 

the study analyzed the distribution of hair diameter in a graphical format, stratified by 

stages. This method defines the point where the graph's trend changes most dramatically in 

the hair diameter distribution as the 'change point'. The analysis of this change point, which 

will be referred to as "change point analysis" throughout the study, is conducted using 

segmented linear regression. The analysis was consistently conducted in both the vertex 

and occiput regions. The hairs measured in each patient were arranged from thinnest (0 

percentile) to thickest (100 percentile), and the corresponding hair diameter was indicated 

for each percentile (Figure 6). To assess the differences in hair diameter between the vertex 

and occiput, the average of the subtraction values of all measured hair diameters (occiput - 

vertex) was calculated and analyzed by stage. Furthermore, using the identified change 

point, along with stage and hair diameter data, in-depth analyses were conducted using box 

plots and scatter plots. 
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Figure 6. Change point analysis of hair diameter distribution. (a) represents an example of 

the hair diameter distribution for a single patient in the V0 control group, illustrating the 

percentile-based spread of hair diameters from thinnest (0 percentile) to thickest (100 

percentile). (b) represents the result of segmented linear regression performed on (a), 

identifying the change point in the hair diameter distribution. 

 

3. RESULTS 
 

3.1. Baseline characteristics of male AGA patients by BASP V Stage  
The study included 240 male participants with AGA, categorized into four groups 

according to the BASP classification's V stages: V0 with 53 participants, V1 with 104 

participants, V2 with 55 participants, and V3 with 28 participants. The average age was 

38.5 ± 12.4 years, with the youngest average ages observed in the V0 group at 31.2 ± 8.4 

years, suggesting that patients without vertex involvement (control group) were younger. 

The average ages increased with AGA severity: 36.7 ± 12.2 years for V1, 43.9 ± 11.7 years 

for V2, and the oldest at 48.1 ± 9.4 years for V3, the group with the most severe AGA. This 

pattern aligns with AGA's progressive nature, where age and disease severity are 

interconnected (Table 1).  
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Table 1. Baseline characteristics of male AGA patients by BASP V Stage. 

Abbreviations: AGA, androgenetic alopecia; BASP V stage, vertex stage according to the 

Basic and Specific Classification 

  

3.2. Quantitative evaluation of hair characteristics based on BASP V 

Stage 
The average hair diameter was inversely related to AGA severity, with the V0 group 

having the thickest hair (51-98 µm, average 70 ± 10 µm) and the V3 group the thinnest (24-

65 µm, average 38 ± 8 µm). Hair density slightly decreased from the V0 group, which had 

77-231 hair/cm² (average 149 ± 30 hair/cm²), to the V3 group, with 46-208 hair/cm² 

(average 122 ± 37 hair/cm²). The proportion of thin hair (≤40 µm based on Olivier de L, et 

al.6) notably increased with the progression of BASP V stages, from 0-35% in V0 (average 

13 ± 8%) to 18-94% in V3 (average 62 ± 19%), indicating a significant rise in thin hair 

percentage with advanced AGA stages (Table 2). 

  BASP V stage   

Characteristics 
Total  

(N=240) 

V0 

(N=53) 

V1 

(N=104) 

V2 

(N=55) 

V3 

(N=28) 

Age (years)      

Mean (±SD) 38.5±12.4 31.2±8.4 36.7±12.2 43.9±11.7 48.1±9.4 

10-19, n (%) 6 (2.5) 1 (0.4) 5 (2.1) 0 (0) 0 (0) 

20-29, n (%) 65 (27.1) 27(11.3) 31 (12.9) 7 (2.9) 0 (0) 

30-39, n (%) 69 (28.7) 17 (7.1) 31 (12.9) 15 (6.3) 6 (2.5) 

40-49, n (%) 40 (16.7) 5 (2.1) 14 (5.8) 12 (5.0) 9 (3.8) 

50-59, n (%) 50 (20.8) 3 (1.3) 20 (8.3) 16 (6.7) 11 (4.6) 

60-, n (%) 10 (4.2) 0 (0) 3 (1.3) 5 (2.1) 2 (0.8) 

Duration of AGA 

(years) 
     

Mean (±SD) 7.4±6.0 5.2±3.9 6.1±4.9 8.7±6.0 12.9±7.8 
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Table 2. Quantitative evaluation of hair characteristics based on BASP V Stage. 

 
Average 

thickness (µm) 

Hair density 

(hair/cm2) 
Thin hair* (%) 

Intermediate  

hair* (%) 
Thick hair*(%) 

BASP V 

stage 
Range 

Mean 

(±SD) 
Range 

Mean 

(±SD) 
Range 

Mean 

(±SD) 
Range 

Mean 

(±SD) 
Range 

Mean 

(±SD) 

V0 

(N=53) 
51-98 70±10 77-231 149±30 0-35 13±8 0-89 53±20 4-94 34±21 

V1 

(N=104) 
31-86 57±10 74-200 131±27 0-78 27±15 20-96 58±16 0-67 15±15 

V2 

(N=55) 
33-75 49±9 71-216 126±32 6-79 38±18 21-84 54±15 0-41 8±9 

V3 

(N=28) 
24-65 38±8 46-208 122±37 18-94 62±19 6-70 35±18 0-32 3±6 

* Thin hair: ≤ 40 µm, Intermediate hair: 40-80 µm, Thick hair: > 80 µm. Abbreviation: 

BASP V stage, vertex stage according to the Basic and Specific Classification 

 

3.3. Part I : Absolute criteria of hair diameter in vertex 

3.3.1. Assessing predictive values of hair diameter thresholds for 

AGA diagnosis  
Part I of the analysis measured HDD by the ratio of thin hair. In evaluating the 

diagnostic accuracy of the HDD≥20% criterion using Positive Predictive Value (PPV) 

and Negative Predictive Value (NPV), it was discovered that a 40 µm threshold—

originally recommended for Caucasians—yielded a PPV of 73.8%. This rate is 

significantly lower compared to the PPVs at thresholds of 45 µm and 50 µm, which 

are 86.6% and 90.4%, respectively. This suggests that a 40 µm standard might result 

in a higher rate of false negatives in Korean males. Additionally, the NPV at 40 µm is 

79.2%, compared to 73.6% at 45 µm and 54.7% at 50 µm (Table 3). These results 

indicate that a 45 µm threshold may be more suitable for the Korean population, 

providing a more balanced diagnostic accuracy in distinguishing V0 (normal) from 

V1-3 (AGA).  
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Table 3. Assessing predictive values of hair diameter thresholds for AGA diagnosis 

* The 'Positive Predictive Value' refers to the proportion of individuals diagnosed with 

AGA (V1 to V3) who have at least 20% of their hairs with a diameter below the specified 

HDD threshold. In contrast, the 'Negative Predictive Value' indicates the proportion of 

individuals without AGA (V0) whose hair diameters do not meet the 20% threshold for the 

specified HDD value. Abbreviation: BASP V stage, vertex stage according to the Basic and 

Specific Classification; HDD, hair diameter diversity 

 

3.3.2. Establishing the optimal hair diameter threshold with a fixed 

20% HDD cutoff using the Youden Index and ROC curve analysis 
The evaluation of the Youden index to determine a diagnostic threshold for HDD 

was performed using a fixed HDD criterion of 20%. This analysis revealed that a 45 

µm threshold for hair diameter produced the highest Youden index of 0.602 (Figure 

7). To evaluate the diagnostic precision of different hair diameter thresholds for AGA, 

ROC curve analysis was employed, showing the highest AUC at the 45 µm threshold 

(Figure 8).  

 
Diagnostic accuracy 

(at least 20% of hairs with a diameter less than HDD µm) 

Predictive value HDD 30 µm HDD 40 µm HDD 45 µm HDD 50 µm 

Positive  

predictive value*  

(%) 

35.3 73.8 86.6 90.4 

Negative 

predictive  

value* (%) 

92.5 79.2 73.6 54.7 



１３ 

 

 
Figure 7. Youden Index-based hair diameter threshold with a 20% fixed cutoff. The graph 

displays the Youden Index across different hair diameters, with the peak at 45 µm 

indicating it as the optimal threshold for AGA diagnosis. Abbreviation: AGA; androgenetic 

alopecia 
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Figure 8. ROC curves for different hair diameter thresholds at 30 µm, 40 µm, 45 µm, and 

50 µm. The ROC curves illustrate the diagnostic performance of different hair diameter 

thresholds for AGA, with the 45 µm line showing the highest AUC. Abbreviation: AGA; 

androgenetic alopecia, ROC; receiver operating characteristic 

 

3.3.3. Identifying the most optimal hair diameter threshold 

irrespective of the fixed 20% HDD cutoff  
Additional evaluations, aimed at identifying the most optimal hair diameter 

threshold for AGA diagnosis independent of the fixed 20% HDD cutoff, were depicted 

in Table 4. These assessments considered AUC, Youden index, and the optimal cutoff 

ratio for AGA diagnosis. The 30 µm threshold, traditionally associated with vellus 

hairs, had an AUC of 0.770 with a confidence interval of [0.703, 0.838] and a Youden 

index of 0.480, suggesting less diagnostic effectiveness. The threshold of 40 µm 

demonstrated an AUC of 0.858 and a Youden index of 0.594. The 45 µm threshold 



１５ 

 

exhibited the highest AUC at 0.884 and the greatest Youden index of 0.659, indicating 

greatest diagnostic accuracy. The 50 µm threshold had an AUC of 0.871 and a Youden 

index of 0.587. The optimal cutoff ratio for defining AGA increased with the threshold 

values, marked at 11.48% for 30 µm, 15.28% for 40 µm, 21.65% for 45 µm, and 30.28% 

for 50 µm (Table 4). Separate analyses of retrospective and prospective cohorts 

consistently showed the 45 µm threshold as having the highest AUC and Youden index, 

with an optimal cutoff ratio at 21% (Table 5). Consequently, when the 45 µm threshold 

is utilized as the optimal diagnostic criterion for HDD in the Korean population, the 

corresponding HDD threshold is defined at 21.65%. This threshold aligns well with 

the previously established 20% HDD standard, underscoring its significance and 

utility6. 

 
Table 4. Assessment of hair diameter thresholds for AGA diagnosis based on AUC, 

Youden index, and optimal cutoff point. 

Abbreviation: AGA; androgenetic alopecia, AUC; area under cover, CI; confidence interval   

 AUC Youden index Optimal cutoff point 

Thresholds Value CI Value Value 

30 µm 0.770 [0.703,0.838] 0.480 11.48 

40 µm 0.858 [0.806,0.919] 0.594 15.28 

45 µm 0.884 [0.840,0.929] 0.659 21.65 

50 µm 0.871 [0.824,0.918] 0.587 30.28 
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Table 5. Assessment of hair diameter thresholds for retrospective and prospective patient 

data. 

Abbreviation: AUC; area under cover 

 

3.4. Part II : Change point analysis of hair diameter distribution in 

vertex and occiput 

3.4.1. Hair diameter distribution analysis by stages at vertex and 

occiput 
Part II of the analysis quantifies HDD in terms of hair diameter distribution. To 

evaluate the diversity of hair thickness, hair diameters were ordered from the thinnest 

(0th percentile) to the thickest (100th percentile) for all patients. The data was 

compiled in 5th percentile intervals and grouped by V stages. Analyses were 

systematically conducted at both the vertex and occiput to provide a comprehensive 

view of hair diameter distribution across these scalp areas (Figure 9). Examining the 

trends at the vertex, the analysis reveals a distribution of hair diameters that shifts 

downward and to the right as the V stages progress. This trend indicates that as hair 

thickness decreases with each advanced stage, there is a concurrent rise in the 

proportion of thinner hairs (Figure 9a). Conversely, occiput displays a different pattern; 

the shift in the graph towards the lower right is not as apparent. While V3 shows this 

trend, it is less pronounced compared to the vertex of V3. The stages V0, V1, and V2 

 AUC Youden 
index 

Optimal 
cutoff   AUC 

Youden 
index 

Optimal 
cutoff  

Thresholds 
(Retrospective) Value Value Value 

Thresholds 
(Prospective) Value Value Value 

N=116 N=124 

30 µm 0.801 0.651 11.48 30 µm 0.771 0.541 10.91 

40 µm 0.860 0.697 18.01 40 µm 0.894 0.788 21.31 

45 µm 0.896 0.761 21.65 45 µm 0.924 0.849 21.83 

50 µm 0.893 0.734 27.10 50 µm 0.920 0.840 38.61 
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maintain a consistent pattern without noticeable changes, suggesting a relative stability 

in hair diameter distribution in these earlier stages at the occiput area (Figure 9b).  

Figure 9. Hair diameter distribution analysis by percentile across stages in vertex and 

occiput. (a) represents a significant decrease in hair diameter at the vertex as stages progress, 

resulting in a noticeable shift of the graph toward the lower right. (b) illustrates a minor 

reduction in hair diameter at the occiput with stage advancement, causing an insignificant 

shift of its graph. The solid line connects the median hair diameter values at each 5th 

percentile. 

 

3.4.2. Analyzing hair diameter differences between vertex and 

occiput 
To analyze the differences in hair diameter between the vertex and occiput, we 

subtracted the hair diameter measurements at the vertex from those at the occiput for 

each V stage and calculated the average of these subtraction values. This method 

provided insights into the variation in hair thickness between the two areas, 

highlighting notable differences between the normal (V0) stage and the AGA stages 

(V1-3) (Figure 10). 
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Figure 10. Comparative analysis of hair diameter differences between occiput and vertex.  

This figure presents a box plot depicting the differences in hair diameter between the 

occiput and vertex areas, with the mean marked by a black diamond. Each box plot 

corresponds to a V stage and illustrates the central tendency and dispersion of the difference 

in measurements, with higher stages typically showing greater differences. Significant 

differences are observed between V0 (normal) and V1-3 (AGA) (*p < 0.0001).  
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3.4.3. Identifying change points in hair diameter distribution at 

vertex and occiput  
In the context of Figure 2, the graph demonstrates a trend towards the lower right 

as stages progress, indicating a shift at a change point in the pattern of hair diameter 

distribution. Segmented linear regression was utilized to investigate these change 

points for each patient's hair diameter distribution. This analytical method facilitates 

the exact determination of change points where significant alterations in hair diameter 

are observed, thereby delineating a quantifiable breakpoint that marks the transition 

points in the progression of hair thinning. The change point analysis by stage in the 

vertex showed that V0 had a change point at the 14.85th percentile (CI [12.87, 16.84]), 

V1 at the 33.38th percentile (CI [29.07, 37.70]), V2 at the 84.26th percentile (CI [81.10, 

87.42]), and V3 at the 69.73rd percentile (CI [60.16, 79.31]). The AGA stages V1-3 

had a change point at the 69.00th percentile (CI [65.09, 72.92]), distinctly different 

from the V0 (normal) stage, highlighting the progressive changes as stages advanced 

(Table 6). Conversely, in the occiput, the change points were identified at the 21.33rd 

percentile for V0 (CI [19.54, 23.13]), the 28.33rd percentile for V1 (CI [24.70, 31.97]), 

the 28.28th percentile for V2 (CI [23.28, 33.27]), and the 74.12th percentile for V3 (CI 

[63.68, 84.55]). For stages V1-3 in the occiput, the change point occurred at the 

35.19th percentile (CI [31.70, 38.68]). Unlike the vertex, the occiput displayed change 

points at similar percentiles for stages V0 through V2, with only V3 positioned at a 

higher percentile, indicating a distinct pattern in the occiput compared to the vertex 

(Table 6). This difference in change points between the vertex and occiput is also 

evident when visualized through stage-wise box plots (Figure 11).  
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Table 6. Change point analysis of hair diameter distribution by stage in vertex and occiput. 

(a) Change point analysis of vertex by stage 

 
CP (95% CI) Slope before CP Slope after CP Difference 

V0 14.85 (12.87, 16.84) 2.54 (2.40, 2.68) 0.60 (0.55, 0.65) -1.94 (-2.10, -1.80) 

V1 33.38 (29.07, 37.70) 1.09 (0.99, 1.20) 0.81 (0.54, 1.07) -0.29 (-0.52, -0.02) 

V2 84.26 (81.10, 87.42) 0.51 (0.46, 0.55) 1.85 (1.44, 2.25) 1.34 (1.03, 1.84) 

V3 69.73 (60.16, 79.30) 0.48 (0.37, 0. 60) 1.94 (1.11, 2.77) 1.46 (0.65, 2.29) 

V1-3 69.00 (65.09, 72.92) 0.68 (0.63, 0.73) 1.70 (1.40, 2.00) 1.02 (0.65, 1.24) 

 

(b) Change point analysis of occiput by stage 

 
CP (95% CI) Slope before CP Slope after CP Difference 

V0 21.33 (19.54, 23.13) 2.16 (2.06, 2.27) 0.56 (0.51, 0.61) -1.60 (-1.72, -1.49) 

V1 28.33 (24.70, 31.97) 1.70 (1.53, 1.88) 0.66 (0.39, 0.93) -1.04 (-1.27, -0.83) 

V2 28.28 (23.28, 33.27) 1.42 (1.24, 1.60) 0.69 (0.40, 0.98) -0.73 (-0.97, -0.46) 

V3 74.12 (63.68, 84.55) 0.73 (0.53, 0.93) 1.87 (1.03, 2.70) 1.14 (0.24, 1.87) 

V1-3 35.19 (31.70, 38.68) 1.49 (1.37, 1.62) 0.80 (0.58, 1.03) -0.69 (-0.86, -0.47) 

Change points, determined by segmented linear regression, divide the hair diameter 
distribution graph into two linear segments, each with its own slope, before and after these 

points. This analysis reveals that in the vertex, the percentile of the change point increases 

as the stage progresses, whereas in the occiput, an increase in the change point’s percentile 

is observed only at stage V3. Abbreviations: CP; change point  
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Figure 11. Box plot analysis of change point percentiles across stages and scalp areas. The 

colored dashed lines connect the mean values of the corresponding box plots of the same 

color. The vertex (V) displays a gradual increase in the percentile of the change point with 

each advancing stage, while the occiput (O) remains relatively stable until a marked 

increase is observed at V3. 

 

3.4.4. Scatter plot analysis of hair diameter at change point 

percentiles in vertex and occiput 
A scatter plot analysis of the hair diameter at identified change point percentiles 

revealed that, regardless of the change point pattern, both vertex and occiput 

demonstrated patient-specific variability in hair diameter. Notably, in V3, while the 

distribution of change points was similar between vertex and occiput, the occiput 

exhibited a higher prevalence of thicker hairs compared to the vertex. This observation 
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suggests that the occiput may display a greater resistance to hair thinning in the 

progression of AGA than the vertex (Figure 12).  

 

Figure 12. Scatter plot analysis of hair diameter at change points in vertex and occiput. 

The scatter plot analysis presents each patient's hair diameter in relation to the nearest 

percentile of the change point for each stage, with the shaded regions depicting the spread 

of these values. This data not only confirms the persistence of individual variations in hair 

thickness regardless of AGA progression, but also accentuates the sustained thickness of 

hair at the occiput (b) compared to the vertex (a) —most notably at stage V3—which 

signals the occiput’s enduring resistance against AGA even at severe stages. Abbreviations: 

AGA; androgenetic alopecia 
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4. DISCUSSION 
 

Our study presents two novel approaches for quantitatively validating the HDD 

standard in AGA, particularly focusing on disease progression. The objective measure of 

HDD≥20% for AGA evaluation originally employed a method similar to the 

phototrichogram, using macrophotographs for detailed hair analysis6. However, the 

definition of HDD≥20% lacks a precise quantitative characterization, leading some studies, 

in alignment with Part I of our study, to define HDD≥20% arbitrarily based on the 

proportion of thin hair exceeding 20%2,4,17. While the definition of thin hair can vary, it is 

commonly inferred to be 40 µm in Caucasian according to the paper that first introduced 

HDD6. Through our comprehensive evaluation of Part I with a fixed 20% HDD cutoff, we 

found that a 45 µm threshold offers better diagnostic accuracy for Koreans, as indicated by 

the highest Youden index. This is particularly important given that Koreans generally have 

thicker hair than Caucasians18–23. Additionally, further examination beyond the fixed HDD 

cutoff, using ROC curve analysis for different hair diameter thresholds, showed that the 45 

µm threshold not only provides the highest AUC of 0.884, reflecting improved diagnostic 

precision for AGA, but also reaches a peak Youden index at a cutoff ratio of 21.65%. This 

finding supports the established HDD≥20% benchmark as valid across ethnicities, though 

the 45 µm threshold is specific to Koreans and does not consider individual variations in 

hair thickness. 

In Part II of our study, concurrent change point analysis in the vertex and occiput 

regions was employed to explore another quantitative validation of HDD and address the 

limitations identified in Part I. Instead of relying solely on an absolute µm-based threshold, 

we explored HDD through the percentile distribution of hair diameter. Moreover, by 

including an analysis of the occiput, we were able to perform a comparative analysis with 

the vertex, offering a more nuanced understanding of HDD across different scalp areas. 

The hair distribution analysis revealed a pattern where, as the stages advanced, there was a 

notable shift towards the lower right, indicative of change points occurring at higher 
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percentiles. This pattern was clearly observed in the vertex but less so in the occiput, which 

is consistent with previous findings that the occiput is generally less affected by AGA than 

the vertex.3,14. However, at stage V3, the occiput exhibited change points at higher 

percentiles, contrasting with stages V0 to V2, indicating that the occiput may also be 

susceptible to AGA in more advanced stage. Interestingly, the change point of V3 in the 

vertex region is at a lower percentile than that of V2. This is speculated to be due to severe 

miniaturization, resulting in a general decrease in hair diameter and, consequently, inducing 

a more gradual slope in the graph. The change points in the vertex are below 20% for V0 

(normal) and above 20% for V1-3 (AGA), while in the occiput, change points for V0 to V2 

are distributed between 20% to 30%. These findings suggest that using the 20% threshold 

as a change point to assess AGA progression is feasible in both the vertex and occiput, 

except in severe stages. In scatter plot analysis, it was observed that individual differences 

in hair thickness persist regardless of AGA progression, and enduring resistance to AGA in 

the occiput region was noted even in severe stages. This underscores the need to consider 

individual variation in hair diameter assessment during HDD evaluation. 

In conclusion, the traditional HDD≥20% has proven to be a valid metric in both Part I 

and Part II of our study, and applying this concept to the occiput, in addition to the vertex, 

can assist in distinguishing early-stage AGA. 

This research has several limitations. Concentrating solely on Korean males constrains 

the applicability of our findings to other ethnic groups or females, who might display 

distinct hair characteristics. Moreover, the lack of baseline HDD data for a non-alopecia 

group, other than our V0 control group, hampers our understanding of HDD variations in 

a normal population, crucial for comparative analysis. The effects of aging on hair diameter 

and density were not considered. Although our sample size was adequate, a larger group 

would yield more conclusive data and facilitate detailed analyses of subgroups. The study's 

cross-sectional design may not fully reflect the progressive aspect of AGA or temporal 

changes in hair characteristics. AGA diagnostic evaluations often depend on conventional 

clinical scales like Norwood–Hamilton, Ludwig's, and BASP classifications2,6,24, despite 
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being intuitive, suffer from subjective measurement limitations23. Future studies should 

investigate the relationship between clinician's perceptions of HDD and its objective 

assessments to address these subjective elements. 

 

5. CONCLUSION 
 

In this study, we sought to clarify the ambiguous quantitative definition of HDD≥20% 

using two distinct approaches: 'absolute threshold’ and 'hair diameter distribution'. Our 

findings validate the 20% threshold, demonstrating its utility in assessing AGA progression 

through both quantitative definitions. When adopting an absolute µm-based standard, a 45 

µm threshold was found to be appropriate for the Korean population. Additionally, when 

adopting the change point analysis, we found that the HDD≥20% threshold could be 

effectively applied to both the vertex and occiput, indicating its potential utility in 

identifying early-stage AGA. 
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Abstract in Korean 

 
안드로겐탈모 진단 지표인 모발 직경 다양성의 정량적 계측과 

임상적 활용 

 

안드로겐탈모(Androgenetic alopecia, AGA)는 Norwood-Hamilton 및 

Ludwig 분류법과 같은 주관적 방법으로 진단되는 흔한 탈모 형태다. 이 방법

들은 널리 사용되지만, 임상의의 주관적 판단에 의존한다는 한계가 있어, 모

발 직경의 변화를 나타내는 모발 직경 다양성(Hair diameter diversity, HDD) 

같은 객관적 지표가 활용되고 있다. HDD는 직관적이고 이해하기 쉬운 지표이

지만, 그 정량적 정의는 아직 명확하지 않다. 본 연구는 240명의 한국 남성 

AGA 환자를 대상으로 HDD에 대한 두 가지 정량적 정의를 소개하고 평가하기 

위해 정밀한 방법론을 적용했다. 

연구의 첫 번째 부분에서는 정수리에서의 '얇은 모발 비율'을 통해 HDD를 

탐구하며, 처음 얇은 모발의 비율로 제시된 40µm 이외에도 다양한 직경을 고

려하여 얇은 모발을 정의했다. 이 접근법은 다양한 직경 값이 얇은 모발 비율

과 AGA 진단 사이의 상관관계에 미치는 영향을 조사하여 한국 남성에게 가장 

효과적인 직경 값을 분석하였다. 연구의 두 번째 부분에서는 정수리와 뒤통수

에서 '모발 직경 분포의 변화점'을 분석하는 분포 기반의 HDD 정의를 탐구했

다. 이 방법은 모발 직경 백분위수의 변화를 평가하여 이러한 분포 패턴의 변

화가 AGA의 진행과 어떻게 상관되는지 분석하였다. 

첫 번째 부분의 결과, 45µm 직경을 사용해 얇은 모발을 정의하고, 21.65%

의 얇은 모발 비율을 적용하는 것이 한국 남성에게 최적의 진단 정확도를 제

공했다. 두 번째 부분의 분석에서는 모발 직경 분포의 변화점이 AGA 진행에 

따라 높은 백분위수에 위치하며, 특히 20-30% 범위 내의 변화점이 AGA 진단과 

유의미하게 관련되어 있었다. 더불어, 정수리와 뒤통수 사이의 변화점 비교는 

조기 AGA 진단에 대한 잠재적 이점을 제시했다. 또한, AGA 단계에 관계없이 

개인별 모발 직경의 차이가 존재했으며 이를 통해 개인화된 평가의 중요성을 

확인했다. 

결론적으로, 본 연구는 전통적인 HDD 20% 지표의 유효성을 재확인했으며, 
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HDD가 AGA 진단에 있어 신뢰할 수 있는 지표임을 다시 한번 입증했다. 얇은 

모발을 정의할 때는 45µm 직경 값을 사용하는 것이 한국인 남성에게 최적의 

진단 정확도를 제공한다. 또한, 모발 직경 분포의 변화점은 정수리와 뒤통수

에 적용될 수 있으며, 이 두 부위의 비교 분석은 AGA의 조기 진단에 잠재적인 

이점이 있을 수 있다. 

 

                                                         

핵심되는 말 : 안드로겐탈모, 모발 직경 다양성, 한국 남성, 정량적 측정 

 

 


