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Purpose: This study aimed to explore the relationship between serum ferritin levels and 
telogen effluvium.
Patients and Methods: A total of 193 telogen effluvium patients and 104 female androgenetic 
alopecia patients were included. We collected the test result of serum ferritin levels, compared 
with the results of 183 healthy subjects. Receiver Operator Characteristic curves were generated 
to assess the potential diagnostic value of serum ferritin in telogen effluvium patients.
Results: The serum ferritin in telogen effluvium patients were significantly lower than that 
in the healthy control group (P = 0.000) or female androgenetic alopecia patients (P =0.000). 
Patients with lower serum ferritin levels got high odds to have telogen effluvium. The areas 
under the Receiver Operator Characteristic curve of serum ferritin levels were 0.735 and 
0.645 for distinguishing telogen effluvium patients from healthy control subjects or female 
androgenetic alopecia patients.
Conclusion: Serum ferritin could be a potential biomarker for clinical diagnosis of telogen 
effluvium.
Keywords: serum ferritin, telogen effluvium, female androgenetic alopecia, ROC curve

Introduction
Telogen effluvium (TE) is common alopecia in women, characterized by diffuse hair 
loss. TE used to occur in 2–3 months after the surgery, weight loss, high fever, thyroid 
disease, and other trigger events.1 Female androgenic alopecia (FAGA) also showed 
diffuse alopecia.2 Currently, TE diagnosis mainly relies on clinical investigation and 
dermoscopy, and there is no reliable laboratory indicator for clinical diagnosis.

Iron is involved in DNA synthesis. In the bulge region, the expression of CDC2, 
NDRG1, ALAD, and RRM2 up-regulated, while Decorin and DCT decreased, and 
all of them are regulated by iron.3,4 Serum ferritin levels are often used to determine 
iron reserves.6 Iron deficiency has a statistical correlation with emotional stress;5 

stress and anxiety also a common trigger for hair loss.
A series of studies has reported serum iron deficiency in the TE patients, though 

some other studies observed no correlation between iron deficiency and TE incidence. 
The relationship between serum ferritin and alopecia is still controversial.7–10 The 
primary limitation for the contradictory conclusions of past studies is data bias or small 
sample size. Cheung et al’s studies involved a large sample size but they used 
a hypothetical cut-off value from prior experience, which undermined the validity of 
their conclusions.8 Furthermore, the cut-off value in their study was determined based 
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on experience from previous studies. In this research, we 
tested the serum ferritin levels among TE, FAGA patients, 
and healthy controls. Our study showed serum ferritin could 
be used as a diagnostic indicator to distinguish TE patients 
from FAGA patients or healthy people.

Patients and Methods
This study included 264 TE patients and 124 female 
androgenetic alopecia patients who presented to our der-
matology department from January 2020 to September 20, 
2020, from the China-Japan friendship hospital. All 
patients were independently evaluated by four doctors 
and diagnosed based on clinical history, physical, and 
dermoscopy. FAGA was diagnosed based on hair diameter 
density >20%. Clinical history of diffuse shedding and 
positive pull test were used to diagnosis of TE.11 Female 
patients aged 15–40 years old with TE or androgenetic 
alopecia were involved in this study. Patients with history 
of iron, folic acid, vitamin supplements within the past 3 
months, with endocrine abnormalities, kidney diseases, 
metabolic diseases, hematological system diseases, gastro-
intestinal diseases, or cancer etc were excluded from this 
study. A control group consisted of 183 healthy women of 
the same age range were recruited in the Physical 
Examination Center of China-Japan Friendship Hospital. 
Patients were fast for 12 h before serum collection. Serum 
ferritin levels were measured using chemiluminescence 

method in the Beckman DXI800 (Beckman Coulter 
Unicel DXI800, CA, USA) in 2 h after sample collection, 
with a normal reference range of 11 ng/mL - 306.8 ng/mL.

Sample size was calculated by Power Analysis and 
Sample Size Calculation Statistical Software V.11.0 based 
on the results of the pre-experiment of this study. We used 
Shapiro–Wilk test to check normal distribution of data in 
different groups. The differences of serum ferritin between 
groups were compared with independent t-tests, one-way 
ANOVA, post hoc test, or chi-square test. We used binary 
logistic regression to determine the risk of iron deficiency 
leading to TE. Receiver Operator Characteristic curves were 
generated and the area under the curve was calculated to 
assess the diagnostic accuracy of serum ferritin. P-value < 
0.05 indicated statistical significances. All statistical ana-
lyses were performed using SPSS version 26, SPSS Inc. 
The research was approved by the Ethics Committee for 
Clinical Research of China-Japan Friendship Hospital 
(No.2018-160-K116). Our study was conducted in accor-
dance with the Declaration of Helsinki. Patient consents 
were waived as the study did not collect information regard-
ing patient privacy and identifiable features.

Results
We involved 193 TE patients,104 FAGA patients, and 183 
healthy people in our study (Figure 1). The average age of 
TE, FAGA, and healthy people were 28.37±5.11 years, 28.91 

Figure 1 Flowchart of patients inclusion and exclusion.
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±5.08 years, 29.11±5.46 years, respectively (F=1.002, 
P=0.368). Physical/emotional stress and nutritional deficien-
cies (losing weight) were the most common causes of TE 
with a rate of 64.2%. More clinical information on involved 
patients is shown in Supplementary Tables 1s and 2s. Serum 
ferritin was 24.27±17.11 (1.6~91.9) ng/mL, 40.40±35.43 
(5.4~203) ng/mL, 45.55±37.88 (3.3~272.9) ng/mL in the 
three groups, respectively. The levels of serum ferritin dif-
fered significantly (F=24.166, P=0.000) in the three groups. 
The mean serum ferritin levels in TE patients were signifi-
cantly lower than that in healthy controls (t=6.975, P=0.000) 
or FAGA patients (t=4.378, P=0.000); no significant differ-
ence in the serum ferritin was observed between FAGA 
patients and healthy people (t=1.132, P=0.259) (Table 1) 
through independent t-tests. Meanwhile, post hoc test also 
got similar results (Supplementary Table 3s). Interestingly, 
we found that if serum ferritin levels< 20 ng/mL, the number 
of FAGA patients was significantly different from that of 
healthy people (X2=11.27, P=0.001). There is no difference 
in the number of patients with serum ferritin ≤ 30 ng/mL 
between FAGA and healthy controls (X2=1.05, P=0.305) 
(Table 2). Binary logistic regression analysis showed that 
lower serum ferritin levels correlated with high incidence 
of TE occurrence (Table 3).

A ROC curve was generated using the serum ferritin 
levels from TE patients and healthy people, with an AUC 
of 0.735. The optimum cut-off value of 24.45 ng/mL was 

obtained from the ROC curve, from which the sensitivity, 
specificity, precision, and accuracy were calculated to be 
64.2% and 73.8%, 0.721%, 0.689%, respectively (Figure 
2). We further generated a ROC curve using the ferritin 
levels from TE patients and FAGA patients, which showed 
the AUC, sensitivity, specificity, precision, and accuracy 
was 0.645, 64.2%, 59.6%, 74.7%, 62.6%, based on the 
optimum cut-off value 24.6 ng/mL (Figure 2).

Discussion
It is well known that iron plays an important role in hair 
follicles. Iron levels in the human body could be obtained 
from a variety of food sources, especially from animal- 
derived food. The mechanism of iron excretion is compli-
cated and the potential routes of excretion include sweat, 
menstruation, shedding of hair and skin cells, and through 
rapid turnover and excretion of enterocytes.12,13 

Menstruation was thought to be a primary cause of iron 
deficiency in women. The cut-off value of serum ferritin 

Table 1 Mean Serum Ferritin Levels for Each Group

Class Ferritin (ng/mL) p valuesa p valuesb

Mean±SD Range

TE (n=193) 24.27±17.11 1.6~91.9 0.000 TE* HC 0.000

FAGA (n=104) 40.40±35.43 5.4~203 FAGA*TE 0.000
HC (n=183) 45.55±37.88 3.3~272.9 HC*FAGA 0.259

Notes: aThe differences among groups were compared by one-way ANOVA test. The indicator of ferritin is different among groups. bThe differences between groups were 
compared by independent t-tests. 
Abbreviations: TE, telogen effluvium; FAGA, female androgenetic alopecia; HC, healthy control.

Table 2 The Number of Patients in Different Serum Ferritin Levels

Class <20ng/mL <30ng/mL

N P values N P values

TE (n=193) 101 TE*FAGA 0.002 132 TE*FAGA 0.002

FAGA (n=104) 35 FAGA*HC 0.001 52 FAGA*HC 0.305

HC (n=183) 30 HC*TE 0.000 80 HC*TE 0.000

Notes: The number of subjects in different groups with different serum ferritin levels were compared by chi-square test. FAGA is different from HC if serum ferritin levels 
were less than 20ng/mL, while not in less than 30ng/mL.

Table 3 Binary Logistic Regression Analysis Between Telogen 
Effluvium and Ferritin

Group B P values OR 95% CI

TE*HC −0.041 0.000 0.960 0.948~0.972

TE*FAGA −0.026 0.000 1.027 1.015~1.038

Notes: Binary logistic regression was used to test the relationship between TE and 
ferritin. Null hypothesis: serum ferritin was not related to telogen effluvium; alter-
native hypothesis: serum ferritin was related to telogen effluvium.
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for iron deficiency diagnosis was 40 ng/mL, with 
a sensitivity and specificity of 98%.3 In our study, the 
average serum ferritin level of healthy people was 45.55 
ng/mL, which denied menstrual cause in the TE occur-
rence. The average serum ferritin level in patients with TE 
was 24.27ng/mL, and the optimum cut-off value was 
24.45ng/mL, which were significantly lower than that in 
healthy subjects. The low levels of serum ferritin could be 
attributed to the following causes: (1) High fever with 
inflammatory, surgery or postpartum hemorrhage, emo-
tional/physical stress, and malignant tumors cause abnor-
mal iron metabolism, inducing iron deficiency, which 
undermined the TE.12,13 (2) Insufficient iron uptake from 
diet may lead to serum ferritin level below normal range. 
The development of vegan diet for weight-loss have 
reduced the source of iron intake, which is another cause 
of TE.14,15 However, many other factors also influenced 
the hair follicle cycle, such as anticoagulants, anticonvul-
sants, or high-dose contraceptives, etc.1 Our study showed 
that serum ferritin could be used as a biomarker for TE 
diagnosis with sensitivity and specificity of 64.2% and 
73.8%, respectively. When using serum ferritin to differ-
entiate TE and FAGA, the sensitivity and specificity was 
64.2%, and 59.6%, which may need other biomarkers to 
improve its diagnosis value.

In this research, we generated a ROC curve to evaluate 
the diagnostic value of serum ferritin in distinguishing TE 
patients from FAGA patients or healthy people for the first 

time. Compared to previous study, the data are more 
representative for its larger sample size and healthy people 
as the control group. Meanwhile, the cut-off value was 
selected based on ROC curve. Normal serum ferritin levels 
ranged from 30 to 300 ng/mL for men and 10 to 200 ng/ 
mL for women.12,13 The optimum cut-off value of our 
study is in the normal range. However, low serum ferritin 
levels indicated high risk of TE. Serum ferritin may have 
a potential value in the prevention of TE. Thus, Iron 
supplements in people with serum ferritin levels below 
24.45ng/mL may benefit TE prevention.

The number of patients with serum ferritin < 20 ng/mL 
in FAGA group was significantly different from that in 
healthy controls, but not when serum ferritin < 30 ng/mL. 
A lower serum ferritin level indicated more severe iron 
deficiency, which may affect hair follicle matrix cells and 
lead hair shedding. In our study, the optimum cut-off value 
of serum ferritin to distinguish TE from FAGA was 24.6 
ng/mL, with a low specificity of 59.6%. Thus, it is neces-
sary to incorporate other biomarkers, such as serum tes-
tosterone and estradiol, to improve the specificity.

Our research had some limitations; most of the 
involved patients come from one city and the retrospective 
collection of clinical data may introduce bias. Our study 
had involved over 100 TE patients, as well as similar 
number of FAGA patients and healthy controls to 
strengthen the conclusion. Though the sample size was 
relatively large, we still cannot eliminate the bias 

Figure 2 ROC analysis of serum ferritin levels. 
Notes: The ROC curves of serum ferritin for detecting TE from health controls (HC, left) and FAGA (FAGA, right). 
Abbreviations: ROC, receiver operating characteristics; AUC, area under the curve; CI, confidence interval.
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concerns. A prospective, multiple-center study is needed 
to prove the potential value of serum ferritin in the diag-
nosis of TE. Furthermore, low levels of serum ferritin do 
not reflect low iron in the body (serum iron, total iron- 
binding capacity, etc.). To clarify the relationship between 
serum ferritin and TE occurrence, we need to include 
a series of factors, such as genetic background, total iron- 
binding capacity, hemoglobin, and other iron-related indi-
cators into consideration.

Conclusion
In conclusion, we performed a retrospective study to 
explore the value of serum ferritin in TE patient diagnosis. 
There is a significant difference in serum ferritin levels 
between TE patients and healthy people or FAGA patients, 
and the lower the serum ferritin level was, the more likely 
a patient suffered from TE. The ROC curve also showed 
that serum ferritin could be used to distinguish TE patients 
from healthy subjects or FAGA patients. The findings of 
our study deepened our understanding of the diagnostic 
value of serum ferritin in telogen effluvium patients.
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