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Purpose: Premature ovarian insufficiency (POI) is a common late effect of chemotherapy among survivors of adolescent and young- 
adult cancer (AYAC). Given on the widespread use of Chinese herbal medicine (CHM) in restoring individual health, we performed 
a cohort-based nested patient-control study with the aim of exploring the effect of blending CHM into routine care on the reduction of 
chemotherapy-induced POIrisk among females with AYAC.
Methods: Females aged 20–39 years with a newly-diagnosed AYAC and being free of POI between 2002 and 2010 were recruited 
from a population-based claims data. From these enrollees, we identified those with POI occurring after AYAC onset by the end of 
2013 (n = 1040). Corresponding controls were randomly selected from the remaining subjects using a pair-matched approach. We then 
adopted conditional logistic regression to clarify the association between CHM use and POI risk, shown as 95% confidence intervals 
(CI) and adjusted odds ratios (AOR).
Results: Patients who revived CHM in addition to standard treatment towards AYAC experienced a substantial lower risk of POI than 
did those who did not use CHM (AOR, 0.16; 95% CI, 0.13–0.19). Importantly, initiating CHM treatment within the first three years 
after AYAC onset had the greatest benefit, with a lower risk of POI by 92%.
Conclusion: The present study revealed that embedding CHM into routine care of AYAC acted to prevent subsequent POI incident, 
implying that interdisciplinary collaboration and timely treatment planning should be emphasized to reduce the chance of POI onset.
Keywords: adolescent and young-adult cancer, premature ovarian insufficiency, Chinese herbal medicines, nested patient-control study

Introduction
Adolescent and young adult cancer (AYAC) refers to new-onset cancers in people aged 15–39 years.1 With the large 
increase in highly-specialized diagnostic and therapeutic approaches over past decades, the five-year survival rate of AYAC 
has surpassed 80%.2 Nevertheless, the extended life-span does not necessarily indicate that patients have successfully 
adjusted to or coped with this condition; on the other hand, some common side effects resulting from treatment-related 
toxicity may have serious physical and psychological consequences on patients and their families.3 Factually, the chronicity 
impact of AYAC in females has captured more attention than in males, involving breast cancer, thyroid cancer, melanoma, 
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and cervical cancer.4 Worse yet, the effects of cancer-related therapies on endocrine and reproductive organ function often 
persist long after diagnosis and treatment, thus exerting a heavy toll on females diagnosed with AYAC.

Presently, premature ovarian insufficiency (POI) has been noticed as a relevant disease due to cancer-related therapies 
toexacerbate ovarian function.5 This is an imperative issue for females with AYAC since they may encounter disturbance 
in fertility later. POI is defined as the loss or decline of normal ovarian function before the age of 40, characterized by 
irregular or absent menstruation, hypoestrogenism, and elevated gonadotropin levels.5 A population-based study revealed 
that AYAC survivors were nearly three times more likely to suffer from POI than the cancer -free counterparts.6 Upon the 
onset of POI, the affected patients may face higher risks of cardiovascular disease, osteoporosis, cognitive dysfunction, 
and premature mortality later in life.7–9 A commonly used approach to treat ovarian dysfunction in females undergoing 
cytotoxic chemotherapy so far is to prescribe gonadotropin-releasing hormone agonist (GnRHa).10 Both the European 
Society of Human Reproduction and Embryology (ESHRE) and the American Society for Reproductive Medicine 
(ASRM) recommend prescribing GnRHa to mitigate the risk of ovarian insufficiency.11 Despite the potential benefits 
of GnRHa, cancer females who received treatment-related gonadotoxicity still tend to sustain POI onset.12 On top of that, 
mounting evidence shows that its use had deleterious impact on bone and cardiovascular health.13,14 As a consequence, it 
is of great importance to broaden research and clinical horizons and explore potential adjunctive treatment methods 
against the onset of POI in AYAC females.

Known for having minor side effect, Chinese Herbal Medicine (CHM) has been extensively used for the therapeutic 
and prophylactic management of human disease, including POI.15,16 Evidence suggests that CHM could exert its 
advantage on POI prevention through multiple signaling pathways, like caspase-mediated pathways and Nrf2 signaling 
pathway.17 Plant-derived compounds have been further proven to possess immunomodulatory and anti-inflammatory 
actions that significantly inhibit release and function of inflammatory parameters,18 which is known to severely affect 
ovarian function.19 Accumulating evidence has documented the beneficial effects of CHM so far, but its impact on POI 
prevention in females withAYAC has yet to be confirmed. This study is, therefore, geared to clarify the association 
between CHM use and risk of chemotherapy-induced POI among AYAC females.

Methods
Data Source
The target population for this nested patient-control study was obtained from a nationwide claims database in Taiwan that 
is maintained by the Bureau of National Health Insurance (NHI).20 Through random sampling of all beneficiaries under 
the NHI program by age and sex, this database provides researchers an opportunity to undertake population-based studies 
and epidemiological investigations. The database includes encrypted beneficiary information on sex, birth date, and 
physician billing claims for inpatient and outpatient visits covered by the NHI, allowing for the identification of all 
medical consultations and diagnoses. Relevant medical diagnoses are coded using the International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Since the data were anonymized before public release, 
individual identifying information cannot be obtained from the database. This study was conducted in accordance with 
the guidelines of the Helsinki Declaration. As all data were anonymized shown in this nationwide claims database, the 
Institutional Review Board of Buddhist Dalin Tzu Chi Hospital confirmed that this study was exempt from full review 
along with the need for informed consent in this study (No. B10004021-3).

Establishment of Underlying Cohort
The initial cohort included females with AYAC who were 20–39 years of age and had undergone chemotherapy for 
AYAC between 2002 and 2010 (ICD-9-CM code: 140–176, 185–208). To diminish misclassification bias, the lists of 
AYAC were further linked to the catastrophic illness card (CIR). This is because all citizens of Taiwan with autoimmune 
illnesses or malignancies can apply for the CIR certification to minimize the expenses of healthcare received. Prior to 
acquiring CIR, the experts employed in NHI would deliberately review the records of treatments received. These checks 
and processes are believed to ensure accurate coding to minimize ascertainment bias. Date of approval for the CIR card 
for AYAC was then regarded as the cohort entry date. To adhere to established research procedures, we excluded subjects 
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who had been followed for less than one year and those with incomplete data (n = 504). Patients who underwent ovarian 
or uterine surgery also were deleted. Women for whose first AYAC diagnosis occurring after POI onset were removed to 
ensure the appropriate temporal sequence (n = 1115). The remaining patients were followed up until the earliest diagnosis 
of POI, death, or the end of 2013.

Patient and Control Groups
The primary outcome was the onsetof POI that occurred from 2003 to 2013. Participants were defined as having POI if 
they ever visited the outpatient clinic twice in one year or were hospitalized once during the study timeframe due to this 
condition (ICD-9-CM codes 627).21 The first medical visit for POI was viewed as the index date. Each of the POI 
patients was randomly matched to one control with no POI diagnosis in accordance with age, socidemographic data and 
comorbidities (Figure 1). An index date was assigned to each of the controls corresponding to the POI diagnosis date, 
which ensured the same observational frame for all enrollees.

Figure 1 Flowchart of subject selection.
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Explication of CHM Use
The identification of CHM treatment is based on medical records indicating that visits to Chinese medicine practitioners 
that occurred from cohort entry date to the index date. In accordance with former method,22 the participants were then 
converted into CHM users and non-CHM users based on if they ever received relevant CHM treatments for AYAC or its 
symptomsby intervals of 30 days, made by CHM physicians. Exposure to CHM use wasfurther split into two subgroups 
according to individual age at baseline. This subgroup analysis allowed us to appraise if the association between 
adjunctive CHM treatment and subsequent POI occurred across diverse age groups.

Covariates Definition
Covariates in the statistical model included sex, age, previous medical comorbidities, individual monthly salary, and 
urbanization level of residence. Health insurance premiums, used as a substitute for monthly salary, wereseparated into 
three quartile values, where level one stood for the lowest monthly salary group. As to the enrollees’ residential district, it 
was subdivided into three groups in accordance with the established method that took into account several factors, like 
population density per square kilometer, the proportion of individuals with a bachelor’s degree or higher, the ratio of 
residents aged 65 years or older, the percentage of the labor force employed in agriculture, and the number of clinicians 
per 100,000 inhabitants.23 This indicator enables researchers to consider the enrollee’s healthcare accessibility. Medical 
comorbidities were defined as conditions that occurred at least once in inpatient, or twice in outpatient, claims one year 
prior to cohort entry. The Charlson–Deyo comorbidity index (CCI), a method that ranks the number and severity of 17 
pre-defined comorbid conditions by assigning a weighted scale of 1 to 6, was adopted to categorize the baseline 
comorbidity burden for each patient.24

Data Analysis
Statistical analyses were conducted using SAS for Windows, Version 9.4. Descriptive statistics, including the mean, 
standard deviation (SD), frequency, and percentages, were used to assess the baseline patients’ characteristics. Baseline 
data were compared for treated and control groups using Student’s t-test test for continuous variables or chi-square test 
for categorical variables, as appropriate. Conditional logistic regression was used to estimate odds ratios (OR) with 95% 
confidence intervals (CI) for the relationship between CHM use and the subsequent incidence of POI. The adjusted OR 
(AOR) was also used to determine whether the adjustments shown in Table 1 would affect the results of CHM treatment. 
In all statistical tests, p ≤ 0.05 was considered significant.

Table 1 Comparison of Demographic Data and Selected Comorbidities for 
AYAC Females with and without POI

Number (%) POI Patients Non-POI Patients p

N = 1040 (%) N = 1040 (%)

Age (years) 0.62

≤30 403 (19.4) 197 (18.9) 206 (19.8)

>30 1677 (80.6) 843 (81.1) 834 (80.2)
Mean (SD) 34.8 (5.1) 34.7 (5.2) 34.9 (4.9) 0.47

Monthly income 0.14

Level 1 1268 (61.0) 629 (60.5) 639 (61.4)
Level 2 737 (35.4) 381 (36.6) 356 (34.3)

Level 3 75 (3.6) 30 (2.9) 45 (4.3)

Residential area 0.42
Urban 1363 (65.5) 678 (65.2) 685 (65.9)

Suburban 306 (14.7) 163 (15.7) 143 (13.7)

Rural 411 (19.8) 199 (19.1) 212 (20.4)
CCI 1.7 (5.0) 1.9 (5.7) 1.5 (4.4) 0.12

Abbreviations: SD, standard deviation; CCI, Charlson–Deyo comorbidity index.
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Results
Among the recruited subjects, matching those with POI to those without POI resulted in 1040 cases in each group. 
Descriptive statistics showed no remarkable differences in demographic or clinical features between patients with and 
with no POI after random matching procedure (Table 1). The mean age for enrollees was 34.8 years (SD= 5.1 years). 
Over 60% of participants resided in an urban area and had a low-level income.

Within the study period, 17.6% of POI patients and 56.1% of non-POI patients received adjunctive CHM treatment 
after AYAC. Multivariate conditional logistic regression analysis showed that those with a history of CHM use were 84% 
less likely to have POI than those not receiving CHM treatment. The positive effect of CHM treatment on the prevention 
of POI risk was predominant among patients ≤ 30 years of age (Table 2). CHM use provided the greatest therapeutic 
benefit when it was initiated within the first 3 years after AYAC onset (AOR, 0.08; 95% CI, 0.03–0.17). The association 
between CHM use and absence of POI gradually decreased with the delay of CHM initiation (Table 3).

Table 4 displayed the top ten most commonly prescribed single-herb and multi-herb formulae for the treatment of 
AYAC (). From them, we identifiedseveral potential agents that were correlated with a lower risk of POI, which included 
Da-Huang, Xiang-Fu, Ping-Wei-San, Ge-Gen-Tang, Xin-Yi-Qing-Fei-Tang, Jia-Wei-Xaio-Yao-San, and Shao-Yao-Gan- 
Cao-Tang (Figure 2).

Table 2 Association Between POI Onset and CHM Use by Age Group

CHM Use POI Patients (n = 1040) Non-POI Patients (n =1040) OR (95% CI) AOR* (95% CI)

Non-CHM users 857 82.4 457 43.9 1 1
CHM users 183 17.6 583 56.1 0.17 (0.14–0.19) 0.16 (0.13–0.19)

Age ≤ 30 150 14.4 293 28.2 0.05 (0.03–0.10) 0.05 (0.03–0.10)

Age >30 33 3.2 290 27.9 0.20 (0.16–0.25) 0.20 (0.16–0.24)

Note: *Adjusted for potential confounders including age, residential area, monthly income, and CCI scores. 
Abbreviations: CHM, Chinese herbal medicines; OR, odds ratio; CI, confidence interval.

Table 3 Risk of POI in AYAC Females with and without Receiving 
CHM Stratified by Time of CHM Commencement

Years After AYAC Onset Non-CHM Users CHM Users

OR 95% CI AOR * 95% CI

< 3 years 1 Reference 0.08 0.03–0.17

3–6 years 1 Reference 0.79 0.51–1.35
> 6 years 1 Reference 1.01 0.46–1.84

Note: *Model adjusted for age, urbanization level, monthly income, and comorbidities.

Table 4 The Ingredient Herbs Contained in the Most-Used Single-Herb and Multi-Herb Products Among Participants

Chinese Herbal 
Product

Ingredients Number of 
Prescriptions

Functional 
Classification

Single-herb products

Da-Huang Radix et Rhizoma Rhei; Rheumpalmatum L. 1790 Purgatives

Bai-Zhi Radix Angelicae Dahuricae; Angelicadahurica (Fisch. ex Hoffm.) Benth. 

et Hook. f. var. formosana (Boiss.) Shan et Yuan

1229 Expelling expression, 

dispelling wind, dispelling 

dampness

(Continued)
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Table 4 (Continued). 

Chinese Herbal 
Product

Ingredients Number of 
Prescriptions

Functional 
Classification

Yan-Hu-Suo Corydalis Rhizoma; Corydalisyanhusuo (Y. H. Chou & Chun C. Hsu) 
W. T. Wang ex Z. Y. Su & C. Y. Wu

1219 Relieves pain 
Anti-oxidative, anti- 

fibrotic, and anti- 

thrombotic effects.

Xiang-Fu RhizomaCyperi; Cyperus rotundus L 1093 Unblocks Stagnant Liver Qi 

and relieves pain

Bei-Mu Bulbus Fritillariae; Fritillaria thunbergii Miq. 1049 Transform phlegm

HaiPiaoXiao Sepiae Endoconcha; Sepiellamaindroni de Rochebrune 929 Astringents

Yi-Mu-Cao Herba Leonuri; Leonurus japonicus Houtt. 844 Improves blood circulation 
and reduces inflammation

Tian-Hua-Fen Radix Trichosanthis; Trichosantheskirilowii Maxim. 786 Clear heat

Ye-Jiao-Teng Caulis Polygoni Multiflori; Reynoutria multiflora (Thunb.) Moldenke 750 Nourishes the heart and 

calms the mind

Shi-Gao Gypsum Fibrosum; CaSO4·2H2O 471 Clear heat and purge fire

Multi-herb products

Jia-Wei-Xiao-Yao-San Dang-Gui (Radix Angelicae Sinensis; Angelica sinensis (Oliv.) Diels), Bai- 

Shao (Radix Paeoniae Alba; Paeonia lactiflora Pall.), Fu-Ling (Poria; 

Wolfiporia cocos (Schw.) Ryv. and Cilbn.), Bai-Zhu (Rhizoma Atractylodis 
Macrocephalae; Atractylodesmacrocephala Koidz.), Chai-Hu (Radix 

Bupleuri; Bupleurum chinense DC.), Mu-Dan-Pi (Cortex Moutan; Paeonia 

× suffruticosa Andrews), Zhi-Zi (Fructus Gardeniae; Gardenia 
jasminoides J. Ellis), Gan-Cao (Radix Glycyrrhizae; Glycyrrhiza uralensis 

Fisch.), Bo-He (Herba Menthae Haplocalycis; Mentha alaica Boriss.), 

Sheng-Jiang (Rhizoma Zingiberis Recens; Zingiber officinale Roscoe)

3014 Pacifies the liver and 

strengthens the spleen

Chuan-Xiong-Cha- 

Tiao-San

Chuan-Xiong 

Bai-Zhi (Radix Angelicae Dahuricae; Angelica dahurica (Hoffm.) Benth. and 
Hook. f. ex Franch. and Sav.) 

Gan Cao (Radix Glycyrrhizae; Glycyrrhiza uralensis Fisch.) 

Qiang-Huo (Rhizoma et Radix Notopterygii; Notopterygiumincisum 
K. C. Ting ex H. T. Chang) 

Jing-Jie (Schizonepeta annua (Pall.) Schischk.) 

Xi–Xin (Herba cum Radix Asari; Asarum sieboldiiMiq.) 
Fang-Feng (Radix Saposhnikoviae; Saposhnikoviadivaricata (Turcz.) 

Schischk.) 

Bo-He (Herba Menthae Haplocalycis; Mentha alaica Boriss.)

1685 Dispersal of wind 

disorders

Ge-Gen-Tang Ge-Gen (Radix Puerariae; Pueraria lobata (Willd.) Ohwi), Ma-Huang 

(Herba Ephedrae; Ephedra sinica Stapf), Gui-Zhi (Ramulus Cinnamomi; 
Cinnamomum cassia (L.) J. Presl), Bai-Shao (Radix Paeoniae Alba; 

Paeonia lactiflora Pall.), Sheng-Jiang (Rhizoma Zingiberis Recens; 

Zingiber officinale Roscoe), Da-Zao (Fructus Jujubae; Ziziphus jujuba 
Mill.), Gan Cao (Radix Glycyrrhizae; Glycyrrhiza uralensis Fisch.)

1357 Releases wind-cold in the 

exterior and muscle layer

(Continued)
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Table 4 (Continued). 

Chinese Herbal 
Product

Ingredients Number of 
Prescriptions

Functional 
Classification

Ma Zi Ren Wan Huo-Ma-Ren (Semen Cannabis; Cannabis sativa L.); Xing-Ren (Semen 
Armeniacae Amarum; Prunus armeniaca L.); Bai-Shao (Radix Paeoniae 

Alba; Paeonia lactiflora Pall); Zhi-Shi (Fructus AurantiiImmaturus; Citrus 

aurantium L.); Hou-Po (Cortex Magnoliae; Magnolia officinalis); Da- 
Huang (Radix et Rhizoma Rhei; Rheum palmatum L.)

1256 lubricating and moistening 
the intestines and the stool

Yin Qiao San Jin Yin Hua (Flos Lonicerae; Lonicera japonica Thunb.); Lian Qiao 
(Fructus Forsythiae; Forsythia suspensa (Thunb.) Vahl); Jie Geng (Radix 

Platycodi; Platycodongrandiflorus (Jacq.) A. DC); Niu Bang Zi (Fructus 

Arctii; Arctium lappa L.); Bo He (Herba Menthae; Mentha haplocalyx 
Briq); Gan Cao (Radix Glycyrrhizae; Glycyrrhiza uralensis) Fisch.); Dan 

Dou Chi (Semen Sojae Preparata; Glycine max (L.) Merr.); Dan Zhu Ye 

(Herba Lophatheri; Lophatherum gracile Brongn.); Jing Jie (Herba 
Schizonepetae; Schizonepeta tenuifolia); Lu Gen (Rhizoma Phragmitis; 

Phragmites communis Trin.)

1149 Dispels wind-heat, clears 
heat and detoxifies

Shao-Yao-Gan-Cao- 

Tang

Bai-Shao (Radix Paeoniae Alba; Paeonia lactiflora Pall.), Gan-Cao (Radix 

Glycyrrhizae; Glycyrrhiza uralensis Fisch.)

943 Nourishes Yin and relief 

painful spasms

Ping-Wei-San Cang-Zhu (Rhizoma Atractylodis; Atractylodeslancea (Thunb.) DC.), 

Hou-Po (Cortex Magnoliae Officinalis; Magnolia officinalis Rehder & 

E. H. Wilson), Chen-Pi (Pericarpium Citri Reticulatae; Citrus reticulata 
Blanco), Gan-Cao (Radix Glycyrrhizae; Glycyrrhiza uralensis Fisch.), 

Sheng-Jiang (Rhizoma Zingiberis Recens; Zingiber officinale Roscoe), Da- 

Zao (Fructus Jujubae; Ziziphus jujuba Mill.)

901 Dries dampness and 

harmonizes the stomach

Ban-Xia-Xie-Xin-Tang Ban Xia (Rhizoma Pinelliae; Pinelliaternata (Thunb.) Breit.), Huang Lian 

(Rhizoma Coptidis; Coptis chinensis Franch.), Huang Qin (Radix 
Scutellariae; Scutellariabaicalensis Georgi), Gan Jiang (Rhizoma 

Zingiberis; Zingiber officinale), Ren Shen (Radix Ginseng; Panax ginseng 

C. A. Mey.), Da Zao (Fructus Jujubae; Ziziphus jujuba Mill.), and Zhi Gan 
Cao (Radix Glycyrrhizae; Glycyrrhiza uralensis Fisch.)

864 Harmonizing cold and heat 

in the stomach and 
intestine

Xin-Yi-Qing-Fei-Tang Xin-Yi (Flos Magnoliae; Magnolia biondii Pamp.), Pi-Pa-Ye (Fol. 

Eriobotryae; Eriobotrya japonica (Thunb.) Lindl.), Zhi-Zi (Fructus 

Gardeniae; Gardenia jasminoides J. Ellis), Zhi-Mu (Rhizoma 
Anemarrhenae; Anemarrhenaasphodeloides Bunge), Bai-He (Bulbus Lilii; 

Lilium brownii F. E. Br. ex Miellez), Huang-Qin (Radix Scutellariae; 

Scutellariabaicalensis Georgi), Sheng-Ma (Rhizoma Cimicifugae; 
Cimicifuga foetida L.), Mai-Men-Dong (Radix Ophiopogonis; 

Ophiopogon japonicus (Thunb.) Ker Gawl.), Shi-gao (Gypsum 

Fibrosum), Gan-cao (Radix Glycyrrhizae; Glycyrrhiza uralensis Fisch.)

804 Dispels lung heat and 

unblocks the nostril

Gan-Lu-Yin Di-Huang (Radix Rehmanniae; Rehmanniaglutinosa (Gaertn.) DC.), Shi- 

Hu (Herba Dendrobii; Dendrobium loddigesii Rolfe), Tian-Men-Dong 
(Radix Asparagi; Asparagus cochinchinensis (Lour.) Merr.), Mai-Men- 

Dong (Radix Ophiopogonis; Ophiopogon japonicus (Thunb.) Ker Gawl.), 

Huang-Qin (Radix Scutellariae; Scutellariabaicalensis Georgi), Yin-Chen- 
Hao (Herba Artemisiae Scopariae; Artemisia capillaris Thunb.), Zhi-Ke 

(Fructus Aurantii; Citrus × aurantium L.), Pi-Pa-Ye (Folium Eriobotryae; 

Eriobotrya japonica (Thunb.) Lindl.), Gan-Cao (Radix Glycyrrhizae; 
Glycyrrhiza uralensis Fisch.)

749 Generates fluids and clears 

heat
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Discussion
To the best of our knowledge, this study is the first to utilize the electronic health records to delineate the association 
between adjunctive CHM use and subsequent risk of POI among AYAC females undergoing chemotherapy-related 
treatments. We observed that CHM use correlated with a lower risk of POI. Furthermore, CHM users under the age of 30 
experienced a significantly lower incidence of POI by over 90%, suggesting that the benefit of CHM for POI treatment is 
more pronounced in younger individuals. Importantly, the commencement of CHM treatment within three years after 
AYAC onset correlated with a notably lower risk of POI. The association between CHM use and lower POI risk reported 
herein were in accord with published data and extend our understanding of these medical conditions.15–17 Several 
explanations underlay the protective effects of CHM for the prevention of POI, which may include modulation of 
apoptosis, immune response regulation, enhancement of antioxidant capacity, and estrogen-like activity.16

One major breakthrough yielded by the findings of this study is the identification of specific CHM herbs that may act 
to prevent POI in females with AYAC. Several are single herbs, such as Da-Huang and Xiang-Fu, while others are multi- 
herb formulae that include Ge-Gen-Tang, Xin-Yi-Qing-Fei-Tang, Jia-Wei-Xaio-Yao-San, and Shao-Yao-Gan-Cao-Tang. 
We observed that Da-Huang use significantly decreased risk of POI. In clinical practice, Da-Huang has long been used 
for its diverse pharmacological properties, especially its ability to regulate ovarian function and influence fertility. Li et al 
found that aloe-emodin, one of the main pharmacodynamic ingredients of Da-Huang, inhibited growth and induced 
apoptosis of squamous cell carcinoma by regulating caspase-9 and caspase-3 levels.25 In addition, Da-Huang has been 
shown to improve reproductive health by contributing to estrogen balance and supporting ovarian function.26

We also observed that Xiang-Fu use was associated with a reduced risk of POI. The biological mechanism by which 
this herb could decrease the risk of POI may be related to its striking effect on hormone regulation. One recent in-vitro 
study demonstrated that Cyperus rotundos (Xiang-Fu) inhibits the mRNA expression of NF-kB through the Akt 
pathway.27 The PI3K/Akt pathway is well known to regulate a variety of cellular events, including cell proliferation, 
apoptosis, immune response, and the oxidative stress response by regulating various intra- and extra-cellular signaling 
molecules.28 This phenomenon may underlie the effects of this medication in females with AYAC.

This study shows that females with AYAC who took Ge-Gen-Tang were at lower chance of having POI. Pueraria, the 
primary component of Ge-Gen-Tang, is renowned for its reduced age-related vascular stiffening and improves endothe
lial-dependent vasodilation, Several scholars found that pueraria isoflavones, active compounds in Gegan, can balance 
estrogen levels, neutralize free radicals, and improve immune function.29 A recent review article further elucidated that 
by modulating T-lymphocyte activity, reducing B-lymphocyte proliferation, and diminishing associated autoantibodies, 
the pueraria isoflavones can efficiently alleviate menopausal symptoms and improve ovarian function in POI patients.16 

Similarly, a positive correlation was observed between Xin-Yi-Qing-Fei-Tang use and a decreased risk of POI. Magnolin 
(Xin-Yi), a major constituent of Xin-Yi-Qing-Fei-Tang, has been traditionally prescribed for anti-inflammatory 
conditions.30 By targeting ERK1/2 activity, Lee and coworkers observed that magnolin greatly suppressed RSK2 

Figure 2 Risk of POI in females with AYAC as determined by multivariate conditional logistic regression analysis.
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phosphorylation and downstream proteins, including ATF1, c-Jun, and AP-1, thus abating neoplastic cell transformation 
and its relevant late effects.30 These underlying mechanisms may, therefore, account for the advantages of Ge-Gen-Tang 
and Xin-Yi-Qing-Fei-Tang reported in the current study.

Our results also show that uses of both Jia-Wei-Xaio-Yao-San and Shao-Yao-Gan-Cao-Tang positively correlated with 
a lower risk of POI. Jia-Wei-Xaio-Yao-San is the most frequently used CHM decoction for co-treatment with Tamoxifen in 
breast cancer patients undergoing hormone therapy.31 Using a breast-cancer mouse model, a previous study found that this 
herb inhibited tumor growth in 4T1-tumor–induced mice via regulation of the Bcl-2/Bax/TP53 signaling pathway.32 Jia-Wei- 
Xaio-Yao-San was found to exhibit dose-dependent antioxidative effects by inhibiting xanthine oxidase, an enzyme that 
converts xanthine to uric acid while producing superoxide anions as a byproduct.33 Excessive immune and inflammatory 
responses in ovaries are well known to impair ovarian function by disrupting T cell subsets and stimulating B cells to produce 
anti-oocyte and anti-ovarian antibodies.19 As to Shao-Yao-Gan-Cao-Tang, this herb has been traditionally used in the 
treatment of various gynecological disorders, including dysmenorrhea, polycystic ovary syndrome, endometriosis, and 
adenomyosis. Recent studies have shown that this formula exerts dose-dependent reductions in body weight and chronic 
inflammation by inhibiting the Toll-like receptor 4 /NF-κB signaling pathway.34,35 Suppression of this inflammation-linked 
pathway has been shown to eliminate endogenous peroxidases and inflammation, thus likely decreasing the risk of POI.

Despite the important public health implications of this study, it has several limitations and raises questions that are not 
fully resolved by this study. First, the claims-based database that we used lacks some pertinent information, such as physical 
activity, psychosocial variables, dietary intake and biomedical data. Future studies should further aim to overcome these 
drawbacks to validate the accuracy of our findings, especially indiverse AYAC types. Nonetheless, given the magnitude and 
statistical significance of the observed effect in this large-scale survey, these limitations are unlikely to affect our findings. 
Second, the use of secondary healthcare databases may have resulted in the accidental inclusion of miscoded patients, 
thereby introducing misclassification bias. To minimize this drawback, we only included individuals with new-onset AYAC 
or POI, and only after they had at least two outpatient visits reporting consistent diagnoses or at least one inpatient 
admission. It should also be acknowledged that the NHI of Taiwan randomly reviews charts and audits medical charges to 
assure the authenticity of claims files. Furthermore, since the coding approach and data availability were similar for the two 
groups, any misclassification bias would likely have been nondifferential, thus biased towards demonstrating no relation
ships between CHM use and POI risk. Third, despite the substantial correlation between CHM use and the subsequent lower 
risk of POI in females with AYAC, caution must be exerted in interpreting the results since participants were not randomly 
categorized into treated and control groups at the beginning of the study. For the sake of these reasons, the well-controlled, 
randomized, prospective, multicenter large clinical explorations are required to further validate the evidence shown herein. 
Not only is this manner imperative for elucidating the potential mechanism of action of CHM herbs, it also makes 
interpretation of the findings more straightforward and clinically robust.

Conclusions
Given the serious consequences of POI in females with AYAC, improvements in available therapeutic modalities to 
minimize this condition are needed. Findings of the present study shed light on the beneficial addition of CHM treatment 
to standard cancer therapies, by demonstrating its association with a reduced risk of chemotherapy-induced POI, 
particularly for AYAC patients under the age of 30. Early initiation of CHM, especially within three years of AYAC 
onset, further decreased POI risk, indicating its potential benefit in the prevention of chemotherapy-induced gonado
toxicity. In addition to providing preliminary evidence of the beneficial effects of CHM in arresting the development of 
POI, this study paves the way for further in vivo studies of specific herbal prescriptions to explore their potential for 
treating POI. In clinical practice, healthcare practitioners should initiate monitoring of patients’ ovarian function on 
a regular basis. Last but not least, it is very important for health care professionals to recognize that aspects of cancer 
survivorship continue to require attention and possible follow-up care via the interdisciplinary caring strategies.
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