
Am J Transl Res 2021;13(4):3165-3173
www.ajtr.org /ISSN:1943-8141/AJTR0128638

Original Article
Sequential therapy for kidney-tonifying via traditional 
Chinese medicine effectively improves the reproductive 
potential and quality of life of women with decreased 
ovarian reserve: a randomized controlled study
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Abstract: Objective: To investigate the effect of sequential therapy for kidney-tonifying via traditional Chinese medi-
cine (TCM) on improving the fecundity and quality of life (QOL) of women with decreased ovarian reserve (DOR). 
Methods: A prospective and randomized controlled study was conducted, in which 80 infertile patients with DOR 
were selected in our hospital and randomly divided into the test group (n=40) and the control group (n=40). The 
control group was given sequential therapy of artificial menstrual cycle via administration of estrogen and proges-
terone, and the test group received sequential therapy for kidney-tonifying via TCM. Then, Kupperman indices, hor-
mone levels, ovarian reserve functions, menopause specific quality of life questionnaire (MENQOL) scores, as well 
as the pregnancy rates within one year before and after treatment were compared between the two groups. Results: 
Compared with the control group, the levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), and 
resistance index (RI) of ovarian stroma were significantly decreased in the test group (all P<0.001), while the levels 
of estradiol (E2), anti-Mullerian hormone (AMH), mid-luteal phase E2, progesterone, antral follicular count (AFC), 
and ovarian diameter (OVD) of patients were notably increased in the test group (all P<0.001). After treatment, 
the Kupperman indices and MENQOL scores of the test group were considerably lower than those of the control 
group (P<0.001). No adverse effects were observed in the test group, whereas the incidence of adverse effects 
in the control group was 12.50%, although without significant difference between the two groups (P>0.05). The 
pregnancy rate within one year in the test group was significantly higher than that of the control group (47.50% vs. 
25.00%) (P<0.05). Conclusion: Sequential therapy for kidney-tonifying via TCM could effectively improve the clinical 
symptoms, hormone levels, and ovarian function, increase ovulation quality and pregnancy rate, and improve the 
QOL of DOR patients.
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Introduction

Decreased ovarian reserve (DOR) refers to a 
disease, of which the quality and quantity of 
oocytes are compromised before age 40 in 
women, leading to the decrease or loss of fertil-
ity [1]. Perimenopausal symptoms such as 
irregular menstruation, hot flashes and night 
sweats, vaginal dryness, sexual discomfort, 
sleep disorders, and mood swings may occur 
among DOR patients [2, 3]. These can result in 
premature ovarian failure (POF) within 1-5 
years, which seriously impairs the fertility and 

quality of life (QOL) of women suffering from 
this disease [4]. Currently, the treatment of 
DOR is mainly by means of hormone replace-
ment therapy (HRT) [5, 6], including estrogen 
and progesterone artificial menstrual cycle and 
ovulation induction therapies. However, HRT 
has been shown some caveats. For example, 
although the artificial menstrual cycle via estro-
gen and progesterone administration can 
quickly restore the menstrual cycle, it can’t 
effectively improve the quality and quantity of 
ovulation or pregnancy rate. The DOR would 
reoccur after the medication withdrawal, and 
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complications such as ovarian hyperstimula-
tion syndrome may also be induced [7]. 
Therefore, it is necessary to develop a more 
effective and safe approach for the treatment 
of DOR.

Traditional Chinese medicine (TCM) is an im- 
portant part of TCM-based therapeutic stra- 
tegy and shows unique advantages in the treat-
ment of many diseases. Prescriptions such as 
Zhuyun Tang and Guchong Tang have demon-
strated excellent effects in the treatment of 
infertility and perimenopausal syndrome [8, 9]. 
Modern pharmacological studies have also vali-
dated that several TCM of kidney-tonifying and 
activating blood circulation play important roles 
in inducing ovulation and improving the bal-
ance of sex hormones. For example, Semen 
cuscutae [10, 11] can promote the follicle 
development by increasing the release of 
luteinizing hormone (LH) from pituitary and the 
response of the ovary to LH. Angelica biserrata 
can increase the level of deoxyribonucleic acid 
(DNA) in the uterus and mimic the function of 
the estrogen [12, 13]. Morinda officinalis also 
shows estrogen-like effects, which could bene-
fit the uterine growth [14]. Recently, some 
researchers have adopted the theory of “pre-
ventive treatment” from TCM and demonstrat-
ed a good outcome in the treatment of DOR by 
kidney-tonifying and activating blood circula-
tion in combination with hormone medications 
[15]. In this study, we applied two prescriptions 
for DOR patients via sequential treatment 
based on the characteristics of the menstrual 
cycle. Additionally, through the randomized 
controlled study, we elucidated the effect of 
sequential therapy for kidney-tonifying via TCM 
on the fecundity and QOL of DOR patients, 
which could provide more effective therapeutic 
strategies for the treatment of DOR.

Materials and methods

Patients

A total of 80 DOR patients in our hospital from 
June 2018 to December 2019 were selected  
in this prospective and randomized controlled 
study. Inclusion criteria: ① 22-40 years old; ② 
DOR diagnosis in accordance with the commit-
tee opinion on ovarian reserve evaluation by 
the American Society of Reproductive Medicine 
(ASRM) in 2015 [16]. Exclusion criteria: ① 
Patients who have received other medications 
within 3 months; ② Ovaries removed or 
patients with DOR caused by radiotherapy; ③ 
Organic ovarian lesion; ④ Patients who were 
infertile due to blocked oviduct or partners’ 
reproductive defect. A random number table 
method was carried out to divide the patients 
into a test group (n=40) and a control group 
(n=40). The baseline data of the two groups 
was listed in Table 1.

Ethics statement

This study followed the Declaration of Helsinki 
and was approved by the Ethics Committee of 
our hospital. All patients were informed before 
the study and signed a consent form.

Treatment methods

The control group was treated by sequential 
therapy of artificial menstrual cycle via the 
administration of estrogen and progesterone: 
On day 5 of the menstrual cycle, estradiol  
valerate tablets (Bayer Healthcare Co., Ltd. 
Guangzhou, China, 1 mg/tablet) were orally 
administered, 1 mg/time, once a day, continu-
ously for 21 days. On day 12 after taking estra-
diol valerate tablets, Dydrogesterone tablets 
(Abbott Biologicals B.V, Netherlands, 10 mg/
tablet) were given, 10 mg/time, 2 times/day, 

Table 1. Baseline data of the two groups of patients (
_
x  ± sd)

Category Test group (n=40) Control group (n=40) P value
Age/mean (range), year 33.4 (21.0-39.0) 32.8 (20.0-39.0) >0.05
Disease course/mean (range), year 2.4 (0.5-4.8) 2.7 (0.4-5.5) >0.05
FSH (U/L) 18.62±4.18 18.31±4.57 >0.05
LH (U/L) 11.62±3.39 11.54±3.24 >0.05
E2 (pmol/L) 92.57±12.28 93.18±13.47 >0.05
AMH (pmol/L) 1.33±0.24 1.36±0.28 >0.05
Note: FSH: follicle-stimulating hormone; LH: luteinizing hormone; E2: estradiol; AMH: anti-Mullerian hormone.
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continuously for 10 days. Three menstrual 
cycles were considered as 1 course of 
treatment.

The experimental group was treated by se- 
quential therapy for kidney-tonifying via TCM: 
Sequential therapy for kidney-tonifying via TCM 
included two prescriptions, Zhuyun Tang and 
Guchong Tang. On day 5 of the menstrual cycle, 
Zhuyun Tang was given for 10 days, while on 
day 15 of the menstrual cycle, Guchong Tang 
was given for 12 days. The components of 
Zhuyun Tang included Semen cuscutae 12-30 
g, Fructus lycii 15 g, Fructus rubi 15 g, Morinda 
officinalis 12 g, Herba epimedii 10 g, Cornu 
cervi 10 g, Radix dipsaci 10 g, Cortex eucom-
miae 12 g, Mulberry 15 g, Polygonum multiflo-
rum 10-20 g, Fluoritum 30 g, Angelica biserrata 
6g. Guchong Tang were composed of Semen 
cuscutae 12-30 g, Fructus lycii 12-20 g, Fructus 
rubi 12-20 g, Morinda officinalis 12 g, Herba 
epimedii 10 g, Cornu cervi 10 g, Radix dipsaci 
12 g, Cortex eucommiae 10 g, Eclipta prostrata 
20 g, Fructus ligustri lucidi 10-20 g, Rhizoma 
dioscoreae 15 g. All raw materials in the pre-
scriptions were provided by the Chinese 
Medicine Department of our hospital and pro-
cessed into granules. The prescriptions were 
resolved in boiled water and taken after lunch 
every day, once a day. Three menstrual cycles 
were considered as 1 course of treatment.

Serological testing

Before treatment and after 1 course of treat-
ment (3 menstrual cycles), the patients’ serum-
related hormones were tested. Five milliliters  
of morning fasting cubital venous blood was 
taken from patients, followed by centrifugation 
for 15 min (3000 r/min) to isolate the serum. 
Then ELISA was used to detect serum follicle 
stimulating hormone (FSH), luteinizing horm- 
one (LH), estradiol (E2), and Anti-Mullerian hor-
mone (AMH). The FSH, LH, E2, and AMH kits 
were purchased from Shanghai Lanpai 
Biotechnology Co., Ltd., China, and all experi-
ments were done according to the protocols of 
the kits.

Ultrasound examination

Before and after treatment, a GE730 color 
Doppler ultrasound diagnostic machine (GE 
company, United States) was utilized to detect 

patients’ Antral follicle count (AFC), ovarian 
diameter (OVD), and ovarian stroma blood flow 
resistance index (RI). The patients were fol-
lowed up for 1 year, and their pregnancy rates 
within 1 year were recorded.

Scale evaluation

Modified Kupperman index was applied to eval-
uate the clinical symptoms of patients. The 
total index ranged from 0 to 39. The higher the 
index, the more severe the patients’ clinical 
symptoms [17].

Menopause specific quality of life question-
naire (MENQOL) was used to evaluate the QOL 
of patients. The total score ranged from 0 to 
156. The higher the score, the worse the 
patients’ QOL [18].

Outcome measures

Major outcome measures: ① Indices of ovarian 
function after treatment in the two groups, 
including AFC, OVD, ovarian stroma RI, mid-
luteal phase E2, and progesterone levels; ② 
Serum hormone levels before and after treat-
ment in the two groups, including FSH, LH, E2, 
and AMH; ③ The modified Kupperman indices 
and MENQOL scores before and after treat-
ment in the two groups.

Secondary outcome measures: Adverse effects 
in the two groups and pregnancy rate within 1 
year.

Statistical analysis

SPSS software version 23.0 (SPSS, Inc., 
Chicago, IL, USA) was used for the data statisti-
cal analysis. The counting data was expressed 
as the number of cases (percentage) (n, %), fol-
lowed by Chi-square test with two-sided 
α=0.05. For the quantitative data that followed 
normal distribution, the age and disease course 
were expressed as the mean (range). Serum 
hormone levels were expressed as mean ± 
standard deviation (

_
x  ± sd), and independent 

sample t test was conducted for the compari-
son between groups, whereas paired t test was 
carried out for the comparison before and after 
treatment within the same group with two-sid-
ed α=0.05. P<0.05 indicated the statistically 
significant difference.
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Results

Baseline data

Enrolled patients were all female, 20-39 years 
old, with the shortest course of disease being 5 
months and the longest being 5.5 years. There 
were no significant differences regarding the 
average age, average disease course, and 
serum hormone levels at admission between 
the two groups of patients (all P>0.05). See 
Table 1.

Hormone levels were more significantly im-
proved in the test group

Before treatment, there were no significant dif-
ferences in terms of the levels of FSH, LH, E2 
and AMH between the two groups of patients 
(all P>0.05). After treatment, the levels of FSH 
and LH in the two groups were notably lower 
than those of before treatment (both P<0.01), 
while the levels of E2 and AMH were consider-
ably higher than those of before treatment 
(both P<0.01). Additionally, compared with the 
control group, the levels of FSH (Figure 1A) and 

Figure 1. Hormone levels of the two groups of patients before and after treatment. A: The comparison of FSH 
levels between the test group and the control group before and after treatment; B: The comparison of LH levels 
between the test group and the control group before and after treatment; C: The comparison of E2 levels between 
the test group and the control group before and after treatment; D: The comparison of AMH levels between the test 
group and the control group before and after treatment. Compared before treatment within the group, **P<0.01, 
***P<0.001; compared with the control group after treatment, ###P<0.001. FSH: follicle stimulating hormone; LH: 
luteinizing hormone; E2: estradiol; AMH: anti-Mullerian hormone.
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LH (Figure 1B) were significantly lower (all 
P<0.001), and the levels of E2 (Figure 1C) and 
AMH (Figure 1D) were significantly higher (all 
P<0.001) after treatment in the test group.

Indices of ovarian function were more signifi-
cantly improved in the test group

The results of ovarian function-related indices 
of the two groups demonstrated that there 
were no significant differences in terms of AFC, 
OVD, and ovarian stroma RI between the two 
groups of patients before treatment (all 
P>0.05). After treatment, AFC and OVD in both 
groups were significantly higher than those of 
before treatment (both P<0.01), while ovarian 
stroma RI was significantly reduced (P<0.05; 
Figure 2). Compared with the control group, the 
AFC (Figure 2A) and OVD (Figure 2B) showed 
more significant increase (both P<0.001), and 
the ovarian stroma RI (Figure 2C) revealed 

more significant decrease after treatment in 
the test group (P<0.001).

We further analyzed the differences in the lev-
els of E2 and progesterone in the mid-luteal 
phase between the two groups. Compared with 
the control group, the E2 and progesterone lev-
els in the mid-luteal phase of the test group 
were considerably increased in the test group 
(both P<0.001). See Table 2.

The clinical symptoms and QOL were more 
significantly improved in the test group

Compared before treatment, the Kupperman 
indices of the two groups were significantly 
reduced after 3 and 6 months’ treatment (all 
P<0.001). Compared with the control group, 
the Kupperman indices of the test group were 
significantly decreased after 3 and 6 months’ 
treatment (P<0.01 or 0.001; Figure 3). Re- 

Figure 2. Ovarian function before and after treat-
ment in the two groups. A: The comparison of AFC 
between the test group and the control group be-
fore and after treatment; B: The comparison of 
OVD between the test group and the control group 
before and after treatment; C: The comparison of 
RI between the test group and the control group 
before and after treatment. Compared before 
treatment with the group, *P<0.05, **P<0.01, 
***P<0.001; compared with the control group after 
treatment, ###P<0.001. AFC: antral follicle count; 
OVD: ovarian diameter; RI: resistance index.
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garding QOL, there were no significant differ-
ences in terms of MENQOL scores between the 
two groups before treatment (P>0.05). After 
treatment, MENQOL scores of the two groups 
were significantly lower than those of before 
treatment (all P<0.001). Compared with the 
control group, the MENQOL score of the test 
group was significantly decreased after treat-
ment (P<0.001). In addition, the difference 
regarding MENQOL scores before and after 
treatment in the test group was significantly 
greater than that of the control group 
(21.85±4.64 vs. 10.36±5.03) (P<0.001). See 
Table 3.

Adverse effects and pregnancy rate within 1 
year

During the treatment 2 cases of nausea and 
vomiting (5.00%) and 3 cases of breast pain 

(7.50%) were observed in the control group, 
which, however, were both recovered without 
additional treatment. No adverse effects were 
observed in the test group. There were no sta-
tistical differences regarding adverse effects 
between the two groups (P>0.05). Within 1  
year of follow-up, 19 patients in the test group 
were successfully pregnant with a pregnancy 
rate of 47.50%; 10 patients in the control group 
were successfully pregnant with a rate of 
25.00%. Compared with the control group, the 
pregnancy rate was significantly increased in 
the test group (P=0.036).

Discussion

Similar to the hormone sequential therapy, kid-
ney-tonifying via TCM sequential therapy 
applies “Zhuyun Tang” from the 5th to 15th day 
of the menstrual cycle and “Guchong Tang” for 
the rest 12 days. Zhuyun Tang is composed of 
12 TCM ingredients including Semen cuscutae, 
Fructus lycii, Angelica biserrata etc., which can 
effectively promote the growth of the endome-
trium and follicle development. Based on the 
characteristics of menstrual cycle, Guchong 
Tang modifies constituents on the basis of 
Zhuyun Tang by adding Fructus ligustri lucidi, 
Eclipta prostrata, and Rhizoma dioscoreae, 
which can effectively promote ovarian ovula-
tion and maintain corpus luteum function. In 
this study, we have performed a prospective 
and randomized controlled research to investi-
gate the effects and differences of sequential 
therapy for kidney-tonifying via TCM and 
sequential treatment of artificial menstrual 
cycle via the administration of estrogen and 
progesterone on the treatment of DOR and 
their impact on the QOL of patients.

Our results demonstrate that sequential thera-
py for kidney-tonifying via TCM could further 
improve sex hormone levels and ovarian 
reserve in women with DOR. Compared with 
the control group, serum FSH and LH levels are 
significantly reduced after treatment in the  
test group, while E2 and AMH levels are signifi-
cantly upregulated. Previous studies have also 
shown that the treatment through kidney-toni-
fying TCM can effectively regulate the level of 
sex hormones in women with irregular menstru-
ation and infertility [19, 20]. The ultrasound 
examination has revealed that AFC and OVD in 
the test group are more significantly increased 

Table 2. The levels of E2 and progesterone in the 
mid-luteal phase of the two groups of patients  
(
_
x  ± sd)

Group
Mid-luteal 
phase E2 
(pmol/L)

Mid-luteal phase 
progesterone 

(nmol/L)
Test group (n=40) 170.64±22.79 43.18±9.05
Control group (n=40) 128.42±18.17 34.06±8.24
T score 9.161 4.713
P value <0.001 <0.001
Note: E2: estradiol.

Figure 3. Kupperman scores before and after treat-
ment in the two groups. Compared with before treat-
ment, ***P<0.001; compared with the control group 
after treatment, ##P<0.01; ###P<0.001.
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than those of the control group, which clearly 
reflects the significant improvement of ovarian 
function in patients with DOR by the sequential 
treatment for kidney-tonifying via TCM. We pro-
pose that compared with hormone therapy, the 
advantage of sequential therapy for kidney-
tonifying via TCM is that this approach func-
tions by recuperating the body of DOR patients 
inwardly. Different from the replacement effect 
of the hormone therapy, kidney-tonifying TCM 
regulates sex hormones by adjusting and 
improving the function of patients’ own hypo-
thalamic-pituitary-ovarian axis [21, 22]. At the 
same time, a study has reported that kidney-
tonifying TCM can also upregulate the expres-
sion of hormone receptors, which may help 
improve the response of ovarian tissue [23]. In 
addition, a variety of blood-activating compo-
nents in kidney-tonifying TCM can improve the 
pelvic blood microcirculation, which increases 
the blood supply to the ovaries and uterus and 
maintains their normal physiological functions 
[24, 25].

By comparing the Kupperman indices of the 
two groups after 3 and 6 months’ treatment, 
we have demonstrated that the Kupperman 
index of the control group has not been 
improved but increased after the medication 
withdrawn, which has also been confirmed by 
other studies [26, 27]. In contrast, the 
Kupperman index has been improved in the 
test group 3 months after the medication with-
drawn. This data suggests that sequential ther-
apy for kidney-tonifying via TCM can effectively 
prevent the recurrence of this disease after 
hormone replacement therapy is ceased, but 
its specific mode of action still needs to be fur-
ther investigated. Compared with the control 
group, the MENQOL score has also been signifi-
cantly improved in the test group and no 
adverse effects are observed, which indicates 

et al. have also elucidated that the upregulation 
of E2 levels in the middle and late stages of the 
corpus luteum indicates a higher pregnancy 
rate [28]. In this study, we have evaluated the 
E2 and progesterone levels in the mid-luteal 
phase and pregnancy rate within 1 year after 
treatment. Compared with the control group, 
the E2 and progesterone levels in the mid-lute-
al phase are significantly increased in the test 
group, suggesting a higher ovulation quality in 
the test group. Meanwhile, the pregnancy rate 
within 1 year in the test group has also been 
shown significantly higher than that in the con-
trol group (47.50% vs. 25.00%). This result fur-
ther suggests that sequential treatment for 
kidney-tonifying via TCM can effectively improve 
the quality of ovulation and increase the preg-
nancy rate of DOR patients.

There are some limitations in this study. For 
example, the follow-up time is short, which 
does not cover the effect of the kidney-tonifying 
TCM treatment on patients’ long-term outcome; 
this study does not further explore the specific 
mechanism of this sequential treatment strat-
egy on patients’ hormone induction and ovari-
an function. These aspects are worthy of fur-
ther investigations. In addition, in terms of 
pregnancy rate, the fertility of males has not 
been evaluated, which may bias the results of 
the pregnancy rate of the two groups.

In summary, this study has demonstrated that 
the sequential therapy for kidney-tonifying via 
TCM can effectively improve the level of sex 
hormones and ovarian function, increase the 
fertility, and restore a higher pregnancy rate in 
patients with DOR, which, at the same time, 
could effectively improve the QOL of DOR 
patients in the long run. Sequential therapy for 
kidney-tonifying via TCM may provide an ideal 
treatment alternative for DOR patients.

Table 3. The QOL of two groups of patients (
_
x  ± sd)

Group Case
MENQOL

Before  
treatment

After  
treatment Difference

Test group 40 72.45±13.61 50.15±10.35*** 21.85±4.64
Control group 40 73.21±15.58 62.33±11.76*** 10.36±5.03
T score 0.232 4.917 10.619
P value 0.817 <0.001 <0.001
Note: Compared before treatment with the group, ***P<0.001. MENQOL: 
Menopause-specific quality of life questionnaire; QOL: quality of life.

that the sequential treatment for 
kidney-tonifying via TCM can effec-
tively improve the clinical symptoms 
and QOL of DOR patients.

In clinical practice, most DOR 
patients not only seek help to 
improve their QOL, but many 
patients want to achieve or retrieve 
better reproductive function. E2 
and progesterone levels in the mid-
luteal phase are major evaluation 
indices of ovulation quality. Ganesh 
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