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Background: Insulin resistance (IR) may adversely impact the in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) 
outcomes. However, the association of IR with ovarian sensitivity during controlled ovarian hyperstimulation (COH) remains 
controversial.
Purpose: We aimed to explore the association between homeostasis model assessment of insulin resistance (HOMA-IR) and ovarian 
sensitivity index (OSI).
Patients and Methods: In this retrospective cohort study, 7836 patients aged between 20 and 39 years with good ovarian reserve 
were included consecutively between June 2018 and May 2022. HOMA-IR was calculated to evaluate the degree of IR and OSI was 
used to measure ovarian sensitivity. Owing to skewed distribution, HOMA-IR and OSI were log e transformed to Ln HOMA-IR and 
Ln OSI. Smoothing splines were generated by generalized additive models to explore the correlation between Ln HOMA-IR and Ln 
OSI. Then, the relationship between Ln HOMA-IR and Ln OSI was tested with multivariable linear regression model after adjustments 
for the potential confounders.
Results: We observed negative association between Ln HOMA-IR and Ln OSI after adjustment for potential confounders by using 
smoothing spline fitting curves in generalized additive model. In the multivariable linear regression model, after full adjustments, each 
one unit increase in Ln HOMA-IR was related to reduced Ln OSI values (β = −0.12, 95% CI, −0.15, −0.09). As sensitivity analysis, 
those who had HOMA-IR of quartile 3 (HOMA-IR 2.33–3.43) and quartile 4 (HOMA-IR ≥3.43) had decreases in Ln OSI values (β = 
−0.07, 95% CI −0.11, −0.03 and β = −0.18, 95% CI −0.22, −0.13, respectively) when compared with patients in the quartile 1 
(HOMA-IR <1.63). Furthermore, stratified and interaction analysis showed a strong inverse association of Ln HOMA-IR with Ln OSI 
in subgroups of PCOS patients and overweight/obese populations (P-value for interaction <0.0001).
Conclusion: HOMA-IR value was negatively associated with the ovarian sensitivity assessed by OSI. Among the PCOS and 
overweight/obese populations, this inverse relationship may be strong. These findings will increase the understanding of the 
contribution of IR to the development of decreased ovarian sensitivity within the assisted reproductive technology (ART) setting. It 
may have implications for optimizing gonadotropin dose manipulation in patients with IR undergoing IVF/ICSI.
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Introduction
Insulin resistance (IR) refers to an impairment in insulin-mediated control of glucose homeostasis, which is characterized 
by hyperinsulinemia and defective response of target cells or a whole organism to the insulin exposure.1,2 IR is associated 
with metabolic syndrome, cardiovascular disease, and typically type 2 diabetes.3–6 Sub-fertile women with polycystic 
ovary syndrome (PCOS) had higher levels of fasting insulin, and the resultant hyperinsulinemia plays a role in the 
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pathogenesis of reproductive disorders.7–9 IR is also encountered in various conditions, such as obesity and sedentary 
lifestyle, which frequently exist in infertile women, suggesting a pathogenic role of IR even in non-PCOS patients.10–12 

Moreover, IR may adversely impact the in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) 
outcomes.13

In the setting of IVF and ICSI, the homeostasis model assessment of IR (HOMA-IR) has been widely used as an 
important surrogate measure of IR. Direct, dynamic methods for measuring IR are accurate but inconvenient for clinical 
practice in large populations.14 Currently, HOMA-IR is suggested to be associated with IVF/ICSI outcomes in infertile 
patients undergoing IVF/ICSI cycles.15 It is reported that, in non PCOS and PCOS women, clinical pregnancy rate in 
IVF/ICSI was decreased as the HOMA-IR increased.16

Ovarian response is one of the cornerstones of IVF success.17 In the literature, poor ovarian responses (POR) are 
reported in 9−24% of all IVF cycles.18 The ovarian response to controlled ovarian hyperstimulation (COH) during IVF is 
often difficult to predict and dependent on multiple factors such as age, body mass index (BMI), ovarian reserve and 
endocrinopathy.19–22 Ovarian sensitivity to gonadotropin (Gn) may play a determinant role on ovarian response and 
appears as a key element to improve IVF success.23 Ovarian sensitivity index (OSI) has been suggested as an evaluation 
of ovarian sensitivity in IVF procedure, which could reflect the potential of follicles to produce oocytes in response to 
exogenous Gn stimulation.24,25 The OSI improves the definition of ovarian response patterns. For instance, among young 
women, OSI showed a log-normal distribution with levels for poor and high response at 1.697 and 10.07, respectively.25 

Among older women, an OSI higher than 0.83 was associated with greater odds of pregnancy.26 In general population, 
the OSI of more than 1.59 was associated with a significantly higher clinical pregnancy rate.27

The relationship of IR with ovarian sensitivity is still controversial. In non-PCOS women, it is suggested that the 
higher level of IR and androgen can positively affect short-term follicle development and benefit responses to exogenous 
Gn stimulation.28 In contrast, some researchers showed that, in non-PCOS women, IR is associated with the decreased 
percentage of mature eggs and poor embryo quality.29 In PCOS women, it was demonstrated that basal insulin level does 
not correlate with ovarian response to Gn administration.30 On the contrary, a previous study showed PCOS women with 
IR required more Gn and a longer time to achieve follicular maturation.31

To sum up, the available studies failed to draw firm conclusions in the relationship between IR and ovarian sensitivity 
in infertile individuals undergoing IVF/ICSI cycles. Indeed, the validation of association between IR and ovarian 
sensitivity is not a minor issue. Early identification of patients with decreased ovarian sensitivity may be of importance 
in an attempt to prevent the future development of POR during COH. Therefore, the present study was undertaken to 
investigate the relationship between HOMA-IR and OSI in a relatively large cohort of young population with or without 
PCOS in different BMI categories. We hypothesized that IR is negatively associated with ovarian sensitivity in infertile 
women undergoing IVF/ICSI. Findings from the present study may provide deeper insights to elucidate the link between 
IR and ovarian sensitivity.

Materials and Methods
Patients
This study was a retrospective cohort analysis. All individuals who received their first complete oocyte pickup cycles 
between June 2018 and May 2022 were consecutively included in the analysis at reproductive medical center of Henan 
Provincial People’s Hospital, China. We included individuals aged between 20 and 39 years with body mass index (BMI) 
of ≥18.5 kg/m2 who underwent a standard Gonadotropin releasing hormone (GnRH) agonist or GnRH antagonist 
protocols in the first IVF/ICSI treatment cycle with complete data on ovarian reserve and insulin resistance, including 
anti-mullerian hormone (AMH), antral follicle count (AFC), fasting plasma glucose (FPG), fasting serum insulin (FINS).

The exclusion criteria were as follows: women with poor ovarian reserve (AMH < 1.2 ng/mL or AFC < 5), diabetes 
mellitus, hyperprolactinemia, untreated thyroid dysfunction, congenital adrenal hyperplasia, or had a history of ovar-
iectomy and hypoglycemic medications within three months before undergoing the assisted reproductive technology 
(ART); other severe systemic diseases, such as prethrombotic conditions, autoimmune diseases and malignant tumor. 
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Moreover, cycle canceling, oocyte freezing, cycles of oocyte donation and preimplantation genetic testing (PGT) were 
also excluded.

The primary objective was to study the association between HOMA-IR and OSI in general populations. The 
secondary objective was to analyze the relationship between HOMA-IR and OSI in stratification analysis. This study 
was approved by the Ethics Committee of the Henan Provincial People’s Hospital (No. 2022139). The need for 
individual consent was waived by the committee due to the retrospective character of the study. The study was conducted 
in accordance with the Helsinki Declaration, and patients’ records were anonymized prior to analysis.

HOMA-IR and Ovarian Sensitivity Index (OSI) Calculation
Patients’ characteristics of interest (including age, BMI, infertility type and duration, infertility factors, AFC, AMH, basal 
follicle stimulating hormone (FSH), FINS, FPG), and COH characteristics (protocols, initial and total dose of Gn, 
duration of Gn, dominant follicle count and endometrium thickness on the trigger day, retrieved oocytes, metaphase II 
(MII) oocytes and embryos) were retrospectively collected from medical records. HOMA-IR and OSI were assessed by 
formula as follows: HOMA-IR = FBG (mmol/L) × FINS (μU/mL)/22.5;32 OSI = [(Number of retrieved oocytes/Total 
gonadotropin dose) × 1000];25 PCOS was diagnosed according to the Rotterdam Consensus criteria (2 out of 3) as 
follows: 1) oligo- or anovulation; 2) clinical and/or biochemical signs of hyperandrogenism; and 3) polycystic ovaries 
and exclusion of other etiologies (congenital adrenal hyperplasia, androgen secreting tumors, Cushing’s syndrome).33 

BMI was calculated according to the formula, weight (kg)/height (m)2.

FPG and FINS Measurement
All baseline blood sampling including FSH, total testosterone (TT), estradiol, luteinizing hormone (LH), total testoster-
one (T) and prolactin (PRL) were done during cycle day 2–4 of the menstrual cycle. Fasted blood samples were collected 
to measure biochemical markers, including insulin, glucose and thyroid-stimulating hormone (TSH). The inter-assay 
laboratory coefficient of variation (CV) of FPG testing was lower than 3.5%, which was detected by 
ADVIA2400ChemistrySystem (ADVIA 2400, SIEMENS, Germany). FINS concentration was determined by the elec-
tro-chemiluminescence immunoassay method (CV < 3.2%) on the fully automatic chemiluminescence immunoassay 
analyzer (Cobas 8000 e602; Roche Diagnostics GmbH, Mannheim, Germany) in the laboratory of the Department of 
Reproductive Endocrinology at Henan Provincial People’s Hospital. Our laboratory is checked for qualification by the 
External Quality Assessment of Clinical Laboratory Center annually (Ministry of Health of the People’s Republic of 
China, Beijing, China).

Ovarian Stimulation Protocol
The COH protocols were individualized according to women’s age and ovarian reserve with dose step-up regimen in the 
stimulation phase of Gn treatment. In short-acting GnRH agonist protocol, subcutaneously injected 0.1 mg triptorelin was 
scheduled for patients from the 6th-8th day after ovulation to the 14th-18th day after ovulation until sufficient down-
regulation of the pituitary was achieved. After that, exogenous Gn and 0.05 mg triptorelin were administered simulta-
neously until the day of human chorionic gonadotropin (HCG) triggering. In the long-acting GnRH agonist protocol, 
patients received a single dose of triptorelin acetate (Diphereline; 3.75mg) on day 2–4 of the menstrual cycle. If 
downregulation of the pituitary was satisfactory after 30–35 days, exogenous Gn was injected to initiate the cycle. In 
the GnRH antagonist protocol, Gn was administrated on the 2–3 days of the menstrual cycle, and GnRH antagonist 
(Cetrotide; 0.25 mg) was added daily from day six to seven of stimulation until the day of HCG triggering. High-quality 
embryos meant day 3 embryos that reached 6 to 8 cell stage with cytoplasmic fragmentation less than 10% and equal size 
blastomeres. Follicles of ≥16 mm diameter were defined as dominant follicles. Retrieved mature oocytes were classified 
into MII oocytes.

Statistical Analyses
Owing to skewed distribution, the HOMA-IR and OSI values were log e transformed to Ln HOMA-IR and Ln OSI. 
Continuous variables are presented as the means ± standard deviations, whereas categorical variables are expressed as 
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frequencies and percentages. For patient demographics and clinical characteristics, the differences between the HOMA- 
IR quartile groups were compared using the one-way analysis of variance (normal distribution), Kruskal–Wallis test 
(skewed distribution) for continuous variables and Pearson’s chi-squared test, or Fisher’s exact test for the categorical 
variables. Multiple comparison posttest was conducted by using Bonferroni correction.

The association of Ln HOMA-IR with Ln OSI was fitted and presented as smoothing splines which was generated by 
generalized additive model (GAM) after adjustments for age, BMI, AFC, AMH, initial Gn dose, basal FSH, infertility 
type, PCOS diagnosis and COH protocol.

The Ln HOMA-IR was treated as a continuous independent variable and the association between Ln HOMA-IR and 
Ln OSI was estimated using multivariable linear regression models including the non-adjusted model, adjusted model I 
(only age, BMI, AFC, AMH and initial Gn dose were adjusted), and fully adjusted model II (age, BMI, AFC, AMH, 
initial Gn dose, basal FSH, infertility type, PCOS diagnosis and COH protocol were adjusted). HOMA-IR was then 
divided into quartiles and treated as a categorical variable, with the lowest quartile used as the reference. We performed 
linear trend tests by entering the median value of each HOMA-IR category as a continuous variable in the models. These 
results are presented as regression coefficient (β) and 95% confidence intervals (CI).

Stratified analysis was performed for examination of the association of Ln HOMA-IR with Ln OSI in the strata of 
PCOS, age, BMI, COH protocol. Next, we use Log likelihood ratio test to obtain a P-value for interaction for examining 
statistical significance of the difference in each subgroup.

Statistical analysis was undertaken by using software packages R (http://www.R-project.org, the R Foundation) and 
Empower (R) (www.empowerstats.com; X&Y Solutions, Inc., Boston, MA). A two-tailed P-value <0.05 was considered 
statistically significant.

Results
Patient Disposition
A total of 16,297 medical records of first oocyte retrieval cycles between June 2018 and May 2022 were screened and 
7836 IVF/ICSI cycles were finally included in the analysis (Figure 1).

Demographic and Clinical Characteristics
Baseline characteristics of all subjects and the four groups classified by HOMA-IR quartiles are shown in Table 1. There 
was an increase in HOMA-IR levels across Q1 to Q4 groups, which were the lowest in Q1 group and highest in Q4 
group. The Q4 and Q3 groups demonstrated lower levels for the average age, basal FSH level, number of retrieved 
oocytes, number of oocytes in metaphase II, number of viable embryos, number of high-quality embryos and OSI. 
Compared with Q1, levels of BMI, infertility duration, AMH, AFC, FINS, FPG, HOMA-IR, initial Gn dose, total Gn 
dose and Gn duration were significantly higher in Q4 group (Supplementary Figure S1). With regard to the infertility 
factors, Q4 group had the higher percentages of PCOS, followed by Q3 patients, and Q1 patients had the lowest 
(Supplementary Figure S2). Besides, no significant difference was detected for COH protocols, dominant follicle count 
and endometrium thickness on trigger day (P > 0.05).

Relationships Between HOMA-IR and OSI
The data distribution of HOMA-IR and OSI was strongly skewed. Thus, we performed log e transformation (Ln HOMA- 
IR and Ln OSI) before analysis. First, we observed negative associations between Ln HOMA-IR and Ln OSI after 
adjustment for potential confounders by using smoothing spline fitting curves in generalized additive model (Figure 2). 
Then, a multivariable linear regression model was performed to analyze the association of Ln HOMA-IR with Ln OSI 
levels. In addition, we performed sensitivity analysis where HOMA-IR was divided into four groups based on quartiles.

As displayed in Table 2, univariable linear regression analysis showed that, the level of Ln HOMA-IR was negatively 
associated with Ln OSI level (β = −0.18, 95% CI −0.21, −0.16, P < 0.0001). The relationship remained statistically 
significant after adjusting for potential confounders, as shown in model I (β = −0.09, 95% CI −0.12, −0.07, P < 0.001) 
and model II (β = −0.12, 95% CI −0.15, −0.09, P < 0.001) by multivariable linear regression analysis. As sensitivity 
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analysis, HOMA-IR was then divided into quartiles and treated as a categorical variable, with the lowest quartile used as 
the reference. When HOMA-IR was deemed as categorical variables by quartiles, a graded negative relationship was 
discovered across the quartile groups (P for trend <0.001). Compared with participants who had HOMA-IR in quartile 1 

Women's first oocyte retrieval cycles
from 06/2018 to 05/2022(n=16297)

Excluded cycles: 
1. Age at retrieval ≥ 40 y (n=1394) 
2. AMH < 1.2 ng/ml or AFC <5 (n=2869) 
3. BMI < 18.5 kg/m2 (n=832) 
4. Other COH protocols (n= 254) 
5. PGT and oocyte donation cycles (n=455) 
6. Diabetes and  hyperprolactinemia (n=82) 
7. Core data missing (n=2514)

First eligible cycles  
(n=7897)

Cancling oocyte retrieval (n=61) 
     Personal reason (n=45) 
     Pregnancy (n=10) 
     Follicular atrophy (n=4) 
     Premature ovulation (n=2)

Final cycles included
(n=7836)

Figure 1 Flowchart of data collection process. 
Abbreviations: AMH, anti-mullerian hormone; AFC, antral follicle count; BMI, body mass index; COH, controlled ovarian hyperstimulation; PGT, preimplantation genetic 
testing.

Table 1 The Clinical Parameters of the Study Population

Variables Groups of Cycles According to the Quartiles of HOMA-IR P-valuea

Q1 (<1.63) Q2 (1.63–2.33) Q3 (2.33–3.43) Q4 (≥ 3.43)

Number 1959 1959 1959 1959

Age (y) 31.09 ± 3.70 30.35 ± 3.84 30.10 ± 3.83 29.55 ± 4.05 <0.001

BMI (kg/m2) 21.68 ± 2.45 22.64 ± 2.70 23.91 ± 3.10 26.47 ± 3.71 <0.001

Infertile duration (y) 3.47 ± 2.65 3.45 ± 2.56 3.59 ± 2.49 3.75 ± 2.62 <0.001

Primary infertility 1009 (51.51%) 1010 (51.56%) 1057 (53.96%) 1138 (58.09%) <0.001

Infertility factor

PCOS 205 (10.46%) 288 (14.70%) 356 (18.17%) 592 (30.22%) <0.001
Tubal factor 1030 (52.58%) 1053 (53.75%) 1003 (51.20%) 875 (44.67%) <0.001

Male factor 476 (24.30%) 403 (20.57%) 420 (21.44%) 328 (16.74%) <0.001

Endometriosis 96 (4.90%) 88 (4.49%) 69 (3.52%) 47 (2.40%) <0.001
Uterine factor 25 (1.28%) 28 (1.43%) 17 (0.87%) 19 (0.97%) 0.311

Unexplained 127 (6.48%) 99 (5.05%) 94 (4.80%) 98 (5.00%) 0.073

(Continued)
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(HOMA-IR <1.63), those with HOMA-IR in quartile 3 (HOMA-IR 2.33–3.43) and quartile 4 (HOMA-IR ≥3.43) had 
lower Ln OSI (β = −0.10, 95% CI −0.15, −0.06, P < 0.0001 and β = −0.27, 95% CI −0.31, −0.22, P < 0.0001, 
respectively). After adjusting for the potential confounders, the Ln OSI remained significantly lower in quartile 3 and 
quartile 4 compared with quartile 1, as shown in model I (β = −0.04, 95% CI −0.08, −0.00, P = 0.0358 and β = −0.14, 
95% CI −0.19, −0.10, P < 0.0001, respectively) and model II (β = −0.07, 95% CI −0.11, −0.03, P = 0.0007 and β = 
−0.18, 95% CI −0.22, −0.13, P < 0.0001, respectively).

Subgroups Analysis and Effect Modification
Subgroup analysis was performed to explore whether the other variables including PCOS status, age, BMI and COH 
protocol, tubal factor and male factors might influence the relationship between HOMA-IR and OSI. Factors of age and 
BMI were stratified according to the clinical cutoff point.34 As presented in Table 3, the negative association between Ln 
HOMA-IR and Ln OSI was consistent in all stratification subgroups, tested by multivariate linear regression analysis.

We further conducted interaction analysis by Log likelihood ratio test to assess whether the stratifications of PCOS, 
age, BMI and COH protocol would modify the relationship between Ln HOMA-IR and Ln OSI. Subsequent results 
showed stratification of PCOS and BMI modified the association of Ln HOMA-IR and Ln OSI (PCOS vs non-PCOS, P- 
value for interaction <0.0001). That is to say, among women with PCOS or overweight/obese, the adverse association of 
Ln HOMA-IR on Ln OSI was strong (P-value for interaction <0.0001). No other interactions were observed in subgroups 

Table 1 (Continued). 

Variables Groups of Cycles According to the Quartiles of HOMA-IR P-valuea

Q1 (<1.63) Q2 (1.63–2.33) Q3 (2.33–3.43) Q4 (≥ 3.43)

AMH (ng/mL) 4.24 ± 3.10 4.55 ± 3.32 4.52 ± 3.21 4.94 ± 3.44 <0.001

AFC 14.67 ± 5.39 15.37 ± 5.70 15.94 ± 5.86 17.98 ± 6.19 <0.001

Base FSH (mIU/mL) 6.54 ± 1.81 6.30 ± 1.72 6.17 ± 1.64 5.85 ± 1.53 <0.001

FINS (μU/mL) 5.86 ± 1.47 9.35 ± 1.24 13.06 ± 1.82 23.32 ± 10.29 <0.001

FPG (mmol/l) 4.61 ± 0.42 4.78 ± 0.44 4.89 ± 0.45 5.10 ± 0.51 <0.001

HOMA-IR 1.20 ± 0.29 1.97 ± 0.21 2.82 ± 0.31 5.28 ± 2.48 <0.001

GnRH agonist protocol 1606 (81.98%) 1644 (83.92%) 1618 (82.59%) 1658 (84.64%) 0.102

Initial Gn dose (IU) 152.09 ± 49.52 149.45 ± 45.06 154.06 ± 46.71 157.62 ± 46.67 <0.001

Total Gn dose (IU) 2054.60 ± 804.41 2033.60 ± 797.21 2171.02 ± 884.05 2487.81 ± 1097.77 <0.001

Duration of Gn (d) 10.83 ± 2.36 10.80 ± 2.47 11.03 ± 2.73 11.88 ± 3.16 <0.001

Dominant follicle count 7.70 ± 3.81 7.66 ± 3.80 7.57 ± 4.00 7.68 ± 4.04 0.391

Endometrium thickness (mm) 11.11 ± 2.67 11.17 ± 2.68 11.19 ± 2.76 11.14 ± 2.70 0.912

Retrieved oocytes 12.53 ± 6.35 12.47 ± 6.61 12.16 ± 6.63 11.72 ± 6.53 <0.001

MII oocytes 10.46 ± 5.65 10.44 ± 5.90 10.19 ± 5.89 9.80 ± 5.86 <0.001

No. of embryos 6.20 ± 4.09 6.12 ± 4.18 6.04 ± 4.13 5.72 ± 4.07 <0.001

High-quality Embryos’ no. 3.41 ± 2.96 3.40 ± 3.03 3.40 ± 3.03 3.22 ± 2.99 0.029

OSI 7.20 ± 5.08 7.25 ± 5.38 6.64 ± 4.99 5.68 ± 4.38 <0.001

Note: aA two-tailed P-value < 0.05 was considered statistically significant. 
Abbreviations: HOMA-IR, homeostatic model assessment of insulin resistance; BMI, body mass index; PCOS, polycystic ovary syndrome; AMH, anti- 
mullerian hormone; AFC, antral follicle count; FSH, follicle-stimulating hormone; FINS, fasting serum insulin; FPG, fasting plasma glucose; COH, controlled 
ovarian hyperstimulation; GnRH, gonadotropin-releasing hormone; Gn, gonadotropin; MII, metaphase II; OSI, ovarian sensitivity index.
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of age (<35 y vs ≥35 y, P-value for interaction = 0.0798), tubal factor (with tubal factor vs without tubal factor, P-value 
for interaction = 0.6371), male factor (with male factor vs without male factor, P-value for interaction = 0.5504) and 
COH protocol (GnRH agonist protocol vs GnRH antagonist protocol, P-value for interaction = 0.1935) (Table 3).

Discussion
Early identification of individuals with decreased ovarian sensitivity in the ART attempt has always been important 
because it may affect clinical decision-making. Although IR is a well-established phenomenon associated with different 
morbidities, the relationship of IR with ovarian sensitivity has been controversial. In this study, we assessed the 
associations of IR evaluated by HOMA-IR with ovarian sensitivity based on OSI in women of reproductive age 

Figure 2 Association between Ln HOMA-IR and Ln OSI. All adjusted for age, BMI, AMH, AFC, initial Gn dose, basal FSH, PCOS, COH protocol, infertility type. Red line 
represents the smooth curve fit between variables and the blue dotted curves represents the 95% of confidence interval.

Table 2 Association of Ln HOMA-IR with Ln OSI

Variables Crude Model Adjusted Model Ia Adjusted Model IIb

Ln HOMA-IR β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value

Continuous −0.18 (−0.21, −0.16) <0.0001 −0.09 (−0.12, −0.07) <0.0001 −0.12 (−0.15, −0.09) <0.0001
Categories

Quartile 1 0 (reference) 0 (reference) 0 (reference)

Quartile 2 −0.00 (−0.05, 0.04) 0.8995 −0.00 (−0.04, 0.04) 0.9460 −0.02 (−0.06, 0.02) 0.4078
Quartile 3 −0.10 (−0.15, −0.06) <0.0001 −0.04 (−0.08, −0.00) 0.0358 −0.07 (−0.11, −0.03) 0.0007

Quartile 4 −0.27 (−0.31, −0.22) <0.0001 −0.14 (−0.19, −0.10) <0.0001 −0.18 (−0.22, −0.13) <0.0001

P for trend < 0.001 < 0.001 < 0.001

Notes: aAdjusted: age, BMI, AMH, AFC, initial Gn dose. bAdjusted: age, BMI, AMH, AFC, initial Gn dose, basal FSH, PCOS, COH protocol, infertility type. 
Abbreviations: HOMA-IR, homeostatic model assessment of insulin resistance; Ln, log e transformation; β, regression coefficient; CI, confidence interval.
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undergoing IVF/ICSI. Our results showed that the rise in HOMA-IR value was related to the decrease of OSI after 
adjusting for the potential confounders.

OSI was associated with markers of ovarian reserve currently used, such as AFC and AMH.35 It has been considered 
that, although both the number of oocytes retrieved and the total gonadotrophin dose are important measures of ovarian 
responsiveness, a ratio of them, OSI is a better representation of ovarian responsiveness rather than either parameter on 
its own.36 Previously, in a case–control study, Zheng et al reported that a limited number of PCOS patients with IR had 
lower OSI levels than that of PCOS individuals without IR undergoing ART.24 However, they found no statistical 
difference in OSI levels between the IR and non-IR groups in non-PCOS patients which was probably due to the small 
sample size. In our cohort study, the inverse relationship between HOMA-IR and OSI remained significant in all 
subgroups after careful adjustments, including the stratifications of age, BMI, COH protocol PCOS and other main 
infertility factors.

HOMA-IR is a measurement frequently used to assess insulin sensitivity and has high sensitivity and specificity for 
measuring insulin resistance.37 Many studies selected HOMA-IR of 2.5 as an indicator of IR based on the original study 
by Matthews et al.32 Similarly, our results indicated that those who had HOMA-IR of quartile 3 (HOMA-IR 2.33–3.43) 
and quartile 4 (HOMA-IR ≥3.43) had significant decreases in Ln OSI values. Thus, we suggested that IR may be 
negatively associated with ovarian sensitivity.

The pathophysiology mechanisms explaining the decreased ovarian sensitivity to Gn stimulation are not fully 
understood. Our findings provided evidence for the negative association of IR with the ovarian sensitivity. 
Physiologically, insulin may play an important role in the ovarian functional system and this may be involved in 
promoting the development of follicles.38 However, when IR is existed, it has been suggested that there is decreased 
follicle activity, increased oxidative stress and ovarian dysfunction.39,40

Table 3 Subgroup Analysis of the Relationship Between Ln HOMA-IR and Ln OSI

Subgroups Subjects n (%) Ln OSI P-value for  
Interactionb

β (95% CI) P-valuea

PCOS diagnosis < 0.0001

PCOS 1441 (18.39%) −0.18 (−0.26, −0.11) < 0.0001
Non-PCOS 6395 (81.61%) −0.10 (−0.13, −0.07) < 0.0001

Tubal 0.6371
Tubal factor 3961 (50.55%) −0.12 (−0.15, −0.08) < 0.0001

Non-tubal factor 3875 (49.45%) −0.13 (−0.17, −0.09) < 0.0001

Male 0.5504

Male factor 1627 (20.76%) −0.12 (−0.17, −0.06) < 0.0001

Non-male factor 6209 (79.24%) −0.12 (−0.16, −0.09) < 0.0001

Age (y) 0.0798

< 35 6721 (85.77%) −0.11 (−0.14, −0.08) < 0.0001
≥ 35 1115 (14.23%) −0.11 (−0.18, −0.04) 0.0032

BMI categories < 0.0001
Normal weight 3833 (48.92%) −0.06 (−0.10, −0.02) 0.0028

Overweight/obese 4003 (51.08%) −0.23 (−0.27, −0.19) < 0.0001

COH protocol 0.1935

GnRH agonist 6526 (83.28%) −0.11 (−0.14, −0.08) < 0.0001
GnRH antagonist 1310 (16.72%) −0.15 (−0.22, −0.08) < 0.0001

Notes: aMultivariate linear regression model: adjusted for age, BMI, AMH, AFC, initial Gn dose, basal FSH, PCOS status, 
COH protocol, infertility type. bLog likelihood ratio test to obtain a P-value for interaction in each subgroup. 
Abbreviations: OSI, ovarian sensitivity index; BMI, body weight index; PCOS, polycystic ovary syndrome; COH, 
controlled ovarian hyperstimulation; GnRH, gonadotropin releasing hormone; Ln, log e transformation; β, regression 
coefficient; CI, confidence interval.
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In addition, our study showed that the negative association between HOMA-IR and OSI was strong in PCOS patients 
and overweight/obese populations. IR is known to play a pivotal role in the pathogenesis of PCOS. Various studies have 
put estimates of IR and hyperinsulinemia at approximately 40% to 70% of women with PCOS.41–43 Several studies have 
reported that IR and hyperinsulinemia in women with PCOS have direct effects on oocyte maturation and ovulation.44,45 

De Leo et al showed that the response of the polycystic ovary to gonadotropin stimulation is rather slow.46 Additionally, 
as HOMA-IR and insulin levels increase, the maximum follicle diameter decreases in the group with PCOS patients.47 

Previous studies also demonstrated that overweight and obesity may impair the ovarian response to stimulation during 
IVF/ICSI treatment.48 Studies demonstrated obesity was associated with decreases in the number of retrieved oocytes.49– 

51 Reduced ovarian sensitivity to Gn in terms of weight gain of overweight and obese women was probably related to 
action of hyperinsulinemia, which can affect follicle growth and result in prolonged ovarian stimulation.12,52 Individuals 
with normal weight and insulin resistance are not uncommon.53 Our results showed that, even in subjects with normal 
weight, the negative association between HOMA-IR and OSI was still exist.

Therefore, we suggested that the initial or total dose of Gn could be increased appropriately when IR occurs 
considering for the possibility of reduced ovarian sensitivity. It helps clinicians for individualized COH management 
in the context of ovarian sensitivity. For instance, women with PCOS are usually given lowered dose of Gn in case of 
ovarian hyperstimulation syndrome (OHSS). Thus, some would become unexpected poor ovarian responders. In this 
regard, by taking into account the HOMA-IR levels and hence adjusting the gonadotropin dose in time, the value of OSI 
may be increased and the IVF outcome may be improved.

The major strengths of our study are the relatively large sample size and the use of OSI for evaluating ovarian 
sensitivity. In addition, we included patients with different BMI categories, including normal weight, overweight and 
obesity.54 Those with advanced age and poor ovarian reserve were excluded. One of the most important limitations of our 
single-center study is its retrospective design that does not allow us to establish causality for the observed association 
between HOMA-IR and OSI. Moreover, the Chinese ethnicity of our participants may preclude the generalizability of 
these findings to different ethnic groups. Another limitation of this study was the concern about sensitivity and accuracy 
of HOMA-IR to assess IR compared with the gold standard technique for measuring IR. However, due to convenience 
and cost-saving, HOMA-IR is considered, appropriate for large scale and epidemiological studies with cross-sectional 
design.55

Conclusion
In conclusion, HOMA-IR value was negatively associated with the decreased ovarian sensitivity assessed by OSI. 
Among the PCOS and overweight/obese populations, this inverse relationship may be strong. These findings will 
increase understanding of the contribution of IR to the development of decreased ovarian sensitivity within the ART 
setting. It may have implications for optimizing gonadotropin dose manipulation in patients with IR undergoing IVF/ 
ICSI. Further studies are required to corroborate these findings in other ethnic populations and to better understand the 
mechanistic links between IR and ovarian sensitivity.
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