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Abstract
Background Obesity and adverse lipid profile leads to female infertility. The cardiometabolic index (CMI) is a 
promising indicator for predicting obesity-related diseases. The correlation between CMI and female infertility merits 
further investigation.

Methods The data for this study were acquired from the 2013–2020 National Health and Nutrition Examination 
Survey (NHANES), with 2333 women enrolled. The cardiometabolic index (CMI) of each participant was calculated 
as the ratio of triglycerides and high-density lipoprotein cholesterol multiplied by waist-to-height ratio. Weighted 
multivariate logistic regression models were used to assess the independent correlation between the log-transformed 
CMI and infertility. Subgroup analyses were carried out to assess the reliability of the findings. Interaction tests were 
employed to determine whether variables affected infertility by interacting with log CMI.

Results A total of 2333 participants aged 18–45 years were enrolled, 274 of whom were infertile. Log CMI of the 
infertility group was significantly higher than that of the non-infertility group (P < 0.001). After adjustment for potential 
confounders, women with higher CMI were at an increased risk of infertility (OR = 2.411, 95% CI: 1.416–4.112), and 
this correlation was still consistent in subgroups aged under 35 years (P < 0.001). Furthermore, restricted cubic spline 
analysis showed a positive non-linear relationship between log CMI and infertility.

Conclusions Cardiometabolic index levels are positively correlated with increased risk of infertility in American 
females. Our study demonstrates the predictive capacity of CMI for female infertility.
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Introduction
Infertility is characterized by the inability to conceive 
after 12 months or more of consistent, unprotected 
sexual intercourse [1], impacting a onsiderable portion 
of the population. It has been reported that approxi-
mately  12.6% to 17.5% of couples in reproductive age 
have suffered from infertility globally [2]. As a worldwide 
public health concern, infertility not only imposes a huge 
economic burden, but also leads to severe psychological 
distress and social stigma for individuals.

Infertility can be caused by various factors, such as age, 
diet, psychological stress, and environmental pollution, 
among which, obesity has received a considerable atten-
tion due to its alarming rise worldwide. A great deal of 
research has been conducted on the negative association 
between obesity and reproductive outcomes [3–5]. Typi-
cal dyslipidemia in obesity is characterized by an adverse 
lipid profile, including elevated triglycerides (TG), free 
fatty acids (FFA), low-density lipoprotein cholesterol 
(LDL-C), and small dense LDL, as well as reduced high-
density lipoprotein cholesterol (HDL-C) levels with 
impaired HDL function [6–9]. Evidence from human 
studies indicated that abnormal lipid profiles such as ele-
vated total cholesterol, TG, LDL-C, and reduced HDL-C 
could lead to diminished fecundability, poorer oocyte 
quality, and impaired ovarian function [10, 11].

The cardiometabolic index (CMI), calculated by multi-
plying TG/HDL-C ratio by waist-to-height ratio (WHtR), 
was initially introduced by Wakabayashi et al. in 2015 
[12]. It was developed as an innovative diagnostic tool 
for identifying diabetes and for assessing the distribution 
and functional impairments of visceral adipose tissue. A 
growing number of studies have established a robust cor-
relation between CMI and cardiovascular disease, renal 
dysfunction, acute pancreatitis as well as adverse meta-
bolic profiles, suggesting that it may serve as a valuable 
predictor of metabolism-related disorders [13–18]. Con-
sidering the positive association between obesity, abnor-
mal lipid profiles, and female infertility, the potential role 
of CMI in diagnosing female infertility merits further 
investigation.

Hence, this study aimed to systematically examine the 
relationship between CMI and female infertility, and to 
evaluate the predictive efficacy of CMI for diagnosing 
female infertility.

Materials and methods
Data source
NHANES is a nationwide representative cross-sectional 
survey to assess and evaluate Americans’ health and 
nutritional status. Administered by the National Cen-
ter for Health Statistics (NCHS) at the Centers for Dis-
ease Control and Prevention (CDC), NHANES is based 
on questionnaires, physical examinations, household 

interviews, and laboratory testing. Multistage strati-
fied probability sampling is used in the study to ensure 
a highly representative sample. All participants have pro-
vided written informed consent in accordance with the 
NHANES protocols, which have been approved by the 
NCHS Research Ethics Review Board. Data used in this 
study is publicly available at  h t t  p s : /  / w w  w .  c d c . g o v / n c h s / n 
h a n e s     .  

Study population
The present study incorporated NHANES data from 
2013-2014, 2015-2016, 2017-2018 and 2019-2020. 
Women aged 18-45 years were enrolled (n = 6502); after 
the exclusion of missing data of CMI (n = 3191) or diag-
nosis of infertility (n = 978), 2333 participants were finally 
included in the analysis (Fig. 1).

Assessment of infertility
The infertility was derived from the responses to the 
Reproductive Health Questionnaire (questionnaire: 
RHQ074). Participants were assumed to be infertile if 
they responded positively to the survey question, “Have 
you ever attempted to become pregnant for at least a year 
without becoming pregnant?” [19].

Assessment of cardiometabolic index
The TG/HDL-C ratio was calculated by dividing the 
serum concentration of TG (mg/dL) by HDL-C (mg/
dL), which was obtained from the database. Additional 
information about laboratory examinations is available at 
https:/ /www.cd c.gov/n chs/ nhanes. WHtR was obtained 
by dividing waist circumference (WC, cm) by height 
(cm). CMI was computed as TG/HDL-C×WHtR using 
the formula in previously published research [12].

Assessment of covariates of interest
Our study considered the following variables that may 
influence the relationship between CMI and infertil-
ity: age (years), race (non-Hispanic White/non-Hispanic 
Black/Mexican-American/other race), marital status 
(married or cohabiting/widowed or divorced or sepa-
rated/other), education level (below high school/ high 
school/above high school), smoking status (never/for-
mer/current), drinking status (never/former/mild/mod-
erate/heavy), hypertension (no/yes) and diabetes (no/
impaired glucose tolerance (IGT)/yes). The complete 
measurement procedures for these variables are available 
at https:/ /www.cd c.gov/n chs/ nhanes.

Statistical analysis
All statistical analyses were carried out in accordance 
with the recommendations of the CDC using the appro-
priate NHANES sampling weights.

https://www.cdc.gov/nchs/nhanes
https://www.cdc.gov/nchs/nhanes
https://www.cdc.gov/nchs/nhanes
https://www.cdc.gov/nchs/nhanes
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The participants were divided into two groups based 
on their infertility status. Continuous variables were 
presented as mean ± standard deviation, whereas cat-
egorical variables are expressed as percentages. To lessen 
data skewness, control outlier effects, and enhance the 
interpretation of association results, the CMI was log-
transformed. An unweighted chi-squared test was used 
for categorical data, and an unweighted Student’s t-test 
or Mann-Whitney U-test was employed for continuous 
variables to evaluate differences between the two groups. 
Using the log-transformed CMI data as continuous vari-
ables and quartiles, respectively, unweighted multivari-
ate logistic regression models were used to evaluate the 
independent relationship between infertility and the log-
transformed CMI. No covariate adjustment was made 
in the crude model. In Model 1, age, race, marital status 
and education were adjusted. In addition to the covari-
ates in Model 1, Model 2 was further adjusted for smok-
ing status, drinking status, hypertension and diabetes. 
The study employed a  restricted cubic spline analysis 
to examine the potential linear correlation between the 

log-transformed CMI and infertility. Subgroup analyses 
were carried out to evaluate the reliability of the findings. 
To find out if variables affected infertility by interacting 
with the log-transformed CMI, interaction tests were 
employed.

All statistical analyses were conducted using R Ver-
sion 4.3.1 (http://www.R-project.org, The R  F o u n d a t 
i o n ) . P < 0.05 (two-tailed) was considered statistically 
significance.

Results
Basic characteristics of the included participants
Table  1 presents the baseline characteristics of partici-
pants selected from NHANES 2013 to 2020, stratified 
by their fertility status. The analysis included 274 par-
ticipants with infertility, which accounted for 11.74% 
of women aged 18-45 years. The average age of infertile 
women was 33.91 ± 7.15 years, while the non-infertility 
group consisted of 2059 participants with a mean age 
of 31.03 ± 8.28 years  (P < 0.001). Additionally, race, mari-
tal status, hypertension, smoking and drinking status 

Fig. 1 The flow chart of study participants

 

http://www.R-project.org
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exhibited significant differences between the non-infer-
tile and infertile groups (all P < 0.05), whereas educational 
level and diabetes did not demonstrate statistical differ-
ences (P > 0.05). Furthermore, we found that women with 
self-reported infertility had a higher log-transformed 
CMI, averaging -0.90 ± 0.79, compared to -0.97 ± 0.27 
among non-infertile women (P < 0.05).

Correlation between CMI and prevalence of infertility
Table  2 shows the correlation between log CMI and 
the risk of infertility. In the crude model, the odds ratio 
(OR) was 2.859 (95% CI: 1.806-4.528), indicating a sig-
nificant positive correlation between log CMI and infer-
tility. Model 1, which adjusted for age, race, marital 
status, and education, also showed a positive correlation 

Table 1 Baseline characteristics of participants
Variables Total

(n = 2333)
Non-Infertility
(n = 2059)

Infertility
(n = 274)

P

Age, years, mean (SD) 31.37 (8.21) 31.03 (8.28) 33.91 (7.15) < 0.001*

Age < 0.001*

< 35 years 1426 (61.12) 1289 (62.60) 137 (50.00)
≥ 35 years 907 (38.88) 770 (37.40) 137 (50.00)
Race 0.033*

Non-Hispanic White 748 (32.06) 639 (31.03) 109 (39.78)
Non-Hispanic Black 551 (23.62) 492 (23.90) 59 (21.53)
Mexican-American 378 (16.20) 337 (16.37) 41 (14.96)
Other Race 656 (28.12) 591 (28.70) 65 (23.72)
Marital status < 0.001*

Married/Cohabiting 1228 (52.64) 1024 (49.73) 204 (74.45)
Widowed/Divorced/Separated 218 (9.34) 190 (9.23) 28 (10.22)
Other 887 (38.02) 845 (41.04) 42 (15.33)
Education level 0.128
Below high school 444 (19.03) 396 (19.23) 48 (17.52)
High school 482 (20.66) 436 (21.18) 46 (16.79)
Above high school 1407 (60.31) 1227 (59.59) 180 (65.69)
Smoking status 0.002*

Never 1689 (72.40) 1515 (73.58) 174 (63.50)
Former 267 (11.44) 223 (10.83) 44 (16.06)
Current 377 (16.16) 321 (15.59) 56 (20.44)
Drinking status 0.021*

Never 530 (22.72) 483 (23.46) 47 (17.15)
Former 79 (3.39) 66 (3.21) 13 (4.74)
Mild 580 (24.86) 507 (24.62) 73 (26.64)
Moderate 568 (24.35) 510 (24.77) 58 (21.17)
Heavy 576 (24.69) 493 (23.94) 83 (30.29)
Hypertension < 0.001*

No 1967 (84.31) 1764 (85.67) 203 (74.09)
Yes 366 (15.69) 295 (14.33) 71 (25.91)
Diabetes 0.201
No 1929 (82.68) 1705 (82.81) 224 (81.75)
IGT 215 (9.22) 194 (9.42) 21 (7.66)
Yes 189 (8.10) 160 (7.77) 29 (10.58)
Log CMI, mean (SD) –0.96 (0.27) –0.97 (0.27) –0.90 (0.26) < 0.001*

Log CMI < 0.001*

Q1 586 (25.12) 546 (26.52) 40 (14.60)
Q2 584 (25.03) 513 (24.92) 71 (25.91)
Q3 580 (24.86) 499 (24.24) 81 (29.56)
Q4 583 (24.99) 501 (24.33) 82 (29.93)
Data are shown as number (%) unless otherwise indicated
*Statistically significant (P < 0.05)

Log CMI quartile range: Q1, − 1.799, − 1.153; Q2, − 1.154, − 0.984; Q3, − 0.985, − 0.785; Q4, − 0.786, 0.318

SD, standard deviation; IGT, impaired glucose tolerance; CMI, cardiometabolic index; Q, quartile
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(OR = 2.680, 95% CI: 1.647-4.365). In addition, in Model 
2, after further adjustment for smoking status, drink-
ing status, hypertension, and diabetes, a positive cor-
relation between the log CMI and infertility was still 
observed (OR = 2.411, 95% CI: 1.416-4.112). To achieve 
a more comprehensive understanding of the correlation 
between CMI and infertility, log CMI was categorized 
into quartiles. Based on Model 2, the OR between the 

highest quartile (Q4) and the lowest quartile (Q1) was 
1.843 (95% CI: 1.205-2.848), suggesting a positive cor-
relation between higher CMI levels and infertility. As 
demonstrated by the results of restricted cubic spline 
analysis presented in Fig. 2, we observed a positive non-
linear relationship between infertility and log CMI (P for 
trend < 0.05).

Table 2 Logistic regression analysis on the association between log CMI and infertility
Log CMI Crude model Model 1a Model 2b

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Continuous 2.859 (1.806–4.528) < 0.001* 2.680 (1.647–4.365) < 0.001* 2.411 (1.416–4.112) 0.001*

Categories
Q1 Ref. Ref. Ref.
Q2 1.889 (1.265–2.857) 0.002* 1.820 (1.217–2.756) 0.004* 1.790 (1.197–2.707) 0.005*

Q3 2.216 (1.498–3.327) < 0.001* 2.045 (1.375–3.083) < 0.001* 1.937 (1.298–2.929) 0.001*

Q4 2.234 (1.511–3.353) < 0.001* 2.053 (1.371–3.117) < 0.001* 1.843 (1.205–2.848) 0.005*

P for trend < 0.001* < 0.001* 0.008*

* Statistically significant (P < 0.05)
aModel 1was adjusted for age, race, marital status, and education
bModel 2 was adjusted for age, race, marital status, education, smoking status, drinking status, hypertension and diabetes

CMI, cardiometabolic index; OR, odds ratio; CI, confidence interval; Q, quartile

Fig. 2 Restricted cubic spline of odds ratio and 95% confidence interval (shaded area) for the association between log cardiometabolic index and 
infertility
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Subgroup analysis
To further determine the robustness of the correlation 
between log CMI and infertility, subgroup analysis was 
conducted. As presented in Table 3, the results from the 
interaction analysis indicated that age significantly influ-
ences the correlation between log CMI and infertility (P 
for interaction < 0.05), while neither hypertension nor 
diabetes showed a modifying effect (P for interaction > 
0.05). The subgroup analysis results showed that partici-
pants who were either under 35 years old (OR = 6.847; 
95% CI: 3.115-15.255; P < 0.001) did not have hyperten-
sion (OR = 2.634; 95% CI: 1.416-4.909; P = 0.002), or did 
not have diabetes (OR = 2.799; 95% CI: 1.523-5.157; 
P = 0.001) exhibited a consistent positive correlation 
between log CMI and infertility, highlighting the robust-
ness of this relationship. However, elevated log CMI did 
not increase the risk of infertility in individuals aged ≥ 
35 or in those with hypertension or diabetes (including 
IGT).

Discussion
This cross-sectional research conducted a thorough 
investigation into the association between log CI and 
infertility in non-institutionalized American women, 
indicating that participants with higher log CMI had an 
increased risk of infertility. Subgroup analysis and inter-
action tests further confirmed the strength of the cor-
relation between log CMI and infertility. Based on our 
research, CMI has the potential to serve as a valuable 
predictor of infertility risk.

This study represents the initial attempt to evalu-
ate the association between CMI and female infertil-
ity directly.  Obesity poses a substantial worldwide 
public health concern, leading to a multitude of detri-
mental health consequences. According to the 2016 pop-
ulation statistics from the World Health Organization 
(WHO), 40% of women were classified as overweight and 
15% were classified as obese, and the pronounced adverse 

outcomes associated with obesity among women require 
special attention [20]. Obesity has been linked to numer-
ous negative impacts on female fertility [4, 21]. Ovulatory 
dysfunction is more common in obese women due to dis-
ruptions in the hypothalamic-pituitary-ovarian (HPO) 
axis [22]. Additionally, obese women with polycystic 
ovarian syndrome (PCOS) tend to experience more 
severe metabolic and reproductive symptoms [23, 24]. 
Obesity can also affect the development of oocyte and 
preimplantation embryo [25, 26]. Excess free fatty acids 
may cause negative impacts on reproductive tissues, 
resulting in chronic inflammation and cellular dysfunc-
tion [27]. Additionally, the endometrium is vulnerable to 
obesity, as manifested by compromised stromal decidual-
ization processes among obese female individuals [5].

Most studies on the relationship between female infer-
tility and obesity are based on body mass index (BMI, in 
kg/m2) and use the ranges of 18.5-24.9 for normal weight, 
25-29.9 for overweight, and ≥ 30 for obesity. Although 
BMI is a conventional and economical way to assess obe-
sity, it lacks the ability to accurately reflect fat mass and 
fails to provide insights into fat distribution. Hence, rely-
ing solely on BMI for obesity assessment is inadequate 
[28]. Recently, researchers have proposed various indi-
cators for the scientific evaluation of obesity, which can 
provide a more precise depiction of fat distribution and 
are considered to be more scientifically rigorous than 
BMI. Numerous studies have shown that visceral adipos-
ity index (VAI) [29], weight-adjusted waist circumfer-
ence index (WWI) [30], WC [31, 32] and waist-hip ratio 
(WHR) [33] were associated with an increased risk of 
infertility. As a novel indicator, CMI involves anthropo-
metric and biochemical parameters, and shows a robust 
correlation with abnormal lipid profiles as well as metab-
olism-related disorders, such as atherosclerosis, hyper-
tension, ischemic stroke and left ventricular dilation 
[15]. Metabolic diseases and infertility are complicated 
processes, with abnomalities in lipid metabolism poten-
tially having a significant impact on follicular growth, egg 
maturation, and hormone release [34, 35]. Studies have 
shown that CMI is higher in PCOS patients compared to 
control subjects, and is positively associated with insu-
lin resistance in these patients [36], which may lead to 
ovulation disorders and infertility [37, 38]. Numerous 
investigations conducted on animals have verified that 
dyslipidemia can reduce female reproduction capacity 
[39–42]. Combined with the findings of our study, CMI 
serves not only as an early indicator of metabolic dys-
function, but also as a predictor of infertility risk, rein-
forcing the importance of daily health maintenance.

Based on the NHANES database, our study for the first 
time elucidates the direct correlation and shows the non-
linear relationship between log CMI and female infertility 
risk through a cross-sectional study. However, there are 

Table 3 The results of subgroup analyses and interaction 
analyses
Variables OR 95% CI P P for interaction
Age < 0.001*

< 35 years 6.847 3.115–15.255 < 0.001*

≥ 35 years 0.857 0.388–1.878 0.700
Hypertension 0.402
No 2.634 1.416–4.909 0.002*

Yes 2.116 0.634–7.196 0.225
Diabetes 0.351
No 2.799 1.523–5.157 0.001*

IGT 0.288 0.029–2.542 0.270
Yes 2.684 0.397–19.365 0.316
*Statistically significant (P < 0.05)

Adjusted for age, hypertension and diabetes. Stratified variables were not 
adjusted in the subgroup analysis
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some limitations of our study. First, our study is aimed on 
women aged 18–45 years in the United States; whether 
the findings can be generalized to populations outside of 
this age range and location requires futher investigation. 
Secondly, the database may lack information on family 
history of infertility and other reproductive disorders, 
such as tubal obstruction or PCOS, which can also con-
tribute to infertility. Furthermore, additional data, such 
as sex hormone levels, should be included to enhance 
the understanding of the predictive potential of CMI for 
infertility risk.

Conclusion
According to our research, a high level of CMI is posi-
tively correlated with an increased risk of female infertil-
ity. CMI plays a predictive role in assess metabolic and 
reproductive problems in women. Nevertheless, further 
extensive prospective investigations are required to sup-
port the findings of this study.
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