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Objective: To evaluate associations between serum lipid levels and treatment outcomes
in women undergoing assisted reproduction.

Materials and Methods: The study included 2011 women who underwent in vitro
fertilization/intracytoplasmic sperm injection with fresh embryo transfer. Serum lipid
evaluation included total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG). Ovarian stimulation
outcomes included endometrial thickness and the number of oocytes retrieved, and
reproductive outcomes included live birth, clinical pregnancy, and miscarriage.

Results: Higher HDL-C quartiles were associated with more oocytes retrieved. Lower TC
(quartile 1 odds ratio [OR] 1.59 [1.21–2.08], quartile 3 OR 1.36 [1.04–1.77]), LDL-C
(quartile 1 OR 1.41 [1.07–1.86]), and TG (quartile 2 OR 1.39 [1.06–1.84]) were
independently associated with clinical pregnancy after adjusting for potential
confounders. Lower LDL-C (quartile 1 OR 2.22 [1.58–3.13], quartile 2 OR 1.78 [1.27–
2.50], quartile 3 OR 1.51 [1.07–2.13]), TC (quartile 1 OR 1.39 [1.00–1.93]), TG (quartile 1
OR 1.44 [1.03–2.03], quartile 2 OR 1.46 [1.04–2.04], quartile 3 OR 1.44 [1.04–1.99]), and
higher HDL-C (quartile 2 OR 0.71 [0.51–0.99]) were independently associated with live
birth. Higher LDL-C (quartile 1 OR 0.44 [0.30–0.66], quartile 2 OR 0.49 [0.33–0.73],
quartile 3 OR 0.63 [0.43–0.94]) and lower HDL-C (quartile 1 OR 1.60 [1.07–2.39]) were
independently associated with miscarriage.

Conclusions: Serum lipid levels were associated with treatment outcomes in women
undergoing assisted reproduction.
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INTRODUCTION

Infertility, defined as the inability to conceive a child after 1 year, is
estimated to affect millions of couples worldwide (1). Infertility and
assisted reproduction technology are associated with considerable
emotional and financial burdens, and assisted reproduction does
not have a good success rate (2–4). In conjunction with the
worldwide obesity epidemic (5), lipid abnormalities are common
(6, 7). The success of assisted reproduction may be affected by the
patient’s social, psychological, and physical status. Routine serum
lipid screening includes total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), and triglycerides (TG). Lipid disorders are
hypothesized to play a role in female reproduction. The synthesis
of steroid hormones in reproductive tissues occurs in thecal and
granulosa cells, and utilizes cholesterol as the substrate for
steroidogenesis (8). HDL-C and LDL-C both play important
roles in the transport of cholesterol to ovarian tissue (9). Altered
endometrial lipid levels may impair endometrial receptivity and
early embryo implantation (10). Acute atherosis and diffuse lipid
infiltration can also be found in the placenta, and are
pathognomonic signs of potential placental malfunction (11).
These observations suggest possible links between serum lipids
and reproductive health in women.

Some studies have reported associations between serum lipids
and reproductive outcomes in subfertile women. In one
prospective cohort study that included couples attempting
pregnancy, increased serum free cholesterol concentrations in
both men and women led to reduced fecundity (12). In couples
with prior pregnancy loss, higher serum TC and TG were
associated with less spontaneous pregnancy (13). Another
study in women undergoing in vitro fertilization (IVF) suggests
that HDL within the follicular fluid may play protective roles in
the health of the human oocyte by reducing oocyte
fragmentation (14, 15). It has also been reported that follicular
fluid HDL had an antioxidative function and was associated with
normal oocyte fertilization (16, 17).

Few studies have investigated associations between serum
lipid profiles and treatment outcomes in women undergoing
assisted reproduction, particularly after ruling out the effects of
potential confounders such as body mass index (BMI). At 40%–
50% the prevalence of lipid abnormalities is high (6, 7), and
understanding associations between serum lipid levels and
reproductive outcomes after assisted reproduction may provide
an early, modifiable, and inexpensive treatment choice. The
objective of the current study was to investigate associations
between treatment outcomes and preconception serum TC,
LDL-C, HDL-C, and TG levels in a cohort of women
undergoing IVF/intracytoplasmic sperm injection (ICSI) cycles.
MATERIALS AND METHODS

Study Design
The present retrospective study was conducted from January
2018 to October 2020 at a reproductive medical center of a
university-affiliated hospital in mainland China. The study was
Frontiers in Endocrinology | www.frontiersin.org 2
approved by the ethics committee of the hospital (IRB-
20200235-R), and was conducted in accordance with the
Declaration of Helsinki. Because it was a retrospective study
and only de-identified data were analyzed, the ethics committee
waived the standard requirement for informed consent from the
women in the study.

Study Population
Patients aged between 18 and 45 years who underwent their first
IVF/ICSI cycle with fresh embryo transfer from January 2018 to
October 2020 were included in the study. Patients with infertility
of any cause were included. The inclusion criteria were (1) IVF/
ICSI with fresh embryo transfer; and (2) serum lipid levels
evaluated before treatment. The exclusion criteria were (1) the
use of an egg or sperm donor; (2) preimplantation genetic
diagnosis or screening; (3) lack of serum lipid evaluation; (4) lack
of treatment outcome data; and (5) incorrect information or
important data missing from the database. Data from a total of
7,284 women were initially screened, of which 2011 were
included in the final analysis. A flow chart representing the
study procedure is shown in Figure 1.

During the initial evaluation age, height, weight, and current
smoker status were recorded, and BMI was calculated. Reproductive
characteristics included infertility diagnosis, primary infertility, and
duration of infertility. Anti-Mullerian hormone (AMH), day 3
follicle-stimulating hormone (FSH), basal estradiol (E2), TC,
LDL-C, HDL-C, TG, and glucose were measured. After
treatment, ovarian stimulation days, total gonadotropin dose, E2
on the day of human choriogonadotropin (hCG) administration,
endometrial thickness, fertilization procedure, number of oocytes
retrieved, number of two pronuclei embryos, and number of
embryo transfers were recorded.

Laboratory Assessment
Preconception serum samples were collected on days 2–4 of the
women’s menstrual cycles. TG, LDL-C, HDL-C, and TG were
measured using a Beckman AU5800 chemistry analyzer (Beckman
Coulter, United States). TC was analyzed via a cholesterol oxidase
enzymatic method (Beckman Coulter, United States), LDL-C and
HDL-C were analyzed via a direct enzymatic method (Beckman
Coulter, United States), and TG was analyzed via the GPO-PAP
method (Beckman Coulter, United States). The intra-assay
laboratory coefficients of variation ranged from 0.50% to 1.53%,
and the between-assay coefficients of variation ranged from 1.08%
to 3.55%. The diagnostic criteria for abnormal serum lipid levels
were based on the Chinese Guidelines on Prevention and
Treatment of Dyslipidemia in Adults (18), and were as follows:
TC ≥ 6.22 mmol/L = abnormal; TG ≥ 2.26 mmol/L = abnormal;
HDL-C < 1.04 mmol/L = abnormal ; LDL-C ≥ 4.14
mmol/L = abnormal.

Ovarian Stimulation
In the short-acting gonadotrophin-releasing hormone agonist
(GnRH-a) (Triptorelin, Ferring AG, Germany) protocol, GnRH-
a was administrated daily in the mid-luteal phase of the
preceding cycle. After 14 days, serum luteinizing hormone
(LH), FSH, and E2 were assessed and 150–300 IU recombinant
March 2021 | Volume 12 | Article 633766
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FSH (Gonal-F, Merck Serono, Switzerland) was administered
daily when FSH and LH were <5 IU/L and E2 was <50 pg/ml.
GnRH-a was continued until trigger. In the subsequent GnRH-A
(Cetrorelix, Merck Serono, France) protocol, 150–300 IU
recombinant FSH was initiated on day 2 or day 3 of the
menstrual cycle and maintained until trigger, and 0.25 mg
GnRH-A was used daily when the leading follicles reached a
mean diameter of 14 mm until trigger. During both protocols, if
three follicles reached a mean diameter of 17 mm or two follicles
reached a mean diameter of 18 mm, recombinant hCG (Ovidrel,
Serono, Italy) was administered subcutaneously. Oocyte retrieval
was performed 36 h after hCG injection via transvaginal
ultrasound-guided single-lumen needle aspiration. Retrieved
oocytes were inseminated via conventional IVF, ICSI, or IVF/
ICSI (IVF 50%/ICSI 50%). Embryos were cultured in G1-plus
medium (Vitrolife, Switzerland) at 37°C in an incubator with 6%
carbon dioxide. Embryo transfer was performed on day 3 after
fertilization in cleavage stage.

Outcome Measures
The primary outcome was live birth. Secondary outcomes were
ovarian stimulation parameters, including endometrial
thickness, the number of oocytes retrieved, clinical pregnancy,
and miscarriage. All women were followed to determine these
Frontiers in Endocrinology | www.frontiersin.org 3
reproductive outcomes. Live birth was defined as the delivery of a
viable infant after 28 weeks. Clinical pregnancy was confirmed by
the visualization of at least one gestational sac on ultrasound.
Miscarriage was defined as spontaneous clinical pregnancy loss
before 28 weeks of gestation.

Statistical Analysis
SPSS statistics 24.0 (IBM) was used to analyze the data. Means and
standard deviations, frequencies, and percentages derived from
demographic and reproductive characteristics data were calculated.
Patients were divided into four quartiles based on serum lipid
levels. To identify possible confounders, demographic
characteristics including age, BMI, duration of infertility, initial
infertility diagnosis, smoker status, primary infertility, glucose, day
3 FSH level, basal E2, and AMH in the different serum lipid
quartiles were compared via analysis of variance.

Linear regression was used to evaluate associations between
endometrial thickness, the number of oocytes retrieved, and
serum lipid levels before and after adjusting for possible
confounders. Adjusted means with 95% confidence intervals
(CIs) were calculated. Trends in endometrial thickness and the
number of oocytes retrieved in the serum lipid quartiles were
determined by entering the median value of each quartile and
viewing them as a continuous variable in a generalized linear
FIGURE 1 | Flowchart for selecting women included in this study.
March 2021 | Volume 12 | Article 633766

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Cai et al. Lipids and Assisted Reproduction
model. Live birth rates, clinical pregnancy rates, and miscarriage
rates in serum TC, LDL-C, HDL-C, and TG quartiles were
compared using chi-square tests. Logistic regression analyses
were used to identify potential effects of serum lipids on
pregnancy, live birth, and miscarriage before and after adjusting
for possible confounders. Serum lipid levels were viewed as both
continuous and categorical variables. Effects were described as
odds ratios (ORs) with 95% CIs. All reported p values are two
sided, and p < 0.05 was considered statistically significant.
RESULTS

The clinical and demographic characteristics of the 2011 women
included in the study are shown in Table 1. The mean age was
31.0 ± 4.1 years, and the mean BMI was 21.7 ± 2.8. With regard
to weight 1410 (70.1%) were normal, 199 (9.9%) were
Frontiers in Endocrinology | www.frontiersin.org 4
underweight, 368 (18.3%) were overweight, and 34 (1.7%) were
obese. Infertility diagnosis, smoker status, duration of infertility,
primary infertility, AMH, day 3 FSH, TC, LDL-C, HDL-C, TG,
glucose, stimulation duration, stimulation dose, E2 level on day
of hCG, endometrial thickness, type of fertilization, number of
oocytes retrieved, number of two pronuclei embryos, and
number of embryo transfers were also recorded. The respective
incidences of abnormal TC, TG, LDL-C, and HDL-C were 1.6%,
5.2%, 2.5%, and 6.2%, respectively. To identify possible
confounders, patient characteristics in the different serum lipid
quartiles were compared (Supplemental Table 1–4). Age, BMI,
infertility diagnosis, duration of infertility, AMH, day 3 FSH,
basal E2, and glucose were considered potential confounders and
were adjusted for in subsequent analyses.

Associations between serum lipid levels, endometrial thickness,
and number of oocytes retrieved are shown in Table 2. TC, LDL-C,
and TG were not significantly associated with endometrial
thickness or the number of oocytes retrieved. Increasing HDL-C
quartiles were associated with more oocytes retrieved 9.40 (9.21,
9.60), 9.41 (9.21, 9.62), 9.70 (9.51, 9.88), 9.87 (9.67, 10.06) after
adjusting for confounders (p = 0.010). When lipid levels were
included in analyses as continuous variables, the associations were
similar to those obtained when they were included in analyses as
categorical variables (Supplemental Table 5).

A total of 1030/2011 women (51.2%) achieved clinical
pregnancy, 483 (24.0%) had live births, and 547 (53.1%) had
miscarriages. Reproductive outcomes in the different serum lipid
quartiles are shown in Figure 2. Clinical pregnancy rates in the
TC quartiles differed significantly (p = 0.017). Live birth rates
TABLE 1 | Characteristics of included women.

Characteristics N Mean ± SD or frequency

Age (year) 2011 31.0 ± 4.1
BMI (kg/m2) 2011 21.7 ± 2.8
Underweight (<18.5) 199 9.9%
Normal (18.5–23.9) 1410 70.1%
Overweight (24.0-27.9) 368 18.3%
Obese (>28.0) 34 1.7%

Infertility diagnosis
Female 1237 61.5%
Male 305 15.2%
Unexplained 145 7.2%
Other/mixed 324 16.1%

Current smoking 23 1.1%
Duration of infertility (year) 2011 3.2 ± 2.7
Primary infertility 998 49.6%
AMH (ng/ml) 1893 3.4 ± 2.3
Day 3 FSH (IU/l) 2011 6.6 ± 2.7
Basal E2 (pg/ml) 1877 125.0 ± 64.3
TC (mmol/l) 2011 4.4 ± 0.8
Abnormal TC 32 1.6%

LDL-C (mmol/l) 2011 2.6 ± 0.7
Abnormal LDL-C 50 2.5%

HDL-C (mmol/l) 2011 1.3 ± 0.3
Abnormal HDL-C 124 6.2%

TG (mmol/l) 2011 1.1 ± 0.6
Abnormal TG 104 5.2%

Glucose (mmol/l) 1891 5.1 ± 0.6
Stimulation days (n) 2011 10.1 ± 2.3
Total gonadotropin dose (IU) 2011 2194.6 ± 810.6
E2 on day of hCG (pg/ml) 1944 2489.4 ± 1208.5
Endometrial thickness (mm) 1972 10.7 ± 2.3
Fertilization procedure
IVF 1475 73.3%
ICSI 434 21.6%
IVF+ICSI 102 5.1%

Number of oocytes retrieved 2011 9.6 ± 4.4
Number of 2PN 2011 5.3 ± 3.3
Number of embryo transfers 2011 1.8 ± 0.4
BMI, body mass index; AMH, anti-Mullerian hormone; FSH, follicle-stimulating hormone;
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
l ipoprotein cholesterol; and TG, triglycerides; E2, estradiol; hCG, human
choriogonadotropin; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection.
TABLE 2 | Association between ovarian stimulation outcomes and serum lipids
according to quartiles.

Endometrial thickness
(mm)*

P
value

Number of oocytes
retrieved*

P
value

TC
Q1 10.86 (10.84, 10.87) 0.458 9.55 (9.37, 9.72) 0.796
Q2 10.76 (10.74, 10.77) 9.55 (9.36, 9.74)
Q3 10.68 (10.67, 10.70) 9.54 (9.35, 9.73)
Q4 10.59 (10.57, 10.61) 9.76 (9.55, 9.96)

LDL-C
Q1 10.83 (10.81, 10.84) 0.460 9.75 (9.57, 9.93) 0.343
Q2 10.76 (10.74, 10.78) 9.63 (9.44, 9.81)
Q3 10.69 (10.67, 10.71) 9.48 (9.30, 9.66)
Q4 10.62 (10.61, 10.64) 9.55 (9.33, 9.76)

HDL-C
Q1 10.71 (10.69, 10.73) 0.327 9.40 (9.21, 9.60) 0.010
Q2 10.71 (10.69, 10.73) 9.41 (9.21, 9.62)
Q3 10.72 (10.71, 10.74) 9.70 (9.51, 9.88)
Q4 10.74 (10.73, 10.76) 9.87 (9.67, 10.06)

TG
Q1 10.77 (10.76, 10.79) 0.538 9.65 (9.46, 9.83) 0.835
Q2 10.75 (10.73, 10.76) 9.59 (9.40, 9.78)
Q3 10.72 (10.71, 10.74) 9.56 (9.37, 9.75)
Q4 10.64 (10.62, 10.66) 9.60 (9.40, 9.80)
March 2
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TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; and TG, triglycerides; Q, quartile.
*Adjusted for age, BMI, infertility factor, duration of infertility, AMH, day 3 FSH, basal
E2, glucose.
Bold values indicate P value < 0.05.
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reduced as LDL-C quartile increased (p < 0.001). Miscarriage
rates increased as LDL-C quartile increased (p < 0.001).

Crude and adjusted ORs of serum lipid levels for clinical
pregnancy, live birth, and miscarriage compared to the highest
quartile are shown in Tables 3, 4, 5. After adjusting for potential
confounders, women in TC quartiles 1 (OR 1.59 [1.21–2.08]) and
3 (OR 1.36 [1.04–1.77]), LDL-C quartile 1 (OR 1.41 [1.07–1.86]),
and TG quartile 2 (OR 1.39 [1.06–1.84]) were significantly more
likely to achieve clinical pregnancy. After adjusting for potential
confounders, women in LDL-C quartiles 1 (OR 2.22 [1.58–
3.13]), 2 (OR 1.78 [1.27–2.50]), and 3 (OR 1.51 [1.07–2.13]),
TC quartile 1 (OR 1.39 [1.00–1.93]), and TG quartiles 1 (OR 1.44
[1.03–2.03]), 2 (OR 1.46 [1.04–2.04]), and 3 (OR 1.44 [1.04–
1.99]) were significantly more likely to have a live birth, whereas
HDL-C quartile 2 (OR 0.71 [0.51–0.99]) was associated with a
lower chance of live birth. After adjusting for potential
Frontiers in Endocrinology | www.frontiersin.org 5
confounders, women in LDL-C quartiles 1 (OR 0.44 [0.30–
0.66]), 2 (OR 0.49 [0.33–0.73]), and 3 (OR 0.63 [0.43–0.94])
were less likely to have a miscarriage, whereas HDL-C quartile 1
(OR 1.60 [1.07–2.39]) was associated with an increased chance of
TABLE 3 | Association between pregnancy and serum lipids according to
quartiles.

Crude OR (95%CI) Adjusted OR (95%CI) * P value

TC
Q1 1.48 (1.16–1.90) 0.002 1.59 (1.21–2.08) 0.001
Q2 1.17 (0.91–1.50) 0.221 1.23 (0.94–1.61) 0.125
Q3 1.26 (0.99–1.62) 0.063 1.36 (1.04–1.77) 0.025
Q4 1 1

LDL-C
Q1 1.29 (1.01–1.66) 0.043 1.41 (1.07–1.86) 0.014
Q2 1.04 (0.81–1.33) 0.756 1.07 (0.82–1.40) 0.615
Q3 1.06 (0.83–1.36) 0.638 1.09 (0.84–1.43) 0.510
Q4 1 1

HDL-C
Q1 1.16 (0.91–1.49) 0.230 1.07 (0.80–1.42) 0.665
Q2 1.00 (0.78–1.28) 0.984 0.89 (0.68–1.17) 0.413
Q3 1.30 (1.02–1.67) 0.036 1.21 (0.93–1.57) 0.167
Q4 1 1

TG
Q1 1.11 (0.87–1.42) 0.413 1.27 (0.96–1.69) 0.091
Q2 1.25 (0.97–1.59) 0.083 1.39 (1.06–1.84) 0.019
Q3 1.17 (0.92–1.50) 0.208 1.21 (0.92–1.58) 0.167
Q4 1 1
March
 2021 | Volume 12 | Article
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; and TG, triglycerides; Q, quartile.
*Adjusted for age, BMI, infertility factor, duration of infertility, AMH, day 3 FSH, basal
E2, glucose.
Bold values indicate P value < 0.05.
FIGURE 2 | Clinical pregnancy, live birth and miscarriage rates according to
quartile of each serum lipid level.
TABLE 4 | Association between live birth and serum lipids according to quartiles.

Crude OR (95%CI) Adjusted OR (95%CI) * P value

TC
Q1 1.41 (1.05–1.89) 0.023 1.39 (1.00–1.93) 0.047
Q2 1.32 (0.98–1.77) 0.070 1.33 (0.96–1.84) 0.088
Q3 1.23 (0.92–1.66) 0.168 1.34 (0.97–1.86) 0.076
Q4 1 1

LDL-C
Q1 2.10 (1.56–2.84) <0.001 2.22(1.58–3.13) <0.001
Q2 1.81 (1.34–2.46) <0.001 1.78 (1.27–2.50) <0.001
Q3 1.53 (1.12–2.08) 0.008 1.51 (1.07–2.13) 0.019
Q4 1 1

HDL-C
Q1 0.85 (0.64–1.14) 0.289 0.75 (0.53–1.05) 0.093
Q2 0.86 (0.64–1.15) 0.300 0.71 (0.51–0.99) 0.045
Q3 1.16 (0.87–1.53) 0.310 1.04 (0.77–1.41) 0.800
Q4 1 1

TG
Q1 1.30 (0.97–1.75) 0.083 1.44 (1.03–2.03) 0.036
Q2 1.41 (1.05–1.89) 0.024 1.46 (1.04–2.04) 0.028
Q3 1.36 (1.01–1.83) 0.043 1.44 (1.04–1.99) 0.028
Q4 1 1
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; and TG, triglycerides, Q, quartile.
*Adjusted for age, BMI, infertility factor, duration of infertility, AMH, day 3 FSH, basal
E2, glucose.
Bold values indicate P value < 0.05.
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miscarriage. When serum lipid levels were included in analyses
as continuous variables, the directions of associations were
similar to those obtained when they were included in analyses
as categorical variables (Supplemental Tables 6–8).
DISCUSSION

In the current retrospective cohort study serum lipid levels were
associated with treatment outcomes in women undergoing
assisted reproduction. Overall, LDL-C had the strongest
negative effect on reproduction outcomes including lower
pregnancy rate, lower live birth rate, and higher miscarriage
rate. TG and TC were also negatively associated with pregnancy
and live birth rate. Conversely, higher HDL-C was associated
with greater numbers of oocytes retrieved, higher live birth rates,
and lower miscarriage rates.

Some previous studies have investigated relationships between
lipids and embryos. In the current study, serum HDL-C was
positively associated with the number of oocytes retrieved. In
female reproduction, follicular fluid is the microenvironment for
oocyte maturation and development. The aforementioned
association may be partly explained by the anti-inflammatory and
antioxidant role of HDL-C (19), which is increasingly considered
to be beneficial for reproductive health (20). In the preovulatory
period, follicular fluid contains only HDL which originates
from blood circulation (21). HDL in follicular fluid reportedly
has considerable antioxidative properties and plays an important
role in the development of human oocytes (15–17, 22). In a
previous study, an altered endometrial lipid profile during
the peri-implantation period was associated with endometrial
Frontiers in Endocrinology | www.frontiersin.org 6
receptivity (10). In the current study, serum lipids were not
significantly associated with endometrial thickness, which is
associated with the live birth rate (23). Endometrial thickness is
not the sole marker of endometrial receptivity (24), and
preconception serum lipid may not completely account for local
endometrial lipid profile changes during the implantation window.

The results of the current study are similar to those of
some previous studies that investigated preconception lipid
concentrations and reproductive outcomes in women. In a
population-based prospective cohort study that included 501
couples, increased total lipid and free cholesterol concentrations
as continuous variables in women were associated with a reduced
fecundity OR as assessed by time to hCG-detected pregnancy (12).
In another randomized controlled trial that included 1228 women
with prior pregnancy loss attempting pregnancy for up to six
menstrual cycles, a secondary analysis was performed to
investigate associations between preconception lipid levels and
fecundity, which was determined by a positive hCG test or
ultrasound (13). That study used clinical cutoff points, and
fecundability was reduced at all abnormal levels of TC, LDL-C,
HDL-C, and TG. In the current study, significant associations
between reproductive outcomes and serum lipid levels were
evident when they were analyzed as both continuous variables
and categorical variables. The study included patients who were
young and lean, hence the low incidence of altered serum lipid
profiles (ranging from1.6%–6.2% depending on the lipid assessed).
It can be speculated that in older women and obese women, among
whom elevated serum lipids are more common (25, 26),
associations between lipids and reproductive outcomes will be
stronger. These findings further underline the role of serum lipids
in reproductive outcomes in women.

The mechanisms behind associations between serum lipids and
reproductive outcomes are not fully understood. Serum lipids may
influence steroidogenesis. Progesterone, estrogens, androgens, and
glucocorticoids are essential from embryo implantation to fetal
development (27). The oocyte is unable to produce cholesterol, and
therefore relies on maternal serum lipids to provide cholesteryl
esters for granulosa cell steroidogenesis. HDL-C is the main
transporter of cholesterol to granulosa cells for steroidogenesis
(28), which is supplied from maternal circulation. The process of
steroidogenesis is gradually taken over by the placenta as it develops
during the first trimester. Placental steroid synthesis is dependent
on delivery from the maternal circulation. Altered maternal lipids
may alter steroidogenesis and ultimately influence pregnancy
outcomes. In addition, placental dysfunction is a possible cause of
multiple pregnancy complications including miscarriage,
preeclampsia, stillbirth, and preterm delivery (29–33). Altered
lipid metabolism may affect placental lipid transport and fetal
development (34). Maternal, fetal, and placental components
form a unit to maintain a healthy pregnancy, and the maternal
component includes serum lipids. Combined, these considerations
provide plausible explanations for the independent associations
between serum lipid levels and reproductive outcomes in the
women undergoing assisted reproduction in the current study.

Serum lipids are routinely monitored in clinical settings as
indicators of cardiovascular system health. The results of the
TABLE 5 | Association between miscarriage and serum lipids according to quartiles.

Crude OR (95%CI) Adjusted OR (95%CI) * P value

TC
Q1 0.87 (0.61–1.23) 0.427 0.95 (0.64–1.40) 0.777
Q2 0.78 (0.55–1.12) 0.173 0.84 (0.56–1.24) 0.367
Q3 0.88 (0.62–1.26) 0.484 0.90 (0.61–1.32) 0.588
Q4 1 1

LDL-C
Q1 0.44 (0.31–0.63) <0.001 0.44 (0.30–0.66) <0.001
Q2 0.45 (0.31–0.64) <0.001 0.49 (0.33–0.73) <0.001
Q3 0.58 (0.41–0.83) 0.003 0.63 (0.43–0.94) 0.023
Q4 1 1

HDL-C
Q1 1.44 (1.02–2.04) 0.041 1.60 (1.07–2.39) 0.022
Q2 1.24 (0.87–1.76) 0.239 1.45 (0.98–2.15) 0.067
Q3 1.06 (0.75–1.49) 0.752 1.10 (0.76–1.59) 0.606
Q4 1 1

TG
Q1 0.75 (0.52–1.06) 0.106 0.73 (0.49–1.10) 0.129
Q2 0.77 (0.54–1.09) 0.138 0.79 (0.53–1.17) 0.232
Q3 0.75 (0.53–1.07) 0.111 0.71 (0.48–1.04) 0.079
Q4 1 1
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; and TG, triglycerides; Q, quartile.
*Adjusted for age, BMI, infertility factor, duration of infertility, AMH, day 3 FSH, basal
E2, glucose.
Bold values indicate P value < 0.05.
March 2021 | Volume 12 | Article 633766

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Cai et al. Lipids and Assisted Reproduction
current study suggest that serum lipids are also predictors of
outcomes in women undergoing assisted reproduction. The high
prevalence of lipid abnormalities in modern populations
facilitates an opportunity to evaluate lipid profiles in an effort
to predict reproductive outcomes in these populations.
Abnormal serum lipid levels are usually modified by increased
physical activity, diet modification, or statins (35–37). The
current study suggests that there may be benefits to improving
serum lipid levels before assisted reproduction treatment. Future
clinical studies should focus on whether pretreatment to
optimize lipid levels via interventions such as physical activity,
diet modification, or statins can improve reproductive outcomes.

The major strength of the current study was the large sample
size. The observed associations remained significant after
adjustment for a number of potential confounders. Despite efforts
to eliminate sources of bias in the study, it also had several
limitations. One is the inevitable bias due to its retrospective
nature. Despite the large sample size, the adjustments made, and
the multivariable regression analysis conducted, the presence of
confounding bias cannot be excluded. In addition, having in mind
that our studied population was heterogeneous, more research is
needed in specific patient subpopulations where one might expect
that altered lipid profiles may affect treatment outcomes, such as
polycystic ovary syndrome patients. As only a single measure of
preconception serum lipid levelswas available, itwas not possible to
investigate associations between lipid levels in sequential cycles, and
due to the study design it was also not possible to investigate
whether serum lipids were related to the cumulative live birth rate.
Lastly, data on time elapsed from the measurement of serum lipids
and the initiation of IVF were unavailable, and future studies could
investigate this.

The results of the current study constitute evidence on the
role of serum lipids in treatment outcomes in women undergoing
assisted reproduction. Among women who aim to achieve good
outcomes from assisted reproduction, a lipid panel test may serve
as an early, simple, inexpensive, and modifiable predictor.
Further studies are needed to expand our understanding of
whether interventions aimed at improving serum lipid profiles
can optimize assisted pregnancy outcomes.
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