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The correlation between serum fructose levels
and pregnancy outcomes in IVF patients
with and without PCOS: a case-control study
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Abstract

Background Excessive fructose intake can impact pregnancy health. Additionally, Polycystic ovary syndrome (PCOS)
is associated with both elevated fructose levels and adverse pregnancy outcomes. Therefore, it is significant to
investigate whether serum fructose levels influence pregnancy outcomes in patients with or without PCOS.

Methods This case-control study included 270 participants (PCOS, n=135; non-PCOS, n=135). The serum fructose
levels of consecutively treated women undergoing in vitro fertilization - embryo transfer treatment at the Center
of reproductive medicine in Shengjing hospital of China Medical University, from June 2020 to June 2021, were
measured. Pregnancies were monitored until the ultimate outcome was determined. The antenatal, delivery, and
neonatal outcomes were extracted from hospital records.

Results In patients with PCOS, those who experienced miscarriage had significantly higher serum fructose levels
(P=0.011). The incidence of miscarriage increased as the serum fructose quartiles increased in patients with PCOS
(P=0.010). There was a significant correlation between serum fructose levels and miscarriage (r=0.258, P=0.002). The
results of multivariate logistic regression analysis remain consistent (odd ratio [OR]=10.138, P=0.005). Conversely, in
women without PCOS, those who prematurely delivered had significantly higher serum fructose levels (P=0.001).
The incidence of preterm delivery increased as the serum fructose quartiles increased in patients without PCOS
(P<0.001). There was a significant correlation between serum fructose levels and preterm delivery (r=0.311, P<0.001)
in non-PCOS group. The multivariate logistic regression analysis indicated the identical results (OR=18.359, P=0.008).
The area under the curve for fructose-mediated prediction of miscarriage in PCOS was 0.686, while for prediction of
preterm birth in non-PCOS individuals, the area under the curve was 0.731.
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Conclusions Serum fructose levels are positively associated with miscarriage risk in patients with PCOS. Within the
non-PCOS cohort, fructose levels are linked to preterm birth. Further investigation is warranted to comprehensively
elucidate the underlying mechanisms, thus enhancing our profound understanding.

Keywords Fructose, Polycystic ovary syndrome, Miscarriage, Preterm birth, Pregnancy outcome

Background

Polycystic ovary syndrome (PCOS) is a prevalent clini-
cal endocrine and metabolic dysfunction that impacts
women of reproductive age, manifesting in clinical fea-
tures such as menstrual irregularities, anovulation, and
subfertility [1, 2]. PCOS is the most common cause of
anovulatory infertility [3], affecting not only oocyte
quality [4] but also endometrial function [5]. In China,
the incidence of PCOS in women of childbearing age is
approximately 5.6% [6]. Although many patients with
PCOS can achieve conception following ovulation induc-
tion therapies, it is critical that these individuals face
elevated risks of preterm birth, miscarriage, gestational
diabetes mellitus and pregnancy-induced hyperten-
sion [7, 8]. Our previous investigation revealed elevated
serum fructose levels in patients with PCOS compared to
those without PCOS. Moreover, these elevated fructose
levels were associated with metabolic imbalances within
the PCOS cohort [9, 10].

Fructose, a monosaccharide extensively employed in
food processing, has raised concerns owing to increased
consumption and subsequent health implications. It
undergoes hepatic metabolism [11], contributing to ATP
depletion, thus facilitating lipid synthesis [12], and trig-
gering oxidative stress [13]. Fructose and its metabolites,
whether directly or indirectly, cause metabolic-related
diseases, such as obesity and insulin resistance [14, 15].
Moreover, emerging research suggests a potential link
between high fructose levels and adverse pregnancy
health. Elevated serum fructose in early gestation has
been correlated with an increased likelihood of gesta-
tional diabetes [16]. Saben et al. [17] reported that exces-
sive maternal fructose intake reduced the pregnancy rates
in mice and disrupted decidualization. Nevertheless, the
correlation between serum fructose levels and pregnancy
outcomes in patients with PCOS remains unclear.

Given the negative impact of PCOS on pregnancy and
its connection with serum fructose levels, it is crucial
to assess whether fructose exerts differential effects on
pregnancy outcomes in patients with or without PCOS.
Consequently, we conducted a case-control study aimed
at investigating the influence of serum fructose levels
on pregnancy outcomes in both PCOS and non-PCOS
populations.

Methods

Study design and participants

A case-control study was designed to investigate the
association between serum fructose levels and pregnancy
outcomes in women with or without PCOS undergo-
ing IVF/ICSI treatment. To avoid the impact of multiple
pregnancies on pregnancy outcomes, we only included
women with singleton pregnancies. We determined the
required sample size using the ClinCalc Sample Size Cal-
culator (available at https://clincalc.com/stats/samplesi
ze.aspx). Given an effect size of 0.95, a type I error rate
of 0.05, and a desired power of 80%, we calculated that
127 subjects per group would be needed. Therefore, 270
participants who were diagnosed with clinical pregnancy
(PCOS, n=135; Control, n=135) following in vitro fertil-
ization (IVF) - embryo transfer treatment with completed
serum fructose level test from China Medical University’s
Center for Reproductive Medicine at Shengjing Hospital
were chosen at random.

The exclusion criteria have been detailed in a prior
publication [10, 18]. In brief, these criteria encompassed
the following: a duration of less than three years since
menarche; smoking; use of hormonal medications; preg-
nant; breastfeeding; the presence of endocrine disorders
such as diabetes mellitus and androgen-secreting tumors;
as well as a history of tumor, infectious, or inflamma-
tory diseases; recent consumption of specific medica-
tions within the preceding six months, including oral
contraceptives, aspirin, insulin-sensitizing drugs, corti-
costeroids, nicotinic acid, anti-androgens, gonadotropin-
releasing hormone (GnRH) agonists and antagonists.

The Rotterdam criteria was used to diagnosed PCOS
[19]. (1) Patients exhibit anovulation or reduced ovula-
tory frequency; (2) The presence of hyperandrogenism
is established; (3) Polycystic ovarian morphology is con-
firmed by B-ultrasonography. Individuals meeting both
aforementioned criteria are eligible for a PCOS diagno-
sis. Non-PCOS patients were included if they were diag-
nosed with infertility but did not meet the Rotterdam
criteria for PCOS.

The basic information of the participants was obtained
from the electronic medical record database, such as age
and BMI (body mass index). Prior to their involvement
in the study, all participants were granted an exemp-
tion of informed consent. This exemption was based on
the removal of any identifying information from patient
specimens and data, ensuring the complete safeguard-
ing of patient privacy. The specimens employed in this
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research were derived from discarded clinical samples
post standard diagnostic and therapeutic procedures,
thereby having no effect on the routine medical care and
diagnosis of patients. Supplementary Table 1 provides an
overview of participants’ characteristics in this study. The
protocol for ovulation stimulation and IVF is detailed in
the Supplementary Flie.

Measurement of basic hormone levels

Every participant had venous blood samples collected in
the natural menstrual cycle on days three through five
after a minimum 12-hour fast. A 15-minute centrifuga-
tion at 3000 x g was then applied to the blood samples.

The quantification of following hormones in blood
samples was conducted through chemiluminescence
assays on the UniCel DxI 800 Automatic Immunoassay
System (Beckman Coulter, USA), along with commer-
cially available kits, following the protocols prescribed by
the manufacturer and supplier. The hormones assessed
included total testosterone (Total T) (C10160), follicle-
stimulating hormone (FSH) (C10156), luteinizing hor-
mone (LH) (C10155), progesterone (C10159), prolactin
(C10158), estradiol (C10161), and anti-Miillerian hor-
mone (AMH) (B13127). The corresponding reference
ranges were <0.35 ng/mL for Total T, 3.85-8.78 mlIU/
mL for FSH, 2.12-10.89 mIU/mL for LH, 0.31-1.52 ng/
mL for progesterone, 3.34—26.72 ng/mL for prolactin,
15.16-148.13 pg/mL for estradiol, and 1.2—-6.5 ng/mL for
AMH. All these indicators were measured in the Depart-
ment of Laboratory Medicine at Shengjing Hospital, and
the reference ranges provided were established by the
laboratory.

Additionally, the Enzyme-Linked Immunosorbent
Assay was used to measure the levels of dehydroepian-
drosterone sulfate (DHEAS) (CSB-E05105h, Cusabio
Biotech, Wuhan, China), sex hormone-binding globulin
(SHBG) (Human SHBG ELISA Kit; RayBiotech, Nor-
cross, GA, USA), and free testosterone (CSB-E05096h,
Cusabio Biotech, Wuhan, China). The minimum detect-
able concentrations for DHEAS, SHBG, and free tes-
tosterone are 10 ng/mL, 1.2 pmol/L, and 3.75 pg/mL,
respectively. For DHEAS, SHBG and free testosterone,
the corresponding intra-assay coefficients of variation
(CVs) were 6.1%, 6.8% and 5.5%, while the inter-assay
CVs were 9.2%, 10.2% and 8.3%. The optical density of
each sample was compared to standard curves at 450 nm
to estimate the final hormone levels.

Measurement of serum Fructose levels

Fructose concentrations were measured using a fruc-
tose fluorometric kit (K611-100; BioVision Incorpo-
rated, Milpitas, CA, USA). Each serum sample was
diluted 1:2 in the supplied assay buffer before measure-
ment. Subsequently, the assay was executed following
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the manufacturer’s protocol. Enzymatic processing was
applied to free fructose, resulting in the generation of
metabolites that subsequently interacted with the fluo-
rescent probe, yielding measurable fluorescence at Ex/
Em wavelengths of 535/587 nm. To eliminate interfer-
ence from glucose, a sample purification mix reagent was
employed. The assay exhibited a dynamic range of 5-500
pmol/well, with intra-assay and inter-assay CVs recorded
at 7.8% and 10.2%, respectively.

Statistical analysis

The Statistical Package for Social Sciences, version 22
(IBM Corp., Armonk, NY), was used for all statistical
analyses. The Kolmogorov-Smirnov test was employed
to determine if the continuous variables’ distribution
was normally distributed. Continuous variables with a
normally distribution were reported as mean + standard
deviation, whereas those with a non-normally distribu-
tion were reported as median (interquartile range). Data
confirmed to follow a normal distribution and demon-
strated homogeneity of variances were then subjected to
the student’s t-test or analysis of variance for comparative
analyses. Non-parametric tests including Mann—Whit-
ney U test and the Kruskal-Wallis H test were used for
other conditions. Chi-square test or Fisher’s exact test
were used to assess categorical variables, which were pre-
sented as percentages. The Spearman test was used to
analyze the correlation. The correlation between serum
fructose levels and pregnancy outcomes was further
assessed using univariate and multivariate logistic regres-
sions. The covariates influencing pregnancy outcomes
were chosen using univariate logistic regression analysis,
and the factors that the univariate analysis determined
to be significant were included in the multivariate logis-
tic regression analysis. Multivariate logistic regression
analysis was used to adjust the interference of confound-
ing factors, regarding the impact of fructose levels on
pregnancy outcomes. Receiver operating characteristic
(ROC) curves were used to assess the diagnostic perfor-
mance of serum fructose levels in the pregnancy outcome
of patients with or without PCOS, including evaluations
of the area under the curve (AUC), sensitivity, specificity,
positive predictive value, and negative predictive value. A
significance level of P<0.05 was used to all two-sided sta-
tistical tests.

Results

Significant difference in serum Fructose levels based on
pregnancy outcomes

As revealed by Table 1, notable variation in serum fruc-
tose levels were observed across different pregnancy out-
come categories in those with PCOS (P=0.011) and those
without PCOS (P=0.001) groups. Particularly, among
the PCOS cohort, the highest serum fructose level was
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Table 1 Description of the study participants in term delivery, preterm delivery, and miscarriage groups
Control (n=135) PCOS (n=135)
Term delivery  Preterm Miscarriage P-value Term delivery  Preterm Miscarriage P-value
delivery delivery

N 84 25 26 81 27 27

Serum fructose (pmol/pL) 8.38(7.40-9.44) 10.25 835 0.001" 9.48(8.05-11.33) 8.99 11.74 0011"

(8.43-11.22) (6.38-9.84) (7.51-10.76)  (8.59-15.25)

Maternal age (y) 31.38+£0472 32760769  32.12+0.726 0.328 30.00 31.00 30.00 0.344

(28.00-33.00) (29.00-34.00) (28.00-32.00)
Maternal BMI (kg/mz) 25.60 25.00 26.10 0277 25.42+0.452 27.09£0.799 26.10+£0.872 0.194
(24.00-28.00) (22.60-27.15) (24.35-27.15)

Type of infertility 0.799 0.758
Primary 43 (51.2%) 11 (44.0%) 13 (52.0%) 54 (66.7%) 20 (74.1%) 19 (70.4%)
Secondary 41 (48.8%) 14 (56.0%) 12 (48.0%) 27 (33.3%) 7 (25.9%) 8 (29.6%)

Basic hormone levels
FSH (mIU/mL) 6.99 (5.61-8.16) 7.15 7.62 0483 6.22 (548-7.76) 627 535 0.084

(5.97-845) (6.29-845) (5.47-7.36) (4.86-6.87)
LH (mIU/mL) 397 (271-533) 397 3.03 0.125 744 (466-1393) 7.72 7.14 0.947
(3.23-6.22) (2.56-4.24) (4.50-11.41)  (5.35-13.08)
Estradiol (pg/mL) 42.00 41.00 42,00 0.490 49.50 51.50 53.00 0658
(32.50-56.50) (30.00-44.00)  (34.50-49.00) (40.00-64.00) (41.50-79.25) (38.00-67.32)
Progesterone (ng/mL)? 0.58(0.41-0.88) 050 0.54 0.253 0.56 (0.35-0.85) 0.54 0.56 0.764
(0.31-0.69) (0.38-0.86) (0.43-0.89) (0.37-0.98)
Total T (ng/mL) 0.52 (0.36-0.64) 053 0.52 0.976 0.62 (0.49-0.75) 0.63 0.69 0.219
(0.33-0.71) (0.32-0.68) (0.44-0.74) (0.55-0.80)
Free T (nM) 0.02 (0.02-0.03) 0.02 0.03 0.124 0.03 (0.02-0.04) 0.03 0.03 0.245
(0.02-0.03) (0.02-0.04) (0.02-0.04) (0.03-0.04)
SHBG (nM) 32.65 35.10 30.50 0.755 27.85 26.80 19.55 0.182
(23.75-43.03) (21.30-51.70)  (19.05-43.38) (14.48-41.58) (18.50-30.40) (12.35-23.93)
DHEAS (nM) 3390 3956 3347 0.670 3581 4153 5677 0.064
(2285-4347) (2188-5753) (2274-4775) (2446-7188) (2726-6136) (3461-8351)
AMH (ng/mL) 3.05(1.98-4.63) 354 3.20 0.922 7.80(4.67-11.16) 853 9.35 0.305
(1.59-5.79) (1.56-4.25) (461-13.26)  (6.57-11.80)
Prolactin (ng/mL) 1155 1098 1n 0670 1017 10.80 9.70 0455
(9.05-15.43) (9.14-13.24) (8.60-18.12) (7.82-13.80) (645-15.98) (7.09-11.93)
FAI (%) 2.65(1.44-496) 230 2.38 0.666 236 (147-6.05) 237 5.06 0.068
(1.11-4.54) (1.56-5.79) (1.66-5.49) (3.59-8.75)

Ovulation induction 0.220° 0.962°

Antagonist protocol 67 (79.8%) 16 (64.0%) 23 (88.5%) 66 (81.5%) 25 (92.6%) 23 (85.2%)
Long protocol 10 (11.9%) 4(16.0%) 2 (7.7%) 8 (9.9%) 2 (7.4%) 4 (14.8%)
Short protocol 1(1.2%) 0 (0.0%) 0 (0.0%) 1(1.2%) 0 (0.0%) 0 (0.0%)

Mild stimulation 3 (3.6%) 2 (8.0%) 0 (0.0%) 2 (2.5%) 0 (0.0%) 0 (0.0%)

protocol
Ultra-long protocol 3 (3.6%) 1 (4.0%) 0 (0.0%) 3(3.7%) 0 (0.0%) 0 (0.0%)

Natural cycle protocol 0 (0.0%) 2 (8.0%) 1(3.8%) 1(1.2%) 0 (0.0%) 0 (0.0%)

No. of oocyte retrieved 12 (1-29) 11 (1-25) 85(1-22) 0.058 16 (3-35) 14 (0-40) 12 (3-35) 0.067

Fertilization techniques 0.627 0.224
IVF 39 (46.4%) 14 (56.0%) 14 (53.8%) 53 (65.4%) 14 (51.9%) 20 (74.1%)

ICSI 45 (53.6%) 11 (44.0%) 12 (46.2%) 28 (34.6%) 13 (48.1%) 7 (25.9%)

Cycle types 0.206 0.930°
Fresh 18 (21.4%) 8 (27.6%) 3(11.5%) 9(11.1%) 4 (14.8%) 3(11.9%)

Frozen 66 (78.6%) 17 (68.0%) 23 (88.5%) 72 (88.9%) 23 (85.2%) 24 (88.9%)

No. of embryos transferred 0.440 0001
1 53 (63.1%) 14 (56.0%) 19 (73.1%) 59 (72.8%) 9 (33.3%) 13 (48.1%)

2 31 (36.9%) 11 (44.0%) 7 (26.9%) 22 (27.2%) 18 (66.7%) 14 (51.9%)

Embryo type 0.900 <0.001"
Cleavage embryo 33(39.3%) 10 (40.0%) 9 (34.6%) 24 (29.6%) 21 (77.8%) 12 (44.4%)

Blastocyst 51(60.7%) 15 (60.0%) 17 (65.4%) 57 (70.4%) 6 (22.2%) 15 (55.6%)
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Table 1 (continued)

Control (n=135) PCOS (n=135)

Term delivery  Preterm Miscarriage P-value Term delivery  Preterm Miscarriage P-value
delivery delivery
Transferred embryo quality 0.033" 0.492°
With high quality 81 (96.4%) 24 (96.0%) 21 (80.8%) 77 (95.1%) 24 (88.9%) 25 (92.6%)
Without high quality 3 (3.6%) 1 (4.0%) 5(19.2%) 4 (4.9%) 3(11.1%) 2 (7.4%)
Patients with pregnancy- 0.002" 01172
related complications
Yes 30 (35.7%) 7 (28.0%) 0 (0%) 14 (17.3%) 6 (22.2%) 1(3.7%)
No 54 (64.3%) 18 (72.0%) 26 (100%) 67 (82.7%) 21 (77.8%) 26 (96.3%)

Abbreviations PCOS, polycystic ovary syndrome; BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; Total T, total testosterone; Free
T, free testosterone; SHBG, sex hormone-binding globulin; DHEAS, dehydroepiandrosterone sulfate; AMH, anti-miillerian hormone; FAI, free androgen index; IVF,
in vitro fertilization; ICSI, intracytoplasmic sperm injection. Continuous Variables are shown as mean+standard deviation or median (interquartile range). The
analysis of variance was used for data with normal distribution and Kruskal-Wallis was used for testing independent samples. Categorical variables are presented as
percentages (%) and analyzed by Chi-square test or Fisher’s exact test. *Fisher’s exact test, "P-value <0.05

B Miscarriage I Preterm B Term
[ Non-misacarriage [ Non-preterm [ Non-term
- P D 4. * C 5.
T T
104 —— 10+ 10+ T
54 5 51
0 . v 0 T T 0 . .
PCOS Control PCOS Control PCOS Control

Fig. 1 Serum fructose levels in different pregnancy outcome groups. (a) Differences in serum fructose levels between miscarriage women and non-
miscarriage patients with or without PCOS. (b) Differences in serum fructose levels between preterm birth women and non-preterm birth patients with
or without PCOS. (c) Differences in serum fructose levels between term delivery women and non-term delivery patients with or without PCOS. PCOS,

Polycystic ovary syndrome

discovered in the miscarriage group, whereas in women
without PCOS, the preterm delivery group exhibited the
highest serum fructose level. Moreover, we analyzed the
differences in fructose concentrations between miscar-
riage and non-miscarriage groups, preterm delivery and
non-preterm delivery groups, as well as term delivery
and non-term delivery groups. Our findings revealed a
notable difference in serum fructose levels between the
miscarriage and the non-miscarriage groups in women
with PCOS (P=0.003) (Fig. 1a). Simultaneously, a con-
siderable difference in serum fructose levels between
the preterm and non-preterm groups in the non-PCOS
cohort (P<0.001) (Fig. 1b). However, within both the
control and PCOS groups, there was no significant asso-
ciation observed between serum fructose levels and the
rate of term delivery. (P> 0.05) (Fig. 1c).

Subsequently, we conducted a more in-depth explo-
ration of the association between fructose concentra-
tions and three pregnancy outcomes. Among the basic
hormones analyzed, a positive correlation was detected

between fructose concentrations and serum DHEAS con-
centrations in patients with PCOS (r=0.184, P=0.044).
In the control group, serum fructose levels were corre-
lated with both serum DHEAS concentrations (r=0.190,
P=0.032) and the free androgen index (FAI) (r = -0.260,
P=0.004) as displayed in Supplementary Table 2. How-
ever, no significant variance in basic hormone levels were
noted between different pregnancy outcomes within
PCOS or non-PCOS group.

In summary, significant differences were identified in
serum fructose levels among groups with varying preg-
nancy outcomes. Specifically, in patients with PCOS,
those who experienced miscarriages had higher serum
fructose levels compared to the non-miscarriage group.
Similarly, among non-PCOS females, the preterm birth
group exhibited elevated serum fructose levels relative to
the term birth group. This correlation could not be attrib-
uted to changes in hormone levels.
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Associations between serum Fructose levels and
miscarriage rate in women with PCOS

Significant variations were observed in serum fructose
levels among the three examined pregnancy outcomes,
suggesting a potential link between fructose concen-
trations and reproductive consequences. To substan-
tiate this link, a series of analytical procedures were
undertaken.

The study population was stratified into four quar-
tiles based on serum fructose levels within the cohort of
patients with PCOS, to examine the influence of fruc-
tose on pregnancy outcomes. The quartiles were defined
as follows: Quartile 1 (Q1) with fructose levels less than
8.26 umol/L; Quartile 2 (Q2) ranging from 8.26 to 9.76
pumol/L; Quartile 3 (Q3) encompassing levels from 9.76
to 11.75 pmol/L; and Quartile 4 (Q4) consisting of levels
equal to or greater than 11.75 pmol/L.

Notably, the analysis revealed a marked difference in
miscarriage rates between these groups, with the inci-
dence being significantly higher in the upper quintile
(P=0.010) as indicated in Table 2. However, no discern-
ible differences in serum fructose levels were detected
when comparing cases of early and late miscarriage. Sub-
sequently, we conducted a Spearman analysis to explore
the possible correlation between serum fructose levels
and three pregnancy outcomes. The findings illuminated
that fructose levels were positively linked to the miscar-
riage rate (r=0.258, P=0.002) among the PCOS popu-
lation (Table 3). Lastly, logistic regression analysis was
employed to further evaluate the findings. Univariate
logistic regression analysis indicated that the incidence
of miscarriage was significantly different between Q1 and
Q4 in the PCOS group (odds ratio (OR) =9.595, P=0.005)
(Table 4). Simultaneously, all relevant variables identified
by univariate logistic regression, as well as personal base-
line characteristics, including age and BMI, were incor-
porated in multivariate logistic regression analysis. A
significant increase in miscarriage rates in Q4 compared
to Q1 was indicated with an OR of 10.138 (P=0.005),
even after considering the age and BMI of patients.
Finally, to assess the predictive value of serum fructose
levels for miscarriage in women with PCOS, ROC curves
were applied. The AUC of fructose for miscarriage diag-
nosis in women with PCOS was 0.686 (Fig. 2; Table 5),
and this indicator could diagnose miscarriage with a sen-
sitivity of 66.7% and a specificity of 70.4%.

Taken together, the miscarriage rate is higher in indi-
viduals with elevated serum fructose levels compared to
those with lower fructose levels in PCOS group.
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Associations between serum Fructose levels and
preterm delivery rate in women without PCOS

As previously stated, the identical analytical methodol-
ogy was also applied to the non-PCOS cohort. Partici-
pants in the non-PCOS group were categorized into four
groups based on the quartile of serum fructose levels:
Q1<7.42 pmol/l; Q2: 7.42-8.56 umol/l; Q3: 8.56-10.09
pumol/l; Q4: > 10.09 umol/l.

A significant variation in the frequency of preterm
deliveries was observed among different fructose level
categories in women without PCOS (P<0.001) (Table 2).
However, among the different types of preterm birth,
serum fructose levels did not show any significant dif-
ferences. Furthermore, serum fructose levels were cor-
related with neonatal birthweight (P=0.008) and the
incidence of pregnancy complications (P=0.007), includ-
ing gestational diabetes and pregnancy-induced hyper-
tension. The Spearman analysis revealed a correlation
of serum fructose levels with preterm birth (r=0.311,
P<0.001) and birthweight (r = -0.266, P=0.005) in the
non-PCOS population (Table 3). Furthermore, our anal-
ysis demonstrates a significant variance in the preterm
birth rates between Q1 and Q4, with univariate logistic
regression indicating an OR of 23.100 (P=0.003). This
finding is substantiated by multivariate logistic regression
analysis (OR=18.359, P=0.008) (Table 4) after adjusting
for several co-variables, including ovulation induction
protocol, age, and BMI. Ultimately, ROC curves were
employed to evaluate the prognostic efficacy of serum
fructose levels regarding preterm birth among non-
PCOS individuals. The AUC for diagnosing preterm birth
via fructose in this cohort reached 0.731 (Fig. 2; Table 5),
with the capacity to identify miscarriage at a sensitivity of
56.0% and specificity of 83.6%.

In summary, individuals with elevated serum fructose
levels have a higher rate of preterm delivery compared to

women with low serum fructose levels among patients
without PCOS.

Discussion

This study represents the first investigation of the asso-
ciation between serum fructose concentrations and preg-
nancy outcomes in patients with or without PCOS. The
primary findings can be summarized as follows: Serum
fructose levels exhibit a positive correlation with miscar-
riage in patients with PCOS, while in women without
PCOS, a positive correlation is observed between serum
fructose levels and preterm birth.

Existing literature supports these findings. The
increase in fructose intake is increasingly recognized as
a contributing factor to the global obesity epidemic [20].
Additionally, obese pregnant women are more prone
to experiencing early miscarriages and an elevated risk
of congenital fetal anomalies [21], such as neural tube
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Table 2 Pregnancy outcomes and complications among different serum Fructose status
Fasting serum fructose levels
Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value
PCOS
Fructose (pmol/ulL) <826 8.26-9.76 9.76-11.75 >11.75
N 33 34 34 34
Total miscarriage 2(6.1) 6(17.6) 6(17.6) 13(38.2) 0.010"
Miscarriage 0.557°
Early miscarriage 1 (50.0) 4 (66.7) 4 (66.7) 11 (84.6)
Late miscarriage 1(50.0) 2(333) 2(33.3) 2(154)
Term delivery 24(72.7) 20 (58.8) 20 (58.8) 17 (50.0) 0.298
Preterm delivery 7(21.2) 8(23.5) 8(23.5) 4(11.8) 0572
Preterm delivery 0313°
>34 and <37 weeks 6(85.7) 8(100.0) 5(62.5) 3(75.0)
>32 and <34 weeks 0(0.0) 0(0.0) 0(0.0) 0(0.0)
<32 weeks 1(14.3) 0(0.0) 3(37.5) 1(25.0)
Delivery type 0.331°
Cesarean 24 (774) 24 (85.7) 21(77.8) 19 (95.0)
Eutocia 7(22.6) 4(143) 6(22.2) 1(5.0)
Pregnancy complications 3(9.1) 10 (29.4) 4(11.8) 4(11.8) 0.080
Gestational diabetes mellitus 2(6.1) 5(14.7) 2(5.9) 2(5.9) 0.547°
Pregnancy-induced hypertension 1(3.0) 5(14.7) 2(5.9) 4(11.8) 0.367°2
Birthweight (g) 3500 3474 3300 3270 0.396
(3100-3800) (3025-3975) (2750-3650) (3200-3550)
Control
Fructose (pmol/ulL) <742 7.42-8.56 8.56-10.09 >10.09
N 34 33 34 34
Total miscarriage 10 (29.4) 5(15.2) 6(17.6) 5(14.7) 0373
Miscarriage 0.711°
Early miscarriage 7 (70.0) 5(100.0) 5(83.3) 3(75.0)
Late miscarriage 3(30.0) 0(0.0) 1(16.7) 1(25.0)
Term delivery 23 (67.6) 22 (66.7) 24.(70.6) 15 (44.1) 0.091
Preterm delivery 1(2.9) 6(18.6) 4(11.8) 14(41.2) <0.001"
Preterm delivery 0.469°
>34 and <37 weeks 1(100.0) 5(100.0)® (50.0) 9(63.3)
>32 and < 34 weeks 0(0.0) 0(0.0) 2 (50.0) 2(14.3)
<32 weeks 0(0.0) 0(0.0) 0(0.0) 3(214)
Delivery type 0.167°
Cesarean 22(91.7) 24 (88.9) 20 (71.4) 26 (89.7)
Eutocia 2(83) 3(11.1) 8(28.6) 3(10.3)
Pregnancy complications 6(17.6) 8(24.2) 17 (50.0) 6(17.6) 0.007"
Gestational diabetes mellitus 5(14.7) 3(9.1) 9(26.5) 3(8.8) 0.160°
Pregnancy-induced hypertension 2(5.9) 5(15.2) 8(23.5) 4(11.8) 0.212°
Birthweight (g) 3443 +453 33394569 3346+644 2906+ 740 0.008"

Abbreviations PCOS, polycystic ovary syndrome. Normally distributed continuous variables were reported as mean + standard deviation and analyzed by analysis of
variance, as well as non-normally distributed continuous variables were reported as the median (interquartile range) and analyzed by Kruskal-Wallis test. Categorical
variables are presented as percentages (%) and analyzed by Chi-square test or Fisher's exact test. *Fisher’s exact test, "P-value <0.05

defects, which in turn heighten the likelihood of pre-
term birth [22]. Furthermore, the rise in fructose intake
is linked to gestational diabetes [16], a condition that has
been linked to an increased risk of preterm birth [23]. In
the pathological context of preeclampsia, hypoxic pla-
centa drives endogenous fructose production through
the activation of aldose reductase and HIFla expres-
sion. This excessive fructose accumulation, along with

its positive feedback in driving certain clinical features
of preeclampsia [24], contributes to the increased risk of
adverse pregnancy outcomes [25].

Moreover, increased maternal fructose consump-
tion can impair endometrial decidualization, leading to
an unfavorable uterine environment that is inadequate
for supporting proper embryonic development and
ultimately resulting in miscarriage [17]. Maternal
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Table 3 Correlation of serum Fructose levels with pregnancy
outcomes and complications

PCOS Control

r P-value r P-value
Maternal age (y) -0.003 0.974 0.118 0.174
Maternal BMI (kg/mz) -0.078 0.370 -0.044 0610
Miscarriage 0.258 0.002" -0.117 0177
Preterm delivery -0.079 0362 0311 <0001
Term delivery -0.146  0.090 -0.154  0.074
Delivery type -0.137 0.161 0.045 0.643
Pregnancy complications 0.090 0365 0076 0437
Gestational diabetes mellitus -0.099 0255 -0.020  0.820
Pregnancy-induced hypertension  -0.013  0.884 0085 0329
Birthweight (g) 0112 0260  -0266 0005

Abbreviations BMI, body mass index. P-value were tested with Spearman
analysis. "P-value <0.05

high-fructose diets lead to fetal growth restriction and
inefficient placental function, culminating in adverse
pregnancy outcomes [26]. To our knowledge, there is
currently no established intervention specifically target-
ing uterine factors in PCOS [27]. Therefore, modulating
fructose levels represents a potential therapeutic strategy
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for preventing miscarriage in pregnant women with
PCOS.

Lastly, studies have reported that fructose can repro-
gram cellular metabolic pathways to promote glutamine
breakdown and oxidative metabolism, which are essential
for the increased production of inflammatory cytokines
in human monocytes treated with lipopolysaccharide and
mouse macrophages [24]. This highlights the pro-inflam-
matory effects of fructose, which can ultimately lead to
adverse pregnancy outcomes [25].

Compared to the PCOS group, a higher incidence of
pregnancy-related complications was observed in the
control group. This difference may be partly attributable
to the older mean age of the control group (32 years)
compared to the PCOS group (30 years). Additionally, the
more intensive preconception and prenatal management
received by women with PCOS likely contributed to the
reduced occurrence of complications. Moreover, in the
logistic regression analysis, it was found that, in addition
to age and BMI, the ovulation induction protocol was a
potential confounding factor. The selection of ovulation
induction regimens is primarily focused between the

Table 4 Logistic analysis of serum Fructose levels and risk of pregnancy outcomes

Outcomes Fructose (pmol/pL) Univariate regression Multivariate regression
OR 95% Cl P-value Adjusted OR 95% Cl P-value
PCOS
Miscarriage <8.26 1.000 - - 1.000 - -
8.26-9.76 3321 0.619-17.820 0.161 3.689 0.671-20.278 0.133
9.76-11.75 3321 0.619-17.820 0.161 2410 0.632-18412 0.154
>11.75 9.595 1.960-46.978 0.005" 10.138 2.036-50.470 0.005"
Preterm delivery <826 1.000 - - 1.000 - -
8.26-9.76 1.143 0.362-3.612 0.820 1.799 0.483-6.704 0.382
9.76-11.75 1.143 0.362-3.612 0.820 1.040 0.283-3.815 0.953
>1175 0495 0.130-1.884 0.303 0.630 0.148-2.686 0.532
Term delivery <826 1.000 - - 1.000 - -
8.26-9.76 0.536 0.192-1.495 0.233 0.359 0.112-1.147 0.084
9.76-11.75 0.536 0.192-1.495 0.233 0.809 0.254-2.574 0.720
>11.75 0.375 0.1351.039 0.059 0216 0.068-0.683 0.009"
Control
Miscarriage <742 1.000 - - 1.000 - -
742-8.56 0429 0.129-1.429 0.168 0312 0.076-1.280 0.106
8.56-10.09 0514 0.163-1.624 0.257 0.404 0.091-1.788 0.233
>10.09 0414 0.124-1.377 0.150 0.325 0.080-1.323 0.117
Preterm delivery <742 1.000 - - 1.000 - -
742-8.56 7333 0.831-64.694 0.073 6.722 0.753-60.071 0.088
8.56-10.09 4400 0.465-41.596 0.196 4.220 0.439-40.568 0.212
>10.09 23.100 2.819-189.283 0.003" 18.359 2.162-155.864 0.008"
Term delivery <742 1.000 - - 1.000 - -
742-8.56 0.957 0.345-2.652 0932 1.025 0.364-2.889 0.962
8.56-10.09 1.148 0410-3.214 0.793 1.232 0.429-3.538 0.698
>10.09 0378 0.141-1.013 0.053 0422 0.155-1.152 0.092

Abbreviations PCOS, polycystic ovary syndrome; OR, odds ratio; Cl, confidence interval. "P-value < 0.05
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Fig. 2 Diagnostic performance of serum fructose levels in patients with or without PCOS. (a) ROC curves illustrate the value of serum fructose levels in
predicting miscarriage among women with PCOS. (b) ROC curves illustrate the value of serum fructose levels in predicting preterm birth among women
without PCOS. PCOS, Polycystic ovary syndrome; ROC, Receiver operating characteristic

Table 5 Prediction value of serum Fructose levels in the pregnancy outcome of patients with or without PCOS

Population Pregnancy outcome AUC 95% Cl Sensitivity% Specificity% Cutoff value PPV% NPV%
PCOS Miscarriage 0.686 0.568-0.805 66.7 704 10.49 69.3 67.9
Control Preterm birth 0.731 0.630-0.832 56.0 83.6 10.19 77.3 65.5

Abbreviations PCOS, polycystic ovary syndrome; AUC, the area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value

antagonist protocol and the long protocol; however, more
definitive conclusions necessitate larger-scale studies.

In this study, we differentiated between women with
and without PCOS to comprehensively demonstrate the
potential influence of elevated serum fructose levels on
pregnancy outcomes. One contributing factor may be
that PCOS, as an endocrinopathy and metabolic dis-
order, is associated with increased rates of miscarriage
and preterm birth [7, 8]. Additionally, our data revealed
that, beyond the differences in fructose levels, there are
disparities in various hormones such as FSH, LH, and
DHEAS between the PCOS and control groups. These
hormonal variations may contribute to the observed cor-
relation between fructose levels and divergent pregnancy
outcomes in the PCOS group compared to the non-
PCOS group (Supplementary Table 1).

Individuals with PCOS often exhibit metabolic abnor-
malities, such as insulin resistance and hyperandrogen-
emia [2]. These metabolic disturbances may lead to a
decline in oocyte quality [4] and endometrial receptivity
[5], thereby increasing the risk of miscarriage. Chronic
inflammation and oxidative stress are commonly pres-
ent in patients with PCOS [2], which may affect embryo
implantation and the stability of early pregnancy. Metab-
olites produced during fructose metabolism, such as
uric acid [28], may further exacerbate inflammatory
responses, thus increasing the risk of miscarriage. More-
over, the more intensive preconception and prenatal
management in women with PCOS likely contributes to
the lower occurrence of complications and consequently

lowers the risk of preterm birth. In the control group,
relying on better oocyte quality and uterine function, the
impact of increased fructose concentration seems insuf-
ficient to increase the risk of miscarriage. However, its
effects on pregnancy complications, such as gestational
diabetes and preeclampsia [24], may contribute to the
risk of preterm birth. Nevertheless, precise mechanisms
require further investigation.

The primary strength of this article lies in its pioneer-
ing exploration of the association between serum fruc-
tose levels and pregnancy outcomes in patients with or
without PCOS. Additionally, we gather comprehensive
patient-related information and analyze biological mark-
ers. These markers are adjusted in logistic regression
to reduce bias and enhance the reliability of outcomes.
Despite these strengths, several limitations exist in our
study. Firstly, it was conducted at a single center, neces-
sitating further verification through future multicenter
studies. Secondly, our study exclusively focused on
patients undergoing assisted reproductive techniques,
and the sample size was modest. As a result, our results
can only be applied to a certain demographic. Lastly,
serum fructose levels were measured prior to pregnancy,
potentially introducing experimental bias due to fluctua-
tions in these levels during pregnancy.

Conclusions

In summary, our study elucidates the correlation between
serum fructose levels and adverse pregnancy outcomes in
IVF patients. Specifically, in patients with PCOS, elevated
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serum fructose levels are linked to miscarriage, while in
the non-PCOS cohort, these levels are related to a higher
incidence of preterm birth. The potential use of serum
fructose levels as a predictive biomarker holds prom-
ise for early detection and clinical intervention, aiming
to improving maternal and fetal health. Furthermore,
existing evidence suggests that elevated fructose levels
may contribute to adverse pregnancy outcomes through
various mechanisms. Additional research is warranted
to establish a comprehensive understanding of the role
of fructose and its implications for adverse pregnancy
outcomes.
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BMI Body mass index
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LH Luteinizing hormone

FSH Follicle-stimulating hormone
AMH Anti-Mllerian hormone

DHEAS  Dehydroepiandrosterone sulfate
SHBG Sex hormone-binding globulin
CVs Coefficients of variation

OR Odds ratio

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512884-025-07415-4.

Supplementary Material 1

Supplementary Material 2

Acknowledgements

The authors thank the staff of the Center of Reproductive Medicine in
Shengjing Hospital of China Medical University for their cooperation and
support.

Author contributions

Conceptualization, D.L,, ZN. AND Y.F; methodology, D.L. AND Z.N.; formal
analysis, ZN. AND B.Z,; investigation, Y.F. AND J.S.; writing—original draft
preparation, B.Z. Y.L. Y.L, writing—review and editing, D.L.. AND Z.N,
visualization, J.S. AND Y.F; project administration, D.L. and ZN.; funding
acquisition, D.L. and ZN. All authors have read and agreed to the published
version of the manuscript.

Funding

National Natural Science Foundation of China (No. 82071607); LiaoNing
Revitalization Talents Program (No. XLYC1907071); Fok Ying Tung Education
Foundation (No. 151039); Outstanding Scientific Fund of Shengjing Hospital
(No. 202003); China Postdoctoral Science Foundation (No. 2023M733902); 345
Talent Project of Shengjing Hospital of China Medical University (No. M1344).

Data availability
The analyzed data sets generated during the present study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was performed in accordance with the principles of the Declaration
of Helsinki. The present study was approved by the Institutional Review Board
of China Medical University (approval number 2020PS198K). All participants
were exempted from providing informed consent, as the patient specimens

Page 10 of 11

used in the study were all discarded specimens after routine clinical diagnosis,
and privacy-related information was removed.

Consent for publication
All authors are consent for publication.

Competing interests
The authors declare no competing interests.

Author details

!Center of Reproductive Medicine, Shengjing Hospital of China Medical
University, No.36, SanHao Street, Shenyang 110004, China

“The First Clinical College, China Medical University, Shenyang

110001, China

3NHC Key Laboratory of Advanced Reproductive Medicine and Fertility
(China Medical University), National Health Commission, Shenyang, China
“Key Laboratory of Reproductive Dysfunction Diseases and Fertility
Remodeling of Liaoning Province, Shenyang, China

Received: 23 April 2024 / Accepted: 3 March 2025
Published online: 20 March 2025

References

1. Escobar-Morreale HF. Polycystic ovary syndrome: definition, aetiology, diag-
nosis and treatment. Nat Rev Endocrinol. 2018;14:270-84.

2. AzzizR. Polycystic ovary syndrome. Obstet Gynecol. 2018;132:321-36.

3. Palomba S. Is fertility reduced in ovulatory women with polycystic ovary
syndrome? An opinion paper. Hum Reprod. 2021;36:2421-8.

4. Palomba S, Daolio J, La Sala GB. Oocyte competence in women with polycys-
tic ovary syndrome. Trends Endocrinol Metab. 2017,28:186-98.

5. Palomba S, Piltonen TT, Giudice LC. Endometrial function in women with
polycystic ovary syndrome: a comprehensive review. Hum Reprod Update.
2021;27:584-618.

6. LiR ZhangQ Yang D, LiS, Lu'S,Wu X, et al. Prevalence of polycystic ovary
syndrome in women in China: a large community-based study. Hum Reprod.
2013;28:2562-9.

7. Palomba S, de Wilde MA, Falbo A, Koster MPH, La Sala GB, Fauser BCJM.
Pregnancy complications in women with polycystic ovary syndrome. Hum
Reprod Update. 2015;21:575-92.

8. ShaT,Wang X, Cheng W, Yan Y. A meta-analysis of pregnancy-related
outcomes and complications in women with polycystic ovary syndrome
undergoing IVF. Reprod Biomed Online. 2019;39:281-93.

9. NaZz SongJ,Meng Y, Feng D, Wei J, Jiang H, et al. Serum Fructose concentra-
tions are positively correlated with dyslipidaemia in women with polycystic
ovary syndrome. Reprod Biomed Online. 2022;45:608-14.

10. ShiB, Feng D, Sagnelli M, Jiao J, Sun X, Wang X, et al. Fructose levels are
elevated in women with polycystic ovary syndrome with obesity and hyper-
insulinemia. Hum Reprod. 2020;35:187-94.

11. Muriel P, Lopez-Sdnchez P, Ramos-Tovar E. Fructose and the liver. Int J Mol Sci.
2021;22:6969.

12.  Herndndez-Diazcouder A, Romero-Nava R, Carbd R, Sdnchez-Lozada LG.
Sanchez-Mufioz F. High Fructose intake and adipogenesis. Int J Mol Sci.
2019;20:2787.

13. ZhaoS, Jang C, Liu J, Uehara K, Gilbert M, 1zzo L, et al. Dietary Fructose feeds
hepatic lipogenesis via microbiota-derived acetate. Nature. 2020;,579:586-91.

14.  Taskinen M-R, Packard CJ, Borén J. Dietary Fructose and the metabolic syn-
drome. Nutrients. 2019;11:1987.

15. Softic S, Stanhope KL, Boucher J, Divanovic S, Lanaspa MA, Johnson RJ, et al.
Fructose and hepatic insulin resistance. Crit Rev Clin Lab Sci. 2020;57:308-22.

16.  Zhang H, Li X, Niu,Yang Z, LuY, Su Q et al. Fasting serum Fructose is associ-
ated with risk of gestational diabetes mellitus. BMC Pregnancy Childbirth.
2022;22:446.

17. Saben JL, Asghar Z, Rhee JS, Drury A, Scheaffer S, Moley KH. Excess maternal
Fructose consumption increases fetal loss and impairs endometrial decidual-
ization in mice. Endocrinology. 2016;157:956-68.

18.  Feng D, Shi B, Bi F, Sagnelli M, Sun X, Jiao J, et al. Elevated serum mannose
levels as a marker of polycystic ovary syndrome. Front Endocrinol (Lausanne).
2019;,10:711.


https://doi.org/10.1186/s12884-025-07415-4
https://doi.org/10.1186/s12884-025-07415-4

Zhang et al. BMC Pregnancy and Childbirth (2025) 25:324

19.  Rotterdam ESHRE, ASRM-Sponsored PCOS consensus workshop group.
Revised 2003 consensus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome (PCOS). Hum Reprod. 2004;19:41-7.

20. Hannou SA, Haslam DE, McKeown NM, Herman MA. Fructose metabolism
and metabolic disease. J Clin Invest. 2018;128:545-55.

21. Poston L, Caleyachetty R, Cnattingius S, Corvaldn C, Uauy R, Herring S, et al.
Preconceptional and maternal obesity: epidemiology and health conse-
quences. Lancet Diabetes Endocrinol. 2016;4:1025-36.

22.  Goldenberg RL, Tamura T. Prepregnancy weight and pregnancy outcome.
JAMA. 1996,275:1127-8.

23. YeW, Luo C,Huang J, Li C, Liu Z, Liu F. Gestational diabetes mellitus and
adverse pregnancy outcomes: systematic review and meta-analysis. BMJ.
2022;377:€067946.

24.  Nakagawa T, Ana Andres-Hernando null, Kosugi T, Sanchez-Lozada LG,
Stenvinkel P, Kublickiene K et al. Fructose might be a clue to the origin
of preeclampsia insights from nature and evolution. Hypertens Res.
2023;46:646-53.

25.
26.

27.

28.

Page 11 of 11

Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet. 2005;365:785-99.
Asghar ZA, Thompson A, Chi M, Cusumano A, Scheaffer S, Al-Hammadi N, et
al. Maternal Fructose drives placental uric acid production leading to adverse
fetal outcomes. Sci Rep. 2016,6:25091.

Palomba S, Costanzi F, Caserta D, Vitagliano A. Pharmacological and non-
pharmacological interventions for improving endometrial receptivity in
infertile patients with polycystic ovary syndrome: a comprehensive review of
the available evidence. Reprod Biomed Online. 2024;49:104381.

Feng D, Wang X, Song J, Yang H, Peng Y, Wang X, et al. Association of

uric acid and Fructose levels in polycystic ovary syndrome. Hum Reprod.
2024;39:2575-86.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The correlation between serum fructose levels and pregnancy outcomes in IVF patients with and without PCOS: a case-control study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and participants
	﻿Measurement of basic hormone levels
	﻿Measurement of serum Fructose levels
	﻿Statistical analysis

	﻿Results
	﻿Significant difference in serum Fructose levels based on pregnancy outcomes

	﻿Associations between serum Fructose levels and miscarriage rate in women with PCOS
	﻿Associations between serum Fructose levels and preterm delivery rate in women without PCOS
	﻿Discussion
	﻿Conclusions
	﻿References


