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Abstract. Recurrent pregnancy loss (RPL) often remains unexplained even after routine evaluation, which makes 
potentially modifiable risk factors especially important. Metabolic syndrome (MetS) has gained attention in this context 
because it combines central obesity, insulin resistance or dysglycemia, hypertension, and atherogenic dyslipidemia into 
a single adverse reproductive phenotype. This systematic review summarizes current evidence on the role of MetS in 
the etiopathogenesis of RPL. The available literature suggests that women with RPL more often demonstrate metabolic 
abnormalities, higher body mass index, oxidative stress, and immune-inflammatory imbalance. Among the most 
consistent findings are increased malondialdehyde (MDA), reflecting enhanced lipid peroxidation, and a shift toward a 
pro-inflammatory cytokine profile, commonly characterized by higher interleukin-6 (IL-6), lower or relatively 
insufficient interleukin-10 (IL-10), and an increased IL-6/IL-10 ratio. Taken together, these data support the idea that 
MetS creates a biologically unfavorable background for implantation, placentation, and early fetal development. 
Despite heterogeneity across studies, metabolic assessment before conception appears clinically relevant in women with 
RPL.
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Relevance

Recurrent pregnancy loss (RPL) remains one of the 
most difficult problems in reproductive medicine because 
a substantial proportion of cases still have no clearly 
established cause after standard evaluation. Major 
modern guidelines generally define RPL as the loss of 
two or more pregnancies, whereas older definitions often 
used three losses [5,28]. RPL affects approximately 1-2% 
of couples and continues to impose a major medical, 
psychological, and social burden [5,28].

In parallel, metabolic syndrome (MetS) is no longer 
viewed only as a cardiometabolic construct. It is 
increasingly recognized as a systemic disorder with 
reproductive relevance, characterized by central obesity, 
dysglycemia or insulin resistance, elevated blood 
pressure, hypertriglyceridemia, and low high-density 
lipoprotein cholesterol [1-3,7,13]. The diagnostic concept 
of MetS has evolved from the World Health Organization 
and EGIR definitions, which emphasized insulin 
resistance, to ATP III, IDF, and later harmonized criteria 
that use combinations of key metabolic abnormalities [1-
3,7,13].

The biological plausibility linking MetS and RPL is 
strong. Adipose tissue is now recognized as an active 
endocrine and inflammatory organ rather than a passive 
fat depot [15]. Pregnancy itself requires tightly 
coordinated immunologic shifts: relative pro-
inflammatory predominance during implantation, relative 
anti-inflammatory balance during fetal growth, and 
renewed inflammation before labor [24]. Within this 
framework, insulin resistance, dyslipidemia, endothelial 
dysfunction, oxidative stress, and cytokine imbalance

may disrupt implantation, early placentation, and 
maternal-fetal immune tolerance [8,10,14,16,19,24,32-
34].

Research objective: To summarize current evidence 
on the role of metabolic syndrome in the 
etiopathogenesis of recurrent pregnancy loss, with 
particular emphasis on oxidative stress and 
inflammatory-cytokine mechanisms.

Materials and methods.

A structured literature search was performed for 
English-language publications indexed in PubMed and 
complemented by searches of major publisher platforms 
and Google Scholar up to March 2026. Search terms 
included combinations of 'recurrent pregnancy loss', 
'recurrent miscarriage', 'metabolic syndrome', 'insulin 
resistance', 'obesity', 'oxidative stress', 'malondialdehyde', 
'IL-6', 'IL-10', 'cytokines', 'implantation', and 
'placentation'. Clinical guidelines, systematic reviews, 
meta-analyses, observational studies, and mechanistic 
studies relevant to women of reproductive age were 
prioritized. Reference lists of key publications were also 
screened manually.

Studies were included if they addressed at least one of 
the following: the relationship between MetS or its 
components and RPL; oxidative stress biomarkers in 
RPL; inflammatory cytokine patterns in RPL; or 
metabolic-inflammatory mechanisms with potential 
relevance to reproductive loss. Case reports, duplicate 
publications, and studies without clear relevance to RPL 
or metabolic dysfunction were excluded.
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This manuscript was designed as a qualitative 
systematic review. Because of substantial heterogeneity 
across studies in RPL definitions, MetS criteria, clinical 
phenotypes, gestational timing, laboratory methods, and 
biomarker platforms, no formal meta-analysis was 
undertaken in the present paper.

Results.

Current evidence suggests that women with RPL 
frequently carry a measurable metabolic burden even 
when they do not have a classic endocrine diagnosis. In a 
study of women with unexplained RPL, MetS was 
identified in 24.4% of participants, while 82.6% had at 
least one MetS component; moreover, a greater number 
of metabolic abnormalities was associated with a higher 
miscarriage burden [18]. In a separate systematic review 
and meta-analysis, women with RPL had a significantly 
higher maternal body mass index than controls, with a 
pooled mean difference of 0.7 kg/m2, supporting the 
concept that adverse metabolic phenotype is 
overrepresented in this population [11]. These findings 
do not by themselves prove causality, but they support 
the view that MetS-related traits cluster in women with 
recurrent reproductive failure [11,18].

From a mechanistic perspective, MetS may contribute 
to RPL through several converging pathways. Central 
obesity and insulin resistance promote adipocyte 
hypertrophy, altered adipokine secretion, endothelial 
dysfunction, dyslipidemia, and chronic low-grade 
inflammation [15]. These abnormalities are biologically 
relevant to implantation and placentation because early 
trophoblast invasion, decidual remodeling, vascular 
adaptation, and maternal immune tolerance are highly 
sensitive to oxidative and inflammatory stress [15,24,32-
34].

One of the most reproducible links between MetS and 
RPL is oxidative stress. Although no universally 
standardized oxidative stress biomarker panel exists, 
malondialdehyde (MDA) remains one of the most 
frequently used markers of lipid peroxidation in 
reproductive research [23]. Multiple studies summarized 
in recent reviews have shown that women with RPL have 
elevated MDA levels in plasma and placental tissue [35]. 
In Saudi cohorts, plasma MDA reached 7.87 +/- 0.96 
nmol/mL in recurrent miscarriage patients versus 5.73 
+/- 0.76 nmol/mL in healthy pregnant women and 5.03 
+/- 0.70 nmol/mL in non-pregnant controls; placental 
MDA was also significantly higher in the miscarriage 
group [4]. Another study showed higher plasma MDA in 
recurrent miscarriage (5.95 +/- 0.91) than in healthy 
pregnancy (5.12 +/- 0.81), together with marked 
increases in whole-blood and placental lipid peroxidation 
[17]. Other reports documented elevated MDA and 
increased MDA/vitamin E ratios in women with 
recurrent losses, supporting sustained oxidative burden 
[6,12]. Taken together, these findings indicate that lipid 
peroxidation is a plausible contributor to trophoblast-
endometrial dysfunction and defective placentation in 
RPL [4,6,12,17,23,35].

The same oxidative signature is also observed in 
metabolic disorders relevant to reproductive-age women. 
In obese women, MDA was substantially higher when 
MetS was present than when obesity occurred without 
MetS (8.57 +/- 5.5 vs 4.6 +/- 3.2 nmol/mL; p = 0.008), 
suggesting that metabolic clustering amplifies oxidative 
damage beyond adiposity alone [22]. In another study, 
obese women had higher serum MDA than eutrophic 
controls (2.52 +/- 0.31 vs 2.13 +/- 0.26 umol/L) [27]. 
Likewise, women with polycystic ovary syndrome 
showed higher MDA than controls (3.12 +/- 0.66 vs 2.41 
+/- 0.56 nmol/mL), reinforcing the concept that 
metabolically adverse reproductive phenotypes share an 
oxidative background [29]. Thus, when MetS coexists 
with RPL, oxidative injury may intensify rather than 
simply accumulate [22,27,29].

Inflammatory and immunoregulatory mechanisms 
provide a second major bridge between MetS and RPL. 
Successful pregnancy depends less on absolute 
concentrations of single cytokines than on the dynamic 
balance between pro-inflammatory and anti-
inflammatory signals [24,33,34]. In mid-gestation 
pregnancies among women with prior RPL, circulating 
IL-6 was significantly higher and IL-10 significantly 
lower than in women without such history; the 
IL-6/IL-10 ratio was also markedly increased, indicating 
a systemic pro-inflammatory shift [21]. In a related 
study, women with RPL demonstrated reduced Treg-cell 
proportions and elevated IL-6/TGF-beta and IL-6/IL-10 
ratios, again pointing toward impaired immunologic 
tolerance [20]. However, cytokine data are not entirely 
uniform: in first-trimester missed miscarriage, one study 
found no statistically significant differences in serum 
IL-6, TNF-alpha, or IL-10 between cases and controls, 
underscoring that cytokine patterns vary by clinical 
phenotype, gestational age, and biological compartment 
[24]. Even so, the dominant trend in the RPL literature 
supports a relative shift toward pro-inflammatory 
signaling and weakened regulatory buffering 
[9,20,21,24,33].

Metabolic syndrome itself also shows heterogeneous 
but clinically relevant cytokine alterations. In young 
patients with MetS, IL-6 and IL-10 were increased while 
IL-2 was decreased, suggesting simultaneous 
inflammatory activation and dysregulated T-cell control 
[31]. In middle-aged women, higher IL-6 concentrations 
were associated with hypertriglyceridemia and insulin 
resistance, while TNF-alpha correlated with abdominal 
obesity, indicating that inflammatory markers may map 
more strongly to individual MetS components than to the 
syndrome as a single entity [26]. Conversely, a 
postmenopausal cohort showed lower TNF-alpha and a 
higher IL-10/TNF-alpha ratio in MetS, which may reflect 
compensatory anti-inflammatory responses rather than 
genuine protection [30]. These discrepancies are 
important because they imply that the cytokine signature 
of MetS is context-dependent, but they do not negate the 
central conclusion that MetS alters immune-metabolic 
homeostasis in ways that may become reproductively 
unfavorable in susceptible women [26,30,31].



Debate

The available literature supports a coherent model in 
which MetS contributes to RPL through interrelated 
metabolic, oxidative, vascular, and immunologic 
pathways. Direct clinical evidence shows that MetS and 
its components are common among women with 
unexplained RPL, while indirect evidence demonstrates 
that obesity, insulin resistance, and dyslipidemia are each 
linked to oxidative stress and inflammatory activation 
[11,18,22,26,27,29]. In biological terms, MetS appears to 
lower the threshold for reproductive failure by creating a 
hostile peri-implantation environment characterized by 
adipose dysfunction, reactive oxygen species excess, 
endothelial injury, and disturbed immune tolerance.

Oxidative stress deserves particular emphasis because 
it is one of the few mechanisms repeatedly demonstrated 
across both RPL and MetS-related phenotypes. MDA has 
practical advantages because it is measurable in blood 
and, in some studies, in placental tissue; it is also suitable 
for dynamic follow-up across preconception and 
pregnancy-related intervals. At the same time, MDA is 
not a perfect biomarker, and analytical variability 
remains a recognized limitation [23]. Therefore, its use is 
best interpreted as part of a broader pathophysiologic 
framework rather than as a standalone diagnostic test. 
Even with this limitation, the repeated elevation of MDA 
in RPL, obesity, polycystic ovary syndrome, and MetS 
strongly supports the hypothesis that redox imbalance is 
a core shared pathway [4,6,17,22,23,27,29,35].

The inflammatory evidence is persuasive but more 
heterogeneous. Some studies consistently show elevated 
IL-6, reduced IL-10, and increased IL-6/IL-10 ratios in 
women with RPL, whereas others fail to detect 
significant differences in early gestation or in specific 
miscarriage phenotypes [20,21,24]. This inconsistency 
likely reflects genuine biological diversity rather than 
simple methodological weakness. Cytokines fluctuate by 
trimester, tissue compartment, concurrent disorders such 
as thrombophilia or polycystic ovary syndrome, and the 
degree of metabolic burden. For this reason, the most 
informative interpretation may lie not in isolated 
cytokine values, but in the balance between pro-
inflammatory and anti-inflammatory networks 
[20,21,24,33,34].

Clinically, these findings support inclusion of 
metabolic assessment in women with RPL, especially 
when the standard etiologic work-up is unrevealing. 
Screening for abdominal obesity, blood pressure 
elevation, dysglycemia, hypertriglyceridemia, low high-
density lipoprotein cholesterol, and markers of insulin 
resistance may help identify patients whose reproductive 
risk is being amplified by a treatable metabolic 
background. Still, the present evidence base is not yet 
sufficient to claim that correction of MetS will uniformly 
prevent RPL. The major gaps remain the lack of unified 
MetS and RPL definitions across studies, the scarcity of 
prospective reproductive-age cohorts, and the limited 
number of intervention trials designed around

reproductive rather than cardiovascular outcomes 
[5,11,18,35].

Conclusion

Metabolic syndrome appears to play a meaningful 
role in the etiopathogenesis of recurrent pregnancy loss. 
The association is biologically plausible and is supported 
by converging evidence from clinical, biochemical, and 
immunologic studies. Insulin resistance, visceral 
adiposity, endothelial dysfunction, oxidative stress, and 
cytokine imbalance may together impair implantation, 
placentation, and the maintenance of early pregnancy. 
Among the candidate mediators, MDA and the 
IL-6/IL-10 axis are especially informative, although both 
remain influenced by methodological and phenotypic 
heterogeneity. In practical terms, MetS should be 
considered a relevant preconception and reproductive 
risk phenotype in women with RPL. Future longitudinal 
and interventional studies are needed to determine 
whether systematic metabolic correction before 
conception can improve live birth outcomes.
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