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Serum ferritin levels and risk of
gestational diabetes mellitus: A
cohort study
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Gestational diabetes mellitus (GDM) is a glucose metabolism disorder with an unclear etiology that
occurs specifically during pregnancy. While elevated serum ferritin levels have been reported to
increase the risk of GDM, these findings lack validation in large-scale studies and have yet to inform
clinical practice effectively. This study enrolled 12,434 controls and 3599 GDM patients and employed
binary multifactorial logistic regression, restricted cubic spline, propensity score matching, and a
random forest algorithm to explore the relationship between serum ferritin and GDM, as well as the
effect size of ferritin on GDM. The results indicated that GDM patients have higher serum ferritin
levels compared to controls in the second and third trimesters. A weak correlation was found between
serum ferritin levels and OGTT 1-hour and 2-hour blood glucose levels in the second trimester. Logistic
regression (LR) and restricted cubic spline (RCS) analyses showed a significant positive correlation
between serum ferritin levels and GDM in the second and third trimesters. Propensity score matching
analysis indicated that the association between second-trimester serum ferritin levels and GDM
remained nearly constant before and after matching. The random forest algorithm suggested that
among all confounders, serum ferritin had a minimal effect on GDM risk. In conclusion, our study
provides further compelling evidence for the association between serum ferritin levels and gestational
diabetes mellitus. However, additional research is still needed to clarify the specific mechanisms
underlying this association.

Keywords Ferritin, Gestational diabetes mellitus, Logistic regression, Restricted cubic spline, Random forest
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Iron is a vital trace element essential for various life-sustaining processes, including electron transfer, oxygen
transport, and cell proliferation, and its deficiency can result in anemia, fatigue, anorexia, cardiomegaly, and other
organ dysfunctions!. Some studies have reported that iron deficiency affects approximately one-third of pregnant
individuals worldwide and can increase the risk of preterm birth, low birth weight, cognitive dysfunction, and
immune dysfunction in the offspring®. Ferritin serves as a stable form of iron storage in the body, which is less
affected by short-term dietary changes and other factors®. Although ferritin may not accurately reflect iron
metabolism in the presence of infection or inflammation, it remains the preferred indicator for assessing iron
status, according to current guidelines and expert consensus*. Currently, there remains significant disagreement
among major global medical institutions regarding the threshold levels of ferritin required to diagnose iron
deficiency. Nevertheless, most guidelines still recommend using serum ferritin concentrations below 15 ug/mL
or 30 pg/mL as the diagnostic criteria for iron deficiency. Serum ferritin levels below 30 pg/mL are commonly
used to diagnose iron deficiency during pregnancy, as studies have shown that when serum ferritin falls below
25-40 pg/L, stainable iron in the bone marrow becomes undetectable®8. As concerns over iron deficiency arise,
excessive serum ferritin may also interfere with glucose and lipid metabolism, which could be the underlying
mechanism linking high serum ferritin levels to fatty liver disease®and type 2 diabetes'”.

Gestational diabetes mellitus (GDM) is a glucose metabolism disorder that typically occurs during pregnancy,
affecting approximately 9-21% of pregnancies worldwide, and can result in various adverse outcomes, including
macrosomia and shoulder dystocia!l. Its pathogenesis remains unclear, but current evidence suggests that
disturbances in intestinal flora, gestational age, multiple pregnancies, conception via assisted reproductive
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technology, and genetic factors are all associated with an increased risk of GDM!2. In recent years, several small
population-based studies have suggested that high serum ferritin levels during pregnancy may increase the risk
of developing GDM!*!. Corrections of low serum ferritin levels during pregnancy have been demonstrated
to mitigate adverse pregnancy outcomes associated with iron deficiency!>. However, given the limited sample
sizes in existing literature and frequent omission of prior gestational diabetes history and family diabetes history
when adjusting for confounders, this may yield biased findings. Therefore, it is particularly crucial to conduct
studies with larger population samples to clarify the association between serum ferritin levels during pregnancy
and gestational diabetes.

This study aimed to retrospectively analyze patients with GDM and healthy pregnant individuals who
underwent prenatal care and delivered at West China Second Hospital of Sichuan University between May 2021
and December 2023. The objectives were to (1) Assess the association between serum ferritin levels and the risk
of GDM across pregnancy trimesters. (2) Examine the relationship between serum ferritin levels and glucose
metabolism in the second trimester. (3) Explore the association between serum ferritin levels and GDM while
adjusting for potential confounders.

Materials and methods

Study design

This study is a retrospective case-control analysis. The diagnostic criteria for GDM were fasting blood
glucose>5.1 mmol/L, 1-hour post-glucose>10.0 mmol/L, and 2-hour post-glucose>8.5 mmol/L!. And
controls were defined as subjects who had no pre-existing medical or surgical conditions prior to pregnancy and
did not develop any pregnancy-related complications throughout the entire gestational period. We included all
GDM patients and normal pregnant individuals who received prenatal care and delivered at West China Second
University Hospital of Sichuan University between May 2021 and November 2023. Initially, 34,682 subjects were
enrolled. After excluding individuals with coexisting internal or surgical diseases and abnormal blood pressure
or bile acid levels, 3599 GDM patients and 12,434 normal pregnant individuals were included in the final analysis.
Additionally, we still examined the association between serum ferritin levels and adverse pregnancy outcomes.

Diagnostic criteria, inclusion and exclusion criteria

The 75 g oral glucose tolerance test (OGTT) is a comprehensive method for assessing glucose metabolism and
pancreatic function, providing insights into insulin secretion and glucose metabolism following food intake!”.
In this study, all participants underwent at least one time of 75 g OGTT between 24 and 28 weeks of gestation.
High-risk individuals, such as those who were overweight or obese before pregnancy, had a history of gestational
diabetes, or a family history of diabetes, underwent additional screenings.

We categorized GDM patients and healthy pregnant individuals without any diagnosed diseases into the
GDM group and the normal pregnancy control group, respectively, based on their discharge diagnoses. All
participants had a gestational age at delivery of more than 28 weeks. The exclusion criteria included pre-
existing or pregnancy-induced hypertension, viral hepatitis, intrahepatic cholestasis, pre-pregnancy diabetes,
autoimmune disorders, renal insufficiency (confirmed by at least two tests), hepatic insufficiency (confirmed by
at least two tests), and a history of malignancy. The screening and data analysis process are illustrated in Fig. 1.

Diagnostic criteria for anemia and iron deficiency

In this study, iron deficiency was defined as a serum ferritin level <30 pg/mL (measured by chemiluminescent
immunoassay) at any stage during pregnancy'8. Gestational anemia was defined as a hemoglobin concentration
below 120 g/L before 14 weeks of pregnancy or a hemoglobin concentration below 110 g/L from 14 weeks of
gestation to delivery'’.

Data sources

Data for this study were extracted from the medical and test records of participants by the Information
Department of West China Second Hospital of Sichuan University. The collected data included age, medical
and family history, marital status, smoking and alcohol use, height, and admission weight. Information on
pregnancy mode, exposure to estrogen-progestin, and any previous history of gestational diabetes mellitus was
also retrieved. All data were de-identified to ensure participant privacy, and all participants reported no history
of smoking or alcohol consumption.

Data statistics

This study considers serum ferritin levels as the exposure factor and GDM as the outcome factor. The potential
confounding variables included in the analysis are age, gestational week at serum ferritin measurement, pre-
pregnancy BMI, gravidity, parity, history of gestational diabetes, family history of diabetes, exposure to estrogen
and progesterone in early pregnancy, and conception through assisted reproductive technology. Among these
variables, serum ferritin levels, age, and gestational week at serum ferritin measurement are continuous variables,
while pre-pregnancy BMI, gravidity, parity, history of gestational diabetes, family history of diabetes, exposure
to estrogen and progesterone in early pregnancy, and conception through assisted reproductive technology are
binary variables. All categorical variables are coded as 1 for positive and 0 for negative.

For continuous variables, differences were assessed after normality testing. If the data followed a normal
distribution, they were expressed as meanzstandard deviation, and the t-test was used to compare group
differences. If data did not follow a normal distribution, they were expressed as median (interquartile range), and
the Mann-Whitney U test was used. Categorical variables were expressed as frequencies and proportions, and
differences between groups were compared using the chi-square test. To accurately characterize the association

Scientific Reports |

(2025) 15:7525 | https://doi.org/10.1038/s41598-025-91456-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Pregnant women delivered at West
China Second Hospital of Sichuan
University between May 1, 2021 and
December 2023

Excluded: missing data,
non-detection of serum
Ferritin during pregnancy

Testing serum Ferritin levels during

pregnancy

(n =34682) Excluded: abnormalities in blood

pressure, fasting total bile acids,

* autoimmunc discase, history of

malignancy, liver discasc and

gastrointestinal disease (n = 18649)

Healthy pregnant Pregnant women

women with GDM
(n=12434) (n=3599)

Extract data

Testing in ]

[ Testing in ] ‘ Testing in 1

first trimester third trimester second trimester

Serum Ferritin
difference analysis

Propensity Score
Matching

1 Multivariate Restricted Cubic Random Forest algorithm
Logistic Regression Splines evaluate factors

Fig. 1. Flowchart of study population inclusion and data processing.

between serum ferritin levels and glucose metabolism characteristics, we performed Spearman correlation
analysis between second-trimester serum ferritin levels (closest to the OGTT test) and fasting blood glucose, as
well as 1-hour, and 2-hour post-glucose load blood glucose levels. We employed logistic regression, restricted
cubic splines and propensity score matching to investigate the association between serum ferritin and GDM.
Using a random forest model based on the Gini index and accuracy metrics, we conducted a ranking analysis
of the importance of all confounding factors and serum ferritin features included in the association analysis.
Data analysis was performed using GraphPad Prism 8.0 and R software. Logistic regression models, restricted
cubic spline models, propensity score matching models, and random forest models were implemented using the

» < » <

“glm,” “rms,” “Matchlt,” and “randomForest” packages in R version 4.3.1, respectively.

Ethical statement
The study was conducted in accordance with the Declaration of Helsinki and approved by the hospital’s Ethics
Committee, with all participants providing written informed consent.

Results

Comparison of baseline data

Based on the inclusion and exclusion criteria, the study included 12,434 normal pregnant individuals as the
control group and 3599 GDM patients without additional comorbidities as the observation group. We analyzed
baseline data for both groups, including age, gestational age, number of deliveries, gestational weight gain
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(GWG), pre-pregnancy BMI, history of GDM, family history of diabetes, conception via assisted reproductive
technology, multiple pregnancies, and early pregnancy estrogen-progestin exposure. The results showed that
all baseline variables were significantly higher in the GDM group compared to the control group, except for
gestational weight gain, which was significantly lower in the GDM group (Table 1).

Comparison of ferritin differences and metabolic characterization
In the study population, the prevalence of iron deficiency was approximately 14.1% in the first trimester, 56.9%
in the second, and 84.0% in the third. Ferritin levels were assessed between 23 and 27 weeks of gestation in 12,434
normal pregnant individuals and 3,599 individuals with GDM. Results indicated significantly higher ferritin
levels in individuals with GDM (22.5 pg/L [IQR 19.33]) compared to normal pregnant individuals (20.6 pg/L
[IQR 17.4]), with a p-value<0.0001. In the late stages of pregnancy, ferritin levels were significantly higher
in 3,317 GDM patients (18.2 pg/L [IQR 14.6]) compared to 11,636 normal pregnant individuals (17.3 pg/L
[IQR 14.1]), P<0.0001. Analysis of serum ferritin across pregnancy stages revealed a significant decrease with
increasing gestational age in both normal controls (n=7,663) and GDM subjects (n=2,165) (Fig. 2).
Additionally, we compared anemia and iron deficiency rates between GDM patients and normal pregnant
controls across all trimesters. The results showed that normal pregnant individuals had significantly higher rates
of anemia in the second and third trimesters, iron deficiency in the second trimester, amniotic fluid staining,
and premature rupture of membranes compared to GDM patients. Conversely, the GDM group had significantly
higher rates of preterm labor and low birth weight at term compared to normal pregnant controls (Table 2).
Further analysis of iron deficiency during pregnancy in normal controls showed that iron deficiency did
not affect the incidence of preterm labor. However, iron deficiency was associated with a higher proportion
of low-birth-weight infants at term. Amniotic fluid staining and premature rupture of membranes were not
significantly linked to iron deficiency (Table S1). Furthermore, in the analysis of anemia, subjects without
anemia throughout pregnancy had lower incidences of preterm birth, and low birth weight infants compared to
those who developed anemia during pregnancy. Anemia in early pregnancy alone does not appear to elevate the
incidence of premature rupture of membranes (Table S2).

Association between ferritin concentration and glucose metabolism

The results revealed no significant association between serum ferritin concentration and fasting blood glucose.
However, weak but significant positive correlations was observed between serum ferritin levels and blood
glucose levels at 1-hour (Spearman’s r=0.042, p<0.05) and 2-hours post-glucose administration (Spearman’s
r=0.043, p<0.05) (Figure S1).

Association between ferritin concentrations and GDM
Based on the observed statistical differences, we examined the association between serum ferritin levels and
GDM using multivariable logistic regression and a restricted cubic spline model. The logistic regression revealed
no significant association between ferritin levels in the first trimester and GDM. However, significant positive
associations were observed between ferritin levels in the second and third trimesters and GDM. The adjusted
odds ratios (AORs) and corresponding P-values were as follows: for the second trimester, AOR=1.004 (95%
CI: 1.002-1.005), P<0.001; and for the third trimester, AOR=1.002 (95% CI: 1.001-1.004), P<0.001 (Fig. 3).
Furthermore, trend analysis indicated that the risk of GDM increased with higher serum ferritin concentrations
in the second and third trimesters compared to the lowest quartile (Q1) (Table 3).

Additionally, a restricted cubic spline model was constructed to explore potential nonlinear associations
between serum ferritin levels and GDM, adjusting for the aforementioned factors. This analysis revealed no
significant nonlinear association between ferritin in the first trimester and GDM (P for nonlinearity =0.137),

Variables Control (n=12434) | GDM (n=3599) | P Value
Age, year (median, IQR) 30 (5) 32 (6) <0.0001
21-29 (%) 4933 (39.7) 931 (25.8)

30-34 (%) 5705 (45.9) 1711 (47.4)

>35 (%) 1793 (14.4) 959 (26.6)

Gravida (median, IQR) 1(1) 2(1) <0.0001
Parity (median, IQR) 0(0) 0(0) <0.0001
GWG (median, IQR) 13 (4.5) 11 (4.8) <0.0001
BMI pre-pregnancy (median, IQR) 20.28 (3.1) 21.48 (3.72) <0.0001
History of GDM (frequency, ratio) 31 (0.2%) 54 (1.5%) <0.0001
Family history of diabetes (frequency, ratio) | 570 (4.6%) 345 (9.6%) <0.0001
ART (frequency, ratio) 1195 (9.6%) 511 (14.2%) <0.0001
Multiple pregnancy (frequency, ratio) 412 (3.3%) 175 (4.9%) <0.0001
Progesterone exposure (frequency, ratio) 1975 (15.9%) 708 (19.7%) <0.0001

Table 1. Baseline data of subjects. GWG gestational weight gain, BMI body mass index, GDM gestational
diabetes mellitus, ART artificial reproductive technology.
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Fig. 2. Multifactorial logistic regression of the association between serum ferritin and GDM by period. COR
crude odds ratio, AOR adjusted odds ratio, P <0.05 was considered statistically positive.

Variables CON GDM X Pvalue
Anemia in the first trimester (1507) 1200/7131 | 307/1982 | 2.013 | 0.156
Anemia in the second trimester (1809) 1450/7131 | 359/1982 | 4.807 | 0.028
Anemia in the third trimester (2358) 1880/7131 | 478/1982 | 4.082 | 0.043
ID in the first trimester (1645) 1288/7131 | 357/1982 | 0.003 | 0.959
ID in the second trimester (6563) 5184/7131 | 1379/1982 | 7.494 | 0.006
ID in the third trimester (7681) 6025/7131 | 1656/1982 | 1.031 | 0.31

ID in both second and third trimesters (5938) | 4645/7131 | 1293/1982 | 0.007 | 0.935
ID in all trimesters (1460) 1130/7131 | 330/1982 | 0.744 | 0.388
Preterm labor (405) 316/7131 | 89/1982 6.642 | 0.01
Low birth weight in termed delivery (159) 121/6836 | 48/1873 4.855 | 0.028
MSAEF (649) 541/7131 108/1982 10.71 | 0.001
PPROM (2148) 1799/7131 | 385/1982 | 28.66 | <0.0001

Table 2. Ferritin metabolism and prenatal outcome between two groups. ID iron deficiency, PPROM preterm
premature rupture of membranes, MSAF meconium-stained amniotic fluid, GDM gestational diabetes
mellitus. Subjects included in the above table were tested for serum ferritin in early, mid, and late pregnancy.
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Logistic regression analysis of the association between ferritin and GDM

OR (95%CI) P value

First trimester COR —— 1.001 (1.000, 1.001) 0.124

First trimester AOR —t— 1.001 (1.000, 1.001) 0.179
Second trimester COR —+—— 1.005(1.004, 1.007) < 0.001
Second trimester AOR —_— 1.004 (1.002, 1.005) <0.001
Third trimester COR —_— 1.004 (1.002, 1.005) <0.001

Third trimester AOR —_— 1.002 (1.001, 1.004) 0.007

| | | | |

0.998 1.000 1.002 1.004 1.006 1.008
OR

Fig. 3. Association between serum ferritin concentration and GDM in all trimesters analyzed by restricted
cubic spline modeling. P for nonlinear <0.05 was considered statistically positive.

Testing period of pregnancy | Serum ferritin concentration (ug/L, median [range]) | Cases | OR (95%CI) P for trend!
Q1(24.7 [1.7,36.3]) 2634 | Ref. 0.74
Q2 (47.4 (36.3,59.5]) 2626 | 1.068 (0.933,1.221)

First trimester
Q3 (74.2 (59.5,94.6]) 2621 | 1.044 (0.911,1.195)
Q4(129.8 (94.6,592]) 2625 | 1.042(0.910,1.193)
Q1 (9.8 [0.4,13.9]) 4067 | Ref. <0.001*
Q2(17.4 (13.9,21]) 3960 | 1.100 (0.982,1.232)

Second trimester
Q3(25.5(21,31.7]) 4033 | 1.246 (1.115,1.393)
Q4 (45.1 (31.7,158.3]) 3984 | 1.353 (1.211,1.513)
Q1 (7.8 [0.5,11.1]) 3773 | Ref. 0.003*
Q2 (14.4 (11.1,17.5]) 3736 | 1.157 (1.031,1.299)

Third trimester
Q3 (20.9 (17.5,25.3]) 3740 | 1.092 (0.972,1.227)
Q4 (32.9 (25.3,159.8]) 3712 | 1.222(1.089,1.370)

Table 3. P for trend test. CI confidence interval, Ref. reference. 'The *’ symbol denotes p values <0.05 and are
statistically significant.

while significant nonlinear associations between ferritin in the second trimester (P for nonlinearity <0.001) and
the third trimester (P for nonlinearity =0.036) and GDM (Fig. 4).

Since ferritin testing in the second trimester closely aligns with GDM diagnosis, it provides a more accurate
assessment of the association between serum ferritin and GDM during pregnancy. We further applied propensity
score matching to minimize confounding and strengthen the analysis. The results showed optimal confounder
balance when 1:1 matching was then performed using the nearest neighbor method with a caliper of 0.2, with
none of the confounders demonstrating a statistically significant effect on GDM (Figure S2). Following optimal
matching, we evaluated the association between serum ferritin and GDM using a logistic regression model. The
analysis revealed that, following confounder adjustment, the OR for ferritin in the second trimester’s association
with GDM was [AOR=1.005 (95% CI: 1.003-1.007), P<0.05] (Fig. 5). The OR and 95% CI remained consistent
with those before matching, with no significant differences observed (Figure S3).

Factor importance ranking analysis

Given the ongoing clinical debate regarding the benefits and risks of iron supplementation, we sought to evaluate
the relative importance of ferritin compared to other known risk factors for GDM. According to the Gini index,
ferritin ranked third among all factors in terms of its effect on GDM. Conversely, when ranked by accuracy,
ferritin was ranked ninth among all factors (Fig. 6).

Discussion

Existing studies have reported an association between elevated serum ferritin levels during pregnancy and
an increased risk of GDM. This study utilized large-scale population data and employed logistic regression,
restricted cubic spline analysis, and propensity score matching to evaluate the impact of serum ferritin levels
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Fig. 4. Propensity-matched score analysis of the association between serum ferritin levels and GDM in

the second trimester. PE progesterone exposure, MP multiple pregnancy, HGDM history of GDM, HFDM
family history of diabetes, GA gestational age of ferritin testing, BMIBP BMI before pregnancy, ART artificial
reproductive technology.

Binary Multivariate Logistic Regression After Propensity Score Matching
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Fig. 5. Random Forest algorithm for feature importance assessment of confounders. PE progesterone
exposure, MP multiple pregnancy, HGDM history of GDM, HFDM family history of diabetes, GA gestational
age of ferritin testing, BMIBP BMI before pregnancy, ART assisted reproductive technology derived pregnancy.

throughout pregnancy on GDM. The study aims to further explore the correlation between serum ferritin and
GDM, providing new empirical support for this association. Our study found that the association between
serum ferritin levels and the risk of GDM was only present in the second and third trimesters. However, in the
ranking of all GDM risk factors included in this study using the Random Forest algorithm, the importance of
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Fig. 6. Comparison of serum ferritin levels in normal pregnant individuals and gestational diabetes mellitus
patients by trimester. A Comparison of serum ferritin concentrations in the first trimester between normal
pregnant individuals and patients with GDM; B Comparison of mid-pregnancy serum ferritin concentrations
in normal pregnant individuals and patients with GDM; C Comparison of late pregnancy serum ferritin
concentrations in normal pregnant individuals and patients with GDM; D Variations in ferritin levels during
gestation in normal pregnant individuals; E Variations in ferritin levels during gestation in patients with GDM.
* for P<0.05, ** for P<0.01, *** for P<0.001, **** for P<0.0001, P<0.05 was considered statistically positive.

ferritin was lower than that of pre-pregnancy BMI and age. In other words, the contribution of serum ferritin
levels to the risk of high GDM is weaker compared to risk factors such as BMI and age. Furthermore, analysis of
the relationship between serum ferritin levels and adverse pregnancy outcomes in normal pregnancy individuals
revealed that the incidence of adverse pregnancy outcomes was significantly higher among those with low serum
ferritin levels during pregnancy.

Our results align with previous study, which indicate that elevated serum ferritin levels during pregnancy are
associated with an increased risk of GDM?. Trend tests and restricted cubic spline models confirmed a significant
“dose-response” association for this effect. However, our findings revealed that the AOR for elevated serum
ferritin levels associated with GDM risk (1.004, 95%CI:1.002-1.005 in gestational age between 23-27weeks;
1.002, 95%CI:1.001,1.004 in the third trimester) is relatively low. In the study by Yang et al., they reported that
during the 16-18 weeks of pregnancy, as serum ferritin levels increased, OR and its 95% CI for the risk of
GDM in the fourth percentile compared to the first percentile was 1.43 (1.09-1.89)?!. The OR they reported
was higher than our results, and the 95% CI was broader compared to our findings. Since the subjects included
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in the two studies had comparable mean ages and pre-pregnancy BMIs, and both used multifactorial logistic
regression to estimate the relationship between serum ferritin and GDM risk, the reported discrepancies may be
due to differences in sampling gestational age, the regions where the subjects were located, as well as variations
in sample sizes. Furthermore, our study found no association between serum ferritin concentration in early
pregnancy and GDM. In contrast, a retrospective study conducted in Shanghai reported a positive association
between early pregnancy ferritin levels and insulin resistance as well as GDM?. In addition to differences in
sample size and the studied population, variations in the confounding variables included in the models are also
significant factors contributing to discrepancies in research reports. When adjusting for confounding variables,
the study only considered age and pre-pregnancy BMI. However, in our research, we introduced multiple critical
factors from a clinical perspective, such as age, early pregnancy hormone exposure, and multiple pregnancies,
which enhances the credibility of our findings.

Previous studies have reported a positive correlation between serum ferritin levels and fasting glucose
levels in patients with GDM, suggesting that elevated serum ferritin may be associated with severe pancreatic
impairment!'*?3. This association appears to be supported by basic research. It has been suggested that an increase
in the body’s iron reserve levels is associated with a rise in free elemental iron, which can elevate oxidative
free radicals and, in turn, damage organ function through enhanced ferroptosis and oxidative stress!®*%25,
Considering the varying glucose metabolism patterns with different levels of pancreatic injury, impaired fasting
glucose often indicates more severe pancreatic dysfunction®. Our findings suggest that serum ferritin levels
exhibit only a weak correlation with 1-hour and 2-hour blood glucose levels during the OGTT, which may imply
that elevated serum ferritin is associated with only mild pancreatic dysfunction. The observed discrepancy in the
correlation between ferritin and glucose levels during the OGTT may be attributed to two factors: (1) variations
in sample sizes, where the previous study may have involved populations with more severe pancreatic damage,
and (2) regional differences in iron levels, which could have resulted in higher ferritin levels in the previous
study’s cohort?”. These hypotheses warrant validation through multicenter studies with larger sample sizes.

To investigate the relationship between ferritin levels and adverse pregnancy outcomes, we stratified serum
ferritin levels in healthy pregnant women and compared the incidences of four outcomes—low birth weight,
premature rupture of membranes, meconium-stained amniotic fluid, and preterm labor—across different
ferritin levels. The results indicated that the proportion of low-birth-weight infants was significantly higher
in the population with iron deficiency throughout pregnancy. However, for the other three adverse pregnancy
outcomes, the proportions were comparable across the different categories. These findings suggest that iron
deficiency has a significant effect on fetal growth and development during pregnancy, which is consistent with
previous study®®. Additionally, in the analysis of anemia, the incidence of preterm birth, meconium staining
of amniotic fluid, premature rupture of membranes, and low birth weight was lower among participants who
remained free of anemia throughout pregnancy compared to those who developed anemia during pregnancy.
These findings are consistent with results from randomized clinical trial conducted in South India®’. However,
a systematic review and meta-analysis published in 2023 highlighted that both high and low serum hemoglobin
levels could be linked to low birth weight, small for gestational age, and preterm labor. These reports appear
somewhat contradictory, which may be attributed to differences in population selection and varied statistical
strategies. Our findings are based on an analysis of data from nearly 7000 normal pregnancies, examining the
effects of iron deficiency and anemia on adverse pregnancy outcomes, which enhances the reliability of our
results.

Iron deficiency is a major global public health concern, affecting over 28% of non-pregnant individuals
worldwide?!, and is especially severe among pregnant individuals®. In our study, we found that only 41.0% of
participants had ferritin levels > 70 ug/L in early pregnancy, and by late pregnancy, only 15.7% had serum ferritin
levels of 30 ug/L or higher. This indicates that most pregnant women continue to experience iron deficiency in
late pregnancy. To mitigate the heightened risk of adverse pregnancy outcomes associated with iron deficiency,
oral or intravenous iron supplementation is often recommended??. However, the therapeutic window for iron
supplementation is narrow>?, and recent studies have shown that elevated serum iron levels may cause tissue and
organ damage’>*. This highlights the need for a more thorough evaluation of iron metabolism during pregnancy.
Studies indicate that ferritin can serve as a marker of inflammation, as its levels may become abnormally
elevated in response to an inflammatory environment®”. During the first trimester, the body experiences a mild
inflammatory state, which may explain our study’s null findings on the association between serum ferritin levels
and GDM at this stage. Additionally, research has also shown that inflammation levels are higher in patients
with gestational diabetes compared to normal pregnancies®®. This heightened inflammatory response may help
explain the observed linear association between ferritin levels and GDM in the second and third trimesters. To
further clarify the relationship between ferritin and GDM, future studies should incorporate additional metrics,
such as serum transferrin saturation and hepcidin, when evaluating ferritin levels®*40,

Our study found that elevated serum ferritin levels during the second and third trimesters were significantly
associated with an increased risk of GDM, and this association remained significant after propensity score
matching. Serum ferritin levels during mid-pregnancy were positively correlated with blood glucose levels
in GDM screening. Additionally, low serum ferritin levels during pregnancy were associated with adverse
pregnancy outcomes such as low birth weight. Our study also has some limitations; unfortunately, it lacked
data on iron supplementation, serum free iron ion levels, and serum C-reactive protein during the same period
of ferritin testing, which somewhat impacted our results. However, due to the large number of cases included
and more rigorous control of confounding factors, it remains one of the most scientifically sound studies on the
association between serum ferritin and GDM.
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Conclusion

Our findings underscore the need for additional studies to clarify the mechanisms underlying the association
between serum ferritin levels and GDM. While this study highlights the relationship between elevated ferritin
levels and GDM risk, we should remain cautious about the results, and further investigations are necessary to
determine whether iron supplementation plays a role in this relationship.
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