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Purpose: To investigate the association between first-trimester gestational weight gain and the risks of gestational diabetes mellitus
(GDM) and macrosomia.

Patients and Methods: This single-center retrospective cohort study was based on our hospital’s obstetric record-establishment
database. Between January 2022 and January 2025, 516 women with singleton pregnancies were screened, and 500 eligible women
were included in the final analysis. Data on pre-pregnancy weight, first-trimester weight, demographic characteristics, fasting plasma
glucose, dietary energy intake, and physical activity were collected. Participants were categorized into low, appropriate, and excessive
gestational weight gain groups according to weekly gestational weight gain during the first trimester. Multivariable logistic regression,
ROC curve analysis, and sensitivity analyses across pre-pregnancy BMI strata were performed.

Results: The incidence of GDM (63.1%) and macrosomia (69.0%) was higher in excessive weight gain group. Excessive gestational
weight gain in the first trimester was associated with higher odds of GDM (OR = 2.209, 95% CI: 1.313-3.717) and macrosomia (OR =
2.103, 95% CI: 1.235-3.579). Sensitivity analysis across BMI strata suggested a consistently elevated risk trend in the excessive
weight gain group.

Conclusion: Excessive gestational weight gain during the first trimester was associated with higher risks of GDM and macrosomia.
These findings suggest that first-trimester gestational weight gain may be useful as a potential early risk marker, although the
conclusions should be interpreted cautiously and require confirmation in future prospective studies.
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Introduction
During gestation, one of the most common metabolic complications encountered is gestational diabetes mellitus (GDM),
with a global prevalence of approximately 7%—-25%. Multicenter studies in China have reported an incidence of around
14%—18%, showing an increasing trend year by year.' GDM not only elevates the risk of gestational hypertension,
polyhydramnios, cesarean delivery, and postpartum hemorrhage, but also significantly increases the risk of maternal type
2 diabetes mellitus and cardiovascular diseases after delivery.” In addition, GDM has profound effects on fetal
intrauterine development, often leading to excessive fetal growth and subsequently macrosomia.® It has been reported
that the incidence of macrosomia is about 8%—12% in the general population but rises to 15%—-20% among women with
GDM.* Macrosomia markedly raises the risks of neonatal hypoglycemia, obesity, metabolic syndrome, and type 2
diabetes mellitus in adulthood.’ Therefore, early identification and intervention in high-risk populations during pregnancy
are of great importance for reducing adverse maternal and neonatal outcomes.

Gestational weight gain is an important and modifiable indicator during pregnancy, closely related to maternal
glucose homeostasis and fetal growth. Excessive gestational weight gain is strongly correlated with increased risks of
GDM and macrosomia.®” However, most previous studies have focused on weight changes in mid-to-late pregnancy,
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whereas evidence on gestational weight gain during the first trimester (<13 gestational weeks) remains limited. The first
trimester is a critical stage of rapid embryonic and placental development, during which changes in maternal energy
metabolism and insulin sensitivity may influence subsequent glucose regulation and fetal growth. Therefore, gestational
weight gain during the first trimester may serve as an early marker of later risks of GDM and macrosomia, although its
clinical significance requires further clarification.

Moreover, the association between first trimester gestational weight gain and pregnancy outcomes may be influenced
by a woman’s pre-pregnancy body mass index (BMI). Previous research has suggested that patterns of weight gain and
associated metabolic risks differ between women who are underweight or obese before pregnancy, indicating that the
association between gestational weight gain in the first trimester and the risks of GDM and macrosomia may vary across
BMI categories.® Therefore, incorporating pre-pregnancy BMI into the risk assessment of first trimester weight gain may
help develop individualized intervention strategies.

Based on the above background, this study aimed to evaluate the association between first-trimester gestational
weight gain and the risks of GDM and macrosomia, and to perform stratified analyses according to pre-pregnancy BMI in
order to further clarify its potential clinical value as an early risk marker. We hypothesized that greater gestational weight
gain in the first trimester would be associated with higher risks of GDM and macrosomia, and that this association might
differ across pre-pregnancy BMI categories.

Materials and Methods
Study Population

We conducted a single-center retrospective cohort study. During the study period, 516 women with singleton pregnancies
were initially screened from the obstetric record-establishment database of our hospital between January 2022 and
January 2025, of whom 500 were ultimately included in the final analysis. The detailed selection process is shown in
Figure 1.

Inclusion criteria were as follows: (1) established records during first trimester (<13 weeks) with available pre-
pregnancy weight or first-visit weight; (2) followed up until delivery with complete pregnancy outcomes, including the
diagnosis of GDM and neonatal birth weight; (3) aged 1845 years; (4) no history of diabetes mellitus or severe
endocrine/metabolic diseases; (5) availability of pregnancy weight, dietary, and physical activity data.

Exclusion criteria included: (1) multiple gestation or fetal abnormalities; (2) pre-pregnancy diabetes mellitus or other
severe metabolic diseases; (3) use of medications affecting weight or blood glucose during first trimester (eg.,
glucocorticoids, insulin); (4) severe comorbidities (eg., cardiovascular diseases, active autoimmune diseases); (5) missing
key data.

Ethical approval was obtained from the Institutional Review Board of the Hospital of Chengdu University of
Traditional Chinese Medicine (Approval No. 2025KL-249). As this was a retrospective study based on routinely
collected clinical data, the requirement for written informed consent was waived by the ethics committee. The manuscript
was prepared in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
recommendations. The primary endpoint was GDM, with an estimated overall incidence of approximately 18%,
including about 120 cases in the excessive weight gain group. Based on the approximation for two independent
proportions (two-sided a = 0.05, power = 80%), the study was powered to detect an effect size of approximately two-
fold risk of GDM. Considering multivariable logistic regression analysis (about 90 events, events per variable ~ 10) and
potential missing data, a final sample size of 500 participants was determined to ensure sufficient statistical power for the
primary analyses.

Grouping and Definitions

Participants were grouped according to weekly gestational weight gain during the first trimester, estimated as weight
change (kg) divided by gestational weeks at measurement. Participants were then categorized into low, appropriate, and
excessive gain groups using BMI-specific reference ranges adapted from the 2009 Institute of Medicine gestational
weight gain framework.’ Because universally accepted cutoffs for weekly gestational weight gain during the first
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" Women initially screened from the obstetric record-establishment
database

(January 2022 to January 2025)
n=7516

* Multiple gestation or fetal abnormalities, n=2

* Pre-pregnancy diabetes mellitus or severe metabolic disease, n =2

» Medication use affecting weight or blood glucose during first trimester, n=6

» Severe comorbidities, n=2

» Missing first-trimester weight / pre-pregnancy weight data, n =2

*» Missing OGTT results or neonatal birth weight data, n=1

\ * Other key missing data, n=1 ‘

\ 4

Eligible singleton pregnancies with complete outcome data

n =500
Included in the final analysis
n =500

Figure | Flowchart of participant selection.

trimester are lacking, these categories were used as study-specific operational definitions for exploratory analysis.
Specifically, the three categories were defined as follows: (1) low gain group: underweight <0.08 kg/week; normal
weight/overweight/obese <0.04 kg/week; (2) appropriate gain group: underweight 0.08-0.15 kg/week; normal weight/
overweight 0.04—0.15 kg/week; obese 0.04—0.08 kg/week; and (3) excessive gain group: underweight/normal weight/
overweight >0.15 kg/week; obese >0.08 kg/week.

Outcomes and Data Collection
The primary outcome was GDM, diagnosed according to the oral glucose tolerance test (OGTT) performed at 24-28 weeks
of gestation following established criteria.'® The secondary outcome was macrosomia, defined as birth weight >4000 g.
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Pre-pregnancy weight was obtained from the obstetric record-establishment files, primarily based on self-reported
pre-pregnancy weight recorded at the first prenatal visit. When pre-pregnancy weight was unavailable, the first-visit
weight was used as a proxy, as specified in the eligibility criteria. Maternal demographic and clinical data collected
included: age, pre-pregnancy BMI, family history of diabetes mellitus (presence of diabetes in parents or siblings),
gravidity/parity, fasting plasma glucose (FPQG) in first trimester, blood pressure, smoking history and passive smoking
exposure (yes/no), and socioeconomic indicators (educational level). Pregnancy-related behavioral factors included
dietary intake and physical activity. Dietary intake and physical activity information were extracted from routinely
recorded obstetric record-establishment forms in the medical records. Pregnancy-related behavioral factors included
dietary intake and physical activity, both of which were extracted from routinely recorded obstetric record-establishment
forms in the medical records. Dietary intake was assessed using a three-day 24-hour dietary recall documented at the time
of record establishment, from which average daily energy intake was calculated. Physical activity was assessed using
a standardized obstetric questionnaire routinely completed during record establishment, which recorded the total weekly
duration (minutes/week) of moderate-to-vigorous activities during the first trimester, such as walking, brisk walking, and
prenatal exercises. All data were reviewed by trained researchers before entry into the electronic database to ensure
completeness and accuracy.

Quality Control

To minimize selection bias, all potentially eligible women in the obstetric record-establishment database during the
predefined study period were screened using the same prespecified inclusion and exclusion criteria. All data were
collected and entered into the electronic database by trained researchers to ensure accuracy and completeness. Maternal
weight at the first prenatal visit was measured by trained medical staff using a calibrated electronic scale with an
accuracy of 0.1 kg according to routine obstetric practice in our hospital. Because this was a retrospective study based on
routinely collected clinical data, detailed information such as clothing status and bladder status at the time of weighing
was not consistently available in the medical records. Data were double-entered and checked for logical consistency.
Before analysis, completeness of the core exposure, outcome, and covariate variables was assessed. In the final analytic
cohort of 500 women, no missing values were found in the variables included in the main analyses; therefore, no
additional imputation procedure was required. Outliers and influential points were also examined.

Statistical Analysis

Statistical processing employed R software (v4.3.0, R Foundation for Statistical Computing, Vienna, Austria) together
with SPSS software (v26.0, IBM Corp., Armonk, NY, USA). A two-sided P<0.05 was considered statistically significant.
Continuous variables were first tested for normality. Data following a normal distribution are expressed as mean + SD
and compared among groups via one-way ANOVA. Skewed continuous data are reported as median (IQR) and evaluated
using the Kruskal-Wallis test. Categorical data are presented as frequency (percentage) and analyzed using x* or Fisher’s
exact tests as appropriate. To evaluate the association between gestational weight gain during the first trimester and
pregnancy outcomes, separate multivariable logistic regression models were constructed for GDM and macrosomia.
Sensitivity analyses included: (1) repeating analyses stratified by pre-pregnancy BMI; (2) excluding women with severe
early-pregnancy comorbidities; and (3) substituting absolute weight gain for weekly gestational weight gain during the
first trimester. For trend analyses across BMI-stratified groups, the Cochran—Armitage test for trend was employed. All
tests were two-sided, and statistical significance was confirmed when p < 0.05.

Results

Comparison of Baseline Characteristics

Baseline maternal age, gravidity, parity, FPG, systolic blood pressure, dietary energy intake, exercise time, family history
of diabetes mellitus, smoking, passive smoking, and educational level did not differ significantly among the three groups
(all P > 0.05). Pre-pregnancy BMI was significantly different among groups (F = 6.417, P = 0.002). The groups also
differed substantially in absolute weight change during the first trimester and in weekly gestational weight gain (both P <
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Table 1 Comparison of Baseline Characteristics

Variables Low Weight Gain Appropriate Weight Gain Excessive Weight Gain 2IF P
Group (n=68) Group (n=348) Group (n=84)

Age (years) 2851 + 4.20 28.54 + 4.45 28.63 + 3.99 0.018 0.982

Pre-pregnancy BMI (kg/m?) 20.84 £ 3.74 22.33 £ 3.04 22.51 £ 3.85 6417 0.002

Gravidity (times) 229 + 1.09 254+ 1.14 243 + 1.02 1.484 0.228

Parity (times) 1.12 £ 0.86 091 £ 0.79 1.0l +0.83 2.182 0.114

FPG (mmol/L) 4.86 £ 0.62 4.83 = 0.60 4.79 £ 0.55 0.347 0.707

SBP (mmHg) 110.57 + 9.56 110.82 £ 10.17 111.36 £ 9.60 0.134 0.875

Average daily dietary energy 2065 + 266 1980 + 288 2001 * 276 2.587 0.076

intake (kcal)

Average daily exercise time (min) 116.53 £ 59.67 126.0 + 60.1 123.7 + 61.3 0.707 0.494

Weekly gestational weight gain 0.03 + 0.03 0.10 £ 0.03 0.18 + 0.03 516.958 | <0.001

during the first trimester

(kg/week)

Absolute weight change during 0.42 + 0.38 1.35 £ 0.52 241 +0.67 158.234 | <0.001

the first trimester (kg)

Gestational weeks at weight 12.1 £ 1.2 120 £ I.1 12.1 £ 1.3 0.287 0.751

assessment (weeks)

Family history of diabetes mellitus 16 (23.5%) 74 (21.3%) I (13.1%) 3.343 0.188
(n, %)
Smoking (n, %) 5 (7.4%) 35 (10.1%) 4 (4.8%) 2.570 0.277
Passive smoking (n, %) 15 (22.1%) 82 (23.6%) 20 (23.8%) 0.081 0.960
Educational Primary school 8 (11.8%) 28 (8.0%) 5 (6.0%) 6.661 0.353
level (n, %) or below
Middle school 27 (39.7%) 137 (39.4%) 39 (46.4%)
University 32 (47.1%) 154 (44.3%) 35 (41.7%)
Postgraduate I (1.5%) 29 (8.3%) 5 (6.0%)
or above

0.001), whereas gestational weeks at weight assessment were comparable across groups (P = 0.751), indicating that the
between-group difference in weekly gestational weight gain was mainly driven by actual weight change rather than
timing of assessment (Table 1).

Distribution of Pregnancy Outcomes

Regarding outcomes, the incidence of GDM and macrosomia differed significantly among the three groups (P < 0.05).
Specifically, the excessive weight gain group had significantly higher incidences of both GDM and macrosomia
compared with the appropriate and low gain groups (P < 0.05) (Table 2).

Association Between First-Trimester Gestational Weight Gain and GDM

Multivariable logistic regression analysis (Model 1) was conducted, which aims to assess the association between
gestational weight gain during the first trimester and GDM. The dependent variable was GDM (0 = no, 1 = yes). The
main independent variable was first-trimester weight gain group (1 = low gain, 2 = appropriate gain [reference], 3 =
excessive gain). Covariates included age, pre-pregnancy BMI, family history of diabetes mellitus, FPG, dietary energy
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Table 2 Distribution of Pregnancy Outcomes According to Early Gestational Weight Gain Rate

Variables Low Weight Gain | Appropriate Weight Gain | Excessive Weight Gain 7 P
Group (n=68) Group (n=348) Group (n=84)

GDM (n, %) 36 (52.9%) 165 (47.4%) 53 (63.1%) 6.802 | 0.033

Macrosomia (n, %) 38 (55.9%) 182 (52.3%) 58 (69.0%) 7.692 | 0.021

Table 3 Multivariate Logistic Regression Analysis of the Effect of Early Gestational Weight Gain Rate
on the Risk of GDM (Model I)

Independent Variable B (Coef.) SE z P OR 95% CI VIF
Excessive gain 0.793 0.265 | 2987 | 0.003 | 2209 | 1.313~3.717 | 1.04l
Low gain 0316 0.285 | 1.108 0.268 | 1.371 | 0.784~2.397 | 1.074
Age 0.024 0.022 | 1.107 | 0.268 | 1.025 | 0.981~1.070 | 1.009
Pre-pregnancy BMI 0.153 0.031 | 5.024 | <0.001 | I.166 | 1.098~1.238 | 1.04l
Family history of diabetes mellitus —-0.079 0235 | —0.334 | 0.738 | 0.924 | 0.583~1.465 | 1.018
FPG 0.123 0.160 | 0.770 0.441 1.131 | 0.826~1.549 | 1.014

intake, and physical activity. In the preliminary model, dietary energy intake and physical activity had coefficients close
to zero and non-significant P values (f = 0, P > 0.8); therefore, these variables were excluded from the final model to
improve stability and interpretability. After adjustment, excessive gestational weight gain during the first trimester was
significantly associated with higher odds of GDM (odds ratio [OR]=2.209, 95% confidence interval [CI]: 1.313-3.717,
P =0.003), while the low gain group showed no significant difference compared with the reference group (OR =1.371,
95% CI: 0.784-2.397, P = 0.268). Pre-pregnancy BMI was also independently associated with GDM (OR =1.166, 95%
CI: 1.098-1.238, P < 0.001). Collinearity analysis indicated that all variance inflation factors (VIFs) were less than 2,
suggesting no evident multicollinearity (Table 3).

Association Between First-Trimester Gestational Weight Gain and Macrosomia

We applied multivariable logistic regression (Model 2) to evaluate whether gestational weight gain during the first
trimester was independently associated with macrosomia. The dependent variable was macrosomia (0 = no, 1 = yes).
Independent variables and covariates were set consistent with the GDM analysis. As in Model 1, dietary energy intake
and physical activity were excluded in the final model.

Excessive gestational weight gain during the first trimester was significantly associated with higher odds of macrosomia (8
= (0.743, standard error [SE] = 0.271, z = 2.738, P = 0.006; OR = 2.103, 95% CI: 1.235-3.579). The low gain group did not
differ significantly from the reference group (B = 0.389, SE = 0.285, z=1.366, P = 0.172; OR =1.475, 95% CI: 0.844-2.577).
Additionally, both maternal age and pre-pregnancy BMI had significant positive associations with macrosomia (age: f =
0.069, P =0.002; pre-pregnancy BMI: § = 0.154, P<0.001), suggesting that increases in these factors were linked to a higher
risk of macrosomia. Family history of diabetes mellitus and FPG were not significantly associated with macrosomia (P > 0.4).
Collinearity analysis confirmed that all VIFs were less than 2, with no evidence of multicollinearity (Table 4).

ROC Curve Analysis on Impacts of Pre-Pregnancy Weight Gain on GDM and

Macrosomia

ROC curve analysis based on Model 1 indicated moderate predictive ability for GDM (AUC = 0.682, 95% CI: 0.634—
0.723). Similarly, Model 2 showed moderate predictive ability for macrosomia (AUC = 0.667, 95% CI: 0.620-0.712)
(Figure 2).
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Table 4 Multivariate Logistic Regression Analysis of the Effect of Early Gestational Weight Gain Rate
on the Risk of Macrosomia (Model 2)

Independent Variable B (Coef.) SE z P OR 95% CI VIF

Lower Limit

Excessive gain 0.743 0.271 | 2738 0.006 | 2.103 1.235~3.579 1.041
Low gain 0.389 0.285 | 1.366 0.172 | 1.475 | 0.844~2.577 1.074
Age 0.069 0.022 | 3.094 0.002 | 1.072 1.026~1.120 1.009
Pre-pregnancy BMI 0.154 0.031 | 5024 | <0.001 | I.166 1.098~1.238 1.041

Family history of diabetes mellitus —-0.079 0235 | —0.334 | 0.738 | 0.924 | 0.583~1.465 1.018

FPG 0.123 0.16 0.77 0.441 1.131 0.826~1.549 1.014

Sensitivity Analysis Stratified by Pre-Pregnancy BMI

The stratified sample sizes were as follows: underweight, n = 73; normal weight, n = 285; overweight, n = 116; obese,
n = 26. Across all BMI categories, the excessive weight gain group consistently showed higher incidences of GDM and
macrosomia compared with the appropriate gain group, with more pronounced differences in the normal and overweight
categories (normal weight group: GDM 59.5% vs. 48.4%, macrosomia 69.0% vs. 48.4%; overweight group: GDM 66.7%
vs. 56.0%, macrosomia 81.0% vs. 66.7%). In the underweight group, the excessive gain subgroup showed higher GDM
incidence (64.3% vs. 20.0%), while the low gain subgroup also exhibited a relatively high macrosomia rate (45.8%),
suggesting that overly restricted weight gain in underweight women may also entail adverse risks. In the obese group,
overall incidence rates were high, with the excessive gain subgroup showing the greatest risks (GDM 71.4%, macrosomia
71.4%), consistent with the primary analysis.

Statistical analysis demonstrated a significant difference in GDM incidence within the overweight group (P = 0.006),
and a significant difference in macrosomia incidence within the normal weight group (P = 0.043). Trend analyses using
the Cochran—Armitage test indicated that, except for a few non-significant strata, increasing gestational weight gain
during the first trimester was associated with higher risks of GDM and macrosomia (Table 5). Overall, the sensitivity
analyses suggested that excessive first trimester weight gain was consistently linked to increased risks of GDM and
macrosomia, while insufficient gain in underweight women might also confer potential risks.

ROC curve for GDM ROC curve for Macrosomia

— 104 — Auc= e C1-0. 620.
10] AC=0.652 95706040, 125) AUC=0.667 (95%CI:0.620-0.712)
0.8 - 081
[
= 2
5 06
& 06 < 0.6
v 2
2 3
£ 2
o a
G 0.4 y 0.4
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2
0.2 0.27
0'0 1 0.0 1 T T T T T T
0.0 0.2 0.4 0.6 0.8 10 A 0.0 0-2 o4 0.6 0.8 0B

False Positive Rate False Positive Rate

Figure 2 ROC curve analysis of the predictive value of first-trimester gestational weight gain for GDM and macrosomia.
Note: (A) ROC curve of Model | for predicting GDM; (B) ROC curve of Model 2 for predicting macrosomia.
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Table 5 Sensitivity Analysis of Early Gestational Weight Gain Rate and the Risks of GDM and Macrosomia Stratified by Pre-Pregnancy
BMI

BMI Strata Weight Case GDM n (%) Macrosomia | P for Between P for P for Between P for Trend
Gain (n) n (%) Group Trend Group in
Group Difference in in Difference in Macrosomia
GDM GDM Macrosomia
Underweight | Appropriate 35 7 (20.0%) 12 (34.3%) 0.006 0.780 0.509 0.971
gain
Excessive 14 9 (64.3%) 7 (50.0%)
gain
Low gain 24 12 (50.0%) Il (45.8%)
Normal Appropriate 213 103 (48.4%) 103 (48.4%) 0.333 0.655 0.043 0.176
gain
Excessive 42 25 (59.5%) 29 (69.0%)
gain
Low gain 30 17 (56.7%) 17 (56.7%)
Overweight Appropriate 84 47 (56.0%) 56 (66.7%) 0.488 0.235 0.433 0.435
gain
Excessive 21 14 (66.7%) 17 (81.0%)
gain
Low gain I 5 (45.5%) 8 (72.7%)
Obese Appropriate 16 8 (50.0%) Il (68.8%) 0.598 0.663 0.987 0.877
gain
Excessive 7 5 (71.4%) 5 (71.4%)
gain
Low gain 3 2 (66.7%) 2 (66.7%)
Discussion

During pregnancy, weight management impacts on pregnancy outcomes. The first trimester is a critical stage for placental
development, embryonic organogenesis, and maternal metabolic adaptation. Abnormal rates of weight gain during this
period may affect insulin sensitivity, glycemic regulation, and placental nutrient transport, thereby increasing the risk of
gestational GDM and macrosomia.'' Previous studies have mainly focused on the association between total gestational
weight gain and pregnancy outcomes, while the potential role of gestational weight gain during the first trimester and its
modifying effect in women with different pre-pregnancy BMI categories have been relatively underexplored. In this
study, we employed multivariable logistic regression and stratified sensitivity analyses to investigate the association
between gestational weight gain during the first trimester and the risks of GDM and macrosomia, thereby adding to the
limited evidence on its potential value as an early risk marker for adverse pregnancy outcomes.

This retrospective analysis of 500 singleton pregnancies examined the association between first-trimester gestational
weight gain and the risks of GDM and macrosomia. Our findings showed that excessive gestational weight gain in the
first trimester was associated with higher risks of GDM and macrosomia. Moreover, in women with low pre-pregnancy
BMI, inadequate weight gain may also pose potential risks. Multivariate logistic regression analysis showed that the
association of excessive first-trimester gestational weight gain with GDM and macrosomia remained significant after
adjusting for age, pre-pregnancy BMI, family history of diabetes, and FPG. ROC curve analysis further indicated that
weekly gestational weight gain during the first trimester had moderate predictive ability for GDM and macrosomia.
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Stratified sensitivity analyses revealed that underweight women with low weight gain had a slightly higher incidence of
macrosomia, while overweight and obese women in the excessive gain group demonstrated the highest risks. These
results suggest that pre-pregnancy nutritional status may influence the observed association between first-trimester
gestational weight gain and pregnancy outcomes. However, given the retrospective observational design of the present
study, these mechanistic considerations should be interpreted as possible biological explanations for the observed
associations rather than definitive causal inferences.

Several biologically plausible mechanisms may help explain the observed association between greater gestational weight
gain in the first trimester and higher risks of GDM and macrosomia. Excessive weight gain may exacerbate first trimester
insulin resistance, leading to hyperglycemia and subsequently elevating the likelihood of developing GDM. Concurrently,
excessive adipose tissue accumulation may trigger inflammatory responses, elevating levels of mediators such as tumor
necrosis factor-a (TNF-a) and interleukin-6 (IL-6), which interfere with insulin signaling and further aggravate glucose
metabolism abnormalities.'* In addition, maternal hyperglycemia may enhance placental glucose and lipid transport, thereby
promoting fetal overgrowth and macrosomia.'® Interestingly, our sensitivity analysis also indicated that insufficient weight
gain in underweight women may paradoxically increase the risk of macrosomia, possibly due to adaptive placental alterations
or hemodynamic adjustments in the setting of maternal undernutrition. This finding is consistent with previous reports
suggesting that overly restrictive weight control in underweight women may increase the risk of adverse fetal outcomes.'*

Most prior research has emphasized weight gain during the second trimester or total gestational weight gain,'
whereas evidence specifically addressing the clinical relevance of first-trimester gestational weight gain remains
relatively limited. This study adds to the limited observational evidence suggesting that gestational weight gain during
the first trimester may be associated with subsequent risks of GDM and macrosomia, and further suggests that these
associations may differ across pre-pregnancy BMI categories. These results underscore the importance of individualized
management. The persistence of significant associations after multivariate adjustment strengthens the reliability of our
findings and provides a rationale for first trimester interventions.

Previous studies have reported that in some countries, the incidence of macrosomia among women with GDM
declined between 2012 and 2021, but remained higher compared with non-GDM women, suggesting that gestational
weight management still requires reinforcement.'® Our findings indicate that weight management during first trimester
should be a priority for obstetric interventions. Pregnant women should establish a baseline weight early in gestation and
undergo regular monitoring of weight gain velocity to promptly identify both excessive and insufficient gain.
Individualized weight management goals should be developed according to pre-pregnancy BMI. For example, under-
weight women should avoid overly restrictive weight control, while overweight and obese women should prevent rapid
weight gain. Comprehensive interventions involving balanced diet, moderate physical activity, and health education
throughout pregnancy may help reduce the risks of GDM and macrosomia.

It should also be noted that gestational weight gain during the second and third trimesters is a well-established factor
associated with both GDM and macrosomia. In the present study, we specifically focused on gestational weight gain
during the first trimester as an early risk marker; however, second- and third-trimester weight gain data were not further
incorporated into the analysis. Therefore, the relative contribution of first-trimester versus later gestational weight gain
could not be fully distinguished, and the observed findings should be interpreted as associative rather than causal. In
addition, among women who developed GDM, subsequent glycemic control may also have influenced fetal growth and
the occurrence of macrosomia, although this could not be further evaluated because detailed follow-up glycemic data
were not consistently available in the present retrospective dataset.

Strengths and Limitation

This study systematically evaluated the association between first-trimester gestational weight gain and the risks of GDM and
macrosomia, and further incorporated sensitivity analyses stratified by pre-pregnancy BMI, thereby providing additional
evidence for individualized weight management in the first trimester. Our findings suggest that excessive first-trimester
gestational weight gain was associated with higher risks of GDM and macrosomia, while overly restricted weight gain in
underweight women may also be associated with potential adverse outcomes. These results may provide a useful reference
for early maternal health education and weight monitoring strategies. Strengths of this study include the use of a relatively
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complete single-center cohort, rigorous data collection, multivariable adjustment, ROC-based evaluation of predictive
performance, and sensitivity analyses that supported the robustness of the main findings. Nevertheless, several limitations
should be acknowledged. First, the retrospective single-center design may be subject to selection bias and residual
confounding, which may limit the generalizability of the findings. Second, pre-pregnancy weight was partly based on self-
reported information recorded in the obstetric files, and weekly gestational weight gain during the first trimester was
estimated from routinely recorded clinical measurements. Therefore, some degree of reporting or measurement error, as
well as the inability to fully capture the potentially non-linear pattern of weight change within the first trimester, cannot be
excluded. In addition, dietary and physical activity data were partly based on self-reported information, which may introduce
information bias. Third, this study did not further account for gestational weight gain during the second and third trimesters,
which are also well-established factors related to GDM and macrosomia. Therefore, the relative contribution of first-trimester
versus later gestational weight gain could not be fully separated in the present analysis. Fourth, among women who
developed GDM, post-diagnosis glycemic control may have substantially influenced fetal growth and the occurrence of
macrosomia. However, detailed follow-up data on glycemic control, as well as management measures such as medical
nutrition therapy, insulin, or hypoglycemic treatment, were not consistently available in this retrospective dataset. Therefore,
residual confounding in the association between first-trimester gestational weight gain and macrosomia cannot be excluded.
Future multicenter prospective studies with more comprehensive longitudinal metabolic and pregnancy management data are
warranted to further validate these findings.

Conclusion

In this retrospective single-center study, excessive gestational weight gain in the first trimester was associated with higher
risks of GDM and macrosomia, while pre-pregnancy BMI may modify these associations. These findings suggest that
gestational weight gain in the first trimester may serve as a potential early risk marker; however, the conclusions should
be interpreted cautiously, and further large-scale prospective studies are needed to confirm these findings.
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