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Abstract 

Background  Gestational diabetes mellitus (GDM) is a prevalent pregnancy disorder. In recent years, numerous stud-
ies have affirmed the augmented risk of obesity and diabetes mellitus in the offspring of affected individuals. Exclu-
sive breastfeeding has been vigorously advocated as an infant feeding practice in various countries. We aimed to test 
our hypothesis that human milk of women with gestational diabetes differs from that of non-GDM women.

Methods  For this systematic review and meta-analysis, we searched the CNKI, PubMed, Web of Science databases, 
and citations for studies published between Jan 1,2000 and Sep 26, 2024. We included all studies related to human 
milk macronutrients. We did separate meta-analyses for carbohydrates, proteins, lipids, and energy of the colostrum 
and mature human milk. All analyses were performed using Revman 5.4.1 (Review Manager). The quality of the evi-
dence was assessed with the NOS scale. Registration does not apply.

Findings  Of 377 records identified, 9 records were available, all of which had a moderate to high quality. Compared 
to non-GDM women, the colostrum of GDM women exhibited a higher protein content (MD = 0.04, 95% CI: 0.00~0.07, 
P = 0.03), while there were no significant disparities in carbohydrates, lipids, and energy. Simultaneously, the mature 
human milk of GDM women had a higher protein content (MD = 0.01, 95% CI: 0.00~0.02, P = 0.007) and a higher lipid 
content (MD = 0.19, 95% CI: 0.08~0.31, P = 0.001), with no significant differences in carbohydrates and energy.

Interpretation  There are many factors affecting the composition of human milk and fewer studies have been 
conducted on the composition of human milk. More high-quality studies are needed to validate the relationship 
between macronutrients in colostrum and carbohydrate in mature milk content with GDM.
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Introduction
Gestational diabetes mellitus (GDM), characterized by 
impaired glucose tolerance first identified during preg-
nancy, constitutes a significant public health concern, 
with an approximate global prevalence of 14% [1]. Over 

the recent decades, the prevalence of GDM has been 
steadily escalating in numerous countries [2]. GDM not 
only heightens the risk of major obstetric and perinatal 
complications, such as preeclampsia, stillbirth, macroso-
mia, shoulder dystocia, metabolic syndrome, and cardio-
vascular disease, but it is also associated with long-term 
health hazards for both women and their infants [3–5]. 
A burgeoning body of research indicates that infants 
exposed to GDM have an elevated incidence of obe-
sity and insulin resistance during childhood, along with 
an increased likelihood of impaired glucose tolerance 
and type 2 diabetes in adulthood [6–8]. The underlying 
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mechanisms accountable for these long-term ramifica-
tions of GDM exposure in infants remain elusive. It has 
been hypothesized that the altered glycolipid metabolism 
in women with GDM can exert an influence on neonatal 
well-being [9].

Human milk (HM) furnishes essential nutrients and 
bioactive factors for infant growth and development 
[10, 11]. Currently, the definition of the four stages of 
human milk vary across different literatures. It is gener-
ally believed that human milk is divided into four stages: 
colostrum, transitional milk, mature milk, and late milk. 
Colostrum refers to the milk secreted within the first 
week after childbirth, which is characterized by high lev-
els of immunoglobulins and proteins, and low levels of 
fat and lactose. Transitional milk is the stage between 
colostrum and mature milk, secreted from day 7 to 14 
after childbirth, with a significant increase in milk vol-
ume, gradually decreasing protein content, and gradu-
ally increasing fat and lactose content. Mature milk is 
secreted from day 14 after childbirth until the end of the 
breastfeeding period, with relatively stable components, 
moderate protein content, and higher levels of fat and 
lactose. Late milk is secreted after 10  months of child-
birth, with gradually decreasing milk volume and nutri-
tional components. Exclusive breastfeeding has emerged 
as a highly advocated infant feeding approach in various 
nations. The World Health Organization (WHO) recom-
mends that infants be exclusively breastfed for at least 
6 months [12].

Infancy represents a critical period of development 
[13]. Mother’s milk is frequently regarded as the prime 
nutritional choice for newborns, and it has been dem-
onstrated that breastfeeding offers protection against 
childhood obesity [14]. Conversely, the early introduc-
tion of formula or bottle-feeding has been associated 
with a more rapid increase in infant weight gain and a 
subsequent augmented risk of childhood obesity [15]. 
Considering the substantial impact of HM on neonatal 
development as well as the potential influence of diabe-
tes mellitus on human milk composition, several studies 
have contrasted the macronutrients in the milk of GDM 
women with those of non-GDM women to appraise the 
alterations in human milk composition associated with 
this pathology, yet with inconsistent outcomes. Conse-
quently, this study aims to compare the macronutrients 
in the human milk of GDM women with non-GDM 
women via systematic analysis and meta-analysis.

Materials and methods
Search strategy and inclusion/exclusion criteria
All studies concerning human milk composition in 
women with GDM and gestational diabetes mellitus up to 
Sep 26, 2024 were retrieved through the CNKI, PubMed, 

and Web of Science databases. The search terms encom-
passed Diabetes, Gestational (MeSH, from PubMed) and 
Milk, Human-related terms, namely Diabetes, Gesta-
tional, Gestational Diabetes Mellitus, Pregnancy-Induced 
Diabetes, Gestational Diabetes, Milk, Human, Human 
Milk, Human Milk Composition, and Gestational Diabe-
tes Mellitus. The detailed search terms employed in each 
database are presented in Supplementary Table 1. Addi-
tionally, the reference lists were manually inspected from 
eligible studies, review papers, and conference abstracts. 
Irrelevant articles were excluded by scrutinizing the title, 
abstract, and full text. In the event that a full text could 
not be accessed or downloaded from the aforementioned 
electronic databases, efforts were made to obtain the 
full text by searching the online scholarly search and full 
text delivery system or by contacting the corresponding 
author. Both authors conducted database searches and 
screened titles and abstracts to determine the potential 
eligibility of the records, and independently evaluated 
the eligibility of the full texts, resolving any discrepancies 
through negotiation. The specific extraction process is 
depicted in Fig. 1.

The included studies were required to encompass (1) 
gestational diabetes, excluding other forms of diabetes, 
and human milk macronutrients, and (2) detailed quan-
titative data. There were no restrictions imposed on the 
sample size, medical setting, or geographic location. Case 
reports, book chapters, conference abstracts, and studies 
on pregestational diabetes were excluded.

Data extraction
The following information was extracted: (1) The first 
author’s name and the year of publication. (2) The con-
tent of the study. (3) The method and instrumentation 
employed to test the human milk composition. (4) The 
baseline data of the participants. (5) The number of GDM 
and non-GDM women in each study. (6) The macronutri-
ent levels of human milk at each time period, including 
carbohydrates, proteins, lipids, and energy.

Quality assessment
The quality of the included studies was evaluated using 
the NOS scale, which comprises eight items out of a pos-
sible nine stars, where one star represents one point. The 
article quality was assessed on the following scale: low 
quality = 0~3 stars; moderate quality = 4~6 stars; high 
quality = 7~9 stars.

Statistical analysis
The weighted mean difference (MD) and the associated 
95% confidence intervals (CI) for the macronutrients in 
the human milk of women with gestational diabetes mel-
litus and non-gestational diabetes mellitus were utilized 
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to determine whether there was a disparity in the macro-
nutrients of human milk between women with GDM and 
non-GDM. The heterogeneity between the studies was 
estimated by the Q-test and I2 statistics. Typically, I2 val-
ues of 25%, 50%, and 75% respectively indicate low, mod-
erate, and high levels of heterogeneity [16]. If I2 > 50% and 
P < 0.05, a random effects model was employed; other-
wise, a fixed-effects model was utilized [17].

Subgroup analyses were employed to explore potential 
sources of heterogeneity based on participant BMI, test 
method and instrument, GDM criteria, and study quality. 
Sensitivity analyses were conducted to assess the stabil-
ity of the results and potential sources of heterogeneity 
by excluding one study at a time. All analyses were per-
formed using Revman 5.4.1 (Review Manager), and all 
tests were two-sided with a significance level of 0.05.

Results
Study characteristics
In total, 533 potentially relevant articles were screened, 
including 10 from CNKI, 159 from PubMed, 363 from 
Web of Science, and 1 from the reference list (Fig.  1). 
After eliminating 156 duplicate papers, 377 articles 
remained. The titles and abstracts of the 377 relevant 
articles were then screened, leaving 35 for full-text read-
ing. Of these, 16 were irrelevant, 6 were meta-analyses 
and reviews, 2 were conference abstracts and treatment 
guidelines, and 2 were others. Finally, 9 articles with 

1057 participants were included for meta-analysis. The 
nine included articles were case–control studies, and the 
detailed process of the literature search is presented in 
Fig. 1.

Among these 9 articles, 2 articles examined the 3 stages 
of human milk: colostrum, transitional milk, and mature 
milk; 2 articles examined the 2 stages of colostrum and 
mature milk; 1 article examined only the colostrum stage; 
2 articles examined only the mature milk stage; and 2 
articles examined only the lactose component of colos-
trum. Considering that only 2 studies on the transitional 
milk stage were involved, the results of the colostrum and 
mature milk stages will be analyzed in this study as two 
separate studies. Therefore, a total of 8 data studies were 
included in the meta-analysis. The main characteristics 
included in the meta-analysis are presented in Table 1.

GDM versus non‑GDM human milk macronutrient levels—
primary outcome, subgroup analysis, and sensitivity 
analysis
Overall, 1057 participants from 9 articles were included 
to compare the human milk macronutrient levels in 
GDM women with non-GDM women. As depicted in 
Fig.  2(2.1–2.8), the heterogeneity of the studies was 
not significant for colostrum protein levels (I2 = 31%, 
P =  0.21), and mature milk protein (I2 = 50%, P = 0.07) 
and lipid levels (I2 = 54%, P = 0.05), for which a fixed-
effects model was used for statistical analysis. However, 

Fig. 1  A flow diagram for selection of studies and specific reasons for exclusion from this meta-analysis
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Fig. 2  Forest plots for the human milk composition in pregnant woman with GDM and control during pregnancy (GDM vs. NGT)
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for colostrum carbohydrates (I2 = 76%, P < 0.001), lipids 
(I2  =  85%, P  < 0.001) and energy (I2 = 82%, P = 0.001) 
levels, and for mature milk carbohydrates (I2 = 71%, 
P = 0.005) and energy (I2 = 69%, P = 0.007) levels, signifi-
cant heterogeneity was observed, and a random-effects 
model was used for statistical analysis. Compared to 
non-GDM women, GDM women had higher protein 
(MD = 0.04, 95% CI: 0.00~0.07, P = 0.03) in colostrum, 
with no significant differences in carbohydrates, lipids, 
and energy. Meanwhile, GDM women had higher levels 
of protein (MD = 0.01, 95% CI: 0.00~0.02, P = 0.007) and 
lipids (MD = 0.19, 95% CI: 0.08~0.31, P = 0.001), with no 
significant differences in carbohydrates and energy in 
mature milk.

To identify the sources of heterogeneity, subgroup 
analyses were conducted based on participant BMI, test 
method and instrumentation, diagnostic criteria, and 
study quality, respectively. In the subgroup analysis, 
when adjusted for diagnostic criteria stratified by 75  g 
OGTT diagnosis, the heterogeneity in colostrum energy 
was significantly reduced (I2 = 0%, P = 0.87). Another 
variable that reduced heterogeneity was study quality 
(I2 = 0%, P = 0.66). The subgroup analyses indicated that 
other factors did not have a significant impact on hetero-
geneity. The detailed results of the subgroup analysis are 
presented in Table 2.

A sensitivity analysis was performed using a case-
by-case exclusion method. It showed that the results 
for colostrum protein, lipid, energy, and mature lactose 
classes were inconsistent with the combined results, 
while the results of the remaining studies did not signifi-
cantly differ from the combined results (Table 3). Among 
them, for the three studies of colostrum protein, lipid, 
and energy, all of them had fewer participants included in 
the literature (less than 5).

Discussion
Previously, Komal Manerkar published a meta-analysis 
on maternal gestational diabetes mellitus and infant 
nutrition and growth [26], which focused more on the 
correlation between women with GDM and infant 
growth. It suggested that human milk from women with 
GDM was similar in terms of energy, fat, and carbohy-
drate content, but slightly lower in protein. The present 
meta-analysis incorporated four newly published articles 
on human milk in GDM in recent years, and human milk 
from different periods was analyzed after detailed cate-
gorization. This study found that the energy of proteins 
and lipids in mature human milk of women with GDM 
during pregnancy was higher than that of non-GDM 
women; this is inconsistent with the previous study by 
Komal Manerkar et al. Among the studies included in the 
meta-analysis, the study by Dana Shapira et al. concluded 

that mature human milk of non-GDM women had higher 
levels of lipids [21]. Previously published meta-analyses 
of published studies have shown that gestational diabe-
tes alters the levels of glucose and lipid metabolism in 
humans [27–30], and a study by Hong Zhong et al. con-
cluded that women with GDM had higher levels of blood 
triglycerides and 36 up-regulated lipids and 24 down-reg-
ulated lipids in colostrum of women with GDM, which 
was associated with heavier infant weight [30]. This is in 
accordance with the results of the present meta-analysis.

In the measurement of human milk carbohydrates, two 
studies published by Sabriye Korkut and Kalliopi Drit-
sakou used carbohydrates as a measure. Sabriye Korkut 
concluded that the carbohydrate content of colostrum 
was higher in GDM women than in non-GDM women, 
while Kalliopi Dritsakou’s study concluded that there was 
no significant difference.

In the several studies we included, none mentioned 
the treatment standards for GDM during pregnancy and 
the blood glucose control status. Moreover, no studies 
have shown a correlation between poor glycemic control 
during pregnancy and the carbohydrate content in the 
human milk of women with GDM. However, the study 
by Emily M Nagel suggests that the occurrence of GDM 
can alter the concentration of human milk metabolites, 
and the differences in milk composition of mothers with 
GDM may beneficially regulate infant growth and body 
composition [31].

Several published studies have indicated that BMI and 
age can influence the composition of breast milk. In our 
meta-analysis, although there were differences in BMI 
and age between the two groups in five studies [18–20, 
22], while there were no significant differences in human 
milk composition after eliminating the effects of age and 
BMI. In our meta-analysis, subgroup analyses related to 
age and BMI were performed; however, the results indi-
cated that they were not a source of heterogeneity in this 
study. This suggests that the human milk composition of 
women with GDM is higher than that of normal women 
and is not affected by other factors. The occurrence of 
GDM can significantly alter the composition of human 
milk.

There are no definitive studies on whether the occur-
rence of mastitis during breastfeeding has an effect 
on the composition of human milk. Five of the studies 
included in this meta-analysis explicitly included masti-
tis and human diseases during breastfeeding as one of the 
exclusion criteria [20, 21, 23–25], whereas the rest of the 
studies did not include it as an exclusion criterion. Simi-
larly, with the exception of Yacong Cheng’s study [23], 
none of the remaining studies specified the prenatal gly-
cemic control of the GDM women included in the study.
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Table 2  Subgroup analysis for the human milk composition in pregnant woman with GDM and control during pregnancy (GDM vs. 
NGT)

Carbohydrates in Colostrum

Subgroup Study Count（n） Sample Size（n） MD [95% CI] P χ2 Heterogeneity Test

I² (%) P

Combined Results 7 826 -0.24 [-0.59, 0.12] 0.190 25.43 76 ＜0.001

BMI

＜28Kg/m² 2 279 -0.24 [-0.41, -0.07] 0.005 0.09 0 0.77

≥28Kg/m² 4 497 0.01 [-0.22, 0.24] 0.930 17.49 1 ＜0.001

Not Mentioned 1 50 -1.18 [-2.08, -0.28] 0.010 - - -

Diagnostic criteria

75g OGTT​ 4 421 -0.20 [-0.36, -0.03] 0.020 19.04 1 ＜0.001

OGCT​ 1 62 -0.70 [-1.52, 0.12] 0.100 - - -

Not Mentioned 2 343 -0.08 [-0.34, 0.18] 0.550 4.22 76 0.04

Test method

MIRIS HMA 4 499 -0.01 [-0.22, 0.20] 0.920 14.75 80 0.002

Others 3 327 -0.30 [-0.47, -0.12] 0.001 6.52 69 0.04

Study quality

High 6 616 -0.24 [-0.39, -0.08] 0.003 23.2 78 ＜0.001

Moderate 1 210 0.00 [-0.27, 0.27] 1.000 - - -

Energy in Colostrum

Subgroup Study Count（n） Sample Size（n） MD [95% CI] P χ2 Heterogeneity Test

I² (%) P

Combined Results 4 551 1.33 [-2.88, 5.53] 0.54 16.36 8200 0.001

BMI

＜28Kg/m² 2 279 -0.18 [-2.00, 1.65] 0.85 0.03 0 0.87

≥28Kg/m² 2 272 5.98 [2.91, 9.05] ＜0.001 4.93 80 0.03

Not Mentioned

Diagnostic criteria

75g OGTT​ 2 279 -0.18 [-2.00, 1.65] 0.85 0.03 0 0.87

OGCT​ 1 62 -4.80 [-14.80, 5.20] 0.35 - - -

Not Mentioned 1 210 7.10 [3.87, 10.33] ＜0.001 - - -

Test method

MIRIS HMA 3 407 2.91 [0.70, 5.12] 0.01 12.9 84 0.002

Others 1 144 -0.07 [-2.30, 2.16] 0.95 - - -

Study quality

High 3 341 -0.33 [-2.12, 1.47] 0.72 0.82 0 0.66

Moderate 1 210 7.10 [3.87, 10.33] ＜0.001 - - -

Carbohydrates in Mature milk

Subgroup Study Count（n） Sample Size（n） MD [95% CI] P χ2 Heterogeneity Test

I² (%) P

Combined Results 6 782 0.03 [-0.16, 0.23] 0.75 16.97 71 0.005

BMI

＜28Kg/m² 3 457 0.17 [0.07, 0.27] ＜0.001 8.26 76 0.020

≥28Kg/m² 3 325 -0.13 [-0.32, 0.07] 0.2 1.57 0 0.460

Not Mentioned

Diagnostic criteria

75g OGTT​ 3 457 0.17 [0.07, 0.27] ＜0.001 8.26 76 0.020

OGCT​ 2 115 -0.33 [-0.90, 0.24] 0.25 1.02 2 0.310

Not Mentioned 1 210 -0.10 [-0.31, 0.11] 0.35 - - -

Test method

MIRIS HMA 4 585 0.15 [0.05, 0.26] 0.004 12.41 76 0.006

Others 2 197 0.01 [-0.15, 0.17] 0.93 2.37 58 0.120
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Table 2  (continued)

Study quality

High 5 572 0.16 [0.06, 0.25] 0.002 12.18 67 0.020

Moderate 1 210 -0.10 [-0.31, 0.11] 0.35 - - -

Energy in Colostrum

Subgroup Study Count（n） Sample Size（n） MD [95% CI] P χ2 Heterogeneity Test

I² (%) P

Combined Results 4 551 1.33 [-2.88, 5.53] 0.54 16.36 8200 0.001

BMI

＜28Kg/m² 2 279 -0.18 [-2.00, 1.65] 0.85 0.03 0 0.87

≥28Kg/m² 2 272 5.98 [2.91, 9.05] ＜0.001 4.93 80 0.03

Not Mentioned

Diagnostic criteria

75g OGTT​ 2 279 -0.18 [-2.00, 1.65] 0.85 0.03 0 0.87

OGCT​ 1 62 -4.80 [-14.80, 5.20] 0.35 - - -

Not Mentioned 1 210 7.10 [3.87, 10.33] ＜0.001 - - -

Test method

MIRIS HMA 3 407 2.91 [0.70, 5.12] 0.01 12.9 84 0.002

Others 1 144 -0.07 [-2.30, 2.16] 0.95 - - -

Study quality

High 3 341 -0.33 [-2.12, 1.47] 0.72 0.82 0 0.66

Moderate 1 210 7.10 [3.87, 10.33] ＜0.001 - - -

Lipids in Mature milk

Subgroup Study Count（n） Sample Size
（n）

MD [95% CI] P χ2 Heterogeneity Test

I² (%) P

Combined Results 6 782 0.19 [0.08, 0.31] 0.001 10.87 54 0.050

BMI

＜28Kg/m² 3 457 0.21 [0.08, 0.34] 0.001 3.3 39 0.190

≥28Kg/m² 3 325 0.10 [-0.21, 0.40] 0.53 7.13 72 0.030

Not Mentioned

Diagnostic criteria

75g OGTT​ 3 457 0.21 [0.08, 0.34] 0.001 3.3 39 0.190

OGCT​ 2 115 0.09 [-0.53, 0.72] 0.77 7.13 86 0.008

Not Mentioned 1 210 0.10 [-0.25, 0.45] 0.57 - - -

Test method

MIRIS HMA 4 585 0.06 [-0.16, 0.27] 0.61 6.09 51 0.110

Others 2 197 0.25 [0.11, 0.39] ＜0.001 2.68 63 0.100

Study quality

High 5 572 0.20 [0.08, 0.33] 0.001 10.56 62 0.030

Moderate 1 210 0.10 [-0.25, 0.45] 0.57 - - -

Energy in Mature milk

Subgroup Study Count（n） Sample Size（n） MD [95% CI] P χ2 Heterogeneity Test

I² (%) P

Combined Results 6 782 1.98 [-0.71, 4.66] 0.15 15.89 69 0.007

BMI

＜28Kg/m² 3 457 1.88 [0.55, 3.21] 0.006 2.25 11 0.320

≥28Kg/m² 3 325 3.39 [0.71, 6.07] 0.01 12.66 84 0.002

Not Mentioned

Diagnostic criteria

75g OGTT​ 3 457 1.88 [0.55, 3.21] 0.006 2.25 11 0.320

OGCT​ 2 115 -2.20 [-7.61, 3.21] 0.43 7.24 86 0.007

Not Mentioned 1 210 5.20 [2.12, 8.28] ＜0.001 - - -
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Numerous studies have shown that the protein of 
mature milk decreases compared to colostrum, but the 
fat and lactose content gradually increases. Among the 
studies included in this meta-analysis, the time of mature 
milk specimens selected for each study was different (14 
days/30  days/42  days/2  months), and this meta-analysis 
found no significant difference in lactose and energy 
between the mature milk of the GDM group and the 
non-GDM group, which may be related to the different 
collection times. Therefore, more high-quality studies are 
needed to clarify the lactose and energy levels of mature 
milk in the two groups.

These studies still have some methodological limita-
tions, which may be the source of heterogeneity, including 
(1) the nadir criteria of the subjects, (2) different sampling 
times of mature milk, and (3) different detection indexes. 
In addition, the results of our subgroup analysis also 
showed that the different clinical characteristics of the 
study subjects and different diagnostic criteria may also 
be the source of heterogeneity in this meta-analysis.

Our meta-analysis shows that the energy from lipids 
and proteins in the mature milk of women with GDM is 
higher than that in the human milk of normal women. 
This suggests that women with GDM can promote the 
recovery of postpartum glucose and lipid metabolism 
by extending the duration of breastfeeding, allowing the 
excess lipids in their bodies to be excreted through human 
milk. This finding is similar to the results of a prospective 
cohort study published in 2018 [32], in which Ep G con-
cluded that the duration of breastfeeding is independently 
associated with a reduced incidence of diabetes. The study 
by Fanzhu Xue also supports the idea that the excess car-
bohydrates and lipids in the bodies of women with gesta-
tional diabetes can be excreted through human milk [33], 
and therefore, a longer breastfeeding period can facilitate 
the recovery of glucose and lipid metabolism. Therefore, 
we should encourage all mothers, especially those with 
GDM, to breastfeed for as long as possible, as this has a 
positive impact on the recovery of postpartum glucose 
and lipid metabolism and long-term prognosis.

Table 2  (continued)

Test method

MIRIS HMA 4 585 2.38 [0.47, 4.30] 0.01 14.51 79 0.002

Others 2 197 2.05 [0.53, 3.58] 0.008 1.31 24 0.25

Study quality

High 5 572 1.65 [0.35, 2.94] 0.01 11.55 65 0.020

Moderate 1 210 5.20 [2.12, 8.28] ＜0.001 - - -

Table 3  Sensitivity analyses using a case-by-case exclusion method

Author，Year MD [95% CI]

Colostrum
Carbohydrates

Colostrum 
Protein

Colostrum
Lipids

Colostrum 
Energy

Mature milk
Carbohydrates

Mature milk 
Protein

Mature milk 
Lipids

Mature milk 
Energy

Chertok 2017 -0.14 [-0.49, 
0.22]

- - - - - - -

Chertok 2020 
[18]

-0.16 [-0.52, 
0.21]

- - - - - - -

Dugas 2023 
[19]

- - - - 0.06[-0.12, 
0.25]

0.01[0.00, 0.02] 0.18[0.06, 0.30] 1.58[-1.24, 4.39]

Shapira 2019 
[21]

-0.18[-0.57, 
0.20]

0.04[0.00, 0.07] 0.03[-0.19, 
0.25]

2.14[-2.36, 
6.63]

0.04[-0.17, 
0.24]

0.01[0.00, 0.02] 0.21[0.09, 0.33] 2.87[0.91, 4.82]

Hui Ye 2021 
[24]

-0.30[-0.73, 
0.13]

0.04[0.00, 0.07] -0.00[-0.36, 
0.36]

1.75[-4.40, 
7.91]

0.03[-0.20, 
0.26]

0.01[0.00, 0.02] 0.18[0.06, 0.30] 1.47[-1.76, 4.71]

Kalliopi Dritsa-
kou 2016 [22]

-0.32[-0.80, 
0.17]

0.04[0.01, 0.07] -0.04[-0.29, 
0.21]

-0.33[-2.12, 
1.47]

0.07[-0.15, 
0.29]

0.01[0.00, 0.02] 0.20[0.08, 0.33] 1.14[-1.89, 4.17]

Korkut 2022 
[20]

-0.34[-0.61, 
-0.07]

- - - - - - -

Song Lin 2020 
[25]

- - - - -0.03[-0.14, 
0.09]

0.01[0.00, 0.02] 0.22[0.10, 0.34] 2.38[-0.84, 5.61]

Yacong Cheng 
2024 [23]

-0.28[-0.81, 
0.25]

-0.20[-0.56, 
0.16]

1.60[-4.92, 
8.11]

0.03[-0.13, 
0.19]

-0.00[-
0.06,0.05]

0.11[-0.10, 
0.32]

1.82[-2.21, 5.85]

Results -0.24[-0.59, 
0.12]

0.04[0.00, 0.07] -0.00[-0.21, 
0.21]

1.33[-2.88, 
5.53]

0.03[-0.16, 
0.23]

0.01[0.00, 0.02] 0.19[0.08, 0.31] 1.98[-0.71, 4.66]
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Conclusions
In our meta-analysis, differences in human milk compo-
sition were found between women with GDM and those 
without GDM. Specifically, compared with non-GDM 
women, GDM women had higher levels of protein and 
lipids in their mature milk. Moreover, the differences in 
human milk composition among GDM women were not 
related to factors such as age and BMI. Due to the limita-
tions of our meta-analysis, more high-quality studies are 
needed to verify the relationship between the macronu-
trient content of colostrum and the carbohydrate content 
of mature milk with GDM.
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