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Abstract

Objective

Nonalcoholic fatty liver disease (NAFLD) is a well-recognized hepatic manifestation of meta-

bolic disease in adults and has been associated with the development of gestational diabetes

(GDM). Hepatic insulin resistance can result in increased release of glucose (from gluconeo-

genesis) and free fatty acids (due to enhanced lipolysis), which can lead in turn to fetal over-

growth. However, the relationship between maternal metabolic factors (such as circulating

levels of triglycerides, free fatty acids [FFA], or adipokines) and excessive fetal birthweight

in NAFLD has not been carefully examined. In this study, we evaluated the relationship

between NAFLD and the subsequent risk of large-for-gestational-age (LGA) birthweight.

Method

Singleton nondiabetic pregnant women were evaluated for the presence of fatty liver at 10–

14 weeks of gestation by abdominal ultrasound. The degree of fatty liver was classified as

Grade 0–3 steatosis. At the time of liver ultrasound, maternal blood was taken after fasting

and measured for adiponectin and FFA. LGA was defined as birthweight >90th percentile for

gestational age.

Results

A total of 623 women were included in the analysis. The frequency of LGA was 10.9% (68/

623), and the frequency of NAFLD was 18.9%. The risk of LGA increased significantly in
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patients with Grade 2–3 steatosis in the first trimester. The relationship between Grade 2–3

steatosis and LGA remained significant after adjustment for maternal age, pre-pregnancy

BMI, GDM, and maternal serum triglyceride levels. The concentration of maternal blood adi-

ponectin at 10–14 weeks was significantly lower in cases with LGA than non-LGA, but the

maternal blood FFA concentrations were not different between the groups.

Conclusion

The presence of Grade 2–3 steatosis on ultrasound in early pregnancy was associated with

the increased risk of delivering an LGA infant, even after adjustment for multiple confound-

ing factors including GDM. Adiponectin may be the linking biomarker between NAFLD and

LGA.

Introduction

Abnormal fetal growth—both fetal growth restriction and excessive fetal growth—is a risk fac-

tor for obesity and cardiovascular disease in later life.[1–3] Fetal growth is dependent on the

adequate supply of nutrients across the placenta, but the exact mechanisms regulating fetal

growth are not fully understood. Maternal hyperglycemia is one of the most important drivers

of fetal growth, but excessive fetal weight gain also happens in euglycemic mothers.[4, 5]

Nonalcoholic fatty liver disease (NAFLD) is defined as an abnormal accumulation of fat

within the liver in the absence of viral hepatitis, hepatobiliary disease, or excessive alcohol con-

sumption, and is one of the most common liver diseases in adults.[6–9] NAFLD is a hepatic

manifestation of metabolic syndrome, and is associated with type 2 diabetes.[10, 11] It has

been suggested that NAFLD may be associated with gestational diabetes (GDM).[12, 13] To

examine this relationship between NAFLD and GDM, we enrolled pregnant women in a pro-

spective cohort study, the “Fatty liver in pregnancy” registry (NCT02276144), and reported

that pregnant women diagnosed as NAFLD in early pregnancy were at high risk for GDM

even after adjustment for metabolic risk factors[14].

Considering that the hepatic insulin resistance that accompanies pregnancy can result

in increased release of glucose (from gluconeogenesis) and free fatty acids (due to enhanced

lipolysis), it is plausible that NAFLD can lead to fetal overgrowth. However, the relationship

between maternal metabolic factors (such as circulating levels of triglycerides, free fatty acids

[FFA], or adipokines), NAFLD, and excessive fetal birthweight has not been carefully exam-

ined. In this study, we evaluate the relationship between NAFLD and the subsequent risk of

large-for-gestational-age (LGA) birthweight.

Materials and methods

Study design

A prospective cohort study, the “Fatty liver in pregnancy” registry (NCT02276144), was per-

formed at Incheon Seoul Women’s Hospital and Seoul Metropolitan Government Seoul

National University Boramae Medical Center to determine the risk of NAFLD on pregnancy

outcome[14]. Singleton pregnant women who visited outpatient clinic for prenatal check were

offered to participate in the prospective cohort, if they were in the first trimester period (before

14 weeks of gestation). After informed consent, baseline clinical and demographic characteris-

tics (including a history of obstetric or medical diseases such as liver disease or diabetes, family
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history of diabetes, pre-gestational weight and height) were asked by questionnaire at the time

of enrollment. The study was approved by the Institutional Review Board of the Seoul Metro-

politan Government Seoul National University Boramae Medical Center and by the Public

Institutional Review Board of the Ministry of Health and Welfare of Korea. Written patient

consent was obtained.

At 10–14 weeks of gestation, patients were evaluated for NAFLD using liver ultrasound.

Patients were followed throughout the course of their pregnancy. Patients were excluded from

the final analysis if they: (1) had evidence of preexisting chronic liver disease, excessive alcohol

consumption, or pre-gestational diabetes; (2) were lost to follow-up; or (3) had a preterm birth

before 34 weeks.

Definition of LGA

LGA was defined as birthweight >90th percentile for gestational age using data derived from a

Korean population[15]. The information of birthweight were gathered from birth records in

medical records. In our institution, newborns are routinely measured for birthweight at the

time of delivery.

Determination of NAFLD

Maternal liver ultrasound was performed at 10–14 weeks’ gestation by an experienced ultra-

sound examiner. Liver ultrasound was performed at the time of fetal ultrasound using E8 ultra-

sound machine (General Electronic, Austria), Accuvix XQ ultrasound machine (Samsung

Medison, Seoul, Korea), or WS80A ultrasound machine (Samsung Medison, Seoul, Korea).

NAFLD was diagnosed by the presence of bright liver echo patterns in ultrasonography.

The extent of NAFLD was classified according to established criteria:[16] (i) Grade 0 steatosis:

normal echogenicity; (ii) Grade 1 steatosis: slight, diffuse increase in fine echoes in liver paren-

chyma with normal visualization of the diaphragm and intrahepatic vessel borders; (iii) Grade

2 steatosis: moderate, diffuse increase in fine echoes with slightly impaired visualization of

intrahepatic vessels and the diaphragm; (iv) Grade 3 steatosis: marked increase in fine echoes

with poor or no visualization of intrahepatic vessel borders, the diaphragm, and the posterior

right lobe of the liver. Stored images were subsequently reviewed by 2 experienced radiologists

(SYK, GMK) who were blinded to the clinical characteristics of the patients.

In addition to sonographic grading of NAFLD, a fatty liver index (FLI) was calculated for

each subject using the following formula[17];

FLI ¼ ðexp½ModelFLI�Þ=ð1þ exp½ModelFLI�Þ � 100

where ModelFLI = 0.953×ln (TG) + 0.139×BMI + 0.718×ln (GGT) + 0.053×WC − 15.745.

The FLI was classified into 3 categories[18]: (1) Low-risk group for fatty liver, FLI�20; (2)

Intermediate-risk group, 20 < FLI< 60; and (3) High-risk group, FLI�60.

Measurement of free fatty acid and adiponectin

At the time of liver ultrasound (10–14 weeks), a venous blood sample was collected after fast-

ing at least 8 hours, centrifuged, aliquoted, and stored at -70˚C for subsequent analysis. Stored

blood samples were thawed, batched, and measured for FFA using coupled enzymatic reaction

system (ACS-ACOD Method, Roche, Germany) and for adiponectin using enzyme-linked

immunosorbent assay (R&D systems, United States).

NAFLD and LGA
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Statistical analysis

Proportions were compared with Fisher’s exact test or chi-square test as appropriate; continu-

ous variables were compared with the Mann-Whitney U test. Logistic regression was per-

formed to determine the relationship between NAFLD and LGA after adjustment for

confounding variables.

A prior sample size calculation was performed to determine how many women would be

needed in the current study. We estimated the frequency of LGA and Grade 2–3 steatosis in

the pregnant women would be 10% and 5%, respectively, according to the previous report[19].

With 80% power and a type 1 error of 5%, we determined that we would require 701 women if

the frequency of LGA is increased to 30% in the presence of Grade 2–3 steatosis, and would

require 361 women if the frequency of LGA is increased to 40% in the presence of Grade 2–3

steatosis.

A p-value of<0.05 was considered statistically significant. SPSS version 21.0 software

(SPSS Inc., Chicago, IL) was utilized.

Results

Between November 2014 and July 2016, a total of 663 women without chronic liver disease,

excessive alcohol use, or pre-gestational diabetes underwent liver ultrasound at 10–14 weeks of

gestation. After excluding women who were lost to follow-up (n = 35) and those who delivered

before 34 weeks (n = 5), 623 women were included in the final analysis. Among these, the fre-

quency of NAFLD diagnosed by liver ultrasound was 18.9% (Grade 1 steatosis 14.4% [90/623]

and Grade 2–3 steatosis 4.5% [28/623]). FLI was calculated in 599 (96.1%) of the 623 study sub-

jects. Of these, 424 (70.8%) were in the low-risk FLI group; 143 (23.9%) were intermediate-

risk, and 32 (5.3%) were high-risk.

Table 1 shows the clinical characteristics of women who did not (Group 1) and who did

(Group 2) deliver an LGA neonate. In this cohort, 10.9% (68/623) of women delivered LGA

neonates (Group 2). These women had a higher pre-pregnancy BMI and were more likely to

develop GDM. In the laboratory tests performed at the time of liver ultrasound, Women who

delivered LGA neonates had higher level of triglyceride and homeostasis model assessment-

insulin resistance (HOMA-IR) than those who did not.

Table 2 compares the results of liver ultrasound and laboratory tests between the two

groups. Women who delivered LGA neonates had a higher proportion of Grade 2–3 steatosis

and intermediate-/high-risk FLI than those who did not.

The frequency of delivering an LGA neonate increased significantly in patients with

Grade 2–3 steatosis in the first trimester: 10% in Grade 0 steatosis vs. 9% in Grade 1 steatosis

vs. 32% in Grade 2–3 steatosis (p<0.005). The frequency of LGA neonates also increased sig-

nificantly according to the FLI: 8% in low-risk, 16% in intermediate-risk, and 25% in high-risk

(p<0.005). The relationship between Grade 2–3 steatosis and LGA remained significant after

adjustment for maternal age (Model 1), for maternal age and GDM (Model 2), for maternal

age, GDM, pre-gestational BMI, and triglyceride level (Model 3), and even for maternal age,

GDM, pre-gestational BMI, triglyceride level, and HOMA-IR (Model 4) (Table 3). This same

relationship exists also between FLI and LGA and remained significant after multiple adjust-

ments (Table 3).

In maternal blood taken at the time of liver ultrasound (10–14 weeks), the mean concentra-

tion of FFA was significantly higher and that of adiponectin was significantly lower in patients

with Grade 2–3 steatosis than those without Grade 2–3 steatosis (Fig 1). In addition, FFA con-

centrations were not different between women who did and did not deliver LGA neonates,

NAFLD and LGA
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whereas adiponectin levels were significantly lower in women who delivered LGA neonates

compared to those who did not deliver an LGA neonate (Fig 2).

Discussion

The principal findings of this study were: (1) in this cohort, the frequency of LGA was 10.9%

(68/623) and of NAFLD was 18.9%; (2) the risk of LGA increased significantly in patients with

Grade 2–3 steatosis in the first trimester; (3) the relationship between Grade 2–3 steatosis and

LGA remained significant after adjustment for age, pre-gestational BMI, GDM, maternal

serum triglyceride levels, and HOMA-IR; and (4) levels of adiponectin in the maternal circula-

tion were significantly lower in women who delivered an LGA neonate, even at the time of 10–

14 weeks of gestation.

In the current study, we demonstrated an association between NAFLD (defined both by

ultrasound and using a validated biochemical index, the FLI) and LGA. In the one prior publi-

cation investigating this association, fatty liver was diagnosed using an elevated serum alanine

aminotransferase in the first trimester,[20] which is not a sufficient marker of NAFLD. In this

study, the ALT�90th percentile was associated with a 4-fold increased odds ratio of LGA. In

the current study, we used far more rigorous criteria to diagnose NAFLD and investigated the

Table 1. Characteristics, laboratory results, and pregnancy outcomes of study population.

Characteristics Group 1

Women who delivered non-LGA neonates

(n = 555)

Group 2

Women who delivered LGA neonates

(n = 68)

p-value

Baseline characteristics

Age (years) 32 (30–34) 32 (29–35) NS

Nulliparity 285 (51%) 39 (57%) NS

Pre-pregnancy BMI (kg/m2) 21.3 (19.5–23.5) 23.0 (20.5–25.2) (n = 67) <0.005

Pre-pregnancy BMI�25 kg/m2 87 (16%) 17/67 (25%) <0.05

Laboratory result at 10–14 weeks (n = 538) (n = 65)

- AST (IU/L) 16 (14–20) (n = 537) 17 (15–21) (n = 64) 0.180

- ALT (IU/L) 11 (8–15) (n = 537) 12 (9–19) (n = 64) 0.143

- Cholesterol (mg/dL) 171 (154–190) 170 (152–192) NS

- HDL-cholesterol (mg/dL) 65 (56–74) 64 (50–73) NS

- LDL-cholesterol (mg/dL) 84 (70–98) 83 (70–97) NS

- Triglyceride (mg/dL) 110 (86–139) 119 (95–154) <0.05

- GGT (IU/L) 12 (10–15) 12 (10–18) NS

- Fasting glucose (mg/dL) 77 (71–83) (n = 537) 79 (70–85) 0.154

- Insulin (μIU/mL) 8.2 (5.4–11.5) (n = 537) 10.4 (7.0–16.8) <0.005

- HOMA-IR 1.5 (1.0–2.3) (n = 537) 2.0 (1.2–3.2) <0.005

Pregnancy outcomes (n = 555) (n = 68)

Gestational diabetes 30/543 (6%) 9/67 (13%) <0.05

Gestational hypertension or preeclampsia 15/546 (3%) 2/66 (3%) NS

Gestational age at delivery (weeks) 39.1 (38.3–40.0) 39.2 (38.0–40.1) NS

Cesarean delivery 198 (36%) 30 (44%) NS

Birthweight (kg) 3.18 (2.94–3.38) 3.86 (3.73–4.07) <0.001

Infant gender (male) 275 (50%) 40 (59%) NS

Data are presented as median and interquartile range or n (%)

BMI, body mass index; LGA, large-for-gestational age; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; and

HOMA-IR, homeostasis model assessment-insulin resistance.

https://doi.org/10.1371/journal.pone.0221400.t001
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association after adjustment for multiple co-variants, including amongst others GDM, BMI,

and HOMA-IR.

In the current study, we demonstrated that NAFLD, not only diagnosed by ultrasound but

also suggested by fatty liver index, was associated with LGA. As the interpretation of ultra-

sound may be dependent on examiner, we also evaluated the association between fatty liver

index and LGA. However, the usefulness of fatty liver index should be validated in pregnant

women.

In several previous studies, maternal triglyceride levels have been associated with excessive

fetal growth, especially in non-diabetic pregnant women.[21–24] In the current study, mean

maternal triglyceride levels were significantly higher at 10–14 weeks of gestation in women

Table 2. Liver ultrasound and laboratory results at 10–14 weeks of gestation.

Characteristics Group 1, Women who delivered non-LGA neonates

(n = 555)

Group 2, Women who delivered LGA neonates

(n = 68)

p-value

Gestational age at liver ultrasound (weeks) 12.4 (12.1–12.9) 12.4 (12.0–12.6) NS

Fatty liver on liver ultrasound <0.005

- Grade 0 steatosis (normal) 454 (82%) 51 (75%)

- Grade 1 steatosis 82 (15%) 8 (12%)

- Grade 2–3 steatosis 19 (3%) 9 (13%)

Presence of Grade 2/3 fatty liver on liver

ultrasound

19 (3%) 9 (13%) <0.005

Fatty liver index (FLI) <0.005

- Low-risk (FLI�20) 391/535 (73%) 33/64 (52%)

- Intermediate-risk (20<FLI<60) 120/535 (22%) 23/64 (36%)

- High-risk (FLI�60) 24/535 (5%) 8/64 (13%)

Free fatty acid at liver ultrasound (μEq/L) 607 (462–784) (n = 537) 672 (445–869) (n = 65) NS

Adiponectin at liver ultrasound (ng/mL) 5148 (2995–8194) (n = 538) 4116 (1814–7193) (n = 65) <0.05

Data are presented as median and interquartile range or n (%).

https://doi.org/10.1371/journal.pone.0221400.t002

Table 3. Relationship of various independent variables with the risk of large-for-gestational age analyzed by mul-

tiple logistic regression analysis.

Characteristics Grade 2–3 steatosis p-value

Unadjusted (n = 623) 4.303 (1.863–9.942) <0.005

Model 1 (n = 623) 4.274 (1.848–9.884) <0.005

Model 2 (n = 610) 3.601 (1.418–9.142) <0.01

Model 3 (n = 589) 3.164 (1.158–8.643) <0.05

Model 4 (n = 588) 3.157 (1.160–8.594) <0.005

Intermediate-/high-risk fatty liver index

Unadjusted (n = 599) 2.551 (1.507–4.317) <0.001

Model 1 (n = 599) 2.584 (1.524–4.380) <0.005

Model 2 (n = 586) 2.248 (1.278–3.954) <0.01

Model 3 (n = 586) 2.331 (1.115–4.871) <0.05

Model 4 (n = 585) 2.156 (1.025–4.538) <0.05

Model 1: Adjusted for maternal age

Model 2: Adjusted for maternal age + gestational diabetes

Model 3: Adjusted for maternal age + gestational diabetes + Pre-pregnancy BMI + triglyceride level

Model 4: Adjusted for maternal age + gestational diabetes + Pre-pregnancy BMI + triglyceride level + HOMA-IR

https://doi.org/10.1371/journal.pone.0221400.t003
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who subsequently delivered an LGA neonate (Table 2). However, this association did not

remain significant after adjustment for NAFLD. Since circulating triglyceride levels may be a

surrogate marker for NAFLD, the association between triglyceride and LGA is most likely due

to the association between NAFLD and LGA.

In an effort to identify factors that may mediate the association between NAFLD and LGA,

we tested FFA and adiponectin, both of which are potential biomarkers for fetal growth.[21,

25, 26] In the literature, the role of FFA in fetal growth is controversial, as FFA levels appear to

be related to neonatal weight in patients with well controlled GDM, but not in nondiabetic

pregnancies. [27]. In the current study, circulating levels of FFA in the first trimester were not

associated with subsequent risk of LGA, although FFA levels were elevated in women with

Grade 2–3 steatosis. This finding suggests that FFA, at least in the first trimester, is not a deter-

mining factor for fetal growth. In contrast, maternal blood adiponectin in the first trimester

was associated with both NAFLD and LGA, suggesting that adiponectin may be functionally

important in mediating this association. The association between maternal adiponectin levels

and fetal growth is well documented.[28] Here, we showed that maternal adiponectin levels

were associated with NAFLD as well as fetal growth. Whether this is true also of other adipo-

kines such as leptin remains to be determined.

A major strength of this study is that we prospectively enrolled patients for determination

of NAFLD and collected clinical information and maternal fasting blood in the first trimester.

We also determined the presence of NAFLD using two well-validated approaches, namely

liver ultrasound and biochemical testing (FLI). To our knowledge, this is the first study to

demonstrate an association between NAFLD and LGA. Moreover, the association between

NAFLD and adiponectin and the subsequent risk for LGA was evident already in the first tri-

mester, suggesting increased risk of LGA at early stages of pregnancy. Prediction of LGA in

Fig 1. Maternal blood free fatty acid and adiponectin concentrations according to the grade of fatty liver at 10–14

weeks of gestation. (a) Free fatty acid (μEq/L). (b) Adiponectin (ng/mL).

https://doi.org/10.1371/journal.pone.0221400.g001

Fig 2. Maternal blood free fatty acid and adiponectin concentrations according to birthweight at the time of

delivery. (a) Free fatty acid (μEq/L). (b) Adiponectin (ng/mL).

https://doi.org/10.1371/journal.pone.0221400.g002
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the first trimester may allow for early interventions to mitigate this risk, such as modification

of weight gain or physical activity during pregnancy. This information might to be relevant for

clinicians, because they can aware and monitor fetal growth in these women. However, before

change in clinical conducts or in guidelines, more studies are needed to confirm the result of

the current study, as the current study is an observational study.

Then why is NAFLD associated with the risk of LGA? Fetal growth is determined by mater-

nal provision of substrate and placental transfer of these substrates, but the precise cellular or

hormonal mechanism has not been well understood. Several hormones are suggested to mod-

ulate these mechanisms, such as insulin, insulin-like growth factors, and adipokines. NAFLD

is known as hepatic manifestation of metabolic syndrome, hepatic insulin resistance may

impact fetal birthweight. However, the current study suggests that the relationship between

NAFLD and LGA is independent of insulin resistance (HOMA-IR). In addition, adipokines

such as adiponectin may modulate the relationship between NAFLD and LGA. In the current

study, adiponectin was decreased in both NAFLD and LGA. Other adipokines such as leptin

would clarify the role of adipokines in NAFLD and fetal growth.

Fetal growth is also dependent on maternal supply of nutrients. First, maternal glucose

availability is one of the major determining factors, and there have been strong evidences

between maternal hyperglycemia and fetal overgrowth [29]. Indeed, the frequency of gesta-

tional diabetes was also increased in patients with LGA in the current study. But the risk of

LGA was associated with NAFLD, even after adjustment for GDM. Increased transfer of lipids

can also result in fetal overgrowth, and Yarrington et al suggested that NAFLD may represent

increased visceral adipose tissue, resulting increased FFA and fetal overgrowth[20]. However,

we measured the FFA concentrations in the study population, and found that FFA was not

related with the risk of LGA.

Conclusion

The presence of Grade 2–3 steatosis on ultrasound in early pregnancy was associated with the

increased risk of delivering an LGA infant, even after adjustment for GDM. Adiponectin may

be the linking biomarker between NAFLD and LGA.

Supporting information

S1 File. This is the database file of the current manuscript.

(SAV)

Acknowledgments

The authors would like to thank Sohee Oh, PhD of the Department of Biostatistics in Seoul

Metropolitan Government Seoul National University Boramae Medical Center for her statisti-

cal advice.

Author Contributions

Conceptualization: Seung Mi Lee, Byoung Jae Kim, Joong Shin Park.

Data curation: Seung Mi Lee, Byoung Jae Kim, Ja Nam Koo, Ig Hwan Oh, Sun Min Kim,

Sang Youn Kim, Gyoung Min Kim, Won Kim, Sae Kyung Joo, Sue Shin.

Formal analysis: Seung Mi Lee, Byoung Jae Kim, Ja Nam Koo, Errol R. Norwitz, Sun Min

Kim, Soo Heon Kwak, Chanthalakeo Vixa, Chan-Wook Park, Jong Kwan Jun, Joong Shin

Park.

NAFLD and LGA

PLOS ONE | https://doi.org/10.1371/journal.pone.0221400 August 26, 2019 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221400.s001
https://doi.org/10.1371/journal.pone.0221400


Funding acquisition: Byoung Jae Kim.

Investigation: Seung Mi Lee, Byoung Jae Kim, Errol R. Norwitz, Won Kim.

Methodology: Seung Mi Lee, Ja Nam Koo, Ig Hwan Oh, Sun Min Kim, Sang Youn Kim,

Gyoung Min Kim, Sae Kyung Joo, Sue Shin, Chanthalakeo Vixa, Chan-Wook Park, Jong

Kwan Jun.

Validation: Seung Mi Lee, Soo Heon Kwak.

Visualization: Seung Mi Lee, Errol R. Norwitz.

Writing – original draft: Seung Mi Lee, Byoung Jae Kim, Joong Shin Park.

Writing – review & editing: Seung Mi Lee, Byoung Jae Kim, Ja Nam Koo, Errol R. Norwitz, Ig

Hwan Oh, Sun Min Kim, Sang Youn Kim, Gyoung Min Kim, Soo Heon Kwak, Won Kim,

Sae Kyung Joo, Sue Shin, Chanthalakeo Vixa, Chan-Wook Park, Jong Kwan Jun, Joong

Shin Park.

References
1. Barker DJ. Adult consequences of fetal growth restriction. Clin Obstet Gynecol. 2006; 49(2):270–83.

PMID: 16721106

2. Harder T, Rodekamp E, Schellong K, Dudenhausen JW, Plagemann A. Birth weight and subsequent

risk of type 2 diabetes: a meta-analysis. Am J Epidemiol. 2007; 165(8):849–57. https://doi.org/10.1093/

aje/kwk071 PMID: 17215379

3. Schaefer-Graf UM, Pawliczak J, Passow D, Hartmann R, Rossi R, Buhrer C, et al. Birth weight and

parental BMI predict overweight in children from mothers with gestational diabetes. Diabetes care.

2005; 28(7):1745–50. https://doi.org/10.2337/diacare.28.7.1745 PMID: 15983329

4. Jovanovic L, Pettitt DJ. Gestational diabetes mellitus. JAMA. 2001; 286(20):2516–8. https://doi.org/10.

1001/jama.286.20.2516 PMID: 11722247

5. Catalano PM, Thomas A, Huston-Presley L, Amini SB. Increased fetal adiposity: a very sensitive

marker of abnormal in utero development. Am J Obstet Gynecol. 2003; 189(6):1698–704. https://doi.

org/10.1016/s0002-9378(03)00828-7 PMID: 14710101

6. Cho HC. Prevalence and Factors Associated with Nonalcoholic Fatty Liver Disease in a Nonobese

Korean Population. Gut and liver. 2015.

7. Choi SY, Kim D, Kim HJ, Kang JH, Chung SJ, Park MJ, et al. The relation between non-alcoholic fatty

liver disease and the risk of coronary heart disease in Koreans. Am J Gastroenterol. 2009; 104

(8):1953–60. PMID: 19491838

8. Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and natural history of non-

alcoholic fatty liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther. 2011;

34(3):274–85. https://doi.org/10.1111/j.1365-2036.2011.04724.x PMID: 21623852

9. Loomba R, Sanyal AJ. The global NAFLD epidemic. Nature reviews Gastroenterology & hepatology.

2013; 10(11):686–90.

10. Daniel S, Ben-Menachem T, Vasudevan G, Ma CK, Blumenkehl M. Prospective evaluation of unex-

plained chronic liver transaminase abnormalities in asymptomatic and symptomatic patients. The Amer-

ican journal of gastroenterology. 1999; 94(10):3010–4. https://doi.org/10.1111/j.1572-0241.1999.

01451.x PMID: 10520861

11. Birkenfeld AL, Shulman GI. Nonalcoholic fatty liver disease, hepatic insulin resistance, and type 2 dia-

betes. Hepatology. 2014; 59(2):713–23. https://doi.org/10.1002/hep.26672 PMID: 23929732

12. Hagstrom H, Hoijer J, Ludvigsson JF, Bottai M, Ekbom A, Hultcrantz R, et al. Adverse outcomes of

pregnancy in women with non-alcoholic fatty liver disease. Liver international: official journal of the Inter-

national Association for the Study of the Liver. 2016; 36(2):268–74.

13. De Souza LR, Berger H, Retnakaran R, Vlachou PA, Maguire JL, Nathens AB, et al. Non-Alcoholic

Fatty Liver Disease in Early Pregnancy Predicts Dysglycemia in Mid-Pregnancy: Prospective Study.

The American journal of gastroenterology. 2016; 111(5):665–70. https://doi.org/10.1038/ajg.2016.43

PMID: 26977755

14. Lee SM, Kwak SH, Koo JN, Oh IH, Kwon JE, Kim BJ, et al. Non-alcoholic fatty liver disease in the first

trimester and subsequent development of gestational diabetes mellitus. Diabetologia. 2019; 62(2):238–

48. Epub 2018/11/25. https://doi.org/10.1007/s00125-018-4779-8 PMID: 30470912

NAFLD and LGA

PLOS ONE | https://doi.org/10.1371/journal.pone.0221400 August 26, 2019 9 / 10

http://www.ncbi.nlm.nih.gov/pubmed/16721106
https://doi.org/10.1093/aje/kwk071
https://doi.org/10.1093/aje/kwk071
http://www.ncbi.nlm.nih.gov/pubmed/17215379
https://doi.org/10.2337/diacare.28.7.1745
http://www.ncbi.nlm.nih.gov/pubmed/15983329
https://doi.org/10.1001/jama.286.20.2516
https://doi.org/10.1001/jama.286.20.2516
http://www.ncbi.nlm.nih.gov/pubmed/11722247
https://doi.org/10.1016/s0002-9378(03)00828-7
https://doi.org/10.1016/s0002-9378(03)00828-7
http://www.ncbi.nlm.nih.gov/pubmed/14710101
http://www.ncbi.nlm.nih.gov/pubmed/19491838
https://doi.org/10.1111/j.1365-2036.2011.04724.x
http://www.ncbi.nlm.nih.gov/pubmed/21623852
https://doi.org/10.1111/j.1572-0241.1999.01451.x
https://doi.org/10.1111/j.1572-0241.1999.01451.x
http://www.ncbi.nlm.nih.gov/pubmed/10520861
https://doi.org/10.1002/hep.26672
http://www.ncbi.nlm.nih.gov/pubmed/23929732
https://doi.org/10.1038/ajg.2016.43
http://www.ncbi.nlm.nih.gov/pubmed/26977755
https://doi.org/10.1007/s00125-018-4779-8
http://www.ncbi.nlm.nih.gov/pubmed/30470912
https://doi.org/10.1371/journal.pone.0221400


15. Park NH, Yoon BH, Shin HC, Kim SW. Growth pattern of the newborn infants by gestational age. Kor J

Obstet Gynecol. 1991; 34:9.

16. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, et al. The utility of radiological

imaging in nonalcoholic fatty liver disease. Gastroenterology. 2002; 123(3):745–50. https://doi.org/10.

1053/gast.2002.35354 PMID: 12198701

17. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A, et al. The Fatty Liver

Index: a simple and accurate predictor of hepatic steatosis in the general population. BMC gastroenter-

ology. 2006; 6:33. https://doi.org/10.1186/1471-230X-6-33 PMID: 17081293

18. Gastaldelli A, Kozakova M, Hojlund K, Flyvbjerg A, Favuzzi A, Mitrakou A, et al. Fatty liver is associated

with insulin resistance, risk of coronary heart disease, and early atherosclerosis in a large European

population. Hepatology. 2009; 49(5):1537–44. https://doi.org/10.1002/hep.22845 PMID: 19291789

19. Lee SM, Kwak SH, Koo JN, Oh IH, Kwon JE, Kim BJ, et al. Non-alcoholic fatty liver disease in the first

trimester and subsequent development of gestational diabetes mellitus. Diabetologia. 2018.

20. Yarrington CD, Cantonwine DE, Seely EW, McElrath TF, Zera CA. The association of early unexplained

elevated alanine aminotransferase with large-for-gestational-age birthweight. Am J Obstet Gynecol.

2016; 215(4):474 e1–5.

21. Schaefer-Graf UM, Graf K, Kulbacka I, Kjos SL, Dudenhausen J, Vetter K, et al. Maternal lipids as

strong determinants of fetal environment and growth in pregnancies with gestational diabetes mellitus.

Diabetes care. 2008; 31(9):1858–63. https://doi.org/10.2337/dc08-0039 PMID: 18606978

22. Kitajima M, Oka S, Yasuhi I, Fukuda M, Rii Y, Ishimaru T. Maternal serum triglyceride at 24–32 weeks’

gestation and newborn weight in nondiabetic women with positive diabetic screens. Obstet Gynecol.

2001; 97(5 Pt 1):776–80. https://doi.org/10.1016/s0029-7844(01)01328-x PMID: 11339933

23. Knopp RH, Magee MS, Walden CE, Bonet B, Benedetti TJ. Prediction of infant birth weight by GDM

screening tests. Importance of plasma triglyceride. Diabetes care. 1992; 15(11):1605–13. https://doi.

org/10.2337/diacare.15.11.1605 PMID: 1468292

24. Nolan CJ, Riley SF, Sheedy MT, Walstab JE, Beischer NA. Maternal serum triglyceride, glucose toler-

ance, and neonatal birth weight ratio in pregnancy. Diabetes care. 1995; 18(12):1550–6. https://doi.org/

10.2337/diacare.18.12.1550 PMID: 8722050

25. Tsai PJ, Yu CH, Hsu SP, Lee YH, Chiou CH, Hsu YW, et al. Cord plasma concentrations of adiponectin

and leptin in healthy term neonates: positive correlation with birthweight and neonatal adiposity. Clinical

endocrinology. 2004; 61(1):88–93. https://doi.org/10.1111/j.1365-2265.2004.02057.x PMID: 15212649

26. Pardo IM, Geloneze B, Tambascia MA, Barros-Filho AA. Hyperadiponectinemia in newborns: relation-

ship with leptin levels and birth weight. Obesity research. 2004; 12(3):521–4. https://doi.org/10.1038/

oby.2004.59 PMID: 15044670

27. Schaefer-Graf UM, Meitzner K, Ortega-Senovilla H, Graf K, Vetter K, Abou-Dakn M, et al. Differences

in the implications of maternal lipids on fetal metabolism and growth between gestational diabetes melli-

tus and control pregnancies. Diabetic medicine: a journal of the British Diabetic Association. 2011; 28

(9):1053–9.

28. Aye IL, Powell TL, Jansson T. Review: Adiponectin—the missing link between maternal adiposity, pla-

cental transport and fetal growth? Placenta. 2013; 34 Suppl:S40–5.

29. Group HSCR, Metzger BE, Lowe LP, Dyer AR, Trimble ER, Chaovarindr U, et al. Hyperglycemia and

adverse pregnancy outcomes. N Engl J Med. 2008; 358(19):1991–2002. Epub 2008/05/09. https://doi.

org/10.1056/NEJMoa0707943 PMID: 18463375

NAFLD and LGA

PLOS ONE | https://doi.org/10.1371/journal.pone.0221400 August 26, 2019 10 / 10

https://doi.org/10.1053/gast.2002.35354
https://doi.org/10.1053/gast.2002.35354
http://www.ncbi.nlm.nih.gov/pubmed/12198701
https://doi.org/10.1186/1471-230X-6-33
http://www.ncbi.nlm.nih.gov/pubmed/17081293
https://doi.org/10.1002/hep.22845
http://www.ncbi.nlm.nih.gov/pubmed/19291789
https://doi.org/10.2337/dc08-0039
http://www.ncbi.nlm.nih.gov/pubmed/18606978
https://doi.org/10.1016/s0029-7844(01)01328-x
http://www.ncbi.nlm.nih.gov/pubmed/11339933
https://doi.org/10.2337/diacare.15.11.1605
https://doi.org/10.2337/diacare.15.11.1605
http://www.ncbi.nlm.nih.gov/pubmed/1468292
https://doi.org/10.2337/diacare.18.12.1550
https://doi.org/10.2337/diacare.18.12.1550
http://www.ncbi.nlm.nih.gov/pubmed/8722050
https://doi.org/10.1111/j.1365-2265.2004.02057.x
http://www.ncbi.nlm.nih.gov/pubmed/15212649
https://doi.org/10.1038/oby.2004.59
https://doi.org/10.1038/oby.2004.59
http://www.ncbi.nlm.nih.gov/pubmed/15044670
https://doi.org/10.1056/NEJMoa0707943
https://doi.org/10.1056/NEJMoa0707943
http://www.ncbi.nlm.nih.gov/pubmed/18463375
https://doi.org/10.1371/journal.pone.0221400

