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Abstract: With an estimated 10% prevalence of nonalcoholic fatty 

liver disease (NAFLD) among women of childbearing age, it is 

important to understand the implications of this disease on preg-

nancy. This article explores the relationship between NAFLD and 

gestational diabetes mellitus, the implications of maternal NAFLD 

on both the pregnancy and the infant, and the effects of breast-

feeding on maternal and offspring health. Prospective studies and 

sensitive diagnostic techniques for the evaluation of NAFLD during 

pregnancy are limited; however, emerging evidence suggests that 

appropriate counseling and monitoring of patients with, or at risk 

of developing, NAFLD during pregnancy may have significant 

benefits on maternal and child health.

Nonalcoholic fatty liver disease (NAFLD) is the most com-
mon liver disorder in the Western world, with an esti-
mated prevalence of 20% to 30% in the adult population, 

6.67% to 29.85% of whom progress to more advanced nonalcoholic 
steatohepatitis (NASH).1,2 NAFLD is also the leading indication for 
liver transplantation among women.3,4 The prevalence of NAFLD 
varies by age, sex, ethnicity, modality of diagnosis, and prevalence of 
obesity in the population.5 The disorder is closely tied to the meta-
bolic syndrome of central adiposity, diabetes mellitus (DM), hyper-
tension, and hyperlipidemia, with DM independently conferring a 
2-fold increased risk of NAFLD.6 However, even among individuals 
with these risk factors, NAFLD is not ubiquitous, suggesting sig-
nificant contributions from other genetic and environmental factors 
as well.7 NAFLD progresses as a result of a complex sequence of 
events involving excess lipotoxicity in the setting of surplus free fatty 
acids, peripheral adiposity, and hepatic insulin resistance, which, in 
turn, promotes proinflammatory cytokines such as tumor necrosis 
factor–alpha and interleukin-6, and eventually activates stellate cells 
and scar tissue deposition in the liver.8

The prevalence of NAFLD among women of childbearing 
age (20-40 years old) is estimated to be 10%.9 Thus, the effects of 
NAFLD on pregnancy-related outcomes and maternal and child 
health are of great interest. Physiologic and pathologic estrogen 
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independently associated with NAFLD to year 25.10 
Limitations of this study include the high liver attenu-
ation cutoff with reduced sensitivity for detecting mild 
steatosis. Furthermore, with no baseline NAFLD screen-
ing, the interpretation of the exact temporal relationship 
between GDM and NAFLD was hard to determine. 
The CARDIA study showed a 4-fold increased risk of 
developing DM after pGDM; however, it may have 
been underpowered to demonstrate an independent 
association of pGDM alone with NAFLD, as the rela-
tionship between pGDM and NAFLD was significantly 
attenuated when progression to DM was included in the 
multivariable analysis.10

Controlling for postpartum BMI, Forbes and col-
leagues11 compared sonographic results under 10 years 
after the index pregnancy of women with and without 
a documented abnormal antepartum 2-hour, 75-g oral 
glucose tolerance test or who met World Health Organi-
zation criteria for GDM19 who had not developed DM. 
NAFLD was identified in 38% of patients with pGDM 
(95% CI, 28%-47%) vs 17% without (95% CI, 10%-
24%;  P=.001). When adjusting for BMI, the OR for 
NAFLD with pGDM remained doubled. This association 
was demonstrated, although to a lesser degree, by Foghs-
gaard and colleagues,12 with NAFLD present in 24% 
of women with pGDM without DM. Similar to other 
research, aspartate aminotransferase and alanine amino-
transferase levels were unreliable predictors of NAFLD.5 
The presence of NAFLD was associated with a higher 
BMI, waist circumference, insulin resistance, and delayed 
suppression of glucagon on dynamic glucose testing.12

Although Foghsgaard and colleagues12 did not rep-
licate the known association of NAFLD and pre-DM,20 
higher levels of C-peptide on dynamic glucose testing 
in the combined NAFLD and pGDM group compared 
with pGDM alone suggest early pancreatic dysfunction 
among the former cohort. Mehmood and colleagues21 
provided further evidence for NAFLD stimulating 
insulin-resistant disorders, such as pre-DM and type 
2 DM. The authors found that as sonographic-graded 
severity of liver fat increased, there was a progressive 
worsening of insulin sensitivity and beta-cell function, 
coupled with rising fasting and 2-hour glucose (P<.001) 
on 75-g oral glucose tolerance test. Moderate liver fat 
was an independent predictor of current pre-DM or 
DM (OR, 3.66; 95% CI, 1.1-12.5). The mechanism 
by which NAFLD causes impaired glucose tolerance is 
not well-defined, although it is likely due to a shared 
metabolic pathway.16 A proinflammatory adipokine- and 
hepatokine-mediated response may explain the associa-
tion of NAFLD with GDM and/or DM in the absence 
of other metabolic risk factors, and, when present, their 
independent association after multivariate regression.

fluctuations and rapid weight change during pregnancy 
may play important roles in NAFLD development in 
both mother and infant. In addition, recent data show 
a vulnerability to insulin resistance patterns during preg-
nancy, particularly as seen in gestational diabetes mellitus 
(GDM), both as the preceding and subsequent diagno-
sis to NAFLD.10-12 The deleterious effects of maternal 
hyperglycemia and weight gain are well-established on 
pregnancy complications and infant health,13,14 but data 
regarding the specific effect of NAFLD in this setting are 
only beginning to emerge. This article summarizes the 
current knowledge of the implications of NAFLD on 
pregnancy as well as on maternal and child health.

Nonalcoholic Fatty Liver Disease and 
Gestational Diabetes Mellitus

GDM is the most common metabolic disorder during 
pregnancy. Given the established link between DM and 
NAFLD, emerging data have explored the relationship 
between GDM and NAFLD. To date, the association 
between NAFLD and GDM appears to be bidirec-
tional (Table). For example, a study by De Souza and 
colleagues15 demonstrated that NAFLD found on a 
first-trimester ultrasound had a higher risk of GDM and 
dysglycemia developing in midpregnancy, independent 
of body mass index (BMI). This finding was replicated by 
Lee and colleagues16 in a prospective, multicenter cohort 
study in which singleton pregnant Korean women were 
assessed at 10 to 14 weeks gestation. Low adiponectin 
and high selenoprotein-P levels were found to be related 
in stepwise fashion with sonographic and biochemical 
severity of NAFLD, and were independent predictors of 
GDM later in pregnancy. These proinflammatory cyto-
kines may become useful future biomarkers in predicting 
both the severity of NAFLD and the risk of GDM devel-
opment independent of coexisting metabolic factors; 
however, mechanistic studies are needed.

Prior GDM (pGDM) has also been associated with 
postpartum development of NAFLD. The multicenter, 
community-based, longitudinal CARDIA (Coronary 
Artery Risk Development in Young Adults) cohort 
study17 established a diagnosis of NAFLD at 25-year 
follow-up using computed tomography quantification 
of liver attenuation of 40 or less Hounsfield units (cor-
responding with moderate to severe hepatic steatosis 
above 30%). When evaluating a self-report of pGDM,10 
which had previously been validated,18 there was a crude 
NAFLD risk of 14% in patients with pGDM vs 5.8% 
without pGDM (odds ratio [OR], 2.56; 95% CI, 1.44-
4.55). In the final multivariable model, baseline triglyc-
eride levels, pGDM, and baseline Homeostatic Model 
Assessment of Insulin Resistance (HOMA-IR) were 
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Table. Studies Evaluating the Relationship Between GDM and NAFLD

Predictor and 
Outcome 
Factor

Number of 
Subjects, n

Timing of 
Association

NAFLD 
Criteria

Diagnostic 
Criteria 
of GDM 
(Glucose 
mmol/L)

Association 
OR/RR 
(95% CI)

Multivariable 
Adjusted 
Association 
aOR/aRR 
(95% CI)

Other Significant 
NAFLD Factors 
aOR/aRR (95% CI)

Forbes et al11

Predictor: Prior 
GDM

Outcome 
factor: NAFLD

Prior 
GDM, 110

Control, 
113

1-10 years 
postpartum

US-graded 
steatosis

75 g OGTT:
FPG ≥7;
2 hr ≥7.8

N/A aOR, 2.77a

(1.43-5.37)
HOMA insulin 
sensitivity/1 SD: 
aOR, 0.08 (0.04-
0.19)

ALT/1 SD (13 U/L): 
aOR, 2.85 (1.63-
4.98)

Ajmera et al10

Predictor: Prior 
GDM

Outcome 
factor: NAFLD

Prior 
GDM, 124

Control, 
991

Study 
enrollment 
to year 25

CT LA ≤40 
HU

Self-report OR, 2.56
(1.44-4.55)

aOR, 2.29
(1.23-4.27)

Baseline HOMA-IR: 
aOR, 1.56 (1.2-2.04)

Baseline triglycerides: 
aOR, 1.05 (1.01-
1.11)

De Souza et al15

Predictor: 
NAFLD at 
11-14 weeks

Outcome 
factor: IFG/
IGT/ GDM at 
24-48 weeks

Total, 476 Peripartum US-graded 
steatosis

75 g OGTT:
FPG ≥5.3;
1 hr ≥10.6;
2 hr ≥8.9

OR, 2.5
(1.3-4.8)

aOR, 2.2
(1.1-4.3)

N/A

Hagström et al22

Predictor: 
NAFLD

Outcome 
factor: GDM

NAFLD, 
110

Control, 
952,397

Peripartum ICD-9, 
ICD-10

ICD-9, 
ICD-10

RR, 6.77
(3.31-13.87)

aRR, 2.78
(1.25-6.15)

Preeclampsia: aRR, 
1.95 (1.03-3.70)

Caesarean section: 
aRR, 1.52 (1.19-
1.94)

Low birth weight: 
aRR, 2.40 (1.21-
4.78)

Delivery <32 weeks: 
aRR, 6.92 (2.96-
16.14)

Foghsgaard et al12

Predictor: Prior 
GDM

Outcome 
factor: NAFLD

Prior 
GDM, 100

Control, 11

Median 
4.5-4.8 years 
postpartum

US 75 g OGTT:
2 hr ≥9

N/A N/A IR: aOR, 0.44 
(0.23-0.75)

Waist circumference: 
aOR, 1.07 (1.02-
1.12)

(Table continued on next page)
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Predictor and 
Outcome 
Factor

Number of 
Subjects, n

Timing of 
Association

NAFLD 
Criteria

Diagnostic 
Criteria 
of GDM 
(Glucose 
mmol/L)

Association 
OR/RR 
(95% CI)

Multivariable 
Adjusted 
Association 
aOR/aRR 
(95% CI)

Other Significant 
NAFLD Factors 
aOR/aRR (95% CI)

Mehmood et al21

Predictor: 
GDM

Outcome 
factor:  
NAFLD

GDM, 97

Gestational 
IGT, 40b

Control, 
120

Mean 
4.8 years 
postpartum

US-graded 
steatosis

100 g 
OGTT:
FPG ≥5.8;
1 hr ≥10.6;
2 hr ≥9.2;
3 hr ≥8.1

OR, 3.66
(1.1-12.5)

N/A N/A

Mousa et al23

Predictor: 
NAFLD

Outcome 
factor: GDM

NAFLD, 
200

Control, 
200

Peripartum US 75 g OGTT:
FPG ≥7;
2 hr ≥11.1

33% with 
NAFLD 
vs 10% 
without

N/A N/A

Lee et al16

Predictor: 
NAFLD at 
10-14 weeks

Outcome 
factor: GDM at 
24-48 weeks

NAFLD, 
112 

GDM, 36

Total, 608

Peripartum US-graded 
steatosis,
fatty liver 
index, 
hepatic 
steatosis 
index

50 g GCT:
1 hr ≥7.8

100 g 
OGTT ≥2:
FPG ≥5.3;
1 hr ≥10;
2 hr ≥8.6;
3 hr ≥7.8

OR, 6.45
(3.26-12.97)

N/A N/A

aUnivariate adjustment for body mass index.
bGestational IGT defined by only 1 OGTT value above threshold.

ALT, alanine aminotransaminase; aOR, adjusted odds ratio; aRR, adjusted relative risk; CT LA, computed tomography quantification of liver attenuation; 
FPG, fasting plasma glucose; GCT, glucose challenge test; GDM, gestational diabetes mellitus; HOMA, Homeostatic Model Assessment; hr, hour; HU, 
Hounsfield units; ICD, International Classification of Disease; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; IR, insulin resistance; 
N/A, not available; NAFLD, nonalcoholic fatty liver disease; OGTT, oral glucose tolerance test; OR, odds ratio; RR, relative risk; SD, standard 
deviation; US, ultrasound.

Table. (Continued) Studies Evaluating the Relationship Between GDM and NAFLD

Maternal Nonalcoholic Fatty Liver Disease 
Outcomes in Pregnancy

Several studies have suggested negative pregnancy out-
comes with comorbid NAFLD. From the Swedish Medi-
cal Birth Register dating from 1992 to 2001, 110 births 
with maternal NAFLD were retrospectively identified, 
although likely underdiagnosed compared to epidemio-
logic data.22 Baseline demographics showed higher BMI 
and DM rates among patients with NAFLD. Compared 
to women without polycystic ovary syndrome (an inde-
pendent risk factor for NAFLD) or NAFLD, women with 
NAFLD had a higher risk of GDM (adjusted relative risk 

[aRR], 2.78; 95% CI, 1.25-6.15), preeclampsia (aRR, 
1.95; 95% CI, 1.03-3.70), Caesarean section (aRR, 1.52; 
95% CI, 1.19-1.94), low birth weight (aRR, 2.40; 95% 
CI, 1.21-4.78), and very preterm (<32 weeks) delivery 
(aRR, 6.92; 95% CI, 2.96-16.14). There were no dif-
ferences in frequency of Apgar score (<7 at 5 minutes), 
congenital malformations, or small for gestational age 
births. Interestingly, when dividing the NAFLD mater-
nal cohort by BMI less than 30 or BMI 30 or greater, 
NAFLD independently conferred an increased risk of 
preeclampsia and GDM in the lower-BMI cohort only.

Obesity is a recognized independent risk factor for 
both GDM and preeclampsia,13,14 suggesting that the 
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Figure. Proposed transgenerational effects of maternal NAFLD and GDM.
GDM, gestational diabetes mellitus; NAFLD, nonalcoholic fatty liver disease.

Maternal NAFLD 

GDM

Adult obesity 
Type 2 diabetes mellitus 

Metabolic syndrome 
NAFLD

Offspring obesity 
Metabolic dysfunction

Fetal hyperglycemia 
Excessive fetal growth 

Hepatic steatosis

Maternal dysglycemia

association seen between obese patients with NAFLD 
and these outcomes may be driven by body composition. 
Excluding women who were multiparous, diabetic 
prior to study initiation, diagnosed with polycystic 
ovary syndrome, and who smoke or drink alcohol, 
Mousa and colleagues23 compared a population of 
200 Egyptian women meeting sonographic criteria for 
NAFLD in their first trimester to matched controls. 
The authors found higher frequencies of concomitant 
preeclampsia (25% vs 14%) and GDM (33% vs 10%) 
among women with NAFLD, as well as higher levels of 
hypertension, fasting glucose, aspartate aminotransferase 
(but not alanine aminotransferase), total cholesterol, 
triglycerides, and uric acid. Both groups had a normal 
baseline mean BMI (NAFLD, 24.5; non-NAFLD, 24.4), 
making extrapolation to obese NAFLD patients difficult. 
These findings need to be further validated with larger 
prospective studies of NAFLD in pregnancy.

Effects of Maternal Nonalcoholic Fatty Liver 
Disease on Infants

Some studies have suggested that metabolic syndrome 
originates from insults in utero, including overnutri-
tion and anoxia.13,24 The expanded Pedersen hypothesis 
proposes that elevated maternal glucose during preg-
nancy results in fetal hyperglycemia leading to fetal 
hyperinsulinemia and excessive fetal growth by means 

of  reprogrammed insulin sensitivity, shifts in lipid 
metabolism, and increased placental transfer of free 
fatty acids.25-27 In addition to the immediate postnatal 
complications (eg, shoulder dystocia, birth injury, 
hypoglycemia, respiratory distress), prenatal exposure 
to hyperglycemia and DM can form the foundation for 
a lifelong predisposition to metabolic dysfunction evi-
denced by obesity and increased adiposity in all stages of 
life.28-31 Furthermore, maternal obesity promotes pref-
erential differentiation of mesenchymal umbilical cord 
cells into adipocytes rather than myocytes in newborn 
babies, correlating with an increase in neonatal adiposity 
within 72 hours of birth.32 This evidence suggests that 
the intrauterine environment may respond to metabolic 
insults in a way that imprints a persistent inclination 
toward metabolic dysfunction, underlying the proposed 
vicious cycle whereby metabolic conditions may be 
passed from generation to generation (Figure).

Beyond offspring obesity and DM, maternal meta-
bolic derangements induce hepatic changes in the infant 
that can increase the risk of future NAFLD development. 
Stillborn babies born to mothers with DM, including 
GDM and pre-DM, were found to have increased preva-
lence and severity of histopathologic hepatic steatosis 
independent of maternal obesity.33 Maternal insulin 
resistance, independent of hyperglycemia or obesity, 
leads to greater glucose intolerance, hyperinsulinemia, 
fasting hyperglycemia, lipid accumulation in the liver, 
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and plasma free fatty acids in mice offspring.24,34 Infants 
born to obese mothers with GDM had a 68% increase 
in intrahepatocellular fat.35

Looking past neonatal outcomes, a large British pro-
spective cohort study found that maternal prepregnancy 
DM or glycosuria was associated with a 6-fold increase 
in the odds of offspring NAFLD (mean age, 17.8 years) 
by ultrasound criteria and a higher shear velocity, even 
after adjusting for maternal prepregnancy BMI.36 How-
ever, the association of maternal prepregnancy BMI 
and NAFLD in offspring was attenuated to the null 
when adjusted to the offspring adiposity, suggesting that 
familial characteristics (genetic or behavioral) related to 
adiposity may outweigh direct uterine effect. Although 
estimates of genetic heritability of NAFLD are broad, 
isolated genetic variants such as patatin-like phospholi-
pase domain-containing protein 3 (PNPLA3) are shown 
to be associated with increased hepatic fat content inde-
pendent of BMI, DM status, alcohol use, or ancestry.37,38

Sex dimorphisms in offspring may confer different 
risks for NAFLD development. For example, the fre-
quency of adolescent Australian females with NAFLD 
increased incrementally with maternal prepregnancy 
BMI category, from underweight or normal (18.2%), 
to overweight (23.1%), to obese (41.2%).39 In female 
offspring, maternal BMI category was associated with 
increased adolescent waist circumference, serum leptin, 
and glucose, whereas this maternal factor correlated with 
leptin alone in male offspring. The effect of maternal 
prepregnancy BMI category was, thus, less profound in 
males (9.3% vs 14.3% vs 26.7%), and NAFLD in males 
was more closely related to the degree of adolescent obe-
sity. Beyond genetic inheritance, peripartum maternal 
NAFLD may play a role in the development of NAFLD 
in the next generation, possibly through association with 
GDM and other metabolic risk factors; however, further 
studies are needed to isolate these effects.

Effects of Breastfeeding on Maternal Health

Maternal benefits of breastfeeding include postpreg-
nancy weight loss, lowered glucose and triglycerides, and 
improved insulin sensitivity.40,41 Ajmera and colleagues42 
recently published the first dedicated evaluation of 
breastfeeding on NAFLD development at year 25 utiliz-
ing the CARDIA cohort.17 Crude NAFLD rates inversely 
correlated with self-reported lactation duration at 8.3% 
for 0 to 1 month, 7.7% for 1 to 6 months, and 4.2% for 
more than 6 months. However, the combination of any 
breastfeeding compared to none did not have a statisti-
cally significant protective association against NAFLD, 
suggesting a threshold effect of more than 6 months. 
Baseline data found that women with longer lactation 

duration had lower BMI, HOMA-IR, triglycerides, 
and waist circumference and increased physical activity, 
whereas GDM status did not differ. Mean changes in 
BMI and waist circumference were inversely related to 
lactation duration. Adjusted linear regression suggested 
that changes in BMI and waist circumference account 
for 20% and 23% of NAFLD hazard, respectively, and, 
thus, lactation duration represented an independent risk 
factor. An observational cohort study of pGDM patients 
at a mean of 4.8 years postpartum likewise showed that 
the sonographic degree of liver fat was inversely related to 
duration of breastfeeding.21

Socioeconomic and cultural factors may influence 
preference for breastfeeding, yielding further diversity in 
related outcomes. Lower family socioeconomic status at 
the time of birth increased the odds of male offspring 
adolescent NAFLD development (OR, 9.07; 95% 
CI, 1.54-53.29), which may be explained in part due 
to males being half as likely to have been breastfed for 
more than 6 months in this study.39 Interestingly, the 
inverse association of lactation duration and NAFLD did 
not reach statistical significance when evaluating black 
women in the CARDIA cohort.42 This finding may be 
related to genetic influence, including from the PNPLA3 
genotype, and/or hypoattenuated effects related to lower 
socioeconomic status, education, and physical activity 
levels and poorer diet quality. To date, there are limited 
data recognizing women of Hispanic origin with regard to 
NAFLD-specific pregnancy outcomes, and the  CARDIA 
database did not distinguish this population.

Effects of Breastfeeding and Early Nutrition 
on Offspring Health

Early environmental experiences, including the supply 
of nutrients during intrauterine and early extrauterine 
life, are suggested to affect the development of chronic 
diseases. Beyond nutritional support, breastfeeding ben-
efits include potential reductions in the rates of child-
hood obesity, allergies, infection, and DM.43 Duration 
of breastfeeding and content of diet early in infant life 
may have profound effects on the risk of NAFLD. Nobili 
and colleagues44 reported the first observational study 
to demonstrate that breastfeeding was associated with a 
lower risk of biopsy-proven NASH in 3- to 18-year-old 
children, with an OR of 0.04 (95% CI, 0.01-0.10) after 
correction for age, waist circumference, gestational age, 
and neonatal weight. Furthermore, odds of pediatric 
NASH (OR, 0.7; 95% CI, 0.001-0.87) and fibrosis (OR, 
0.86; 95% CI, 0.75-0.98) decreased per month of breast-
feeding.44 A more favorable metabolic profile was dem-
onstrated in an Australian cohort of pediatric patients 
who were breastfed for at least 6 months, with earlier 
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use of supplements associated with higher prevalence of 
NAFLD (17.7% vs 11.2%) and more severe steatosis.45 
However, crude odds of NAFLD were not significant 
when adolescent obesity was adjusted for. Animal models 
suggest that a high-fat diet in early infancy, via lactation 
or postweaning, may exaggerate NAFLD risk and sever-
ity, independent of maternal obesity.46-48 Liver biopsies 
in mice suggest that this finding may be due to reduced 
hepatic mitochondrial electron transport chain enzyme 
complex activity, a driver of insulin resistance, and/
or upregulation of genes related to oxidative stress and 
lipogenesis, including endothelial nitric oxide synthase, 
inducible nitric oxide synthase, glutathione S-transferase 
mu 6, and lipocalin 2.48 It is not yet well-established 
whether these same mechanisms drive the correlation 
of excess caloric intake with NAFLD in human adult 
populations.

Conclusion

Given the multiple complex genetic and environmental 
factors involved with NAFLD, there is still much to be 
learned about the specific intra- and extrauterine con-
tributing mechanisms of disease. The causal relationship 
between hepatic fat content, insulin resistance, and dys-
lipidemia remains poorly defined. The overlapping fea-
tures of metabolic syndrome make distinguishing each 
metabolic risk factor’s contribution to NAFLD during 
pregnancy difficult with retrospective studies. Further 
prospective studies are necessary to elucidate the associa-
tion between NAFLD and pregnancy-specific features 
such as GDM, as well as the true impact of NAFLD on 
pregnancy outcomes. The effects of maternal metabolic 
syndrome, insulin resistance, NAFLD, and both intra- 
and extrauterine dietary content appear to play a role 
in the development of NAFLD in the infant, although 
mechanisms need to be further evaluated. Controlling 
antepartum hyperglycemia, preventing GDM, and 
avoiding excess weight gain during pregnancy, as well 
as encouraging lactation for more than 6 months, may 
help reduce the burden of NAFLD among mothers and 
their children.

Dr Kushner has participated in a scientific advisory board 
for Gilead. The other authors have no relevant conflicts of 
interest to disclose.

References

1. Williams CD, Stengel J, Asike MI, et al. Prevalence of nonalcoholic fatty liver 
disease and nonalcoholic steatohepatitis among a largely middle-aged population 
utilizing ultrasound and liver biopsy: a prospective study. Gastroenterology. 
2011;140(1):124-131.
2. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global 

epidemiology of nonalcoholic fatty liver disease—meta-analytic assessment of 
prevalence, incidence, and outcomes. Hepatology. 2016;64(1):73-84.
3. Charlton MR, Burns JM, Pedersen RA, Watt KD, Heimbach JK, Dierkhising 
RA. Frequency and outcomes of liver transplantation for nonalcoholic 
steatohepatitis in the United States. Gastroenterology. 2011;141(4):1249-1253.
4. Noureddin M, Vipani A, Bresee C, et al. NASH leading cause of liver transplant 
in women: updated analysis of indications for liver transplant and ethnic and 
gender variances. Am J Gastroenterol. 2018;113(11):1649-1659.
5. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management of 
nonalcoholic fatty liver disease: practice guidance from the American Association 
for the Study of Liver Diseases. Hepatology. 2018;67(1):328-357.
6. Armstrong MJ, Adams LA, Canbay A, Syn WK. Extrahepatic complications of 
nonalcoholic fatty liver disease. Hepatology. 2014;59(3):1174-1197.
7. Allen AM, Therneau TM, Larson JJ, Coward A, Somers VK, Kamath PS. 
Nonalcoholic fatty liver disease incidence and impact on metabolic burden and 
death: a 20 year-community study. Hepatology. 2018;67(5):1726-1736.
8. Peverill W, Powell LW, Skoien R. Evolving concepts in the pathogenesis of 
NASH: beyond steatosis and inflammation. Int J Mol Sci. 2014;15(5):8591-8638.
9. 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):274-285.
10. Ajmera VH, Gunderson EP, VanWagner LB, Lewis CE, Carr JJ, Terrault NA. 
Gestational diabetes mellitus is strongly associated with non-alcoholic fatty liver 
disease. Am J Gastroenterol. 2016;111(5):658-664.
11. Forbes S, Taylor-Robinson SD, Patel N, Allan P, Walker BR, Johnston DG. 
Increased prevalence of non-alcoholic fatty liver disease in European women with 
a history of gestational diabetes. Diabetologia. 2011;54(3):641-647.
12. Foghsgaard S, Andreasen C, Vedtofte L, et al. Nonalcoholic fatty liver disease 
is prevalent in women with prior gestational diabetes mellitus and independently 
associated with insulin resistance and waist circumference. Diabetes Care. 
2017;40(1):109-116.
13. Dabelea D, Crume T. Maternal environment and the transgenerational cycle 
of obesity and diabetes. Diabetes. 2011;60(7):1849-1855.
14. Stamnes Køpp UM, Dahl-Jørgensen K, Stigum H, Frost Andersen L, Næss Ø, 
Nystad W. The associations between maternal pre-pregnancy body mass index or 
gestational weight change during pregnancy and body mass index of the child at 3 
years of age. Int J Obes (Lond). 2012;36(10):1325-1331.
15. De Souza LR, Berger H, Retnakaran R, et al. Non-alcoholic fatty liver disease 
in early pregnancy predicts dysglycemia in mid-pregnancy: prospective study. Am 
J Gastroenterol. 2016;111(5):665-670.
16. Lee SM, Kwak SH, Koo JN, et al. Non-alcoholic fatty liver disease in the 
first trimester and subsequent development of gestational diabetes mellitus. 
Diabetologia. 2019;62(2):238-248.
17. Friedman GD, Cutter GR, Donahue RP, et al. CARDIA: study design, 
recruitment, and some characteristics of the examined subjects. J Clin Epidemiol. 
1988;41(11):1105-1116.
18. Gunderson EP, Lewis CE, Tsai AL, et al. A 20-year prospective study of 
childbearing and incidence of diabetes in young women, controlling for glycemia 
before conception: the coronary artery risk development in young adults 
(CARDIA) study. Diabetes. 2007;56(12):2990-2996.
19. World Health Organization; Institutional Repository for Information Sharing. 
Definition, diagnosis and classification of diabetes mellitus and its complications: 
report of a WHO consultation. Part 1, diagnosis and classification of diabetes mel-
litus. https://apps.who.int/iris/handle/10665/66040. Accessed March 18, 2019.
20. Ortiz-Lopez C, Lomonaco R, Orsak B, et al. Prevalence of prediabetes and 
diabetes and metabolic profile of patients with nonalcoholic fatty liver disease 
(NAFLD). Diabetes Care. 2012;35(4):873-878.
21. Mehmood S, Margolis M, Ye C, et al. Hepatic fat and glucose tolerance 
in women with recent gestational diabetes. BMJ Open Diabetes Res Care. 
2018;6(1):e000549.
22. Hagström H, Höijer J, Ludvigsson JF, et al. Adverse outcomes of pregnancy 
in women with non-alcoholic fatty liver disease. Liver Int. 2016;36(2):268-274.
23. Mousa N, Abdel-Razik A, Shams M, et al. Impact of non-alcoholic fatty liver 
disease on pregnancy. Br J Biomed Sci. 2018;75(4):197-199.
24. Isganaitis E, Woo M, Ma H, et al. Developmental programming by maternal 
insulin resistance: hyperinsulinemia, glucose intolerance, and dysregulated lipid 
metabolism in male offspring of insulin-resistant mice. Diabetes. 2014;63(2):688-
700.
25. Wesolowski SR, Kasmi KC, Jonscher KR, Friedman JE. Developmental origins 
of NAFLD: a womb with a clue. Nat Rev Gastroenterol Hepatol. 2017;14(2):81-96.



228  Gastroenterology & Hepatology  Volume 15, Issue 4  April 2019 

H E R S H M A N  E T  A L

26. Pedersen J. Diabetes and pregnancy; blood sugar of newborn infants during 
fasting and glucose administration. Ugeskr Laeger. 1952;114(21):685.
27. Kc K, Shakya S, Zhang H. Gestational diabetes mellitus and macrosomia: a 
literature review. Ann Nutr Metab. 2015;66(suppl 2):14-20.
28. McMillen IC, Robinson JS. Developmental origins of the metabolic syndrome: 
prediction, plasticity, and programming. Physiol Rev. 2005;85(2):571-633.
29. Vääräsmäki M, Pouta A, Elliot P, et al. Adolescent manifestations of metabolic 
syndrome among children born to women with gestational diabetes in a general-
population birth cohort. Am J Epidemiol. 2009;169(10):1209-1215.
30. Crume TL, Ogden L, West NA, et al. Association of exposure to diabetes in 
utero with adiposity and fat distribution in a multiethnic population of youth: 
the exploring perinatal outcomes among children (EPOCH) study. Diabetologia. 
2011;54(1):87-92.
31. Ma RC, Tutino GE, Lillycrop KA, Hanson MA, Tam WH. Maternal diabetes, 
gestational diabetes and the role of epigenetics in their long term effects on 
offspring. Prog Biophys Mol Biol. 2015;118(1-2):55-68. 
32. Boyle KE, Patinkin ZW, Shapiro ALB, Baker PR II, Dabelea D, Friedman 
JE. Mesenchymal stem cells from infants born to obese mothers exhibit greater 
potential for adipogenesis: the healthy start BabyBUMP project. Diabetes. 
2016;65(3):647-659.
33. Patel KR, White FV, Deutsch GH. Hepatic steatosis is prevalent in stillborns 
delivered to women with diabetes mellitus. J Pediatr Gastroenterol Nutr. 
2015;60(2):152-158.
34. Aerts L, Van Assche FA. Animal evidence for the transgenerational development 
of diabetes mellitus. Int J Biochem Cell Biol. 2006;38(5-6):894-903.
35. Brumbaugh DE, Tearse P, Cree-Green M, et al. Intrahepatic fat is increased 
in the neonatal offspring of obese women with gestational diabetes. J Pediatr. 
2013;162(5):930-936.e1.
36. Patel S, Lawlor DA, Callaway M, Macdonald-Wallis C, Sattar N, Fraser A. 
Association of maternal diabetes/glycosuria and pre-pregnancy body mass index 
with offspring indicators of non-alcoholic fatty liver disease. BMC Pediatr. 
2016;16:47.
37. Romeo S, Kozlitina J, Xing C, et al. Genetic variation in PNPLA3 confers sus-
ceptibility to nonalcoholic fatty liver disease. Nat Genet. 2008;40(12):1461-1465.

38. Dongiovanni P, Anstee QM, Valenti L. Genetic predisposition in NAFLD and 
NASH: impact on severity of liver disease and response to treatment. Curr Pharm 
Des. 2013;19(29):5219-5238.
39. Ayonrinde OT, Adams LA, Mori TA, et al. Sex differences between parental 
pregnancy characteristics and nonalcoholic fatty liver disease in adolescents. 
Hepatology. 2018;67(1):108-122.
40. Butte NF, Hopkinson JM, Mehta N, Moon JK, Smith EO. Adjustments in 
energy expenditure and substrate utilization during late pregnancy and lactation. 
Am J Clin Nutr. 1999;69(2):299-307.
41. Gunderson EP, Jacobs DR Jr, Chiang V, et al. Duration of lactation and 
incidence of the metabolic syndrome in women of reproductive age according to 
gestational diabetes mellitus status: a 20-year prospective study in CARDIA (cor-
onary artery risk development in young adults). Diabetes. 2010;59(2):495-504.
42. Ajmera VH, Terrault NA, VanWagner LB, et al. Longer lactation duration is 
associated with decreased prevalence of non-alcoholic fatty liver disease in women. 
J Hepatol. 2019;70(1):126-132.
43. Dieterich CM, Felice JP, O’Sullivan E, Rasmussen KM. Breastfeeding 
and health outcomes for the mother-infant dyad. Pediatr Clin North Am. 
2013;60(1):31-48.
44. Nobili V, Bedogni G, Alisi A, et al. A protective effect of breastfeeding on the 
progression of non-alcoholic fatty liver disease. Arch Dis Child. 2009;94(10):801-
805.
45. Ayonrinde OT, Oddy WH, Adams LA, et al. Infant nutrition and maternal 
obesity influence the risk of non-alcoholic fatty liver disease in adolescents. J 
Hepatol. 2017;67(3):568-576.
46. Oben JA, Mouralidarane A, Samuelsson AM, et al. Maternal obesity during 
pregnancy and lactation programs the development of offspring non-alcoholic 
fatty liver disease in mice. J Hepatol. 2010;52(6):913-920.
47. McCurdy CE, Bishop JM, Williams SM, et al. Maternal high-fat diet 
triggers lipotoxicity in the fetal livers of nonhuman primates. J Clin Invest. 
2009;119(2):323-335.
48. Bruce KD, Cagampang FR, Argenton M, et al. Maternal high-fat feeding 
primes steatohepatitis in adult mice offspring, involving mitochondrial dysfunc-
tion and altered lipogenesis gene expression. Hepatology. 2009;50(6):1796-1808.


