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Significance of this study

What is already known about this subject?
 ► Recent studies have yielded conflicting findings on 
whether hepatic fat relates to the risk of pre-diabe-
tes/diabetes in women with a history of gestational 
diabetes.

How might these results change the focus of 
research or clinica practice?

 ► Future studies should focus on the temporal rela-
tionship between liver fat and metabolic function in 
this patient population.

AbStrAct
Objective Women with a history of gestational diabetes 
mellitus (GDM) have an elevated risk of ultimately 
developing pre-diabetes and diabetes later in life. They 
also have an increased prevalence of fatty liver, but recent 
studies have reported conflicting findings on whether 
hepatic fat affects their risk of pre-diabetes/diabetes. Thus, 
we sought to evaluate the associations of liver fat with 
glucose homeostasis and determinants thereof in women 
with and without recent gestational dysglycemia.
Methods Two hundred and fifty-seven women underwent 
an antepartum oral glucose tolerance test (OGTT), which 
diagnosed 97 with GDM, 40 with gestational impaired 
glucose tolerance (GIGT), and 120 with normal glucose 
tolerance (NGT). At a mean of 4.8 years post partum, 
they underwent an OGTT (which revealed that 52 had 
progressed to pre-diabetes/diabetes) and hepatic 
ultrasound, on which liver fat was graded as none (n=164), 
mild (n=66), or moderate (n=27).
Results Liver fat was more prevalent in women with 
previous GDM than in those with GIGT or NGT (p=0.009) 
and in women with current pre-diabetes/diabetes than 
in those without (p=0.0003). As the 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 (all p<0.0001). On multiple 
linear regression analyses, moderate liver fat was 
independently associated with lower insulin sensitivity 
(p=0.0002) and higher 2-hour glucose (p=0.009). 
Moreover, moderate liver fat emerged as an independent 
predictor of pre-diabetes/diabetes (OR=3.66, 95% CI 1.1 
to 12.5).
Conclusion The higher prevalence of liver fat in women 
with previous GDM is associated with their increased risk 
of pre-diabetes/diabetes.

InTROduCTIOn
In the past 15 years, several lines of evidence 
have linked fatty liver and type 2 diabetes 
(T2DM).1 First, patients with T2DM have 
higher hepatic fat content than age-matched, 
gender-matched, and weight-matched 
controls.2 Second, in large epidemiologic 
studies, liver enzymes such as alanine amino-
transferase (ALT) and gamma-glutamyl trans-
ferase (GGT) have been shown to predict the 
subsequent development of T2DM, likely by 
reflecting hepatic fat content.3 4 The latter 

interpretation has been further supported by 
studies showing that the diagnosis of fatty liver 
on ultrasound may predict incident T2DM in 
middle-aged adults.4–6 Thus, the accumula-
tion of fat in the liver holds implications for 
diabetic risk.

Hyperglycemia in pregnancy identifies 
women who are at risk of progression to 
pre-diabetes and T2DM in the years there-
after.7 This risk is proportional to the degree 
of antepartum dysglycemia, being highest 
in women who have gestational diabetes 
mellitus (GDM), followed by those with 
milder gestational impaired glucose toler-
ance (GIGT).8 9 In this context, it is notable 
that recent studies have reported that women 
with a history of GDM have an increased prev-
alence of fatty liver disease, but have yielded 
conflicting findings on whether liver fat 
impacts their glucose tolerance.10–13 Notably, 
Forbes and colleagues11 reported that, at 6–7 
years post partum, the higher prevalence of 
ultrasound-diagnosed non-alcoholic fatty 
liver disease that they observed in 110 women 
with previous GDM compared with those 
without such a history (38% vs 17%) was asso-
ciated with concomitant glucose intolerance. 
In contrast, whereas Foghsgaard et al12 also 
reported a high prevalence of ultrasound-di-
agnosed fatty liver in 100 women with previous 
GDM compared with 11 controls at ~5 years 
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post partum, they found that its presence did not relate 
to glucose intolerance.

In considering these conflicting data, it should be 
recognized that limitations of the previous studies have 
included (1) modest sample sizes, (2) binary classifica-
tion of preceding gestational glucose tolerance as GDM 
versus non-GDM (ie, without accounting for the poten-
tial heterogeneity of the non-GDM group, as reflected 
in the metabolic implications of GIGT), (3) binary clas-
sification of hepatic steatosis by either the presence or 
absence thereof, and (4) varying degrees of adjustment 
for potential confounders. Thus, recognizing these 
limitations, our objective in this study was to evaluate the 
graded associations of liver fat with glucose homeostasis 
in a well-characterized cohort of women reflecting the 
full spectrum of gestational glucose tolerance in their 
recent pregnancy (from normal to GIGT, to GDM).

MeTHOds
study population
This study was conducted in the setting of an obser-
vational cohort in which women are recruited at the 
time of antepartum screening for GDM to undergo 
prospective cardiometabolic characterization during 
pregnancy and in the postpartum years thereafter. 
The cohort protocol has been previously described in 
detail.14 In brief, all pregnant women at our institution 
are screened for GDM at 24–28 weeks’ gestation by 50 g 
glucose challenge test (GCT), followed by a diagnostic 
oral glucose tolerance test (OGTT) if the GCT result is 
abnormal (defined as plasma glucose ≥7.8 mmol/L at 
1-hour postchallenge). For this cohort, healthy pregnant 
women were recruited either prior to or just after their 
GCT. Regardless of the GCT result, all study participants 
completed a 3-hour 100 g OGTT, enabling classification 
of their gestational glucose tolerance status as GDM, 
GIGT, or normal glucose tolerance (NGT). GDM was 
defined by the National Diabetes Data Group criteria, 
which require at least two of the following on the OGTT: 
fasting blood glucose ≥5.8 mmol/L, 1-hour glucose 
≥10.6 mmol/L, 2-hour glucose ≥9.2 mmol/L, or 3-hour 
glucose ≥8.1 mmol/L. GIGT was defined by meeting 
only one of these glycemic thresholds. As previously 
described,14 the recruitment of women following an 
abnormal GCT served to enrich the study population for 
those with gestational dysglycemia. In the postpartum 
years, the participants returned to the clinical investiga-
tion unit for reassessment, including 2-hour 75 g OGTT. 
The current analysis was performed in those women who 
consented to undergo hepatic ultrasound to assess their 
liver fat status (n=257). These participants did not differ 
from the rest of the cohort with respect to diabetes risk 
factors of ethnicity, family history of diabetes or body 
mass index (BMI), but were slightly older (median age 
35.0 vs 34.0 years, p=0.02). All participants have provided 
written informed consent.

Postpartum characterization
At postpartum assessments, interviewer-administered 
questionnaires were completed (including Baecke Phys-
ical Activity15) and physical examination was performed, 
including measurement of blood pressure, weight, and 
waist circumference, as previously described.14 All study 
visits were performed in the morning after overnight 
fast and included a 2-hour 75 g OGTT, on which current 
glucose tolerance status was defined according to current 
Canadian Diabetes Association guidelines.16 Pre-diabetes 
refers to impaired glucose tolerance, impaired fasting 
glucose, or combined impaired glucose tolerance and 
impaired fasting glucose.

At the OGTT, venous blood samples were drawn for 
measurement of glucose and insulin at fasting and at 
30, 60, and 120 min after ingestion of the glucose load. 
Whole-body insulin sensitivity was measured by the 
Matsuda Index.17 Insulin resistance was assessed with the 
Homeostasis Model of Assessment (HOMA-IR).18 Pancre-
atic beta-cell function was assessed with the Insulin Secre-
tion-Sensitivity Index-2 (ISSI-2)19 20 and Insulinogenic 
Index/HOMA-IR.21

Assessment of hepatic fat
Participants underwent hepatic ultrasonographic exam-
ination that was performed with a standard clinical ultra-
sound machine (Toshiba Medical Systems) by an operator 
who was blinded to preceding gestational and current 
glucose tolerance. For this examination, a series of stan-
dardized images of the liver were obtained in the axial 
and sagittal planes and reviewed by a single radiologist 
with subspecialty expertise in abdominal imaging (MM), 
who was blinded to the clinical history and glucose toler-
ance of the participants (both gestational and current). 
Liver fat was graded on the ultrasonographic images 
using an established 4-point scoring system22–24 that yields 
the following classifications: (1) no fatty infiltration (liver 
fat score=0); (2) mild fatty liver (score=1); (3) moderate 
fatty liver (score=2); or (4) severe fatty liver (score=3).

statistical analyses
All analyses were conducted using SAS V.9.2. The study 
population was stratified into the following three groups 
based on liver fat grading: (1) fat score 0, (2) fat score 1, 
and (3) fat score ≥2. The demographic, clinical and meta-
bolic characteristics of the three groups were compared 
by Kruskal-Wallis test for continuous variables, or either 
χ2 or Fisher’s exact test for categorical variables (table 1). 
Continuous variables were tested for normality of distri-
bution, and natural log transformations of skewed vari-
ables were used, where necessary, in subsequent analyses.

The prevalence of the liver fat strata (0, 1, ≥2) was 
compared by gestational glucose tolerance group in the 
recent pregnancy (NGT, GIGT and GDM in figure 1A), 
by current glucose tolerance status (NGT and pre-dia-
betes/diabetes in figure 1B), and by both gestational and 
current glucose tolerance groups (NGT in pregnancy, 
GIGT in pregnancy, GDM with current NGT and GDM 
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Table 1 Demographic, clinical and metabolic characteristics of study population, stratified according to liver fat score (0, 1, 
or ≥2)

Liver fat score 0 Liver fat score 1 Liver fat score ≥2

P values(n=164) (n=66) (n=27)

Years after delivery 5 (2–6) 5 (2–7) 3 (1–6) 0.14

Age (years) 40 (37–43) 41 (37–44) 40 (35–44) 0.91

Ethnicity 0.08

  White, n (%) 115 (70.1) 44 (66.7) 13 (48.2)

  Non-white, n (%) 49 (29.9) 22 (33.3) 14 (51.8)

Family history of T2DM, n (%) 90 (55.9) 44 (67.7) 19 (73.1) 0.10

GDM prior to this pregnancy, n (%) 5 (3.1) 2 (3.0) 3 (11.5) 0.02

Currently smoking, n (%) 7 (4.2) 4 (6.3) 0 (0) 0.51

Breast feeding in the first year (months) 11 (6–12) 9 (3–12) 6 (1–12) 0.03

Total physical activity 8.5 (7.9–9.4) 8.3 (7.5–8.9) 8.1 (7.5–8.9) 0.04

  Work index 2.5 (2.0–3.0) 2.4 (2.1–2.9) 2.6 (2.3–2.9) 0.44

  Sport index 2.8 (2.5–3.5) 3.0 (2.5–3.4) 2.8 (2.5–3.3) 0.27

  Leisure index 3.0 (2.8–3.5) 3.0 (2.5–3.3) 3.0 (2.8–3.0) 0.16

BMI (kg/m2) 24.0 (21.6–27.0) 27.2 (23.9–30.8) 32.4 (28.1–34.2) <0.0001

Waist circumference (cm) 85 (79–93) 94 (85–98) 102 (93–110) <0.0001

ALT 15 (13–18) 16 (13–19) 24 (16–29) 0.0007

AST 18 (16–22) 20 (16–23) 19 (17–25) 0.18

GGT 12 (9–16) 15 (12–20) 21 (18–28) <0.0001

Insulin sensitivity/resistance

  Matsuda Index 8.2 (5.7–10.9) 5.5 (3.5–9.0) 2.7 (1.8–3.9) <0.0001

  HOMA-IR 1.2 (0.9–1.8) 1.7 (1.1–2.6) 3.5 (2.5–5.3) <0.0001

Beta-cell function

  ISSI-2 759 (593–946) 671 (536–846) 446 (362–637) <0.0001

  Insulinogenic Index/HOMA-IR 9.6 (6.8–14.6) 8.1 (5.5–12.0) 6.0 (3.3–10.8) 0.009

OGTT

  Fasting glucose (mmol/L) 4.6 (4.4–4.9) 4.9 (4.5–5.1) 5.1 (4.8–5.7) <0.0001

  2-hour glucose (mmol/L) 6.1 (5.2–7.2) 6.5 (5.5–7.7) 7.8 (6.8–9.4) <0.0001

Continuous variables are presented as median followed by IQR in parentheses. Categorical variables are presented as n followed by 
percentage in parentheses.
P values refer to overall comparison across the groups by Kruskal-Wallis test for continuous variables, or either χ2 or Fisher’s exact test for 
categorical variables.
BMI, body mass index;GDM, gestational diabetes mellitus;GGT, gamma-glutamyl transferase;HOMA-IR, Homeostasis Model of Assessment-
Insulin Resistance;ISSI-2, Insulin Secretion-Sensitivity Index-2;OGTT, oral glucose tolerance test;T2DM, type 2 diabetes.
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with current pre-diabetes/diabetes in figure 1C), respec-
tively, using either χ2 or Fisher’s exact test.

Multiple linear regression analyses (table 2) were 
performed to determine whether categorical liver fat score 
was an independent predictor of the following metabolic 
outcomes: insulin sensitivity/resistance (Matsuda Index 
and HOMA-IR), beta-cell function (ISSI-2 and Insulino-
genic Index/HOMA-IR), and glycemia (fasting glucose 
and 2-hour glucose). For each of these metabolic outcomes, 
model 1 was adjusted for clinical risk factors for diabetes 
(age, ethnicity, family history of diabetes, BMI). The subse-
quent models were further adjusted for duration of breast 
feeding in the first year post partum (model 2) and gesta-
tional glucose tolerance status in the recent pregnancy 

(model 3). Lastly, logistic regression analysis was performed 
to evaluate whether the categorical liver fat score was an 
independent predictor of current pre-diabetes/diabetes 
(figure 2). This model is adjusted for the same covariates as 
in the fully adjusted model 3 of the multiple linear regres-
sion analyses. To compare the relative importance of the 
predictors, the continuous covariates were standardized 
and their ORs per SD change are presented.

ResulTs
The antepartum OGTT at recruitment showed that the 
257 study participants reflected three strata of gestational 
glucose tolerance: antepartum NGT (n=120), GIGT 
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Figure 1 Prevalence of liver fat scores (0, 1, or ≥2) by (A) gestational glucose tolerance group in recent pregnancy, (B) by 
current glucose tolerance status, and (C) by gestational glucose tolerance and current glucose tolerance, respectively. P 
values refer to overall comparison across the groups. GDM, gestational diabetes mellitus; GIGT, gestational impaired glucose 
tolerance; NGT, normal glucose tolerance.

Pathophysiology/Complications

(n=40), and GDM (n=97). At the repeat OGTT at a mean of 
4.8 years post partum, 205 women had NGT and 52 women 
had dysglycemia, the vast majority of which (80.8%) was 
pre-diabetes.

The liver ultrasound enabled stratification of the study 
population into three groups based on the severity of 
hepatic steatosis: (1) women with no hepatic fat (fat 
score=0) (n=164), (2) women with mild liver fat (score=1) 
(n=66), and (3) those with moderate or more liver fat 

(score ≥2) (n=27, of whom 25 had score=2). To iden-
tify clinical and metabolic associations of liver fat, we 
first compared the characteristics of these three groups 
(table 1). These groups did not differ in age, ethnicity, 
family history of diabetes, smoking, or physical activity. 
However, they exhibited marked metabolic differences. 
Specifically, in moving across the liver fat groups from none 
to mild to moderate, there was a stepwise increase in BMI, 
waist circumference, ALT, and GGT (all p≤0.0007), along 
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Table 2 Adjusted associations of liver fat score with the following outcomes: (A) Matsuda Index, (B) HOMA-IR, (C) ISSI-2, (D) 
Insulinogenic Index/HOMA-IR, (E) fasting glucose, and (F) 2-hour glucose on the OGTT, after adjustment for covariates

Model Predictor Estimate t P values

(A) Outcome—log Matsuda Index

  1 Liver fat score 1 −0.207845 −2.81 0.005

Liver fat score ≥2 −0.594855 −4.90 <0.0001

  2 Liver fat score 1 −0.198107 −2.68 0.008

Liver fat score ≥2 −0.508955 −3.94 0.0001

  3 Liver fat score 1 −0.192737 −2.59 0.01

Liver fat score ≥2 −0.499132 −3.85 0.0002

(B) Outcome—log HOMA-IR

  1 Liver fat score 1 0.123654 1.62 0.11

Liver fat score ≥2 0.501937 4.00 <0.0001

  2 Liver fat score 1 0.106341 1.38 0.17

Liver fat score ≥2 0.417193 3.10 0.002

  3 Liver fat score 1 0.101170 1.30 0.19

Liver fat score ≥2 0.410080 3.03 0.003

(C) Outcome—ISSI-2

  1 Liver fat score 1 20.866508 0.38 0.71

Liver fat score ≥2 −198.471718 −2.19 0.03

  2 Liver fat score 1 31.610452 0.56 0.57

Liver fat score ≥2 −151.946792 −1.54 0.13

  3 Liver fat score 1 41.505435 0.76 0.45

Liver fat score ≥2 −128.090381 −1.34 0.18

(D) Outcome—log Insulinogenic Index/HOMA-IR

  1 Liver fat score 1 −0.195451 −1.44 0.15

Liver fat score ≥2 −0.572836 −2.55 0.01

  2 Liver fat score 1 −0.146492 −1.08 0.28

Liver fat score ≥2 −0.369876 −1.54 0.13

  3 Liver fat score 1 −0.118903 −0.91 0.36

Liver fat score ≥2 −0.317762 −1.38 0.17

(E) Outcome—fasting glucose

  1 Liver fat score 1 0.138401 1.61 0.11

Liver fat score ≥2 0.146732 3.31 0.001

  2 Liver fat score 1 0.124707 1.53 0.13

Liver fat score ≥2 0.303885 2.14 0.03

  3 Liver fat score 1 0.109250 1.39 0.17

Liver fat score ≥2 0.269000 1.95 0.052

(F) Outcome—2-hour glucose on OGTT

  1 Liver fat score 1 0.348975 1.12 0.27

Liver fat score ≥2 2.212713 4.34 <0.0001

  2 Liver fat score 1 0.350212 1.15 0.25

Liver fat score ≥2 1.471132 2.78 0.006

  3 Liver fat score 1 0.301555 1.03 0.30

Liver fat score ≥2 1.342451 2.63 0.009

Model 3: Model 2 further adjusted for gestational glucose tolerance status.
Model 2: Model 1 further adjusted for duration of breast feeding in the first year.
Model 1: age, ethnicity, family history of diabetes, and body mass index.
HOMA-IR, Homeostasis Model of Assessment-Insulin Resistance;ISSI-2, Insulin Secretion-Sensitivity Index-2;OGTT, gamma-
glutamyltransferase.

Pathophysiology/Complications
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Figure 2 Logistic regression analysis of (dependent variable) pre-diabetes/diabetes. BMI, body mass index; DM, diabetes 
mellitus; GDM, gestational diabetes mellitus; GIGT, gestational impaired glucose tolerance; NGT, normal glucose tolerance.

Pathophysiology/Complications

with a greater likelihood of having a history of GDM prior 
to the index pregnancy (p=0.02) and a shorter duration 
of breast feeding (p=0.03). These differences were coupled 
with poorer insulin sensitivity/resistance (Matsuda Index, 
HOMA-IR; both p<0.0001), worsening beta-cell function 
(ISSI-2, Insulinogenic Index/HOMA-IR; both p≤0.009), 
and rising glycemia (fasting glucose, 2-hour glucose; both 
p<0.0001). Thus, the severity of liver fat tracked with meta-
bolic status and determinants of glucose homeostasis 
(insulin sensitivity/resistance and beta-cell function).

We next evaluated the relationships of liver fat with 
gestational glucose tolerance in the preceding preg-
nancy and current glucose tolerance status, respectively. 
Hepatic fat was more prevalent in women with previous 
GDM than in those with a history of GIGT or antepartum 
NGT (p=0.009) (figure 1A). It was also more prevalent in 
women who currently had pre-diabetes/diabetes than in 
those with current NGT (p=0.0003) (figure 1B). Finally, 
we considered the impact of current pre-diabetes/
diabetes on the relationship between previous GDM and 
liver fat. Notably, the severity of hepatic fat progressively 
decreased from women with previous GDM and current 
pre-diabetes/diabetes to those with previous GDM/
current NGT, to previous GIGT, to those with a history of 
antepartum NGT (p=0.001) (figure 1C). It thus emerges 
that liver fat may be associated with GDM and subsequent 
pre-diabetes/diabetes.

Independent associations of liver fat with glucose 
homeostasis and its determinants
To evaluate how hepatic fat may have such an impact, 
we next performed a series of multiple linear regres-
sion analyses (table 2) to determine whether hepatic fat 
was independently associated with the following meta-
bolic outcomes: (1) Matsuda Index, (2) HOMA-IR, (3) 
ISSI-2, (4) Insulinogenic Index/HOMA-IR, (5) fasting 
glucose, and (6) 2-hour glucose. After adjustment for 
age, ethnicity, family history of diabetes, BMI, duration of 
breast feeding, and previous gestational glucose tolerance 
status, liver fat score ≥2 was independently associated with 

lower Matsuda Index (p=0.0002) and higher HOMA-IR 
(p=0.003). In contrast to these relationships with insulin 
sensitivity/resistance, hepatic fat was not associated with 
either measure of beta-cell function (ISSI-2 and Insu-
linogenic Index/HOMA-IR). Notably, liver fat score ≥2 
was independently associated with higher 2-hour glucose 
(p=0.009) but not with fasting glucose. Thus, greater 
hepatic fat was associated with poorer insulin sensitivity 
and higher postchallenge glycemia.

We also performed a series of sensitivity analyses to eval-
uate the robustness of these observations. First, the find-
ings were unchanged when the analyses were restricted 
to women with no history of GDM prior to the index 
pregnancy (data not shown). Second, for each metabolic 
outcome in table 2, the findings were unchanged on further 
adjustment for an intervening pregnancy between the 
index pregnancy and the liver ultrasound (which occurred 
in 61 women) (data not shown). Finally, on adjustment for 
area under the glucose curve on the OGTT in the index 
pregnancy (rather than categorical gestational glucose 
tolerance), the findings were largely unchanged, although 
the association of liver fat score ≥2 with 2-hour glucose was 
now at borderline significance (p=0.07) (data not shown).

Lastly, we performed logistic regression analysis to 
determine if liver fat was independently associated with 
current glucose intolerance in this population. In a model 
that included diabetes risk factors (age, ethnicity, family 
history of diabetes, BMI, duration of breast feeding) and 
gestational glucose tolerance status, liver fat score ≥2 
emerged as an independent predictor of pre-diabetes/
diabetes (OR=3.66, 95% CI 1.1 to 12.5, p=0.04). Of 
note, GDM and GIGT were also significant independent 
predictors of pre-diabetes/diabetes, with ORs at similar 
magnitude as liver fat score ≥2.

dIsCussIOn
In this study, we demonstrate that the spectrum of glucose 
intolerance in pregnancy is associated with a gradient in 
the severity of hepatic steatosis, such that women with 
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recent GDM ‎have a higher prevalence of fatty liver at ~5 
years post partum than their peers. Second, we show that 
greater hepatic fat is independently associated with poorer 
insulin sensitivity and higher 2-hour postchallenge glucose, 
after adjustment for risk factors for diabetes and preceding 
gestational glucose tolerance. Third, and most importantly, 
fatty liver is an independent predictor of pre-diabetes/
diabetes in this patient population. It thus emerges that 
the higher prevalence of liver fat in women with previous 
GDM is associated with their increased risk of pre-diabetes/
diabetes.

While recent studies have reported that women with 
a history of GDM have an increased prevalence of fatty 
liver disease,10–13 they have yielded conflicting findings 
on whether liver fat relates to the risk of pre-diabetes/
diabetes in this patient population. Importantly, these 
studies have been variously limited by modest sample sizes, 
varying degrees of adjustment for potential confounders, 
and binary classification of both the exposure (presence 
vs absence of previous GDM) and outcome (presence vs 
absence of non-alcoholic fatty liver disease). The current 
study was thus designed to address these limitations. First, 
the prospective ascertainment of glucose tolerance in preg-
nancy was designed to yield a study population reflecting 
the full spectrum of gestational dysglycemia (from normal 
to GIGT, to GDM) and hence a broad range of future 
diabetic risk against which to evaluate the metabolic impact 
of liver fat content. Second, the scoring of liver fat enabled 
evaluation of its severity and the graded metabolic implica-
tions thereof. Third, besides representing a larger sample 
size than previous studies, this study population underwent 
detailed metabolic characterization with measurement of 
glucose tolerance, insulin sensitivity, and beta-cell function, 
thereby enabling evaluation of the independent associa-
tions of liver fat with glucose homeostasis and its physio-
logic determinants.

Supported by these design features, the current study 
demonstrates that almost one in two women with previous 
GDM show evidence of fatty infiltration of the liver (with 
30.9% having mild fatty liver and 17.5% graded as moderate 
or more) at a mean of 4.8 years post partum, in marked 
contrast to their peers who maintained NGT in pregnancy. 
We further show that the severity of fatty infiltration has 
implications for current metabolic status, with fat score 1 
and ≥2 both independently associated with progressively 
lower whole-body insulin sensitivity (table 2A). These data 
are in agreement with earlier studies linking fatty liver with 
insulin resistance in women with previous GDM,11 12 25 while 
extending this literature in three ways. First, it is apparent 
that a graded relationship exists between the degree of 
hepatic steatosis and insulin sensitivity. Second, the sequen-
tial multiple linear regression analyses (table 2) show that 
these associations are independent of diabetes risk factors 
and even previous gestational glucose tolerance. Third, 
we demonstrate that moderate fatty liver independently 
predicts both 2-hour glucose and the risk of pre-diabetes/
diabetes, after adjustment for the same covariates.

Taken together, these data suggest that fatty liver contrib-
utes to the risk of dysglycemia in women with previous 
GDM, through effects on insulin sensitivity, rather than 
beta-cell function. This concept is further supported by 
other lines of evidence. First, in the Diabetes Prevention 
Program, metformin (which reduces hepatic insulin resis-
tance) was as effective as lifestyle modification in preventing 
T2DM in women with a history of GDM (in contrast to its 
lesser comparative effectiveness in those without previous 
GDM).26 27 Second, the fatty liver index (a surrogate 
biochemical measure that has been linked to liver fat) was 
associated with glucose tolerance in a study of 35 women 
with previous GDM and has been proposed as a potential 
predictor of diabetic risk in this patient population.28

Coupled with these earlier observations, our data support 
the concept that fat deposition in the liver is a determinant 
of diabetic risk in women with previous GDM. Of note, when 
assessed after 25 years follow-up in the Coronary Artery Risk 
Development in Young Adults cohort, 124 women with 
self-reported GDM had a higher prevalence of fatty liver 
in middle age than did their peers, but this relationship 
was attenuated on adjustment for incident diabetes.13 In 
this regard, our stratification of women by both preceding 
antepartum glucose tolerance and current glucose toler-
ance is revealing (figure 1C). Specifically, while fatty liver 
was most prevalent in women with previous GDM who had 
pre-diabetes/diabetes at ~5 years post partum, women with 
GDM who maintained NGT still had a higher prevalence 
of liver fat than did those with either GIGT or NGT in 
pregnancy. These data suggest that, in women with GDM, 
fatty liver is not entirely dependent on the development 
of glucose intolerance. Consistent with this observation, 
ultrasound identification of liver fat in early pregnancy has 
been shown to predict subsequent gestational dysglycemia, 
suggesting that hepatic steatosis may precede the develop-
ment of GDM itself.29 Finally, it should be noted that our 
logistic regression analyses revealed that, while fatty liver 
was an independent predictor of pre-diabetes/diabetes 
after adjustment for diabetes risk factors and previous 
gestational glucose tolerance status, both GDM and GIGT 
remained significant predictors of this outcome as well. It 
thus emerges that liver fat does not fully account for the 
elevated diabetic risk of women with previous gestational 
dysglycemia. Rather, these data suggest that it is one of 
the factors contributing to diabetic risk in this population, 
possibly by reflecting the burden of ectopic fat deposition.

A limitation of this study is that fatty infiltration of 
the liver prior to the index pregnancy was not assessed, 
such that we cannot exclude that the possibility that the 
observed hepatic fat may have preceded the pregnancy. 
Second, liver biopsy is the gold standard for assessing liver 
fat, such that the application of ultrasonography for this 
purpose is a limitation of this study. However, because liver 
biopsy would not be feasible in this population of healthy 
young women for both ethical and practical reasons, ultra-
sound has been the typical modality of assessment in this 
literature.11 12 Furthermore, the ultrasound protocol in 
this study was sufficiently sensitive to reveal the graded 
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associations between the severity of liver fat and metabolic 
function. In light of the observed association between liver 
fat and glucose homeostasis in the first 5 years after GDM, 
future studies should focus on longitudinal evaluation of 
the temporal relationships between these features over 
time in this population.

In conclusion, the spectrum of glucose intolerance in 
pregnancy is associated with a gradient in the severity of 
hepatic steatosis at ~5 years post partum, as reflected in 
the high prevalence of fatty liver in women who had GDM. 
Fatty liver is independently associated with poorer insulin 
sensitivity and higher 2-hour postchallenge glucose, after 
adjustment for diabetes risk factors and preceding gesta-
tional glucose tolerance. Most importantly, fatty liver is an 
independent predictor of postpartum dysglycemia in this 
patient population. Thus, the higher prevalence of liver 
fat in women with previous GDM is associated with their 
increased risk of pre-diabetes/diabetes.
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