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Abstract

Background

Gestational diabetes mellitus (GDM) is associated with adverse perinatal outcomes,
and increased risk of post-natal type 2 diabetes and cardiovascular disease. However,
whether GDM increases the risk of developing incident Non-Alcoholic Fatty Liver
Disease (NAFLD) is unclear and has not been well examined in previous studies. This
is important considering the significant health burden of NAFLD and the opportunity
to interfere in high risk population in order to reduce the risk of developing end-stage

liver disease.

Objectives
To examine whether women with gestational diabetes mellitus (GDM) are at

increased risk of developing Non-Alcoholic Fatty Liver Disease (NAFLD) compared

to women without GDM.

Research Design and Methods
We conducted a population-based retrospective matched-controlled cohort study

utilising The Health Improvement Network (THIN), a large primary care database
representative of the United Kingdom population, between 01/01/1990 to 31/05/2016
followed by a systematic review of available literature. The study population included
9,640 women with GDM and 31,296 controls without GDM, matched for age, body
mass index (BMI) and time of pregnancy. All study participants were free from

NAFLD diagnosis at study entry.

Results
The median (range) follow-up duration was similar in women with and without GDM

(2.95 (1.21-6.01) vs 2.85 (1.14-5.75) years respectively).Unadjusted incidence rate
ratio (IRR) for NAFLD development in women with vs without GDM was 3.28 (95%
Cl 2.14 - 5.02), which remained significant after adjustment for a wide range of
potential confounders (IRR 2.70; 95%CI 1.744 - 4.19). When women were censored
when they developed type 2 diabetes during follow-up the risk of NAFLD in GDM
remained high (IRR 2.46: 95% CI 1.51 - 4.00).

The meta-analysis of 3 studies (including the current study) showed increased
NAFLD risk in women with vs without GDM (OR 2.60; 95% CI 1.90-3.57, 1=0%).



Conclusions
Women with GDM are at increased risk of developing NAFLD in their later life

compared to women without GDM regardless of the development of type 2 diabetes.
Clinicians should have a low threshold to investigate women with history of GDM for
the presence of NAFLD. Further studies to identify best screening strategies are

needed



r
Hepiinyn
O dwPntng xomong oyxetieton pe avemBOuNTa TEPL-YEVVITIKA OMOTEAEGLOTO, KOl
avénpévo kivovvo yia epedvion dtafntn tHmov 2 Kot KopdloyyEoKn VOGO GTNV UETA
Tov T0KeTO (o1 TV Yovokav. [Tap’ 6da avtd, 1 cuoyétion Tov dtafntn Kdnong e
avénuévo Kivouvo Yol EHEAVIOT] U1 OAKOOAMKNG AMm®Oovg dmbnong tov Mmotog
TOPAUEVEL 0O1EVKPIVIOTN Kol Ol KOAG peEAeTNUEVN o€ ¢ Tdpa peAétes. H pedétn tng
oxéong avTNg eivol onuavtikn AOY® TOV CTUOVTIKOV VYEIOVOUIK®OV ETPapHVGEDV
™mg manong (un oAKooAlkny Ammong ombnom), oAAG kol TG SLVATOTNTOG

napEuPpaons o€ opdoeg LYNAOH KIVOHVOL Yo TV TPOANYT TNG NIOTIKNG VOGOU.

Y KOTOG
No peremnbel ebv ot yvvoikeg pe owfnmm komong éxovv peyoAvtepo kivovvo
EULPAVIONG U1 OAKOOAKNG MITMO0VG S11ONoNGS NTOTOS GE GVYKPLOT| LE YUVOIKEG YMPIC

16TOPIKO dlafntn Khnomng.

Yxe010610G peEAETNG Ko peBodoroyia

[Mpaypotomomoope o aANBvoUIOKY,  OVOOPOUIKY, HEAETN  KOOPTNG  UE
AVTIGTOUYIOUEVT] Opdda LEAETNG KAvovTag yp1on Tov Bpetavikov diktdov Pertioong
Yvyeiag (The Health Improvement Network - THIN). ITpoxettat yio puor peyéin paon
dedopévmv ov mepLEyeL dedopéva TpmToPdduiac ppovtidag g vyeiag oto Hvopévo
Baoiielo, avtimpoconevtikn tov mAnBuouod g yopoc. H cuiloyr tov dedopévav
apopd otnv mepiodo peta&v 01/01/1990 kou 31/05/2016, evd m mopodoa peAETn
OLVOOELTNKE KOl OO [0 GUGTNUOTIKY] OVOOKOTNGN NG ObEoiung GYETIKNG
BiBroypapiag. Zvuvolikd o TANOLGHOG TG HeAétng kodpTnc NTav 9,640 yuvaikeg pe
dwfmrn kdmong xor 31,296 yvvaikec yopig otopikd dwafntm kdmong (opdda
ELEYYOV), AVTIGTOLIOUEVES Yol TNV NAikia, Tov dgiktn nalog cOUATOC Kot TOV YpOvo
¢ KOnomng. Oleg ot ouppetéyovieg otnv HeAétn dev Emacyov omd Mmmon oumdnon

TOV NIATOG KOTE TNV EICAYWOYT TOVS GTIV HEAETN.

Amoteliopata

O dudpecog xpdvog (drdotnua) mapakoAovdnong Ntav mTapoOUolog Kot Yo TG 600
OUAdES YOVAIKGY, HE T XoOpic oTopkd daPntn komong [2.95 (1.21-6.01) o 2.85
(1.14-5.75) ypévio avtictoya]. O un dopBwpévog Adyog g cuyvotnrtag enintoong [
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Unadjusted incidence rate ratio (IRR) ] yio v guedvion pun arkooAMKng Mramoovg
ombnong otig yvvaikeg pe dwfnn KONONG EVavil TOV YOVOIKOV Yopig oafntm
KOnong Nrav 3.28 [95% didomua eumotoovvng (SD): 2.14 - 5.02], to omoio kot
TOPEUEIVE CTUOVTIKA DYNAO HETA Kal TNV d10pOmon Yo Tovug Thovovs GuyXLTIKOVS
napdyovieg (IRR 2.70; 95% AE: 1.744 - 4.19). Axoéun kot 6tav amd TN perét
apopédnkay ot yovaikeg mov apydtepa avéERTLEAY COKYOP®ON Ofntn Tvmov 2, o
KIVOLUVOG EUPAVIONG U1 OAKOOMKNG AMTOO0VS dMbnong otig yuvaikeg pe dapnt
kOnong mapépeve vynmiog (IRR 2.46: 95% AE 1.51 - 4.00) akoun kot eni amovoiog

dwpn tomov 2.

H peta-avilvoon 3 peletdv (cvumeptlapfovopévng kol g mopovoog HEAETNC-
KoOpTNG) avédelle emiong avEnUEVo Kivouvo yio Amdon dmOnon otig yuvoikeg pe

10T0p1KO dafnTn kumon évavtt ekeivov yopig (OR 2.60; 95% AE 1.90-3.57, 1,=0%).

YOUTEPACUATO

Ot yuvaikeg pe dtaffntn kiMong epeavicoy avénpévo Kivouvo yio AMmmon o1 non tov
NMATOC 6NV HETA TOV TOKETO (0N TOLG 0 OYE0M UE EKEIVES TIC YUVOUKES TTOL ElyOV
elevBepo atopkd avapvnotikd yuo dtofntn kimong; kot pdiota aveédptnra and v
avantoén owpntn tomov 2. O Bephmovteg kiwvikoi Bo mpémer va Ppiokovrar oe
€YPNYOPOT| YO T1] OLEPEVVIOT TOV YOVOIK®V pe BeTKO 16TOpKd d1afnn Khnong 6cov
apopd oty guedvion Ammdovg ombnong tov Mmotog. Ileportépw  peréteg

ypedlovion yio TV avamtuén oTpaTNyIKav EAEYYOL TV OUAI®Y LYNAOD KIvOHVOU.
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Introduction

1. Gestational Diabetes Mellitus (GDM)

1.1 Definition
GDM s traditionally defined as any degree of glucose intolerance with onset or first

recognition during pregnancy'. However, as the obesity and type 2 diabetes epidemic
has resulted in more women of childbearing age with dysglyceamia and type 2
diabetes and an increased number of them undiagnosed?, the above definition is
imprecise without excluding the cases of women with type 2 diabetes prior to
gestation. Hence, according to the recent guidelines of the American Diabetes
Association GDM is: «diabetes that is first diagnosed in the second or third trimester

of pregnancy that is not clearly either preexisting type 1 or type 2diabetes»® (Table I).

Whereas, women that are diagnosed with diabetes in the first trimester should be
classified as having preexisting pre-gestational diabetes (type 2 diabetes, type 1
diabetes or monogenic diabetes). According to ADA recommendations it is
reasonable to test women at their initial prenatal visit with standard diagnostic criteria,
if they have risk factors for type 2 diabetes®.

1.2 Epidemiology

Gestational Diabetes Mellitus (GDM) is common with a prevalence of 5.4% (3.8-7.8)*
in Europe rising to 19.19% [15.5, 23.6] in other countries such as India® . The
prevalence of GDM has increased over the last 20 years primarily fuelled by the

obesity epidemic and the trend toward older maternal age 5 7.

Although GDM normally disappears after delivery, women who have been

previously diagnosed with GDM are at a greater risk of developing gestational

12



diabetes in subsequent pregnancies. Several studies show a recurrence rate of GDM
between 35 and 48% , associated with weight gain between pregnancies, older age,
multiparous, insulin use and ethnicity (Hispanics, Asian); and the magnitude of
recurrence risk increases with the number of prior GDM episodes®*. The interval
between pregnancies provides an important window for diabetes prevention through

lifestyle change®.

Increasing maternal glycaemia is associated with negative pregnancy outcomes. There
are data showing that for an increase in fasting plasma glucose of 1 SD (6.9mg/dl [
0.4mmol/L] ), or of 1SD in the 1-hour plasma glucose level (30.9 mg/dl [1.7mmol/L])
and of 1 SD in the 2-hour plasma glucose (23.5 mg/dl [1.3mmol/L]) odds ratio for
birth weight above the 90th percentile were 1.38, 1.46 (1.39 to 1.53), and 1.38
respectively; for primary cesarean delivery 1.11, 1.10 and 1.08; and for neonatal
hypoglycemia 1.08, 1.13, and 1.10 respectively!®. There are also significant positive
associations of maternal glycaemia with preeclampsia (OR for each 1-SD increase in
each glucose measure 1.21- 1.28), with shoulder dystocia or birth injury OR were
approximately 1.20%. The 1-hour and 2-hour plasma glucose levels are significantly

related to premature delivery, intensive neonatal care, and hyperbilirubinemia®®.

On the other hand, good glyceamic control in women with GDM is considered
beneficial, as it can significantly reduce the likelihood of serious neonatal morbidity,
fetal macrosomia, cesarean sections and neonatal intensive care unit admissions®’. In
addition, GDM treatment can significantly reduce perinatal morbidity (death, shoulder
dystocia, bone fracture, and nerve palsy) and improve maternal health-related quality

of lifel®,

13



1.3 Pathogenesis
GDM is caused by increased insulin resistance (IR) appearing in gestation, along

with failure to compensate with B cells’ increased insulin secretion!. Two main
contributors to insulin resistance are increased maternal adiposity and the insulin

desensitizing effects of hormones produced by the placenta®.

Hormones contributing to IR are growth hormone, progesterone, placental lactogen
and cortisol, whose increased levels in pregnancy lead to impaired glucose disposal®®.
Among them progesterone provides the major drive, increasing through gestation with

a peak shortly before delivery; hence IR is greatest in the third trimester?.

In pregnant women without diabetes, increased B-cell insulin secretory capacity/
response will compensate for reduced insulin sensitivity, and this is related to -cell
hypertrophy and hyperplasia (B-cell expansion in mid pregnancy by elevated prolactin
and placental lactogen)!. However, women who have a deficit in this additional

insulin secretory capacity will develop GDM.

Pancreatic B-cell defects can be revealed in a period of metabolic stress, such as
pregnancy, and exacerbated by pregnancy-induced insulin resistance. In most cases
impaired glucose tolerance is the result of insulin insufficiency due to pancreatic f3-
cells dysfunction on a background of chronic insulin resistance 17 ?°. Reduced glucose
uptake and subsequent hyperglyceamia lead to B-cell overload for extra insulin
secretion and finally result in B-cell failure and apoptosis- reduced B-cell number
(glucotoxicity)?. Other less common causes of p-cell dysfunction are: autoimmunity
and genetic abnormalities leading to impaired insulin secretion. Autoimmune B-cell
dysfunction is due to the presence of antibodies ( cytoplasmic islet cell antibodies,

antibodies against GADG65, membrane tyrosine phosphatase and insulin) and

14



“autoimmune GDM" subtype should be suspected in lean, Caucasian women with
GDM Y. Finally, there are highly penetrant genetic abnormalities that lead to
impaired insulin secretion (maturity-onset diabetes of the young —-MODY and
mitochondrial diabetes) but in <5% of GDM cases. These patients are usually
younger, with mild hyperglyceamia and no evidence of chronic IR and with relevant

family history®’.

In addition, as maternal glucose levels are important for the fetus requirements,
hyperglyceamia noticed in pregnant women is achieved not only due to IR in the
liver, muscle and adipose tissue, but also due to increased maternal hepatic glucose

production®. The pathogenic mechanisms are summarised in the fig. I below.

Fig. I. Gestational Diabetes Mellitus Pathogenesis

Ve
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1.4 Risk factors

Increasing obesity rates and maternity age are major factors for GDM’s higher
incidence the last years, according to the National Institute for Health and Care
Excellence (NICE) in the UK?. Other risk factors include maternal age >37 years,
ethnicity with high prevalence of type 2 diabetes (South Asian, Afro-Caribbean,
Middle Eastern), pregnancy weight >80kg or BMI>28kg/m?, previous GDM, family
history of diabetes, previous unexplained stillbirth, previous macrosomia/

polyhydramnios and polycystic ovarian syndrome?: 2°,

1.5 Strategies for diagnosis
It is important to perform a GDM risk assessment (see Risk Factors above) at the first

prenatal visit and women with high risk should have an OGTT testing as soon as
possible®. Lower risk women are screened for GDM at 24-28weeks with either of two
strategies: 1. “ One step” - 75g OGTT or 2. “ Two-step” protocol with a 50g glucose
load (non-fasting) followed by a 100g OGTT for positive results™ 3. See below Table

I for Screening and diagnosis of gestational diabetes.

Table I. Screening and diagnosis of GDM

Blood Glucose testing at 24-28 weeks of gestation

One step strategy:

A 75g OGTT, plasma glucose measurement at 1 and 2 h after fasting (women not
previously diagnosed with overt diabetes)

Diagnosis of GDM when any of the following is met/ exceeded:
* Fasting: 92 mg/dL (5.1 mmol/L)
* 1h:180 mg/dL (10.0 mmol/L)
* 2 h:153 mg/dL (8.5 mmol/L)

16



Two-step strategy:

Step 1:

A 50g GLT (non- fasting), plasma measurement at 1h (women not previously
diagnosed with overt diabetes)

If plasma glucose level at 1 h after the load is > 130mg/dL, 135mg/dL, or 140mg/dL
(7.2mmol/L, 7.5mmol/L, or 7.8mmol/L), proceed to a 100g OGTT.

Step 2:

A 100g OGTT (when patient is fasting)

GDM diagnosis is made if at least two* of the following plasma glucose levels are
met/ exceeded:

Carpenter-Coustan criteria?? or NDDG criteria®®

Fasting: 95mg/dL 105 mg/dL
(5.3 mmol/L) (5.8 mmol/L)

1h: 180 mg/dL 190 mg/dL

(10.0 mmol/L) (10.6 mmol/L)
2h: 155mg/dL 165 mg/dL

(8.6 mmol/L) (9.2 mmol/L)

3h: 140 mg/dL 145 mg/dL

(7.8 mmol/L) (8.0 mmol/L)

NDDG: National Diabetes Data group

1.6 Treatment
The goal of therapy is prevention of fasting and postprandial hyperglycaemia with

frequent follow-up visits every 1 to 2 weeks. Glycemic targets in pregnancy are
stricter than in nonpregnant individuals and for optimal control glucose monitoring
aims for the targets below:

- Fasting <95 mg/dL (5.3 mmol/L) and either

- One-hour postprandial <140 mg/dL (7.8 mmol/L) or

- Two-hour postprandial <120 mg/dL (6.7 mmol/L) 3.

After diagnosis, initial treatment includes dietary advice and moderate aerobic
exercise!®. Oral hypoglycaemic therapy is recommended when diet and exercise fail
to maintain the target range of blood glucose levels, or when the fetus scans suggest

17



macrosomia, with metformin and glibenclamide commonly used®®. Finally, insulin
therapy is a choice to maintain glucose targets combined with diet, exercise and oral

therapy®.

1.7 Long-term considerations
While GDM, by definition, is limited to the time in pregnancy, its consequence might

be life-long. It is well established that GDM is associated with negative impact on
maternal and fetal outcomes (fetal macrosomia, small for gestational age, pre-
eclampsia, eclampsia, cesarean delivery etc.) 1% 2% and increased risk of developing

type 2 diabetes 2> 26,

More recently, there has been an increasing interest in exploring the long-term
consequences of GDM other than type 2 diabetes and it was reported that women with
GDM were at increased risk of incident hypertension and cardiovascular disease 2-°.
1.8 Post-partum follow-up

Women with GDM should be given lifestyle advice (weight control, exercise) and a
fasting plasma glucose measurement 6 week post-natal and annually®®. In addition,
among ADA’s recommendations is included to test women with GDM for persistent
diabetes at 4-12 weeks postpartum, using OGTT and non-pregnancy diagnostic
criteria®. In addition, it is recommended, that Women with a history of GDM should
have lifelong screening for diabetes or prediabetes development at least every 3
years®. And those found to have prediabetes should receive intensive lifestyle

interventions or metformin to prevent diabetes®.

18



2. Non-alcoholic fatty liver disease (NAFLD)

2.1 Definition
Non-alcoholic fatty liver disease (NAFLD) refers to a spectrum of disorders ranging

from the simple fatty liver to non-alcoholic steatohepatitis, with increasing fibrosis

leading eventually to cirrhosis®®. NAFLD definition entails (1) excessive hepatic fat

accumulation in the liver (detected by imaging techniques or histology) and (2) the

absence of other secondary causes of hepatic fat; while patients with a history of

significant ongoing or recent alcohol consumption have to be excluded (see Table Il

below) 313,

Table Il. NAFLD diagnostic criteria & the threshold dose of alcohol

consumption

Criteria

Alcohol
consumption
threshold
(men)
Alcohol
consumption
threshold
(women)

EASL

Steatosis in > 5% of
hepatocytes
(imaging / histology)

No other causes of
Steatosis

Insulin resistance

30g/d

20 g/d

NICE

Excessive fat in the liver

No other causes of
Steatosis

No significant alcohol
consumption

30 g/d

20 g/d

Asia-Pacific

Hepatic steatosis
(imaging/ histology)

No other causes of
Steatosis

No significant
alcohol
consumption

2 standard drinks
per day
140 g/wk

1 standard drink
per day
70 g/wk

AASLD

Evidence of hepatic
steatosis
(imaging/ histology)

No other causes of
Steatosis

No significant alcohol
consumption

No coexisting chronic
liver disease

21 standard drinks per
week
294 g/wk

14 standard drinks per
week
196 g/wk

EASL: European Association for the Study of the Liver; NICE: National Institute for Health and Care
Excellence; AASLD: American Association for the Study of Liver Diseases.
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2.2 Epidemiology
Non-alcoholic fatty liver disease (NAFLD) is a serious public health challenge with

rising prevalence globally fuelled by the global increase in the prevalence of obesity
and type 2 diabetes 341, Although there is a lack of large-scale epidemiological
studies, there reports of NAFLD incidence between 18,5 to 31 cases per 1000 person
years®. Global NAFLD prevalence is 24.24%, and positively correlated with
economic status, while it is estimated to be 20 to 30% in Western countries and 5 to
18% in Asia®. In the USA economic and societal burden is also considered to be
high, as over 30% of the population is affected by NAFLD and it has become a
leading cause of chronic liver disease **. In addition, NAFLD is becoming the main
cause of liver transplantation in the Western world 38 4243,

2.3 Risk factors and Pathogenesis

Main risk factors for NAFLD development are obesity, type 2 diabetes and metabolic
syndrome* . Patients with dyslipidaemia (high triglyceride and low HDL
cholesterol levels) develop NAFLD?*. Furthermore, polycystic ovarian syndrome,
sleep apnea and endocrine diseases such as hypothyroidism, hypogonadism and

hypopituitarism, are related to NAFLD*,

NAFLD is characterized by ectopic fat in hepatocytes. Possible pathogenetic
mechanisms are increased hepatic synthesis of free fatty acids (FFAS), decreased B-
mitochondrial oxidation of fats, deficient export of very-low-density lipoprotein
(VLDL) and the increase of triglyceride deposits**. In patients with obesity, there is
adipose tissue resistance to insulin leading to increased lipolysis and hence there is an
increase in FFAs flow in the liver*. In addition, hyperinsulinemia and excess of
carbohydrates are also related to de novo lipogenesis, while VLDL is not sufficient to

compensate the triglyceride formation excess*. This excessive accumulation of fat in
20



the liver is responsible for the hepatocellular injury caused and progression to
NAFLD*. Worth to note is that the abundant storage of adipocytes is associated with
increased oxidative stress and the release of proinflammatory cytokines (tumor
necrosis factor alpha TNF-a, interleukin 6 IL-6, resistin) participating in NAFLD

genesis (inflammation, fibrosis, impairment of hepatic structure)* (Fig. I1a,11b)

2.4 Screening
The European Association for the Study of the Liver (EASL), NICE and Asia-Pacific

Guidelines recommend screening for “high-risk” groups in particular, such as patients
with obesity, type 2 diabetes, metabolic syndrome and with abnormal liver enzymes3
32,36 Whereas, the American Association for the Study of Liver Diseases (AASLD)
claims that there is no evidence of cost-effectiveness for NAFLD screening in adults;
even for patients with metabolic risk factors (“high-risk” groups), and suggest
vigilance for those cases®®.

2.5 Diagnostic workup

Initial diagnostic workup includes a noninvasive imaging examination for steatosis
confirmation along with general liver biochemistry*®. Abdominal ultrasound is
commonly used as the first-line examination in patients with increased liver enzymes
or suspected NAFLD, in daily clinical practice, due to its broad availability and low
cost*®.

Magnetic resonance imaging (MRI), is the gold standard to assess and quantify
hepatic steatosis, detecting the fat liver amount as low as 5%-10%%. Still, its use in
the clinical practice is limited, due to high cost and a long time of execution.

EASL and Italian guidelines suggest the use of noninvasive serum scores ((NAFLD

fibrosis score, Fibrosis 4 calculator, AST/ALT ratio index) along with transient

21



elastography performed for every patient with NAFLD, in order to exclude the
presence of significant fibrosis® 3. Hence, if advanced fibrosis is suspected, liver
biopsy should be performed for final diagnosis®™ 3. In addition, NICE guidelines
suggest that patients with an incidental finding of NAFLD should be screened for

advanced fibrosis by enhanced liver fibrosis blood test®.

2.6 Follow up
For patients with NAFLD, normal liver enzymes and low risk of advanced fibrosis

there is the suggestion of a clinical, laboratory and instrumental follow up every two
years®h 34 While, for patients with evidence of NASH or fibrosis an annual screening
is suggested; and for those with cirrhosis every six months, in concern to
hepatocellular carcinoma’s surveillance®! 34,

According to NICE guidelines for patients with an incidental finding of NAFLD but
negative for advanced fibrosis by blood test, screening should be repeated every three
years for adults. For patients with type 2 diabetes mellitus or metabolic syndrome, but
without steatosis at ultrasound examination, evaluation should be performed every

three years®.

2.7 Treatment
First- line therapeutic approach for NAFLD is an adequate lifestyle change, focusing

on weight los*. Lifestyle modification is advised to those patients targeting mainly
on physical activity and healthy diet. For more advanced disease (bridging fibrosis
and cirrhosis) pharmacological treatment is recommended®. Medicines considered for
NAFLD treatment and discussed with the patient are: metformin, pioglitazone,

Vitamin E, Glucagon-like peptide-1 analogues and statins*®.

22



Moreover, bariatric surgery is another option for patients not responding to lifestyle
modifications. It can favor weight loss, metabolic complications and improve liver
histology, but it is related with peri-operative mortality*®. Finally, liver transplantation
remains an option for patients with end-stage liver disease, although there is a high
risk for post-transplant complications and increased graft loss due to morbidities of

obesity, sarcopenia, cardiovascular disease and chronic kidney disease*’ 2.

GDM is associated with obesity, insulin resistance, dyslipidaemia, and type 2
diabetes; hence, it is plausible that the risk of developing NAFLD is increased in
women with GDM. Our hypothesis is that women with GDM are at increased risk of
incident NAFLD following delivery. This relationship has not been examined widely
in the literature.

To examine our hypothesis, we conducted a large population-based matched-
controlled cohort study aimed at examining the relationship between GDM and
incident NAFLD taking into account the potential confounders. In addition, we
conducted a systematic review and a meta-analysis of the available literature

examining the rismaternal age >37k of NAFLD development in women with GDM.
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Fig. Ila NAFLD Pathogenesis
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Fig. Ilb NAFLD Pathogenesis
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The Population-Based Study

Research design:

We conducted a population-based retrospective matched-controlled cohort study
utilising The Health Improvement Network (THIN) database, which our group has

utilised previously to conduct studies in the fields of GDM and NAFLD 2749,

Data Source: The Health Improvement Network

The THIN database is a primary care database, representative of the United Kingdom
population (in terms of demographics, mortality rates and major health conditions’
prevalence) *° and contains the electronic medical records of approximately 14
million patients from over 698 general practices in 2016 °1. Details of medical care
such as history, examination, investigations, diagnoses and prescriptions are recorded
utilising the Vision patient record software 2 in a hierarchical system known as Read

codes 3.

For primary care practices to be eligible for inclusion in the study they had to have
used the electronic medical record (EMR) system for one year and have an acceptable
mortality recording date. These conditions ensure the accuracy of data recording and

that the practices included in the study were making full use of the EMR system.

Study population, inclusion and exclusion criteria:

Incident cases of GDM diagnosed between 01 January 1990 to 31 May 2016 were
identified by using the Read codes (Figure 1A & Table 1). The date of diagnosis of
GDM was assigned as the index date (i.e. study start date) of GDM cases. The control

group in this study were women without GDM by the time of delivery. The date at
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which pregnancy was first recorded was taken to be the index date for patients in the

control arm.

Codes for Exposure - GDM

L180811 Gestational diabetes mellitus
180900 Gestational diabetes mellitus
J61y100 Non-alcoholic fatty liver

J61y800 Nonalcoholic steatohepatitis

Table 1: Read codes used to identify incident cases of GDM - (Exposure) and
NAFLD/NASH development - (outcome).

Women were eligible for inclusion in the study following at least one year of
registration with their primary care provider to ensure accurate co-morbidity
recording. Women with GDM were matched to controls up to a ratio 1:4, for age (1
year), time of pregnancy (+ 90 days) and BMI ((+ 2 kg/m?). Patients with type 1 or
type 2 diabetes mellitus prior to pregnancy or a history of alcohol excess at any point
during the study were excluded. A follow chart for the above process is presented in

Figure 1A.
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Women aged 15-50; registered with GP > 1 year (n=2,928,086)

Read Codes for documented pregnancy(n=746,604)

Women with pre-existing Read Codes for diabetes
and alcohol excess

Read Codes for gestational diabetes mellitus documented (n=9,728)

Women with prescription of insulin at least 84
days before the date of GDM diagnosis
indicating overt diabetes (n=68 )

Exposed population: Cases matched to controls on 1:4 basis
Pregnant women with GDM | Pregnant women without GDM (n=31,318)
(n=9,660)

GDM exposed women with previous
> history of NAFLD (n=20); Control women
with previous history of NAFLD (n=22)

N

Poisson regression: the risk of NAFLD in GDM cohort (GDM: n=9,640, Non-GDM: n= 31,296

Sensitivity analysis: Censoring of patients developing diabetes (n=15) during follow-up

Figure 1A: Retrospective cohort study flow diagram for case identification and analysis

Study outcomes and follow-up:

The primary outcome of this study was NAFLD incidence following delivery during
the follow up period. A secondary outcome was to identify covariates contributing to
NAFLD development in women with GDM. A sensitivity analysis was performed to

assess the effect of incident type 2 diabetes on the relationship between GDM and
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incident NAFLD. This was done by censoring the pregnant women when they
developed type 2 diabetes. Women who developed type 2 diabetes mellitus during
follow-up were censored from analysis (Figure 1A). Co-variates were identified at
baseline and outcomes during the follow up period both using the Read codes (Table
1). The follow-up period began from the index date until the earliest of the following
events (exit date); Diagnosis of NAFLD, death, subject left the practice, or last data

collection from practice.

Statistical Analysis

Categorical variables were presented as frequencies and continuous variables were
presented as mean and standard deviation (SD). The p values for the comparison in
baseline characteristics between women with and without GDM were not calculated

as per the guidelines for observational studies >* %,

NAFLD incidence was compared between the exposed and control groups using
Poisson regression and incidence rate ratios (IRR) and 95% confidence intervals
(95%Cl). The following variables were adjusted for: age, smoking, BMI, Townsend
deprivation score®®, hypertension (ever-diagnosis), metformin use, polycystic ovarian
syndrome (PCOS) (ever-diagnosis), hypothyroidism (ever-diagnosis) and lipid
modifying medication use. These variables were chosen based on biological
plausibility to affect the relationship between predictors and NAFLD. In this study, a
p < 0.05 was considered significant. Statistical analysis was performed on Stata v14.0

software °’.
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Ethical approval:

The THIN data collection scheme received multi-center research ethics committee
(MREC) approval in 2003 with Scientific Review Committee approval (SRC
Reference Number: 17THINOO1) of this particular study in January 4 2018 from

‘IQVIA’ (data provider).

The Systematic Review and Meta-analysis

Aims
The primary aim was to assess the risk of NAFLD in patients with GDM. A

secondary aim was to identify any co-variates that increased the risk of NAFLD in

women with GDM.

Search Strategy and Selection Criteria

This systematic review was conducted according to the Meta-analysis of
Observational Studies in Epidemiology (MOQOSE) guidelines. A systematic literature
search was conducted on Medline (1946 to March 2018) and Embase (1974 to March
2018) for studies assessing the risk of developing NAFLD subsequent to a diagnosis
of GDM. The detailed search strategy was developed with the assistance of an

information specialist and is presented in Figure 2 of the online supplement.
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Figure 2: Detailed search strategy on Medline and Embase for studies assessing

the risk of developing NAFLD subsequent to a diagnosis of GDM.

The reference lists of all relevant articles were also included in the literature research.

Two reviewers (T.T and A.L) independently screened the initial search results for

abstract and titles pertaining to the research question.

Randomised controlled trials or cohort studies were suitable for inclusion if they

reported any of the following: the raw number of patients, risk ratio in the form of

odds ratio or hazard ratio, or incidence rate in person years describing the occurrence

of NAFLD in patients with a previous history of GDM. Randomised controlled trials
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or cohort studies assessing risk factors associated with the development of NAFLD in

the GDM cohort were also eligible for inclusion.

Studies were excluded if they did not report original data or if their investigation was

a laboratory-based investigation. Discrepancies between the reviews were resolved in

conjunction with third party experts: K.N. and A.T. The flow chart for the above

process is presented in Figure 1B.

230 articles found
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b >
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= v
30 articles screened
[-T:]
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=]
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«  Medline & Embase (English)
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Removed duplicates: 32
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Letters, Review, Editorials: 3
Basic Science: 5

Treatment of NAFLD: 1
NAFLD in Pregnancy: 7
Other: 11
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4

systemat

4 studies eligible for

iC review

3 studies eligible for meta-
analysis
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Figure 1B: Systematic review flow diagram for study identification and selection
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Data Extraction and Analysis

The data extracted included: the first author, study design, study setting, study period,

maternal characteristics, follow-up duration, definition of exposure and modalities of

determining primary outcome (Table 2).

Table 2: Data extracted from the studies included in the systematic review

Study ID

Participants

Maternal
Characteristics

Follow up

Exposures

Primary
Outcome

Author:
Forbes et al

Study design:
Retrospective
Cohort

Language:
English

Location: UK

European women with
and without previous
GDM were
retrospectively identified
via NHS antenatal care
databases.

Eligibility Criteria:

- Women who had live
births from 1-9 years
prior to study start date

-Women who were more
than 1 year but less than
10 years post-partum

Exclusion Criteria:

- Breast Feeding Women
- Non-diabetic glucose
tolerance

- Women with positive
antibodies and abnormal
liver function

Sample Size:
223 subjects
- n=110
(previous GDM)
- n=113
(no previous GDM)

GDM

Age at exposure:
33+1 years
Age at scan:
39+1 years
Parity: 3+0
Primiparous:
67 subjects
Multiparous:
43 subjects
BMI at term:
27.840.6

No GDM

Age at exposure:
33+1 years
Age at scan:
39+1 years
Parity: 2+0
Primiparous:
Unknown
Multiparous:
Unknown
BMI at term:
26.8+0.7

Enrolment Time:
Patients who had live
births from 1 to 9
years previous to the
study start date
retrospective
identified and
collected from
antenatal care
database

Length: 60 vs. 7+0
years following their
index pregnancy

(GDM vs. No GDM)

Methods: Antenatal
healthcare records
and clinic visit

Data Collection:

- Antenatal health
care records

- Laboratory and
biochemistry
measurements
Ultrasound Scanning

Definition of GDM:
2h 759 OGTT at 24-
28 weeks’ gestation
and WHO criteria:
fasting venous
plasma glucose
>7mmol/l or 2h
venous plasma
glucose 7.8mmol/l

Severity of GDM:
Diet controlled: 95
Insulin controlled: 15

Hepatic Steatosis
(assessed by USS)
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Study ID

Participants

Maternal
Characteristics

Follow up

Exposures

Primary
Outcome

Author:
Ajmera et al

Study design:
Longitudinal
cohort

Language:
English

Location:
USA

Subjects were recruited
from 4 US cities
(Birmingham, AL;
Chicago, IL;
Minneapolis, MN; and
Oakland, CA) in 1985—
1986. Subjects were not
selected based on risk
factors for metabolic
disease and were
recruited by random-digit
dialing from total
communities, census tract
information, or from their
health-care

Eligibility Criteria:
-18-30 years of age
-Women who delivered
one or two more births
-No diagnosis of diabetes
prior to pregnancy

Exclusion Criteria:
Women with other causes
of hepatic steatosis
including:

. Alcohol use
>2drinks/day
Self-reported
HIV/hepatitis/
medication use of
(amiodarone,
methotrexate,
valproic acid,
tamoxifen, steroids,
diltiazem, hormone
replacement
therapy)

Sample Size: 1,115
subjects

-n=124

(previous GDM)
-n=991

(no previous GDM)

GDM

Age at baseline visit,
median (IQR):
26(8) years

Age at scan, median
(IQR): 51 (8) years
Parity > 2 at 25
years: 40 (32%)
BMI at baseline
visit, median (IQR)
kg/m?: 23.8 (8.8)
Waist
circumference,
median (IQR):

74 (17) cm

No GDM

Age at baseline visit,
median (IQR):
25(6) years

Age at scan, median
(IQR): 50 (6) years
Parity > 2 at 25
years: 238 (24%)
BMI at baseline
visit, median (IQR)
kg/m?: 22.9 (6.2)
Waist
circumference,
median (IQR):

71.3 (12.5) cm

Enrolment Time:
Recruited by random-
digit dialling from
total communities,
census tract
information, or from
their health-care plan
in 1985-1986.

Length:
Patients followed up
until 25-year point

Methods:
Clinic Visit,
standardized surveys

Data Collection:
-Survey answers
-Laboratory and
biochemistry results
-CT Scan

Definition of GDM:

GDM was defined by
self-reporting* among
those without overt
diabetes before
pregnancy based on
CARDIA laboratory
tests

Severity of GDM:
Not reported

Hepatic Steatosis
(assessed by non-
contrast abdominal
CT Scan)
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Study ID

Participants

Maternal
Characteristics

Follow up

Primary

Exposures
P Outcome

Author:
Foghsgaard
et al

Study
design:
Randomised,
placebo-
controlled,
double-blind

Language:
English

Location:
Denmark

Subjects were recruited
through an invitation
letter sent to all women
who were diagnosed at
either the Center for
pregnant Women with
Diabetes, Rigshospitalet,
Copenhagen, Denmark
or the Department of
Gynecology-Obstetrics,
Copenhagen University
Hospital Herley,
Denmark within 10 years
prior to study start date

Eligibility Criteria:

. Women with
previous GDM as
per current Danish
Guidelines

. Age > 18 years

. Normal glucose
tolerance, impaired
fasting glucose
and/or impaired
glucose tolerance

. Use of safe
contraception or
sterilization

. Negative
pregnancy test

Exclusion Criteria:

. Women with
established liver
disease (based on
patient history,
biochemical and
ultrasonic
assessment)

. Increased liver
enzymes

. Ongoing alcoholic
abuse

. Pregnant or
breastfeeding

Sample Size:

111 subjects

. n=11 (Healthy
controls)

. n=76 (pGDM non-
NAFLD)

. n=24 (pGDM
NAFLD)

NAFLD in GDM

Age at time of
study, median
(IQR):

36.9 (5.6) years
BMI, median
(IQR): 34.6 (4.7)
kg/m?

Waist
circumference,
median (IQR):
109 (17) cm
Pregnancies:
2.0 (0.0)

Time from
pregnancy:
4.5 (2.6) years

Non-NAFLD in
GDM

Age at time of
study, median
(IQR):

39.0 (5.6) years
BMI, median
(IQR): 29.9 (4.7)
kg/m?

Waist
circumference,
median (IQR):
101 (16) cm
Pregnancies:
2.0 (1.5)

Time from
pregnancy:
4.8 (4.2) years

Enrolment Time:
Patients who were
diagnosed with GDM
at the study centres
within 10 years prior
to study start date

Methods:
Screening clinic visit

Data Collection:

. Laboratory and
biochemistry
measurements

° Ultrasonography

. Transient
elastography

. DXA Audit
questionnaire

Definition of GDM:
GDM according to
the current Danish
guidelines, plasma
glucose(PG)
concentration at 120
min after 75g oral
glucose tolerance test
(OGTT) >9 mmol/L
during pregnancy

Hepatic Steatosis
(assessed by USS)

Severity of GDM:
Not reported
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Metabolic and anthropometric measurements collected over the course of each study
were also extracted (Table 3). The raw number of subjects in the exposed and non-
exposed cohort in each study as well as odds ratio (OR) and 95% ClIs with and
without adjustment for confounding factors were also extracted. Data on whether each
study adjusted for the following variables were also collected: age, parity, baseline
BMI, waist circumference, HOMA —IR, high density lipoprotein (HDL), low density
lipoprotein (LPL), triglycerides (TG), hypertension, Townsend deprivation scale,
smoking, lipid controlling drugs, use of metformin, PCOS, hypothyroidism, and

incident diabetes mellitus.
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Table 3: Baseline Characteristics and Statistical Analysis Summary of the studies
included in the systematic review.

Forbes et al. 2011

Variables

BMI (kg/m?)

Waist Circumference (cm)

Hip Circumference (cm)

Fat mass (kg)

Fasting plasma glucose (mmol/l)

2h plasma glucose (mmol/1)

NGT (%)

IFG (%)

IGT (%)

IFG (%) + IGT (%)

Fasting insulin (pmol/l)

HOMA%B

HOMA%S

Plasma ALT (U/l) (NR 10-50)

Plasma yGT (U/I) (NR 5-35)

Fasting plasma TG (mmol/l) (NR 0.8-2.1)
Fasting plasma cholesterol (mmol/I)
Fasting plasma HDL-cholesterol (mmol/l)
Fasting plasma LDL-cholesterol (mmol/I)

Fasting plasma NEFA (umol/l)

Previous
GDM

28.9+0.6

89+1

107+1

107+1

5.3+0.1

6.8+0.2

82

18

57 (40-114)

97 (79-126)

89 (47-137)

27 (15-30)
19 (11-27)
1.3 (0.9-1.6)
5.3+0.1
1.3 (1.2-1.6)
3.3:0.1

666+19

No Previous
GDM

28.9+0.6

84+1

105+1

107+1

5.1+0.1

5.8+0.3

88

11

34 (24-49)

64 (61-81)

154 (103-228)

21 (16-28)
17 (12-29)
1.0 (0.7-1.7)
5.2+0.1
1.8 (1.5-1.9)
2.820.1

649+13

P-value

0.12

0.002

0.29

0.001

0.02

0.02

0.04

0.04

0.04

0.04

<0.001

<0.001

<0.001

041

0.61

0.03

0.88

<0.001

0.001

0.49

Statistical Analysis Summary

Statistical Software: Stata 8

Baseline Comparison: Univariate analysis comparing women with
and without a previous history of GDM using the unpaired

Student’s t test and Mann-Whitney U test, as appropriate.

Multiple logistic regression with a significant p value < 0.05 was
performed with a number of variables to establish which of these

were independently associated with NAFLD.
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Ajmera et al. 2016

Variables

BMI, median (IQR) kg/m2

Waist circumference, median (IQR)

HOMA-IR, median (IQR)

Diabetes mellitus, n (%)

Total cholesterol, median (IQR) mg/dL

LDL, median (IQR) mg/dL

HDL, median (IQR) mg/dL

Triglycerides, median (IQR) mg/dL

Previous
GDM

31.1 (12.3)

93.5 (26.3)

2.6 (2.9)

61 (49)

188 (50.5)

107 (45)

57 (22.5)

87 (57.5)

No Previous GDM

30.0 (10.7)

90 (22.3)

2.0 (2.2)

75 (7.6)

192 (48)

109.5 (43)

60 (22)

83 (56)

P-value

0.13

0.11

0.04

<0.01

0.13

0.26

0.09

0.12

Statistical Analysis Summary

Statistical Software: Stata 13.1
Baseline Comparison: Mann Whitney U test
for continuous variables, chi squared for

categorical variables.

Logistic regression was used to evaluate the
association between previous GDM and

NAFLD at year 25.

Significance level was set at 0.05

Bivariate models assessed the association
between variables chosen beforehand for
clinical relevance and known association
with the outcome of NAFLD. These
covariates included age, race, and baseline
covariates (BMI, waist circumference, fasting
LDL, HDL, triglycerides, and insulin resistance
(HOMA-IR)). Variables were selected for the
final multivariate model by backwards
elimination with p-value < 0.05 used as the

threshold for variable inclusion.
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Foghsgaard et al. 2017

Variables

BMI (kg/m?)

Waist Circumference (cm)

Waist-to-hip ratio

Fat mass (%)

HOMAZ2IR

Total cholesterol (mmol/L)

HDL cholesterol (mmol/L)

LDL cholesterol (mmol/L)

VLDL cholesterol (mmol/L)

Triglycerides (mmol/L)

Metabolic syndrome

Non-NAFLD
Previous GDM

29.9 (4.7)

101 (16)

0.9 (0.0)

437 (75)

1.5(0.8)

47 (12)

12(0.3)

3.2(1.2)

05(0.2)

1.0 (0.6)

35 (46)

NAFLD Previous
GDM

34.6(4.7)

109 (17)

0.9 (0.1)

46.4(6.9)

24(12)

5.0(0.9)

1.1 (0.4)

3.3(0.7)

0.6 (0.5)

13(1.0)

15 (63)

P-value

0.0002

0.0003

0.9999

0.1846

0.0001

0.328

0.0081

0.5165

0.36

0.164

0.0131

Statistical Analysis Summary

Statistical Software: GraphPad Prism
version 6.0

RStudio version
0.98.1083

Baseline comparison: Assessment of
categorical variables were analyzed using x2
test. Differences with P< 0.05 were
considered significant.

Logistic regression analysis of the
significant variables in the univariate
regression analysis were used to identify
clinically relevant variables associated with
the presence of NAFLD.
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Risk of bias assessment of studies included was performed using a modified version
of the Cochrane Collaboration endorsed Newcastle-Ottawa Quality Assessment Scale

(Table 4).

Table 4: Newcastle-Ottawa Quality Assessment Scale

Forbes et 1 1 1 0 1 1 1 1 1 8
al.
Ajmera et 1 1 1 0 1 1 1 1 1 8
al.
Foghsgaard 1 1 1 0 1 1 1 1 1 8
etal.
Current 1 1 1 1 1 1 1 1 1 9
Study

The primary outcome of the meta-analysis was the risk of NAFLD in patients with a
previous diagnosis of GDM. Pooled ORs and 95% Cls were derived using the random
effects model described by DerSimonian and Laird®®. Adjusted ORs were used in the
meta-analysis to incorporate confounding variables. Heterogeneity was assessed
through the I, statistic with values >50% indicative of significant heterogeneity. The
secondary outcome was to screen for potential risk factors that were associated with

NAFLD development in the GDM cohort.
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Results

The Population-Based Study

Study population characteristics:

There were 9,640 subjects diagnosed with GDM matched to 31,296 controls within
the THIN database (Table 5). The median follow-up duration in exposed and control
groups was similar; 2.95 (1.21-6.01) and 2.85 (1.14-5.75) years respectively. The
study population consisted mainly of young women below the age of 40 who were
overweight or had grade 1 obesity. The GDM cohort had a higher proportion of
subjects with PCOS (3.56% vs 1.89%) compared to controls. The control population
had a higher proportion of current smokers (19.26% vs 15.81%) in comparison to the
subjects with GDM. Only a minority of the study population (< 3%) were prescribed
metformin, or lipid-lowering treatment. Study population characteristics are presented

in Table 5.
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Table 5: The Health Improvement Network gestational diabetes mellitus cohort

Number of subjects

and matched control group characteristics

Gestational Diabetes Mellitus

9,640

Control

31,296

Person years of follow-up (median, IQR)

2.95 (1.21-6.01)

2.85 (1.14-5.75)

Age

32.87 (5.58)

32.55 (5.27)

Body mass index (median, IQR)

29 (24.4-34.2)

27.6 (23.7-32.00)

Smoking Status

Current 1,524 (15.81%) 6,029 (19.26%)
Former 1,816 (18.84%) 5,854 (18.71%)
Never 6,099 (63.27%) 18,994 (60.69%)
Missing 201 (2.09%) 419 (1.34%)
Alcohol Intake
No Intake 2,905 (30.13%) 7,137 (22.80%)
Active Intake 5,198 (53.92%) 19,946 (63.73%)
Missing 1,537 (15.94%) 4,213 (13.46%)
Lipid Lowering Drugs 6 (0.06%) 30 (0.10%)
Current Metformin Use 249 (2.58%) 11 (0.04%)
Hypertension 553 (5.74%) 1,000 (3.20%)
Polycystic Ovarian Syndrome 809 (8.39%) 1578 (5.04%)
Hypothyroidism 562 (5.83%) 1,301 (4.16%)
Townsend Index
1 1,638 (16.99%) 5,741 (18.34%)
2 1,504 (15.60%) 5,356 (17.11%)
3 1,898 (19.69%) 6,173 (19.72%)
4 1,873 (19.43%) 5,603 (17.90%)
5 1,521 (15.78%) 4,102 (13.11%)
Not available 1,206 (12.51%) 4,321 (13.81%)
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GDM and incident NAFLD

Women in the exposed group (i.e. with GDM) had a greater risk of incident NAFLD
(IRR: 3.28, 95%CI 2.14-5.02, p<0.0001) (Table 6), which remained significant after
adjustment for potential confounders (IRR: 2.70, 95% CI 1.74- 4.19, p<0.0001) (Table
6). NAFLD also occurred earlier during the follow up in the GDM group compared to
the control group (median (IQR): 3.64 (1.44-6.46) years vs. 5.12 (2.68-9.58), p =

0.0505).

Table 6: The risk of developing non-alcoholic fatty liver disease in the gestational
diabetes cohort

(Poisson Regression model with adjustment for confounding variables)

Number of outcomes 44 (0.46%) 41(0.13%)
Person-years 40,718 12,452

Incidence Rate 108.06 32.93
(per 100,000 person-years)
Incidence Rate Ratio (95% ClI) 3.28 (2.14-5.02)
(Unadjusted)

p-value <0.0001

Incidence Rate (95% CI) 2.70 (1.74- 4.19)
(Adjusted)*
p-value <0.0001

*adjusted for age, smoking, BMI, Townsend deprivation score, hypertension, metformin use,
polycystic ovarian syndrome and hypothyroidism.

Risk factors for NAFLD in the GDM cohort

In women with GDM: older age (IRR 1.06 (95% CI 1.00-1.12), p=0.0384), obesity
(IRR 16.28 (95% CI 2.20-120.57), p=0.006), hypothyroidism (IRR 2.94 (95% ClI
1.43-6.08), p=0.004) and PCOS (IRR 3.24 (95% CI 1.60-6.56), p=0.001) predicted
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incident NAFLD during the follow-up. Use of lipid-lowering drugs, and use of

metformin were not predictors of incident NAFLD in women with GDM (Table 7).

Table 7: The risk factors for developing non-alcoholic fatty liver disease in the
gestational diabetes mellitus cohort

(Poisson Regression model with adjustment for confounding variables)

IRR Lower 95% Cl Upper 95% ClI P value

Age* 1.06 1.00 1.12 0.038
Townsend

1 ref Ref ref ref

2 3.12 0.81 12.12 0.100

3 3.99 1.09 14.58 0.036

4 3.74 1.02 13.69 0.046

5 3.85 1.01 14.69 0.048

Missing 3.70 0.92 14.85 0.066
Smoking

Non- Ref Ref Ref Ref

Smoker

Ex- 0.42 0.15 1.19 0.103

Smoker

Smoker 0.93 0.42 2.05 0.850

Missing 1.23 0.25 6.14 0.800
BMI

<25 ref Ref ref ref

25-30 7.19 0.90 57.62 0.063

30-75* 16.28 2.20 120.57 0.006

Missing 7.61 0.80 72.17 0.077
Lipid Controlling Drugs 3.13 0.41 23.96 0.271
Current Metformin Use 1.35 0.18 9.95 0.770
Hypertension 0.78 0.31 1.93 0.588
Polycystic Ovarian Syndrome* 3.24 1.60 6.56 0.001
Hypothyroidism* 2.95 1.43 6.08 0.004
Incident Diagnosis of Diabetes 1.29 0.64 2.61 0.473
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Sensitivity Analysis:

Women with GDM remained at a higher risk of NAFLD compared to the control
population (IRR 2.46; 95% CI 1.51-4.00, p<0.0001) despite censoring of patients who
developed type 2 diabetes mellitus during follow-up. Out of the 44 women who

developed NAFLD only 12 had preceding diagnosis diabetes (Figure 1A).

Systematic Review and Meta-analysis

Search Results

Out of 198 unique studies identified by the search strategy, only 3 studies fulfilled the
inclusion criteria for the systematic review *°®L. The current retrospective cohort
study was subsequently included, resulting in a total of four studies for the systematic
review. Three studies provided sufficient data including odds ratio to be included in
the meta-analysis to assess the risk of developing NAFLD subsequent to a diagnosis
of GDM (including the current study)®® %. Foghsgaard et al.®* was not included in the
meta-analysis as it did not compare the risk of developing NAFLD in the GDM cohort
to a non-GDM cohort. In summary, a total of 103 cases of NAFLD were diagnosed in
9,874 subjects with a previous history of GDM compared t0118 cases of NAFLD in

32,400 control subjects.

Characteristics of Included Studies

The characteristics of all included studies are presented in (Table 8). Forbes et al®
and Ajmera et al®® were both cohort studies. Forbes et al. comprised of patients with

GDM that were retrospectively identified through use of the National Health Service
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(NHS) antenatal database®®. Ajmera et al selected participants from the pre-existing
Coronary Artery Risk Development in Young Adults (CARDIA) cohort *°. Patients
were recruited to this cohort from four cities across the United States of America
between 1985 to 1986. Subjects with at least one delivery and no history of diabetes
prior to the delivery were included in this study. Both Forbes et al. and Ajmera et al.
utilised imaging; ultrasonography (US) and computed tomography (CT) respectively,
to identify the outcome of hepatic steatosis. Foghsgaard et al.®* compared the baseline
characteristics of NAFLD and non-NAFLD patients in the GDM cohort. These
patients were sourced from a randomised, placebo-controlled, double blind
intervention trial assessing the effect of a glucagon-like peptide-1 receptor agonist on

glucose tolerance in women with previous GDM®2,

Table 8: Characteristics of Studies assessing the risk of development of non-
alcoholic fatty liver disease in the gestational diabetes mellitus cohort.

Study Design Country Sample Size Effect Effect Lower Upper P- Variables
ID GDM Non-GDM Measures Size 95% 95% CI value Adjusted
Cl For
Forbes et  Retrospective UK NAFLD: 42 NAFLD: 19 OR 2.77 1.43 5.37 0.002 3
al cohort No NAFLD: 68 No NALFD: 94
Ajmera Longitudinal USA NAFLD: 17 NAFLD: 58 OR 2.29 1.23 4.27 0.01 1-11
etal cohort No NAFLD: 107 No NAFLD: 933
Current Retrospective UK NAFLD: 44 NAFLD: 41 OR 2.40 1.51 3.82 <0.0001 1,3,11-18
study cohort No NAFLD: 9,596 No NAFLD: 31,255

Confounding factors:

1: age, 2: parity, 3: baseline BMI, 4: waist circumference, 5: HOMA-IR, 6: HOMA-IR, 7: Total cholesterol, 8: LDL, 9: HDL, 10: TG,
11: Hypertension, 12: Townsend, 13: smoking, 14: lipid controlling drugs, 15: use of metformin, 16: polycystic ovarian
syndrome, 17: hypothyroidism, 18: incident diabetes mellitus

Quality of Included Studies

The median Newcastle-Ottawa quality score for the included studies was 8 (range, 8-

9); all studies were considered of high quality (Table 4). Adjustment for confounders
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was heterogenous across the included studies. However, all studies adjusted for BMI.

Both Ajmera et al and the current study adjusted for age and hypertension.

The risk of non-alcoholic fatty liver disease in GDM

All three studies included in the meta-analysis showed a significantly increased risk of
developing NAFLD subsequent to a diagnosis of GDM. The meta-analysis showed
that women with GDM are at a higher risk of developing NAFLD in comparison to
patients without a previous diagnosis of GDM; OR 2.60 (95% CI 1.90-3.57),
(p<0.0001) (Figure 3). The results showed minimal heterogeneity (1 = 0%). This was
also reflected in the crude analysis; OR 3.11 (95% CI 2.30-4.20), p<0.0001 (Figure
4). A multivariable logistic regression model was computed for the current
retrospective cohort study to produce an odds ratio. The IRR previously calculated
and odds ratio were similar (IRR 2.70 (95% CI 1.74 - 4.19), p<0.0001 compared to
OR 2.60 (95% CI 1.90-3.57), p<0.0001). The odds ratio analysis was used in the

meta-analysis.

Figure 3: Overall meta-analysis of adjusted odds ratio assessing the risk of non-
alcoholic fatty liver disease in the gestational diabetes mellitus cohort.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ajmera et al 2016 08286 (03171 25 7% 2.29[1.2%, 4.28] .
Current Study 09933 02242 515% 2.70[1.74, 4.14] —ii—
Fartbes et al 2011 1.0188 (03373 22.8% 277 [1.43, 5.36] e
Total (95% CI) 100.0%  2.60 [1.90, 3.57] -
Heterogeneity, Tau® = 0.00; Chi* = 0.22, df = 2 (P = 0.89); I* = 0%

01 072 05 1 2 510

Test for owerall effect: 2 = 5.95 (F < 0.00001) Mon-GDM Cohort GDM Cohort
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Figure 4: Overall meta-analysis of unadjusted odds ratio assessing the risk of
non-alcoholic fatty liver disease in the gestational diabetes mellitus cohort.

GDM Non-GDM Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ajmera et al 2016 17 124 5 E 991  27.2% 256 [1.44, 455] ——
Forbes etal 2011 42 110 13 112 23.1% 306 (164, 5.71] —_——
Current Study 44 9640 41 21286  49.7% 250 [2.28, 5.25] —ii—
Total (95% CI) 9874 32400 100.0% 3.11 [2.30, 4.20] A
Total ewents 103 118

i 2 - | Chi? = = = 2= : : : ] '
Heterogeneity: Tau® = 0.00; Chi .74, df = 2 (P = 0.69)] I 0% 1 o G T 3 : 1o

Test far overall effect: £ = 7. 41 (P « 0.00001) Non GDM Cohort  GDM Cohort

Risk factors for NAFLD in women with GDM

In addition to our current study, another study by Foghsgaard et al.5! presented a
significant univariate association between increase in BMI and development of
NAFLD in the GDM cohort; OR 1.24 (95% CI 1.11-1.41), p=0.0005. However, this
did not remain statistically significant following multivariate logistic regression
including: weight, waist circumference, HDL cholesterol, VLDL cholesterol,
triglycerides, visceral fat mass, android to gynoid fat ratio, total fat mass, ALT, AST,
Matsuda Index, HOMAZ2r, FLI and glucagon tAUC. Our retrospective cohort study
showed that increasing age, obesity, hypothyroidism, and PCOS confers an increased
risk of NAFLD within the GDM cohort. Other studies pooled GDM and non-GDM
patients in assessment of NAFLD and hence did not seek to investigate the role of

BMI in development of NAFLD in the GDM cohort.
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Sensitivity Analysis:

We conducted a sensitivity analysis for incident diabetes mellitus of the three
included studies in the meta-analysis, which showed that the GDM cohort remained at
a higher risk of NAFLD compared to the non-GDM cohort (OR 2.24; 95% CI 1.60-

3.13) (Figure 5).

Figure 5: Sensitivity analysis with incident diabetes mellitus

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ajmera et al 2016 0,392 03606 225% 1.48[0.73, 3.00] I e
Current Stuchy QE7ES 02377 SlEx 2.40[1.51, 2.83] —i—
Fortbes et al 2011 1.0188 02372 257% 2771432, 5326] e a—
Total (95% CI) 100.0%  2.24 [1.60, 3.13] -

i 2 _ . 2 _ — — - I ! ! Il ! |
Heterogeneity, Tau = 0.00; Chi* =180, df = 2 (P = 0.41); I = 0% T oh G 1 3 & o
Test for owerall effect: 2 = 4.70 (P < 0.00001) Non-GDM Cohort GDM Cohort
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Conclusions

In this paper we present the findings of a large population-based study that assessed
the risk of postpartum NAFLD development in women with GDM. This study found
that women with GDM were at significantly increased risk of incident NAFLD during
the follow up period independent of potential confounders and the occurrence of type
2 diabetes. In addition, NAFLD manifested earlier in women with GDM compared to
women without GDM. Finally, we identified additional risk factors for NALFD
development within the GDM cohort; previous diagnosis of PCOS or hypothyroidism.
This is consistent with previous findings in the literature however this relationship has

not been previously shown in the GDM cohort 5354,

Our systematic review showed that only two other published studies provided
extractable evidence to answer our research question % . Our cohort study results
were consistent with the previous two studies and the meta-analysis confirmed that
women with GDM were at an increased risk of NAFLD compared to women without
GDM. However, our study was much larger than the other two reported studies
(Table 8) and more generalisable since we utilised a population-based primary care
database. THIN data is representative of the UK population demographics (age and
sex structure), co-morbidities and mortality rates *°. This dataset has been previously
used for studies involving GDM?’ and NAFLD*. In addition, the current study
population were very well characterized which allowed us to adjust for several
confounders that were not considered in previous studies. A previous study utilised
self-reporting to identify GDM diagnosis making it prone to recall bias, in contrast

this study has identified GDM diagnosis through reporting by physicians °°.
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There are several potential mechanisms linking GDM to NAFLD development. GDM
results from the inability to adapt to complex metabolic needs during gestation and
leads to an increased risk of metabolic syndrome®® and type 2 diabetes development in
later life®® 6. GDM has been linked to subsequent lipid abnormalities,
hyperinsulineamia/ insulin resistance and increased systematic inflammation
especially in overweight or obese women %70, These factors might play an important
role in explaining the observed increased risk of NAFLD in women with GDM vs
women without GDM. In contrast to a previous study *°, GDM conferred an increased
risk of NAFLD independent of the development of type 2 diabetes during follow up in
this study. Nonetheless, the fact that obesity, PCOS and hypothyroidism were
independent predictors of NAFLD in women with GDM supports the role of insulin

resistance, hyperlipidaemia and inflammation in developing NAFLD.

There are currently no established screening strategies in women with GDM to
identify NAFLD. Developing such strategies is beyond the scope of the current study
but we have identified age, obesity and a previous diagnosis of PCOS or
hypothyroidism as independent risk factors of incident NAFLD. Hence, women with
GDM who have any of these risk factors are particularly at increased risk of NAFLD
development and clinicians should have low threshold for examining for NAFLD in

these cohorts.

The findings of this study need to be interpreted in light of its limitations. The
diagnosis of GDM in our study is based on physician diagnosis. We acknowledge that
GDM diagnoses might be under-recorded in primary care; however, our estimates in
our previous analysis for cardiovascular risk in the GDM cohort 27 suggested there
were no systematic differences. The criteria for diagnosing GDM might vary between

centres and would have changed during the course of the study as we included women
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with GDM over a long period of time (1990 to 2016). GDM screening strategy in the
UK is based on screening high risk individuals, hence some patients in the control
group might have had undiagnosed GDM. To account for this, we used a 1:4
matching ratio to reduce the impact of undiagnosed GDM and our results were
consistent with the 2 previous studies published in literature. Our study also had
shorter follow-up period in comparison to previous studies >° . Our study is based on
routine clinical diagnosis in contrast to the previous two studies that used systematic
screening for NAFLD, and consequently this study could potentially have

underestimated the risk of NAFLD development.

This is the largest study to-date that has examined the impact of GDM on
development of incident NAFLD. It is also the first population-based study,
representative of the UK population in a primary care setting that has examined
incident NAFLD in women with GDM. Finally, this study adjusted for a large number

of potential confounders.

In conclusion, women with GDM are at an increased risk of developing NAFLD
compared to women without GDM independent of subsequent diagnosis of type 2
diabetes. It was also observed that the development of NAFLD occurred earlier in
women with GDM compared to women without GDM. Age, obesity and history of
PCOS or hypothyroidism were newly identified as independent predictors of the
development of NAFLD within the GDM cohort. Clinicians need to be aware of the
increased risk of NAFLD in women with GDM and have a lower threshold to
investigate for NAFLD, particularly in women with GDM and obesity, PCOS or
hypothyroidism. Further studies to develop appropriate screening and preventative

strategies in this cohort are needed.
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Appendix A - figures

Figure1A & B

Women aged 15-50; registered with GP > 1 year (n=2,928,086)

Read Codes for documented pregnancy(n=746,604)

Women with pre-existing Read Codes for diabetes
and alcohol excess

Read Codes for gestational diabetes mellitus documented (n=9,728)

Women with prescription of insulin at least 84
days before the date of GDM diagnosis
indicating overt diabetes (n=68 )

Exposed population: Cases matched to controls on 1:4 basis
Pregnant women with GDM | Pregnant women without GDM (n=31,318)
(n=9,660)

GDM exposed women with previous
> history of NAFLD (n=20); Control women
with previous history of NAFLD (n=22)

Poisson regression: the risk of NAFLD in GDM cohort (GDM: n=9,640, Non-GDM: n= 31,296

Sensitivity analysis: Censoring of patients developing diabetes (n=15) during follow-up

Figure 1A: Retrospective cohort study flow diagram for case identification and analysis
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*  Medline & Embase (English)

230 articles found . .
*  Reference list screening
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g > Removed duplicates: 32
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3 studies eligible for meta-
analysis

Figure 1B: Systematic review flow diagram for study identification and selection
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Figure 2. Detailed search strategy on Medline and Embase for studies assessing the risk of
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Figure 3: Overall meta-analysis of adjusted odds ratio assessing the risk of non-alcoholic
fatty liver disease in the gestational diabetes mellitus cohort
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Figure 4: Overall meta-analysis of unadjusted odds ratio assessing the risk of non-alcoholic fatty liver

disease in the gestational diabetes mellitus cohort
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Figure 5: Sensitivity analysis with incident diabetes mellitus
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Appendix B - tables

Table 1: Read codes used to identify incident cases of GDM - (Exposure)
and NAFLD/NASH development - (outcome).

Codes for Exposure - GDM

L180811 Gestational diabetes mellitus
L180900 Gestational diabetes mellitus
J61y100 Non-alcoholic fatty liver

J61y800 Nonalcoholic steatohepatitis




Table 2: Data extracted from the studies included in the
systematic review

Study ID

Participants

Maternal
Characteristics

Follow up

Exposures

Primary
Outcome

Author:
Forbes et al

Study
design:
Retrospective
Cohort

Language:
English

Location: UK

European women
with and without
previous GDM
were
retrospectively
identified via NHS
antenatal care
databases.

Eligibility
Criteria:

- Women who had
live births from 1-
9 years prior to
study start date

-Women who were
more than 1 year
but less than 10
years post-partum

Exclusion
Criteria:

- Breast Feeding
Women

- Non-diabetic
glucose tolerance

- Women with
positive antibodies
and abnormal liver
function

Sample Size:
223 subjects
- n=110
(previous
GDM)
- n=113
(no previous
GDM)

GDM

Age at exposure:
33+1 years

Age at scan:
39+1 years
Parity: 3+0
Primiparous:

67 subjects
Multiparous:

43 subjects

BMI at term: 27.8+0.6

No GDM

Age at exposure:
33+1 years

Age at scan:
39+1 years
Parity: 2+0
Primiparous:
Unknown
Multiparous:
Unknown

BMI at term: 26.8+0.7

Enrolment
Time:
Patients who
had live births
from 1 to 9
years previous
to the study
start date
retrospective
identified and
collected from
antenatal care
database

Length: 60
vs. 7£0 years
following their
index
pregnancy
(GDM vs. No
GDM)

Methods:
Antenatal
healthcare
records and
clinic visit

Data
Collection:

- Antenatal
health care
records

- Laboratory
and
biochemistry
measurements
Ultrasound
Scanning

Definition of
GDM: 2h 75g
OGTT at 24-28
weeks’
gestation and
WHO criteria:
fasting venous
plasma glucose
>7mmol/] or 2h
venous plasma
glucose
7.8mmol/]

Severity of
GDM:

Diet controlled:
95

Insulin

controlled: 15

Hepatic
Steatosis
(assessed by
UsSS)
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Study ID

Participants

Maternal

Characteristics

Follow
up

Exposures

Primary
Outcome

Author:
Ajmera et al

Study
design:
Longitudinal
cohort

Language:
English

Location:
USA

Subjects were
recruited from 4 US
cities (Birmingham,
AL; Chicago, IL;
Minneapolis, MN; and
Oakland, CA) in
1985-1986. Subjects
were not selected
based on risk factors
for metabolic disease
and were recruited
by random-digit
dialing from total
communities, census
tract information, or
from their health-
care

Eligibility
Criteria:

-18-30 years of age
-Women who
delivered one or two
more births

-No diagnosis of
diabetes prior to
pregnancy

Exclusion
Criteria:
Women with other
causes of hepatic
steatosis including:
¢ Alcohol use
>2drinks/day
¢ Self-reported
HIV /hepatitis/
medication use
of (amiodarone,
methotrexate,
valproic acid,
tamoxifen,
steroids,
diltiazem,
hormone
replacement
therapy)

Sample Size:
1,115 subjects
-n=124

(previous GDM)
-n=991

(no previous GDM)

GDM

Age at baseline visit,
median (IQR):

26(8) years

Age at scan, median
(IQR): 51 (8) years

Parity > 2 at 25 years:

40 (32%)

BMI at baseline visit,
median (IQR) kg/m?2:
23.8(8.8)

Waist circumference,
median (IQR):

74 (17) cm

No GDM

Age at baseline visit,
median (IQR):

25(6) years

Age at scan, median
(IQR): 50 (6) years

Parity > 2 at 25 years:

238 (24%)

BMI at baseline visit,
median (IQR) kg/m?2:
22.9(6.2)

Waist circumference,
median (IQR):

71.3 (12.5) cm

Enrolment
Time:
Recruited by
random-digit
dialling from
total
communities,
census tract
information, or
from their
health-care plan
in 1985-1986.

Length:
Patients
followed up
until 25-year
point

Methods:
Clinic Visit,
standardized
surveys

Data
Collection:
-Survey
answers
-Lab, &
biochemistry
results

-CT Scan

Definition of
GDM:

GDM was defined
by self-reporting*
among those
without overt
diabetes before
pregnancy based
on CARDIA
laboratory tests

Severity of
GDM:
Not reported

Hepatic Steatosis
(assessed by
non-contrast
abdominal CT
Scan)
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Study ID

Participants

Maternal

Follow up

Exposure

Primary

Author:
Foghsgaard
etal

Study
design:
Randomised,
placebo-
controlled,
double-blind

Language:
English

Location:
Denmark

Subjects were recruited
through an invitation
letter sent to all women
who were diagnosed at
either the Center for
pregnant Women with
Diabetes,
Rigshospitalet,
Copenhagen, Denmark
or the Department of
Gynecology-Obstetrics,
Copenhagen University
Hospital Herley,
Denmark within 10
years prior to study
start date

Eligibility Criteria:

*  Women with
previous GDM as
per current Danish
Guidelines

* Age> 18 years

*  Normal glucose
tolerance, impaired
fasting glucose
and/or impaired
glucose tolerance

* Use of safe
contraception or
sterilization

* Negative
pregnancy test

Exclusion Criteria:

*  Women with
established liver
disease (based on
patient history,
biochemical and
ultrasonic
assessment)

¢ Increased liver
enzymes

*  Ongoing alcoholic
abuse

*  Pregnantor
breastfeeding

Sample Size:

111 subjects

¢ n=11 (Healthy
controls)

* n=76 (pGDM non-
NAFLD)

«  n=24 (pGDM NAFLD)

Characteristics

NAFLD in GDM

Age at time of study,
median (IQR):

36.9 (5.6) years

BM]I, median (IQR):
34.6 (4.7) kg/m?
Waist circumference,
median (IQR):

109 (17) cm
Pregnancies:

2.0 (0.0)

Time from pregnancy:

4.5 (2.6) years

Non-NAFLD in GDM

Age at time of study,
median (IQR):

39.0 (5.6) years

BM]I, median (IQR):
29.9 (4.7) kg/m?
Waist circumference,
median (IQR):

101 (16) cm
Pregnancies:

2.0 (1.5)

Time from pregnancy:

4.8 (4.2) years

Enrolment
Time:

Patients who
were diagnosed
with GDM at the
study centres
within 10 years
prior to study
start date

Methods:
Screening clinic
visit

Data Collection:

Lab. and
biochemistry
measurements/
Ultrasonography/
Transient
elastography/
DXA Audit
questionnaire

S

Definition of
GDM:

GDM according
to the current
Danish
guidelines,
plasma
glucose(PG)
concentration
at 120 min
after 75g oral
glucose
tolerance test
(OGTT) >9
mmol/L during
pregnancy

Severity of
GDM:
Not reported

Outcome

Hepatic
Steatosis
(assessed by
UsS)
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Table 3: Baseline Characteristics and Statistical Analysis Summary of the studies
included in the systematic review.

Forbes et al. 2011

Variables

BMI (kg/m?)

Waist Circumference (cm)

Hip Circumference (cm)

Fat mass (kg)

Fasting plasma glucose (mmol/I)

2h plasma glucose (mmol/1)

NGT (%)

IFG (%)

IGT (%)

IFG (%) + IGT (%)

Fasting insulin (pmol/1)

HOMA%B

HOMA%S

Plasma ALT (U/1) (NR 10-50)
Plasma yGT (U/1) (NR 5-35)

Fasting plasma TG

(mmol/1) (NR 0.8-2.1)

Fasting plasma cholesterol
(mmol/1)

Fasting plasma HDL-cholesterol
(mmol/1)

Fasting plasma LDL-cholesterol
(mmol/1)

Fasting plasma NEFA (umol/I)

Previous

GDM

28.9+0.6

89+1

1071

1071

5.3+0.1

6.8+0.2

82

18

57 (40-114)

97 (79-126)

89 (47-137)
27 (15-30)
19 (11-27)
1.3 (0.9-1.6)
5.30.1
1.3 (1.2-1.6)

3.3x0.1

666+19

No
Previous
GDM

28.9+0.6

84+1

1051

1071

5.1+0.1

5.8+0.3

88

11

34 (24-49)
64 (61-81)
154 (103-228)
21 (16-28)
17 (12-29)
1.0 (0.7-1.7)
5.20.1

1.8 (1.5-1.9)

2.8+0.1

649+13

P-value

0.12

0.002

0.29

0.001

0.02

0.02

0.04

0.04

0.04

0.04

<0.001

<0.001

<0.001

0.41

0.61

0.03

0.88

<0.001

0.001

0.49

Statistical Analysis Summary

Statistical Software: Stata 8

Baseline Comparison: Univariate analysis
comparing women with and without a
previous history of GDM using the unpaired
Student’s t test and Mann-Whitney U test, as

appropriate.

Multiple logistic regression with a significant
p value < 0.05 was performed with a number
of variables to establish which of these were

independently associated with NAFLD.
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Ajmera et al. 2016

Variables

BMI, median (IQR) kg/m2

Waist circumference, median

(IQR)

HOMA-IR, median (IQR)

Diabetes mellitus, n (%)

Total cholesterol, median
(IQR) mg/dL

LDL, median (IQR) mg/dL

HDL, median (IQR) mg/dL

Triglycerides, median (IQR)
mg/dL

Previous
GDM

31.1 (12.3)

93.5 (26.3)

2.6 (2.9)

61 (49)

188 (50.5)

107 (45)

57 (22.5)

87 (57.5)

No

Previous

GDM

30.0 (10.7)

90 (22.3)

2.0 (2.2)

75 (7.6)

192 (48)

109.5 (43)

60 (22)

83 (56)

P-value

0.13

0.11

0.04

<0.01

0.13

0.26

0.09

0.12

Statistical Analysis Summary

Statistical Software: Stata 13.1
Baseline Comparison: Mann Whitney U
test for continuous variables, chi squared

for categorical variables.

Logistic regression was used to evaluate
the association between previous GDM

and NAFLD at year 25.

Significance level was set at 0.05

Bivariate models assessed the association
between variables chosen beforehand for
clinical relevance and known association
with the outcome of NAFLD. These
covariates included age, race, and baseline
covariates (BMI, waist circumference,
fasting LDL, HDL, triglycerides, and insulin
resistance (HOMA-IR)). Variables were
selected for the final multivariate model
by backwards elimination with p-value <
0.05 used as the threshold for variable

inclusion.
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Foghsgaard et al. 2017 Non-NAFLD NAFLD

Previous Previous

Variables GDM GDM

BMI (kg/m?) 29.9 (4.7) 34.6 (4.7)
Waist Circumference (cm) 101 (16) 109 (17)
Waist-to-hip ratio 0.9 (0.0) 0.9 (0.1)
Fat mass (%) 43.7 (7.5) 46.4 (6.9)
HOMAZ2IR 1.5 (0.8) 24 (1.2)
Total cholesterol (mmol/L) 4.7 (1.2) 5.0 (0.9)
HDL cholesterol (mmol/L) 1.2 (0.3) 1.1 (0.4)
LDL cholesterol (mmol/L) 3.2 (1.2) 3.3(0.7)
VLDL cholesterol (mmol/L) 0.5 (0.2) 0.6 (0.5)
Triglycerides (mmol/L) 1.0 (0.6) 1.3 (1.0)
Metabolic syndrome 35 (46) 15 (63)

P-value

0.0002

0.0003

0.9999

0.1846

0.0001

0.328

0.0081

0.5165

0.36

0.164

0.0131

Statistical Analysis Summary

Statistical Software: GraphPad Prism
version 6.0

RStudio version 0.98.1083

Baseline comparison: Assessment of
categorical variables were analyzed
using x2 test. Differences with P< 0.05
were considered significant.

Logistic regression analysis of the
significant variables in the univariate
regression analysis were used to
identify clinically relevant variables
associated with the presence of NAFLD.
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Forbes et al.

Ajmera et
al.

Foghsgaard
etal.

Current
Study

Table 4: Newcastle-Ottawa Quality Assessment Scale

1 1 0 1 1 1
1 1 0 1 1 1
1 1 0 1 1 1
1 1 1 1 1 1

75



Table 5: The Health Improvement Network gestational diabetes
mellitus cohort and matched control group characteristics

Gestational Diabetes

. Control
Mellitus
Number of subjects 9,640 31,296
Person years of follow-up (median, IQR) 2.95 (1.21-6.01) 2.85 (1.14-5.75)
Age 32.87 (5.58) 32.55 (5.27)
Body mass index (median, IQR) 29 (24.4-34.2) 27.6 (23.7-32.00)
Smoking Status
Current 1,524 (15.81%) 6,029 (19.26%)
Former 1,816 (18.84%) 5,854 (18.71%)
Never 6,099 (63.27%) 18,994 (60.69%)
Missing 201 (2.09%) 419 (1.34%)
Alcohol Intake
No Intake 2,905 (30.13%) 7,137 (22.80%)
Active Intake 5,198 (53.92%) 19,946 (63.73%)
Missing 1,537 (15.94%) 4,213 (13.46%)
Lipid Lowering Drugs 6 (0.06%) 30 (0.10%)
Current Metformin Use 249 (2.58%) 11 (0.04%)
Hypertension 553 (5.74%) 1,000 (3.20%)
Polycystic Ovarian Syndrome 809 (8.39%) 1578 (5.04%)
Hypothyroidism 562 (5.83%) 1,301 (4.16%)
Townsend Index
1 1,638 (16.99%) 5,741 (18.34%)
2 1,504 (15.60%) 5,356 (17.11%)
3 1,898 (19.69%) 6,173 (19.72%)
4 1,873 (19.43%) 5,603 (17.90%)
5 1,521 (15.78%) 4,102 (13.11%)
Not available 1,206 (12.51%) 4,321 (13.81%)

76




Table 6: The risk of developing non-alcoholic fatty liver disease in the gestational
diabetes cohort
(Poisson Regression model with adjustment for confounding variables)

Gestational Diabetes

mellitus
Number of outcomes 44 (0.46%) 41(0.13%)
Person-years 40,718 12,452

Incidence Rate
(per 100,000 person-years)

Incidence Rate Ratio (95% CI)
(Unadjusted)

p-value <0.0001

108.6 32.93

3.28 (2.14-5.02)

Incidence Rate (95% CI)
(Adjusted)*

p-value <0.0001

*adjusted for age, smoking, BMI, Townsend deprivation score, hypertension, metformin use,
polycystic ovarian syndrome and hypothyroidism.

2.70 (1.74- 4.19)
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Table 7: The risk factors for developing non-alcoholic fatty liver disease in the
gestational diabetes mellitus cohort

(Poisson Regression model with adjustment for confounding variables)

IRR Lower Upper 95% P value
95% CI CI

Age* 1.06 1.00 1.12 0.038
Townsend

1 ref Ref ref ref

2 3.12 0.81 12.12 0.100

3 3.99 1.09 14.58 0.036

4 3.74 1.02 13.69 0.046

5 3.85 1.01 14.69 0.048

Missing 3.70 0.92 14.85 0.066
Smoking

Non- Ref Ref Ref Ref

Smoker

Ex- 0.42 0.15 1.19 0.103

Smoker

Smoker 0.93 0.42 2.05 0.850

Missing 1.23 0.25 6.14 0.800
BMI

<25 ref Ref ref ref

25-30 7.19 0.90 57.62 0.063

30-75* 16.28 2.20 120.57 0.006

Missing 7.61 0.80 72.17 0.077
Lipid Controlling Drugs 3.13 0.41 23.96 0.271
Current Metformin Use 1.35 0.18 9.95 0.770
Hypertension 0.78 0.31 1.93 0.588
Polycystic Ovarian Syndrome* 3.24 1.60 6.56 0.001
Hypothyroidism* 2.95 1.43 6.08 0.004
Incident Diagnosis of Diabetes 1.29 0.64 2.61 0.473
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Table 8: Characteristics of Studies assessing the risk of development of non-alcoholic fatty
liver disease in the gestational diabetes mellitus cohort

Study ID Design Country GDM Sample mmNmzoz.m_u_s _,\_mmmnﬁ m@mnﬁ _.o.,.z p c_w_omq P- Mﬂ__”wm_”_mmh

easures Size 95% Cl 95% Cl value For
_"M””,”m xﬁmwms_o%m%m UK ZM_DMMMMW zw_w_mmﬁw . OR 277 1.43 537  0.002 3
T I e e e o w am e e
oy " M s e m sm YR s

Confounding factors:

1: age, 2: parity, 3: baseline BMI, 4: waist circumference, 5: HOMA-IR, 6: HOMA-IR, 7: Total cholesterol, 8: LDL, 9: HDL, 10: TG,

11: Hvnertension. 12: Townsend. 13: smoking. 14: linid controlling drugs. 15: use of metformin. 16: nolvevstic ovarian svndrome.
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