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GESTATIONAL DIABETE
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Martis, Ruth et al. “Treatments for women with gestational diabetes mellitus: an overview of Cochrane systematic reviews.” The Cochrane database of systematic reviews vol. 8,8 CD012327. 14 Aug. 2018, doi:10.1002/14651858.CD012327.pub2



Prevalence and Trends in Gestational Diabetes Mellitus Among Women in
the United States, 2006-2017: A Population-Based Study

GDM prevalence in 2006, 2016, and 2017 on the base of the The National Health Interview Survey (NHIS); n= 37. 357

Prevalence of Gestational diabetes mellitus in 2006 and
2016 by demographic variables

Prevalence of Gestational diabetes
mellitus in 2006, 2016, and 2017

Zhou T. Front.

10.0 L ALE, P #15.0 P BMI
"

32_ §15G Nm:pmmns g‘” ;:_!'w

gu 5 Non-Hispanic Black g =40
8 AN Ol TRCE GIowpS 100
i 8-3.6% i”“ i -
o ?5 T8
g i
x 50
2] 25
E 0.0 2008 2018 0 2008 208

Year Year

7]

#* 150 #175
% : income SALARIO : P sionl mcivy ATTIVITA’ FISICA
0 ; 125 <100% 150 Insufficienty
g 1 e T
- L4009 400%+ ~l~ alzs »
E i 100
S 5

15
b {o
8 1‘ 50
o g 25 ag
17 =
1979 1989 2004 2010 2006 2016 20 00 2508 2016 © oo 2006 2016
Previous studies* Current Study Year Year

Endocrinol., 06 June 2022; Volume 13 — 2022; | https://doi.org/10.3389/fend0.2022.868094




Distribution of maternal obesity

Poston L. Lancet Diabetes Endocrinol. 2016;4:1025-1036.
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Figure 2: Distribution of maternal obesity from Euro-Peristat database

and WHO

Obesity defined as BMI of more than 30 kg/m2. *From WHO database (2009;

includes all women aged 20 years or above as proxy for maternal obesity.

Reproduced from Devlieger and colleagues, with permission from Elsevier.

Prevalence of obesity
among women of
reproductive

age varies in other high
income countries.



GDM RELATED LONG TERM OUTCOMES

4+ 2-fold greater risk for elevated BMI
>3-fold greater risk for an

4+ 50%of women develop
T2D in 10 years

abnormal OGTT
Highest incidence
within 5 years after
GDM
4+ High-risk

cardiometabolic profile

10 fold increase

lifetime risk for T2D
t Obesity and diabetes in the

offspring

Hedeager Momsen, Anne-Mette et al. “Diabetes prevention interventions for women after gestational diabetes mellitus: an overview of reviews.” Endocrinology, diabetes & metabolism vol. 4,3 e00230. 1 Feb. 2021,
doi:10.1002/edm2.230



Type 2 diabetes mellitus after gestational diabetes

Country T2DM/GDM T2DM/no GDM Relative risk (95% Cl)
Feiget al,*®1995-2002 Canada 2874/21823 6628/637341 [ | 12.66 (12.15-13-19)
Lee Hetal,”® 1995-97 Korea 71/620 22/868 —a— 4.52 (2-83-7:21)
Madarasz et al,** 1995 Hungary 21/68 0/39 —_——p 24-93 (1.55-400-64)
Gunderson et al,”* 1985-206 USA 43/166 150/2242 - 3.87 (2-87-5-22)
Vambergue et al, 2 1992 France 53/295 1/111 - = » 19-94 (2-79-142-47)
Lee A etal,®*1971-2003 Australia 405/5470 16/783 —-— 3.62 (2-21-5-93)
Ferraz et al*’* Brazil 6/70 7/108 N 1.32 (0-46-3-78)
Krishnaveni et al,*> 1997-98 India 13/35 8/489 — m 2270 (10-09-51.08)
Morimitsu et :-.l|,.26 1999-2001 Brazil 7123 0/11 O [ 750 (0-47-120-11)
Jarvela et al,51984-94 Finland 23/435 0/435 —_— = p 47-00 (2-86—7?1-65)
Albareda et al,” 1966-93 Spain 44/696 0f70 = > 9.07 (0-56-146-25)
Abergetal,?® 1991-99 Sweden 21/229 1/61 = 5.59 (0-77-40-66)
Linné et al, 2 1964-65 Sweden 10/28 0/52 - = » 3838 (2-33-631.74)
Bian et al,?? 1964-65 China 15/45 1/39 = 13-00 (1-80-93-93)
Ko etal3°1988-95 China 105/801 71431 — 8.07 (3-79-17-19)
Osei etal,** 1990-91 USA 10/15 0/35 — = p 47-25 (2-95-757-28)
Damm et al ?? 1978-85 Denmark 33/241 0/57 — 16-06 (1-00-258.06)
Benjamin et al,*® 1961-88 New Mexico 14/47 3/47 - = 4.67 (1-43-1521)
0'Sullivan,?41954-60 and 1962-70 USA 224/615 18/328 —.— 6-64 (4-19-10-52)
Persson et al,*® 1961-84 Sweden 5/145 0/41 - 316 (0-18-55.76)
Total 3997/31867 6862/643588 ‘ 7-43 (4-79-11-51)
Test for heterogeneity: t?=0-50, ¥*=126-67, df=19 (p<0-0001), P=85-0% (95%C1 78-90)
Test for overall effect: 7=9-39 (p<0-0001)

| | | |
0-01 01 1 10 100
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Figure 2: Risk of type 2 diabetes mellitus (T2DM) after gestational diabetes mellitus (GDM)
x-axis is log scale. Each solid square represents a relative risk. Horizontal lines indicate 95% Cls. df=degrees of freedom. *Dates not available.

Bellamy, Leanne et al. “Type 2 diabetes mellitus after gestational diabetes: a systematic review and meta-analysis.” Lancet (London, England) vol. 373,9677(2009): 1773-9. doi:10.1016/S0140-6736(09)60731-5
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Figure 4: Risk of type 2 diabetes mellitus (T2DM) grouped by study characteristics (A), participant characteristics (B). and diagnostic criteria {C)

-5 is log scale. Each solid square represents a relative risk. Horizontal lines indicate 99% Cls. A DA=American Diabetes Association. BMI=body-mass index. df=degrees of freedom. EASD=European
Association for Study of Diabetes. GDM=gestational diabetes mellitus. N/4=heterogeneity not applicable because one study analysed. NDDG=National Diabetes Data Group. * Average ages of women
with and without GDM were not similar; therefore effect of maternal age could not be assessed. tindudes databases and obstetric reports (table).

Bellamy, Leanne et al. “Type 2 diabetes mellitus after gestational diabetes: a systematic review and meta-analysis.” Lancet (London, England) vol. 373,9677(2009): 1773-9. doi:10.1016/S0140-6736(09)60731-5



CV RISK after gestational diabetes

Study gig‘ple Pecreased risk Increased risl-r;k RR (95% CI) Weight, %
- i Pl
Kessous et al [15] 47,909 i - 3.00 (2.79,3.22) 11.81
|
Fadl et al [16] 15,049 —I-i— 1.80 (1.46,2.23) 10.88
Savitz et al [17] 849,639 i —l) 5.76 (4.96, 6.68) 11.39
|
Kaul et al [18] 240,083 + 2.02 (1.74,2.34) 11.39
|
Goueslard et al [8] 1,515,387 - i 1.55(1.36, 1.78) 11.49
Tobias et al [6] 80,479 — — i 1.21 (0.97,1.51) 10.78
Retnakaran and Shah [9] 1,515,079 = i 1.55 (1.49, 1.61) 11.90
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Daly et al [19] 46,399 = : 1.50 (1.03, 2.46) 845
|
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Fig. 1 Meta-analysis of the association between GDM and the risk of cardiovascular events. Weights are from random-effects analysis

Kramer, Caroline K et al. “Gestational diabetes and the risk of cardiovascular disease in women: a systematic review and meta-analysis.” Diabetologia vol. 62,6 (2019): 905-914. d0i:10.1007/s00125-019-4840-2



TABLE 1 Long-term complications of gestational diabetes

Complications for women

Hypertension

Type 2 diabetes

Vascular dysfunction

Nonalcoholic fatty liver
disease

Dyslipidemia

Chronic inflammation

Chronic kidney disease

lschemic heart disease

Adam S. Int J Gynecol Obstet. 2023;160(Suppl. 1):56-67.

Complications for the offspring

Childhood obesity

Excess abdominal adiposity

Metabolic syndrome

Hyperinsulinemia

Disordered glucose regulation in
adolescents

Higher blood pressure

Possible early-onset cardiovascular
disease

Possible attention deficit
hyperactivity disorder and autism
spectrum disorders

Earlier onset type 2 diabetes

Higher risk of GDM in female
offspring
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The life course perspective of gestational diabetes: An opportunity for the
prevention of diabetes and heart disease in women

| Glycemia I : Underlying Metabolic Cardiometabolic Cardiometabolic Advanced
.................... r//i.., S Defects Risk Factors Disease Outcomes Complications
l L ; B
' N asam Threshald for Retinal disease
|

| diagnosing DM

Type 2 diabetes Kidney disease

B-cell Function | |

| PY— Liver disease
[ ———
[ 1 Adiposity
: — Chronic beta-cell 1t LDL cholesterol
/ dysfunction +/- | HDL cholesterol

Major Adverse
Cardiovascular
Events

| insulin resistance t Triglycerides

1 t Blood pressure

|
. . |
‘ Insulin Resistance |
I Cardiovascular
| Disease
- ® . .
|

I
Before Pregnancy ? After Pregnancy

Heart failure

Women with GDM have a chronic beta-cell defect that leads to rising glycemia even before pregnancy. When pregnant, insufficient beta-cell compensation
for the insulin resistance of the latter half of gestation yields the hyperglycemia by which GDM is identified. Upon delivery and abatement of the insulin
resistance of pregnancy, glycemia initially improves. However, the ongoing deterioration of beta-cell function leads to rising glycemia over time that may
ultimately reach the diagnostic threshold for diabetes.

Metabolic defects,an adverse cardiometabolic risk factor profile worsens overtime, elevating lifetime risks of cardiometabolic disease outcomes and
associated advanced complications.

FuJ. 2022;45: 101294 https://doi.org/10.1016/j.eclinm.2022.101294



“pregnancy can be viewed as
a life event thatis
superimposed upon existing
tracks of cardiometabolic risk

Women who developgDM @ ——————-

Women who do not develop GDM =~ --—---==="-"""

and enables the identification e
of women are already on a Cardiometabolic e t

. . . Risk Fact e
high-risk track (i.e. those who Burden | TR — e -

develop GDM)”. | I S

L

Young Adulthood Pregnancy Middle Age
Life Course

Table 1
Key challenges and potential benefits associated with outstanding research questions that should be addressed in the coming years.

Outstanding question Key challenges Potential benefits

Can the treatment of diabetes in pregnancy impact growth  Likely requires long-term follow-up of offspring Could improve the long-term health of the offspring

and development of the offspring? through childhood
ls the prevention of GDM feasible? Likely requires preconception intervention trials, Could prevent intrauterine programming and the

anchach canm o looickscallee b allomoio o framcooanacabiooal oo amation oF cootabholio eiele
e e T R e Ty O T e TR e Loy T Ty Ry R s e R it e

Can we reduce the risks of type 2 diabetes and cardiovascular Need to find ways to improve clinical engagement  Could enable primary prevention of type 2 diabetes and
disease in women with previous GDM? of new mothers in the postpartum CVD in women

Retnakaranr. MetabolismClinicalandExperimental119(2021)154772



Risk Perception for Diabetes Amon
Women With Histories of Gestationa
Diabetes Mellitus

1

CATHERINE KM, MD, MPH_ JENNIFER GOEWEY, MHAZ
Laura N. McEWEN, PHD AsSIAMIRA FERRARA, MD, PHD

Jonn D. PIETTE, PHD® ELIZABETH A. WALKER, PHD, RN Diabetes Care 30:2281-2286, 2007

Survey on 217 women with histories of GDM who were enrolled in a managed-care plan and who did not have diabetes.

Aim: to assess the associations between risk perceptions and current lifestyle behavioral practices, plans to modify
behaviors, and recent lifestyle behavior changes.

Results:
- Ninety percent of women recognized that GDM was a risk factor for future diabetes, but only 16% believed that they
themselves had a high chance of developing diabetes.

- Perceived risk increased to 39% when women were asked to estimate their risk assuming they maintained their current
lifestyle.

-Women who perceived themselves to be at moderate/high risk more often planned to modify their future lifestyle
behaviors.



DOI: 10.1002/ijgo.14537

SUPPLEMENT ARTICLE

Pregnancy as an opportunity to prevent type 2 diabetes
mellitus: FIGO Best Practice Advice

GDM Follow up - Best practice advice

Recommendations for postpartum follow-up of all women with GDM:

- Two-hour oral glucose tolerance test (OGTT) at 6-12 weeks postpartum

using the diabetes criteria applicable to non pregnant women (gold
standard)

- Include a fasting lipid profile and measurement of blood
pressure, BMI, and abdominal circumference

Adam S. Int J Gynecol Obstet. 2023;160(Suppl. 1):56-67.



Follow-up of women with a history of gestational diabetes in Italy: Are we
missing an opportunity for primary prevention of type 2 diabetes and
cardiovascular disease?

Italian Survey of the Diabetes and Pregnancy Study Group SID-AMD

Please indicate for your institution the percent of women with GDM performing
the recommended post-partum OGTT:

60% of the diabetes centres

| ;255/% 499% ggosﬁ’l surveyed reported that less than 50% of
— Q L7, .
509%—74% 18.0% the women with recent GDM performed

>75% 10.0%  therecommended OGTT between 6- and
Unable to provide an estimate 12.0%  12-week post-partum

International data indicate less then 60% of women were screend after GDM

Il
WY
I.,. H f

Scavini M, Formoso G. DMRR 2020 DOI: 10.1002/dmrr.3411
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Screening of postpartum diabetes in women with gestational
diabetes: high-risk subgroups and areas for improvements—the
STRONG observational study

Angela Napoli'*© . Laura Sciacca'” - Basilio Pintaudi'* - Andrea Tumminia'® - Maria Grazia Dalfra’ - Camilla Festa' -
Gloria Formoso'® - Raffaella Fresa'” - Giusi Graziano® - Cristina Lencioni™” - Antonio Nicolucci® - Maria Chiara Rossi®-

Elena Succurro™'? - Maria Angela Sculli’'" - Marina Scavini''2. Ester Vitacolonna'-'? - Matteo Bonomo'* -
Elisabetta Torlone™'* on behalf of the STRONG Study Collaborators and the AMD-SID Diabetes and Pregnancy
Study Group

From a sample of 2,736 women, OGTT was performed in 941 (34.4%) women, of whom 217 (23.0%)
developed PPD.

Abstract

Aims To assess the proportion of women with gestational diabetes (GDM) by performing postpartum Oral Glucose Toler-
ance Test (OGTT) and to identify GDM phenotypes at high-risk of postpartum dysglycemia (PPD).

Metheds Observational, retrospective, multicenter study involving consecutive GDM women. Recursive partitioning (REC-
PAM) analysis was used to identify distinct and homogeneous subgroups of women at different PPD risk.

Results From a sample of 2,736 women, OGTT was performed in 941 (34.4%) women, of whom 217 (23.0%) developed
PPD. Insulin-treated women having family history of diabetes represented the subgroup with the highest PPD risk (OR 5.57,
95% CI 3.60-8.63) compared to the reference class (women on diet with pre-pregnancy BMI < =28.1 kg/m?). Insulin-treated
women without family diabetes history and women on diet with pre-pregnancy BMI > 28.1 kg/m” showed a two-fold PPD
risk. Previous GDM and socioeconomic status represent additional predictors. Fasting more than post-prandial glycemia
plays a predictive role, with values of 81-87 mg/dl (4.5-4.8 mmol/1) (lower than the current diagnostic GDM threshold)
being associated with PPD risk.

Conclusions Increasing compliance to postpartum OGTT to prevent/delay PPD is a priority. Easily available characteristics
identify subgroups of women more likely to benefit from preventive strategies. Fasting BG values during pregnancy lower
than those usually considered deserve attention.



FACTORS CONTRIBUTING TO POOR POST-PARTUM FOLLO-UP

e

Healthcare worker factors People, family, community factors Barriers Enablers
e Uncertainty o Low awareness of risk ¢ OGTT test * Knowledge and beliefs about
about screening ¢ Difficulty to keep screening visit * Environmental context consequences
recommendations appointment(s) and resources ¢ Empowerment for self-care with
¢ Lack of communication e Inadequate family support ¢ Social influences practical guidance (not just what
and acceptance of ¢ Lack of prioritization or * Emotional aspects to but also how to)
responsibility between inadequate attention to women's ¢ Lack of information ¢ Setting goals
obstetrician and primary health e Memory/attention * Behavioral regulation
care provider for ordering ® Education and financial ¢ Social roles
screening test independence e Optimism
¢ Lack of continued  Reinforcement

vigilance beyond
immediate postpartum
visit

» Office location and/
or type (hospital-based
or hospital-affiliated
community clinic)

s Degree of provider
specialization

s Lack of funded national
screening programs

* |nadeqguate training and
tools to provide practical
guidance

Adam S. Int J Gynecol Obstet. 2023;160(Suppl. 1):56-67.
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SUPPLEMENT ARTICLE

Pregnancy as an opportunity to prevent type 2 diabetes
mellitus: FIGO Best Practice Advice

GDM Follow up - Best practice advice

Recommendations for postpartum follow-up of all women with GDM:

Pragmatic advice
If best practice cannot be achieved, consider:

e Fasting glucose at 6-12 weeks postpartum,

OR

e Glycated hemoglobin (HbA1c)

OR

e Consider combining fasting glucose and HbA1c
Adam S. Int J Gynecol Obstet. 2023;160(Suppl. 1):56-67.



TABLE 3 Major risk factors for developing type 2 diabetes after

GDM
General factors Pregnancy-related factors
¢ Age e DM
e BEMI ¢ Llse of insulin for GDM
e \Waist circumference e (Gestational weight gain
¢ Hypertension ¢ Short duration of breastfeeding

¢ Family history of diabetes
¢ [Fasting glucose level

Adam S. Int J Gynecol Obstet. 2023;160(Suppl. 1):56-67.
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STANDARD ITALIANI
PER LA CURA DEL
DIABETE MELLITO

2018

La diagnosi di diabete gestazionale & definita dalla presenza di uno o piu valori uguali o superi-
ori a quelli indicati in .

Le donne con pregresso GDM devono sottoporsi a un OGTT-75 g per lo screening di alterazioni
della tolleranza glucidica, dopo almeno 6 settimane dal parto ed entro 6 mesi. L'allattamento
al seno non é una controindicazione all'esecuzione del carico orale di glucosio post-partum. Il
controllo successivo deve prevedere un OGTT-75 g ogni 3 anni. Se vi & una alterata tolleranza
glucidica (IFG o IGT) il test deve essere ripetuto ogni anno.

5282 Diabetes Care Volume 47, Supplement 1, January 2024

L)

Check for
updates

15. Management of Diabetes in  jrer s e
Pregnancy: Standards of Care in
Diabetes—2024

Diabetes Care 2024;47(Suppl. 1):5282-5294 | https://doi.org/10.2337/dc24-5015

15.25 Screen individuals with a recent
history of GDM at 4-12 weeks post-
partum, using the 75-g oral glucose
tolerance test and clinically appropri-
ate nonpregnancy diagnostic criteria. B
15.26 Individuals with overweight/
obesity and a history of GDM found
to have prediabetes should receive
intensive lifestyle interventions and/or
metformin to prevent diabetes. A



Cumulative incidence of diabetes in women with a history of Cumulative incidence of diabetes in women with a history of GDM

GDM (A, n = 218) and parous women without a history of (A, n =121) and parous women without a history of GDM (B, n =
GDM (B, n = 352) 25-44 years of age. 791) 45-59 years of age.
A A

——— Pl = = Wi e lilrtile
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(2]

Over 10 years, women with a history of GDM assigned to placebo had a 48% higher risk of developing
diabetes compared with women without a history of GDM. In women with a history of GDM, ILS and
metformin reduced progression to diabetes compared with placebo by 35% and 40%, respectively.

Among women without a history of GDM, ILS reduced the progression to diabetes by 30%, and metformin
did not reduce the progression to diabetes.
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Aroda VR J Clin Endocrinol Metab. 2015 Apr; 100(4): 1646-1653.
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THE VICIOUS CIRCLE OF DIABETES

Recurrent
GDM

o

Pregnancies with
GDM or Diabetes

—t—b Diabetes

Pregnancies
with Obesity

Macrosomic or

s | | GA Infants

Diabetes

A

Child/Woman J

with Obesity

Ferrara A. Diabete Care. 2020 Norbert Freinkel Award Lecture



GDM prevention

All female children/ adolescent
girls/ unmarried women aged
<30 years

) 4

1.Community Awareness

2.Assessment of GDM risk factors

3.Early identification of modifiable risk
factors & their management

4.Comprehensive lifestyle changes

5.Evaluation of medical disorders & their
prompt management

6.Early diagnosis of diabetes & its
management

7.Well controlled blood glucose for at
least 2-3 months before conception as
ascertained by HbA,C

All non-pregnant adult women
>30 years’®

¥

Consider Inositol
supplementationin
women at high risk
for metabolic
disorders

1.Promotion of healthy behaviors &
treatment adherence

2.Community awareness on NCDs
risk factors, healthy lifestyle

3.Screening, diagnosing &
management as per NPCDCS
programme, 2017 guidelines®’

{ If offspring is girl ]

Pre-
pregnancy/
Phase

Pregnancy
Phase

Post-partum
Phase

All Pregnant Women in
community®

1
1.Universal screening of all pregnant

women based on DIPSI criteria as
per national 2014 guidelines given
by MoHFW, Gol.**

2.All those tested GDM positive, is
managed on Medical Nutrition
Therapy (MNT) for 2 weeks.

3. After 2 weeks, 2 h Post Prandial
Plasma Glucose (PPPG) is done.

41f PPPG >120mg/dL, insulin
therapy is initiated.

Postpartum women with GDM
during pregnancy

1.Postpartum management of diabetes

2.Postpartum screening of diabetes
among women with GDM

3.Life-style advise

4 Exclusive breast feeding

5.Contraception

Fig. 1. 'Life-cycle Approach’ for prevention of GDM.

Mishra S Clinical Epidemiology and Global Health 7 (2019) 418-423



CONCLUSION — | Gestational diabetes
4| matemal glucose, |ipi: inflammatory response
The traditional paradigm for the GDM pregnancy focuses ! 1
on perinatal outcomes. Fetal insulin Epigenetic DNA modifications
Yet GDM may also serve as an indicator of future e et perotny
maternal glucose intolerance and a “teachable moment”
during which women may be alerted to their increased '
risk. Child and adult, obesity diabetes, and .
In turn, this increased risk perception could potentially - S n
encourage the adoption of preventive behaviors. 'R'R

Figure: Developmental programming and gestational diabetes
Metabolic consequences of maternal gestational diabetes might increase the

A Shift iS needed in the thinklng abOUt ObeSity and risk of obesity, diabetes, and cardiometabolic disorders in the child and adult,
gestational diabetes; moving from the perception of a short- 1??3:2?.1 t:;z ;;;:ZH;ZEEE'I?;WE'EDfﬂ'fstﬂtim' diabetes and higher
term conditions that confers increased risks of large babies

to a potentially modifiable long-term condition that

contributes to the growing burden of childhood obesity and

cardiometabolic disorders in women and the future

generation.
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