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Why Preconception Still Matters <
AR
S 8\@
o &
124 [@Type 1diabetes &z}\‘;@@g
- '@, .
0 [ Type 2 diabetes & S
<

perinatal death (%)
o
|

Rate of congenital anomaly or

sﬁ-lagQ«?if-ﬁ-Q% 7:0-7.9% 8.0-8:9% 9.0-9.9%  >10%
Qoé\‘\\Qe*‘\ HbA, (%)

.\(b
O Murphy HR, Lancet Diabetes Endocrinol 2021; 9: 153—-64 Published Online January 28, 2021
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Maternal and Neonatal Adverse Outcome in Type 1 Diabetes Preg‘)
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NICU admission | i ° ,§ @
AN
I 60 6\%
LGA / Macrosomia ! © > ®
| & &
| & o
Preterm birth | 2
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Congenital anomalies| l &/@ @0
AN
Perinatal mortalityF | @ X\ °
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é\\Qé 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
QO Odds Ratio / Relative Risk (T1D vs. non-diabetic pregnancies)

(approximate risk vs background population) Q\(b
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Effect Sizes From Meta-analyses Of Preconception Care On OQ> omes
RS
XS 8\@\
Outcome Eﬁ‘e@ﬁ’l@ preconception care
N
@\‘b \,(0
Congenital malformations & o 2 RR=0.25 ~75%
© 6
20 &
Perinatal mortality N RR = 0.35 {, ¥65%
@ Q}b\
& @
Preterm birth & & RR=0.70 4, ~30%
Ui . !3‘
NS
First-trimester HbAl%Q- o J ~2.4% (absolute)
¥
- O
65 >
NICU admlsstgézh 5 RR=0.75 J ~25%
Q
@~ &
A,OQ R
%\ 6\ Wahabi HA PLOS ONE 15(8): e0237571.
Outcomes are relative to usual care witho ructured PCC Wahabi, H.A.,BMC Pregnancy Childbirth 10, 63 (2010)
Risk Ratio (95% Confidance interval). \(b' Wotherspoon ACDiabet Med. 2017 Sep;34(9):1303-1308.
Q Juza, A Diabetology 2025, 6, 75 .
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Rates of pregnancy complications in preexisting diabetes in a Ula;ﬁ’t\ed States cohort,

(2004-2011) and in a United Kingdom cohort (2014-2018)

Table 1. Rates of pregnancy complications in preexisting diabetes in a United States cohort, 2004-2

Q7.
W0
00 \
66\\’9

\’0

Adverse event No diabetes k‘[ Type 2 diabetes
N=773751 @ h\b\, 125 N=10136

Miscarriage, % 19.7% O~ o 17.9% 25.29%°

RR [95% Cl) D @n 91 [0.80-1.67] 1.28 [1.24-1.32)
Any congenital malformarnion, % 13.4% (& 18.5%"“ 19.0%

RR [95% Cl] 2 P 138115167 1.42 [1.33, 1.51)
Any congenital heart defect, % 3.2% 6\)‘ .\6 8.9%" 6.9%"

RR [95% Cl) © 2.80 [2.10, 3.73] 2.16 [1.92, 2.41
Intrauterine fetal demise, % 0.3% @, Q(b 0.4% 0.8%"°

RR [95% 1] %\ @ 1.47 [0.55, 3.92] 2.5 [1.94, 3.26]
Hypertensive disorders of pregnancy, % %ﬁo ‘\Q 47.4%" 55.4%

RR [95% CI] © 1.68 [1.56, 1.81] 1.97 [1.92, 2.01]
Macrosomia, % O?“d@@ 11.0%"° 669"

RR [95% CI] e\ N 2.38 [1.85, 3.07) 1.43 [1.27, 1.61]
Cesarean delivery, % o D 52.5% 48.5%

RR [95% CI] QQ~ O \  1.92([1.79,1.82] 1.37 [1.35, 1.38]

N\ 7 AQ

Table 2. Rates of pregnancy complications in

SO

diabetas in a United Kingdom cohort, 2014-2018

Adverse event 2 vpe 1 diabetes Type 2 diabetes P value
X P
fb NS N = 8690 N = 8685
Congenital malformaton Q D i 4.5% 4.0% A7
Stillbirth \Q \\0 1% 1.3% 072
LA Q 0 52.5% 26.2% <.00017
SGA A(b \C) Ao 5.4% Y 14.1% <.0001°

Abbreviations: LGA, large
“Indicates 'it-:lnsnc:ll -i:l[.r.ruhc

DElsevier Lid_ ).
X

Q

.'.Il age: SGA, small for
cen type 1 and type 2 diabetes. (Modihied from Murphy HR et al. Lancet Diabetes Endocrinol. 2021;9(3):153-164.

estarional age.

Wyckoff JA, European Journal of Endocrinology, 2025, Vol. 193, No. 1
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From Thight Control To Safe Control o
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QTR dello sviluppo fetale
A Iperglicemie o TBR<54 m\@? Ki.oﬂf. GMI | () TBR<S4mg/dL GM GMI
post-prandiali 3% & <Q° 6.4% . 0.2% 6.4%

18:00

-

24:00

©

©
©

Glicemie stabili
nel range

Ipoglicemie
rare

Miglior profilo
complessivo



S
CGM and Metrics —quantitative analysis ,50"}.\
NP
N
IR
Weeks Gestation: 8 Weeks Gestation: 9 Weeks Ge@@f:\ 0 Weeks Gestation: 11

L= ]

Glucose diflerence {r:mlﬂ.]

0020 08 00 1600 J4 00 GO 20 o800 1600 Q~ 246\ Qo0 Of 00 1400 &0 GO 00 o 02 1400 2400
Time of day (HH-MM) Time of day (HH_ }(& Time of day (HH MM) Time of day (HH MM)
W
N
&8

Normal birth weight is ﬁ!@lﬂ\ﬁ with achieving significantly lower mean CGM glu-

cose concentration aaﬁ tzﬁe 24-h day and higher CGM time in range from before
the end of the first @?ﬁer emphasizing the need for a shift in clinical manage-
ment, with i docus on using|weekly CGM glucose targets]fur optimizing ma-
ternal nlvmla%@ early pregnancy.

Q\(b
Scott E CGM metrics and birt weight Diabetes Care 2022, 45:1724-1734
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Come e cambiata l'evidenza? R
ARG
& 8\@\
Un percorso di 8 anni che ha ridefinito la gestione de{(«‘?@v‘m gravidanza
N
@ @
. @ é\
2017 2023 % 2025 2025
AiDAPT META-ANALISI
2025
C)e S
&* ol & 5
B S
Il controllo glicemico Gli algoritn}'b Aé Migliore controllo Efficacia e fattibilita Confermati i benefici
precoce e il tempo migliorar}g\‘i}\te@o notturno, maggiore degli AID nella pratica degli AID: piu tempo
nel range migliorano nel ran@e @Qcono stabilita glicemica clinica reale nel range, meno ipo,
gli outcome l'@%r mia e meno tempo su larga scala migliori outcome
materno-fetali .sf@é?p(iﬁo trimestre sotto range materno-neonatali
0"0\ Q@

&
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Jennifer A. Wyckoff! and Florence M. Brown? G\O ’5\\%
TUniversity of Michigan, Ann Arbor, MI: ZJoslin Diabetes Center, Boston, MA (b . 8\\'
R
N
N4
\(b s\{b

“However, the proposed TIR target of 63-140 mg(dLﬁ\Qéé&hot distinguish between optimal
overnight/fasting/preprandial glucose targets an;&%@?prandial glucose targets that are
necessary for data-driven basal and bolus ig} yﬁ adjustments, respectively, that are
required throughout pregnancy. For examgqggwathough meeting the TIR target, CGM

glucose levels of 140 mg/dL overnight andﬁ;\ﬁ%ur postprandial glucose levels of 63 mg/dL
are both unacceptable. Thus, TIR cann@)?%;%%sed as a stand-alone metric.”
Q

Q_O &
The recommendecgéﬂga% being used as a target instead of a metric

and this is critiqﬁ?d;u“e to evidence that glucose targets are stongly
O @, .
assg@iated with maternal and neonatal outcome

Wyckoff JA, Diabetes Spectr. 2021 May;34(2):119-132
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Traditional CGM Metrics Quantify Exposure. RN
Functional Glucose Analysis May Characterize Metabolic Behagﬁb@
\
& & o
Despite optimal maternal HbAlc, 39% of neonatesﬁ(@@@nstrated LGA.
\ 6\
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If clinically relevant glycer@;qR[j@ctorles diverge this early,optimization may need to begin before conception.
o

Q\foQ

Rafal Sibiak, Diabetes Research and Clinical Practice,Volume 207,2024,111088, ISSN 0168-8227
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Empowering Pregnancy with Diabetes Technology: QQ}O\
From Monitoring to Automated Care &Q®(§®’

N
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N
& @

et S N
First Trimeo@Q ) econd Trimester Third Trimester

2 >

ée) - “ @ / \
,@educ sulin » Increasing Insulin + Marked

\) equiprnents Resistance Increase in

> g Df . Highﬂr NEEI‘JS
¥poglycemia Insulin Doses

(o)
. &J @ \ Delivery and

Initial Counseling — Glycemic — Insulin Pump — Conception

Preconception Optimication Education Planning /- Postpartum
counseling, Use of CGM Training on Start trying . Use of CGM and
folic acid, for tight proper use of to conceive 0 insulin pump
goal HbA:1<6.5% glucose control insulin pump, once stabl X Decreased insulin
troubleshooting glycemi Set up Glucose CHO/ Postprandial
- 2 Yrack Requirements|  Target Insulin Glycemia needs
e —— e . OQ AID system, 63-140mg/dl | 2-3 trimester Anticipate Good QOL
(b %\ glucose target lowering bolus
6 AN and active adaptation | (10-15"in 1st
\(b QQ) insulin time trimester,
30-45"in 2-
Q(bﬁrb;@\(o \ -3d trimester _/
QKQ \\0
%)
. 4(0' \\0
PR
o7 R

Resi V, on behalf Diabetes and Pregnancy Study Group, The Use of Technology
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What Do These Studies Collectively Suggest? Q@?,&‘s\
S
(\(b %\6
N
RN\
B\ CURRENT GAP
o
Improved pregnancy—specific@‘?l%z,’b :
>

AiDAPTA reduced hyperglycemia lﬁ\/@ﬁ"K Conductgd during PrEBRAncy,

e not in preconception

management bg@‘e§6

CRISTAL® Better overnight con’gr@f@@ﬁ improved No dedicated data on
glucos@s%a@fﬁty preconception optimization
Reinforced effigé'&éﬁ(a feasibility of AID | No evidence on timing of AID

CIRCUITS : ) e :
in rez;[q@gf& regnancy care initiation before conception

Earli%@ﬁ@(ﬁty, less hypoglycemia, Lack of randomized trials

Collective evidence b,zg&tem%vernight control, higher specifically designed for the

.09(&0.@\ achievable psTIR preconception period

S
\Q(b ‘\\0

0‘;\\ QQK
S
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Goals of Preconception AID Optimization Qé‘o
AR
‘Q\ ‘\®§
&
- @ Sy
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- : N ©
Minimize hypoglycemia  \\ ‘\\’0
» Reduce TIR <63 and <54 m é}' @
* Reduce nocturnal hypog%&miab
* Increase safety and %bce @gﬁnd
N PN
T

Increase time in tight range

+ 70-120 mg/dL >70%

« Better profile for outcomes

* Greater early glycemic stability @——

6 4  Optimize overnight proﬁl(eb{b

+ 4 ° Control dawn phenom{%? AéQJ.

* Prevent nocturnal!tapgg%%ia
XN <
* Improve circa@l %a@ity

O

k .\be
Y

Reduce postprandial
excursions

* Optimize bolus and timing

* Improve carbohydrate management
» Reduce postprandial hyperglycemia

I

Test real-world sustainability

« Daily life (work, sport, travel)
* Adherence and ease of use

Q » Assess decision fatigue

¢ Confirm results over time

9 W




Beyond Standard TIR? Could TITR Matter Before Conception?

STANDARD TIR APPROACH (70-180 mg/dL) 4 i
N q : :
e In range, but unstable dliticn e\\(-b \ siological glucose profile
(mg/dL) tmgm@ 6\
250 - 2@\
200 (b
4 )
\’b
, o —————————
Same T %0
120 - TéR P 20 TIR
_ 70-180 | (70-180#a/d B oo n e e o e e S e e A Ficann
[ K @ é’o) e e e e e —————————
ol @fﬁﬁént 70 e
Lraefabolic
0 T T T T T 1 OV r@ D T T T T T 1
00:00 04:00 08:00 12:00 16:00 20:00 24:00 e\ R posure 00:00 04:00 08:00 12:00 16:00 20:00  24:00
—— Median I IGR (25-75%) 10th-90th percentile QQ O\\Q’ o — Median ! IQR (25-75%) 10th-90th percentile
Metric Patient A Q/ OQ @ Metric Patient B
TIR 70-180 mg/dL 78% 6(0 Q@’ TIR 70-180 mg/dL 78%
TITR 70-120 mg/dL 34@ \(0 TITR 70-120 mg/dL 69%
Coefficient of Variation (CV) % é Coefficient of Variation (CV) 26%
3 N
@ Higher variability and mo@lue@se peaks @ Lower variability and fewer glucose peaks
%

S

o<2®

A

-

The goal of preconce@"@% care may not only be reaching range, but reaching stability before organogenesis begins.
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Does The Placenta Remember? o8
o9 %
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¢ PLACENTAL I(’:‘vgfhﬂ FETAL PROGRAMMING
EARLY GLYCEMIC 4 AND FUN.C % ANGES AND LONG-TERM IMPACT
EXPOSURE f SP N
> DS METHYLATION b
mg/dL QHANGES
250 1 Altered methylation
of key genes
180

HISTONE MODIFICATIONS

Chromatin remodeling
and altered gene expression

4 8 2
Weeks ALTERED miRNA

EXPRESSION Altered growth trajectories

(LGA / SGA)

Post-transcriptional

Hyperglycemia regulation

Metabolic programming
(obesity, insulin resistance,
type 2 diabetes)

Glycemic variability INFLAMMATION & OXIDATIVE

STRESS PATHWAYS

Persistent pro-inflammatory Neurodevelopmental
&

Hyperinsulinemia

) state and redox imbalance outcomes
Inflammation /

oxidative stress

2 ORI

Cardiometabolic risk
in later life

ALTERED NUTRIENT TRANSPORT
AND HORMONAL SIGNALING

Modified placental efficiency
and endocrine function /




Longitudinal maternal glycemia during pregnancy and placental epl@%etlc age acceleration

Glucose (Log2, mg/dL)

Glucose (Log2, mg/dL)

7.01

6.01

5.0

Gestation window Beta (35%Cl) P \(b N\ window Beta (95% CI) P.value
A. Glucose Glucose ; ,&\" ;
Weeks 8-13 —— -0.17 (-0.49, 0.14) ’\\. Weeks 8-13 —e— 037(004,071) 0020
o Weeks 1622  +———e—i—t .0.18(-051,0 %ﬁ %\ Weeks 16-22 r———  006(040,028) 0715
Weeks 24-29 -—-—r- -0.17 {-0.40, \ Weeks 24-29 -—-—r 032 (067,003 0070
Weeks 34.37 A (-\ 24 Wosa 437 +—e— 024 (-060,0.13) 0.197
HbATc : (0, §$fb HbATc ;
—_ Weeks 8-13 ——— »@1 Weeks 8-13 - 0.21(-045,003) 0082
< Weeks 16-22 -—-:—(}na (-u@ 23) 0797 Weeks 16-22  ~—e—, 0.36 (-0.63,-0.08) 0.012
E Weeks 24.29 007820.016) 0549 Woeks 2429 —e—rt 031 (061,-001) 0.041
— Weeks 34.37 v@-_— @h (-0.33,0.14) 0415 Weeks 34-37  —=—s 029 (-062,004) 0083
(eT] Insulin ' @ Insulin H
£ Weeks 8-13 -—gé -0.12(-0.30,0.05) 0.169 Weeks 8-13 -_-—- 0.11(-0.12,033) 0358
&D 0\1—9—11 -0.23(-0.52,0.05) 0.104 Weeks 16-22 —s—  004(-023,032) 0762
\ & \ — 004 (-0.19,0.11) 0813 Weeks 24-20 . 0.13(-034,000) 0244
\ P o -—d-—‘ 0.03(-021,0.18) 0.773 Weeks 34-37 — 0.12(-0.32.008) 0269
i 9 ) @Q’ SE TS 3 773
S &
Weeks Weeks Weeks Weeks Q Qg/ \
8-13 16-22 24-29 34-37 C &u&rﬂe D. Asian/Pacific Islander
é:?‘ Mm Beta (95%Cl)  P-value Gestation window Beta (95% CI) P-value
DI, 137(45.51) DT, oo : S— =
= O —\\q Weeks 8-13 -—-:—« -0.03 (-0.20,0.13) 0.687 Weeks 8-13 -—-1—- 0.09(-0.37,0.18) 0489
Q~ £ Weeks 16-22 —e—  002(0.19,015) 0791 Weeks 16-22 e 017(-022,056) 0367
Q o Weeks 24-29 -—i—-—- 0.09 (-0.08,0.26) 0.288 Weeks 2420  —e—s E 049 (-0.81,-0.18) 0.003
\O O Weeks 34.37 e 012(:0.08,033) 0242 Weeks 34-37 —e—  -003(-030,024) 0803
(C HbAtc ' HbA1c H
[a¥ Weeks 8-13  ——a——  .008(0.30,0.14) 0.490 Weeks 8-13 ——e— 021(-0.20,061) 0311
Weeks 16-22 r——a——  .0.01(-0.23,021) 0916 Weeks 16-22 —re— 0.12(-028,052) 0535
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Insulin ’ Insulin !
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Habtewold et al. Clinical Epigenetics 2025 17:19 BMC
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Closed-loop therapy changes the entire gestational glycemic trajq&qoc’)ry, not simply
%)
average glucose values

Fitted Splines vs. Gestational Age for Closed—loop and Standard Care
(Baseline time in range set to overall average)

Pump

Multiple daily injections

90 1

Arm

= Closed-loop
== Slandard care

HEEE

[+=]
[=]

-
L=

Percent Time in Pregnancy Specific Range 63—-140 mg/dl

Estimated
Treatment
Effect (12.5%)

604
Estimated
Treatment
Effect (12.5%)

— ]

504

404

304

16 22 28 34

Gestational

The primary analysis model estimated a constant treatment effi
effect is equal to the vertical difference between the two cu

The left panel is for a patient using insulin pump and the right panelg patient

OQ)

\{b’ AN

» S\iz 28 34

o
ing multiple daily insulin injections at baseline.
y given week in the follow-up period (16-34 weeks). This

is shown on the figure as a solid black line. The modeled mean

for closed-loop is shown in gold and the mean for standardlms shown in blue.

R
Q ‘\\’0‘
SEN
2
> @
\ .
\’\®\\r T v ¥ ¥ T

X P Y P PP P d
Gestational Age (Weeks)

*week-to-week exposure matters

Treatment Eflect

evariability and stability may carry biological relevance
*longitudinal metrics may better capture fetal exposure

Donovan LE, the CIRCUIT randomized clinical trial. JAMA. 2025;334(24):2176-2185. doi:10.1001/jama.2025.19578.
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Why Preconception Matters Even More Than Pregnancy

BEFORE CONCEPTION EARLY PREGNANCY ORGANOGENESIS £ BEYOND BIRTH
Metabolic preparation window Weeks 0-8 Weeks 3-10 Q@ee%\ \—birth Lifelong impact
= @ 0 o - o >
@
RLY MATTERS
THE PLACENTA HAS A MEMORY %\ - ~
Early metabolic exposure induces persistent PLACENTA TEMORY i POTENTIAL LONG-TERM IMPACT
epigenetic, inflammatory and functional changes Q The placenta “remembers
\\ metabolic exposures
: through epigenetic
The metabolic foundation and functional changes 'Q .
is set before conception @ CLLNBHESA DTN
EARLY EXPOSURE (AEy WREsoRn
JV,_ ; il The earliest weeks are
Glycemic stabllity critical for placental
d.eveh:.:pment and Lower risk of metabolic
6 Hypoglycemia reduction signaling and cardiovascular
disease
* ORGANOGENESIS
c Overnight control Maternal glycemia influences
cell proliferation, differentiation —
z r neurodevelopmental
@ Time in range optimization e Grganiormation @‘g -,
— CUMULATIVE GLYCEMIC BURDEN
5_‘[& Rdaaedm im0y The total exposure over time
’ matters more than isolated < Stronger foundation
measurements for lifelong health
Better starting point = EPIGENETIC ION & ALTERED NUTRIENT  PERSISTENT
better placental environment MODIFICATIDN&%XI STRESS TRANSPORT PROGRAMMING AID AS STABILIZATION TOOL
from day one DNA methyla -inflammatory  Modified glucose,  Potential impact on Helps minimize ;:feaks. varl'a.bility o
'\ E histone ges Q milieu and redox amino acid and fetal growth and and hypcglycemla.i = crea}'mg
miR rations imbalance lipid transfer lifelong health a more favorable intrauterine
Q environment
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