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Abstract

Aims: To examine the impact of pregnancy on microvascular and cardiovascular measures in 

women with youth-onset T2D.
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Methods: Microvascular and cardiovascular measures were compared in in a cohort of 116 

women who experienced a pregnancy of ≥ 20 weeks gestation and 291 women who did not among 

women in the Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY) study.

Results: Cox regression models adjusted for participant characteristics at baseline including age, 

race/ethnicity, household income, diabetes duration, HbA1c (>6%), and BMI, demonstrated those 

who experienced pregnancy had 2.76 (1.38–5.49; p=0.004) fold increased risk of hyperfiltration 

(eGFR ≥ 135 ml/min/1.73m2), compared to those without a pregnancy. No differences were 

observed in rates of retinopathy (48.9% vs. 41.1%) or neuropathy (23.3% vs. 16.3%) in women 

who experienced pregnancy vs. women who did not, respectively. In fully adjusted models, 

pregnancy did not impact changes in echocardiographic or arterial stiffness compared to changes 

in women who were never pregnant.

Conclusions: These results indicate that pregnancy increases the risk of hyperfiltration in 

women with youth-onset T2D, but not other micro or macrovascular complications. The rates 

of vascular complications are very high in youth-onset T2D potentially obscuring micro- and 

macrovascular changes attributable to pregnancy.
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1 INTRODUCTION

Diabetes during pregnancy is associated with increased morbidity to the mother, and 

pregestational diabetes is associated with worse outcomes compared to gestational diabetes 

(GDM) (1, 2, 3). With increased incidence of type 2 diabetes (T2D), the proportion of 

women with pregestational T2D is equal to pregestational type 1 diabetes (T1D) (4). 

Few studies have examined the impact of pre-gestational T2D, which differs from T1D 

in pathophysiology, on micro- and macrovascular complications during pregnancy.

The Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY) study was 

a multi-site intervention study designed to evaluate optimal diabetes therapy to maintain 

glycemic control which was extended as an observational study through early adulthood. 

Over 15 years of follow-up, 260 pregnancies were reported by 141 women with 65% 

of women reporting a complication during the pregnancy (5). Prior to pregnancy, 35% 

of the women had hypertension, 25% microalbuminuria and 7% macroalbuminuria (5) 

demonstrating a high rate of microvascular complications and cardiovascular risk even 

before pregnancy.

In prior reports of pregestational T2D diabetes, the average age at pregnancy onset ranged 

from 33–36 years, with a diabetes duration averaging approximately 5 years (6, 7). The 

TODAY study offers a unique opportunity to understand the impact of T2D on pregnancy in 

women who are younger with a longer duration of diabetes while also comparing diabetes-

related complications and co-morbidities in women with similar age and T2D duration 

who have experienced a pregnancy versus not with the hypothesis being that women who 

experienced a pregnancy would have worse vascular outcomes.
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2 SUBJECTS, MATERIALS, AND METHODS

The TODAY study has been previously described in detail (8). The study included 

699 participants 10–17 years of age diagnosed with T2D using the American Diabetes 

Association criteria, with duration of 2 years or less (9). Participants were randomly 

assigned to one of three treatment arms, metformin alone, metformin with rosiglitazone, or 

metformin plus a lifestyle intervention program, and followed longitudinally for 2–6 years 

with the primary outcome of the trial being loss of glycemia control. The primary outcome 

was defined as a persistently elevated HbA1c (≥8%) over a period of 6 months or inability 

to wean from insulin after metabolic decompensation. Upon completion of the clinical trial, 

the same participants were given the option to continue in a two-phase observational study. 

During the first phase, participants transitioned to non-blinded, non-randomized, standard 

diabetes care provided by TODAY. In the second phase, all participants were transitioned 

to community providers but continued to have annual study visits to collect serum samples 

and health information data. At the start of each phase participants were reconsented and 

participation in the final observational study phase was not contingent on participation in the 

initial observational phase.

Of the 699 participants, 452 (64.7%) of the cohort were female (8) with an average duration 

in the study of 10.3 ± 4.5 years [Median 12 years, 7.8 (Q1) −13.7 (Q3)]. Pregnancy 

information, including outcome and maternal complications, was obtained prospectively 

from the female participants consenting to release of records from which data was abstracted 

for reporting of outcomes. Race and ethnicity were collected by self-report. A total of 260 

pregnancy outcomes were reported by 141 of female participants (5), with 116 women 

having a pregnancy of at least 20 weeks gestation. No study assessments were made by the 

study during the pregnancy. All participants identified as pregnant during the study were 

referred to local providers for high-risk care.

Pregnancy was defined as gestations lasting at least 20 weeks. For outcomes during 

the pregnancy, all diagnoses were obtained from records review. Outcomes prior to and 

after pregnancy were obtained from TODAY study visits using the following methods 

and criteria. Microalbuminuria was defined as urine albumin/creatinine ratio greater than 

30mg/g on at least two of three assessments. Macroalbuminuria was defined as one urine 

albumin/creatinine ratio greater than 300mg/g. The Full Age Spectrum (FAS) combined 

serum creatinine and cystatin C equation was used to calculate estimated glomerular 

filtration rate (eGFR), and hyperfiltration was defined as an eGFR ≥ 135 ml/min/1.73m2 

at two consecutive visits (10). Neuropathy was defined as Michigan Neuropathy Screening 

Instrument (MNSI) exam score > 2 or an abnormal monofilament exam (< 8 of 10 responses 

to light touch) on two consecutive exams (11). Fundus photography was performed (2017–

2018) and graded by masked examiners at a centralized reading center (12) with eye 

disease defined as Early Treatment Diabetic Retinopathy Study (ETDRS) protocol grade 

> 20 in either eye and/or clinically significant macular edema (12). Arterial stiffness, 

measured twice during the trial (2013–2014 and 2018–2019), consisted of five arterial 

stiffness measurements: 1) carotid femoral pulse wave velocity (PWV), 2) carotid radial 

PWV, 3) femoral foot PWV, 4) augmentation index (AIx), and 5) brachial distensibility 

(BrachD) as previously described (13, 14). PWV and AIx measurements were obtained 
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using the SphygmoCor CPV system (AtCor Medical, Lisle, IL), and BrachD was measured 

using the DynaPulse 2000 (PulseMetric, San Diego, CA). Two-dimensional transthoracic 

echocardiograms were performed twice during the study as well (2010–2011 and 2015–

2016). Women who had a pregnancy prior to the first echo or arterial stiffness assessment 

were excluded (Appendix B). IRB approval was obtained for the study at all clinical centers.

2.1 Statistical Analysis

Baseline characteristics for women who experienced a pregnancy versus not were compared 

using Chi-square tests for categorical variables and t-tests for continuous variables. Women 

with unknown pregnancy status were excluded. Pregnancies were categorized as none, 

one, or ≥ two. Descriptive statistics were reported as percentages for categorical variables 

and means ± standard deviations for continuous variables. Comparison of microvascular 

complications in those never vs ever pregnant was conducted using similar approaches. 

Microvascular events (microalbuminuria, macroalbuminuria, diabetic retinopathy, peripheral 

neuropathy) were aggregated to identify the first occurrence of any event.

Separate Cox proportional hazards models were used to estimate the overall risk of 

microalbuminuria, macroalbuminuria, hyperfiltration, neuropathy, and any microvascular 

event based on pregnancy status at the time of the assessment including all available data 

from the female participants. The assumption of proportional hazards was satisfied for each 

outcome. For complications not assessed annually, linear and logistic regression analysis 

was performed using all women who had the assessments on both occasions (ranging from 5 

to 7 years apart) excluding any who had a pregnancy prior to the first assessment, as noted 

previously. For multivariable adjustment, covariates, selected a priori based on associations 

from other studies, were included in the models. These variables, which contained no 

missing values, were maternal age at baseline, race/ethnicity, household income, duration 

of diabetes at baseline, baseline HbA1c (>6%), and baseline BMI for events assessed 

annually; for those outcomes assessed only twice, the duration of diabetes at the first exam 

was used rather than at baseline, since time in study varied by participant. P-values <0.05 

were considered significant and no adjustment for multiple testing was performed as these 

analyses are considered exploratory. Given the high rate of retention and the similarity in the 

retained cohort and those lost to follow-up, no additional adjustments for missing data were 

performed. All analyses were conducted using SAS Version 9.4.

3 RESULTS

3.1 Baseline Characteristics

A total of 407 female participants with complete study records were included; 116 

experienced at least one pregnancy lasting 20 weeks. The mean time between pregnancy 

and the end of the study was 5.2 years (IQR: 3.1, 7.7 years). The mean age at first pregnancy 

was 20.5 ± 3.2 years. For those who experienced a pregnancy, the average duration in the 

study was 12.7 ± 1.69 years [median 13.0 years, 11.9 (Q1) - 13.9 (Q3)] and for those never 

pregnant 9.3 ± 4.84 years [median 11.1 years, 4.8 (Q1) - 13.1 (Q3)]. The women who 

were never pregnant had a shorter time in the study due to the loss of follow-up in these 

women. Women experiencing pregnancy had lower household income (p=0.002) and were 
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marginally older (p=0.05) at baseline (Table 1). They were also more likely be classified 

as non-Hispanic Black or American Indian compared to women without a pregnancy. Loss 

of glycemic control and BMI were similar between the two groups and between those who 

experienced one vs. multiple pregnancies. Prior to the first pregnancy, glycemic failure was 

evident in 53/116 (45.7%) of women who experienced a pregnancy. As reported previously, 

almost 74% of the women who experienced a pregnancy required insulin therapy during the 

pregnancy, and 32% of the women had a HbA1c >8% at some point during the pregnancy 

(5).

3.2 Microvascular Complications

Of the 397 women with complete data, 237 (59.7%) experienced a microvascular 

complication during TODAY. Overall, microvascular complications were common 

regardless of pregnancy status (Table 2). Women with a pregnancy had higher rates of 

microvascular complications compared those who did not (74.3% vs 53.9%, p<0.001); 

however, when evaluating the timing of diagnosis in relation to pregnancy and adjusting for 

maternal age, race/ethnicity, household income, duration of diabetes, high baseline HbA1c 

(>6%), and BMI, although the rates of microvascular complications were higher in women 

who had a pregnancy, it did not reach statistical significance (hazard ratio 1.47 [95% 

CI: 0.96–2.26] p=0.08). Number of pregnancies did not impact the risk for microvascular 

complications examining the linear trend for multiple pregnancies (1.58 [95% CI: 0.76–

3.30] p=0.22 for two or more pregnancies versus none).

3.2.1 Nephropathy—Rates of hyperfiltration, microalbuminuria, and macroalbuminuria 

were higher in women who experienced a pregnancy than women who did not in unadjusted 

comparisons. (Table 2) In Cox regression models adjusted for characteristics as above, the 

women who experienced a pregnancy had a 2.76 (95% CI: 1.38–5.49, p=0.004) increased 

risk of hyperfiltration after their pregnancy compared to nulliparous women. (Table 2) 

While 20% of the women who experienced a pregnancy developed preeclampsia, there 

was no difference in rates of hyperfiltration (53.9% vs. 63.8% in those that did versus 

did not p=0.54). After adjustment, the rates of micro- and macroalbuminuria were no 

longer significant. The median and interquartile range for the timing of the development 

of nephropathy after pregnancy are as follows: macroalbuminuria – 285 days (126–1255), 

microalbuminuria – 549 days (129–1607.5), and hyperfiltration – 375 days (302–935.5).

3.2.2 Retinopathy—In the fully adjusted models, there were no differences in 

retinopathy between those who experienced a pregnancy compared to those who had not 

(odds ratio 1.24 [95%CI: 0.61–2.50] p=0.55). Rates of retinopathy were higher for women 

who required insulin therapy during pregnancy compared to women who did not (56.1% 

and 26.7%, respectively, p=0.04), but this association was not significant after adjustment 

(odds ratio 2.04 [95% CI: 0.29–14.3] p=0.47). Since retinopathy was only assessed twice, 

the median and interquartile range for the time between the first pregnancy and subsequent 

retinopathy evaluation was 1354 (633–2064) days.

3.2.3 Neuropathy—In the fully adjusted regression models, there were no differences in 

neuropathy observed between those who experienced a pregnancy versus not (hazard ratio 
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1.34 [95%CI: 0.73–2.44] p=0.35). The median and interquartile range for the timing of the 

development of peripheral neuropathy after pregnancy was 1,203 days (605–1872).

3.3 Cardiovascular Measures

In both unadjusted and adjusted models, no differences were observed between women 

who experienced pregnancy versus never pregnant regarding changes between the 

echocardiographic measures (Table 3). As echocardiograms were only assessed twice, the 

median and interquartile range for the time between the first pregnancy and subsequent 

echocardiogram evaluation was 758 (379–1141) days.

Experiencing pregnancy resulted in significantly lower mean change between the two 

assessments of pulse wave velocity (PWV) carotid – radial measurement (p=0.024); 

however, this was not significant after adjustment (Table 4). No additional differences 

in vascular measures were noted. As PWV was only assessed twice, the median and 

interquartile range for the time between the first pregnancy and subsequent PWV evaluation 

was 915.5 (264–1304.5) days.

4 DISCUSSION

Women with youth-onset T2D experiencing pregnancy have increased risk of hyperfiltration 

after pregnancy, but no increased risk of other micro- or macrovascular complications 

as compared to nulliparous women of similar age and diabetes duration. As presented 

previously, in TODAY, 60% of all the participants experienced at least one microvascular 

complication in the 15 years of follow-up (15). Within the TODAY female sub-

cohort, 59.7% of the women experienced a microvascular complication. Microvascular 

complications are linked to glycemic control (16). Loss of diabetes control was experienced 

by 45.7% of the women in TODAY prior to their first pregnancy which may account for 

the high rates of microvascular complications in women within TODAY. With very high 

rates of microvascular complications even prior to pregnancy, screening for microvascular 

complications should occur pre-conception or very early in gestation. The aggressive 

management of glycemia and microvascular complications in youth-onset T2D may reduce 

the higher rates of hyperfiltration noted after pregnancy.

Glomerular filtration rate (GFR) increases in pregnancy by as much as 50% due to lower 

net oncotic pressure and increased renal size (17). Hyperfiltration is an early marker of 

nephropathy in diabetes resulting from increase in renal size and alterations in filtration 

pressure (18). In TODAY, the baseline prevalence of hyperfiltration was 12.3% with a 

14-year cumulative incidence of 49.2% with a trend toward a higher incidence in females 

(19). Thus, the additional stressor of pregnancy on the kidney may explain the higher risk 

for hyperfiltration seen in TODAY women following pregnancy; however, the hyperfiltration 

was not noted until 1 year after the pregnancy.

Similar to nephropathy, rates of retinopathy in TODAY were high and related to loss 

of glycemic control (15); however, pregnancy did not increase this risk. In a cohort of 

older women with T2D (average age 33 years, average diabetes duration 3 years) and 

baseline HbA1c of 6.4%, progression of retinopathy between 10 and 28 weeks gestation 
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was observed in 11% of the cohort and associated with duration of diabetes and insulin 

therapy prior to the pregnancy (20). In TODAY, more women developed retinopathy who 

were prescribed insulin during their pregnancy; however, this difference was no longer 

evident after controlling for multiple covariates suggesting that diabetes control and duration 

affected the development of retinopathy rather than the use of insulin per se during 

pregnancy. It is important to note that retinal exams were not conducted during pregnancy 

in TODAY, and timing between the retinopathy exam and the pregnancy varied among 

participants, so a transient progression of retinopathy could have been missed.

In TODAY, neuropathy rates were high, with a cumulative incidence of 32% (15). In 

the EURODIAB Prospective Complications Study, pregnancy was not associated with an 

increased incidence of neuropathy in women with T1D (21), but little is known about 

the relationship between pregnancy and neuropathy in T2D. With very high rates of 

microvascular complications in TODAY, the significant risk of microvascular disease from 

youth-onset T2D in general may supersede any additive risk of pregnancy.

As in microvascular disease, pregnancy did not affect arterial stiffness or echocardiographic 

findings. This contrasts with findings in GDM which has been associated with increases in 

arterial stiffness compared to pregnancies without diabetes (22, 23, 24). While in TODAY 

no increased stiffness was noted in women who experienced a pregnancy, the time between 

the pregnancies and the measurements varied. Thus, the TODAY study measures may have 

occurred too close to the pregnancy to detect changes, and studies that are specifically 

designed to assess the effect of pregestational diabetes on post-partum cardiovascular 

outcomes are needed. Additionally, no differences in echocardiographic findings were 

observed in women in TODAY who experienced a pregnancy. Again, the time frame 

between the echocardiogram and the pregnancy was variable, thus small changes during 

the pregnancy could be missed with limited ability to detect changes not seen until years 

after the pregnancy.

This study has several strengths. Microvascular complications were assessed routinely and 

in a systematic fashion. The study also included women of similar age and diabetes duration 

for a comparison group. Some limitations are acknowledged. Pregnancy outcomes are a 

secondary analysis for the study; thus no data was collected on the women during their 

pregnancy. As measurements of glycemia and micro- and macrovascular complications were 

not obtained during the pregnancy, the ability to see transient changes that may resolve at 

the end of pregnancy are limited. Some outcomes such as retinal exams, pulse wave velocity 

and echocardiography were only collected twice during the study making changes over 

time difficult to interpret. Hyperfiltration measures were not available on all participants 

related to sample availability. Finally, the number of women who experienced more than one 

pregnancy was relatively small and limits conclusions that can be drawn about the effect of 

multiple pregnancies on diabetes complications.

In conclusion, women with youth-onset T2D experiencing pregnancy seem to have an 

increased risk of hyperfiltration after pregnancy, but no increased risk of other micro- or 

macrovascular complications as a result of pregnancy as compared to nulliparous women of 

similar age and diabetes duration in the short term. The rates of microvascular complications 
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specifically were very high in both the women that did and did not experience a pregnancy 

potentially obscuring any changes attributable to pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS:

The TODAY Study Group thanks the following companies for donations in support of the study’s efforts: Becton, 
Dickinson and Company; Bristol-Myers Squibb; Eli Lilly and Company; GlaxoSmithKline; LifeScan, Inc.; Pfizer; 
Sanofi Aventis. We also gratefully acknowledge the participation and guidance of the American Indian partners 
associated with the clinical center located at the University of Oklahoma Health Sciences Center, including 
members of the Absentee Shawnee Tribe, Cherokee Nation, Chickasaw Nation, Choctaw Nation of Oklahoma, and 
Oklahoma City Area Indian Health Service; the opinions expressed in this paper are those of the authors and do not 
necessarily reflect the views of the respective Tribes and the Indian Health Service.

FUNDING

This work was completed with funding from NIDDK and the NIH Office of the Director (OD) through grants 
U01-DK61212, U01-DK61230, U01-DK61239, U01-DK61242, and U01-DK61254. The content is solely the 
responsibility of the authors and does not necessarily represent the official views of the National Institutes of 
Health.

CONFLICTS OF INTEREST:

SA receives research funding from NovoNordisk and Eli Lily consulting fees from Societe des Produits Nestle 
SA, honoraria for lectures from Sanofi, and participation on a data safety monitoring board or advisory board 
from NovoNordisk, Eli Lily, and AstraZeneca. MG receives or, over the past three years, has received research 
funding from Diurnal, Neurocrine Biosciences, Novo Nordisk, and Spruce Biosciences; royalties from UpToDate 
and McGraw Hill; consulting fees from Adrenas Therapeutics, Eton Pharmaceuticals, Gilead Sciences, Neurocrine 
Biosciences, NovoNordisk, and Spruce Biosciences; honoraria for lectures from Pfizer and Spruce Biosciences; 
payment for expert testimony; support for attending meetings from Pfizer and Spruce Biosciences; and participation 
on a data safety monitoring board or advisory board from Ascendis Pharma, Eton Pharmaceuticals, Neurocrine 
Biosciences, NovoNordisk, and Pfizer. MG has also had leadership roles in the Pediatric Endocrine Society, 
CARES Foundation, and the MAGIC Foundation. JS receives research funding from Eli Lily. MMK receives 
research funding from Rhythm Pharmaceuticals, Boehringer Ingelheim, and Janssen. All other authors have nothing 
to report.

REFERENCES

1. Deputy NP, Kim SY, Conrey EJ, Bullard KM. Prevalence and Changes in Preexisting Diabetes and 
Gestational Diabetes Among Women Who Had a Live Birth - United States, 2012–2016. MMWR 
Morb Mortal Wkly Rep. 2018;67(43):1201–7.

2. Sugiyama T, Saito M, Nishigori H, Nagase S, Yaegashi N, Sagawa N, et al. . Comparison 
of pregnancy outcomes between women with gestational diabetes and overt diabetes first 
diagnosed in pregnancy: a retrospective multi-institutional study in Japan. Diabetes Res Clin Pract. 
2014;103(1):20–5. [PubMed: 24405981] 

3. Sweeting AN, Ross GP, Hyett J, Molyneaux L, Constantino M, Harding AJ, et al. Gestational 
Diabetes Mellitus in Early Pregnancy: Evidence for Poor Pregnancy Outcomes Despite Treatment. 
Diabetes Care. 2016;39(1):75–81. [PubMed: 26645084] 

4. Murphy HR, Howgate C, O’Keefe J, Myers J, Morgan M, Coleman MA, et al. Characteristics and 
outcomes of pregnant women with type 1 or type 2 diabetes: a 5-year national population-based 
cohort study. Lancet Diabetes Endocrinol. 2021;9(3):153–64. [PubMed: 33516295] 

5. Group TS. Pregnancy Outcomes in Young Women With Youth-Onset Type 2 Diabetes Followed in 
the TODAY Study. Diabetes Care. 2021.

6. Clausen TD, Mathiesen E, Ekbom P, Hellmuth E, Mandrup-Poulsen T, Damm P. Poor pregnancy 
outcome in women with type 2 diabetes. Diabetes Care. 2005;28(2):323–8. [PubMed: 15677787] 

Tryggestad et al. Page 8

Diabetes Res Clin Pract. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Dunne FP, Avalos G, Durkan M, Mitchell Y, Gallacher T, Keenan M, et al. ATLANTIC DIP: 
pregnancy outcome for women with pregestational diabetes along the Irish Atlantic seaboard. 
Diabetes Care. 2009;32(7):1205–6. [PubMed: 19564472] 

8. Zeitler P, Hirst K, Pyle L, Linder B, Copeland K, Arslanian S, et al. A clinical trial to maintain 
glycemic control in youth with type 2 diabetes. N Engl J Med. 2012;366(24):2247–56. [PubMed: 
22540912] 

9. Zeitler P, Epstein L, Grey M, Hirst K, Kaufman F, Tamborlane W, et al. Treatment options for type 
2 diabetes in adolescents and youth: a study of the comparative efficacy of metformin alone or in 
combination with rosiglitazone or lifestyle intervention in adolescents with type 2 diabetes. Pediatr 
Diabetes. 2007;8(2):74–87. [PubMed: 17448130] 

10. Pottel H, Hoste L, Dubourg L, Ebert N, Schaeffner E, Eriksen BO, et al. An estimated glomerular 
filtration rate equation for the full age spectrum. Nephrol Dial Transplant. 2016;31(5):798–806. 
[PubMed: 26932693] 

11. Feldman EL, Stevens MJ, Thomas PK, Brown MB, Canal N, Greene DA. A practical two-step 
quantitative clinical and electrophysiological assessment for the diagnosis and staging of diabetic 
neuropathy. Diabetes Care. 1994;17(11):1281–9. [PubMed: 7821168] 

12. Fundus photographic risk factors for progression of diabetic retinopathy. ETDRS report number 
12. Early Treatment Diabetic Retinopathy Study Research Group. Ophthalmology. 1991;98(5 
Suppl):823–33. [PubMed: 2062515] 

13. Shah AS, El Ghormli L, Gidding SS, Bacha F, Nadeau KJ, Levitt Katz LE, et al. Prevalence 
of arterial stiffness in adolescents with type 2 diabetes in the TODAY cohort: Relationships to 
glycemic control and other risk factors. J Diabetes Complications. 2018;32(8):740–5. [PubMed: 
29936086] 

14. Shah AS, El Ghormli L, Vajravelu ME, Bacha F, Farrell RM, Gidding SS, et al. Heart Rate 
Variability and Cardiac Autonomic Dysfunction: Prevalence, Risk Factors, and Relationship 
to Arterial Stiffness in the Treatment Options for Type 2 Diabetes in Adolescents and Youth 
(TODAY) Study. Diabetes Care. 2019;42(11):2143–50. [PubMed: 31501226] 

15. Group TS, Bjornstad P, Drews KL, Caprio S, Gubitosi-Klug R, Nathan DM, et al. Long-Term 
Complications in Youth-Onset Type 2 Diabetes. N Engl J Med. 2021;385(5):416–26. [PubMed: 
34320286] 

16. Faselis C, Katsimardou A, Imprialos K, Deligkaris P, Kallistratos M, Dimitriadis K. Microvascular 
Complications of Type 2 Diabetes Mellitus. Curr Vasc Pharmacol. 2020;18(2):117–24. [PubMed: 
31057114] 

17. Lopes van Balen VA, van Gansewinkel TAG, de Haas S, Spaan JJ, Ghossein-Doha C, van Kuijk 
SMJ, et al. Maternal kidney function during pregnancy: systematic review and meta-analysis. 
Ultrasound Obstet Gynecol. 2019;54(3):297–307. [PubMed: 30288811] 

18. Tonneijck L, Muskiet MH, Smits MM, van Bommel EJ, Heerspink HJ, van Raalte DH, et al. 
Glomerular Hyperfiltration in Diabetes: Mechanisms, Clinical Significance, and Treatment. J Am 
Soc Nephrol. 2017;28(4):1023–39. [PubMed: 28143897] 

19. Group TS. Effects of Metabolic Factors, Race-Ethnicity, and Sex on the Development of 
Nephropathy in Adolescents and Young Adults With Type 2 Diabetes: Results From the TODAY 
Study. Diabetes Care. 2021.

20. Rasmussen KL, Laugesen CS, Ringholm L, Vestgaard M, Damm P, Mathiesen ER. Progression 
of diabetic retinopathy during pregnancy in women with type 2 diabetes. Diabetologia. 
2010;53(6):1076–83. [PubMed: 20225131] 

21. Verier-Mine O, Chaturvedi N, Webb D, Fuller JH. Is pregnancy a risk factor for 
microvascular complications? The EURODIAB Prospective Complications Study. Diabet Med. 
2005;22(11):1503–9. [PubMed: 16241914] 

22. Tam WH, Ma RC, Chan JC, Lao TT, Chan MH, Li CY. PP103. Arterial stiffness in women 
with previous GDM - A follow up of Chinese HAPO study cohort. Pregnancy Hypertens. 
2012;2(3):295.

23. Lekva T, Bollerslev J, Norwitz ER, Aukrust P, Henriksen T, Ueland T. Aortic Stiffness 
and Cardiovascular Risk in Women with Previous Gestational Diabetes Mellitus. PLoS One. 
2015;10(8):e0136892.

Tryggestad et al. Page 9

Diabetes Res Clin Pract. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24. Osman MW, Nath M, Khalil A, Webb DR, Robinson TG, Mousa HA. Haemodynamic differences 
amongst women who were screened for gestational diabetes in comparison to healthy controls. 
Pregnancy Hypertens. 2018;14:23–8. [PubMed: 30527114] 

Tryggestad et al. Page 10

Diabetes Res Clin Pract. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights:

• Microvascular complications in type 2 diabetes during pregnancy are 

inconsistent.

• Women with youth onset T2D have higher rates of hyperfiltration after 

pregnancy.

• Risk for micro- or macrovascular complications was not increased after 

pregnancy.

• Complications are high in youth with T2D, but pregnancy did not increase the 

risk.
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