
Introduction
Increased understanding of the epidemiologic context, 

pathophysiology, and treatment efficacy of gestational diabetes 
mellitus (GDM) has raised corollary questions regarding subsequent 
morbidities, in addition to diabetes, sustained by patients with this 
diagnosis. Both hypertension and vascular disease have been examined 
as conditions that may be predicted by GDM. Obesity and insulin 
resistance are central attributes of both GDM and the metabolic 
syndrome. These characteristics and dyslipidemia are associated 
with endothelial dysfunction, oxidative stress, and overexpression of 
inflammatory responses, all of which contribute to vascular disease 
[1]. These associations have significant public health ramifications 
because of the current epidemic of obesity, affecting individuals of 
all age-groups. The recent report of Crowther et al. confirming the 
efficacy of screening for and treatment of mild-to-moderate levels of 
glucose intolerance in mid-pregnancy in reducing both perinatal and 
maternal morbidity has set the stage for universal maternal screening 
and thereby identifies a cohort of young women  who may be at risk for 
subsequent hypertension and vascular disease. Recent trials of exercise 
and dietary interventions and pharmacological treatments suggest 
that such interventions may reduce late post-gestational morbidity 
among women with prior GDM. Consequently, questions about the 
association of GDM and subsequent hypertension and vascular disease 
are timely and important.

Nondiabetic and GDM Pregnancy

Pregnancy produces transient insulin resistance, manifest 
as elevated postprandial glycemia, fasting hyperlipidemia in the 
form of increased triglycerides, LDL particles, and free fatty acids 
and accelerated ketosis. Nondiabetic pregnancy is also associated 
with increased blood levels of plasminogen activator inhibitor-1, 
tumor necrosis factor-α, and C-reactive protein (CRP), all markers 
of increased inflammatory response [2]. Despite these metabolic 
characteristics, pregnancy also induces increased venous capacitance, 

reduced systemic arterial resistance, and vasodilation associated with a 
50% increase in circulating blood volume.

Gravidas with GDM generally demonstrate higher degrees of post 
pregnancy insulin resistance, β-cell dysfunction, higher BMI, central 
obesity, and exaggerated hyperlipidemia, which suggests that GDM is 
a transient manifestation of longstanding metabolic dysfunction. As 
such, GDM may be expected to have an association with gestational 
hypertension, a hypothesis ascribed to Vorzimer et al. in 1937.

Insulin Resistance, GDM and Gestational Hypertension

Bryson et al. found significantly elevated odds ratios (ORs) for 
GDM among women with gestational hypertension and preeclampsia 
among 60,000 maternal hospital discharges in Washington state. 
Nonproteinuric GH but no preeclampsia has been associated with 
insulin resistance documented by the hyperinsulinemic-euglycemic 
clamp technique. Caruso et al. examined 26 sequential subjects with 
third trimester hypertension with a euglycemic-hyperinsulinemic 
clamp. On day 1 of the study protocol [3], subjects performed an oral 
glucose tolerance test, during which plasma glucose, insulin, lipids, 
and lipoprotein were measured. On day 2, bioelectrical impedance 
was measured and the clamp was performed. Women with gestational 
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Abstract
Introduction: Oxidative stress is linked to the development of gestational diabetes mellitus (GDM). Maternal 

antioxidant vitamins in early pregnancy may play a role in GDM occurrence. We aimed to investigate the associations 
of vitamins A and E in early pregnancy with the risk of GDM and to explore whether these antioxidant vitamins can 
be biomarkers for the early prediction of GDM.

Methods: We carried out a prospective cohort study conducted in Beijing and enrolled pregnant women with 
vitamins A and E measurements at 9 weeks of gestation and having one-step GDM screened with a 75-g oral 
glucose tolerance test between 24 and 28 weeks of gestation.

Results: 7KH�YLWDPLQ�$�OHYHOV�LQ�HDUO\�SUHJQDQF\�ZHUH�VLJQL¿FDQWO\�KLJKHU�LQ�ZRPHQ�ZLWK�*'0�WKDQ�LQ�WKRVH�
without GDM and positively correlated with fasting blood glucose. In multivariate models, vitamin A levels were 
VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�*'0�SHU�6'��$�VLJQL¿FDQW�WUHQG�RI�ULVN�HႇHFW�RQ�*'0�ULVN�DFURVV�TXDUWLOHV�RI�YLWDPLQ�
$�ZDV�REVHUYHG��1R�VLJQL¿FDQW�DVVRFLDWLRQ�RI�VHUXP�YLWDPLQ�(�ZLWK�*'0�ZDV�REVHUYHG�RYHUDOO��+RZHYHU��D�QRWHG�
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hypertension demonstrated a 40% reduction in the steady-state insulin 
sensitivity index compared with the control subjects, but no insulin 
sensitivity index differences were found between control subjects and 
either of the two other hypertensive groups. In fact, preeclampsia 
subjects had lower insulin and glucose area under the curve than 
control subjects, with there being no differences among the other 
groups. When the four groups were pooled, insulin sensitivity index 
was negatively associated with triglyceride concentration and insulin 
area under the curve and persisted after adjustment for percent 
body fat. These data suggest that insulin resistance, independent of 
degree of obesity, contributes to transient hypertension identified 
in late pregnancy. These data, from gravidas already diagnosed with 
hypertension, suggest that preeclampsia may not result solely from 
insulin resistance [4].

However, these and other studies of gravidas with established 
hypertension did not address whether obesity per se or insulin 
resistance was primarily associated with new-onset hypertension in 
late pregnancy. Cohort studies, in which metabolic characteristics 
were measured before the onset of hypertension in pregnancy, have 
provided more insight into this association. Mid-pregnancy fasting 
hyperinsulinemia has been associated with subsequent development 
of preeclampsia alone in African-Americans and with GH alone in 
a Japanese cohort, both independent of maternal BMI. In contrast, 
another mixed racial cohort found no association between mid-
pregnancy hyperinsulinemia and subsequent gestational hypertension 
when controlling for BMI and race.

Several other cohort studies of surrogate markers for insulin 
resistance in early pregnancy suggest that it is insulin resistance that 
predisposes to new-onset hypertension in pregnancy. A prospective 
cohort case-control study (10) examined first trimester sex hormone–
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third trimester and at 15 months after delivery, compared with the 
remainder of the cohort, those with preeclampsia did not demonstrate 
greater insulin resistance, but did demonstrate significantly higher 
blood pressures [10]. Though no subjects in this short follow-up study 
became clinically hypertensive, this cohort study suggests that new-
onset proteinuric hypertension in pregnancy may reflect underlying 
vascular dysfunction that is independent of insulin resistance or 
hyperglycemia.

Conclusion
The complexity of the several pathogenic pathways that cause 

hypertension and vascular disease and the prolonged interval that 
appears to predate clinical morbidity have hindered inquiry into the 
association between GDM and vascular disorders. As a former fruste of 
later type 2 diabetes, GDM-affected gravidas are identified as at risk of 
diabetes-related atherosclerosis, glomerular disruption, and pathogenic 
retinal angiogenesis. That GDM is evidence for underlying chronic 
conditions such as dysregulation of innate immune response that, 
independent of the diabetic state, produces vascular disease is difficult 
to assert with the present published literature. Cross-sectional studies 
of patients with established gestational hypertension or preeclampsia 
are ambiguous as to the possible pathogenic effect of insulin resistance. 
Cohort studies initiated in early and mid-pregnancy show evidence 
that both gestational hypertension and preeclampsia may be more 
prevalent in gravidas with greater insulin resistance. The association of 
gestational glucose intolerance with gestational hypertension appears 
to be independent of obesity and ambient glycemia but explained in 
part by insulin resistance.

Late pregnancy preeclampsia is associated with elevated mid-
pregnancy BMI, blood pressure, fasting glucose and insulin, urate, and 
C-reactive protein, suggestive of metabolic and immune dysregulation. 
GDM appears to be associated with overexpressed innate immune 
response, which, in turn, is associated with vascular dysfunction 
and vascular disease. Among women with GDM, markers of insulin 
resistance do not appear to correlate with hypertension in short-term 
cohort studies. However, when non-GDM subjects are compared with 
subjects with GDM, post pregnancy studies do show an association of 
insulin resistance with both inflammatory dysregulation and vascular 
dysfunction.

Cohort studies that have used population-based pregnancy 
databases consistently identify a clinically significant association of 
both gestational hypertension and preeclampsia with later hypertensive 
disorders. Associations with coronary artery disease or stroke are less 
consistent, requiring further investigation.

Preventing the evolution of diabetes and lipid and immune 
dysregulation of the metabolic syndrome has become a salient public 
health issue because of the epidemic of childhood and early adulthood 
obesity and the opportunity at hand to treat insulin resistance by 
behavioral and pharmacological interventions. However, limited 
available literature highlights the need for long-term cohort studies of 
women with well-characterized metabolic and vascular profiles during 
pregnancy and decades later. Our present knowledge suggests that 
screening for GDM provides an opportunity of pregnancy outcome 
improvement. Limited studies of diabetes prevention in at-risk patient 
groups suggest that we may have the opportunity to reduce the risk 
of later diabetes. Additional investigation is required to determine if 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6780236/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6780236/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5297507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5297507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284016/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284016/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284016/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284016/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC406322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC406322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC406322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC406322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC406322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC406322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3917543/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3917543/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3917543/

	Title
	Corresponding Author
	Abstract

