Review Paper

Hypertension Complicating Diabetic
Pregnancies: Pathophysiology, Management,

and Controversies

Shannon D. Sullivan, MD, PhD;' Jason G. Umans, MD, PhD;?3
Robert Ratner, MD?3

Hypertensive disorders of pregnancy (HDP),
including pre-existing hypertension, gestational
hypertension, and preeclampsia, further
complicate already high-risk pregnancies in
women with diabetes mellitus (DM). Women
with both pre-existing and gestational diabetes
are at increased risk for HDP, leading to higher
maternal and fetal morbidity. Further, particularly
in diabetic women and women with a history of
gestational diabetes, HDP significantly increases
the risk for future cardiovascular events. For
clinicians, women with hypertension and diabetes
during pregnancy pose a management challenge.
Specifically, preconception management should
stress strict control of glycemia, blood pressure,
and prevention of diabetic complications,
specifically nephropathy, which specifically
increases the risk for preeclampsia. During
gestation, clinicians must be aware of potential
maternal and fetal complications associated with
various anti-hypertensive therapies, including
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known fetotoxicity of ACE inbibitors and ARBs
when given in the 2nd or 3rd trimester, and the
risks and benefits of expectant management versus
delivery in cases of severe gestational hyper-
tension or preeclampsia. Indeed, diabetic women
must be followed closely prior to conception and
throughout gestation to minimize the risk of
HDP and its associated complications. ] Clin
Hypertens (Greenwich). 2011;13:275-284.
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ypertensive disorders complicate 5% to 10%

of all pregnancies and are a leading cause of
maternal and fetal morbidity and mortality.
Hypertension during pregnancy frequently leads
to preterm delivery, intrauterine growth restriction
(IUGR), placental abruption, and small-for-
gestational-age (SGA) infants." In women with
diabetes mellitus (DM), hypertension adds further
risk to that posed by diabetes alone. Health care
providers are thus challenged with controlling
maternal glucose levels and blood pressure
(BP) in ways that optimize both maternal and
fetal outcome.

Hypertensive disorders of pregnancy (HDP) are
classified as either chronic (pre-existing) hyperten-
sion, gestational hypertension (GH), preeclampsia,
or the superimposition of preeclampsia on chronic
hypertension” (Table I). Chronic hypertension,
affecting approximately 3% of pregnancies, is
defined as BP >140/90 mm Hg with onset prior to
pregnancy or that is recognized by 20 weeks’ gesta-
tion. This is likely an underestimate, as many cases
go unrecognized when BP is not measured prior
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Table I. Defining HTN Disorders of Pregnancy

on chronic HTN PE: >20 wk gestation

PROTEINURIA
(>300 MG/D)?
HTN DisorDER ONSET Yes/No PREVALENCE
Chronic HTN Prior to pregnancy, No 3% of all pregnancies
recognized <20 wk gestation
Gestational HTN >20 wk gestation; usually No 6%-17%, nulliparous
presents in 3rd trimester 2%—4%, multiparous
women
Preeclampsia >20 wk gestation; usually Yes 5%-8% of all pregnancies;
presents in 3rd trimester (Onset of HTN and 20% among diabetic women
proteinuria are not
necessarily concurrent)
Preeclampsia Chronic HTN: <20 wk Yes 25% of women with chronic
superimposed gestation HTN develop superimposed

preeclampsia

Abbreviations: HTN, hypertension; PE, preeclampsia.

to pregnancy and physiologic pregnancy-induced
vasodilation may lower BP into the normal range
for nonpregnant individuals (<120/80 mm Hg) in
early gestation. Advanced maternal age, African
American race, and obesity are important risk
factors for essential hypertension complicating
pregnancy.” GH, on the other hand, is hyper-
tension with initial onset during gestation, defined
as hypertension occurring after 20 weeks’ gestation
(although GH typically presents late in the 3rd tri-
mester) with resolution by 6 to 12 weeks postpar-
tum.>* GH occurs in the absence of proteinuria,
whereas preeclampsia is diagnosed when protein-
uria  (>300 mg/24 hour urine) is also present.
Diagnostic uncertainty sometimes results when the
onset of proteinuria lags behind that of hyperten-
sion, sometimes by several weeks.” Preeclampsia
complicates approximately 5% to 8% of all preg-
nancies.” Not surprisingly, women with underlying
chronic hypertension or pre-gestational DM are at
increased risk for preeclampsia compared with nor-
motensive and nondiabetic women, with rates of
preeclampsia of approximately 25% and 20%,
respectively.® The rate of preeclampsia is lower
(<20%) and more variable in women with gesta-
tional DM (GDM), due to variations in degree of
insulin resistance as well as comorbid risk factors,
particulary maternal body mass index (BMI).”

In this review, we discuss hypertensive disorders
of pregnancy in women with DM, including those
who develop GDM. Poor glycemic control, pre-
existing hypertension, and diabetic renal disease all
increase a diabetic woman’s risk for HDP and asso-
ciated maternal and fetal complications.® Here, we
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specifically address epidemiology, pathophysiology,
management strategies, and future cardiovascular
disease (CVD) risk with respect to HDP among dia-
betic women. Management of postpartum hyper-
tension, including hypertension during lactation, is
beyond the scope of this review.

HYPERTENSION IN DIABETIC
PREGNANCIES: EPIDEMIOLOGY

Compared with nondiabetics, women with diabetes
are at considerably higher risk for HDP.5>'! At
least 20% of pregnant diabetic women will develop
GH and/or preeclampsia, with the most at-risk
patients being those with underlying microvascular
complications, pre-existing hypertension, or poor
glycemic control.®>'! Glycemic control, particularly
during the first half of pregnancy, is a strong pre-
dictor of preeclampsia in women with type 1 diabe-
tes mellitus (T1DM).”'*'? In addition to glycemic
control, microvascular complications, specifically
retinopathy and nephropathy, are independent pre-
dictors for preeclampsia in diabetic women, with
nephropathy being the most important.'®'"3 In a
Finnish cohort, preeclampsia was 5 times more fre-
quent and GH was twice as frequent in women
with T1IDM without nephropathy compared with
nondiabetic controls. On the other hand, diabetic
women with known nephropathy were approxi-
mately 6-fold more likely than those without
nephropathy and approximately 30-fold more likely
than nondiabetic women to develop HDP.'
Pre-existing microalbuminuria also significantly
increases the risk for preeclampsia; thus, monitor-
ing for microalbuminuria in this population is
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an important component of preconception care. Fur-
thermore, among women with diabetic nephropathy,
preexisting hypertension is a significant predictor of
adverse pregnancy outcomes, including increased
likelihood of super-imposed preeclampsia, preterm
delivery, and ITUGR." Of course, diagnostic difficulty
arises when underlying proteinuria due to diabetic
nephropathy confuses the distinction between GH
and preeclampsia. It does not appear that this diag-
nostic dilemma would be resolved even if assays of
circulating (anti-)angiogenic factors were to become
routinely available." In these cases, it is important to
be aware that the potential for preeclampsia is
greatly increased among women with underlying
diabetic renal disease; thus assuming preeclampsia
exists when the distinction cannot be made will
provide the most conservative approach to care.

Gestational diabetes also increases a woman’s
risk for HDP.'®!” After adjustment for maternal
age and BMI, GDM confers an approximately 1.5-
fold increased risk of GH or preeclampsia.'® Simi-
lar to the risk for essential hypertension, risk for
HDP is much more striking in African American
women compared with all other ethnic groups.
Indeed, African American women with GDM have
a 3- to 4-fold increased risk of HDP compared with
women who do not develop GDM, suggesting Afri-
can American race and GDM additively increase a
woman’s risk for HDP.'®

PATHOPHYSIOLOGY OF HYPERTENSIVE
DISORDERS OF PREGNANCY

The pathophysiologic mechanisms resulting in GH
and preeclampsia have not been fully elucidated
but are certainly multifactorial, with vascular,
immune, genetic, and placental factors hypothesized
to play important roles, among others. Evidence
suggests that GH and preeclampsia are caused by
distinct underlying pathophysiologic mechanisms;
thus, these two conditions should not be thought of
as abnormalities along a continuum of severity, but
as distinct disorders. Importantly for diabetic preg-
nant women, both endothelial dysfunction and
insulin resistance likely have important roles in
DM, HDP, and overall CVD risk.

Endothelial dysfunction is characteristic of pre-
eclampsia as well as many predisposing conditions
such as essential hypertension and is hypothesized
to contribute to its pathophysiology. Elevated
circulating levels of endothelial activators (such as
fibronectin, E-selectin, and others) have been dem-
onstrated in women with preeclampsia. Further,
during early gestation, women who go on to
develop preeclampsia have abnormal uterine artery
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flow dynamics, indicative of pre-existing endothelial
dysfunction. Pre-existing hypertension, metabolic
syndrome, and renal disease, which also involve
endothelial dysfunction and are more commonly
seen in diabetic patients, increase a woman’s risk
for both preeclampsia and future CVD. Together,
these findings suggest that dysfunctional vascular
endothelium is a common manifestation of pre-
eclampsia, CVD, and diabetes.'®

Insulin resistance may also contribute to the
development of HDP in diabetic women, as well as
in women without overt DM but with prediabetes
(impaired glucose tolerance and/or impaired fasting
glucose)."”” A degree of insulin resistance is charac-
teristic of normal pregnancy due to multiple physio-
logic hormonal changes, including production of
placental lactogen, placental growth hormone, and
high levels of estradiol, progesterone, and cortisol.*”
Women with higher fasting insulin levels prior to
pregnancy are at increased risk for developing
HDP,*! and, during pregnancy, there is a temporal
relationship between peak maternal insulin resis-
tance and the first manifestation of GH or pre-
eclampsia, both of which occur most commonly in
the 3rd trimester. Further, women with the meta-
bolic syndrome, polycystic ovary syndrome, and
obesity—conditions associated with reduced insulin
sensitivity—are at increased risk for HDP.?' Among
nondiabetic women, a positive correlation exists
between both fasting glucose and subclinical
abnormalities in response to glucose challenge and
preeclampsia.'”** In fact, nondiabetic women in
the highest quartile of post-challenge glucose have
a 2-fold increased risk for preeclampsia compared
with those in the lowest quartile.'” Interestingly,
nondiabetic women with hypertension during preg-
nancy also have a 3-fold elevated risk for develop-
ing T2DM in the future,”® and preeclamptic
nondiabetics have been shown to have residual
insulin resistance after delivery that may persist for
years.>**> Together, these observations suggest that
insulin resistance may play a causal role in the
development of HDP, particularly preeclampsia.
Indeed, measures to improve insulin sensitivity may
help prevent HDP as well as attenuate the associ-
ated increase in CVD risk."”

DIABETIC RENAL DISEASE AND
HYPERTENSION IN PREGNANCY
Management of diabetic renal disease prior to con-
ception and during pregnancy is both complex and
controversial. In nonpregnant individuals, the main-
stay of management of diabetic nephropathy is
inhibition of the renin-angiotensin system with
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angiotensin-converting enzyme (ACE) inhibitors or
angiotensin receptor blockers (ARBs).>*?” How-
ever, both ACE inhibitors and ARBs have well-
established fetotoxic effects when used during the
2nd and 3rd trimesters of pregnancy: renal failure
and anuria, with resultant oligohydramnios and
pulmonary hypoplasia; skeletal/calvarial abnormali-
ties; and fetal growth restriction.”® There is conflict-
ing evidence regarding the potential teratogenicity
of ACE inhibitors or ARBs when used during the
1st trimester, with one study showing an increased
risk of fetal cardiac valve and central nervous sys-
tem defects after 1st trimester ACE inhibitor expo-
sure’”” but other studies showing no increased
teratogenic risk specific to this drug class.**=* Fur-
ther complicating management, pregnancy itself
may accelerate progression of clinically significant
diabetic nephropathy, particularly when there is
already a significant decrease in renal function prior
to conception, which may result in progression to
end-stage renal disease earlier than predicted based
on the natural course of diabetic nephropathy in
nonpregnant patients.'**** In addition, pre-exist-
ing maternal nephropathy is associated with sig-
nificant maternal and fetal morbidity, including
preeclampsia, premature delivery, low birth weight,
and increased incidence of respiratory distress syn-
drome and perinatal infant death.* The prevalence
of fetal complications increases with increasing
severity of maternal renal disease.’® For these
reasons, it was previously common practice to dis-
courage pregnancy in women with known diabetic
nephropathy. On the other hand, after careful con-
sideration of the possible increased teratogenic risk
of limited 1st trimester exposure to ACE inhibi-
tors,”* % the maternal and fetal benefits conferred
by their renal-protective effects may far outweigh
the potential risks of short-term exposure in reli-
able patients who will discontinue them in early
gestation.

Several studies have shown that treating diabetic
women who desire pregnancy with an ACE inhibi-
tor prior to conception, then stopping the medica-
tion as soon as pregnancy is known, decreases
proteinuria and improves maternal outcome with-
out increased risk to the fetus. In a small uncon-
trolled study of women with insulin-dependent
diabetes (IDDM) and known nephropathy, 6 to
12 months of treatment with the ACE inhibitor
captopril prior to conception appeared to improve
maternal-fetal outcome.>”  Specifically, pre-con-
ception captopril decreased proteinuria prior to
pregnancy, and despite discontinuation of the medi-
cation early in the 1st trimester, progression of
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nephropathy was minimal in most cases and pro-
teinuria reverted back to prepregnancy levels within
3 months postpartum. Neonatal outcome was also
improved relative to what would be expected in
diabetic mothers with severe proteinuria, with only
1 of 8 births being delivered preterm, 1 SGA, and
none with congenital anomalies.>” A similar study
by the same group, in women with IDDM and
mild nephropathy (rather than severe nephropathy
as in the prior study), half of whom also had pre-
existing hypertension, suggested long-term renal
protection following treatment with captopril for
6 months prior to conception along with strict
glycemic control. Moreover, the complications that
occurred, including preeclampsia, IUGR, and pre-
term delivery, occurred at lower rates than expected
in pregnancies complicated by diabetic nephropathy.
In fact, pre-existing hypertension was the only signi-
ficant predictor of these complications. Likewise,
none of the offspring from these women exhibited
any congenital abnormality despite maternal ACE
inhibitor use early in the 1st trimester.*®

Women with diabetic nephropathy should be
counseled about the risks of pregnancy and made
aware that tight control of glycemia and BP are
paramount to minimizing pregnancy complications,
including progression of microvascular disease. Ide-
ally, close medical follow-up should allow these
women to continue ACE inhibitor or ARB use as
renal-sparing agents in anticipation of pregnancy,
with immediate discontinuation as soon as preg-
nancy is achieved, to optimize outcomes. Speci-
fically, minimizing progression of diabetic nephro-
pathy during pregnancy is critical to reduce the risk
of GH or preeclampsia and associated adverse
maternal/fetal outcomes.

MANAGEMENT OF HYPERTENSION IN
DIABETIC WOMEN DURING PREGNANCY
Chronic (pre-existing) hypertension is normally
well-tolerated in pregnancy and frequently requires
no treatment or discontinuation of preconception
antihypertensive medications due to physiologic
vasodilation and subsequent BP reduction that occur
in early pregnancy. Pharmacotherapy is generally
reserved for severe hypertension in pregnancy, with
recommendations for threshold and goal BP varying
among professional societies (Table II). On average,
consideration of medical management begins with
BP of 140 to 150 mm Hg systolic/90 to 100 mm
Hg diastolic (and slightly lower thresholds for high-
risk patients), with a goal of preventing maternal
cerebrovascular or cardiovascular events.* It is
important to note that maternal stroke, which is
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Table II. BP Goals and Treatment Thresholds During Pregnancy

PROFESSIONAL SOCIETY

TuresHOLD BP FOR MEDICAL TREATMENT

TARGET MATERNAL BP

JNC (nonpregnant)®*

NHBPEP®?

ASH*

ACOG®

. 66
Australia

Canadian Hypertension Society®’
European Society of Cardiology®®

BP >140/90 mm Hg

BP >160/105 mm Hg

Consider treatment if high-risk patient with BP
>140/90 mm Hg and 30-mm Hg or 15-mm Hg
increase in SBP or DBP, respectively

Chronic hypertension: DBP >100 mm Hg or at
lower levels in patients with DM, renal disease or
end-organ damage;
acute severe hypertension: DBP >105 mm Hg

DBP >105-110 mm Hg or

DBP >100 mm Hg if chronic hypertension or
clinical judgement if end-organ damage or renal
disease present

BP >160/90 mm Hg

BP >140/90 mm Hg

Consider treatment to prevent progression if BP
140-160 mm Hg/90-110 mm Hg

Close monitoring and clinical judgement in
high-risk patients (BP >160/110 mm Hg or
end-organ damage or DM or renal disease or
collagen vascular disease)

SBP <120 mm Hg
DBP <80 mm Hg
None

Gradual reduction to
DBP 90-100 mm Hg

None

SBP <160 and
DBP <110 mm Hg
DBP 80-90 mm Hg
None

Abbreviations: ACOG, American College of Obstetricians and Gynecologists; ASH, American Society of Hypertension; BP,
blood pressure; DM, diabetes mellicus; DBP, diastolic blood pressure; JNC, Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure; NHBPEP, National High Blood Pressure Education Program

Working Group on High Blood Pressure in Pregnancy; SBP, systolic blood pressure.

typically hemorrhagic and often fatal, is related to
elevated systolic (not diastolic) BP and begins to
occur at systolic BP >155 mm Hg.*”

The only definitive treatment for GH or pre-
eclampsia is delivery. Delaying delivery to maximize
fetal development when maternal hypertension
manifests remote from term is attempted to
improve fetal outcomes, as long as risk for maternal
morbidity is low. Expectant management to pro-
long pregnancy, with individualized decision-
making based on close monitoring of both maternal
and fetal well-being, may often improve outcomes
in carefully selected gravidas at 25 to 34 weeks.*’
Severe preeclampsia or GH prior to 25 weeks’
gestation is especially threatening and frustrating
due to poor fetal outcomes associated with extreme
prematurity and the likelihood of severe maternal
morbidity in many cases of expectant manage-
ment.*! In cases of hemolysis, elevated liver enzymes,
and low platelet count (HELLP) prior to 34 weeks
gestation, there is no benefit to expectant manage-
ment, with fetal outcome being poor at the expense
of high risk to maternal health.** On the other hand,
in women with either GH or preeclampsia that
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manifests >36 weeks’ gestation, delivery results in
improved maternal outcome compared with expec-
tant management, primarily due to decreased pro-
gression to severe hypertension or eclampsia, with
no difference in neonatal outcome.** Unfortunately,
these, and most other, studies either excluded or
failed to account for patients with diabetes
and/or underlying renal disease, which further com-
plicate hypertensive pregnancies and must also be
considered when deciding between expectant vs
active management in clinical practice.

Clinicians will usually try to limit drug use dur-
ing pregnancy, motivated by concerns related to ter-
atogenicity or fetotoxicity, while balancing these
risks against those of untreated or undertreated
maternal disease. Antihypertensive therapy is often
necessary, as severe maternal hypertension (BP
>155-160 mm Hg/110 mm Hg), if left untreated,
may lead to maternal stroke (particularly systolic BP
>155 mm Hg) and even maternal death.** That
being said, a clear benefit to treating mild to moder-
ate hypertension in pregnancy (BP >140/90 mm
Hg, <155/110 mm Hg) has not been clearly dem-
onstrated, and, theoretically, the beneficial decrease
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PE or GH?# > Yes

Delivery or Expectant Management?

PE or severe GH <25 weeks gestation

PE or severe GH > 36 weeks gestation

PE or severe GH @ 25-34 weeks gestation

BP <140/90 mm/Hg w/out nephropathy
BP <140/90 mm/Hg + nephropathy

BP>140/90 mm/Hg +/- nephropathy

Or
HELLP <34 weeks gestation
Oor

- no anti-HTN
- give anti-HTN

- Consider anti-HTN

Consider
Expectant

Management™

Figure. Algorithm for the management of hypertensive (HTN) disorders of pregnancy in diabetic women.
*With immediate delivery for any progression of maternal renal, neurologic, hepatic or hematologic abnormalities.
PE indicates preeclampsia; GH, gestational hypertension; anti-HTN, antibypertensive medication; HELLP, hemolysis,

elevated liver enzymes, low platelet count.

in incidence of more severe forms of maternal
hypertension may be offset by an increased inci-
dence of SGA infants due to decreased uteroplacen-
tal perfusion, with no consistent advantages to
overall perinatal outcome.** However, to date, no
prospective controlled studies of targeted BP control
in pregnancy and relation to perinatal outcome have
been performed, making any such recommendations
entirely speculative. Without sound evidence in
favor of treating mild to moderate hypertension, cli-
nicians will still agree on the need to control more
severe hypertension (BP >155/110 mm Hg), or
hypertension accompanied by nephropathy, or other
high-risk features* (Figure).

Clinical decision-making becomes more challeng-
ing when a woman with long-standing diabetes pre-
sents with elevated BP and albuminuria during
pregnancy, making it difficult to distinguish pre-
eclampsia from GH or undiagnosed pregestational
hypertension in the setting of diabetic nephropathy.
Indeed, both diabetes and renal disease significantly
increase a woman’s risk for developing preeclamp-
sia, with the severity of diabetic renal disease prior
to conception being positively associated with risk
for worsening albuminuria and preeclampsia.*’
When a distinction cannot be made, it is best to
manage patients conservatively, with the assump-
tion that preeclampsia—the condition associated
with more fetal and maternal morbidity—has
developed.

When antihypertensive therapy is warranted, one
should avoid medications that may be terato-
genic or fetotoxic (Table III [recommendations on
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antihypertensive pharmacotherapy during preg-
nancy]). ACE inhibitors and ARBs have well-
established fetotoxicity during the 2nd and 3rd
trimesters,”®>! and a controversial literature suggests
that they may be teratogenic when used during the
1st trimester.”*? Use of these medications is there-
fore avoided when possible, especially after very
early pregnancy. Diuretics, although considered
third-line treatment in pregnancy, especially in the
setting of comorbid renal disease or heart failure,
should generally be avoided due to potential electro-
lyte abnormalities and to avoid volume contraction,
which may limit amniotic fluid volume and fetal
growth. Diuretics are irrational choices in pre-
eclampsia, where hypertension is characterized by
systemic vasoconstriction and some degree of central
volume contraction.*® Of note, the potassium-spar-
ing diuretic spironolactone should be avoided
because of additional anti-androgenic effects. Indeed,
women with polycystic ovary syndrome, who have
an increased risk of GDM and HDP,*” are often
treated with spironolactone and should be educated
about the potential dangers of continuing this drug if
pregnancy is desired or possible.

Controversy has surrounded the use of B-block-
ers during pregnancy due to evidence suggesting an
increased risk for pre-term delivery, IUGR, and
SGA infants when these agents are used.*®*’ There
are conflicting data among various studies, with
some showing worse pregnancy outcome in the
setting of any antihypertensive therapy, with no
effect attributable specifically to p-blockers.*” Cur-
rently, B-blockers are considered safe in pregnancy
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Table III. Pharmacologic Treatment of Hypertensive Disorders of Pregnancy

1sT, 2ND, 3RD-LINE,

blockers

Diltiazem, PO
Nifedipine, PO
Nicardipine, IV

MEDICATION TREATMENT TERATOGENICITY/ CONSIDERATIONS IN
Crass OR CONTRAINDICATED FeroToxicrry FormuraTIONS DM PaTiENTS
o-Adrenergic Ist None Methyldopa, PO/TIV No maternal renal
agonists Clonidine, PO protection
-Blockers 1st or 2nd Fetal growth restriction, Labetolol, PO/IV Maternal hypoglycemia
fetal bradycardia Atenolol, PO unawareness (labetalol)
Vasodilators 2nd (IV)* Neonatal Hydralazine, PO/1V;
3rd (PO) thrombocytopenia Nitroprusside, IV
(hydralazine)
Cyanide toxicity if used
>4 hour (nitroprusside)
Calcium channel 2nd None Verapamil, PO Potential decreased

maternal albuminuria

and CVDP

contraction

ACE Contraindicated in Renal failure, anuria; “Any May slow progression
inhibitors/ARBs 2nd and 3rd pulmonary hypoplasia; of DM renal disease
trimesters; skeletal/calvarial when given prior to
Unknown in Ist abnormalities® pregnancy and
trimester Cardiac and CNS defects discontinued early in
due to Ist trimester 1st trimester
exposure )4
Diuretics 3rd Decreased uteroplacental Lasix, PO Avoid aldosterone
Avoid when possible flow due to volume HCTZ, PO antagonists

(spironolactone) due
to anti-androgenic
effect on fetus; avoid
completely in
preeclampsia

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CNS, central nervous system; CVD,
cardiovascular disease; DM, diabetes mellitus; HCTZ, hydrochlorothiazide; IV, intravenous; PO, oral; “IV formulations used for
hypertensive urgency. "Has been demonstrated in diabetic women but 7o¢ during pregnancy. “Proven teratogenic effects due to
exposure during the 2nd and 3rd trimesters only. “Possible effect of Ist trimester exposure, although data are conflicting.
“Captopril, PO, has been shown to slow progression of DM nephropathy during pregnancy without teratogenic effects when
used pre-conception and stopped as soon as pregnancy is diagnosed.

and are recommended as first- or second-line
agents. The dual o-/B-antagonist labetalol is gener-
ally preferred to B-selective formulations such as
the Py-selective antagonist atenolol because,
although no B-blocker has been shown to be terato-
genic, atenolol has been associated with fetal
growth restriction in some studies. With respect to
diabetic women, labetalol may reduce hypoglyce-
mia awareness; thus, this should also be taken into
consideration when choosing a specific B-blocking
agent for diabetic pregnant women.

In addition to B-blockers, acceptable and com-
monly prescribed medication options during preg-
nancy include methyldopa, calcium channel
blockers (CCBs), and hydralazine. Methyldopa, a
central o-adrenergic agonist, is considered first-line
treatment in the treatment of HDP due to its long
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history of use without evidence of adverse fetal
effects and with proven efficacy in reducing pro-
gression to severe maternal hypertension. The non-
dihydropyridine CCBs (diltiazem and verapamil),
when used as alternatives or adjuncts to ACE
inhibitors or ARBs among diabetics, may reduce
CVD risk and decrease albuminuria,’® although
these benefits have not been demonstrated in preg-
nancy. Hydralazine, a direct vasodilator, is consid-
ered a third-line oral agent and a second-line
intravenous formulation for the urgent treatment of
severe hypertension, although B-blockers or central
a-antagonists should be used concomitantly to
avoid reflex tachycardia and achieve a full antihy-
pertensive effect. Other formulations that may be
used in hypertensive urgency or emergency during
pregnancy include intravenous labetalol (first-line),
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oral nifedipine, and intravenous nicardipine. When
urgently treating severe hypertension in pregnancy,
avoiding even transient hypotension is paramount
to avoid fetal distress due to decreased uteroplacen-
tal perfusion.*

HOW DOES HYPERTENSION DURING
PREGNANCY IMPACT OVERALL CVD RISK
IN DIABETIC WOMEN?
Independent of the presence of diabetes, hyperten-
sion during pregnancy has been shown to signifi-
cantly increase a woman’s risk for subsequent
chronic hypertension®® and for subsequent cardio-
vascular events, including stroke, thromboembolic
disease, congestive heart failure, and ischemic heart
disease.”>>* In diabetic women, preeclampsia is
associated with remote progression of diabetic
nephropathy and increased lifetime risk of develop-
ing end-stage renal disease, as well as with prema-
ture death.>® As hypertension increases in severity,
the risk for maternal cardiovascular morbidity also
increases, suggesting that HDP may be viewed as
an independent risk factor for future CVD.?* Com-
pared with women who have had uncomplicated
pregnancies, women with a history of preeclampsia
have a 3-fold increased risk for developing chronic
hypertension®* and a higher average BP and
decreased insulin sensitivity when followed for up
to 2 decades postpartum.” Further, a diagnosis of
preeclampsia increases a woman’s risk for ischemic
heart disease within the next 20 years by approxi-
mately 2-fold, independent of whether chronic
hypertension  exists.”> Among premenopausal
women who have experienced an acute myocardial
infarction (AMI), the risk for AMI is approximately
3-fold higher in women with a history of pre-
eclampsia, independent of whether chronic hyper-
tension has been diagnosed.’® Not only is
cardiovascular mortality higher among women who
have a history of hypertension complicating preg-
nancy compared with those who remained normo-
tensive, but the severity of hypertension also
positively correlates with CVD risk, with women
with severe preeclampsia having an 8-fold increased
risk of death from ischemic heart disease in older
age.’”*® Although HDPs identify women at high
risk for future cardiovascular events, it is not clear
whether the HDP itself alters maternal vasculature
to increase future CVD risk, or whether shared
underlying pathophysiologic mechanisms or risk
factors contribute to both HDP and CVD.

Diabetes during pregnancy is also a significant
predictor of future CVD. A diagnosis of diabetes
significantly increases a woman’s risk for ischemic
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heart disease, with diabetic women having a 14-
fold increased risk of AMI in one series.’® Among
women with GDM, approximately 50% will
develop T2DM, a well-established independent car-
diovascular risk factor, within 10 years postpar-
tum.’  Further, GDM itself, independent of
whether T2DM develops, increases the risk for
future CVD by approximately 70%.°%¢" Compared
with a control population, women with a history
of GDM who have not developed T2DM have ele-
vated BP, increased peripheral vascular resistance,
and decreased cardiac output, as well as decreased
insulin sensitivity, higher fasting triglycerides, and
increased rates of metabolic syndrome, all of which
contribute to overall CVD risk. These effects are
independent of BMI and persist for at least 1 year
postpartum in the absence of frank T2DM.®!

Given the clear increased CVD risk associated
with HDP, particularly in diabetic women, it is
important that physicians inquire about a history of
hypertension and diabetes in pregnancy when
assessing a woman’s overall cardiovascular risk
profile in order to guide more aggressive CVD risk
assessment and intervention. Specifically, diabetic
women who have experienced an HDP should be
counseled regarding their increased CVD risk and
actively practice preventative lifestyle habits, such
as caloric limitation and regular exercise to prevent
or attenuate obesity, and maintain compliance with
medications prescribed to control blood glucose,
BP, and plasma lipids.

CONCLUSIONS

Hypertension increases the risk for both maternal
and fetal complications in already high-risk diabetic
pregnancies. Furthermore, women with diabetes
and those predisposed to develop gestational diabe-
tes are at significantly increased risk for HDP. Min-
imizing both maternal and fetal morbidity in
hypertensive diabetic pregnancies is often a chal-
lenge to medical professionals. Increased under-
standing of the pathophysiology of hypertension in
pregnancy, as well as advances in medical therapy
so that risks of fetal toxicity and teratogenicity are
minimized, will improve our ability to prevent and
treat hypertension in pregnancy. It is clear that in
diabetic women, complications of diabetes, particu-
larly diabetic nephropathy and poor glycemic con-
trol, are independent risk factors for HDPs.
Additionally, diabetic women with a history of
HDP experience a higher cardiovascular mortality
later in life. Thus, all diabetic women contemplat-
ing pregnancy need to be counseled regarding the
importance of prevention during the preconception
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period and require close medical attention during
gestation and postpartum.
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