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Cardiovascular diseases in HIV patients
Hyun-Ha Chang
Division of Infectious Diseases, Department of Internal Medicine, Kyungpook National University Hospital, Kyungpook National University
School of Medicine, Daegu, Korea

New and more effective antiretroviral therapy regimens have increased viral suppression and improved immune function recovery,
leading to the extension of the lifespan of people living with HIV (PLWH). The extended lifespan of PLWH has recently been reported
as a significant factor associated with diabetes mellitus, dyslipidemia, and long-term metabolic consequences, such as cardiovascular diseases. Therefore, this article briefly reviews the epidemiology and risk factors of cardiovascular diseases, including dyslipidemia and diabetes mellitus, in PLWH.
Keywords: HIV; Cardiovascular diseases; Antiretroviral therapy

INTRODUCTION
Although weight gain after initiation of antiretroviral therapy (ART) is thought to be appropriate and is considered
part of the normal return to health following the successful suppression of HIV, excessive weight gain may lead to
obesity and other negative metabolic consequences [1].
Metabolic syndrome is a cluster of risk factors for cardiovascular diseases (CVDs) and type 2 diabetes mellitus,
primarily including abdominal obesity, atherogenic dyslipidemia, hypertension, hyperglycemia, insulin resistance, a
proinflammatory state, and a prothrombotic state [2,3]. The
global prevalence of metabolic syndrome among people
living with HIV (PLWH) is from 16.7% to 31.3% according to
a meta-analysis, possibly reflecting the extended lifespan of
PLWH [4]. Obesity in PLWH results in increased inflammation, increased ectopic lipid disposition, and alterations in
lipid and glucose metabolism, contributing to the development of CVDs [5]. CVDs, as long-term metabolic complica-

tions, have emerged as a new serious challenge in clinical
settings. This review briefly describes the epidemiology and
risk factors of CVDs in PLWH.

DYSLIPIDEMIA
Before the introduction of highly active ART, Grunfeld et
al. [6] reported that patients with HIV infection showed decreased total cholesterol and high-density lipoprotein cholesterol (HDL-C) levels, but patients with AIDS, who have
a blood CD4+ T cell count of less than 200/mm3 or have developed any opportunistic infections due to HIV infection,
had elevated plasma triglyceride and free fatty acid levels.
HIV is associated with chronic inflammation and immune
activation, leading to decreased levels of total cholesterol
and HDL-C and increased levels of low-density lipoprotein
cholesterol (LDL-C) and triglycerides [7,8]. A comprehensive review of the lipid profile as a risk factor for CVDs in
PLWH in Asia reported that dyslipidemia was less prevalent
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in patients who first presented with HIV than in HIV-negative controls. In addition, total cholesterol levels were on average lower in HIV-positive patients, whereas findings were
inconsistent regarding triglyceride levels [9]. That review
also showed that ART had an unfavorable effect on plasma
lipid levels in Asian PLWH [9].
HIV infection and highly active ART are associated with
abnormalities of lipid metabolism [10]. ART regimens containing tenofovir disoproxil fumarate (TDF) are associated
with lower lipid levels than those containing didanosine,
zidovudine, stavudine, or abacavir [11,12]. TDF was recently
replaced with tenofovir alafenamide because of the renal
and bone toxicity of TDF, resulting in significant increases
in triglyceride, total cholesterol, LDL-C, and HDL-C levels
[13,14]. A prospective study investigating the incidence of
dyslipidemia in PLWH reported that older nonnucleoside
reverse transcriptase inhibitors, such as efavirenz and ritonavir-boosted protease inhibitors containing ARTs, were
associated with a greater risk of dyslipidemia than newer
agents from the same ART class. In addition, dyslipidemia
was less common with integrase strand transfer inhibitors
than with boosted protease inhibitors [15]. This report also
found that, compared with dolutegravir, dyslipidemia was
more common with elvitegravir/cobicistat and raltegravir
but less common with rilpivirine [15]. Raltegravir, dolutegravir, and bictegravir were associated with more favorable
lipid profiles than boosted protease inhibitors, efavirenz,
and elvitegravir/cobicistat, in studies conducted on naive
participants, and were associated with a clinically significant decrease in lipoproteins in studies of patients who
switched regimens [16].

DIABETES MELLITUS
The established risk factors for type 2 diabetes mellitus are
also common among PLWH, including older age, high body
mass index, central adiposity, family history of diabetes,
and Hispanic or African American ethnicity [17–21]. Low
CD4+ T cell counts and treatment regimens with older nucleoside/nucleotide reverse transcriptase inhibitors and
protease inhibitors are additional risk factors for diabetes
among PLWH [19,22]. The Veterans Aging Cohort Study
found that the risk of diabetes mellitus according to weight
gain among PLWH was greater than that in the general
population [23]. PLWH had a lower prevalence of diabetes
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mellitus at baseline (12% in PLWH vs. 23% in HIV-negative
individuals); however, the association between weight gain
and the risk of diabetes mellitus was linear for PLWH and
uninfected people, but the slope of the association was
steeper for PLWH. For every 5 pounds (about 2.27 kg) of
weight gained, PLWH were at a more sharply increased risk
(14%) of developing diabetes mellitus than HIV-negative
individuals (8%, P<0.01) [23]. Similar to HIV-negative people, PLWH with diabetes have a higher risk of CVD, chronic
kidney disease, and mortality than those without diabetes
[21]. A study using the Korean National Health Insurance
Service (NHIS) claims database including 14,134 PLWH and
282,039 HIV-negative members of the general population
from 2004 to 2016 reported that the incidence of diabetes
mellitus was higher in PLWH than in the general population (10.4% in PLWH vs. 6.6% in the general population,
P<0.001). Moreover, the incidence of diabetes mellitus was
found to be higher in PLWH than in HIV-negative individuals at younger ages [24].

CARDIOVASCULAR DISEASES
A recent systematic review reported that the risk of CVD
development in PLWH was twice that of the general population, and the global burden of HIV-associated CVDs
has tripled over the past two decades [25]. Triant et al. [26]
reported that the difference in acute myocardial infarction
rates between PLWH and non-HIV patients was significant,
with a relative risk (RR) of 1.75 (95% confidence interval [CI],
1.51–2.02; P<0.0001), and the RRs (for HIV vs. non-HIV)
were 2.98 (95% CI, 2.33–3.75; P<0.0001) for women and 1.40
(95% CI, 1.16–1.67; P=0.0003) for men, adjusting for age, sex,
race, hypertension, diabetes, and dyslipidemia. Therefore,
the authors suggested that acute myocardial infarction rates
and cardiovascular risk factors were higher in HIV patients
than in non-HIV patients, particularly among women, and
that cardiac risk modification strategies might be important
for the long-term care of PLWH [26].
Hsue et al. [27] reported that increased atherosclerosis
with HIV infection could occur in the absence of ART, detectable viremia, or overt immunodeficiency, and suggested
that chronic inflammation might account for early atherosclerosis in HIV patients. Furthermore, Nordell et al. [28]
reported also that higher interleukin-6 and D-dimer levels,
reflecting enhanced inflammation and coagulation associ-

Cardiovasc Prev Pharmacother 2022;4(3):95-98

Hyun-Ha Chang

ated with HIV, were associated with higher risks of fatal CVD
and death after a nonfatal CVD event. The Data Collection
on Adverse Events of Anti-HIV Drugs (DAD) found that the
incidence of myocardial infarction increased with longer
exposure to combination ART [29]. The DAD study showed
that higher exposure to protease inhibitors was associated
with a greater risk of myocardial infarction, which was partly explained by dyslipidemia [30]. This study also showed
that patients exposed to abacavir and didanosine within the
preceding 6 months had a higher risk of myocardial infarction, and the excess risk did not seem to be explained by
underlying established cardiovascular risk factors and was
not present beyond 6 months after drug cessation [31].
However, the contribution of obesity to the development
of CVD in PLWH is not well understood. The DAD study
reported that obesity contributed to CVD risk, showing that
the RR of CVD for obese PLWH (body mass index, ≥30 kg/
m2) compared with that for normal weight PLWH (body
mass index, 23–25 kg/m2) was 1.31 (95% CI, 1.03–1.67) [17].
However, a study using the Korean NHIS claims database,
including 14,134 PLWH and 282,039 HIV-negative members
of the general population from 2004 to 2016, reported that
the incidence of CVD among PLWH was lower than that
in the general population in all age groups (1.4% vs. 3.1%,
P<0.001), while the adjusted incidence ratios for CVD among
PLWH increased over time [24]. Therefore, further long-term
follow-up studies are necessary to clarify the relationship
between CVD and HIV infection among Korean PLWH.
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Blood pressure control in hypertensive disorders of
pregnancy
Helsi Rismiati, Hae-Young Lee
Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

Hypertension is a major cause of maternal morbidity and occurs as a complication in up to one in ten pregnancies. Hypertensive
disorders of pregnancy encompass gestational hypertension, preeclampsia, chronic hypertension, and chronic hypertension with
superimposed preeclampsia. However, the management of hypertensive disorders of pregnancy remains a matter of debate, particularly the blood pressure thresholds and targets for managing hypertension in pregnancy. Previously, there was no clear evidence of
the effectiveness of aggressive blood pressure control in pregnancy due to the risk of fetal growth restriction. Recent clinical trials
have shown that aggressive control of blood pressure in pregnant women is safe for both the mother and fetus. The purpose of this
paper is to present a clinically oriented guide to the drugs of choice in patients with hypertension during pregnancy, present contrasts among different guidelines and recent clinical trials, and discuss the blood pressure thresholds and targets for hypertension
during pregnancy based on recent studies.
Keywords: Pregnancy; Hypertension; Blood pressure

INTRODUCTION
Hypertension is the most common medical disorder and
occurs as a complication in up to one in ten pregnancies
[1,2]. The prevalence of hypertension in pregnancy is predicted to double in the future to reach one in five gestations
[3]. High blood pressure during gestation increases the risk
for cardiovascular disease later in life, independently of
conventional cardiovascular disease risks [4,5]. However,
the optimal threshold to start therapy and blood pressure
targets remain a matter of debate. This review presents contrasts between different guidelines and outlines the blood
pressure thresholds and targets for hypertension during
pregnancy. Our purpose is to offer a clinically oriented

guide to the drugs of choice in patients with hypertensive
disorders during pregnancy, present contrasts among different guidelines and recent clinical trials, and outline the
blood pressure thresholds and targets for hypertension
during gestation.

EPIDEMIOLOGICAL CHARACTERISTICS OF
HYPERTENSION IN PREGNANCY
Hypertensive disorders are among the main contributors to
pregnancy-related maternal and perinatal morbidity and
mortality, implicated in 10% to 13% of United States maternal deaths [6]. According to the Korea National Health and
Nutrition Examination Survey (KNHANES), hypertensive
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disorders during pregnancy have become more common
over the past 10 years. In the KNHANES VIII, one-tenth of
women had hypertension during gestation out of approximately 299,000 childbirths [7]. The prevalence of hypertensive disorders as a complication of pregnancy is 1.8% for
preeclampsia or eclampsia, 3.1% for pregnancy-induced
hypertension, and 5.4% for chronic hypertension [6,7].
Hypertensive disorders of pregnancy (HDPs) also cause
maternal morbidity. A secondary analysis of the Eunice
Kennedy Shriver National Institute of Child Health and
Human Development Maternal-Fetal Medicine Network
Units Network cohort of women and neonates in 25 United
States hospitals between 2008 and 2011, concluded that hypertensive complications (20.5%) were the second highest
cause of severe maternal morbidity after postpartum hemorrhage (47.6%) [8]. Severe morbidity occurred in 2.9 per
1,000 women who gave birth. The composite of postpartum hemorrhage and HDPs accounted for more than twothirds of the primary underlying causes of severe morbidity
[8]. According to data from the National Center for Health
Statistics, HDPs contribute to eight maternal deaths per
one million live births in the United States [9]. Two recently
published observational studies by Wu et al. [10] and Liu
et al. [11] showed higher risks for incident stroke, myocardial infarction, peripartum cardiomyopathy, arrhythmia,
and maternal death in mothers with chronic hypertension,
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Gestational hypertension

1.2

Chronic hypertension

Subtype of hypertension

Fig. 1. Odds ratios for maternal complications according to the subtype of hypertension in pregnancy.
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The terminology for hypertensive disorders in pregnant
women has evolved through the years [12]; the most recent
definition of hypertension in pregnancy is from the American College of Obstetricians and Gynecologists [12]. There
are four categories of HDPs: gestational hypertension,
preeclampsia, chronic hypertension, and chronic hypertension with superimposed preeclampsia [12]. In terms of the
onset of hypertension, HDPs are classified as gestational or
chronic hypertension. In terms of the presence of proteinuria and abnormal systemic findings, HDPs are classified as
preeclampsia and chronic hypertension with superimposed
preeclampsia. The classification of HDPs is presented in
more detail below.
Gestational hypertension is defined as systolic blood
pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg
that develops in pregnancy after 20 weeks of gestation and
resolves before 12 weeks postpartum in the absence of proteinuria or systemic findings [12]. Chronic hypertension is
systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg diagnosed before pregnancy or 20 weeks

7.1

Arrhythmia

8.0

Peripartum cardiomyopathy

8.0

Stroke

9.0

DEFINITION AND SUBTYPES OF HYPERTENSION IN
PREGNANCY

Myocardial infarction
Stroke
Peripartum cardiomyopathy
Arrhythmia
Mortality

Myocardial Infarction

9.0

preeclampsia, and preeclampsia superimposed on chronic
hypertension, as presented in Fig. 1.

Preeclampsia superimposed
on chronic hypertension

Preeclampsia superimposed
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of gestation. Hypertension first diagnosed after 20 weeks of
gestation that persists for greater than 12 weeks postpartum
is also considered chronic hypertension [12]. Preeclampsia
is hypertension after 20 weeks of gestation in a previously
normotensive patient with the finding of proteinuria. In
the absence of proteinuria, preeclampsia is diagnosed as
hypertension in association with thrombocytopenia (platelet count less than 100,000/μL), impaired liver function
(elevated blood levels of liver transaminases to twice the
normal threshold concentration), the new development of
renal insufficiency (elevated serum creatinine greater than
1.1 mg/dL or a doubling of serum creatinine in the absence
of other renal diseases), pulmonary edema, or new-onset
cerebral or visual disturbances [12]. Severe preeclampsia
involves a systolic blood pressure of at least 160 mmHg or
diastolic blood pressure of at least 110 mmHg on two occasions at least 4 hours apart with systemic findings [12].
Chronic hypertension with superimposed preeclampsia is
chronic hypertension in the setting of new-onset worsening
blood pressures, proteinuria (≥0.3 g of protein in 24 hours),
thrombocytopenia, or any other systemic features of the
preeclampsia syndrome [12].
According to blood pressure values, there are three levels
of hypertension in gestation: mild, moderate, and severe.
The definition of mild hypertension is diastolic blood pressure 90 to 99 mmHg or systolic blood pressure of 140 to 149
mmHg. Moderate hypertension is defined as a diastolic
blood pressure of 100 to 109 mmHg or systolic blood pressure of 150 to 159 mmHg. Severe hypertension occurs when
the diastolic blood pressure is 110 mmHg or higher or the
systolic blood pressure is 160 mmHg or higher [13].

MANAGEMENT OF HYPERTENSION IN PREGNANCY
The management of hypertension aims to reduce maternal
risk and ensure safety for the fetus. The guidelines from the
European Society of Cardiology and the European Society
of Hypertension and the International Society for the Study
of Hypertension in Pregnancy recommend the initiation of
antihypertensive medication for all subtypes of hypertension in pregnancy when the blood pressure exceeds 140/90
mmHg [14,15], which is in line with the recommendations
of the National Institute for Health and Care Excellence
guidelines [3]. Jung et al. [16] recently reported that maternal and fetal morbidity was more likely in women with
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stage I hypertension than in the normotensive group (systolic blood pressure: odds ratio [OR] 1.68, 95% confidence
interval [CI] 1.59–1.78; diastolic blood pressure: OR 1.56,
95% CI 1.42–1.72). A linear association was found between
prepregnancy blood pressure and the primary outcome.
Even worse, women with HDP in their first pregnancy had
a 63% higher likelihood of cardiovascular disease (95% CI,
1.37–1.94) than women with normotensive pregnancies [5].
Established cardiovascular disease risk factors arising after
pregnancy explained most of the increased risk of cardiovascular disease. Therefore, most hypertension guidelines
recommend vigorous blood pressure control even in pregnancy.
According to the American College of Obstetricians and
Gynecologists and the Korean Society of Hypertension, the
threshold for initiating pharmacological treatment is when
the blood pressure exceeds 160/90 mmHg [12,17]. While
there is little dissent about the need for pharmacological
treatment in patients with a blood pressure of 160/110
mmHg or higher, there is no clear evidence for the effectiveness of aggressive blood pressure treatment. The Korean
guideline recommends controlling the blood pressure to
less than 150/100 mmHg and avoiding a reduction of the
diastolic blood pressure to less than 80 mmHg [17]. Patients
with severe hypertension should receive treatment to avoid
maternal morbidity (eclampsia or stroke) [10–12,15,17]. The
European guidelines recommend a blood pressure target
of <140/90 mmHg, which is also suggested for pregnant
women receiving antihypertensive therapy [14]. The blood
pressure thresholds and targets from several guidelines are
depicted in Fig. 2 [3,7,12,14,15,17].
The Control of Hypertension in Pregnancy Study (CHIPS)
compared a tight diastolic blood pressure target of less than
85 mmHg as opposed to a less tight target of less than 100
mmHg in pregnant women with nonsevere, nonproteinuric
preexisting or gestational high blood pressure, with regard
to maternal and perinatal events. The primary outcome was
composite pregnancy loss or neonatal intensive care unit
admission for longer than 48 hours. The secondary outcomes were serious maternal complications until hospital
discharge or puerperium mortality. The study reported a
significantly higher incidence of severe hypertension in the
less tight control group (40.6% vs. 27.5%, P<0.001), and the
primary outcome of pregnancy loss or high-level neonatal
care rates was similar between the two groups (OR, 1.02;
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Blood pressure
treatment threshold (mmHg)

Blood pressure
treatment target (mmHg)

Gestational
hypertension

≥140/90 (NICE, ESC/ESH,
ISSHP)
≥ 160/110 (ACOG, KSH)

120–159 (ACOG)
or ≤135/85 (NICE)
or <140/90 (ESC/ESH)
or ≤ 150/100, DBP not <80 (KSH)

Preeclampsia

≥140/90 (NICE, ESC/ESH,
ISSHP)
≥ 160/110 (ACOG, KSH)

≤135/85 (NICE)
or 110–140/85 (ISSHP)
or <140/90 (ESC/ESH)
or ≤ 150/100, DBP not <80 (KSH)

Chronic hypertension

≥140/90 (ESC/ESH, ISSHP)
≥ 160/110 (ACOG, KSH)

110-140/85 (ISSHP)
or ≤135/85 (NICE)
or 120-159/80–109 (ACOG)
or ≤ 150/100, DBP not <80 (KSH)

Preeclampsia
superimposed on
chronic hypertension

≥140/90 (NICE, ESC/ESH,
ISSHP)
≥ 160/110 (ACOG, KSH)

≤135/85 (NICE)
or 110–140/85 (ISSHP)
or <140/90 (ESC/ESH)
or ≤ 150/100, DBP not <80 (KSH)

Type of disorder

Hypertensive
disorders of
pregnancy

Fig. 2. Hypertensive disorders of pregnancy: blood pressure thresholds and targets. NICE, National Institute for Health and Care Excellence; ESC/ESH, European Society of Cardiology/European Society of Hypertension; ISSHP, International Society for the Study of
Hypertension in Pregnancy; ACOG, American College of Obstetricians and Gynecologists; KSH, Korean Society of Hypertension; DBP,
diastolic blood pressure.

95% CI, 0.77–1.35). The CHIPS study concluded that although tighter versus much less tight control showed comparable results in the risk of adverse events and composite
severe maternal complications, stricter blood pressure control may diminish the risk of developing more severe hypertension and preeclampsia [18].
A recent randomized, open-label, and multicenter clinical trial in the United States—namely, the Chronic Hypertension and Pregnancy trial—compared the outcomes of
two interventions at different blood pressure target thresholds: either receiving antihypertensive medications recommended for use in pregnancy (active-treatment group)
or receiving no such treatment unless severe hypertension
(systolic pressure ≥160 mmHg or diastolic pressure ≥105
mm Hg) developed (control group) [19]. This trial included
2,408 pregnant women with mild hypertension. This study’s
primary endpoint was a composite of severe preeclampsia,
placental abruption, preterm birth <35 weeks of gestation
due to a medical indication, or perinatal death [19]. The
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active-treatment group had a lower incidence of the primary endpoint than the control group (30.2% vs. 37.0%;
adjusted risk ratio, 0.82; 95% CI, 0.74–0.92; P<0.001) [19]. In
terms of infant safety, babies whose sizes fell below the 10th
percentile or below the 5th percentile for gestational age
did not differ significantly between the groups [19]. Further
assurance of the safety of active treatment was provided by
virtually identical placental weights in the two treatment
groups [19]. The results of the Chronic Hypertension and
Pregnancy trial were supported by the findings of the CHIPS
trial that there was no evidence of decreased fetal growth
in patients with maternal hypertension who received more
aggressive treatments [18,19].
The preference for antihypertensive therapy in most
guidelines is methyldopa, labetalol, or long-acting nifedipine. In Korea, methyldopa is not readily available, long-acting nifedipine is easily available in clinics, and labetalol is
available through the Korea Orphan and Essential Drug
Center. Therefore, pregnancy-associated hypertension is

Cardiovasc Prev Pharmacother 2022;4(3):99-105

Labetalol (200–1,200 mg/ Safe and FDA class C, class I level
day PO in 2–3 divided
Drug choice for severe hypertension
doses)
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Spironolactone

Not recommended in pregnancy due to
antiandrogenic effects

FDA, Food and Drug Administration; ACOG; American College of Obstetricians and Gynecologists; PO, per oral.

Aldosterone receptor antagonists

ACOG report [12]

Study

Feminization of male infants

Williams et al. [14]
Bortolotto et al. [21]
Brown et al. [20]
Bortolotto et al. [21]

Brown et al. [20]

Williams et al. [14]

Brown et al. [20]

Brown et al. [20]

Brown et al. [20]

Brown et al. [20]

Brown et al. [20]
Easterling et al. [22]

Williams et al. [14]

Williams et al. [14]
Brown et al. [20]
Easterling et al. [22]
May be associated with fetal growth restriction ACOG report [12]
Neonatal hypoglycemia with larger doses
Williams et al. [14]
Easterling et al. [22]

Particular concern for hemolytic anemia and
hepatic disturbance
May aggravate depressive disorder

Side effect

Safe and FDA class C, class I level C, avoid
Tocolytic effect may inhibit birth delivery
sublingual capsule use (risk of fetal distress)
Drug of choice for severe hypertension
Concern that using a short-acting agent in
combination with magnesium may induce
profound hypotension
Central alpha-2 adrenergic Clonidine (0.1–0.6 mg/day Limited data in pregnancy, FDA class C
Similar to methyldopa
agonists
in 2 divided doses)
Alternative option
Diuretics
Hydrochlorothiazide
FDA class B, and few studies in patients with Should not be used for preeclampsia pre(12.5–25 mg/day)
hypertension
vention because it may aggravate volume
depletion and electrolyte abnormalities
Direct vasodilators
Hydralazine (50–300 mg/ FDA class D
Drug-induced symptoms: nausea, headache,
day in 2–4 divided doses)
light-headedness, flushing, and palpitation
May be orally used as a third choice or used Drug-induced lupus, neonatal lupus, maternal
intravenously for hypertensive crisis
polyneuropathy, tachyphylaxis, and thrombocytopenia
Alpha-1 adrenergic-block- Prazosin (0.5–5 mg three No fetal adverse effects reported
Associated with palpitations and postural
ers
times a day)
hypotension
Considered a second-line agent
Proscribed or not
recommended
Renin-angiotensin system Angiotensin 2 converting FDA class C in first trimester
Associated with adverse fetal effects
inhibitors
enzyme inhibitors
FDA class D second and third semester
Teratogenic effect on fetus, class III level C
Angiotensin 2 receptor
Teratogenic effect on fetus, class III level C
antagonists

Second-line drugs of choice
Calcium channel blockers Nifedipine (slow-release
tablet, 10–30 mg PO)

Beta-blockers

Drug class
Drug (daily dose)
Safety and efficacy
First-line drugs of choice
Central alpha-2 adrenergic Methyldopa (0.5–3 g/day Fetal and neonatal safety with FDA class B,
agonists
in 2 divided doses)
class I level B
Drug choice for severe hypertension

Table 1. Common pharmacological therapies for hypertensive disorders of pregnancy
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usually controlled by long-acting nifedipine and labetalol.
The benefits of drug treatment for the mother and fetus in
pregnancies complicated by hypertension have not been
extensively studied; the best data were obtained from a single trial using methyldopa, performed 40 years ago. Pharmacological treatment includes oral methyldopa, labetalol,
and nifedipine, and alternative agents include hydralazine
and prazosin [14,15]. Intravenous hydralazine is not the
drug of choice, as it is associated with more significant
perinatal adverse effects than other antihypertensive drugs.
Nonetheless, hydralazine is still used when other treatment
regimens fail to achieve adequate blood pressure control
[14,20]. The use of renin-angiotensin system inhibitors may
cause congenital malformations in pregnancy, so these
medications should be substituted before pregnancy or
during pregnancy planning [14,15,21]. Diuretics should be
prescribed cautiously because they may aggravate electrolyte abnormalities and volume depletion [20]. The pharmacological treatment options based on the latest guidelines
and evidence are listed in Table 1 [12,14,20–22].
There is no agreed-upon definition of severe hypertension, with values ranging between 160 and 180 mmHg for
systolic blood pressure and >110 mmHg for diastolic blood
pressure. The 2018 European Society of Cardiology Task
Force on cardiovascular disease during pregnancy considers a systolic blood pressure ≥170 mmHg or diastolic blood
pressure ≥110 mmHg an emergency in a pregnant woman,
who should be immediately admitted to the hospital for
treatment [14]. The administration of intravenous labetalol
has been recommended for emergency situations, although
nitroglycerin or nitroprusside might be used as alternative
medications [17].

Hypertension control in pregnancy

on the active management of maternal hypertension is
needed that involves various races so that it can be generalized to a wide range of populations.
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Severe hypoglycemia as a risk factor for cardiovascular
outcomes in patients with type 2 diabetes:
is it preventable?
Seung-Hyun Ko
Division of Endocrinology and Metabolism, Department of Internal Medicine, St. Vincent’s Hospital, College of Medicine, The Catholic
University of Korea, Seoul, Korea

Hypoglycemia in people with type 2 diabetes mellitus (T2DM) is troublesome and an important barrier to diabetes management. Although more intensive glycemic control is emphasized to prevent diabetes-related long-term complications, it raises the risk of hypoglycemia in people with T2DM. Severe hypoglycemia (SH), defined as critical events characterized by altered mental and/or physical
status requiring assistance for recovery, is considered an advanced and life-threatening form of hypoglycemia. The detection of SH
is an important issue because it is associated with further adverse clinical outcomes such as cardiovascular events, mortality, cognitive impairment, and decreased quality of life. By identifying the potential risk factors for SH and introducing measures to minimize
SH, SH itself and subsequent harmful clinical outcomes could be prevented in people with T2DM. The traditional risk factors for SH
in T2DM, such as older age, long-standing diabetes with decreased insulin secretion, advanced vascular complications, serious comorbidities, and insulin use, are usually unmodifiable. However, unhealthy lifestyle factors, defined as current smoking, heavy alcohol consumption, and lack of regular exercise, can be improved through active patient education. In recent research, greater adherence to healthy lifestyle factors and any improvement in unhealthy lifestyle habits were found to be associated with a substantially
lower risk of SH in individuals with T2DM. As well as being an essential component of diabetes self-care and optimal glycemic control, lifestyle modification probably contributes to the prevention of SH in individuals with T2DM.
Keywords: Type 2 diabetes mellitus; Severe hypoglycemia; Cardiovascular diseases; Lifestyle factors

INTRODUCTION
Hypoglycemia, defined as a measured glucose level <70
mg/dL regardless of the severity of accompanying hypoglycemic symptoms, is considered clinically important for
patients with diabetes [1,2]. An increase in hypoglycemia
frequency or severity is a major barrier to optimal glycemic
control and has a negative impact on health-related quality

of life and the overall burden on healthcare resource use in
both type 1 diabetes mellitus and type 2 diabetes mellitus
(T2DM) [3,4]. Severe hypoglycemia (SH), classically defined
as a hypoglycemic event requiring the assistance of another
person, is of special concern for diabetes management [5,6].
Both recent and lifetime SH have been found to be associated with impaired cognition or dementia, impaired cognition or dementia, incident falls, irreversible brain damage,
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EPIDEMIOLOGY OF SH IN PATIENTS WITH TYPE 2
DIABETES IN KOREA

cardiovascular (CV) events, and fatal arrhythmia [7]. Therefore, diabetes treatment-related SH should be avoided, especially for elderly patients with diabetes.
The American Diabetes Association and Endocrine Society workgroup on hypoglycemia adapted the three-level
classification of iatrogenic hypoglycemia in diabetes proposed by the International Hypoglycemia Study Group
(Table 1) [1,5–8]. In 2017, the International Hypoglycaemia
Study Group also recommended that a blood glucose level
<54 mg/dL is sufficiently low to indicate serious, clinically
important hypoglycemia in patients with diabetes [5,8]. Notably, it proposed expanding the previous definition of SH
as a hypoglycemic event requiring the assistance of another
person in diabetes to include a measured glucose level <50
mg/dL, a level associated with cardiac arrhythmia and sudden death [5–9].

We previously investigated the trends of SH in Korean patients with T2DM using the Korean National Health Insurance Service (NHIS) database. The prevalence of SH events
in T2DM patients increased from 2002 to 2012; however, it
decreased between 2012 and 2019 (Fig. 1) [10]. However,
because the prevalence of T2DM has steadily increased, the
absolute number of patients experiencing SH has actually
increased during the past 17 years, despite several efforts
to reduce SH [10,11]. Roughly 23,000 SH events occur in
Korea every year, and the prevalence of SH was 0.6%, with
an incidence rate of 4.43 per 1,000 person-years, in 2019
(Fig. 1) [10]. In particular, 15% to 17% of patients with SH
experienced at least one previous episode of SH within the

Table 1. Recommended classification of hypoglycemia in diabetes
Level
1

Glycemic criteria
54 to <70 mg/dL

2
3

<54 mg/dL
No specific glucose level

Clinical description
Clinically important hypoglycemia independent of the severity of hypoglycemic symptoms; should be
treated with glucose
Sufficiently low to indicate serious, clinically important hypoglycemia
A severe event characterized by altered mental and/or physical functioning that requires assistance
from another person for recovery

3.0

Male

30–39 yr

Female

40–49 yr
50–59 yr

2.5

60–69 yr
70–79 yr
≥80 yr

Prevalence (%)

2.0

1.5

1.0

0.5

0

0.65 0.71
0.29

0.37

0.78 0.80

0.85 0.85 0.87 0.84

0.47 0.51

0.76 0.71
0.70 0.64
0.63

0.60

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

Fig. 1. Trends in the prevalence of severe hypoglycemia in patients with type 2 diabetes mellitus in Korea between 2002 and 2019 using the Korean National Health Insurance Service database (shown as gray bars). Severe hypoglycemia was more prevalent in female
patients (red dotted line), and dramatically increased with age.
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preceding 3 years.
In general, hypoglycemia is caused by glucose-lowering
medications such as insulin, a sulfonylurea, or a glinide.
Therefore, the reduction in the incidence of SH seems to
be related to the increased prescription rate of antihyperglycemic medications without hypoglycemia risk (dipeptidylpeptidase-4 inhibitors, glucagon-like peptide-1 receptor
agonists [GLP-1RAs], or sodium-glucose cotransporter-2
[SGLT2] inhibitors), less strict hemoglobin A1c (HbA1c)
goals, the individualization of diabetes treatment, and diabetes education for preventing hypoglycemia [12–14].

SH AND CV OUTCOMES IN T2DM
The relationship between SH and CV disease (CVD) outcomes or mortality is supported by many previous studies
[15–18]. Most of the available evidence from large epidemiological studies has shown a positive association between
hypoglycemia (severe or nonsevere) and the risk of CVD
events or death [19,20]. The results from the Trial Comparing Cardiovascular Safety of Insulin Degludec vs. Insulin
Glargine in Patients With Type 2 Diabetes at High Risk of
Cardiovascular Events (DEVOTE) population demonstrated
an association between SH events and a higher risk of allcause mortality, particularly in the short term after an SH
episode [16]. According to a prospective cohort analysis of
1,209 participants with diagnosed diabetes from the Atherosclerosis Risk in Communities (ARIC) study, SH was
a significant and potent marker of high risk for CV events
and mortality [21]. A meta-analysis found that, in T2DM
patients, the occurrence of an SH event was associated with
about a twofold increase in the risk of all-cause mortality,
CV mortality, and major adverse CV events [22]. We also
investigated the association between SH and subsequent
CVD and mortality events, and found an increased risk of
myocardial infarction, stroke, heart failure, and all-cause
mortality in Korean patients with T2DM who experienced
an SH event with a dose-response, temporal relationship
[23]. A consistent causal relationship between SH and CVD
outcomes was found in Asian populations [23,24]. SH was
also associated with the risk of hospitalization and mortality, mainly in elderly patients, and it may be predictive of
future CV events in patients with diabetes who have pre-existing heart disease and obesity [25].
Hypoglycemia has been shown to exert arrhythmogenic
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effects. Prior SH events were associated with a higher risk
of new-onset atrial fibrillation (hazard ratio [HR], 1.10; 95%
confidence interval [CI], 1.01–1.19) and all-cause mortality
(HR, 1.57; 95% CI, 1.50–1.64) in Korean patients with T2DM
[26]. The mean length of the corrected QT interval was also
significantly prolonged in patients with diabetes presenting to the emergency department during or soon after an
SH episode [27–29]. In a large cohort of adults with T2DM
enrolled in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study, SH was independently associated
with a 49% higher relative risk of heart failure (HR, 1.49; 95%
CI, 1.01–2.21) [30].

PATHOGENESIS OF SH AND ITS EFFECTS ON CARDIAC
FUNCTION
Hypoglycemia is associated with several changes on electrocardiography, including ST-segment depression consistent with ischemia, heart rate variability, and QT prolongation that can be associated with arrhythmias and increased
mortality [31–33]. The parasympathetic nervous system was
identified as the primary mediator of SH-induced cardiac
arrhythmias in a nondiabetic rodent model [34]. In addition, hypoglycemia was found to increase blood viscosity,
platelet aggregation, plasminogen activator inhibitor-1,
thromboglobulin, coagulation factor VIII, von Willebrand
factor, and thrombin generation, resulting a hypercoagulable and atherothrombotic status [15,35–37]. In older adults,
SH history was associated with alterations in cardiac function, including lower ejection fraction, greater left ventricular mass and chamber size, and impaired left ventricular
filling [38].
SH exacerbated myocardial injury and enhanced myocardial inflammation in diabetic mice. With enhanced production of myocardial proinflammatory cytokines and oxidative stress, myocardial metabolic remodeling was mediated
by peroxisome proliferator-activated receptor beta or delta,
leading to myocardial injury and dysfunction triggered by
hypoglycemia in diabetic mice, but not in controls [39].

RISK FACTORS FOR SH IN T2DM
Various studies have identified risk factors for SH in patients
with T2DM. Older age, sulfonylureas and/or insulin treatment, intensive glycemic control, low HbA1c values, lower
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body mass index, longer duration of diabetes with insufficient insulin secretion, poor cognitive function, current use
of various medications (polypharmacy in addition to antidiabetic drugs), a greater prevalence of coexisting multimorbidity (such as cancer, myocardial infarction, heart failure,
peripheral arterial disease, atrial fibrillation, or stroke),
renal dysfunction (low estimated glomerular filtration
rate, proteinuria), a short life expectancy, severe vascular
complications or severe comorbidities, and a prior history
of SH significantly increase SH development [5,22,40–45].
The ARIC study showed that glucose fluctuations and the
level of activities of daily living could be associated with
the incidence of SH, as well as traditional risk factors [44].
Definite cardiovascular autonomic neuropathy was also an
independent prognostic factor for the development of SH in
patients with T2DM [40].
Remarkably, in addition to the clinical characteristics
and underlying comorbidities mentioned above, unhealthy
lifestyle factors such as alcohol abuse or current smoking
were associated with an increased risk of SH in patients
with diabetes [46,47]. Real-world nested case-control data
demonstrated that people with T2DM in poor health and
with some lifestyle behaviors were more vulnerable to developing SH [46]. Alcohol can suppress hepatic gluconeogenesis, thereby interfering with the counter-regulatory
response to hypoglycemia, and it diminishes awareness of
hypoglycemia [48,49]. Smoking may reduce insulin clearance in people with T2DM, leading to hyperinsulinemia,
an increased risk of postprandial hypoglycemia, and poorer
overall metabolic control [50,51]. It is also important to note
that alcohol abuse and smoking tend to be more prevalent
in people with other behavioral risk factors, including poor
diet, which can be associated with poor glycemic control
[46,52]. These findings provide important clinical evidence
regarding correctable and modifiable risk factors for the
prevention of SH, especially in high-risk populations.

IS SH PREVENTABLE? A FOCUS ON LIFESTYLE
MODIFICATION
Considering the harmful clinical consequences of SH, more
attention and proper strategies for SH are needed in patients at high risk for SH. Screening and stratifying high-risk
patients for SH can be conducted using a risk prediction
model, which may also be a useful tool for individualized
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care in routine clinical practice [15,41]. Recent trials have
shown that the use of newer antidiabetic medications (GLP1RAs and SGLT2 inhibitors) demonstrated advantages in
reducing CV outcomes among individuals with T2DM and
established CVD or those at high risk for CVD, without increasing the risk of SH [14,15,53–55]. Less glycemic target
goals (i.e., higher HbA1c) with intensive individualized
diabetes education are appropriate for those who have previously experienced SH or potentially are at high risk for SH
[1,9,13,14]. Frequent glucose monitoring using a continuous
glucose monitoring system has been useful for identifying
undetected recurrent hypoglycemia and for safe titration of
medications [1,14,56].
Although many clinical risk factors have been recognized
as risk factors for SH in T2DM, most of them are not modifiable or correctable. Therefore, the strategy for prevention of
SH has mainly focused on education, glucose monitoring,
or dose adjustment of antihyperglycemic agents [1,14,56].
Interestingly, our recent study demonstrated that behavioral modification from an unhealthy to a healthier
lifestyle was significantly associated with lower SH development among adults with T2DM. From health checkup self-report questionnaires using the Korean NHIS
database, information was collected on patients’ history
of smoking, alcohol consumption, and exercise habits.
Unhealthy lifestyle factors were defined as follows: current
smoking, heavy alcohol consumption (≥30 g/day), and a
lack of regular exercise (moderate-intensity physical activity for <30 min/day, <5 times/wk or strenuous-intensity
physical activity for <20 min/day, <3 times/wk) [47]. In
this cohort study using the Korean NHIS database, current smoking, heavy alcohol consumption, and a lack of
regular exercise were associated with 28%, 22%, and 21%
higher risks for new-onset SH in patients with T2DM,
respectively [47]. Combinations of these three unhealthy
factors were significantly associated with a higher risk of
incident SH in a dose-dependent manner. Individuals
with all three unhealthy lifestyle factors showed an 81%
higher risk of SH than those without any unhealthy lifestyle factors [47]. However, any improvement of unhealthy
lifestyle factors, such as abstinence from alcohol abuse,
quitting smoking, or starting regular exercise, demonstrated significant association with a lower risk of subsequent
SH events, compared to persistence of unhealthy lifestyle
behaviors. Moreover, starting unhealthy lifestyle habits
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Hazard Ratio (95% CI) of SH Incidence According to the Change in Each Lifestyle Factors
Smoking
Smoking

Alcoholconsumption
consumption
Alcohol

Regular
exercise
Regular
exercise

   1 (Reference)

   1 1(Reference)
(Ref)

1 (Ref)
   1 (Reference)

1.32
1.32(1.23–1.43)
(1.23, 1.43)

1.20 (1.11,
(1.11–1.31)
1.20
1.31)

0.86
(0.83, 0.89)
0.86
(0.83–0.89)

1.17(1.10–1.24)
(1.10, 1.24)
1.17

1.13
1.21)
1.13 (1.05,
(1.05–1.21)

0.80 (0.77–0.83)

1.30 (1.25, 1.36)
1.30
(1.25–1.36)

1.28 (1.18, 1.39)

0.73 (0.70–0.76)

1 (Ref)

1.28 (1.18–1.39)

0.80 (0.77, 0.83)
0.73 (0.70, 0.76)
P for trend <0.001 for all

P-value for trend <0.001 for all

Fig. 2. Severe hypoglycemia (SH) incidence according to the change in each lifestyle behavior in patients with type 2 diabetes mellitus
 Adherence to a healthy lifestyle is significantly associated with a lower risk of subsequent SH event.
in Korea. In addition to adherence to a healthy lifestyle, any improvement in unhealthy lifestyle factors between the two consecutive
However, any
in these lifestyle
factors
also significantly
associated
with ainlower
risk
of
health examinations
wasimprovements
significantly associated
with a lower
riskwere
of a subsequent
SH event.
For example,
case of
smoking,
compared to subsequent
nonsmokers SH
for events
the study period, the hazard ratios for SH in patients with type 2 diabetes mellitus who started smoking,
stopped smoking, and maintained smoking were 1.32, 1.17, and 1.30, respectively. Unhealthy lifestyle factors are current smoking,
heavy alcohol consumption (≥30 g/day), or lack of regular exercise (moderate-intensity physical activity for <30 min/day, <5 times/
wk or strenuous-intensity physical activity for <20 min/day, <3 times/wk). The values are presented as hazard ratio (95% 1confidence
Age, Sex, Smoking, Drinking, Regular exercise, Income (lower 25%), Hypertension, Dyslipidemia, CVD, BMI, eGFR, FPG, Previous SH event, Insulin use, Oral hypoglycemic agent (≥3), Duration of hypoglycemic agent ≥5 years
interval).

was as harmful as maintaining them (Fig. 2). Therefore, intensive individualized education programs need to include
this information on lifestyle modification for high-risk patients with SH in T2DM and encourage them to maintain a
healthy lifestyle.

CONCLUSIONS
In summary, SH is a critical issue in T2DM, especially in
high-risk populations. Clinicians should ask patients about
hypoglycemic events at every visit and pay close attention to
this issue. The identification of high-risk patients, intensive
individualized education, and frequent monitoring are key
factors for preventing SH. In addition to the management
of traditional risk factors for SH, adherence to a healthy lifestyle should be emphasized to reduce the development of
SH events. Closer adherence to healthy lifestyle factors and
changes from unhealthy to healthy lifestyle habits are probably helpful for preventing SH in individuals with T2DM.
Therefore, a more patient-centered detailed approach
based on clinical evidence needs to be developed for T2DM
patients at high risk for SH.
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Effect of the addition of thiazolidinedione to sodiumglucose cotransporter 2 inhibitor therapy on lipid levels
in type 2 diabetes mellitus: a retrospective study using
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Background: Dyslipidemia is common in patients with type 2 diabetes mellitus (T2D) and contributes to an increased risk of cardiovascular disease. Previous studies have shown that treatment with thiazolidinediones (TZDs) and sodium-glucose cotransporter-2
inhibitors (SGLT2-i) may help to improve dyslipidemia in T2D patients. In this study, we investigated whether patients treated with
TZD and SGLT2-i showed greater improvement in high-density lipoprotein cholesterol (HDL-C) levels than those treated with only
SGLT2-i.
Methods: From the National Health Insurance Service database of Korea, we extracted all patients who first received SGTL2-i from
2014 to 2016. Propensity score matching was performed to balance the two groups: group A (SGTL2-i and TZD, regardless of other
antidiabetic medications) and group B (SGTL2-i only without TZD, regardless of other antidiabetic medications). Posttreatment
HDL-C levels were compared by the Student t-test.
Results: In total, 1,400 T2D patients (700 in each group) were matched by propensity score matching. There was a significant posttreatment increase in HDL-C in group A (49.54±20.03 to 51.6±12.92 mg/dL, P=0.007), but not in group B (49.14±13.52 to
49.1±2.15 mg/dL, P=0.937). Group A also showed significantly higher posttreatment HDL-C levels than group B (51.4±12.92 vs.
49.1±12.15 mg/dL, P<0.001). Regarding the secondary endpoints, posttreatment triglyceride levels were lower (P<0.001), but total
cholesterol (P=0.131) and low-density lipoprotein cholesterol levels (P=0.054) were not different after treatment.
Conclusions: The combination of SGTL2-i and TZD may be more effective in ameliorating dyslipidemia in T2D patients than SGLT2-i
alone. However, further studies are needed to confirm this finding.
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INTRODUCTION
Type 2 diabetes (T2D) is a significant risk factor for cardiovascular disease (CVD). Coronary artery disease and stroke
are the main causes of death in T2D patients [1–4]. Dyslipidemia is a major modifiable factor for CVD prevention [3,4].
Therefore, the management of dyslipidemia is necessary to
reduce mortality due to CVD in patients with T2D [5,6].
Low levels of high-density lipoprotein cholesterol
(HDL-C) are a key feature of diabetic dyslipidemia [6–9], as
well as a major independent risk factor for CVD [10]. While
statins are the mainstay of dyslipidemia management, they
have limited effects on HDL-C [11]. A previous study found
that HDL-C levels increased when sodium-glucose cotransporter-2 inhibitors (SGLT2-i) and thiazolidinediones (TZDs)
were administered alone or in combination [4,7,12–19].
Therefore, it was expected that a combination of TZD and
SGLT2-i would increase HDL-C levels more than treatment
with only SGLT2-i.
Some clinical trials have added SGLT2-i to background
TZD treatment [7,17,18,20], but to our knowledge, there
have been no clinical trials in which TZD was added to
SGLT2-i treatment. In this study, using national health insurance data, we aimed to investigate whether treatment
with a combination of TZD and SGLT2-i resulted in a
greater improvement in HDL-C levels than treatment with
SGLT2-i alone.

METHODS
Ethical statement
This study was approved by the Institutional Review Board
of Sungkyunkwan University (No. 2021-05-017). Participants who underwent national health checkup examinations provided written informed consent for the use of their
data for research purposes. All personal information was
deleted, and only de-identified data were included in the
analysis.
Study setting and data source
Korea has a mandatory social health insurance system,
called the National Health Insurance Service (NHIS), which
is run by the government (i.e., the Ministry of Health and
Welfare). The entire Korean population is covered by the
NHIS, except for the lowest-income segment of the popu-

Cardiovasc Prev Pharmacother 2022;4(3):114-122

SGTL2 inhibitors and TZD in type 2 diabetes

lation (approximately 3%), who are covered by medical aid.
In Korea, all medical providers are compulsorily designated
by the NHIS, and the providers must register all disease
diagnoses, medical procedures, and drug prescription information for reimbursement from the NHIS. All administrative procedures for NHIS subscribers and the medical aid
population are performed by the NHIS, which is a public
corporation.
The Korean government also operates the National
Health Screening Program (NHSP). All insured adults are
eligible for a regular health checkup every 2 years. In 2014,
the target population's participation rate in the program's
general health examination was 74.8% [21]. Currently, Korea's NHSP is the world's most extensive health screening
program.
This retrospective study used the NHIS database. The
NHIS maintains five databases: the qualification database,
the national health checkup database, the medical use
database, the long-term care insurance database (since
2014), and the healthcare provider database [22]. The NHIS
operates the National Health Information Sharing Service
to support policies and academic research by providing
information (Wonju, NHIS; https://nhiss.nhis.or.kr). The
NHIS databases have been extensively used for medical and
health policy research.
For this research, we used a custom NHIS database, which
was designed according to the researchers’ needs [22]. Data
extraction was performed by medical record technicians at
the NHIS Center, who had no conflicts of interest related to
this study.
Study population
We extracted 129,666 T2D patients (International Classification of Diseases 10th revision [ICD-10] codes, E10–E14) who
were first prescribed SGLT2-i from the NHIS database from
October 1, 2014 to December 31, 2016. Of these, 127,066
adults aged 30 years or older were selected.
The index date was the first prescription date for T2D patients who first received SGTL2-i between 2014 and 2016.
As of the index date, T2D patients who had not received a
medical examination during the previous 2 years and within
2 years thereafter were excluded. We also excluded patients
with type 1 diabetes mellitus (ICD-10, E10) and gestational
diabetes mellitus (ICD-10, O244 and O249) from January 1,
2002 to the index date.
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The group with TZD prescriptions was defined as patients
who were also prescribed TZD at the time of the first prescription of SGTL2-i, and it excluded patients who received
only SGTL2-i. Subsequently, we performed propensity
score matching (PSM), which is known to reduce confound-

ing in observational studies [23]. All possible covariates,
including demographic and medical information (Table 1)
were included in PSM, and logistic regression analysis was
performed to calculate the propensity scores in a logistic
model. We set the caliper for nearest-neighbor matching

Table 1. PSM in patients treated with SGLT2-i with or without TZDs
Variable

Group A
(n=702)

Index year
2014
2015
2016
Hypertension
Dyslipidemia
Income (lowest 20%)
Smoke
Nonsmoker
Ex-smoker
Current smoker
Alcohol drinking
None
Mild
Heavy
Regular exercise
Medication when first prescribed SGTL2-i
Insulin
GLP-1
≥3 Oral agents
Medication during 1 yr prior to the first
SGTL2-i prescription
Insulin
Sulfonylurea
Metformin
Meglitinides
TZD
DPP4-i
AGI
GLP-1
Male sex
Age (yr)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Glucose (mg/dL)
Total cholesterol (mg/dL)
HDL-C (mg/dL)

Before PSM
Group B
(n=45,850)

ASD

Group A
(n=700)

After PSM
Group B
(n=700)

ASD

108 (15.38)
331 (47.15)
263 (37.46)
455 (64.81)
514 (73.22)
122 (17.38)

5,164 (11.26)
19,434 (42.39)
21,252 (46.35)
29,175 (63.63)
32,360 (70.58)
8,811 (19.22)

0.1215
0.0958
0.1809
0.0246
0.0588
0.0476

107 (15.29)
330 (47.14)
263 (37.57)
453 (64.71)
513 (73.29)
122 (17.43)

112 (16.00)
337 (48.14)
251 (35.86)
455 (65.00)
520 (74.29)
132 (18.86)

0.0195
0.0200
0.0355
0.0061
0.0227
0.0371

343 (48.86)
190 (27.07)
169 (240.7)

25,627 (55.89)
9,794 (21.36)
10,429 (22.75)

0.1411
0.1336
0.0312

343 (49.00)
189 (27.00)
168 (24.00)

332 (47.43)
201 (28.71)
167 (23.86)

0.0314
0.0382
0.0033

393 (55.98)
247 (35.19)
62 (8.83)
153 (21.79)

27,052 (59.00)
15,114 (32.96)
3,684 (8.03)
9,693 (21.14)

0.0611
0.0471
0.0288
0.0158

393 (56.14)
246 (35.14)
61 (8.71)
153 (21.86)

382 (54.57)
261 (37.29)
57 (8.14)
148 (21.14)

0.0316
0.0447
0.0205
0.0175

52 (7.41)
2 (0.28)
614 (87.46)

3,283 (7.16)
6 (0.01)
15,798 (34.46)

0.0096
0.071
1.294

51 (7.29)
2 (0.29)
612 (87.43)

37 (5.29)
2 (0.29)
608 (86.86)

0.0824
0.0000
0.0170

114 (16.24)
451 (64.25)
627 (89.32)
10 (1.42)
604 (86.04)
556 (79.20)
58 (8.26)
2 (0.28)
464 (66.10)
56.34±9.97
165.02±9.26
72.83±14.82
26.61±4.02
89.12±9.95
126.95±14.27
77.89±9.81
166.19±58.77
175.97±44.05
49.51±20.01

6,396 (13.95)
25,342 (55.27)
40,632 (88.62)
368 (0.80)
7,259 (15.83)
28,523 (62.21)
2,201 (4.80)
153 (0.33)
25,195 (54.95)
55.62±10.13
163.63±9.17
73.30±14.04
27.26±4.00
89.73±9.84
127.62±14.39
78.59±9.74
157.49±54.34
182.61±48.75
48.86±13.21

0.064
0.1839
0.0223
0.0592
1.9727
0.38
0.1404
0.0091
0.2296
0.0716
0.1506
0.0323
0.162
0.0623
0.0463
0.0719
0.1536
0.1429
0.0385

113 (16.14)
450 (64.29)
626 (89.43)
10 (1.43)
602 (86.00)
556 (79.43)
57 (8.14)
2 (0.29)
462 (66.00)
56.33±9.96
165.02±9.27
72.83±14.87
26.61±4.02
89.10±9.95
126.94±14.29
77.90±9.82
166.25±58.79
176.01±44.08
49.54±20.03

104 (14.86)
464 (66.29)
645 (92.14)
9 (1.29)
604 (86.29)
575 (82.14)
68 (9.71)
5 (0.71)
457 (65.29)
55.67±10.14
164.88±8.72
73.13±13.56
26.79±3.79
89.31±9.36
127.28±14.44
77.94±9.20
170.96±58.98
176.48±41.25
49.14±13.52

0.0354
0.0420
0.0938
0.0121
0.0084
0.0688
0.0551
0.0596
0.0150
0.0658
0.0154
0.0212
0.0460
0.0210
0.0236
0.0042
0.0801
0.0110
0.0235

(Continued to the next page)
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Table 1. Continued
Variable
LDL-C (mg/dL)
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
Ttriglyceride (mg/dL)
rGTP (IU/L)
GFR (mL/min/1.73 m2)
Fatty liver index
Diabetes mellitus duration (yr)
Previous index date (day)
Next index date (day)

Before PSM
Group A
Group B
(n=702)
(n=45,850)
96.20±51.49 100.30±44.32
26.84
28.22
(25.41–27.83) (28.03–28.34)
29.08
31.50
(27.25–30.35)
(31.24–31.67)
141.17
148.41
(132.47–147.26) (147.27–149.18)
37.34
38.86
(34.26–39.53) (38.47–39.12)
90.41±25.79
91.16±29.32
49.39±26.90
52.96±26.69
9.05±4.06
7.07±4.72
353.92±230.97 347.79±230.95
330.82±215.76 329.50±214.20

ASD
0.0854
0.1097
0.1366
0.083
0.0578
0.0272
0.1332
0.4497
0.0265
0.0061

Group A
(n=700)
94.90±36.15
26.58
(25.16–27.56)
28.79
(26.98–30.05)
141.17
(132.45–147.26)
37.34
(34.26–39.53)
90.41±25.82
49.39±26.89
9.05±4.07
354.09±230.94
330.71±216.06

After PSM
Group B
(n=700)
95.62±37.01
26.84
(25.50–27.77)
29.08
(27.22–30.38)
141.17
(132.31–147.37)
36.97
(34.07–39.02)
91.31±25.59
49.99±26.29
9.29±4.10
345.30±223.00
345.45±226.62

ASD
0.0199
0.0203
0.0043
0.0047
0.0085
0.0350
0.0254
0.0586
0.0387
0.0666

Values are presented as number (%), mean±standard deviation, or geometric mean (95% confidence interval).
PSM, propensity score matching; SGLT2-i, sodium-glucose cotransporter-2 inhibitors; TZD, thiazolidinedione; ASD, absolute standardized difference; GLP1, glucagon-like peptide-1; DPP4-i, dipetidyl peptidase-4 inhibitors; AGI, alpha-glucosidase inhibitors; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; rGTP, gamma-glutamyl transpeptidase; GFR, glomerular filtration rate.

within the first 4 to 8 digits, allowing PSM at a 1:1 ratio. Finally, 700 patients were obtained for each group: group A
(SGTL2i and TZD, regardless of other antidiabetic medications) and group B (SGTL2i only without TZD, regardless of
other antidiabetic medications) (Fig. 1).
Study endpoint
The primary endpoint was the posttreatment HDL-C level.
The secondary endpoints were posttreatment triglyceride
(TG), low-density lipoprotein cholesterol (LDL-C), and total
cholesterol (TC) levels.
Statistical analysis
The absolute value of the standardized mean difference
(ASD) was used to determine the balance before and after
PSM, and an ASD <0.1 was used to determine whether
all covariates were sufficiently balanced through PSM.
Since PSM was performed and baseline characteristics of
groups A and B were comparable, differences in the study
endpoints between groups A and B were compared with
the Student t-test without consideration of the baseline
characteristics. In addition, the paired t-test was used to
analyze differences between the pre- and posttreatment
values within each group. All statistical analyses were
performed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC,
USA), and P-values less than 0.05 were considered statisti-
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cally significant.

RESULTS
Patient disposition and baseline characteristics
After PSM, 1,400 patients (700 patients in each group) were
included in the analysis. The characteristics of groups A and
B before and after PSM are compared in Table 1. The ASDs
of all covariates were below 0.1, indicating that the two
groups were sufficiently balanced after PSM (Table 1).
Comparison of the primary outcome HDL-C
In the posttreatment comparison conducted using the
Student t-test, group A showed significantly higher HDL-C
levels (51.4±12.92 vs. 49.1±12.15 mg/dL, P<0.001) than
group B. When comparing the pretreatment and posttreatment HDL-C levels within each group, a significant
increase was found in group A (49.54±20.03 to 51.6±12.92
mg/dL, P=0.007), whereas no significant change was
observed in group B (49.14±13.52 to 49.1±2.15 mg/dL,
P=0.937) (Table 2).
Changes in the secondary outcomes
In the posttreatment comparison conducted using the
Student t-test, group A showed significantly lower TG
levels than group B (120.51 mg/dL, 95% confidence in-

www.e-jcpp.org

117

Taegyun Park et al.

SGTL2 inhibitors and TZD in type 2 diabetes

129,666 Prescribe SGTL2-i (2014–2016)
2,600 Excluded: Aged <30 yr
127,066 Aged ≥30 yr
45,507 Excluded: No checkup within
2 years prior first SGTL2-i
81,559 Checkup within 2 years before (2014–2016)
23,222 Excluded: No checkup within
2 years first SGTL2-i
58,337 Checkup within 2 years after (2014–2016)
11,785 Excluded
2,339 Type 1 diabetes mellitus
802 Gestational diabetes mellitus
935 Patients with missing data
7,709 Prescription oral antidiabetes <2
46,552 Prescribed ≥2 oral
antidiabetes agents

45,850 SGTL2-i without TZD

702 SGTL2-i with TZD

1,400 Propensity score matching
700 Group A

700 Group B

Fig. 1. Patient disposition. SGLT2-I, sodium-glucose cotransporter-2 inhibitors; TZD, thiazolidinedione.
Table 2. Effect of sodium-glucose cotransporter-2 inhibitors with or without thiazolidinedione treatment in propensity score-matched
type 2 diabetes patients (n=1,400)
Variable
HDL cholesterol (mg/dL)
Group A
Group B
Triglyceride (mg/dL)
Group A
Group B
Total cholesterol (mg/dL)
Group A
Group B
LDL cholesterol (mg/dL)
Group A
Group B

Pretreatement

Posttreatement

P-value

P-valuea)

49.54±20.03
49.14±13.52

51.60±12.92
49.10±12.15

0.007
0.937

<0.001

141.53 (135.71–147.60)
141.15 (135.21–147.34)

120.51 (115.60–125.62)
135.59 (129.98–141.43)

<0.001
0.056

<0.001

176.01±44.08
176.48±41.25

167.40±41.49
165.85±40.71

<0.001
<0.001

0.131

94.90±36.15
95.62±37.01

88.23±36.05
86.13±33.76

<0.001
<0.001

0.054

Values are presented as mean±standard deviation or geometric mean (95% confidence interval). The Student t-test was used to compare posttreatment
differences between groups A and B. Pretreatment values after propensity score matching were assumed to be the same.
HDL, high-density lipoprotein; LDL, low-density lipoprotein.
a)
Student t-test.
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terval [CI] 115.6–126.62 mg/dL vs. 135.59 mg/dL, 95% CI
129.98–141.43 mg/dL; P<0.001). When comparing the pretreatment and posttreatment TG levels within each group,
a significant decrease was observed in group A (141.53 mg/
dL [95% CI, 135.71–147.6 mg/dL] to 120.51 mg/dL [95% CI,
115.6–125.62 mg/dL]; P<0.001), but not in group B (141.15
mg/dL [95% CI, 135.7–147.6 mg/dL] to 135.59 mg/dL [95%
CI, 129.98–141.43 mg/dL]; P=0.056).
No statistically significant differences were found between
groups A and B in the posttreatment comparisons of TC levels (167.4±41.49 mg/dL vs. 165.85±40.71 mg/dL, P=0.479)
and LDL-C levels (88.23±36.05 mg/dL vs. 86.13±33.76 mg/
dL, P=0.261) using the Student t-test. However, both groups
showed significant decreases in these parameters in comparisons between pretreatment and posttreatment values.
TC levels decreased from 176.01±44.08 to 167.4±41.49
mg/dL (P<0.001) in group A and from 176.48±41.25 to
165.85±40.71 mg/dL (P<0.001) in group B. LDL-C levels
decreased from 94.9±36.15 to 88.23±36.05 mg/dL (P<0.001)
in group A and from 95.62±37.01 to 86.13±33.76 mg/dL
(P<0.001) in group B (Table 2).

DISCUSSION
In this study, we tried to determine whether dyslipidemia
could be improved by using TZD in combination with
SGTL2-i. Although our study was an observational study,
we tried to reduce the differences between the groups by
using PSM, and our real-world data might be useful considering that no clinical trial data regarding this question are
available yet.
An increase in HDL-C levels was observed only in patients who were prescribed SLGT2-i and TZD (group A),
who had higher posttreatment HDL-C levels than patients
who were prescribed SGLT2-i only (group B). These results
suggest that the combination of TZD and SGLT2-i might
be helpful for the improvement of HDL-C. Many previous
studies have confirmed that TZD significantly increases
HDL-C levels [12,15,16,24]. Although it has been accepted
that the increase in HDL-C levels with TZD treatment is
entirely due to an increase in the HDL3 subfraction, the
mechanism by which TZD induces alterations in the HDL3
subfraction remains unclear [25].
SGTL2-i medications are generally considered to improve
HDL-C, but unexpectedly, the present study using NHIS
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data found no increase in HDL-C levels with SGTL2-i treatment. A possible explanation might be that previous studies
inconsistent results were reported regarding the effects of
different SGLT2-i drugs on HDL-C levels [22–24], which is
relevant since group B in our real-world study used various
types of SGTL2-i (dapagliflozin, empagliflozin, and ipragliflozin). In addition, treatment persistence and/or adherence might not have been optimal in this study population
compared to a clinical trial. Limitations of insurance benefits for SGTL2-i and TZD may also be a factor (Fig. 2).
TG is also an important aspect of diabetic dyslipidemia
and a substantial risk factor for atherosclerotic CVD in
patients with T2D [26]. In patients who were prescribed
SLGT2-i and TZD (group A), the posttreatment TG levels
were lower than in those who were prescribed SGLT2-i only
(group B). This is in line with the results of previous studies
showing a decrease in TG with TZD treatment [15,27,28].
LDL-C and TC levels decreased after treatment within
groups A and B, but the posttreatment comparison between groups A and B did not yield significant results. TZD
showed a consistent LDL-C reduction effect [15,28], while
SGTL2-i slightly increased LDL-C levels [14], although differences were observed depending on the specific drugs or
doses. Variations in the types and doses of SGTL2-i were
not considered in this study, but should be investigated in
future research.
There are several limitations of this study. First, the National Health Insurance Research Database (NHIRD) was
created for entitlement and reimbursement management;
therefore, it lacks clinical information, such as why patients
were prescribed specific antidiabetic drugs. While we tried
to balance the two groups with PSM, there could have still
been some unmeasured confounders. Second, the number
of patients in each group was small, at 700. Currently, the
reimbursement of oral antidiabetic drugs is limited to two
drugs, and the patient must pay for a third drug. As most
people are prescribed metformin as the first-line drug, the
number of patients who are prescribed both SGLT2-i and
TZD is limited. Therefore, although this was a nationwide
study, the sample size was only 700 patients and a more
detailed analysis was not possible. Third, our endpoint of
the lipid profile is only a proxy marker of CVD. Fourth, information about the concomitant use of anti-hyperlipidemic drugs was lacking. Further research is needed to clarify
whether improving the lipid profile could lead to a reduced
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SGLT2-i
MET

SU

Meglitinide

a-GI

TZD

DPP4-i
Dapagliflozin

Ipragliflozin

Empagliflozin

(Pioglitazone)

MET+
(Pioglitazone)

MET+
Sitagriptin

MET+
Liniagriptin

MET
SU
Meglitinide
a-GI
TZD
DPP4-i
Sitagriptin
MET+Sitagriptin
/Saxagriptin

Dapagliflozin
SGLT2-i

Ipragliflozin
Empagliflozin

MET+SU

Pioglitazone

MET+
Sitagriptin

MET+
Pioglitazone

MET+
Liniagriptin

Sitagriptin
MET+Sitagriptin
/Saxagriptin

Fig. 2. Insurance benefits for antidiabetic agents in Korea based on the Health Insurance Review and Assessment Service. Pioglitazone is 100% covered by the patient. MET, metformin; SU, sulfonylurea; a-GI, alpha-glucosidase inhibitors; TZD, thiazolidinedione;
DPP4-i, dipeptidyl peptidase-4 inhibitors; SGLT2-i, sodium-glucose cotransporter 2 inhibitors.

risk of coronary artery disease.
In conclusion, our study results suggest that a combination of SGTL2-i and TZD might be more effective for improving dyslipidemia than SGLT2-i alone in T2D patients.
Our findings are consistent with the recommendations for
using TZD in the American Diabetes Association guidelines
for T2D patients with a higher CVD risk, but further studies
are needed to confirm these findings.
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