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ABSTRACT

Introduction: Pigment epithelium-derived fac-
tor (PEDF) may play a role in cardiometabolic
disorders. The aim of this study was to investi-
gate which biochemical and clinical parameters
are independently associated with serum PEDF
levels in patients with type 2 diabetes mellitus
(T2DM).
Methods: We performed a cross-sectional anal-
ysis of 124 patients with T2DM who underwent
continuous glucose monitoring (CGM) and

blood chemistry analysis, including the dia-
cron-reactive oxygen metabolites (d-ROMs) test
and serum PEDF measurement (study 1). Then
we investigated whether the changes in the
studied biochemical and clinical parameters
after 24 weeks of treatment (Dparameters) with
anti-hyperglycemic agents, including sodium-
glucose cotransporter 2 inhibitors, glucagon-
like peptide 1 receptor agonists, and/or insulin
and anti-hypertensive drugs and statins, were
independently correlated with change in PEDF
(DPEDF) in 52 of the patients with T2DM for
whom there was sufficient serum samples to
perform the post-treatment analysis (study 2).
Serum levels of PEDF were measured with an
enzyme-linked immunosorbent assay. CGM
metrics were calculated on days 2 and 3.
Oxidative stress was evaluated using the
d-ROMs test.
Results: Body mass index (BMI), triglycerides,
fasting C-peptide, mean amplitude of glycemic
excursions (MAGE), urinary albumin-to-crea-
tinine ratio (UACR), and d-ROMs were posi-
tively associated with serum PEDF level, and
high-density lipoprotein cholesterol (HDL-C)
and estimated glomerular filtration rate (eGFR)
were inversely associated with serum PEDF
level. Because these parameters were correlated
with each other, multivariate stepwise analysis
was performed: eGFR, HDL-C, BMI, MAGE, and
UACR remained significant (R2 = 0.452). Fur-
thermore, DMAGE and Dd-ROMs were posi-
tively correlated with DPEDF in study 2.
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Conclusions: The results of this study suggest
that MAGE may be independently correlated
with elevations in serum PEDF level in patients
with T2DM.
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Key Summary Points

Why carry out this study?

Pigment epithelium-derived factor (PEDF)
may play a role in cardiometabolic
disorders.

Therefore, we investigated which
biochemical and clinical parameters are
independently associated with serum
PEDF levels in patients with type 2
diabetes mellitus (T2DM).

In addition, we investigated the
relationship between the change in serum
PEDF levels and the change in various
biochemical and clinical parameters,
including glucose variability, in patients
with T2DM who underwent treatment
(intervention) for 24 weeks.

What was learned from the study?

Serum levels of PEDF may be elevated as a
counter-system against glucose
variability-induced oxidative stress
generation in patients with T2DM.

The clinical association between serum
levels of PEDF and atherosclerotic
cardiovascular disease may be partly
ascribed to elevated glucose variability in
patients with T2DM.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13607435.

INTRODUCTION

Pigment epithelium-derived factor (PEDF) was
first identified from culture media of human
retinal pigment epithelium as a neuronal dif-
ferentiating factor [1, 2] and then found to be
one of the most potent endogenous anti-an-
giogenic factors in humans, involved in the
development and progression of pathological
angiogenesis-related disorders, such as prolifer-
ative diabetic retinopathy and various types of
cancer [3, 4]. PEDF has recently been shown to
be secreted mainly from adipocytes and liver
[5, 6] and to play an important role in the
maintenance of tissue homeostasis by acting as
an anti-inflammatory, anti-oxidative, and anti-
thrombotic factor [7–9]. In addition, a number
of research groups, including our own, have
found that circulating levels of PEDF are
increased in proportion to the number of com-
ponents of metabolic syndrome [10] and that it
is a biomarker of insulin resistance and central
obesity in patients with type 2 diabetes mellitus
(T2DM) [11–13]. PEDF is associated with obe-
sity-induced insulin resistance, as demonstrated
in a hyperinsulinemic–euglycemic clamp study
[14], as well as with insulin resistance among
individuals without diabetes [15, 16]. Expres-
sion of PEDF is manipulated by beta-adrenergic
receptor stimulation [17], suggesting the possi-
bility that PEDF could play a role in sympathetic
nerve activity [18]. In addition, circulating
PEDF levels are associated with the presence of
atherosclerotic cardiovascular disease and/or
chronic kidney disease [19–21]. However, it is
not yet fully understood which biochemical
and clinical parameters related to cardiovascular
events, including urinary albumin-to-creatinine
ratio (UACR), an estimated glomerular filtration
rate (eGFR), oxidative stress, and various mark-
ers of glucose variability evaluated by
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continuous glucose monitoring (CGM), are
related to PEDF levels.

Glycated hemoglobin (HbA1c), a marker of
average glucose levels over the past few months,
is still the gold standard for the assessment of
diabetes treatment [22]. However, HbA1c values
do not necessarily reflect glucose variability and
could be confounded by factors other than the
average glucose level, such as anemia and renal
impairment [22]. To overcome the limitations
of HbA1c as a biomarker of diabetic complica-
tions, CGM technology has gained wide accep-
tance in the management of diabetic patients
because it provides comprehensive information
on the glucose profile [22, 23]. Indeed, CGM
systems can assess not only mean glucose levels
(MGL), but also time above range (TAR; % of
readings and time[180 mg/dL), time below
range (TBR; % of readings and time\ 70 mg/
dL), time in range (TIR; % of readings and time
in range 70–180 mg/dL), mean amplitude of
glycemic excursions (MAGE), and mean of daily
differences (MODD), all markers of daily and
day-to-day glucose variability, respectively
[22, 23].

In this study, we investigated which bio-
chemical and clinical parameters, including
various CGM metrics and oxidative stress levels
evaluated by the diacron-reactive oxygen
metabolites (d-ROMs) test [24], are indepen-
dently associated with serum PEDF levels in
T2DM patients. To this end, we first examined
the independent correlates of serum levels of
PEDF in 124 patients with T2DM (study 1).
Then we investigated whether the changes in
these parameters after 24 weeks of treatment
(Dparameters) with oral hypoglycemic agents,
including sodium-glucose cotransporter 2 inhi-
bitors, glucagon-like peptide 1 receptor ago-
nists, and/or insulin and sympathetic agents,
wee independently correlated with change in
PEDF levels (DPEDF) in 52 T2DM patients for
whom sufficient serum samples were available
to perform the post-treatment analysis (study
2).

METHODS

Design and Subjects of Study 1

We performed a retrospective cross-sectional
analysis of 124 patients with T2DM
aged[20 years who visited Showa University
Hospital from October 2013 to February 2018
for the treatment of T2DM. Patients who had
been on stable anti-diabetic medications for at
least 3 months were enrolled in the study.
Exclusion criteria were: use of steroids or anti-
inflammatory drugs, diabetic ketosis and coma
within the 3 months preceding the study; sev-
ere infection; severe trauma; malignancy;
eGFR\ 30 mL/min/1.73 m2 according to the
Cockcroft–Gault formula [25]; pre- and post-
surgery period; severe liver dysfunction; and
pregnancy. All enrolled patients underwent
CGM and blood chemistry analysis, including
the d-ROMs test and measurement of serum
PEDF (study 1). This study complies with the
principles laid in the Declaration of Helsinki.

The study protocol was approved by the
ethics committee of the Showa University
School of Medicine (permission no. 3099).
Informed consent was obtained from all indi-
vidual participants included in the study by the
opt-out method, as shown on our hospital
website and the poster at Showa University
Hospital. Subjects could opt out of the study at
any time.

Design and Subjects of Study 2

Study 2 was a subanalysis of study 1 with the
aim to assess which changes in clinical (Dclini-
cal) and biochemical parameters (Dbiochemical
parameters) were independently correlated with
DPEDF in the 52 patients with T2DM for whom
sufficient serum was available to perform the
post-treatment analysis (study 2). Sample
selection was not arbitrary, but study 2 subjects
did not have completely equivalent baseline
phenotypes as those of study 1. The treatment
programs were as follows. First, patients’ gly-
cemic control was assessed by several medical
doctors with different treatment plans at one
clinical center to achieve the following
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treatment targets, associated with the prevent-
ing the development of vascular complications,
as defined by the Japan Diabetes Society, using
the CGM data [26]: fasting plasma glucose
(FPG)\130 mg/dL, 2-h postprandial glucose
(PPG)\ 180 mg/dL, and an HbA1c level of\
7.0% (53 mmol/mol). After 24 weeks of treat-
ment, all patients underwent CGM and blood
chemistry analysis, including the d-ROMs test
and measurement of serum PEDF. All patients
had high drug adherence during the study
periods.

CGM Systems

The CGM sensor (CGMS System Gold; Med-
tronic MiniMed, Northridge, CA, USA or ipro2;
Medtronic MiniMed) was inserted subcuta-
neously on day 1 and removed on day 4, and
CGM metrics were calculated on days 2 and 3 to
avoid measurement bias. Blood samples were
drawn with patients in the fasting condition,
before breakfast and CGM insertion for bio-
chemical analysis, including measurement of
d-ROMs and PEDF, on day 1. All patients
received a weight-maintaining diet (25–30 kcal/
kg ideal body weight: 50–60% carbohydrates,
20% proteins, and the rest fat). MAGE was cal-
culated using the GlyCulator [27] in order to
evaluate the daily glucose variability. MGL was
measured from the data recorded during the
CGM and was adjusted for self-monitored blood
glucose. The coefficient of variation percentage
(%CV) was measured by dividing the standard
deviation (SD) by MGL and multiplying by 100
[28]. MODD was calculated as the mean of the
absolute difference between corresponding
glucose values on days 2 and 3. TIR was defined
as the percentage of time spent within target
range of 70–180 mg/dL during a 24-h period,
while TAR and TBR were defined as time spent
at[ 180 mg/dL and\70 mg/dL, respectively.

Laboratory Measurements

Serum PEDF measurements were performed
with the competitive enzyme-linked
immunosorbent assay (ELISA) as described pre-
viously [10, 29]. In brief, inter-assay and intra-

assay coefficients of variation of the ELISA were
4.7 and 7.3%, respectively. Recovery of the
added recombinant PEDF in serum was
94.2 ± 1.7%. The assay linearity was shown to
be intact with serial dilution of serum. We
confirmed that concentrations of serum PEDF
were similar to those of platelet-poor plasma
and that PEDF was actually present in such high
levels with western blots [10, 29]. Oxidative
stress was measured using the d-ROMs test
(F.R.E.E. System, imported by LTD Tokyo from
Diacron International s.r.l., Grosseto, Italy) as
previously described [24, 28]. In accordance
with the Wismerll kinetic procedure, the
change in absorbance per minute was expressed
as arbitrary units after correction (U.CARR,
where 1 U.CARR = the oxidant capacity of a
0.08 mg/dL H2O2 solution; normal
range 250–300 U.CARR). Insulin resistance was
evaluated by the serum C-peptide immunore-
activity insulin resistance (CPR-IR) index. CPR-
IR was calculated as 1080/[fasting-CPR (ng/
mL) 9 FPG(mg/dL)] [30]. Other clinical and
biochemical variables, such as HbA1c, FPG,
total cholesterol, low-density lipoprotein-c-
holesterol (LDL-C), high-density lipoprotein-c-
holesterol (HDL-C), triglycerides (TG),
creatinine levels, and UACR were measured as
described previously [31].

Statistical Analysis

Data are presented as mean ± SD. Simple linear
correlations were calculated by determining
Spearman’s correlation coefficient because of
non-normal distribution of data. Multiple step-
wise regression analysis was then performed
with PEDF as a dependent variable. Indepen-
dent variables included body mass index (BMI),
HDL-C, TG, eGFR, fasting C-peptide, CPR-IR,
MAGE, UACR, use of calcium channel blockers,
sodium-glucose cotransporter 2 inhibitors, and
d-ROMs. In study 2, comparisons of clinical and
biochemical variables between baseline and
after 24 weeks of treatment were performed
using the paired Student’s t test. Analyses were
performed using IBM SPSS, version 22, for
Windows (IBM Corp, Armonk, NY, USA) with a
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p value of\0.05 indicating statistical
significance.

RESULTS

Clinical Characteristics of Patients
in Study 1

Baseline clinical characteristics of the 124
patients with T2DM patients enrolled in study 1
are shown in Table 1. Mean (± SD) age, mean
diabetes duration, and mean HbA1c level of
these patients were 64.2 ± 12.5 years,
13.5 ± 11.4 years, and 8.3 ± 1.6%, respectively.
Of these patients, 84 (67.7%) had hypertension
and 94 (75.8%) had dyslipidemia. Serum levels
of PEDF were 7.5 ± 1.8 lg/mL. BMI, MGL,
%CV, MAGE, TIR, and d-ROMs were
26.0 ± 4.6 kg/m2, 171.1 ± 42.9 mg/dL, 23.5 ±

6.2%, 117.5 ± 37.9 mg/dL, 60.6 ± 29.3%, and
344.6 ± 60.9 U.CARR, respectively.

Relationship Between Serum PEDF
and Laboratory Variables

The correlations between serum levels of PEDF
and the clinical and biochemical variables
assessed are shown in Table 2. Significant cor-
relations were observed between serum levels of
PEDF and BMI, HDL-C, TG, eGFR, fasting
C-peptide, CPR-IR, MAGE, UACR, d-ROMs, and
the use of sodium-glucose cotransporter 2
inhibitors and calcium channel blockers.
Because these glycemic parameters were corre-
lated with each other, multiple stepwise
regression analysis was performed. Multivariate
stepwise regression analysis revealed that eGFR
and HDL-C were inversely independently cor-
related with the serum PEDF level and that BMI,
MAGE and UACR were positiviely indepen-
dently correlated with the serum level of PEDF
(Table 2).

Relationship Between DPEDF and Dclinical
and Biochemical Variables

The clinical characteristics of the 52 patients
with T2DM for whom there was sufficient

serum to perform the post-treatment analysis
are shown in Table 3. After 24 weeks of treat-
ment intervention, there was an observed
improvement of CGM metrics, such as %CV,
MAGE, MODD, TIR, and MGL, and ameliora-
tion of glycemic and non-glycemic parameters,
such as FPG, HbA1c, LDL-C, and TG. Serum
PEDF levels tended to be decreased, but the
effects of the 24-week treatment were not sig-
nificant. As shown in Table 4 and Fig. 1, DMAGE
(r = 0.36, p = 0.009) and Dd-ROMs (r = 0.28,
p = 0.041) were positively associated with
DPEDF.

DISCUSSION

An accumulating body of evidence has revealed
the independent association of serum levels of
PEDF with various types of cardiometabolic
parameters, such as obesity, TG, reduced HDL-
C, homeostasis model of insulin resistance
(HOMA-IR), and decreased renal function in
patients with high-risk for cardiovascular dis-
ease, including diabetic patients [7, 10–13, 32–
38]. Indeed, earlier studies, including our own,
have shown that BMI, low HDL-C, and
decreased eGFR evaluated by serum creatinine
are independent correlates of serum PEDF levels
in patients with T2DM [12, 28]. Furthermore,
serum levels of PEDF have been shown to be
associated with the presence of microalbumin-
uria/albuminuria and to predict the develop-
ment of microalbuminuria/albuminuria in
patients with T2DM with normoalbuminuria
and eGFR[60 mL min/1.73 m2 [36]. Cardio-
vascular complications are influenced by many
factors other than glycemic control, and studies
in a large number of diabetic subjects may be
needed for the evaluation of the association
between cardiometabolic factors and PEDF in
multivariate analysis. However, the relationship
between serum levels of PEDF and clinical
variables that are associated with car-
diometabolic disorders, including glucose vari-
ability and oxidative stress, in patients with
T2DM remains unknown. To the best of our
knowledge, there are no published reports that
have examined the relationship between core
CGM metrics and PEDF levels in patients with
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T2DM. In this study, we found that in addition
to these insulin resistance- and renal impair-
ment-associated markers, MAGE derived from
CGM was also independently correlated with
serum levels of PEDF in patients with poorly
controlled T2DM patients.

The clinical utility of CGM has been recently
recognized due to improvements in accuracy
and convenience [39]. CGM also provides clin-
ically relevant and physiologically significant
information as it can not only assess hyper-

Table 1 Baseline clinical characteristics of the patients
enrolled in study 1

Clinical characteristics Values

Number 124

Age (years) 64.2 ± 12.5

Sex (male) 78 (62.9)

Body mass index (kg/m2) 26.0 ± 4.6

Smoking (%) 20 (16.1)

Duration of diabetes (years) 13.5 ± 11.4

Hypertension 84 (67.7)

Dyslipidemia 94 (75.8)

Blood pressure (mmHg)

Systolic 124.4 ± 17.3

Diastolic 72.6 ± 12.4

Low-density lipoprotein cholesterol (mg/dL) 103.0 ± 33.6

High-density lipoprotein cholesterol (mg/dL) 47.4 ± 15.5

Triglycerides (mg/dL) 136.5 ± 82.7

Estimated glomerular filtration rate
(mL/min/1.73 m2)

75.5 ± 22.3

Fasting plasma glucose (mg/dL) 141.6 ± 36.7

Fasting C-peptide immunoreactivity (ng/mL) 1.9 ± 0.9

The index CPR-IR 15.5 ± 8.0

HbA1c (%) 8.3 ± 1.6

Mean glucose level (mg/dL) 171.1 ± 42.9

Markers of glucose variability

%CV 23.5 ± 6.2

MAGE (mg/dL) 117.5 ± 37.9

MODD (mg/dL) 29.2 ± 12.8

Time in range (%) 60.6 ± 29.3

Time above range (%) 38.3 ± 30.2

Time below range (%) 1.1 ± 3.6

UACR (mg/g Cre) 192.8 ± 542.2

d-ROMs (U.CARR) 344.6 ± 60.9

PEDF (lg/mL) 7.5 ± 1.8

Macroangiopathy 29 (23.4)

Neuropathy 70 (56.5)

Retinopathy 47 (37.9)

Nephropathy 55 (44.4)

Table 1 continued

Clinical characteristics Values

Diabetes therapy

Diet alone 7 (5.6)

Metformin 36 (29.0)

Sulfonylureas 42 (33.9)

Glinides 3 (2.4)

a-Glucosidase inhibitors 22 (17.7)

Thiazolidine 18 (14.5)

Dipeptidyl peptidase 4 inhibitors 51 (41.1)

Sodium-glucose cotransporter 2 inhibitors 6 (6.8)

Glucagon-like peptide 1 receptor agonists 18 (14.5)

Insulin 43 (34.7)

Antihypertensive drugs

Angiotensin II receptor blockers 53 (42.7)

Calcium channel blockers 51 (41.1)

Diuretics 14 (11.3)

a-Blockers 4 (3.2)

b-Blockers 16 (12.9)

Lipid-lowering drugs

Statins 63 (50.8)

Fibrates 5 (4.0)

Values in table are presented as the mean ± standard deviation
(SD) or as a number with the percentage in parentheses
CPR-IR C-peptide immunoreactivity insulin resistance, d-ROMs
diacron-reactive oxygen metabolites, HbA1c glycated hemoglobin,
MAGE mean amplitude of glycemic excursion, MODD mean of
daily differences, PEDF pigment epithelium-derived factor, %CV
coefficient of variation percentage, UACR urine albumin-to-cre-
atinine ratio
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Table 2 Correlations of clinical variables with PEDF in study 1

Clinical and biochemical variables Univariate Spearman
correlation

Multivariate stepwise regression
analysis

rs p b p

Age (years) - 0.020 0.825

Sex – 0.132

Body mass index (kg/m2) 0.373 \ 0.001 0.235 0.006

Duration of diabetes (years) 0.021 0.820

Systolic blood pressure (mmHg) 0.082 0.367

Diastolic blood pressure (mmHg) 0.072 0.427

Low-density lipoprotein cholesterol (mg/dL) 0.086 0.340

High-density lipoprotein cholesterol (mg/dL) - 0.285 0.001 - 0.301 0.001

Triglycerides (mg/dL) 0.308 \ 0.001

Estimated glomerular filtration rate (mL/min/1.73 m2) - 0.504 \ 0.001 - 0.416 \ 0.001

Fasting plasma glucose (mg/dL) 0.138 0.127

Fasting C-peptide immunoreactivity (ng/mL) 0.357 \ 0.001

The index CPR-IR 0.261 0.003

HbA1c (%) 0.088 0.332

Mean glucose level (mg/dL) 0.151 0.095

%CV 0.172 0.055

MAGE (mg/dL) 0.200 0.026 0.202 0.015

MODD (mg/dL) 0.098 0.280

Time in range (%) - 0.161 0.074

Time above range (%) 0.172 0.057

Time below range (%) 0.135 0.135

UACR (mg/g Cre) 0.363 \ 0.001 0.192 0.023

d-ROMs (U.CARR) 0.180 0.045

Diabetes therapy

Diet alone – 0.432

Metformin – 0.633

Sulfonylureas – 0.172

Glinides – 0.392

a-Glucosidase inhibitors – 0.631

Thiazolidine – 0.829

Dipeptidyl peptidase 4 inhibitors – 0.865

Diabetes Ther (2021) 12:827–842 833



glycemia, MGL, and TIR, but also evaluate
MAGE, MODD, and hypoglycemic unawareness
[21–24]. Such information provided by CGM is
of prognostic value because glucose variability
and hypoglycaemia may be associated with
future cardiovascular events in diabetes [40–46],
which can not be evaluated by current clinical
and scientific measures, such as hyperinsuline-
mic–euglycemic clamp and the oral glucose
tolerance test. The importance of such infor-
mation underlines our study of the relationship
between CGM metrics and other clinical and
biochemical markers, including oxidative stress
and insulin resistance in patients with T2DM.

The results of our study show for the first
time that MAGE, a marker of glucose variability,
was one of the independent correlates of serum
levels of PEDF in our study patients with T2DM.
Furthermore, we found here that among various
clinical and biochemical parameters, DMAGE

and Dd-ROMs were positively associated with
DPEDF in study 2, thus suggesting that
improvement of glucose variability and reduc-
tion of oxidative stress levels by anti-diabetic
medications could be independently correlated
with a decrease in serum PEDF levels. Therefore,
although study 1 had a cross-sectional design
and could not elucidate the causal relationship
between MAGE and serum levels of PEDF in the
124 T2DM patients enrolled, the results do
suggest that MAGE is not just a correlate, but
rather may contribute to the elevation of serum
PEDF levels in patients with T2DM. We have
previously reported that amelioration of
HOMA-IR, a marker of insulin resistance, by
treatment with pioglitazone is independently
correlated with a decrease in serum PEDF levels
in patients with impaired glucose tolerance or
T2DM [47]. Several clinical observations have
shown associations between MAGE and markers

Table 2 continued

Clinical and biochemical variables Univariate Spearman
correlation

Multivariate stepwise regression
analysis

rs p b p

Sodium-glucose cotransporter 2 inhibitors – 0.008

Glucagon-like peptide 1 receptor agonists – 0.340

Insulin 0.215

Antihypertensive drugs

Angiotensin II receptor blockers – 0.434

Calcium channel blockers – 0.036

Diuretics – 0.849

a-Blockers – 0.119

b-Blockers – 0.770

Lipid-lowering drugs

Statins – 0.188

Fibrates – 0.167

R2 0.452

Values represent Spearman’s correlation coefficients. Between-group comparisons were tested by unpaired Mann–Whitney
U test
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Table 3 Clinical variables at baseline and after 24-weeks intervention in study 2

Clinical variables Values p

Baseline 24 weeks

Number of patients 52 52 –

Age (years) 64.8 ± 10.9 65.3 ± 10.9 –

Sex (male) 38 (73.1) 38 (73.1) –

Body mass index (kg/m2) 25.8 ± 4.6 25.2 ± 4.9 0.518

Smoking (%) 8 (15.4) 8 (15.4) –

Hypertension 34 (65.4) 34 (65.4) –

Dyslipidemia 40 (76.9) 40 (76.9) –

Systolic blood pressure (mmHg) 126.7 ± 19.0 133.3 ± 23.0 0.115

Diastolic blood pressure (mmHg) 71.6 ± 12.8 76.8 ± 12.8 0.044

Low-density lipoprotein cholesterol (mg/dL) 96.9 ± 30.8 79.7 ± 25.2 0.002

High-density lipoprotein cholesterol (mg/dL) 47.0 ± 19.0 48.5 ± 14.4 0.655

Triglycerides (mg/dL) 120.5 ± 63.5 96.9 ± 46.5 0.033

Fasting plasma glucose (mg/dL) 143.4 ± 31.6 125.9 ± 29.6 0.004

Fasting C-peptide immunoreactivity (ng/mL) 1.9 ± 0.8 1.8 ± 0.8 0.750

The index CPR-IR 14.6 ± 6.7 16.3 ± 7.6 0.245

HbA1c (%) 8.2 ± 1.5 6.9 ± 0.9 \ 0.001

Mean glucose level (mg/dL) 171.1 ± 41.6 141.0 ± 29.7 \ 0.001

Markers of glucose variability

%CV 24.2 ± 5.9 22.2 ± 6.7 0.106

MAGE (mg/dL) 120.2 ± 36.7 94.3 ± 34.2 \ 0.001

MODD (mg/dL) 30.9 ± 10.7 27.8 ± 13.3 0.014

Time in range (%) 59.6 ± 27.9 81.4 ± 20.1 \ 0.001

Time above range (%) 39.6 ± 28.5 17.1 ± 20.3 \ 0.001

Time below range (%) 0.7 ± 3.2 1.5 ± 3.7 0.272

PEDF (lg/mL) 7.3 ± 1.8 7.1 ± 1.9 0.589

UACR (mg/g Cre) 170.8 ± 421.1 200.8 ± 471.5 0.733

d-ROMs (U.CARR) 344.0 ± 66.3 311.2 ± 56.5 0.008

Macroangiopathy 14 (26.9) 14 (26.9)

Neuropathy 25 (48.1) 25 (48.1) –

Retinopathy 13 (25.0) 13 (25.0) –
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of oxidative stress and increased risk for CVD
[40–44, 48]. Although glucose variability,
oxidative stress, and insulin resistance are
interrelated with each other [8, 24, 49, 50], our
present observations suggest that MAGE may be
associated with serum levels of PEDF indepen-
dently of oxidative stress and insulin resistance
in T2DM patients.

The authors of numerous research and clin-
ical papers have suggested that PEDF is func-
tionally related to the development and

progression of atherosclerotic cardiovascular
disease [7, 8, 51] and that its serum levels could
be a biomarker of cardiovascular disease in
high-risk patients, such as those with T2DM
[19–21, 52–54]. We have previously shown that
serum levels of PEDF are independently corre-
lated with carotid artery intima-media thickness
and vascular inflammation within the carotid
atherosclerotic plaques, two representative
indicators of atherosclerosis that could predict
future cardiovascular events in humans [19, 55].

Table 3 continued

Clinical variables Values p

Baseline 24 weeks

Nephropathy 22 (42.3) 22 (42.3) –

Diabetes therapy 14 (26.9) 14 (26.9) –

Diet alone 7 (13.5) 0 (0.0)

Metformin 12 (23.1) 18 (34.6)

Sulfonylureas 14 (26.9) 3 (5.8)

Glinides 2 (3.8) 2 (3.8)

a-Glucosidase inhibitors 8 (15.4) 13 (25.0)

Thiazolidine 3 (5.8) 7 (13.5)

Dipeptidyl peptidase 4 inhibitors 20 (38.5) 15 (28.8)

Sodium glucose cotransporter 2 inhibitors 2 (3.8) 6 (11.5)

Glucagon-like peptide 1 receptor agonists 6 (11.5) 15 (28.8)

Insulin 23 (44.2) 25 (48.1)

Insulin dose of insulin therapy (U/day) 20.8 ± 11.4 15.9 ± 11.9

Medication

Angiotensin II receptor blockers 16 (30.8) 22 (42.3)

Calcium channel blockers 21 (40.4) 20 (38.5)

Diuretic 6 (11.5) 8 (15.4)

a-Blockers 2 (3.8) 1 (1.9)

b-Blockers 7 (13.5) 7 (13.5)

Statins 30 (57.7) 41 (78.8)

Values in table are presented as the mean ± SD or as a number with the percentage in parentheses
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Furthermore, serum PEDF levels are also asso-
ciated with vulnerable plaques within the
coronary arteries and could predict necrotic
core progression in patients who undergo per-
cutaneous coronary intervention [20, 52–54].
There is a growing body of evidence showing
that MAGE is associated with endothelial dys-
function and severity of coronary artery disease
and that it could be a predictor of future car-
diovascular events in patients with T2DM
[40–44]. Therefore, the clinical association
between serum levels of PEDF and atheroscle-
rotic cardiovascular disease may be partly
ascribed to the elevation of MAGE in T2DM
patients.

In this study, although the significant cor-
relation between d-ROMs and serum PEDF was
lost in the multiple stepwise regression analysis,

Dd-ROMs change was positively associated with
DPEDF in patients with T2DM in study 2. Glu-
cose variability indicated by the increase in
MAGE is associated with oxidative stress levels,
such as d-ROMs [24, 45]. Moreover, PEDF has
been shown to have anti-oxidative and insulin-
sensitizing properties in both cell culture and
animal models [7, 8, 56], and its secretion from
adipocytes and liver is increased under oxida-
tive stress conditions [57, 58]. These observa-
tions suggest that serum levels of PEDF may be
elevated as a counter-system against MAGE-in-
duced oxidative stress generation in patients
with T2DM. Given the role of oxidative stress in
insulin resistance and diabetic nephropathy
[59, 60], oxidative stress may partly contribute
to the clinical link between serum levels of
PEDF levels and markers of insulin resistance

Table 4 Correlation of change in clinical variables with change in PEDF in study 2

Clinical variables (change) r p

DSystolic blood pressure (mmHg) - 0.032 0.821

DDiastolic blood pressure (mmHg) - 0.031 0.825

DLow-density lipoprotein cholesterol (mg/dL) 0.031 0.827

DHigh-density lipoprotein cholesterol (mg/dL) 0.048 0.734

DTriglycerides (mg/dL) 0.186 0.186

DFasting plasma glucose state (mg/dL) 0.240 0.087

DFasting C-peptide immunoreactivity (ng/mL) - 0.001 0.996

DThe index CPR-IR - 0.204 0.146

DHbA1c (%) 0.111 0.435

DMean glucose level (mg/dL) 0.179 0.204

D%CV 0.091 0.523

DMAGE (mg/dL) 0.360 0.009

DMODD (mg/dL) 0.218 0.120

DTime in range (%) - 0.200 0.151

DTime above range (%) 0.182 0.196

DTime below range (%) - 0.015 0.914

DUACR (mg/g Cre) 0.105 0.468

Dd-ROMs (U.CARR) 0.284 0.041

Abbreviations are the same as in Table 1
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and/or renal impairment in patients with
T2DM.

The present study has several limitations.
First, prior studies have shown that PEDF is
increased with obesity and varies with the
amount of body fat [7, 8]. However, in the
current study, the only index of obesity pre-
sented is BMI. The lack of other measures, such
as waist circumference or body composition, is a
limitation in this study. Second, there is no
control group without diabetes; thus, there is
no reference range for any of key variables,
especially PEDF. The design also prevents an
understanding of the overlap of PEDF concen-
tration among people with and without T2DM.
Therefore, this study does not show how sensi-
tive or specific PEDF is as a biomarker for dia-
betes. Third, although almost all of the
participants in study 1 were already taking
medications for T2DM, these were not sufficient
to achieve glycemic control; the mean HbA1c
value was 8.3%. Intervention was performed as
part of study 2 in poorly controlled T2DM
patients. Our present findings may not be

generalizable to other patient groups. Moreover,
these are real-world observational studies and
even study 2 was not an interventional study in
the true sense of clinical research. Multiple
drugs were used and adjusted during the inter-
vention, which may limit the pure role of glu-
cose-lowering effects on PEDF. In addition, we
did not know the exact reason for the apparent
lack of PEDF changes in study 2 as a whole even
though HbA1c, TIR, MAGE, and d-ROMs were
all improved. Fourth, in this study, we did not
examine the relationship between PEDF and
some clear clinical variables related to cardio-
vascular events, such as blood pressure vari-
ability. Fifth, although drug medication was not
associated with serum levels of PEDF in the
multivariate analysis, we can not totally exclude
the possibility that several drugs, such as sym-
pathetic agents and sodium-glucose cotrans-
porter 2 inhibitors, could affect the present
findings. [17] Sixth, we calculated MODD by
measuring glucose levels continuously only for
2 days, and thus it may not be a reliable mea-
sure of inter-day glycemic variability. However,

Fig. 1 Correlation between change in mean amplitude of glycemic excursion (DMAGE) and change in pigment epithelium-
derived factor (DPEDF)
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we have previously shown that decreases in
MODD for 2 days after anti-hyperglycemic
agents are independently associated with a
reduction in d-ROMs in patients with T2DM
[24].

CONCLUSIONS

In conclusion, this is the first study to demon-
strate that serum levels of PEDF are indepen-
dently correlated with MAGE in patients with
T2DM and that amelioration of glucose vari-
ability and oxidative stress is associated with a
reduction in serum PEDF level. This study was
an exploratory analysis, and any findings
require careful follow-up in order to determine
the causation. Accordingly, a further longitu-
dinal study is needed to clarify whether serum
levels of PEDF may be a biomarker and thera-
peutic target for cardiovascular disease in
patients with T2DM, especially those with high
glucose variability.
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