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Abstract

Background: Type 2 diabetes mellitus has become one of the most important public health concerns worldwide.
Due to its high prevalence and morbidity, there is an avid necessity to find new therapies that slow the progression
and promote the regression of the disease. Imatinib mesylate is a tyrosine kinase inhibitor that binds to the
Abelson tyrosine kinase and related proteins. It enhances (3-cell survival in response to toxins and pro-inflammatory
cytokine. The aim of this study is to evaluate the effect of imatinib on fasting plasma glucose in subjects with
normal fasting glucose, subjects with impaired fasting glucose and in subjects with type 2 diabetes mellitus.

Methods: We identified 284 subjects diagnosed with chronic myeloid leukemia or gastrointestinal stromal tumors from
the Instituto Nacional de Ciencias Medicas y Nutricion Salvador Zubiran database. 106/284 subjects were treated with
imatinib. We compared the effect of imatinib on fasting plasma glucose after 1 and 6 months of treatment. We used
ANOVA test of repeated samples to determine statistical significance in fasting plasma glucose before imatinib treatment
and the follow-up. Statistical analysis was performed with Statistical Package for the Social Sciences v22.

Results: We included a total of 106 subjects: 76 with fasting plasma glucose concentrations < 100 mg/dL (normal FG), 19
subjects with fasting plasma glucose concentrations 2100 mg/dL (impaired fasting glucose), and 11 subjects with

2126 mg/dL (type 2 diabetes mellitus). We found a significant increase in fasting plasma glucose concentration in the
normal fasting glucose group (p =0.048), and a significant decrease in fasting plasma glucose concentration in the type 2
diabetes mellitus group (p =0.042). In the impaired fasting glucose group, we also found a tendency towards a decrease
in fasting plasma glucose (p = 0.076). We identified 11 subjects with type 2 diabetes mellitus, of whom, 7 (64%) had a
reduction in their fasting plasma glucose concentrations after 6 months. A significant glycosylated hemoglobin reduction
(p =0.04) was observed.

Conclusion: Subjects with chronic myeloid leukemia or gastrointestinal stromal tumor with type 2 diabetes mellitus had
a significant reduction in fasting plasma glucose and glycosylated hemoglobin at 1 and 6 months while using imatinib.

Keywords: Imatinib, Fasting plasma glucose concentrations, Chronic myeloid leukemia, Gastrointestinal stromal tumor,
Type 2 diabetes mellitus
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Background

Type 2 diabetes mellitus (T2DM) has become one of the
most important public health concerns worldwide,
reaching epidemic proportions. Currently, T2DM affects
over 425 million people and is estimated that the num-
ber of cases will reach 629 million by 2045 [1]. Due to
its high prevalence and morbidity, there is a necessity to
find new therapies that slow the progression and pro-
mote the regression of the disease. Previous publications
have shown an improvement of glucose metabolism with
the use of imatinib in diabetic subjects with chronic
myeloid leukemia (CML) and gastrointestinal stromal
tumors (GIST) [2, 3].

Imatinib mesylate is a tyrosine kinase inhibitor (TKI)
that binds to the Abelson tyrosine kinase (c-Abl) and re-
lated proteins. It became the very first molecular inhibi-
tor drug to be clinically approved [4]. Also, it inhibits
the platelet-derived growth factor receptor (PDGFR) and
transmembrane stem-cell factor receptor (c-Kit) [5, 6],
as well as it enhances P-cell survival in response to
toxins and pro-inflammatory cytokines [7, 8].

The aim of this study is to evaluate the effect of ima-
tinib on fasting plasma glucose (FPG) concentrations in
subjects with CML and GIST, classified by their FPG
status: normal fasting glucose (normal FG) compared to
subjects with impaired fasting glucose (IFG) and subjects
with T2DM. Our hypothesis is that subjects with IFG or
T2DM will show an improvement in fasting glucose
concentrations.

Methods

This is a retrospective cohort study that included sub-
jects with a diagnosis of CML or GIST that received
treatment with imatinib from January 2000 to October
2016. The study was submitted and approved by the
Instituto Nacional de Ciencias Medicas y Nutricion Sal-
vador Zubiran Comite de etica en Investigacion/Comite
de investigacion on July 11th, 2016.

Study population

We identified 284 Hispanic subjects diagnosed with CML
and GIST from the Instituto Nacional de Ciencias Medi-
cas y Nutricion Salvador Zubiran (INCMNSZ) database.
Of these, 106 were treated with imatinib. We selected sub-
jects aged 18 years and older. We excluded subjects who
did not have enough data, such as 1-month follow-up,
FPG, triglycerides (Tg), low-density lipoprotein (LDL),
high-density lipoprotein (HDL), and subjects treated with
imatinib in another hospital (Fig. 1).

Three study groups were formed depending on their
FPG concentrations: subjects with FPG <100 mg/dL,
subjects with FPG >100 to <126 mg/dL (IFG), and
FPG =126 mg/dL (T2DM). Data were collected follow-
ing the next criteria:
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Assessed for eligibility (n=284)

Excluded (n=178)
* Nottreated with imatinib (n=118)
* Didnot have sufficientdata (n=60)

Included (n=106)

A4

Analysed (n=106)
* Normal FG (n=76)
* IFG (n=19)
* T2DM (n=11)

Fig. 1 Flow chart. Normal fasting glucose; Normal FG, impaired
fasting glucose; IFG, Type 2 Diabetes Mellitus; T2DM

e Basal information was collected with a maximum
period of 3 months prior to the treatment with
imatinib.

e 1-month follow-up: information was collected with a
period of +2 weeks of completing 1 month of treat-
ment with imatinib.

o 6-month follow-up: information was collected with a
period of +1 month of completing 6 months of
treatment with imatinib.

Biochemical and anthropometric measurements

We reviewed subject charts to retrieve laboratory data
from the central laboratory of INCMNSZ, including
fasting glucose, HbAlc, total cholesterol, LDL, HDL, tri-
glycerides (Tg), alanine aminotransferase (ALT), magne-
sium (Mg), and creatinine. The measurements were
carried out with commercially available standardized
methods. In addition, other variables obtained from the
subjects were age, sex, weight, and treatment for dia-
betes or other conditions.

Statistical analysis

Normally distributed data are expressed as the mean and
standard deviation (+SD), whereas variables with a skewed
distribution are reported as median (interquartile range). In
addition, we used the Kruskal-Wallis test to determine the
statistical significance between the FPG concentrations be-
fore treatment and at 1 and 6 months follow-up among the
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three study groups. Mauchly’s sphericity test was used to
evaluate equality and homogeneity of the studied popula-
tion, and Greenhouse-Geisser test to obtain the p-value to
determine if the changes of FPG were statistically and clin-
ically significant. Data were analyzed with Statistical Pack-
age for the Social Sciences (SPSS) v22.

Results

We included a total of 106 subjects that received imatinib
for 6 months: 76 with normal fasting glucose concentra-
tions < 100 mg/dL (normal FG), 19 subjects with glucose
concentrations >100 to < 126 mg/dL (IFG), and 11 subjects
with glucose concentrations >126 mg/dL (T2DM). Baseline
characteristics of the studied subjects are shown in Table 1.
Characteristics of subjects according to their FPG concen-
trations are shown in Table 2, there were significant differ-
ences in age (p=0.023) and ALT concentration after
1 month of treatment with Imatinib (p = 0.008). The com-
parison of mean FPG concentration variations through
time in each group are presented in Table 3. We analyzed
the sphericity of the mean FPG within each group with the
Mauchly’s sphericity test and found a p = 0.960 in the nor-
mal FG group, a p=0.184 in the IFG group, and a p=
0.702 in the T2DM group. Due to these values, we cor-
rected the significance with the Greenhouse-Geisser test.
We found a significant increase in FPG concentration in
the normal FG group, before (87.6 +8.3), after 1 month
(93.6 £ 7.6), and after 6 months (93.4 + 10.5), p = 0.048; and
a statistically significant decrease in FPG concentration in
the T2DM group, before (241+120.7), after 1 month
(152.7 £ 74.5), and after 6 months (128.6 + 33.9), p = 0.042.
In the IFG group, there is also a decrease in FPG concen-
tration, at baseline (121 + 28.7), after 1 month (97. 3 + 12.8),
and after 6 months (96. 1 + 7.3), p = 0.076. The latter result

Table 1 Baseline characteristics of the studied subjects (n = 106)

Variable Value

Sex (male: %) 525

CML (%) 81.8

GIST (%) 182

Age (years) 402 +16.7
Weight (kg) 683+ 144
Overweight (%) 477

IFG (%) 17.9

DM2 (%) 104
Creatinine (mg/dL) 0.93 (0.68-1.0)
ALT (U/L) 283 (14.2-31.0)
Mg (mg/dL) 21+0.26
Glucose (mg/dL) 109 (86-104.5)

Variables with normal distribution are expressed as mean + s.d. Variables with
non-parametric distribution are expressed as median (interquartile range). CML
chronic myeloid leukemia, GIST gastrointestinal stromal tumor, IFG impaired
fasting glucose, ALT alanine aminotransferase, Mg magnesium
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shows imatinib’s tendency to decrease FPG concentration,
even though is not statistically significant. These results are
represented in Fig. 2, where we can observe an important
reduction of FPG concentration in the group with T2DM
and IFG; having a decrease in concentrations at one-month
follow-up, and 6-month follow-up. On the other hand, we
can observe that the normal FG group had a small, yet sig-
nificant increase in the FPG concentrations. Also, we de-
cided to compare all patients with normal fasting glucose
against I[FG plus T2DMV, in the first group we obtained a p
=0.059 and in the second group a significant p value =
0.034. These results are shown in Additional file 1: Table S1
and Additional file 2: Figure S1.

We identified 11 subjects with T2DM, which are rep-
resented in Table 4, from the INCMNSZ database. As
shown in the table, two subjects (18.2%) had an increase
in FPG concentration after 1 month of treatment with
imatinib, one did not have sufficient follow-up data, and
the remaining (72.7%) decreased their FPG concentra-
tion. According to the FPG concentration after 6 months
of treatment, one subject (9.1%) had an elevation, seven
decreased their glucose concentrations (63.6%), and
three did not have sufficient data. HbAlc decreased
from 7.48 (£1.82) to 6.2 (+0.57), with a significant reduc-
tion at 6 months after imatinib treatment (p = 0.04). Fi-
nally, according to the hypoglycemic treatment, four
subjects (36.4%) stayed with the same treatment, two
(18.2%) reduced the doses, one (9.1%) stopped taking
metformin, one (9.1%) increased doses, another one
(9.1%) started using insulin, and the last two subjects did
not have sufficient follow-up data after 6 months of ima-
tinib administration. With these results, we can observe
that most subjects did have a reduction in the FPG con-
centration at 1-month follow-up (72.7%) and 6-month
follow-up (63.6%), indicating a benefit of imatinib on
glucose metabolism. In Table 5 we depict the studies
assessing the effect of imatinib on glucose metabolism in
subjects with T2DM.

Discussion

We observed that imatinib reduced the FPG and HbAlc
concentration in subjects with T2DM. However, due to
the design of our study, we cannot establish a real thera-
peutic effect of imatinib in subjects with T2DM. As de-
scribed previously, only three of the eleven subjects with
T2DM reduced their hypoglycemic therapy, but four
remained with the same anti-diabetic treatment. HbAlc
reduction indicates that FG was reduced, especially in
subjects with high-starting HbAlc values; as in most
diabetes clinical trials the magnitude of improvement in
HbAlc is related to baseline Alc, the higher the Alc the
greater the drop, so when Alc is normal you cannot ex-
pect a lot of improvement.
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Table 2 Characteristics of subjects according to fasting glucose
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Variable
<100 mg/dL (n=76)

Subjects with fasting glucose  Subjects with fasting glucose 2100 mg/dL  Subjects with T2DM (n=11) p
and < 126 mg/dL (n=19)

Sex (male: n, %) 41,539 9,474 5,455 0.721
Cigarette (yes: n, %) 22,289 4,267 3,30 0.663
CML (n, %) 59, 80.8 13,722 10, 90.9 0.747
GIST (n, %) 14,184 5278 1,9.1

Age (years) 386+ 157 418+168 53+ 142 0.023
Weight (kg) 70.5+15.1 642+ 144 653+10.7 0486
Weight (after 1 month, kg) 69.6 £ 14.9 63.7+126 744 +275 0.645
Weight (after 6 months, kg) 749+ 166 785+ 10 616+75 0.127
Mg (mg/dL) 22+0.25 2+£0.20 2.1+£038 0.098
Mg (after 1 month, mg/dL) 2+06 19+0.18 2251021 0343
Creatinine (before, mg/dL) 0.90 (0.68-1) 1.02 (0.62-1.13) 1.02 (0.75-1.12) 0.260
Creatinine (after 1 month, mg/dL)  0.81 (0.70-0.90) 0.94 (0.68-1.05) 0.90 (0.60-1.10) 0.549
Creatinine (after 6 months, mg/dL) 0.86 (0.73-0.99) 0.84 (0.58-1.06) 0.84 (0.73-0.98) 0.239
ALT (before, U/L) 236 (14-26.5) 458 (14.2-48.2) 31 (17-48.5) 0.293
ALT (after 1 month, U/L) 249 (15-30) 513 (19-54.7) 17.8 (13-235) 0.008
ALT (after 6 months, U/L) 223 (17-26) 234 (20-27.5) 16.5 (15.2-17.7) 0.106

p value was obtained with Kruskal-Wallis or chi-square test

CML chronic myeloid leukemia, GIST gastrointestinal stromal tumor, IFG impaired fasting glucose, Mg magnesium, ALT alanine aminotransferase

Imatinib inhibits the phosphorylation of proteins which
may result in better signaling, better function of effectors,
or both, with improvement in insulin sensitivity; thus, de-
creasing HbAlc levels in patients with high-starting
values. Therefore, we can assume there is a therapeutic
benefit in patients with T2DM. We cannot attribute this
effect entirely to the imatinib treatment, but data in our
study suggests there is a relationship between its adminis-
tration and the lowering of FPG concentration.

Due to our study population, formed by Hispanic sub-
jects with cancer, many confounding factors can alter
the results. Nausea, vomiting, weight loss, hydroxyurea,
and redistribution of adipose tissue [9] could influence
glucose metabolism and insulin resistance. Even though
there are animal trials that confirm the effect of imatinib
on insulin resistance and glucose metabolism, these con-
founding variables need to be evaluated in prospective
studies. We could not assess the effect after discontinu-
ing therapy as Agostino et al. [2].

Table 3 Repeated measures ANOVA

Ethnicity could affect imatinib’s treatment response. Sev-
eral studies compared the difference of imatinib therapy re-
sponse between different ethnic groups, but few studies
have enough Hispanic subjects to compare against other
ethnic groups. Lee et al. performed a study with more His-
panic subjects with CML compared to non-Hispanics
[60.9% vs 39.1%, respectively], and concluded that Hispanic
subjects achieved better treatment responses to imatinib
when compared to non-Hispanic subjects [10].

We reviewed the pathophysiology of T2DM and sev-
eral animal and human studies that aimed to establish
the mechanism by which imatinib lowers FPG concen-
tration. T2DM derives from the abnormal metabolism
of carbohydrates, fats, and proteins which leads to
hyperglycemia and hyperlipidemia. Within time, high
levels of glucose and lipids induce changes in the meta-
bolic pathways of insulin causing impaired insulin se-
cretion from the P-cells of pancreatic islets, insulin
resistance and decreased glucose use in peripheral

Glucose before Glucose after

Glucose after Mauchly’s sphericity Greenhouse-Geisser

1 month 6 months test p value
Subjects with fasting glucose 876 +83 936+76 934+105 0.960 0.048
<100 mg/dL (n=76)
Subjects with fasting glucose 121 £ 287 97.3+£128 96.1+£73 0.184 0.076
2100 mg/dL (n=19)
Subjects with T2DM (n=11) 241 £120.7 1525+ 745 1286+339 0.702 0.042

Database was analyzed through the ANOVA test of repeated samples to determine the statistical significance between normal FG, IFG and T2DM subjects before
treatment and at 1 and 6 months follow-up. The Mauchly’s sphericity test was used to evaluate equality and homogeneity of the studied population, and the p

value was obtained through the Greenhouse-Geisser test
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Fig. 2 Change in fasting plasma glucose concentration after treatment with imatinib in subjects with normal fasting glucose, impaired fasting
glucose and type 2 diabetes mellitus

tissues, and abnormal hepatic glucose production. Ima-
tinib has shown to interfere in these pathways [11].

Mice models with type 1 diabetes mellitus (T1DM)
and T2DM treated with TKIs have shown beneficial
effects, improving several aspects of the disease. A
study by Louvet et al. reported non-obese diabetic
mice with new-onset T1DM experienced the regres-
sion of the disease when treated with imatinib [7].
Additionally, Chang Qing et al. established that there
is an increase in the production of insulin in residual
B-cells, with or without glucose stimulation, through
an indirect control of the genetic expression of insu-
lin in response to glucose, and through the promotion
of the expression of glucose transporter-2 (GLUT-2)
in B-cells [12]. Furthermore, it has been proven that
TKIs prevent B-cell apoptosis via activation of antia-
poptotic nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-Kb) and/or inhibition of the
proapoptotic mitogen-activated protein kinase/c-jun
N-terminal kinase (MAPK/JNK) [13, 14]. Moreover,
Wijesekara et al. found that adiponectin promotes the
phosphorylation of the protein kinase B (Akt/pkB)
and the extracellular signal-regulated kinase (ERK)
which leads to protection against apoptosis and
stimulation of gene expression and secretion in pan-
creatic beta cells [15]. It has been proven that adipo-
nectin concentration rises three times in plasma after
three months of treatment with imatinib [16].

The hypoglycemic effect of this drug might be due to
the inhibition of the multiple tyrosine kinases, such as
c-Abl [12], PDGFR, Akt/pkB [4], and the extracellular
regulatory kinases ERK1 and ERK2 which are crucial to
the control and signaling activity of cellular effectors in
the insulin pathway [17]. Phosphorylation of ERK by ima-
tinib could result in better signaling, better functioning of
the effectors or both [18], and it could also have an antia-
poptotic effect [17]. In addition, inhibition of vascular
endothelial growth factor receptor 2 (VEGFR2) reduces
the degree of islet cell inflammation (insulitis) [19]. Like-
wise, the tyrosine phosphorylation of insulin receptor and
phosphorylation of Akt/pkB after insulin administration
was dose-dependent [20]. It is noteworthy that c-kit inhib-
ition is not required for the reversal of hyperglycemia [5].
Markers of endoplasmic reticulum (ER) stress, protein
kinase RNA-like endoplasmic reticulum kinase (PERK),
eukaryotic initiation factor 2a (elF2a), phosphorylated
tribbles homolog 3 protein (TRB3), C/EBP homologous
protein (CHOP), and phosphorylated JNK, decreased with
imatinib [21].

Several case reports and retrospective human studies
have been published assessing the effect of imatinib on glu-
cose metabolism. Salalori et al. reported a subject with
T1DM with the translocation-ets-leukemia/platelet-derived
growth factor receptor p (TEL/PDGFRp) rearrangement
mutation and symptomatic hypoglycemia that had a reduc-
tion in the insulin dosage after treatment with imatinib



Page 6 of 8

(2018) 18:77

Goémez-Samano et al. BMC Endocrine Disorders

uiopabeH sulweloid [eanau HyN ‘Aep e 2ouo g ‘Aep e sawi omy gjg ‘Aep e sawil 9a.y3 /L ‘uiqojboway pa1edA|D 21 ygH

aiLbw s ¢01-0l dlL buw 058 aliLbw g
9pUNgAID odsi UluLIoa 9puUNgA|D Syluow 9
UILLIORSI - 02-0-5C aonsc awes awes aig buw /6w 005 AIL Bw 00s aues 1aye
papuadsng HdN awies 2y} pakelg - ulnsul HdN 2yl pakeis - 9yl paAelS  9pUNGAID/ UILLIOASN UIIoNa U3 pakels uswieal |
Qo bw 058

dlL bw 058 z-01-0L UILLIOASN diL 0S8 o bw 058 ST-S AL bw oos

[VIVSSIeTEINY] oidsi ao UlULIojIBN UIUWLIOjIBN —G 9pUNgAID [VIISSSIeINEINY]
diLbw s 0z-0-S¥  AIL 9s0p Jley bw 5/6w 005 N 0 duibien aiLbws  gobwoos go bw 0os aig buw g aiL bw /6w 005 AlL bui 00§ aiLbw g 910j3q
9pLUNgAID HdN apuNgAID / uluwioas ulnsuy| SpUNCAID UluLIoj8N UIULIOjBN SpUNGAID  apUNQgA|D / UIWIOAIIN uluIopaN apuNgA|D 1uswieal ]
mcpcog 9
LS 9/ LS - 9 €9 - 9/ 79 Wi - J3Yed|lYgH
yuow |
- L9 9 Ll - - - St 49 - - 1dYed|VyaH
- 98 €9 - L'zl $9 9 vl 88 ol 98 210J3q d1YIH
Syuow 9
LL 9Ll vl - 16 01 - 851 /91 ¥9l - I3ye 3500n|H
yuow |
g€l 3 8Ll 98l - 90l €€l sel LEL /81 LS J1aye asodn|H
9500N|9H
LSy 98¢ LEL 19z ¥sT oLl €1l Lze 443 €/l LLL auljaseg
L ol 6 8 / 9 S 14 ¢ z L s103[gng

sa1aqelp ¢ 2dA) yum s109(gns ¢ ajqel



Gomez-Samano et al. BMC Endocrine Disorders (2018) 18:77

Table 5 Studies assessing effect of imatinib on glucose metabolism
of subjects with T2DM

Author N Effect

17 47% of the subjects could 2]
discontinue their medications. All
the subjects had a reduction in
FPG.

85.7% of the subjects reduced (3]
FPG concentration allowing dose
decrease of oral hypoglycemic
agents.

Year Reference

20

Agostino et al.

Breccia etal. 2004 7

lurlo et al® 2015 27 Improve FPG levels and reduction [22]
of the dosage of

antihyperglycemic drugs.

2007 7  There was no reduction of FG, [9]
HbATc or antidiabetic treatment

in any of the patients.

Dingli et al.

FPG fasting plasma glucose

?In this study, the authors did not separate subjects with IFG and T2DM
ETwo patients of the group with normal fasting glucose developed diabetes
during the treatment with imatinib

[22]. Breccia et al. performed a study of 7 diabetic subjects
with CML treated with imatinib, 6 showed improvements
in fasting glucose concentrations, allowing a dose decrease
of oral hypoglycemic agents and insulin. Before starting
imatinib, they had a mean glucose of 220 mg/dL, after
3 months of treatment the mean FPG concentration was
110 mg/dL and after 12 months 108 mg/dL. The subject
who was resistant to imatinib had also a decrease in FPG
concentrations [3]. A similar study by Agostino et al. ana-
lyzed the effect of multiple TKIs in glucose metabolism,
and a subgroup of diabetic subjects (8 of 17, 47%) could
discontinue their medications, including insulin in some of
them. The mean FPG decreased in all individuals associated
with treatment with TKI [2]. Additionally, other case series
not only found beneficial effects of imatinib on FPG con-
centrations, but also in the lipid profile, lowering total,
high-density lipoprotein (HDL), and low-density lipoprotein
(LDL) cholesterol concentrations [16, 23]. It has been
proven that imatinib’s effect on glucose concentrations is
stable after the end of treatment in comparison with dasati-
nib, which also lowered glucose concentrations [23, 24]. It
is important to recall that this study has the biggest number
of subjects, compared with others with the same topic.

For future studies in this topic, it would be very import-
ant to adjust the effect of imatinib on glucose metabolism
for important confounders such as weight changes.

Conclusion

We conclude that subjects with CML or GIST with
T2DM had a statistically and clinically reduction in
mean FPG and HbAlc at 1 and 6 months of imatinib
therapy. Clinicians should consider the hypoglycemic ef-
fect of this drug when treating CML or GIST subjects
with T2DM, and investigations on this drug need to con-
tinue to discover its potential use in diabetes therapy.
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Additional files

Additional file 1: Table S1. Repeated measures ANOVA. (DOCX 13 kb)

Additional file 2: Figure S1. Fasting plasma glucose concentrations
follow up. FPG, fasting plasma glucose; FG, fasting glucose; IFG, impaired
fasting glucose; T2DM, type 2 diabetes mellitus. (JPG 20 kb)
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