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ABSTRACT

Aims: Type 2 diabetes (T2DM) is associated with alterations of the immune response
and T2DM patients have an increased risk for infections and certain sorts of cancers.
Although CD14*HLA-DR”°% cells have emerged as important mediators of
immunosuppression in several pathologies, including cancer and non-malignant
diseases, the presence of these cells in T2DM is not fully characterized.

Methods: In this study, we evaluated the frequency of CD14*HLA-DR°% cells in non-
obese T2DM patients and their association with glycemic control. Peripheral blood
mononuclear cells were isolated from healthy controls (HC, n=24) and non-obese
T2DM patients (n=25), the population was evaluated by flow cytometry, and an
analysis of correlation between cell frequencies and clinical variables was
performed.

Results: CD14*HLA-DR”°" monocytes were expanded in patients with T2DM
compared to HC regardless of weight. Among the subjects with T2DM, the frequency
of CD14*HLA-DR"°% was higher in patients with poor glycemic control (HbAlc >9%)
compared to those with better glycemic control (HbAlc <9%) and, positively
correlated with the years since the diagnosis of T2DM, the age of the patients and
the glycemic index.

Conclusions: An increased frequency of CD14*HLA-DR% cells in the blood of
T2DM patients was recorded. The influence of hyperglycemia seems to be

independent of obesity, but related to glycemic control and age.
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1. Introduction

Diabetes represents a global epidemic that has reached alarming levels, with 537
million adults with the disease in 2021, 90% of global cases due to type 2 diabetes
mellitus (T2DM) [1]. In 2021, it was estimated that 6.7 million adults died because of

diabetes complications, being among the leading causes of death worldwide [1].

T2DM is a metabolic disease characterized by high blood glucose levels
(hyperglycemia) with altered carbohydrate, fat, and protein metabolism resulting
from deficient insulin action (insulin resistance) and/or insulin secretion defects [2,
3]. Chronic hyperglycemia and inflammation increase the risk of macrovascular and
microvascular complications [4]. In addition, the immune response is affected in
diabetic patients, causing more susceptibility to infections. Actually, poor glycemic

control is strongly associated with infection severity [4, 5].

T2DM is associated with impaired immune cells, including alterations in the
phenotype and function of human monocytes [4, 6-10]. Monocytes with low or no
HLA-DR expression have been called CD14*HLA-DR”°" (CD14*HLA-DR'"e9)
monocytes. These cells belong to the larger class of suppressive cells termed
myeloid-derived suppressor cells (MDSC), specifically to the group of monocytic
MDSCs (M-MDSCs) and have been studied as important mediators of tumor-
induced immunosuppression [11, 12]. These cells are abundant in different types of
cancer, affecting negatively the response to immunotherapy [11, 13-15]. In other
inflammatory conditions, such as sepsis, the loss of HLA-DR is considered a
hallmark of monocytes functional deactivation, and it has been associated with poor

clinical outcomes [11, 16]. Interestingly, changes in the frequency of these cells have



also been reported in Coronavirus disease (COVID)-19 [17]. Therefore, the role of
these cells could be relevant in patients with T2DM, who have an increased risk of

developing cancers [18] and infections [5].

Concerning CD14*HLA-DR7°¥ cells in the context of diabetes, Friedrich et al. found
a higher absolute number in peripheral blood of obese individuals compared to
normal and overweight individuals; among obese individuals, those with T2DM
showed a higher frequency [19]. Furthermore, we reported low HLA-DR expression
(median fluorescence intensity) in monocytes and monocyte-derived macrophages
(MDM) of patients with T2DM [7]. However, no studies have been conducted focused
on the frequency of the CD14*HLA-DR"°" cell phenotype in patients with T2DM
discriminating the contribution of obesity. Therefore, the present study aimed to
evaluate the frequency of CD14*HLA-DR"°" cells in nonobese patients with T2DM
and its correlation with clinical parameters that typically assess glycemic and

metabolic control.

2. Materials and methods

2.1. Subjects

HC subjects and patients with T2DM (diagnosed using the criteria of the American
Diabetes Association) were recruited between April 2018 and December 2019 from
the hospitals HGZ1, Dr. Emilio Varela Lujan, Instituto Mexicano del Seguro Social
(IMSS), and HG26, Instituto de Seguridad Social y Servicios de los Trabajadores del
Estado (ISSSTE), in Zacatecas City, Mexico. The IMSS National Research and
Ethics Committee approved the study with the number R-2016-785-049. All

participants provided their written informed consent.



Anthropometric variables and clinical medical history were recorded for each
participant, including the following evaluations: body mass index (BMI), blood
pressure, thyroid palpation, cardiovascular examination, pharmacotherapy, fasting
glucose, HbAlc, hematic biometry, lipid profile, serum creatinine, and estimated
glomerular filtration rate. Subjects were not included when they had one or more of
the following criteria: hypothyroidism, alcoholism, smoking, advanced retinopathy,
renal failure, neuropathy, recent or present infections in any organ, obesity (BMI
>29.9 kg/m?), or when the individuals were receiving treatment with insulin or
immunosuppressants.

2.2. PBMCs isolation and Flow cytometry

Blood samples were drawn from participants using tubes with EDTA. Then, human
peripheral blood mononuclear cells (PBMCs) were purified using Lymphoprep
(AXIS-SHIELD, Scotland) density gradient centrifugation and washing with
phosphate-buffered saline 1X (PBS) according to the manufacturer’s instructions.
PBMCs were incubated at 4°C for 15 min with heat-inactivated human AB serum
(Sigma- Aldrich, USA) to avoid nonspecific binding of antibodies. Then, cells were
stained with FITC anti-CD14 mAb (clone M5E2; BD, USA) and APC anti-HLA-DR
mADb (clone G46-6; BD, USA) for 20 min at 4°C in darkness, washed with PBS and
fixed with 4% paraformaldehyde. The samples were acquired in a FACS Canto Il
flow cytometer (BD Biosciences, USA), and the data were analyzed using FlowJo
VX software (BD, USA).

2.3. Statistical analysis

Statistical analyses were performed with GraphPad Prism 8.0 (GraphPad Software

Inc. CA, USA). First, the normality of variables was calculated with the Kolmogorov-



Smirnov test, and the comparison between groups was performed by t student test
or the Mann-Whitney U test. The Spearman’s correlation coefficient for data with a
non-normal distribution was used to assess the correlations. p < 0.05 was

considered statistically significant.

3. Results

3.1. Clinical, anthropometric, and laboratory characteristics of participants

The clinical characteristics of HC (n=24) and T2DM (n=25) subjects are shown in
Table 1. As expected, participants with diabetes compared to HC had higher values
for fasting plasma glucose levels (p<0.0001) and HbAlc (p<0.0001). Also
anthropometric data and metabolic variables such as BMI (p=0.041), triglycerides
(p<0.0001), and VLDL-cholesterol (p<0.0001) showed statistically significant
differences. Additionally, in diabetic patients compared to HC a lower concentration
of HDL-cholesterol (p=0.0003) was found. The time since T2DM diagnosis for
patients showed a median of 3 years (range 0-17 years) and the patients analyzed
were receiving pharmacological treatment with metformin (88.00%) or metformin

plus glibenclamide (56.00%).

3.2. A higher frequency of CD14*HLA-DR"°"is observed in T2DM patients

As mentioned before, CD14*HLA-DR"°" cells have been associated with an MDSC
immunosuppressive phenotype, therefore an increased frequency of these cells
could be associated with impairment of immune protective functions. The frequency
of CD14*HLA-DR"°% (negative or low expression of HLA-DR) cells in HC and T2DM

patients was evaluated by flow cytometry. To this end, the CD14*HLA-DR”o%



population was defined by high CD14 expression and HLA-DR downregulation was
delimited by fluorescence minus one (FMO) control [12, 17, 19]. The gating strategy
used to define CD14*HLA-DR”°" cells is shown in Fig. 1A. A higher frequency of
CD14*HLA-DR"% cells was observed in patients with T2DM compared to subjects
HC (p<0.0001) as depicted in Fig. 1B. Although subjects with obesity (BMI>30
kg/m?) were not included in our study, some participants (with or without T2DM) were
overweight (Ow). Therefore, all participants were stratified into normal weight (BMI
18.5-24.9 kg/m?) or Ow (BMI 25.0-29.9 kg/m?), and their percentage of CD14*HLA-
DR”ov cells were compared. These results are shown in Fig. 1C, therefore, among
the entire population studied no significant differences (p = 0.727) attributable to

weight were found.

3.3. CD14*HLA-DR"°" frequency exhibits an association with glycemic control
MDSC cells and other populations of monocytes have been associated with
suppressive immune functions and metabolic alterations. First, we looked for
differences in CD14*HLA-DR”°" frequency due to weight in patients with T2DM,
finding no differences as illustrated in Fig. 2A. To determine the influence of
hyperglycemia on CD14*HLA-DR"°" frequency, we stratified the T2DM patients into
good glycemic control (GGC, HbAlc <9%) and poor glycemic control (PGC, HbAlc
>9%). As shown in Fig. 2B, the percentages of CD14*HLA-DR"°" cells were higher
in patients with PGC compared to patients with GGC (p = 0.019).

To evaluate whether the increase in CD14*HLA-DR°% frequency in patients with
T2DM was associated with metabolic/glycemic control parameters, we performed a

correlation analysis (Table 2). The correlation analyses with significant values are



shown in Fig. 2C-F. For HbAlc, a value close to the significance (r = 0.390, p =
0.053) was found, while a significant positive correlation was found between the
phenotype frequency and years since T2DM diagnosis (r = 0.397, p = 0.048),
glycemic index (%oHbA1c x self-reported years with diabetes; [20]) (r = 0.453, p =
0.022) and, age (r=0.601, p = 0.001). No correlation was found with BMI, FGP, total
cholesterol, HDL-cholesterol, LDL-cholesterol, VLDL-cholesterol, triglycerides,
serum creatinine, and monocytes total counts in T2DM patients. None of the
parameters analyzed for correlation analysis were statistically significant for HC

subjects (Table 2).

4. Discussion

The impaired immune system in T2DM patients increases their susceptibility to
several infections and cancers, it becomes important to understand how immune cell
populations are affected, including those that suppress the immune response.
CD14*HLA-DR"" cells have been studied as important mediators of
Immunosuppression, they are expanded in cancer and under chronic inflammation
[11]. In human obesity, considered a low-level chronic inflammation state frequently
associated with T2DM, a high frequency of CD14*HLA-DR”°¥ cells has been
reported [19, 21]. In addition, in subjects with morbid obesity a higher absolute
number of this phenotype was found in the patients with T2DM compared to non-
diabetics; while a positive correlation between the frequency of CD14*HLA-DRow
cells and BMI, fat mass, waist circumference, triglycerides, and C-reactive protein
was also reported [19]. Given the reported impact of obesity in the CD14*HLA-DR"

low nopulation, it is important to discriminate the impact of hyperglycemia versus



obesity in T2DM patients. For this reason, in the present study we focus on patients
with T2DM without obesity or advanced vascular complications, which covers a wide
range of glycemic control levels (HbAlc from 6 to 14%). Our findings show that
CD14*HLA-DR°" monocytes expand in patients with T2DM regardless of weight
and their frequency is even higher during poor glycemic control. In diabetic patients
the frequency of CD14*HLA-DR"°% cells positively correlated with years since T2DM
diagnosis, patients age, and glycemic index (HbAlc x self-reported years with
diabetes), suggesting their expansion is induced under high glucose
microenvironment and is enhanced by age.

In contrast to the findings from Friedrich et al;, we did not find a correlation with BMI,
triglycerides, and HDL cholesterol; however, it should be noted that their correlation
analysis included together subjects with normal weight, OW and with morbid obesity
(BMI 46.9 + 1.1 kg/m?) [19]. On the other hand, our results are consistent with
Restrepo and colleagues, who reported a low HLA-DR median fluorescence
intensity (MFI) in monocytes subsets from T2DM patients, regardless of their
dyslipidemic state [8]. Our participants did not include subjects with obesity, only with
normal weight, and some overweight (BMI range 22-29 kg/m?) within the two studied
groups. Therefore, our results suggest an independent influence of weight and
dyslipidemia over CD14*HLA-DR°" frequency.

MDSCs include the population CD14*HLA-DR°" cells, but there is no consensus in
the markers to define all MDSCs. Data suggest that MDSCs’ ability to regulate
inflammation and immunosuppression slow down the progress of diabetes, however,
MDSCs play different functions in particular complications of diabetes ranging from

participating in specific organ damage to possible therapeutic effects [22]. MDSCs



with particular phenotypes have been reported in the diabetic microenvironment,
consistent with our results. There are few studies in human blood, reporting a higher
proportion of these cells in patients with T2DM compared to healthy subjects [23-
25]. Fernandez-Ruiz and colleagues found that the frequency of mononuclear
MDSCs CD33*HLA-DR" producers of TGF-B and IL-10 was higher in T2DM
patients compared to non-T2DM individuals [23]. Wang and colleagues reported an
increased frequency of CD11b*CD33* MDSCs in the peripheral blood of T2DM
patients. MDSCs inhibited proliferation and modulated cytokine secretion of CD4+ T
cells in vitro and delayed the development of diabetes in NOD/SCID mice [24].
Additionally, polymorphonuclear MDSCs (CD14'CD33*CD11b*CD15*) have been
reported to expand in patients with T2DM with diabetic nephropathy (T2DN) and that
high levels of these cells correlate with the risk of renal progression [25]. Therefore,
our results add to the knowledge about MDSCs populations in T2DM patients,
suggesting an impact of hyperglycemia independent of complications associated
with diabetes over the frequency for CD14*HLA-DR"°¥ cells.

The present results complement previous reports of low MFI HLA-DR expression in
human monocytes [7, 8] and monocyte-derived macrophages [7, 26], from patients
with T2DM. However, to our knowledge, the present study is the first to report the
CD14*HLA-DR"°" population as a frequency in non-obese patients with T2DM
without advanced vascular complications and therefore to start exploring the impact
of glycemic control in the expansion of these cells, especially during poor glycemic
control and the association with the length of hyperglycemia (years since T2DM
diagnosis and glycemic index). The loss of HLA-DR on monocytes has been

reported in different conditions with a common inflammatory component (patients
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with severe burns, acute and chronic liver inflammation, pancreatitis, after surgical
procedures), but the precise mechanism of HLA-DR loss have yet to be elucidated
in each disease, including T2DM [11]. Down-regulated HLA-DR has been reported
induced by many factors such as IL-18 [27], TGF-( [28], IL-10 [29], and cortisol [30].
Many of these factors are critical mediators of immunosuppressive state [11].
However, the specific mechanism of hyperglycemia as a possible contributor to
immunosuppression by down-regulation of HLA-DR is unknown.

MDSCs including CD14*HLA-DR" cells expand in different types of cancer,
affecting the response to immunotherapy. Interestingly, T2DM is associated with a
high risk of developing various cancers; some studies link elevated glucose or
HbAlc levels to an increased risk of certain cancers, and hyperglycemia can
promote its progression [18, 31-33]. Our study suggests a strong expansion of
CD14*HLA-DR"°" monocytes associated with poor glycemic control and long-term
hyperglycemia, which calls for further research on the mechanisms involved.
Furthermore, an increased frequency of CD14*HLA-DR"°" cells has been reported
in infections. High frequencies were found in patients with sepsis, with the decrease
in HLA-DR expression in monocytes that induces the immunosuppressive state
called “immunoparalysis” associated with fatal outcomes [11, 16, 34]. In patients with
COVID-19, an elevated frequency of CD14*HLA-DR”°% cells was positively
correlated with oropharyngeal viral loads and length of hospital stay [17]. Huang and
colleagues found a higher percentage of CD14*HLA-DR"°% cells in patients with
chronic Hepatitis B virus infection compared with HC, the frequency was positively
correlated with serum viral load, and these cells could suppress hepatitis B virus-

specific CD8*T cells [35]. Significantly, patients with T2DM have an increased risk
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of severe infections, hospitalization, and mortality [5, 36, 37], highly associated with
poor glycemic control (where we found the higher frequency of CD14*HLA-DR"o%
cells among T2DM patients). Together with the critical role of HLA-DR on antigen
presentation to T cells, immunosuppression mediated by CD14*HLA-DR"°% cells
may be involved in the development and unfavorable outcomes for infections in

patients with T2DM.

A limitation of our study is the lack of functional studies. While we did not evaluate
CD14*HLA-DR"" cells function, the literature reports the immunosuppressive
function of these cells in cancer and non-malignant conditions with an inflammatory
component [11, 16, 17, 34, 35]. Therefore, we hypothesize the implication of these
cells in the context of T2DM. Furthermore, the down-regulation of HLA-DR in
monocytes has been reported in inflammatory conditions [11, 16, 27]; however, we
did not evaluate whether inflammatory mediators (such as IL-1j3, IL-6, C-reactive
protein, etc.) in patients with diabetes are also correlated with the increase in
CD14*HLA-DR"" cells we report here. Our results could be the sum of
hyperglycemia and inflammatory conditions during T2DM. Consequently, our results
warrant future studies with larger human cohorts, including the study of the functional
and clinical implications of CD14*HLA-DR"°" blood cells in patients with T2DM.
More research is needed on the origin of such molecular and metabolic explanations
regarding the link between metabolite alterations such as glucose and myeloid cell

differentiation.

5. Conclusions
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In conclusion, our results show an increased frequency of CD14*HLA-DR"°" cells in
the blood during T2DM disease. A higher frequency of these cells was observed in
patients with poor glycemic control and was independent of weight in the entire
population studied and in the non-obese patients with T2DM analyzed. CD14*HLA-
DR°w frequency directly correlated with the years since T2DM diagnosis, the age
of patients, and glycemic index. Together our data suggest that hyperglycemia and

the length of T2DM influence CD14*HLA-DR"°" frequency independent of weight.
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FIGURE LEGENDS

Fig. 1. Gating strategy and comparison of the frequency of CD14*HLA-DR"°" cells

between groups. PBMCs from healthy controls (HC, n=24) and diabetic patients
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(T2DM, n=25) were stained and evaluated by flow cytometry. A) Representative
gating strategy used to identify CD14*HLA-DR”°Y cells, with exemplary dot plot for
an HC (above) and a T2DM subject (below). B) Frequency of CD14*HLA-DR°" cells
in HC (black circles) and T2DM (white circles) subjects. C) Percentage of
CD14*HLA-DR"°" cells in normal weight (n=17, black circles) and overweight (Ow,
n=32, white circles) individuals. Each symbol represents an individual. Statistical
analysis was performed with the Mann-Whitney U test, ***p<0.0001. Scatter plots

show median with interquartile range.

Fig. 2. Effect of glycemic control on CD14+HLA-DR-/low cells frequency in T2DM
patients. PBMCs from diabetic patients (T2DM, n=25) were stained and analyzed by
flow cytometry. Data are shown for subjects with T2DM. A) Frequency of CD14*HLA-
DR”o% cells in individuals with normal weight (n=6) or overweight (Ow, n=19). B)
Percentage of CD14*HLA-DR cells in patients with T2DM stratified as with good
glycemic control (GGC, n=10) and poor glycemic control (PGC, n=15). Analysis of
correlation of the percentage of CD14+HLA-DR-/low cells with C) HbAlc, D) years
with the diagnosis of T2DM, E) glycemic index, and F) age of diabetic subjects.
Statistical analysis was performed with (A) Mann-Whitney U and (B) Unpaired t-test.
Scatter plots show (A) median with interquartile range and (B) mean with SD. Each
circle represents an individual. (C-F) Correlation analysis provided Spearman’s

correlation coefficient (r) and the corresponding p values. *p<0.05.
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Table 1. Clinical characteristics of participants.

Characteristics Corl;lt?(‘;’lll;h({_' Q) T2DM patients p value
Numbers of cases (n) 24 25 NA
Years with T2DM diagnosis¢ NA 3.00£8.50 NA
Glycemic index$ NA 27.96 + 99.49 NA
Age, years 42.58 £7.30 46.64 £ 7.01 0.053
BMI (kg/m?) 24.79 £ 2.28 26.15+2.24 0.041*
HbA1lc (%) 5.27 £0.32 9.68+2.71 <0.0001***
FPG (mg/dl) 84.65 + 6.86 208.10 £+ 96.81  <0.0001***
Total cholesterol (mg/dl) 170.00 +£31.08 182.10+58.18 0.36
HDL- cholesterol (mg/dl) 53.36 £ 10.44 42.15+8.60 0.0003***
LDL- cholesterol (mg/dl) 104.80 £31.49 105.00+43.85 0.98

VLDL- cholesterol (mg/dI)$ 1950+ 11.50 38.40 +48.75 <0.0001***

Triglycerides (mg/dl)é 9540 £51.67 189.00 £227.90 <0.0001***
Serum creatinine (mg/dl)® 0.70 £0.30 0.70+£0.20 0.33
Monocytes (103/pl) ¢ 0.46 £0.25 0.49+0.12 0.36
Hypertension, n (%) 0 (0) 7 (28.00) NA
Metformin, n (%) 0 (0) 22 (88.00) NA
Glibenclamide, n (%) 0 (0) 14 (56.00) NA
?(/)I/e)tformin + Glibenclamide, n 0 (0) 14 (56.00) NA
0

t student tests were performed to identify differences between groups unless
otherwise specified; ¢ Mann-Whitney U tests were performed for these
variables; mean (x standard deviation) or : median (z interquartile range) are
shown for quantitative variables. Glycemic index = HbAlc x self-reported years
with diabetes. BMI. body mass index; HbAlc: glycated hemoglobin %; FPG:
fasting plasma glucose; HDL: high density lipoprotein; LDL: low density
lipoprotein; VLDL: very low-density lipoprotein; NA: non-applicable.




Table 2. Correlation analysis of clinical variables with the frequency of
CD14*HLA-DR" cells.

Variable Spearman correlation p value
coefficient

Healthy Controls (HC)
Age, years 0.235 0.267
BMI (kg/m2) 0.245 0.248
HbAlc (%) -0.204 0.336
FPG (mg/dl) 0.200 0.348
Total cholesterol (mg/dl)  -0.072 0.737
HDL- cholesterol (mg/dl)  0.229 0.316
LDL- cholesterol (mg/dl)  -0.183 0.438
VLDL- cholesterol (mg/dl) -0.220 0.351
Triglycerides (mg/dl) -0.326 0.119
Serum creatinine (mg/dl) 0.400 0.052
Monocytes (103/ul) 0.365 0.079
Type 2 diabetes mellitus patients (T2DM)
Years since T2DM 0.397 0.048*
diagnosis
Glycemic index 0.453 0.022*
Age, years 0.601 0.001**
BMI (kg/m2) -0.373 0.066
HbAlc (%) 0.390 0.053
FPG (mg/dl) 0.259 0.210
Total cholesterol (mg/dl)  0.085 0.684
HDL- cholesterol (mg/dl)  0.329 0.115
LDL- cholesterol (mg/dl)  0.086 0.693
VLDL- cholesterol (mg/dl) -0.180 0.400
Triglycerides (mg/dl) -0.203 0.328
Serum creatinine (mg/dl) 0.174 0.403
Monocytes (103/ul) 0.346 0.089

Correlations were calculated with Spearman correlation coefficient. Glycemic
index = HbAlc x self-reported years with diabetes. BMI: body mass index; HbAlc:
glycated hemoglobin %; FPG: fasting plasma glucose; HDL: high density
lipoprotein; LDL: low density lipoprotein; VLDL.: very low-density lipoprotein.
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Figure 1. Gating strategy and comparison of the frequency of CD14*HLA-DRow
cells between groups. PBMCs from healthy controls (HC, n=24) and diabetic patients
(T2DM, n=25) were stained and evaluated by flow cytometry. A) Representative
gating strategy used to identify CD14*HLA-DR"°Y cells, with exemplary dot plot for
a HC (above) and a T2DM subject (below). B) Frequency of CD14*HLA-DR7°¥ cells
in HC (black circles) and T2DM (white circles) subjects. C) Percentaje of CD14*HLA-
DR”ow cells in normal weight (n=17, black circles) and overweight (Ow, n=32, white
circles) individuals. Each symbol represents an individual. Statistical analysis was
performed with the Mann-Whitney U test, ***p<0.0001. Scatter plot shows median

with interquartile range.

Figure 2. Effect of glycemic control on CD14+HLA-DR-/low cells frequency. PBMCs
from healthy controls (HC, n=24) and diabetic patients (T2DM, n=25) were stained
and analyzed by flow cytometry. The data are shown only for subjects with T2DM.
A) Frequency of CD14*HLA-DR"°" cells in individuals with normal weight (n=6) or
overweight (Ow, n=19) in diabetic patients. B) Percentage of CD14*HLA-DR"°% cells
in T2DM patients stratified as good glycemic control (GGC, n=10) and poor glycemic
control (PGC, n=15). Correlation of the percentage of CD14+HLA-DR-/low cells with
C) HbAlc, D) years with T2DM diagnosis, E) glycemic index, and F) age of diabetic
subjects. Statistical analysis was performed with (A) Mann-Whitney U and (B)
Unpaired t-test. (C-F) Correlation analysis providing Spearman’s correlation
coefficient (r) and corresponding p values. *p<0.05. Scatter plots show (A) median

with interquartile range and (B) mean with SD. Each circle represents an individual.
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