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A low percentage of patients with Type 2 diabetes
and decreased adiponectin reach glycemic control

Un bajo porcentaje de pacientes con diabetes tipo 2 y
adiponectina disminuida alcanza el control glucémico
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ABSTRACT

RESUMEN

Background: Few studies classify individuals with type 2
diabetes (T2D) according to their body weight and com-
pare their serum adipokines after a period of treatment.
Objective: To know what percentage of T2D patients
achieved glycemic control. Material and method: This
cross-sectional and analytical study included 84 individuals,
distributed into four groups: control (CNN, n = 13), control
with obesity (CON, n = 38), patients with T2D, overweight or
obesity but normal glucose (DON, n = 12), and patients with
T2D, overweight or obesity and high glucose (DOH, n = 21).
The selection criteria for T2D patients were daily treatment
with metformin and a diagnosis of T2D within five years.
Results: The 34% of patients in the DON group exhibited
adequate glycemic control; however, their serum adiponec-
tin levels were low (p = 0.001) compared to the CON group.
Conclusions: Although patients in the DON group achieved
normal glucose, adiponectin levels were decreased in these
T2D patients compared with controls.

Keywords: Adipokines. Type 2 diabetes. Obesity. Over-
weight. Metformin. Adiponectine.

Antecedentes: Pocos estudios clasifican a los individuos con
diabetes tipo 2 (DM2) segun su peso corporal y comparan sus
adipocinas séricas después de un periodo de tratamiento.
Objetivo: Determinar qué porcentaje de pacientes con DM2
logran un control glucémico. Material y método: Este estu-
dio transversal y analitico incluy6 a 84 individuos distribuidos
en cuatro grupos: controles (CNN, n = 13), controles con obe-
sidad (CON, n = 38), pacientes DM2 con sobrepeso u obesi-
dad/glucosa normal (DON, n = 12) y pacientes con DM2 con
sobrepeso u obesidad/glucosa alta (DOH, n = 21). Los paci-
entes tuvieron tratamiento diario con metformina y un diag-
néstico de DM2 menor a cinco afnos. Resultados: El 34% de
los pacientes del grupo DON alcanzaron un control glucémi-
co; sin embargo, sus niveles séricos de adiponectina fueron
bajos (p=0.001) comparados con el grupo CON. Conclusiones:
Aunque los pacientes del grupo DON alcanzaron un control
glicémico, sus niveles de adiponectina fueron bajos compara-
dos con los controles.

Palabras clave: Adipocinas. Diabetes tipo 2. Obesidad. So-
brepeso. Metformina. Adiponectina.
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INTRODUCTION

Despite the wide variety of antidiabetic medica-
tions, most patients with Type 2 diabetes mellitus
(T2D) develop vascular complications related to
overweight and obesity'. Metformin is the principal
first-line oral hypoglycemic agent for glycemic con-
trol in T2D patients according to international
guidelines, and is safe, well tolerated, and used
worldwide?. Obesity is associated with an increased
risk of developing T2D3. In particular, adipokines
are soluble factors derived mainly from adipocytes
that interact with adipose tissue and play an es-
sential role in inflammation and immunity associ-
ated with obesity*. The primary sources of adipo-
nectin are adipocytes, in addition, a reduction in
adiponectin levels plays a central role in obesity-
related diseases, including T2D>. Furthermore, adi-
ponectin has anti-inflammatory properties and
downregulates the expression of many pro-inflam-
matory immune mediators. A high concentration of
adiponectin in serum can improve insulin sensitiv-
ity in T2D patientsS. Leptin is another adipokine
that exerts metabolic effects on various tissues and
the primary sources of leptin are adipocytes. How-
ever, in patients with obesity, leptin resistance
could be the result of impairments in the leptin
signaling pathway’. Thus, serum leptin levels in-
crease throughout the course of T2D. Another im-
portant adipokine is retinol-binding protein 4
(RBP4), which is involved in systemic insulin resis-
tance. RBP4 is physiologically essential for the
transport of retinol (Vitamin A) from the liver to
peripheral tissues® and plays a role in glucose ho-
meostasis, and its level is inversely related to renal
function and age®. On the other hand, for more
than 20 years, the low percentage of T2D patients
who achieve glycemic control has attracted atten-
tion; Harris et al. (1999) reported lower glycemic
control in Mexican-American men (45%)'°. In a re-
cent study in a Kuwaiti population, only 37.8% of
patients with diabetes receiving glucose-lowering
treatment achieved adequate glycemic control'. In
the present study, the goal was to assess what per-
centage of patients with T2D achieved glycemic
control and if they regulated their adipokine levels

compared to control subjects with overweight or
with obesity and normal glucose.

MATERIALS AND METHODS

Participants

Residents from Armeria, Colima, Mexico, were in-
vited to participate in a cross-sectional and analyti-
cal study that included evaluation of body mass
index (BMI). Out of the residents who voluntarily
attended the health center, 84 participants were
selected to participate in the present study. A total
of 51 non-diabetic control subjects and 33 diabetic
patients were distributed into four groups based on
weight and fasting glucose level (FGL). Control nor-
mal weight and normal glucose (CNN, n = 13), con-
trol with overweight or obesity and normal glucose
(CON, n = 38), patients with T2D, overweight or
obesity but normal glucose (DON, n = 12), and pa-
tients with T2D, overweight or obesity and high
glucose (DOH, n = 21). The diagnosis of T2D was
made according to the criteria of the American Dia-
betes Association, which considers a FGL > 126 mg/
dL as an indicator of T2D'2. Only patients with TD2
who only received metformin monotherapy treat-
ment (850 mg twice daily) were selected and with
glycemic control for < 5 years and presented no
cardiovascular disease; because metformin is a first-
line therapy for T2D, given its relative safety and has
beneficial effects on hemoglobin Alc, weight, and
cardiovascular mortality (compared with sulfonyl-
ureas) '3. The control subjects included in the study
had FGL < 125 mg/dL. Patients with the following
conditions were excluded from the study: malig-
nant tumors, liver disorders, renal insufficiency,
neurological disorders, and ongoing infections or
autoimmunity.

Serum isolation
Peripheral blood samples were collected by veni-

puncture and serum was then stored in 1 mL ali-
quots at —80°C until needed'.

29



RevisTA MEXICANA DE ENDOCRINOLOGIA, METABOLISMO & NUTRICION. 2023;10

Blood from women without diagnosis of T2D
(n=59)

Excluded sample :
with fasting plasma
glucose < 126 mg/dL
(n=15)and
eliminated by
inadecuate serum
(n=3)

Group I: control
normal weight and
normal glucose

(CNN, n=13)
BMI=22.83 +1.37
32.5+9.1 age

Group II: control
overweight or with
obesity and normal

glucose
(CON, n=38)
BMI=31.97+4.29
38.4+10.9 age

Blood from women with diagnosis of T2D and
treatment with metformin by less five years (n = 34)

Excluded sample :
eliminated by
inadecuate serum

(n=1)

Group III: T2D
overweight or with
obesity and normal

glucose

(DON, n=12)
BMI=31.36+5.59

55+5.9age

Group IV: T2D
overweight or with
obesity and high
glucose
(DOH, n=21)
BMI =32.77 +£5.99
50 +9.3 age

Figure 1. Selection of the study cohort. The control normal weight and normal glucose (CNN, n = 13), control overweight or obese and
normal glucose (CON, n = 38), T2D overweight or obese and normal glucose (DON, n = 12), and T2D overweight or obese and high glucose

(DOH, n = 21) groups.

Glucose and triglycerides level
measurement and flow cytometry

Blood glucose and triglycerides were measured us-
ing an enzymatic method with a Gluc-Pap kit (RAN-
DOX Laboratories). A BioLegend LEGENDplex™
bead-based immunoassay was used for simultane-
ous quantification of serum adiponectin, leptin, and
RBP4 levels using a FACSAria | cell separator (BD
Biosciences, San Jose, CA, USA) flow cytometer'™.

Data analysis

To determine the type of data distribution, we used
the Shapiro-Wilk test for a small sample size. The
ANOVA was used to evaluate differences in normally
distributed continuous variable data of glucose and
age, between the four study groups. The data of tri-
glycerides, adiponectine, leptine, and RBP4 showed
an abnormal distribution in some groups and the
non-parametric tests of comparison of medians for
independent samples H of Kruskal-Wallis and U de
Mann-Whitney were used to compare the median
between study groups. Pearson and Spearman’s
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correlation coefficients were calculated to study the
relationships between variables in all participants.
p < 0.05 was considered statistically significant; all
calculations were performed using SPSS version 24.0
for Windows (SPSS, Chicago, IL).

Ethics statements

This study was carried out with the approval of both
the Institutional Committee of Bioethics under
number 0252019 and was performed in accordance
with the Declaration of Helsinki'®.

RESULTS

Characteristics of the individuals included
in the study

Twelve of T2D patients (36.36 %) had achieved glyce-
mic control and presented normal glucose (DON
group). The rest of these patients (63.64 %, n =21, DOH
group) had not achieved glycemic control (Fig. 1).
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Comparison of age, glucose, and
triglycerides between study groups

The age averages of the subjects who were over-
weight or presented obesity (CON, DON, and DOH
groups) were similar. However, age differed signifi-
cantly between the DON (p < 0.001) and DOH
(p <0.001) groups compared to the CNN group (Fig.
2A). As expected, glucose levels average was sig-
nificantly higher (p < 0.001) in the group of T2D
patients who had not achieved glycemic control
(DOH group) than in the other groups (Fig. 2B).
Thus, the median of triglyceride level was
80 mg/dL in the CNN, 119 mg/dL for the CON,
120 mg/dL for the DON and 150 mg/dL for DOH.
These median was different between the groups
(p = 0.015) (Fig. 2Q).

Comparison of adiponectin, leptin, and
RBP4 levels between study groups

When the medians of the quantitative variable adi-
ponectin were compare, the null hypothesis was
reject, because were statistically significant differ-
ences intergroup in the medians of these data with
p < 0.001. The median of adiponectin level was 8.16
ng/mL for the CNN, 10.80 ng/mL for the CON, 6.12
ng/mL for the DON, and 6.51 ng/mL for DOH (Fig.
3A). Regarding leptin, in median, no significant dif-
ference (p = 0.023) were observed between the
groups (Fig. 3B). Furthermore, the level of RBP4 in
serum was similar between the study groups
(p = 0.508) (Fig. 3C).

Correlation between age, BMI, fasting
glucose, triglycerides, and adipokine
levels

The correlations between age, BMI, glucose, triglyc-
erides, adiponectin, leptin, and RBP4 across indi-
viduals in the four groups were evaluated, using
Pearson and Spearman’s correlation analyses. We
observed that six correlations were significantly cor-
related as a result of both Pearson (P) and Sperman
(S)’s analyses, respectively: age versus glucose (P:
r=0.323, p =0.003,and S:r=0.275, p = 0.011); age
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Figure 2. Comparison of age, fasting glucose and triglycerides
levels between the four study groups. (1) CNN: control normal
weight and normal glucose. (2) CON: control overweight or obese
and normal glucose. (3) DON: T2D overweight or obese and nor-
mal glucose. (4) DOH: T2D overweight or obese and high glucose.
A value of p < 0.05 was considered statistically significant.

versus adiponectin (P: r = —0.400, p < 0.001 and
S: r = —0.478, p < 0.001); BMI versus triglycerides
(P: r=0.237, p =0.030 and S: r = 0.358, p = 0.011);
BMI versus leptin (P: r = 0.463, p < 0.001 and
S:r=0.456, p < 0.001); glucose versus adiponectin
(P:r=-0.206, p =0.006 and S: r=-0.292, p = 0.007),
and adiponectin versus RBP4 (P: r = 0.298, p = 0.006
and S:r=0.250 p = 0.022) (Table 1).
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Figure 3. Comparison of adiponectin, leptin, and RBP4 levels bet-
ween the four study groups, i.e., the CNN, CON, DON and DOH. A
value of p < 0.05 was considered statistically significant.

DISCUSSION

T2Ds mellitus is a chronic illness with the highest
burden worldwide, and the prevalence of diabetes
in Mexico is even higher (9.4%) than the world aver-
age (8.5%)". Thus, urgent prophylactic and control
measures must be undertaken as primary treatment
strategies'®; moreover, patients must be urged to
comply with strict periodic medical checkups, in
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particular in Mexico where 30.5% of adults with T2D
do not report any control strategy’®.

The results of the present study are relevant and
alarming because they indicate that despite acces-
sibility to diabetes diagnostic services and public
health efforts to administer hypoglycemic agents
and recommend healthy lifestyle changes, most of
the T2D subjects had not achieved glycemic control
at the time of the questionnaire. In the present
work, the percentage of metformin-treated over-
weight or obese T2D patients in a controlled glyce-
mic state was low. This observation is consistent
with the study carried out by Abdulla et al. (2020)
in 278 drug-treated diabetic patients where only
37.8% had achieved glycemic control™. The results
may reflect a decrease in metformin treatment ad-
herence over the years in the DOH group, as well as
a lack of both medical and psychological monitor-
ing. Thus, it is essential to provide interventions at
the local level that encourage reduced energy in-
take and regular physical activity and to monitor
adherence to hypoglycemic agents.

We found that the average age of the DON and DOH
groups was similar to the CON group, which also
presents overweight or obesity. It was observed that
the glucose and triglycerides data exhibited a similar
increasing trend across the four study groups. In ad-
dition, we found that the healthy group with normal
weight (CNN) had a lower level of triglycerides in
serum compared with individual with overweight or
obesity. This is interesting, because the triglycerides
and glucose index may be useful for the identifica-
tion of subjects with decreased insulin sensitivity2°.

Moreover, we found significantly lower levels of adipo-
nectin in T2D patients than CON and CNN groups,
even in glucose-controlled patients (DON group). This
could be explained by the fact that adiponectin pro-
duction in adipocytes is inhibited by oxidative stress
and hypoxia®. The clinical implication of these results
is that hypoadiponectinemia is associated with in-
creased levels of inflammatory markers such as C-re-
active protein, IL-6, and TNF?. In particular, adiponec-
tin decreased in the DON and DOH groups
contributed to insulin resistance, while leptin increased
in the DON group compared to the healthy group,
which indicates an alteration in energy homeostasis?2.
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Table 1. Pearson’s and Spearman’s correlation of variables analyzed in this study

Variable 1* Variable 2* Pearson r value (p-value) Spearman r value (p-value)
Age BMI 0.184 (0.093) 0.166 (0.130)
Glucose 0.323* (0.003) 0.275* (0.011)
Triglycerides 0.135 (0.220) 0.176 (0.109)
Adiponectin —0.400* (< 0.001) —0.478** (< 0.001)
Leptin 0.234** (0.032) 0.182 (0.097)
RBP4 —0.117 (0.288) —0.178 (0.105)
BMI Glucose 0.211 (0.054) 0.159 (0.148)
Triglycerides 0.237** (0.030) 0.358** (0.001)
Adiponectin —0.204 (0.062) —0.133 (0.228)
Leptin 0.463* (< 0.001) 0.456** (< 0.001)
RBP4 —0.031 (0.781) —0.022 (0.845)
Glucose Triglycerides 0.339* (0.002) 0.139 (0.209)
Adiponectin —0.206* (0.006) —0.292** (0.007)
Leptin 0.061 (0.584) 0.013 (0.904)
RBP4 —0.154 (0.162) —0.147 (0.183)
Triglycerides Adiponectin 0.215** (0.049) 0.138 (0.211)
Leptin 0.058 (0.602) 0.226* (0.039)
RBP4 —0.210 (0.055) —0.190 (0.083)
Adiponectin Leptin —0.218** (0.046) —0.147 (0.181)
RBP4 0.298* (0.006) 0.250* (0.022)
Leptin RBP4 0.056 (0.616) 0.079 (0.476)

*Age (years), BMI (calculated as weight in kilograms divided by the square of height in meters), glucose (mg/dL), triglycerides (mg/mL), adiponectin (ng/mL), leptin (ng/
mL) and RBP4 (ng/mL) in subjects with and without T2D (n = 84). T2D patients had been receiving metformin treatment for < 5 years and reported treatment

adherence to the hypoglycemic drug.
*The correlation is significant at the 0.01 level (two-sided p-value).
**The correlation is significant at the 0.05 level (two-sided p-value).

In addition, the hypothesis of this cross-sectional
study was that women with T2D have low levels of
adiponectin, so we also measured the odds ratio
(OR =7.15, Cl1 95%: 2.63-19.46). Thus, this OR of 7.15
is read as 7.15:1, which means that there is a 7.5
times greater probability that a low concentration
of adiponectin will be found in total women with
DM2 in this sample compared whit total controls.
Whit this information and the results of this study,
the alternative hypothesis was accepted: the medi-
ans of adiponectin between the different study
group are different. The above reinforces the idea
that adiponectin is anti-inflammatory and is found
in lower concentrations in people with T2D, who
have a chronic inflammatory process.

For other hand, adiponectin and leptin were het-
erogeneous in the DOH group, which could be re-
lated to the fact that these patients had not
achieved glycemic control, and a possible relation-
ship with hypothalamic insulin and leptin signaling,
which play a crucial role in the development of
insulin resistance??. In addition, adiponectin has
anti-inflammatory properties, this may suggest that
the CNN and CON groups have a lower degree of
inflammation compared to the DON group, which
although it reached glycemic control, had signifi-
cantly less adiponectin in serum. T2D is a meta-
bolic disease that triggers an inflammatory re-
sponse of the immune system to hyperglycemia as
well as the presence of inflammatory mediators
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produced by adipocytes and macrophages in fat
tissue?*. From the pathophysiological aspect, it im-
plies that the metabolic burden caused by hyper-
glycemia also implies oxidative stress and tissue
inflammation, in the kidney, known as diabetic ne-
phropathy?®. Thus, a low concentration of adipo-
nectin can already be observed in the groups with
T2D even though they still do not present compli-
cations.

In addition, correlation analyses confirmed a nega-
tive correlation between age and adiponectin levels
and a positive correlation between age and leptin
levels in all participants. This last finding may be
because aging is also associated with resistance to
leptin and/or to a decrease in receptors for this hor-
mone?, Furthermore, although there were no dif-
ferences in RBP4 between the study groups (Fig.
3C), a positive correlation between RBP4 and adipo-
nectin in all studied individuals was observed,
which could be related with a previous study show-
ing a positive correlation between RBP4 and the
levels of high-density lipoprotein cholesterol and
other lipids in T2D patients®.

In addition, RBP4 levels did not correlate with glu-
cose or leptin in any of the studied groups. This is
similar to a report by Kwanbunjan et al. (2018), who
did not find a relationship between these molecules
in individuals with a high risk of T2D?’. In a Chinese
population, the association between RBP4 and the
risk of T2D was assessed and it was reported that
increased plasma RBP4 levels were associated with
a higher risk of T2D in women but not in men?, In
another study, RBP4 levels were inversely correlated
with age®; even if a correlation was found in our
study, it did not reach significance.

Notably, the Spearman’s analysis showed a no sig-
nificant correlation between adiponectin and
leptin across the four study groups with normal
weight, overweight, or obesity. Although Forny-
Germano et al. (2019), reported that obese patients,
increased leptin and decreased adiponectin®. Fur-
thermore, in a non-diabetic Japanese-American
population, a higher concentration of leptin was
associated with more intra-abdominal fat (IAF), and
a lower concentration of adiponectin was associ-
ated with less IAF3°, One of the strengths of the

34

RevisTA MEXICANA DE ENDOCRINOLOGIA, METABOLISMO & NUTRICION. 2023;10

present study is that our results are consistent with
other studies that include a greater number of
samples, according to serum levels of adipokines
reported in T2D patients of different ethnic origin.
An inconvenient during data analysis was the bio-
logical variability, in part associated with the rela-
tively low number of patients per sub-study group,
as four of the six variables evaluated here present-
ed a non-normal distribution in more than one

group.

CONCLUSIONS

Patients who did not achieve metabolic control
(DOH group) had a high variability in the concentra-
tion of glucose, adiponectine, and leptin compared
with DON group, a recommendation is to imple-
ment a lifestyle therapy in these patients. In relation
to the low levels of adiponectin in T2D patients
without metabolic control, more studies are needed
about the metabolism of this molecule and its po-
tential therapeutic use, since it increases insulin
sensitivity and decreases cardiovascular risk.
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