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Abstract
Diabetes mellitus (DM) represents one of the most serious current health problems nowadays, considering the number of people affected, its complications
and morbidities. A broad analysis was performed among diabetic patients attended in the Family Health Center from the district of Baú, in Cuiabá, Mato
Grosso State (Center-east Brazil), to examine the patterns of occurrence of
overweight or obesity, values of glycated hemoglobin and the diagnostic of
metabolic syndrome. The results show ahead a wide work that is necessary to
prevent and early diagnose concerning DM, since only an intensive control will
make it possible to alter the reality of the unfavorable prognosis documented.
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1. Introduction
DM represents one of the most serious current health problems, if we take into
consideration the number of people who are affected by it, incapacitations
caused, and its early death rate, as well as the costs incurred in the control and
treatment of its complications. Moreover, the world prevalence of the disease has
grown to epidemic proportions. According to estimates from the International
Diabetes Federation, there are currently around 387 million of diabetic patients
in the planet and this number is to increase to, approximately, 471 million by
2035. Such increase in the prevalence occurs due to several environmental and
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behavioral factors such as higher longevity associated to a growing consumption
of saturated fat, inactivity and, consequently, obesity [1] [2] [3] [4] [5].
It is estimated that in 2035 the number of diabetic patients in South America
is going to increase in 60%. Brazilian studies show a prevalence of diabetes of
13.5% in São Carlos—SP and of 15% in Ribeirão Preto—SP. In 2013, it was estimated that there would be 11,933,580 people, at round the ages of 20 to 79 years
old, with diabetes in Brazil [1] [3] [5].
In view of such scenario, this paper has as its main objective to accomplish a
bibliographic review regarding DM, considering the most relevant aspects of
such condition, focusing on the physiopathology of DM2 due to the fact that this
type is the most predominant one. Together with the data found in the literature,
a description of the characteristics from the diabetic population attended in the
Family health center will be presented, residents from the district of Baú in the
city of Cuiabá, Mato Grosso state, since such data is still in small numbers if we
consider the region mentioned. Thus, the intention is to make people aware of
the relevance and the necessity of the diagnosis, followed by the appropriate
treatment of these patients.

2. Diabetes Mellitus
2.1. Diagnosis and Classification
The diagnostic criteria and the general classification of the diabetes proposed by
the American Diabetes Association (ADA), in 2016, are gathered in Table 1 &
Table 2 [6].
Symptoms of blunt hyperglycemia include polyuria, polydipsia, weight loss,
sometimes with polyphagia and blurred vision. Acutely, threatening consequences to the life of the uncontrolled diabetes are hyperglycemia with ketoacidosis and the nonketotic hyperosmolar syndrome [7].
Table 1. Criteria for the diabetes diagnosis.
Fasting glucose ≥ 126 mg/dL. * OR
Glucose 2 hours after overload with 75 g of glucose ≥ 200 mg/dL in oral test of glucose tolerance
(TOTG). *OR
Glycated Hemoglobin (A1c) ≥ 6.5. *OR
Random Glucose ≥ 200 mg/dL in patients with classic symptoms of hyperglycemia.
*In the absence of proved hyperglycemia the tests should be repeated for confirmation.

Table 2. Classification of diabetes according to ADA.
1. DM type 1: destruction of β cells, usually leading to absolute deficiency of insulin.
2. DM type 2: caused by progressive reduction of insulin secretion due to insulin resistance.
3. Gestational diabetes: diabetes diagnosed in the second or third gestational quarter that was clearly
not present before.
4. Specific types of diabetes due to other causes: monogenic syndromes of diabetes (neonatal
diabetes and MODY), diseases of the exocrine pancreas (such as cystic fibrosis), and
drugs/chemically induced (such as the use of glucocorticoids, treatment for HIV/AIDS or after
organ transplant).
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2.2. Physiopathology
The most relevant risk factors for the development of DM2 are: obesity, family
history of diabetes, race/ethnicity (African Brazilians, Hispanics, Indigenous
people Pima, etc.), age (from 45 years old), previous diagnosis of glucose intolerance, high blood pressure, dyslipidemia (HDL cholesterol < 35 mg/dL and/or
triglycerides > 250 mg/dL), history of gestational DM or fetal macrosomia and
tobacco use. From these, the most important is obesity [1].
The main physiopathological mechanisms that lead to hyperglycemia in DM2
are the peripheral resistance to the action of insulin (IR) in the adipocytes and,
specially, in the skeletal muscle and defective secretion of insulin by pancreas
increasing the hepatic production of glucose, resulting in IR in the liver [1].
IR is a constant finding in patients with DM2 and is present years before the
onset of diabetes. It manifests by the reduction in the transport and metabolism
of glucose stimulated by insulin in the adipocytes and skeletal muscle and by the
impairment of hepatic debit suppression from glucose, as well as being associated with the progression of diminished tolerance to glucose for DM2. It is
possible that the chronic stimulation of the insulin secretion in states of IR induces the oxidative stress. In addition, the insulin has demonstrated to suppress
various factors of pro-inflammatory transcription and the genes regulated by
them that measure the inflammation. A deficiency in the reduction of the insulin
action because of IR would result therefore in the activation of these factors of
transcription and in the increase of the expression of its correspondent genes [2]
[8] [9].
In the onset of the disease, the β cells secrete enough insulin to keep the glycemic control, however, the relative or absolute deficiency of insulin surpasses
causing hyperglycemia and diabetes, having, therefore, the dysfunction of β cells
as a key phenomenon in the development of diabetes [10].
Some people may have a precocious limited mass of β cells during life because
of genetic factors creating a predisposition to diabetes. However, the death of
these cells may be compensated by regeneration up to a certain point. Glucose
performs a central role over these factors contributing to the failure of β cells,
while transitional increases in the postprandial glycaemia may predominantly
induce the proliferation of β cells in insulin resistant patients, this adaptive mechanism may fail in the end and it may be overpassed by apoptosis from β cells.
Nevertheless, it is unlikely that glucotoxicity acts by itself, and the negative contribution of free fatty acids, lipoproteins, leptin and cytokines circulating or locally produced are going to additionally fail β cells. These factors are going to
induce necrosis or apoptosis, that in the presence of pro-inflammatory cytokines
may activate specific immunologic phenomenon that will finally result in autoimmunity [11].
A close association between obesity and IR is observed in all ethnic groups,
being found in all body weights, in all ages and in both genders. A series of several studies have demonstrated that the risk of diabetes and, presumably, of IR,
elevates as the body fat content increases, indicating that the absolute quantity of
3
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body fat has an effect over the sensibility to insulin throughout a wide spectrum.
On the other hand, the central fat concentration (intra-abdominal) is more likely
connected to IR and a series of relevant metabolic variables, including plasmatic
glucose, insulin, total plasmatic cholesterol and the concentration of triglycerides, as well as the reduction of plasmatic concentration of lipoprotein of high
density (HDL) and of cholesterol, than to the total fat concentration [2].
The reason for the relation between intra-abdominal fat and the abnormal
metabolism is not clearly defined, but a series of hypothesis, that are not mutually excluding, have been proposed. Firstly, the abdominal fat is richer in active lipids than the subcutaneous fat, maybe due to its higher complement of
adrenergic receptors. Besides that, the fat abdominal tissue is resistant to the lipid effects of insulin, including alterations in the activity from the lipoprotein
lipase that lead to an increase in the lipase activity and to a higher flow of fatty
acids for the circulation, especially for the circulation access [2].
It is important to mention that the abdominal circumference (AC) is not only
a clear marker of abdominal obesity, it is also largely influenced by the total obesity of the patient. Thus, the bigger the BMI, the more likely higher the AC will
be. However, although AC has a great correlation with a quantity of total abdominal fat, it may not distinguish visceral fat, an important association of metabolic abnormalities, from the quantity of subcutaneous abdominal fat. Many
studies have demonstrated that patients with an excess of visceral fat are characterized with the worst metabolic profile [12].
The anatomic distribution of fat seems to determine the risk of Metabolic
Syndrome (MS). Obesity in the upper part of the body, contrary to obesity in the
lower part of the body (the format of apple instead of pear format), is highly related to IR and to the risk of DM2. The association described between the increase of abdominal fat (upper body) and the increase of risk of coronary heart
disease is related to the visceral fat (as suggested before), reason why the proportion waist-hips above 1.0 in men and higher than 0.8 in women indicates abdominal obesity. The National Cholesterol Education Program (NCEP) has suggested a waist circumference higher than 102 cm in men and higher than 88cm
in women constitute a marker for MS [2].
Obesity is associated with dyslipidemia and increase in the circulation of leptin and cytokines. The influence of dyslipidemia in the β cells depends on the
specific lipid profile of the person. Although some free fatty acids (FFAs) and
lipoproteins were demonstrated as pro-apoptosis for the β cell, others are protective. Regarding lipoproteins, while VLDL and LDL are pro-apoptosis, the
HDL is protective [11].
More data has been accumulated to reinforce the concept that obesity is an inflammatory state, the plasmatic concentrations of the tumor necrosis factor alfa
(TNF-α), interleukin 6 (IL-6) and other inflammatory markers have been demonstrated high levels in obesity. It has also been shown that the fatty tissue expresses the majority of these markers and that the macrophages residing in the
fat tissue may still be the source for pro-inflammatory factors as they modulate
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the secretion activity of the fat tissue. Recently, the mononuclear cells of a fat
person, from which the monocytes are a fraction, have also shown to be in an inflammatory state, expressing high increases of pro-inflammatory cytokines and
related factors. Moreover, these cells have shown significant increased connection with NFkβ (nuclear factor of transcription kappa-beta), the transcription
key factor in the inflammation. Also, two other important proteins, leptin and
adiponectin, have to be mentioned. Although leptin is recognized in its function
as a marker of satiety inhibiting ingestion of food, it also has additional roles as
an immunologic marker and high concentration levels may contribute to a
pro-inflammatory state of obesity and for the atherogenesis in the long term.
Inversely, secreted adiponectin in abundance by the adipocyte in regular people
is anti-inflammatory and potentially anti-atherogenic. In contrast to leptin, its
concentration falls with the weight gain and obesity suggesting that its decrease
may be a marker for atherosclerosis and coronary heart disease [9] [13].
The elevation of FFAs is prognostic for the progression of diminished tolerance to glucose for diabetes. The increase in the flow of fatty acids for the skeletal muscle related to the increase of visceral lipolysis was implicated in the inhibition of muscular capture of glucose [2]. A high plasmatic concentration of FFAs
is certainly a risk factor for the development of DM2, independently of its effects
on the insulin sensibility [8].
As mentioned before, the group of alterations such as the lipid profile, glucose
metabolism, and in some cases, liver function and heart diseases are directly
connected to overweight, and is today known as Metabolic Syndrome. Several
definitions have already been proposed for the MS [1].
The proposed classification for ATP III (Evaluation and Treatment of High
Blood Cholesterol in Adults)proposes the presence of 3 or more of the following
criteria: 1) abdominal obesity defined by the waist > 102 cm in men and >88 cm
in women; 2) hypertriglyceridemia ≥ 150 mg/dL; 3) low HDL cholesterol, < 40
mg/dL in men and <50 mg/dL in women; 4) high blood pressure ≥ 130/85
mmHg; 5) fasting glycaemia ≥ 110 mg/dL. Created in 2001, it was the most used
for a long time in the daily clinical practice; however, some points need to be
discussed. Only patients with glycemic intolerance and/or DM are included in
this classification, discarding the IR criterion and the absence of an IR marker
(for instance: fasting insulin, HOMA), which excludes an important group of
patients [1] [12] [13].
Three scenarios have been proposed to explain the relation between visceral
fat and MS. 1) the hyper lipolysis state of omental tissue, that shows IR, contributes for the exposition (through portal circulation) of the liver to high concentrations of FFAs, damaging various hepatic metabolic processes conducting to
hyperinsulinemia, intolerance to glucose (increase in the hepatic production of
glucose), and hyper triglyceridemia (increase in VLDL and secretion of lipoprotein B); 2) the fat tissue is a great endocrinal organ that is the source of adipokines such as adiponectin and inflammatory cytokines that contribute to IR
and to a pro-inflammatory state, thrombosis and hypertensive of visceral obesity
5

E. T. J. Assunção et al.

(what has been previously commented with more details); (3) excess of visceral
fat is only (or partially) a marker of relative incapacity of the subcutaneous adipose tissue to continue acting as a metabolic deposit for its inability to expand
(lipodystrophy) or because it has become hypertrophied, dysfunctional and resistant to insulin. Nevertheless, a more plausible explanation for the metabolic
abnormalities of the abdominal obesity is that all those mechanisms are involved
[12].
MS has a growing prevalence all over the world, which is largely connected to
the increase of obesity and an inactive life style making it a problem of Public
Health as much as ambulatory problem. In the area of Public Health, more attention must be given to the modifications in the life style from the population
in general aiming at reducing obesity and increasing the practice of exercises. In
hospital and ambulatory levels, patients with MS must be individually identified
as well as their multiple risk factors, including those that remit in that life style
and may be reduced [14].

3. Treatment Target
The first target in the clinic practice of MS is to reduce the risk for atherosclerotic disease, with a top-notch therapy that relates to the main risk factors: LDL
above the target, hypertension and diabetes. Prevention of DM2 is another important target when it is not present. For those with established diabetes, the
handling of risk factors must be intensified. The main emphasis on handling MS
itself is to mitigate the modifying underlying risk factors (obesity, inactiveness
and atherogenic diet) through effective changes in the life style that will reduce
all metabolic risks [13].
DM2 may be prevented or, at least, delayed by means of interventions in the
holders of pre-diabetes. These patients must alter their life style, with changing
of eating habits, weigh loss (reduction of at least 5% to 10% of body weight) in
case of patients who are overweight or obese, as well as the increase of exercises,
for example walks for at least 150 minutes per week [15]. This way, the programs
of primary care of DM2, based on intervention on diet and exercises, aim at
combating the excess of weigh for people who are more prone to developing diabetes, particularly in those with intolerance to diminished glucose. The results
from Diabetes Prevention Program (DPP) have shown a reduction of 58% in the
incidence of cases of DM with the stimulus of a healthy diet and practice of exercises, this intervention has proven to be more effective than the use of metformin [10].
Some important measures in the secondary prevention of DM2 are: 1) treatment of high blood pressure and dyslipidemia, that substantially reduces the risk
of complications from DM; 2) prevention of feet ulcers and amputation of inferior members by means of specific care; 3) diagnosis and early treatment of retinopathy; 4) testing for microalbuminuria is a recommended procedure to prevent or delay the progression of renal insufficiency; 5) measures to reduce cigarette consumption assist in controlling DM, as smoking is associated to a poor
6
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control of diabetes and causally hypertension [10].
The intensive control of glucose must always be sought (recommendations are
show on Table 3), as it is such fact that diminishes the risk of microvascular
complications. Intensive therapy of DM patients also demonstrates an improvement in their quality of life, as it may be expected a gain of the their life
expectancy [16] [17].
The ongoing increase in the incidence of the diabetes diagnosis combined
with the decreasing death rate has been leading to an accelerated increase in the
risk of complications related to the increase in the age with the disease. Such
findings demonstrate that it is necessary a continuous advance in the health care
and costs, each time more elevated, to control the disease, and it emphasizes the
effective necessity for intervention in order to reduce its incidence [18].

4. Results
Data collection was performed with 30 diabetic patients attended in the Family
Health center in the district of Baú, in the city of Cuiabá, Mato Grosso state,
during the months of October to December 2015 through medical appointments
and review of medical charts. The total population of the unit is of 3065 enrolled
patients, with 89 diabetic patients. The majority of these patients have health
care and/or are enrolled in health insurances, having a follow-up and treatment
in private clinics, this way, not all patients have follow-ups regularly in the unit
and therefore have not participated of the study.
If we observe the total population of the Unit, 89 of them received the diabetes
diagnosis and are under follow-up/treatment. This number represents only 3%
of the total population, which is considered to be low if we take the values of
13.5% to 15% found in the studies of this bibliographic review and the growing
prevalence of the disease worldwide. The age of the patients varied from 38 to 80
years of age. From those, 21 are within the age above 60 years old, and hence are
considered elderly (70% of the total), which reflects the high prevalence of DM
in this population range. From the patients that took part of the studies, 16 of
them were male and 14 were female, showing also the equal prevalence of the
disease practically in both genders.
As for BMI, the following results on Graphic 1 were found in the patients—
normal: 4, overweight: 13, obese 1: 7, obese 2: 3, obese 3: 3. Practically all patients are in the range of BMI that corresponds to overweight or obesity, what
only reinforces the presence of obesity as the main risk factor in the development of diabetes.
Table 3. Recommendations of Glucose for Adults with Diabetes, ADA 2016.
A1C: < 7%
Pre-prandial Capillary Plasmatic glucose: 80 - 130 mg/dL
Peak of Pre-prandial Capillary Plasmatic glucose: <180 mg/dL
*Glycemic target more or less rigid may be appropriate for specific patients.
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Graphic 1. BMI Interpretation.

According to the values of the waist measures found, as shown on Graphic 2,
20 patients were with altered values, reflecting the presence of overweight or obesity as a risk factor for MS and DM. According to the gender, the AC was altered in 8 male patients and in 12 female patients, what is practically its totality
(86%).
Although its efficacy in the glycemic control, only 6 patients (20%) make regular use of insulin as a means of treatment. From the fasting glycaemia values
found, only 9 patients (30%) present values < 100 mg/dL and 17 patients (57%)
present values ≥ 130 mg/dL. The maximum and minimum values of fasting glycaemia were of 74 and 329 mg/dL respectively.
The values for glycated hemoglobin presented on Graphic 3 varied from 5.1
to 14.4%. According the overall target of treatment, 13 patients presented values
≥ 7% representing 43% of the total. This is an elevated value if we consider the
necessity of intensive glycemic control.
The minimum value of total cholesterol was of 99 mg/dL and the maximum of
290 mg/dL in the studied patients. In relation to HDL, in male patients 6 presented smaller values than 40 mg/dL (37%) and in the female patients only 5
(36%) presented values < 50 mg/dL (although there were in this group more patients with altered values of AC). The values for triglycerides found varied from
56 to 498 mg/dL. From these, 15 patients presented values ≥ 150 mg/dL, representing 50% as shown on Graphic 4. As for the LDL values, 11 patients presented values ≥ 100 mg/dL, in a total of 37% presented on Graphic 5.
According to the criteria on MS proposed by ATP III, 14 patients of the study
may be diagnosed with the syndrome, which represent 47% of the studied patients shown on Graphic 6.

5. Conclusions
Diabetes mellitus is without a doubt a great public health problem presenting an
ascending curve of prevalence worldwide, having a great extent, impact and severity for the patients and the society. This happens due to several factors that
reflect the current life style of the population that has become each day more inactive, adherent to inappropriate diets, composed in its majority of fast meals
with highly industrialized products full of fats and carbohydrates, associated to
the lack of exercises.
Not only for reason of its prevalence but DM2 is also a silent disease. In most
8
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Graphic 2. Abdominal Circunference.
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Graphic 3. Glycated Hemoglobin.
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Graphic 4. Triglycerides.
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Graphic 5. LDL.

47%
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Graphic 6. Metabolic Syndrome (ATP III).

9

E. T. J. Assunção et al.

cases, it only manifests itself usually after several years of its installation and already associated to chronical complications. In addition, in its majority it is irreversible causing direct harm to the quality of life of the patients, composed by
an age rate each day younger, bringing yet a major impact to the economically
active population. Such fact is worrying as the elders have been increasing and
they are going to depend every day more on financial resources.
The role of the doctors is of great importance in this scenario, they must be
always attentive to the several risk factors. Data of great relevance such as BMI
and AC may be easily obtained while in the appointment with a patient (in this
study, only 13% of the patients were thin, and almost 70% presented altered values of AC); and if such data are altered doctors have to pay attention to the
presence of insulin resistance and metabolic syndrome. They should also guide
the patients towards new conducts, preventive actions and diagnosis as well as
control of their condition. It is also very important to pay attention to the targets
for treatment, informing the patients and family members about the consequences of a wrong handling of the disease (values of HbA1c higher than the
standardized target represented by 43% of the patients from this study).
In face of all the evidence found, it is necessary to offer a bigger incentive to
prevention, making an early diagnosis of DM. It is so because it is only by means
of an intensive and proper control, aiming at the treatment targets, composed by
changes in the habits of life focusing on diet and exercise, multidisciplinary follow-up and regular appointments to control overweight and obesity, metabolic
syndrome and all its consequences, besides the correct use of insulin and other
necessary medications, that the reality of unfavorable prognosis of this condition
can be changed.
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