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ABSTRACT

Type II Diabetes mellitus (T2DM) is the most common of two types of Diabetes disease. T2DM is a metabolic disease characterized mainly by insulin 
resistance, reduction of insulin secretion, and hyperglycemia. T2DM is a major public health cause of concern not only by the increase in morbidity 
and mortality associated with patients with the disease, but also by the significant reduction in quality of life and productivity among the economically 
active population. Isolated hyperglycemia refers to patients with T2DM with normal fasting plasma glucose and no ketoacidosis. With the rise of 
T2DM and the presence of hidden symptoms, it is vital to determine a diagnostic sequence, blood-glucose control with sulfonylureas or insulin, and 
diet and exercise.
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INTRODUCTION

T2DM is the most common of two types of Diabetes disease and is 
considered a global pandemic [1]. Diabetes is classified in type 1 and 
2, and more than 90% of patients with diabetes have T2DM [2]. T2DM 
implies costs for governments directly, indirectly, and intangibly. Direct 
medical costs represent the burden in medicine and personnel to 
attend the patient. Indirect costs are due to labor reduction in economic 
active population, costs associated with health insurance and medical 
visits. Intangible costs are due to the behavioral changes in a patient 
and associated productivity reductions [3]. Hyperglycemia is the peak 
of glucose after loading glucose to the body. Isolated hyperglycemia in 
patients with T2DM refers to patients with a normal fasting plasma 
glucose level without ketoacidosis. Detecting glucose abnormalities early 
and preventing progression from prediabetes to diabetes may be crucial, 
since hyperglycemia duration could predict adverse outcomes [4].

Among the clinical features of T2DM, the patient may show: 
Hyperglycemia [5] (thirst, polyuria, weight loss, and blurry vision), 
a random blood glucose value of 200 mg/dL (11.1 mmol/L) or 
higher, insulin deficiency (pancreatic beta cell failure) [6], increased 
gluconeogenesis, glycogenolysis, dehydration [7-9], polyuria, polydipsia, 
osmotic diuresis [10], compensatory thirst weight loss, sweet cravings, 
glycosuric calorie loss, and inadequate glucose utilization, muscle pain, 
and abdominal discomfort [11], lactic acid accumulation, hypokalemia, 
electrolyte/acid-base derangements, metabolic alkalosis and/or 
acidosis [12], electrolyte disturbances, and formation of ketone bodies 
(ketogenesis) [13,14].

A number of screening tests are available, such as a glycosylated 
hemoglobin test (A1C), fasting plasma glucose, or a two-hour oral glucose 
tolerance test (OGTT) [15]. A1C 2 test is used to confirm diabetes mellitus 
in patients with the classic symptoms of hyperglycemia [16]. Both tests 
can successfully identify asymptomatic cases of diabetes; however, there 
is a debate about which test is optimal for screening [17]. Some patients 
with type 2 diabetes also have symptoms of hyperglycemia and blood 
glucose levels above ≥200 mg/dL [18].

Hyperglycemia is the high level of sugar in the blood triggered by 
insulin deficiency. Isolated hyperglycemia, with glycemic greater than 

200 mg/dl usually detected during control tests or capillary blood 
glucose, is not accompanied by other metabolic problems neither 
with acidosis or hyperosmolarity [19]. Although a recent review 
shows the benefits and harms of intensive glycemic control in patients 
with T2DM [20], little is known about the control and management 
protocols for isolated hyperglycemia. This review provides a systematic 
and comprehensive summary of the body of knowledge about T2DM 
and early warning signs in patients without prediabetes, but in which 
management of isolated hyperglycemia is needed.

EPIDEMIOLOGY

T2DM is more common in older adults than in any other population. 
However, its incidence increases among young adults and children due 
to increased incidence of obesity, sedentary lifestyle, and inadequate 
diet [21].

The international diabetes federation, IFD, produces a Diabetes 
Atlas every 2 years. In its ninth edition of 2019, it is estimated that 
463 million adults between 18 and 70 years of age have diabetes 
worldwide. Furthermore, IFD estimates that in 2025 T2DM will 
exceed 500 million [22,23].

In South and Central America and the Latino community of the United 
States, the levels of T2DM are worryingly high, with an estimated 31.6 
million people between the ages of 18 and 79 having diabetes, and 
affecting disproportionately more women than men in all group ages 
(Fig. 1). A total of 9.4% of people between 18 and 79 years have T2DM, 
globally. However, the estimated prevalence and number of people with 
high blood glucose surpasses the 62 million. Therefore, it is worrying 
that 41.9% are not diagnosed with the disease [24].

About 80% of these people live in urban areas in middle-income 
countries. The region is also the fifth country with the most people 
with diabetes. In Brazil, 16.8 million people are living with T2DM. 
Furthermore, the disease’s prevalence increases as the individual’s 
age increases; this is the case in world statistics and is kept in the 
region [25] (Fig. 2).

Some factors increase the risk of having T2DM. High caloric foods, 
among them white rice, plain bread, and soft drinks, are directly related 
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to T2DM. In addition, physical inactivity, obesity, and overweight are 
factors affecting T2DM incidence. In 2019, the IDF estimated that the 
prevalence of T2DM in people aged 20–79 years was 5.5% [26].

PHYSIOPATHOLOGY

The primary regulator of blood glucose in humans is insulin. The beta 
cells of the pancreatic islets are responsible for its production, which 
produce it as proinsulin, which will be processed into proinsulin, which 
is broken down into insulin and C-peptide [27].

Levels above 70 mg/dl of glucose cause its entry into the beta cells of the 
pancreas through the GLUT transporter. Once in the pancreatic islets, 
glucose is processed by glucokinase from which pyruvate and ATP will 
result which activates the sensitive potassium channels causing insulin 
secretion [28,29].

In T2DM, there is a combination of insulin resistance (IR) and a defect 
in insulin secretion that favors hyperglycemia. But understanding the 
pathology is complicated because insulin resistance and deterioration 
are not measured in the clinical setting [30]. It is believed that the 
cause of IR is related to a sedentary lifestyle and therefore obesity, with 
genetics and aging being minor contributions. Instead, the decrease in 
insulin secretion is mainly due to genetics, the function of β cells in the 
uterus. That is why hyperglycemia causes impaired pancreatic beta cell 
function [31].

In general, type 2 diabetes is often accompanied by alterations in the 
metabolism of lipids, proteins, and carbohydrates, thus increasing 
cardiovascular risk. Hyperinsulinism caused by insulin resistance may 
be necessary for the origin of these alterations. In addition, increased 
levels of free fatty acids, oxidative factors, and inflammatory cytokines 
in fat have been mainly related to type 2 diabetes and cardiovascular 
problems [32,33].

Impaired secretion and insulin resistance have seen as independent 
risk factors in type 2 diabetes. In addition, the change intolerance 
to glucose intolerance is characterized by analogous decreases in 
the elimination of glucose: Insulin-stimulated glucose and glucose-
stimulated secretion [34].

Glucose needs to enter the cell through glucosamine (GlcN) activated 
sugar for which it uses the GLUT-2 transporter. GLUT2 is expressed in 
the B cells, renal, and hepatic cells [35]. A high-fat diet has been shown 
to damage this transporter leading to glucose intolerance [36,37].

It is also important to mention that the high-fat diet damages beta cells 
by generating reactive oxygen species within them, which do not have 
endogenous antioxidants like other cells.

Although one of the criteria for diagnosing T2DM is fasting blood 
glucose above 126 mg/dl, it is clear that beta-cell function is abnormal 
with glucose levels >100 mg/dl [38].

Insulin resistance (IR) is not a diagnosis of T2DM because most 
patients develop it with a genetic risk of type 2 diabetes. This is evident 
since IR becomes more severe with a high weight and increasing age, 
demonstrating a defect in beta-cell function in people likely to cause 
high glucose tolerance. In patients with normal weight, but with a high 
risk of suffering type 2 diabetes, post-glucose, fasting hyperinsulinemia 
predispose to weight gain that leads to hyperglycemia; which can 
contribute to a greater deterioration of beta cells through glucotoxicity, 
decreasing the expression of the insulin gene [39].

The breakdown proinsulin gives normal production of insulin which 
represents 10–15% of the insulin secreted. In T2DM, the pancreatic B cells fail 
to produce or process enough insulin that the body needs to work. Whereas, 
the production of proinsulin in T2DM increases in the basal state [40]. When 
the rise in proinsulin secretion persists after looking at the degree of obesity, 
this indicates a dysfunction of the beta cells, not only the increased demand 
imposed by the insulin resistance of obesity. Furthermore, it indicates that 
proinsulin processing into insulin within beta cells is impaired [41,42].

CLINICAL FEATURES

In general, a patient with isolated hyperglycemia does not present 
cardinal signs of hyperglycemia (polydipsia, polyuria, polyphagia, and 
weight loss) and much less ketoacidosis (hyperventilation, asthenia, 
nausea, vomiting, and ketone stench). It would not be an isolated 
hyperglycemia but rather a diabetic ketoacidosis or non-ketosic 
hyperosmolar hyperglycemic decompensation [43].

DIAGNOSIS

Complementary tests should be performed after performing the 
diagnostic sequence to confirm isolated hyperglycemia and rule out 
ketosis. Studies aimed at ketogenic acidosis should be carried out if any 
degree of ketosis is found in these tests, which will not be seen in this 
section. Diagnosing type 2 diabetes with urine glucose measurement is 
not recommended due to its lack of sensitivity [44].

A diagnostic sequence is summarized in Fig. 2.

Fig. 1: Main statistics of Diabetes worldwide: a) Percentage of population by age group and gender with T2DM; b) Number of people with 
high blood glucose by region, c) Global map showing the regions with higher number of people with T2DM and high blood glucose.
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MANAGEMENT

Treatment of T2DM should be comprehensive, including hypoglycemic 
drugs, lifestyle changes, physical exercise, and a diet focused on 
maintaining normal weight or achieving a BMI<25 [45]. Preventing 
the progression of microvascular disease, including retinopathy, 
nephropathy, and neuropathy, is possible when hyperglycemia 
is treated [46]. Weight loss and moderate exercise are the initial 
recommendations for patients with type 2 diabetes who are overweight 
(BMI between 25 and 29.9 kg/m) or obese (BMI >30 kg/m). Patients 
should lose 5–10% of their initial body weight and accumulate 30 min 
of moderate exercise most days of the week [47].

Treatment should be instituted in blood glucose levels greater than 
250 mg/dl or in those patients with ketosis. The first line of treatment is 
subcutaneous ultra-fast acting insulins. For more severe hyperglycemia 
(greater than 400 mg/dl) or in the presence of ketosis, rapid-acting 
intravenous insulin is preferred. The dose is 100 IU diluted in 100 ml of 
saline and infused at a rate of 0.1 IU/kg/h [48].

The insulin dose required to correct blood glucose is calculated from 
the actual blood glucose level, the target blood glucose level (170 mg/
dL), and the patient’s insulin sensitivity factor (ISF). The ISF calculates 
the drop in blood glucose for each unit of rapid insulin.

ISF =1800/t

where, t is the total dose administered to the patient [49]. Fluid 
replacement is performed in patients with blood glucose greater 
than 400 mg/dl, dehydration, and ketosis. Crystalloids will be used if 
the patient tolerates the route and subcutaneous administration, oral 
rehydration salts, water, or lemon juice are preferred.

In patients with glucose >400 mg/dl, it is important to perform a 
reassessment and capillary blood glucose should be taken again. If 

ultra-rapid insulin was used, the reassessment will be performed in 
2–3 h; on the other hand, if rapid-acting human insulin was used, it will 
be performed at 3–4 h [50].

If the blood glucose in the reassessment is still greater than 200 mg/
dl, a second dose will be administered, this time calculating the blood 
glucose obtained in the reassessment [51].

Final recommendations for patients with isolated hyperglycemia are to: 
(i) Control excessive food intake to avoid hyperglycemia, (ii) distribute 
food intakes to >5 to avoid hypoglycemia, (iii) restrict the consumption 
of slow-absorbing carbohydrates, (iv) consume Mediterranean diet, 
and (v) perform physical exercise for glycemic and metabolic control.

ACKNOWLEDGMENTS

We thank the personnel and Authorities of the Crehvital hospital for 
their help and comments of the first draft.

AUTHOR’S CONTRIBUTION

Juan Diego Cayo Tello, Diana Elizabeth Sánchez Moretta, Gabriela 
Jennifer Vargas Hernández and Luis Santiago Hernández Medina: 
collecting data, writing, editing, and revising the manuscript.

COMPETING INTEREST

The authors declare no conflict of interests.

FUNDING

None declared.

REFERENCES

1. Unnikrishnan R, Pradeepa R, Joshi SR, Mohan V. Type 2 diabetes: 
Demystifying the global epidemic. Diabetes 2017;66:1432-42.

Fig. 2: Diagnostic sequence of Diabetes and triggering factors at three stages of the disease 

 Tello et al. 
         Innovare Journal of Health Sciences, Vol 10, 2022, 42-45

44



2. International Diabetes Federation. IDF Diabetes Atlas. 9th ed. Brussels, 
Belgium: International Diabetes Federation; 2019. Available from: 
https://www.diabetesatlas.org [Last accessed on 2020 Sep 03].

3. Fowler M. Hyperglycemic crisis in adults: Pathophysiology, 
presentation, pitfalls, and prevention. Clin Diabetes 2009;27:19-23.

4. Nathan DM, Bennett PH, Crandall JP, Edelstein SL, Goldberg RB, 
Kahn SE, et al. Does diabetes prevention translate into reduced 
long-term vascular complications of diabetes? Diabetology 
2019;62:1319-28.

5. Murillo LJ. Medicina de Urgencias Y Emergencias. 6th ed. Netherlands: 
Elsivier; 2018.

6. American Diabetes Association. Standards of medical care for patients 
with diabetes mellitus. Diabetes Care 2003;26:S33-50.

7. Rodriguez-Gutierrez R, Gonzalez-Gonzalez JG, Zuñiga-Hernandez JA, 
McCoy RG. Benefits and harms of intensive glycemic control in 
patients with Type 2 diabetes. BMJ 2019;367:l5887.

8. International Diabetes Federation. IDF Diabetes Atlas. Brussels, 
Belgium: International Diabetes Federation; 2019.

9. International Diabetes Federation. Diabetes by Region. IDF 
Diabetes Atlas. Vol. 9. Brussels, Belgium: International Diabetes 
Federation; 2019.

10. World Health Organization. Global Report on Diabetes. Geneva: World 
Health Organization; 2016.

11. International Diabetes Federation. IDF Diabetes Atlas. 8th ed. 
Brussels, Belgium: International Diabetes Federation; 2017. 
Available from: https://www.diabetesatlas.org/upload/resources/
material/20200302_133351_IDFATLAS9e-final-web.pdf [Last 
accessed on 2022 Mar 07].

12. International Expert Committee. International Expert Committee report 
on the role of the A1C assay in the diagnosis of diabetes. Diabetes Care 
2009;32:1327-34.

13. American Diabetes Association. 2. Classification and diagnosis of 
diabetes. Diabetes Care 2017;40:S11-24.

14. Pozzilli P, Strollo R, Bonora E. One size does not fit all glycemic targets 
for Type 2 diabetes. J Diabetes Investig 2014;5:134-41.

15. Stumvoll M, Goldstein B, Haeften T. Type 2 diabetes: Pathogenesis 
principles and therapy. Lancet 2016;365:1333-46.

16. American Diabetes Association. 2. Classification and diagnosis of 
diabetes: Standards of medical care in diabetes-2021. Diabetes Care 
2021;44:S15-33.

17. Engelgau MM, Narayan KM, Herman WH. Screening for Type 2 
diabetes. Diabetes Care 2000;23:1563-80.

18. Henry RR, Scheaffer L, Olefsky JM. Glycemic effects of intensive 
caloric restriction and isocaloric refeeding in noninsulin-dependent 
diabetes mellitus. J Clin Endocrinol Metab 1985;61:917-25.

19. Robertson P, Nathan D, Mulder J. Pathology diabetes Type 2. Lancet 
2021;21:6275.

20. Pan A, Sun Q, Bernstein AM, Manson JE, Willett WC, Hu FB. Changes 
in red meat consumption and subsequent risk of Type 2 diabetes 
mellitus: Three cohorts of US men and women. JAMA Intern Med 
2013;173:1328-25.

21. Emerging Risk Factors Collaboration; Sarwar N, Gao P, Seshasai SR, 
Gobin R, Kaptoge S, et al. Diabetes mellitus, fasting blood glucose 
concentration, and risk of vascular disease: A collaborative meta-
analysis of 102 prospective studies. Lancet 2010;375:2215-22.

22. Merino J, Udler M, Leong A, Meigs J. Una década de contribuciones 
genéticas y metábolicas a la prediccion del riesgo de diabetes tipo 2. 
Curr Diab 2017;17:135.

23. Davies MJ, D’Alessio DA, Fradkin J, Kernan W, Mathieu CH, 
Mingrone G, et al. Management of hyperglycemia in Type 2 diabetes, 
2018. A consensus report by the American diabetes association (ADA) 
and the European association for the study of diabetes (EASD). 
Diabetes Care 2018;41:2669-701.

24. Asociación Latinoamerica de Diabetes. Guías ALAD sobre el 
Diagnóstico, Control y Tratamiento de la Diabetes Tipo 2. Asociación 
Latinoamerica de Diabetes; 2019.

25. Huang T, Wang T. Asociación del peso al nacer con diabetes tipo 2 
y rasgos glucémicos: Un estudio de aleatorización mendeliana. 
JAMA Netw Open 2019;2:e1910915. https://doi.org/10.1001/
jamanetworkopen.2019.10915.

26. Sukhija R, Prayaga S, Marashdeh M, Bursac Z, Kakar P, Bansal D, et al. 
Effect of statins on fasting plasma glucose in diabetic and nondiabetic 
patients. J Investig Med 2009;57:495-9.

27. Scheepers A, Joost HG, Schurmann A. The glucose transporter families 
SGLT and GLUT: Molecular basis of normal and aberrant function. J. 

Parent Ent Nut 2004;28:364-71.
28. Thambisetty M, Metter EJ, Yang A, Dolan H, Marano C, Zonderman AB, 

et al. Glucose intolerance, insulin resistance, and pathological features 
of Alzheimer disease in the baltimore longitudinal study of Aging. 
JAMA Neurol 2013;70:1167-72.

29. Matias I, Gonthier MP, Orlando P, Martiadis V, De Petrocellis L, 
Cervino C, et al. Regulation, function, and dysregulation of 
endocannabinoids in models of adipose and β-pancreatic cells and in 
obesity and hyperglycemia. J Clin Endocrinol Metab 2006;91:3171-80.

30. Yahia N, Brown CA, Snyder E, Cumper S, Langolf A, Trayer C, et al. 
Prevalence of metabolic syndrome and its individual components among 
Midwestern University students. J Commun Health 2017;42:674-87.

31. Patel TP, Rawal K, Bagchi AK, Akolkar G, Bernardes N, da Silva Dias D, 
et al. Insulin resistance: An additional risk factor in the pathogenesis of 
cardiovascular disease in Type 2 diabetes. Heart Fail Rev 2016;21:11-23.

32. Arner P. Insulin resistance in Type 2 diabetes: Role of fatty acids. 
Diabetes Metab Res Rev 2002;18:S5-9.

33. Yki-Järvinen H. Glucose toxicity. Endocr Rev 1992;13:415-31.
34. Hirahatake KM, Meissen JK, Fiehn O, Adams SH. Comparative effects 

of fructose and glucose on lipogenic gene expression and intermediary 
metabolism in HepG2 liver cells. PLoS One 2011;6:e26583.

35. Rauchman MU, Wasserman JC, Cohen DM, Perkins DL, Hebert SC, 
Milford E, et al. Expression of GLUT-2 cDNA in human B lymphocytes: 
Analysis of glucose transport using flow cytometry. Biochem Biophys 
Acta (BBA)-Biomembr 1992;1111:231-8.

36. Davidson MB, Schriger DL, Peters AL, Lorber B. Relationship between 
fasting plasma glucose and glycosylated hemoglobin: Potential for 
false-positive diagnoses of Type 2 diabetes using new diagnostic 
criteria. JAMA 1999;281:1203-10.

37. Andersson DK, Lundblad E, Svärdsudd K. A model for early diagnosis 
of Type 2 diabetes mellitus in primary health care. Diabetes Med 
1993;10:167.

38. Meigs JB, Cupples LA, Wilson PW. Parental transmission of Type 2 
diabetes: The Framingham offspring study. Diabetes 2000;49:2201.

39. Robertson RP. Chronic oxidative stress as a central mechanism for 
glucose toxicity in pancreatic islet beta cells in diabetes. J Biol Chem 
2004;279:42351-4.

40. Boland BB, Rhodes CJ, Grimsby JS. The dynamic plasticity of insulin 
production in β-cells. Mol Metabol 2017;6:958-73.

41. Moin AS, Butler AE. Alterations in beta cell identity in Type 1 and 
Type 2 diabetes. Curr Diabet Rep 2019;19:83.

42. Weir GC, Laybutt DR, Kaneto H, Bonner-Weir S, Sharma A. Beta-cell 
adaptation and decompensation during the progression of diabetes. 
Diabetes 2001;50:S154-9.

43. Umpierrez GE, Murphy MB, Kitabchi AE. Diabetic ketoacidosis 
and hyperglycemic hyperosmolar syndrome. Diabetes Specr 
2002;15:28-36.

44. Volek JS, Sharman MJ, Love DM, Avery NG, Scheett TP, Kraemer WJ, 
et al. Body composition and hormonal responses to a carbohydrate-
restricted diet. Metabolism 2002;51:864-70.

45. NHLBI Obesity Education Initiative-Expert Panel on the Identification, 
Evaluation, and Treatment of Overweight and Obesity in Adults. 
Clinical Guidelines on the Identification, Evaluation, and Treatment of 
Overweight and Obesity in Adults: The Evidence Report, September; 
1998. Available from: https://www.nhlbi.nih.gov/guidelines/obesity/
ob_gdlns.pdf [Last accessed on 2012 Apr 12].

46. Manna TD, Steinmetz L, Campos PR, Farhat SC, Schvartsman C, 
Kuperman H, et al. Subcutaneous use of a fast-acting insulin analog: An 
alternative treatment for pediatric patients with diabetic ketoacidosis. 
Diabetes Care 2005;28:1856-61.

47. Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycemic 
crises in adult patients with diabetes. Diabetes Care 2009;32:1335-43.

48. Diabetes Control and Complications Trial Research Group; Nathan DM, 
Genuth S, Lachin J, Cleary P, Crofford O, Davis M, et al. The effect of 
intensive treatment of diabetes on the development and progression of 
long-term complications in insulin-dependent diabetes mellitus. N Engl 
J Med 1993;329:977-86.

49. Levin P, Hoogwerf BJ, Snell-Bergeon J, Vigers T, Pyle L, Bromberger L. 
Ultra rapid-acting inhaled insulin improves glucose control in patients 
with Type 2 diabetes mellitus. Endoc Pract 2021;27:449-54.

50. Woolfson AM. An improved method for blood glucose control during 
nutritional support. JPEN J Parent Ent Nut 1981;5:436-40.

51. Wilson PW, Cupples LA, Kannel WB. Is hyperglycemia associated 
with cardiovascular disease? The Framingham study. Am Heart J 
1991;121:586-90.

 Tello et al. 
         Innovare Journal of Health Sciences, Vol 10, 2022, 42-45

45


