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ABSTRACT
Several Epidemiological studies have suggested that rate of development of diabetes mellitus
consequent to taking diverse types of medication is increasing now a days. Several
medications have been found to be associated with causation of diabetes. Various
pharmacological medications which are commonly used in clinical practice are found to
affect glucose homeostasis and interfere with the balance between various hormones like
insulin, glucagon, catecholamines, growth hormone, and cortisol. Mechanism for the
diabetes caused due to medications is associated with a reduction in insulin production, some
with reduction in insulin sensitivity, and some appear to be associated with reduction in
insulin production along with the insulin sensitivity. It is very difficult to establish a precise
cause and effect relationship between a medication and development of diabetes. Various
clinical studies of medications typically concentrate on evaluation of effectiveness and are
not powered to evaluate side effects. Several covariant such as the weight gain associated
with medication such as steroids or antipsychotics also make it difficult to find that whether
the development of diabetes was a primary or secondary effect of the medication.
Mechanisms for the causations of diabetes have been linked with range from decreased
insulin secretion to decreased insulin action to direct neural effects. Stopping or switching
medication is considered as the first step in treating the drug induced diabetes. While the
information to support many of the consensus recommendations for treatment drug -induced
diabetes is lacking. To establish the optimal therapy for Drug induced diabetes, it is quite
essential to understand the potential mechanism which interrupts the metabolism of
carbohydrates.
Keywords: Diabetes, insulin sensitivity, glucose homeostasis, medication-induced diabetes,
optimal therapy.
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INTRODUCTION
Diabetes is defined as a metabolic disorder which is characterized by hyperglycemia (1,2)
and it causes alteration in the metabolism of proteins, fats and carbohydrates (3). Incidences
of diabetes are increasing now a day at an alarming rate (1).
Several Epidemiological studies have suggested that rate of development of diabetes mellitus
consequent to taking diverse types of medication is increasing. There are wide variety of
frequently prescribed medications which are known to affect the glucose homeostasis (4) and
lead to causation of the glucose intolerance and participate in the causing the diabetes in nondiabetic patients (1, 5) and worsening the glucose control in the patients with established
diabetes. These drugs exert their effects on glucose homeostasis by affecting the insulin
secretion and/or causing insulin resistance (6). Thus drug induced diabetes is defined as the
hyperglycemic state caused due to ingestion of drugs and meets the definition criteria of
diabetes and an explanation has been provided by individual differences regarding the
causation of diabetes due to medication by the pharmacogenomics (7, 8).
The drugs which induces diabetes are groups according to the mechanism by which they
cause diabetes like inhibition of insulin secretion, causing insulin resistance, interferes with
insulin secretion and/or insulin action (7).
Classification of the drugs causing diabetes
1. Drugs that interferes with insulin production and secretion
• Β blockers
• Pentamidine
• Tacrolimus
• Phenytoin
• Pyriminil
2.
•
•
•
•
3.
•
•
•

Drugs that reduces effectiveness of insulin( insulin sensitivity)
Glucocorticoids
Growth hormones
Protease inhibitors
Oral contraceptives
Drugs that act on both insulin secretion and insulin sensitivity
Thiazide diuretics
Cyclosporine
Atypical antipsychotics

GLUCOCORTICOIDS
Glucocorticoids are used in treatment of wide variety of disorders and in wide range of doses.
Glucocorticoids regulate several physiological systems in the body (9). Short term acute
therapy is used in chronic obstructive pulmonary disease, acute gout, chemotherapy
protocols, for fetal lung maturation in pregnant women, bacterial meningitis etc (10). Chronic
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glucocorticoids treatment plays a vital role in modulating immune system (11). Despite their
role as anti-inflammatory and immunosuppressant, glucocorticoids are associated with the
several side effects (12) including hypertension, osteoporosis, diabetes and many more (11).
Diabetes mellitus is one of the most common side effects of the glucocorticoids treatment
(13, 14).
Glucocorticoids cause disturbance in the glucose metabolism through the impairment
of the glucose metabolism through the impairment of the multiple pathways as beta cell
dysfunction, decrease in the insulin secretion (9, 15). Depending upon the glucocorticoids
effects either acute or chronic, extent of the bet cell dysfunction and tissue insensitivity to the
insulin varies (16).
Glucocorticoids also have effect on glyceroneogenesis (11). In the adipose tissue
gluceroneogenesis controls the fatty acid release rate in the blood. Synthesis of
triacylglycerol from the fatty acid and glycerol is also regulated by the glyceroneogenesis in
the liver (12). These processes in the liver and adipose tissue are regulated by the enzyme
phosphoenylpyruvate carboxy Kinase (PEPCK) (17). Glucocrticoids suppresses the gene
expression of PEPCK enzyme in the adipose. Thus it inhibits the glyceroneogenesis. While in
the liver PEPCK stimulates the production of glycerolas the result the fatty acid concentration
is increased through the lipoprotein lipase (18).
Thus as a net result there is increase in the release of the fatty acids in the blood and
this increase in the fatty acid release causes insulin resistance through interfering with the
glucose utilization especially in the skeletal muscles (12).
Skeletal muscle is responsible for the insulin mediated glucose uptake. Glucocorticoids
interfere with the components of the insulin signaling cascade like glycogen synthase kinase3, glycogen synthase and GLUT-4 translocation. Thus causing impairment in the insulin
mediated glucose uptake (19).
Proposed risk factors for the glucocorticoids induced diabetes includes age, family history,
BMI and impaired glucose intolerance (20). Apart from all these, obesity, increased appetite
and visceral lipogenesis are also found as the major factors involved in the glucocorticoids
induced diabetes (21).

ATYPICAL ANTIPSYCHOTICS
The atypical antipsychotics, also known as second generation antipsychotics, have become
the preferred treatment for the schizophrenia and schizoaffective disorders. These drugs have
several advantages over the other antiosychotics drugs (22). But on the other hand these
agents are also associated with many side effects including impaired glucose intolerance,
weight gain, disturbance of the lipid metabolism, diabetes and many more (23, 24). It has
been found that thses drugs are associated with the increased risk of the hyperglycemia or
type 2 diabetes (25, 26).
Olanzepine and clozapine being the most likely to increase the risk of diabetes when used by
the schizophrenia patient (27). In the study of koller et al, it was found that diabetes was
developed in the patients who were on the olanzapine and resperidone treatment in less than 6
months (28, 29). In many case reports, weight gain was reported prior to the development of
the diabetes with the use of antipsychotics. (30). While meyer found increase in the fasting
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glucose levels with the use of olanzapine, which was not correlated with the changes in the
weight (31). It has also been found the schizophrenia itself contributes to the development of
diabetes (32).
Atypical antipsychotics are positively associated with the excessive weight gain (3335). In addition to the weight gain, atypical antipsychotics also cause several metabolic
disturbances like low HDL Levels, high triglycerides (36- 38), increase in the free fatty acid
(39). According to the NHANES III, schizophrenic patients who are on atypical
antipsychotics treatment, represents 3 or more out of 5 syndromes which include waist girth,
hyperglycemia, hypertension, hypertriglyceridemia and low HDL cholesterol. This
prevalence is twice to three times greater than the matched controls (40).
There are several reports which showed that patients developed diabetes without prior
weight gain after the treatment with the atypical antipsychotics (41). Atypical antipsychotics
were found to disturb the insulin mediated glucose transport (42) and increase in the
lipogenesis (43). Abnormal glucose metabolism and insulin resistance was reported in the
patients on olazapine and clozapine treatment (44-46)
Leptin hormone, synthesized by adipocytes, plays a major role in controlling the body weight
(47). Leptin is also correlated with the fat mass and insulin resistance (48).
Hagg et al., found that in the patients who were on clozapine treatment, plasma levels was
increased independently of the weight (49).
It is postulated that insulin resistance may be responsible for the antipsychotics induced
diabetes. But it may not be the only factor in diabetes development after atypical
antipsychotics treatment (50).
Apart from the insulin resistance, atypical antipsychotics also have effect on the several
neurotransmitter systems (33). Atypical antipsychotics have antagonistic action on multiple
receptors sub types with a range of affinity for dopamine, serotonin. Histamine and
adrenergic receptors (22,51).
As dopamine, serotonin, noradrenergic, acetylcholine and histamine have been implicated in
the regulation of food intake, insulin resistamce and glucose metabolism and decreased
sympathetic nervous system activity is also involved in causing the increase in lipid storage
and inhibition of lipolysis (33). It has also been found that incidences of diabetes are more
with atypical antipsychotics which block both dopaminergic and dopaminergic receptors
compared with neruroleptics which block only dopaminergic receptors (52).
Increased antagonistic affinity of olanzapine and clozapine for the muscarinic and
histaminergic receptors may be responsible for the increased weight gain and metabolic
impairments associated with these drugs (30).

THIAZIDE DIURETICS
Thiazide diuretics are very effective in treating the patients with the hypertension (53, 54).
But despite their effectiveness, major findings about the use of thiazide diuretics involves
impaired glucose tolerance, hypokalemia, increased serum cholesterol and increased serum
uric acid (7, 55). All of these factors are responsible for the potential of the thiazide diuretics
to increase the cardiovascular risk either through arrhythmogenesis or artherosclerotic risk
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(56). Since from the introduction of thiazide diuretics as antihypertensive, association of
these drugs with glucose impairment is well known (57).
Data from randomized controlled trials and epidemiological studies have shown that thiazide
therapy is associated with new diagnosis of diabetes and other metabolic abnormalities (53,
58).
It is also observed that risk of new onset diabetes increases in the patients with central obesity
and other components of cardiometabolic syndrome (59). Use of the thiazide diuretics was
also supported by ALLHAT as the initial pharmacotherapeutic agent for treating the
hypertension. A debate was renewed by ALLHAT about the metabolic adverse effects of
thiazide diuretics (60).
The mechanism by which thiazide diuretics cause glucose intolerance is not completely
understood, but the preliminary reports of national heart lung and blood institute concluded
that most likely cause of the diabetes induced by thiazide diuretics is hypokalemia (59). Low
serum levels of potassium has been found to be involved with the β cell insulin secretion and
insulin metabolic signaling in skeletal muscle, liver and adipose tissue (55). An inverse
relationship between potassium and glucose levels is also well documented (60). An
association between the hypokalemia and insulin secretion may partially explain this
association with potassium and glucose Additionally thaizide diuretics also activates rennin
angiotensin aldosterone syatem which may be in concert with sympathetic activity, increases
serum glucose levels (55, 62). Thus inhibition of rennin angiotensin aldosterne sysytem axis
may be helpful in mitigating the effects of thiazide diuretics on serum glucose levels (62).
Other factors which are contributing for the pathogenesis of impairment of glucose
metabolism induced by thiazide diuretics especially in hypertensive patients with abdominal
obesity and other components of cardio metabolic syndrome involves increased systemic and
tissue inflammation (63, 64).
It has been suggested that potassium homeostasis maintenance by supplementation or
concominent ACE inhibiton may be helpful in preventing the thiazide induced dysglycemia
(54).

β BLOCKERS
It has been found that as a result of the β blockers, people with diabetes often have elevated
fasting blood glucose levels (65). One study showed that atenolol caused new diabetes in
people with abdominal obesity and exacerbated hyperglycemia (66). β-blockers are notion to
make a contribution to the causation of hyperglycemia through impairing the discharge of
insulin from the pancreatic β-cell (67)
PROTEASE INHIBITORS
Protease inhibitors are important additives of antiretroviral remedy for the remedy of human
beings with HIV and AIDS. Protease inhibitor–related hyperglycemia might also additionally
arise in handled human beings without or with diabetes and happens in 3–17% yearly in
remedy or after full-size and extended use. Protease inhibitor capsules are idea to create a
homeostatic pressure reaction that decreases insulin sensitivity, thereby selling insulin
resistance–related hyperglycemia. (68) Ritonavir has been proven to immediately inhibit
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glucose transporter kind four interests in vivo, accounting for its cappotential to motive
hyperglycemia (69).

CONCLUSION
Several medications have been associated with elevated blood glucose and frank diabetes
mellitus. Mechanisms range from impaired insulin secretion to impaired insulin action to
direct neural effects. Only a few people who take these medications develop diabetes,
suggesting that some people are more susceptible to these undesirable effects or
they may also have
other
conditions
that put them at risk for carbohydrate
metabolism perturbations. Some medications may elevate blood glucose levels, including- β
blockers, thiazide diuretics, corticosteroids, antipsychotics, and protease inhibitors. It is
first important to consider stopping or switching medications for diabetes caused by
medications.
Further
it
is
also
of
prime
significance
that
no
matter whether a patient has been diagnosed with diabetes or not, clinicians should be aware t
hat drugs can lead to elevated blood glucose levels. There are few data to support many of the
consensus recommendations for treatment of medication-induced diabetes, but knowledge of
potential mechanisms by which a drug can disrupt carbohydrate metabolism may
help determine optimal therapy to overcome this problem.

REFERENCES
1. Saruar Alam, Md. Kamrul Hasan, Sharif Neaz, Nazmul Hussain , Md. Faruk Hossain 4 and
Tania Rahman . Diabetes Mellitus: Insights from Epidemiology, Biochemistry, Risk Factors,
Diagnosis, Complications and Comprehensive Management., Diabetology 2021, 2, 36–50.
2. Souto G, Donapetry C, Calviño J, Adeva MM. Metabolic acidosis-induced insulin resistance
and cardiovascular risk. Metab Syndr Relat Disord. 2011; 9(4):247-53.
3. Bastaki, S. (2005) Review Diabetes Mellitus and Its Treatment. International Journal of
Diabetes and Metabolism, 2005., 13, 111-134.
4. Abdur Rehman, Stephen M. Setter and Mays H. Vue. Drug-Induced Glucose Alterations Part 2:
Drug-Induced Hyperglycemia, Diabetes Spectrum, 2011; 24(4): 234-238.
5. Lohani. K.K, Drug Induced diabetes., Medicine Update 2010., 20., 70-74.
6. Latek D, Rutkowska E, Niewieczerzal S, Cielecka-Piontek J. Drug-induced diabetes type 2:
In silico study involving class B GPCRs. PLoS One. 2019; 14(1) 2019.
7. Wile David. Diuretics: a review., Ann Clin Biochem 2012; 49: 419–431.
8. Liu, MZ., He, HY., Luo, JQ., Drug-induced hyperglycaemia and diabetes:
pharmacogenomics perspectives. Arch. Pharm. Res. 41, 725–736 (2018).
9. Suh S, Park MK. Glucocorticoid-Induced Diabetes Mellitus: An Important but Overlooked
Problem. Endocrinol Metab (Seoul). 2017; 32(2):180-189.
10. Dennis M Williams, Clinical Pharmacology of Corticosteroids Respiratory Care June
2018, 63 (6) 655-670.
11. Hwang JL, Weiss RE. Steroid-induced diabetes: a clinical and molecular approach to
understanding and treatment. Diabetes Metab Res Rev. 2014; 30(2):96-102.
12. Gonzalez-Gonzalez JG, Mireles-Zavala LG, Rodriguez-Gutierrez R, Gomez-Almaguer D,
Lavalle-Gonzalez FJ, Tamez-Perez HE, Gonzalez-Saldivar G, Villarreal-Perez JZ.

VOLUME 21 : ISSUE 8 (Aug) - 2022

Page No:163

YMER || ISSN : 0044-0477

http://ymerdigital.com

Hyperglycemia related to high-dose glucocorticoid use in noncritically ill patients. Diabetol
Metab Syndr. 2013; 5:18.
13. Heike Schacke, Wolf-Dietrich Döcke, KhusruAsadullah Mechanisms involved in the side
effects of glucocorticoids, Pharmacology & Therapeutics 96 (1), 2002, 23-43.
14. Fathallah N, Slim R, Larif S, Hmouda H, BenSalem C. Drug-induced hyperglycaemia and
diabetes. Drug Saf. 2015; 38:1153–1168.
15. Roosy Aulakh, Surjit Singh, Strategies for Minimizing Corticosteroid Toxicity: A Review,
The Indian Journal of Pediatrics, 2008; 75(10):1067-73.
16. D H van Raalte, Steroid diabetes: From mechanism to treatment, The Netherlands Journal of
Medicine, 2014; 72(2):62-72.
17. Martin Brunel Whyte, Prashanth R. J. Vas and Anne M. Umpleby , Could Exogenous Insulin
Ameliorate the Metabolic Dysfunction Induced by Glucocorticoids and COVID-19, Front.
Endocrinol., 2021.
18. N Kraus-Friedmann, Hormonal regulation of hepatic gluconeogenesis, Physiological
Reviews, 1984; 64(1),. 170-259.
19. Van Raalte, D. H., D. M. Ouwens, and M. Diamant. "Novel insights into
glucocorticoid‐mediated diabetogenic effects: towards expansion of therapeutic
options?" European journal of clinical investigation .2009; 39(2): 81-93.
20. Kim, S. Y., Yoo, C. G., Lee, C. T., Chung, H. S., Kim, Y. W., Han, S. K., ... & Yim, J. J.
Incidence and risk factors of steroid-induced diabetes in patients with respiratory
disease. Journal of Korean medical science, 2011; 26(2), 264-267.
21. Longui, Carlos Alberto. "Glucocorticoid therapy: minimizing side effects." Jornal de
pediatria 83 (2007): S163-S171.
22. Markowitz JS, Brown CS, Moore TR.. Atypical antipsychotics, pt 1: pharmacology,
pharmacokinetics, and efficacy. Ann Pharmacother. 1999; 33:73–85.
23. Read J, Williams J. Positive and Negative Effects of Antipsychotic Medication: An
International Online Survey of 832 Recipients. Curr Drug Saf. 2019; 14(3):173-181.
24. William T. Regenold, Ramesh K. Thapar, Christopher Marano, Sridevi Gavirneni, Prasad V.
Kondapavuluru, Increased prevalence of type 2 diabetes mellitus among psychiatric
inpatients with bipolar I affective and schizoaffective disorders independent of psychotropic
drug use, Journal of Affective Disorders, 2002, 70(1), 19-26.
25. Lebovitz HE. Metabolic consequences of atypical antipsychotic drugs. Psychiatr Q. 2003; 74
(3):277-90.
26. Ucok A, Gaebel W. Side effects of atypical antipsychotics: a brief overview. World
Psychiatry. 2008; 7(1):58-62.
27. Michael E.J. Lean, , and Frank-Gerald Pajonk, Patients on Atypical Antipsychotic Drugs
Another high-risk group for type 2 diabetes, Diabetes Care 2003 May; 26(5): 1597-1605.
28. Koller EA, Doraiswamy PM. Olanzapine-associated diabetes mellitus. Pharmacotherapy.
2002; 22(7):841-52.
29. Koller EA, Cross JT, Doraiswamy PM, Schneider BS. Risperidone-associated diabetes
mellitus: a pharmacovigilance study. Pharmacotherapy. 2003; 23(6):735-44.
30. Dayabandara M, Hanwella R, Ratnatunga S, Seneviratne S, Suraweera C, de Silva VA.
Antipsychotic-associated weight gain: management strategies and impact on treatment
adherence. Neuropsychiatr Dis Treat. 2017;13: 2231-2241.

VOLUME 21 : ISSUE 8 (Aug) - 2022

Page No:164

YMER || ISSN : 0044-0477

http://ymerdigital.com

31. Meyer JM. A retrospective comparison of weight, lipid, and glucose changes between
risperidone- and olanzapine-treated inpatients: metabolic outcomes after 1 year. J Clin
Psychiatry. 2002; (5):425-33.
32. Annamalai A, Kosir U, Tek C. Prevalence of obesity and diabetes in patients with
schizophrenia. World J Diabetes. 2017; 8(8):390-396.
33. Teff KL, Kim SF. Atypical antipsychotics and the neural regulation of food intake and
peripheral metabolism. Physiol Behav. 2011;104(4):590-598.
34. Ananth J, Venkatesh R, Burgoyne K, Gadasalli R, Binford R, Gunatilake S. Atypical
antipsychotic induced weight gain: pathophysiology and management. Ann Clin Psychiatry.
2004; 16 (2):75-85.
35. Wirshing DA, Boyd JA, Meng LR, Ballon JS, Marder SR, Wirshing WC. The effects of
novel antipsychotics on glucose and lipid levels. J Clin Psychiatry. 2002; 63(10):856-65.
36. Ried LD, Renner BT, Bengtson MA, Wilcox BM, Acholonu WW Jr. Weight change after an
atypical antipsychotic switch. Ann Pharmacother. 2003; 37(10):1381-6.
37. Tiao-Lai Huang, Jung-Fu Chen, Serum lipid profiles and schizophrenia: Effects of
conventional or atypical antipsychotic drugs in Taiwan, Schizophrenia Research, 2005;80(1),
55-59.
38. Rehmat Shah, Fazal Subhan, Syed Muhammad Sultan, Matiul Haq, Hussain Ahmad, Qasim
Riaz Khan, Gowhar Ali, Sami Ullah , Ihsan Ullah. Metabolic dysregulation in early onset
psychiatric disorder before and after exposure to antipsychotic drugs., Braz. J. Pharm. Sci.
2019, 1-12.
39. Wang CJ, Zhang ZJ, Sun J, Zhang XB, Mou XD, Zhang XR, Shang XF, Zhang TQ. Serum
free Fatty acids and glucose metabolism, insulin resistance in schizophrenia with chronic
antipsychotics. Biol Psychiatry. 2006; 60 (12):1309-13.
40. Nasrallah, H. Atypical antipsychotic-induced metabolic side effects: insights from receptorbinding profiles. Mol Psychiatry 13, 27–35 (2008).
41. Ramankutty G. Olanzapine-induced destabilization of diabetes in the absence of weight gain.
Acta Psychiatr Scand. 2002; 105 (3):235-6.
42. Timothy D Ardizzone, Ronald J Bradley, A M Freeman, Inhibition of glucose transport in
PC12 cells by the atypical antipsychotic drugs risperidone and clozapine, and structural
analogs of clozapine, Brain Research, 2002, 923(1-2):82-90.
43. Vestri HS, Maianu L, Moellering DR, Garvey WT. Atypical antipsychotic drugs directly
impair insulin action in adipocytes: effects on glucose transport, lipogenesis, and
antilipolysis. Neuropsychopharmacology. 2007; 32(4):765-72.
44. Newcomer JW, Haupt DW, Fucetola R, Melson AK, Schweiger JA, Cooper BP, Selke G.
Abnormalities in glucose regulation during antipsychotic treatment of schizophrenia. Arch
Gen Psychiatry. 2002; 59(4):337-45.
45. Scheen AJ, De Hert MA. Abnormal glucose metabolism in patients treated with
antipsychotics. Diabetes Metab. 2007; 33(3):169-75.
46. Van Winkel R, De Hert M, Wampers M, Van Eyck D, Hanssens L, Scheen A, Peuskens J.
Major changes in glucose metabolism, including new-onset diabetes, within 3 months after
initiation of or switch to atypical antipsychotic medication in patients with schizophrenia and
schizoaffective disorder. J Clin Psychiatry. 2008; 69(3):472-9.

VOLUME 21 : ISSUE 8 (Aug) - 2022

Page No:165

YMER || ISSN : 0044-0477

http://ymerdigital.com

47. Izquierdo AG, Crujeiras AB. Leptzin, Obesity, and Leptin Resistance: Where are We 25
Years Later? Nutrients (2019) 11:2704.
48. Gilberto Paz-Filho, Claudio Mastronardi, Carina Bertoldi Franco, Kevin Boyang Wang, MaLi Wong, Julio Licinio. Leptin: molecular mechanisms, systemic pro-inflammatory effects,
and clinical implications, Arq Bras Endocrinol Metab. 2012, 56(9):597-607.
49. Hagg S, Söderberg S, Ahrén B, Olsson T, Mjörndal T. Leptin concentrations are increased in
subjects treated with clozapine or conventional antipsychotics. J Clin Psychiatry. 2001;
62(11):843-8.
50. Carli, M.; Kolachalam, S.; Longoni, B.; Pintaudi, A.; Baldini, M.; Aringhieri, S.; Fasciani, I.;
Annibale, P.; Maggio, R.; Scarselli, M. Atypical Antipsychotics and Metabolic Syndrome:
From Molecular Mechanisms to Clinical Differences. Pharmaceuticals 2021, 14, 238.
51. Ramaswamy K, Masand PS, Nasrallah HA. Do certain atypical antipsychotics increase the
risk of diabetes: a critical review of 17 pharmacoepidemiologic studies. 2006.
52. L.A.Hilakivi-Clarke, K.M.Wozniak, M.J.DurcanM.Linnoila. Behavior of streptozotocindiabetic mice in tests of exploration, locomotion, anxiety, depression and aggression,
Physiology & Behavior, 1990., 48(3), 429-433.
53. Cooper- deHoff R.M., Thiazide induced dysglucemia-it’s time to take notice. Expert Rev
Cardiovasc Ther. 2008; 6(10): 1291-1294.
54. David H. Ellison and Johannes Loffing., Thiazide Effects and Adverse Effects.,
Hypertension., 2009., 54(2); 196-202.
55. Akbari P, Khorasani-Zadeh A. Thiazide Diuretics. StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2021.
56. Robert F. Reilly, Aldo J. Peixoto, Gary V. Desir., The Evidence-Based Use of Thiazide
Diuretics in Hypertension and Nephrolithiasis., 2010, CJASN, 5 (10) 1893-1903.
57. Huen SC, Goldfarb DS. Adverse metabolic side effects of thiazides: implications for patients
with calcium nephrolithiasis. J Urol. 2007; 177(4): 1238-43.
58. Reungjui S, Pratipanawatr T, Johnson RJ, Nakagawa T. Do thiazides worsen metabolic
syndrome and renal disease? The pivotal roles for hyperuricemia and hypokalemia. Current
Opinion in Nephrology and Hypertension. 2008; 17(5):470-476.
59. Camila Manrique, Megan Johnson, and James R. Sowers., Thiazide Diuretics Alone or with
Beta-blockers Impair Glucose Metabolism in Hypertensive Patients with Abdominal
Obesity., Hypertension., 2010 ; 55(1): 15–17.
60. Alan J. Zillich, Jay Garg, Sanjib Basu, George L. Bakris, and Barry L. Carter., Thiazide
diuretics, potassium, and the development of diabetes: a quantitative review., Hypertension .,
2006; 48(2): 219-224.
61. Shafi T, Appel LJ, Miller ER 3rd, Klag MJ, Parekh RS. Changes in serum potassium mediate
thiazide-induced diabetes., Hypertension. 2008; 52(6):1022-1029.
62. Scheen AJ. Type 2 Diabetes and Thiazide Diuretics. Curr Diab Rep. 2018 Feb 5; 18(2):6.
63. Stump CS, Hamilton MT, Sowers JR. Effect of antihypertensive agents on the development
of type 2 diabetes mellitus. Mayo Clin Proc. 2006 ; 81 (6):796-806.
64. Elliott WJ, Meyer PM. Incident diabetes in clinical trials of antihypertensive drugs: a network
meta-analysis. Lancet. 2007; 369 (9557):201-7.
65. Luna B, Feinglos MN: Drug-induced hyper-glycemia. JAMA 2001, 286:1945–1948.

VOLUME 21 : ISSUE 8 (Aug) - 2022

Page No:166

YMER || ISSN : 0044-0477

http://ymerdigital.com

66. CooperDeHoff RM, Wen S, Beitelshees AL, Zineh I, Gums JG, Turner ST, Gong Y, Hall K,
Parekh V, Chapman AB, Boerwinkle E, Johnson JA: Impact of abdominal obesity on
incidence
of
adverse
metabolic
effects
associated
with
antihypertensive
medications. Hypertension 55:61–68, 2010.
67. Wicklmayr M, Rett K, Deitze G, Effects of beta blocking agents on insulin secretion and
glucose disposal. Horm Metab Res 22 (Suppl. 22):29–33,1990.
68. Mulligan K, Grunfield C, Tai VW, Algren H, Pang M, Chernoff DN, Lo JC, Schambelan M:
Hyperlipidemia and insulin resistance are induced by protease inhibitors independent of
changes in body composition in patients with HIV infection. J Acquir Immune Defic Syndr
Hum Retrovirol 23:35–43, 2000.
69. Vyas AK, Koster JC, Tzekov A, Hruz PW: Effects of the HIV protease inhibitor ritonavir on
GLUT4 knock-out mice. J Biol Chem 285:36395–36400, 2010.

VOLUME 21 : ISSUE 8 (Aug) - 2022

Page No:167

