
257

BÖLÜM 30

1	 Uzm. Dr., Kırşehir Eğitim ve Araştırma Hastanesi, Endokrinoloji ve Metabolizma Hastalıkları Kliniği,  
himmet_durmaz@hotmail.com

Himmet DURMAZ 1

İnsülinlerin Kardiyovasküler Hastalık, Kan 
Basıncı ve Kalp Yetersizliği Üzerine Etkileri

GIRIŞ

Dünya Diyabet Atlası’na göre 2030 yılında 643 
milyon, 2045 yılında 783 milyon diyabetli birey 
olması öngörülmektedir (1). Artan diyabet sık-
lığı ile kardiyovasküler hastalık (KVH)’lar ve hi-
pertansiyon da artış gösterecektir. 1922 yılında 
Dr. Banting ve Dr. Best diyabet tedavisinde çığır 
açan insülini keşfederek diyabet hastalarına umut 
olmuştur (2). Zamanla birçok antidiyabetik ilaç 
gelişimi olmuştur. İlaçların glisemik fayda sağ-
lamasının yanında istenmeyen kardiak etkileri 
de görülmesi üzerine 2007 yılında Amerika İlaç 
Ajansı tüm yeni antidiyabetik ilaçların kardiyo-
vasküler (KV) güvenlik çalışmasının olmasını zo-
runlu kılmıştır (3).

Tip 1 diyabetes mellitus (T1DM)’un tedavisi 
insülindir. Tip 2 diyabetes mellitus (T2DM) teda-
visinde ise öncelik insülin dışı oral veya enjektabl 
antidiyabetik tedavidir. İnsülin tedavisine, insülin 
dışı antidiyabetik tedavi ile glisemik kontrol sağ-
lanamayan, uzun süreli diyabet neticesinde endo-
jen insülin rezervi azalmış hastalarda geçilmek-
tedir. İnsülin tedavisine geçişte genel yaklaşım 

orta veya uzun etkili bazal insülin (insülin NPH, 
insülin detemir, insülin glarjin U100, insülin 
glarjin U300, insülin degludec) başlamaktır (4). 
Ama çoğu hasta bazal insüline ilave olarak post-
prandial glisemik hedeflere ulaşmak için insülin 
tedavisinin yoğunlaştırılmasına ihtiyaç duymak-
tadır. Tokluk kan şekerini kontrol etmeye yönelik 
olarak kısa etkili insülin analogları (insülin lispro, 
insülin aspart, insülin glulisin) tercih edilebil-
mektedir. Bazal plus, bazal bolus veya günde 2-3 
defa uygulanan premiks insülin rejimleri kulla-
nılmaktadır. Prandial insülinin ayrı uygulanma-
sı doz titrasyonu açısından daha fazla esneklik 
sağlamaktadır. Diğer alternatif yaklaşım ise pre-
miks insülin kullanmaktır (5). Premiks insülin-
ler, protamin insülin ve hızlı etkili insülin karı-
şımlarından oluşan sabit doz formülasyonlarıdır. 
Premiks insülin kullanımı hastaların gün içinde 
daha az enjeksiyon uygulaması açısından kolaylık 
sağlarken sabit ko-formülasyondan dolayı bazal 
ve bolus dozları ayarlamakta zorluk olabilir. İn-
sülin degludek+insülin aspart koformülasyonu 
ise % 70 insülin degudek , % 30 insülin aspart 
içeren ilk 2 farklı insülinin hazır karışımıdır (6). 
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vasküler inflamasyon ve ateroskleroz için başlatıcı 
faktör olabilir. Endotelyal disfonksiyonla vasküler 
permeabilite bozulur, lökosit-endotel etkilişimi 
bozulur, trombosit agregasyonu olur (91). En-
dotelyal disfonksiyon ve ateroskleroza bağlı DM 
hastalarında periferik arter hastalığı (PAH) sıklığı 
artar. Hba1c’de her % 1’lik artış PAH riskinde %28 
artış yapar ve PAH şiddeti hiperglisemi süresiyle 
ilişkilidir (92). PAH, diyabetik hastalarda ekstre-
mitede iskemi, ülser ve gangrene yol açarak eks-
tremite ampütasyon nedenlerinde başı çekmek-
tedir. Ankle brakial index (ABI), PAH tanısında 
kullanılabilecek kolay bir ölçüm yöntemidir.

İnsülinin karmaşık KV etkileri nedeniyle, 
İD’nin ve sonuçta ortaya çıkan hiperinsülinemi-
nin damar sistemi üzerinde olumsuz etkileri ol-
duğu bilgisi, yoğun diyabet müdahalesinin KV 
bir fayda göstermedeki başarısızlığı ve insülin 
tedavisinin KV güvenliği sorgulanmıştır. İnsülin, 
iskelet sistemindeki kas dokusunda vazodilatas-
yon yaparak vasküler rezistansı azaltır ve kan akı-
mını arttırır (93). Farmakolojik dozda uygulanan 
insüline bağlı oluşabilecek hipoglisemi kontregü-
latuar hormon sistemlerine aktive ederek artan 
epinefrine bağlı vazokonstrüksiyona yol açabilir. 
İnsülinin diyabete bağlı hiperglisemiyi kontrol 
etmesine rağmen, makrofajlar tarafından proinf-
lamatuar yanıtı artırabildiği ve sinyal iletim yolla-
rının hormonal aktivasyonunu uyarabildiği, böy-
lece endotel mediyatörlerinin sentezi ve salınımı 
arasındaki dengeyi bozarak aterogenezin iler-
lemesini hızlandırdığı gösteren veriler de mev-
cuttur (94, 95). Araştırmalar, insülin tedavisinin 
artan trombosit agregasyonu ile ilişkili olduğunu, 
dolayısıyla insülin ile tedavi edilen hastalarda 
daha yüksek stent yeniden tromboz oranlarına 
katkıda bulunduğunu göstermektedir (96).

Sonuç olarak insülin vasküler sistem üzerin-
deki kompleks etkileriyle birlikte glisemik kont-
rolde iyileşme ve HbA1c düşüşü sağlayarak PAH 
riskinde azalma sağlayabilir. Ayrıca diğer KV risk 
faktörlerinin kontrolü ve PAH’ye spesifik tedavi-
lerin uygulanması gerekmektedir.

KAYNAKLAR
1.	 Magliano DJ, Boyko EJ. IDF DIABETES ATLAS. IDF 

Diabetes Atlas. 10th ed. Brussels 2021.
2.	 Lee SH, Yoon KH. A Century of Progress in Diabetes 

Care with Insulin: A History of Innovations and Foun-
dation for the Future. Diabetes Metabolism Journal. 
2021;45(5):629-40. DOI: 10.4093/dmj.2021.0163

3.	 Hiatt WR, Kaul S, Smith RJ. The cardiovascular sa-
fety of diabetes drugs--insights from the rosiglita-
zone experience. New England Journal of Medicine. 
2013;369(14):1285-7. DOI: 10.1056/NEJMp1309610

4.	 Davies MJ, D’Alessio DA, Fradkin J, et al. Management 
of Hyperglycemia in Type 2 Diabetes, 2018. A Con-
sensus Report by the American Diabetes Association 
(ADA) and the European Association for the Study 
of Diabetes (EASD). Diabetes Care. 2018;41(12):2669-
701. DOI: 10.2337/dci18-0033

5.	 Garber AJ, Ligthelm R, Christiansen JS, et al. Premixed 
insulin treatment for type 2 diabetes: analogue or hu-
man? Diabetes Obesity and Metabolism. 2007;9(5):630-
9. DOI: 10.1111/j.1463-1326.2006.00654.x

6.	 Ryzodeg® 70/30 FlexTouch®/Penfill® PI. [Available 
from: https://titck.gov.tr/storage/Archive/2021/kubK-
tAttachments/TTCKONAYLIKTRYZODEGFLEX-
TOUCH_a3a76d81-ca43-44ee-952a-a54f60b83e3e.pdf

7.	 Heise T, Hermanski L, Nosek L, et al. Insulin deg-
ludec: four times lower pharmacodynamic varia-
bility than insulin glargine under steady-state con-
ditions in type 1 diabetes. Diabetes Obesity and 
Metabolism. 2012;14(9):859-64. DOI: 10.1111/j.1463-
1326.2012.01627.x

8.	 Marso SP, McGuire DK, Zinman B, et al. Efficacy and 
Safety of Degludec versus Glargine in Type 2 Diabetes. 
New England Journal of Medicine. 2017;377(8):723-32. 
DOI: 10.1056/NEJMoa1615692

9.	 Heller S, Buse J, Fisher M, et al. Insulin degludec, an 
ultra-longacting basal insulin, versus insulin glargine in 
basal-bolus treatment with mealtime insulin aspart in 
type 1 diabetes (BEGIN Basal-Bolus Type 1): a phase 3, 
randomised, open-label, treat-to-target non-inferiority 
trial. Lancet (London, England). 2012;379(9825):1489-
97. DOI: 10.1016/S0140-6736(12)60204-9

10.	 Garber AJ, King AB, Del Prato S, et al. Insulin degludec, 
an ultra-longacting basal insulin, versus insulin glargine 
in basal-bolus treatment with mealtime insulin aspart in 
type 2 diabetes (BEGIN Basal-Bolus Type 2): a phase 3, 
randomised, open-label, treat-to-target non-inferiority 
trial. Lancet (London, England). 2012;379(9825):1498-
507. DOI: 10.1016/S0140-6736(12)60205-0

11.	 Muniyappa R, Yavuz S. Metabolic actions of angi-
otensin II and insulin: a microvascular endothelial 
balancing act. Molecular and Cellular Endocrinology. 
2013;378(1-2):59-69. DOI: 10.1016/j.mce.2012.05.017

12.	 Prior JO, Quinones MJ, Hernandez-Pampaloni M, et al. 
Coronary circulatory dysfunction in insulin resistance, 
impaired glucose tolerance, and type 2 diabetes melli-
tus. Circulation. 2005;111(18):2291-8. DOI: 10.1161/01.
CIR.0000164232.62768.51



266 DİYABET VE KARDİYOVASKÜLER HASTALIKLAR

13.	 Fang ZY, Prins JB, Marwick TH. Diabetic cardiomyo-
pathy: evidence, mechanisms, and therapeutic impli-
cations. Endocrine Reviews. 2004;25(4):543-67. DOI: 
10.1210/er.2003-0012

14.	 Jia G, DeMarco VG, Sowers JR. Insulin resistance and 
hyperinsulinaemia in diabetic cardiomyopathy. Na-
ture Reviews Endocrinology. 2016;12(3):144-53. DOI: 
10.1038/nrendo.2015.216

15.	 Das UN. Free radicals, cytokines and nitric oxide in 
cardiac failure and myocardial infarction. Molecular 
and Cellular Biochemistry. 2000;215(1-2):145-52. DOI: 
10.1023/a:1026579422132

16.	 Nolan CJ, Ruderman NB, Prentki M. Intensive insulin 
for type 2 diabetes: the risk of causing harm. Lancet 
Diabetes Endocrinology. 2013;1(1):9-10. DOI: 10.1016/
S2213-8587(13)70027-5

17.	 Falcao-Pires I, Leite-Moreira AF. Diabetic cardiomyo-
pathy: understanding the molecular and cellular basis 
to progress in diagnosis and treatment. Heart Failure 
Reviews. 2012;17(3):325-44. DOI: 10.1007/s10741-011-
9257-z

18.	 Dandona P, Aljada A, Mohanty P. The anti-inflamma-
tory and potential anti-atherogenic effect of insulin: a 
new paradigm. Diabetologia. 2002;45(6):924-30. DOI: 
10.1007/s00125-001-0766-5

19.	 Girard C, Quentin P, Bouvier H, et al. Glucose and in-
sulin supply before cardiopulmonary bypass in cardiac 
surgery: a double-blind study. The Annals of Thora-
cic Surgery. 1992;54(2):259-63. DOI: 10.1016/0003-
4975(92)91380-r

20.	 Aneja A, Tang WH, Bansilal S, et al. Diabetic cardiom-
yopathy: insights into pathogenesis, diagnostic chal-
lenges, and therapeutic options. The American Journal 
of Medicine. 2008;121(9):748-57. DOI: 10.1016/j.amj-
med.2008.03.046

21.	 Murarka S, Movahed MR. Diabetic cardiomyopathy. 
Journal of Cardiac Failure. 2010;16(12):971-9. DOI: 
10.1016/j.cardfail.2010.07.249

22.	 Sorkin JD, Muller DC, Fleg JL, et al. The relation of fas-
ting and 2-h postchallenge plasma glucose concentrati-
ons to mortality: data from the Baltimore Longitudinal 
Study of Aging with a critical review of the literature. 
Diabetes Care. 2005;28(11):2626-32. DOI: 10.2337/dia-
care.28.11.2626

23.	 Coutinho M, Gerstein HC, Wang Y, et al. The relati-
onship between glucose and incident cardiovascular 
events. A metaregression analysis of published data 
from 20 studies of 95,783 individuals followed for 12.4 
years. Diabetes Care. 1999;22(2):233-40. DOI: 10.2337/
diacare.22.2.233

24.	 Dailey G. Overall mortality in diabetes mellitus: where 
do we stand today? Diabetes Technology & Therapeutics. 
2011;13 Suppl 1:S65-74. DOI: 10.1089/dia.2011.0019

25.	 Intensive blood-glucose control with sulphonylureas 
or insulin compared with conventional treatment and 
risk of complications in patients with type 2 diabetes 
(UKPDS 33). UK Prospective Diabetes Study (UKPDS) 
Group. Lancet (London, England). 1998;352(9131):837-
53.

26.	 Bittencourt MS, Hajjar LA. Insulin therapy in insulin 
resistance: could it be part of a lethal pathway? Athe-
rosclerosis. 2015;240(2):400-1. DOI: 10.1016/j.atherosc-
lerosis.2015.04.013

27.	 Holden SE, Jenkins-Jones S, Morgan CL, et al. Gluco-
se-lowering with exogenous insulin monotherapy in 
type 2 diabetes: dose association with all-cause mor-
tality, cardiovascular events and cancer. Diabetes Obe-
sity and Metabolism. 2015;17(4):350-62. DOI: 10.1111/
dom.12412

28.	 Duckworth W, Abraira C, Moritz T, et al. Glucose 
control and vascular complications in veterans with 
type 2 diabetes. The New England Journal of Medicine. 
2009;360(2):129-39. DOI: 10.1056/NEJMoa0808431

29.	 Patel A, MacMahon S, Chalmers J, et al. Intensive blood 
glucose control and vascular outcomes in patients with 
type 2 diabetes. The New England Journal of Medicine. 
2008;358(24):2560-72. DOI: 10.1056/NEJMoa0802987

30.	 Gerstein HC, Miller ME, Byington RP, et al. Effects of 
intensive glucose lowering in type 2 diabetes. The New 
England Journal of Medicine. 2008;358(24):2545-59. 
DOI: 10.1056/NEJMoa0802743

31.	 Luan FL, Nguyen K. Intensive glucose control in type 
2 diabetes. The New England Journal of Medicine. 
2008;359(14):1519-20; author reply 20-1.

32.	 Intensive Diabetes Treatment and Cardiovascular Out-
comes in Type 1 Diabetes: The DCCT/EDIC Study 
30-Year Follow-up. Diabetes Care. 2016;39(5):686-93. 
DOI: 10.2337/dc15-1990

33.	 Gilbert RE, Krum H. Heart failure in diabetes: effects 
of anti-hyperglycaemic drug therapy. Lancet (London, 
England). 2015;385(9982):2107-17. DOI: 10.1016/
S0140-6736(14)61402-1

34.	 Kannel WB, Hjortland M, Castelli WP. Role of diabe-
tes in congestive heart failure: the Framingham study. 
The American Journal of Cardiology. 1974;34(1):29-34. 
DOI: 10.1016/0002-9149(74)90089-7

35.	 Stratton IM, Adler AI, Neil HA, et al. Associati-
on of glycaemia with macrovascular and micro-
vascular complications of type 2 diabetes (UKP-
DS 35): prospective observational study. British 
Medical Journal. 2000;321(7258):405-12. DOI: 10.1136/
bmj.321.7258.405

36.	 Gerstein HC, Bosch J, Dagenais GR, et al. Basal insulin 
and cardiovascular and other outcomes in dysglycemia. 
New England Journal of Medicine. 2012;367(4):319-28. 
DOI: 10.1056/NEJMoa1203858

37.	 Nichols GA, Hillier TA, Erbey JR, et al. Congestive he-
art failure in type 2 diabetes: prevalence, incidence, and 
risk factors. Diabetes Care. 2001;24(9):1614-9. DOI: 
10.2337/diacare.24.9.1614

38.	 Rosengren A, Vestberg D, Svensson AM, et al. Long-
term excess risk of heart failure in people with type 1 
diabetes: a prospective case-control study. Lancet Dia-
betes Endocrinology. 2015;3(11):876-85. DOI: 10.1016/
S2213-8587(15)00292-2

39.	 Held C, Gerstein HC, Yusuf S, et al. Glucose levels 
predict hospitalization for congestive heart failure 
in patients at high cardiovascular risk. Circulation. 
2007;115(11):1371-5. DOI: 10.1161/CIRCULATIO-
NAHA.106.661405



İnsülinlerin Kardiyovasküler Hastalık, Kan Basıncı ve Kalp Yetersizliği Üzerine Etkileri 267

40.	 Muscelli E, Natali A, Bianchi S, et al. Effect of insu-
lin on renal sodium and uric acid handling in essen-
tial hypertension. American Journal of Hypertension. 
1996;9(8):746-52. DOI: 10.1016/0895-7061(96)00098-
2

41.	 Singh AK, Singh R. Effect of background insulin therapy 
on cardiovascular outcomes with SGLT-2 inhibitors in 
type 2 diabetes: A meta-analysis of cardiovascular out-
come trials. Diabetes Research and Clinical Practice. 
2021;172:108648. DOI: 10.1016/j.diabres.2021.108648

42.	 Liu J, Hu X. Impact of insulin therapy on outcomes 
of diabetic patients with heart failure: A systematic 
review and meta-analysis. Diabetes and Vascular Di-
sease Research. 2022;19(3):14791641221093175. DOI: 
10.1177/14791641221093175

43.	 Brands MW. Role of Insulin-Mediated Antinatriuresis 
in Sodium Homeostasis and Hypertension. Hyperten-
sion. 2018;72(6):1255-62. DOI: 10.1161/HYPERTEN-
SIONAHA.118.11728

44.	 Hanefeld M, Frier BM, Pistrosch F. Hypoglycemia and 
Cardiovascular Risk: Is There a Major Link? Diabetes 
Care. 2016;39 Suppl 2:S205-9. DOI: 10.2337/dcS15-
3014

45.	 Yang DY, He X, Liang HW, et al. Comparative outcomes 
of heart failure among existent classes of anti-diabetic 
agents: a network meta-analysis of 171,253 participants 
from 91 randomized controlled trials. Cardiovascular 
Diabetology. 2019;18(1):47. DOI: 10.1186/s12933-019-
0853-x

46.	 Frye RL, August P, Brooks MM, et al. A randomized 
trial of therapies for type 2 diabetes and coronary ar-
tery disease. The New England Journal of Medicine. 
2009;360(24):2503-15. DOI: 10.1056/NEJMoa0805796

47.	 Nathan DM, Cleary PA, Backlund JY, et al. Intensive 
diabetes treatment and cardiovascular disease in pa-
tients with type 1 diabetes. The New England Journal 
of Medicine. 2005;353(25):2643-53. DOI: 10.1056/NEJ-
Moa052187

48.	 Pratley RE, Husain M, Lingvay I, et al. Heart failure 
with insulin degludec versus glargine U100 in patients 
with type 2 diabetes at high risk of cardiovascular 
disease: DEVOTE 14. Cardiovascular Diabetology. 
2019;18(1):156. DOI: 10.1186/s12933-019-0960-8

49.	 Sarwar N, Gao P, Seshasai SR, et al. Diabetes mel-
litus, fasting blood glucose concentration, and risk 
of vascular disease: a collaborative meta-analysis of 
102 prospective studies. Lancet (London, England). 
2010;375(9733):2215-22. DOI: 10.1016/S0140-
6736(10)60484-9

50.	 Beckman JA, Creager MA, Libby P. Diabetes and athe-
rosclerosis: epidemiology, pathophysiology, and mana-
gement. Journal of the American Medical Association. 
2002;287(19):2570-81. DOI: 10.1001/jama.287.19.2570

51.	 Moe B, Eilertsen E, Nilsen TI. The combined effect of le-
isure-time physical activity and diabetes on cardiovas-
cular mortality: the Nord-Trondelag Health (HUNT) 
cohort study, Norway. Diabetes Care. 2013;36(3):690-5. 
DOI: 10.2337/dc11-2472

52.	 Nathan DM, Genuth S, Lachin J, et al. The effect of in-
tensive treatment of diabetes on the development and 
progression of long-term complications in insulin-de-
pendent diabetes mellitus. The New England Jour-
nal of Medicine. 1993;329(14):977-86. DOI: 10.1056/
NEJM199309303291401

53.	 Chaudhuri A, Dandona P, Fonseca V. Cardiovascular 
benefits of exogenous insulin. The Journal of Clinical 
Endocrinology and Metabolism. 2012;97(9):3079-91. 
DOI: 10.1210/jc.2012-1112

54.	 Hassan W, Saquib J, Khatri M, et al. Short- and long-
term cardiovascular outcomes in insulin-treated versus 
non-insulin-treated diabetes mellitus patients after per-
cutaneous coronary intervention: A systematic review 
and meta-analysis. Indian Heart Journal. 2022;74(1):13-
21. DOI: 10.1016/j.ihj.2021.12.004

55.	 Malmberg K, Norhammar A, Wedel H, et al. Glyco-
metabolic state at admission: important risk marker of 
mortality in conventionally treated patients with diabe-
tes mellitus and acute myocardial infarction: long-term 
results from the Diabetes and Insulin-Glucose Infusi-
on in Acute Myocardial Infarction (DIGAMI) study. 
Circulation. 1999;99(20):2626-32. DOI: 10.1161/01.
cir.99.20.2626

56.	 Strandberg AY, Hoti FJ, Strandberg TE, et al. All-Ca-
use and Cause-Specific Mortality among Users of 
Basal Insulins NPH, Detemir, and Glargine. PLoS 
One. 2016;11(3):e0151910. DOI: 10.1371/journal.
pone.0151910

57.	 Lane W, Bailey TS, Gerety G, et al. Effect of Insulin 
Degludec vs Insulin Glargine U100 on Hypoglyce-
mia in Patients With Type 1 Diabetes: The SWITCH 
1 Randomized Clinical Trial. Journal of the American 
Medical Association. 2017;318(1):33-44. DOI: 10.1001/
jama.2017.7115

58.	 Wysham C, Bhargava A, Chaykin L, et al. Effect of In-
sulin Degludec vs Insulin Glargine U100 on Hypogly-
cemia in Patients With Type 2 Diabetes: The SWITCH 
2 Randomized Clinical Trial. Journal of the American 
Medical Association. 2017;318(1):45-56. DOI: 10.1001/
jama.2017.7117

59.	 Smooke S, Horwich TB, Fonarow GC. Insulin-treated 
diabetes is associated with a marked increase in mor-
tality in patients with advanced heart failure. American 
Heart Journal. 2005;149(1):168-74. DOI: 10.1016/j.
ahj.2004.07.005

60.	 Riddle MC, Ambrosius WT, Brillon DJ, et al. Epide-
miologic relationships between A1C and all-cause 
mortality during a median 3.4-year follow-up of gly-
cemic treatment in the ACCORD trial. Diabetes Care. 
2010;33(5):983-90. DOI: 10.2337/dc09-1278

61.	 Bonds DE, Miller ME, Bergenstal RM, et al. The associ-
ation between symptomatic, severe hypoglycaemia and 
mortality in type 2 diabetes: retrospective epidemio-
logical analysis of the ACCORD study. British Medical 
Journal. 2010;340:b4909. DOI: 10.1136/bmj.b4909

62.	 Cosmi F, Shen L, Magnoli M, et al. Treatment with in-
sulin is associated with worse outcome in patients with 
chronic heart failure and diabetes. European Journal 
of Heart Failure. 2018;20(5):888-95. DOI: 10.1002/
ejhf.1146



268 DİYABET VE KARDİYOVASKÜLER HASTALIKLAR

63.	 Fox CS. Cardiovascular disease risk factors, type 2 dia-
betes mellitus, and the Framingham Heart Study. Tren-
ds in Cardiovascular Medicine. 2010;20(3):90-5. DOI: 
10.1016/j.tcm.2010.08.001

64.	 Chen G, McAlister FA, Walker RL, et al. Cardiovascu-
lar outcomes in framingham participants with diabe-
tes: the importance of blood pressure. Hypertension. 
2011;57(5):891-7. DOI: 10.1161/HYPERTENSIONA-
HA.110.162446

65.	 Guyton AC, Manning RD, Jr., Hall JE, et al. The pat-
hogenic role of the kidney. Journal of Cardiovas-
cular pharmacology. 1984;6 Suppl 1:S151-61. DOI: 
10.1097/00005344-198400061-00025

66.	 Kawasoe S, Maruguchi Y, Kajiya S, et al. Mechanism 
of the blood pressure-lowering effect of sodium-glu-
cose cotransporter 2 inhibitors in obese patients with 
type 2 diabetes. BMC Pharmacology & Toxicology. 
2017;18(1):23. DOI: 10.1186/s40360-017-0125-x

67.	 Sarafidis PA, Bakris GL. Review: Insulin and endothe-
lin: an interplay contributing to hypertension develop-
ment? The Journal of Clinical Endocrinology and Meta-
bolism. 2007;92(2):379-85. DOI: 10.1210/jc.2006-1819

68.	 Jia G, Sowers JR. Hypertension in Diabetes: An Update 
of Basic Mechanisms and Clinical Disease. Hyperten-
sion. 2021;78(5):1197-205. DOI: 10.1161/HYPERTEN-
SIONAHA.121.17981

69.	 DeFronzo RA, Cooke CR, Andres R, et al. The effect 
of insulin on renal handling of sodium, potassium, 
calcium, and phosphate in man. The Journal of Clini-
cal Investigation. 1975;55(4):845-55. DOI: 10.1172/
JCI107996

70.	 Atchley DW, Loeb RF, Richards DW, et al. ON DIABE-
TIC ACIDOSIS: A Detailed Study of Electrolyte Balan-
ces Following the Withdrawal and Reestablishment of 
Insulin Therapy. The Journal of Clinical Investigation. 
1933;12(2):297-326. DOI: 10.1172/JCI100504

71.	 Troisi RJ, Weiss ST, Parker DR, et al. Relation of obe-
sity and diet to sympathetic nervous system activity. 
Hypertension. 1991;17(5):669-77. DOI: 10.1161/01.
hyp.17.5.669

72.	 Johns EJ, Kopp UC, DiBona GF. Neural control of renal 
function. Comprehensive Physiology. 2011;1(2):731-67. 
DOI: 10.1002/cphy.c100043

73.	 Bermúdez MC, Pardo P, Martínez-García OM, et al. 
Effects of chronic insulin treatment on blood pres-
sure in rats. Journal of Physiology and Biochemistry. 
2000;56(3):167-72. DOI: 10.1007/BF03179783

74.	 Birkeland KI, Chatzipanagiotou F, Hanssen KF, et al. 
Relationship between blood pressure and in vivo acti-
on of insulin in type II (non-insulin-dependent) dia-
betic subjects. Metabolism: Clinical and Experimental. 
1992;41(3):301-5. DOI: 10.1016/0026-0495(92)90275-f

75.	 Randeree HA, Omar MA, Motala AA, et al. Effect of in-
sulin therapy on blood pressure in NIDDM patients with 
secondary failure. Diabetes Care. 1992;15(10):1258-63. 
DOI: 10.2337/diacare.15.10.1258

76.	 Sun T, Meng F, Zang S, et al. The effects of insulin the-
rapy on maternal blood pressure and weight in women 
with gestational diabetes mellitus. BMC Pregnancy and 
Childbirth. 2021;21(1):657. DOI: 10.1186/s12884-021-
04066-z

77.	 Flores L, Esmatjes E, Manzanarez JM, et al. Insulin the-
rapy in type 2 diabetic patients: effects on arterial blo-
od pressure and endothelin-1 plasma levels. Diabetes 
Research and Clinical Practice. 1998;41(3):151-5. DOI: 
10.1016/s0168-8227(98)00075-8

78.	 Hollander P, Cooper J, Bregnhøj J, et al. A 52-week, 
multinational, open-label, parallel-group, noninferi-
ority, treat-to-target trial comparing insulin detemir 
with insulin glargine in a basal-bolus regimen with 
mealtime insulin aspart in patients with type 2 diabe-
tes. Clinical Therapeutics. 2008;30(11):1976-87. DOI: 
10.1016/j.clinthera.2008.11.001

79.	 Swinnen SG, Simon AC, Holleman F, et al. Insulin de-
temir versus insulin glargine for type 2 diabetes mel-
litus. The Cochrane Database of Systematic Reviews. 
2011;2011(7):Cd006383. DOI: 10.1002/14651858.
CD006383.pub2

80.	 Reisin E, Abel R, Modan M, et al. Effect of weight loss 
without salt restriction on the reduction of blood pres-
sure in overweight hypertensive patients. New England 
Journal of Medicine. 1978;298(1):1-6. DOI: 10.1056/
NEJM197801052980101

81.	 Lonn EM, Bosch J, Diaz R, et al. Effect of insulin glar-
gine and n-3FA on carotid intima-media thickness in 
people with dysglycemia at high risk for cardiovascular 
events: the glucose reduction and atherosclerosis con-
tinuing evaluation study (ORIGIN-GRACE). Diabetes 
Care. 2013;36(9):2466-74. DOI: 10.2337/dc12-2129

82.	 Frier BM. Hypoglycaemia in diabetes mellitus: epide-
miology and clinical implications. Nature Reviews En-
docrinology. 2014;10(12):711-22. DOI: 10.1038/nren-
do.2014.170

83.	 Bell DS, Patil HR, O’Keefe JH. Divergent effects of va-
rious diabetes drugs on cardiovascular prognosis. Re-
views in Cardiovascular Medicine. 2013;14(2-4):e107-
22. DOI: 10.3909/ricm0671

84.	 Schernthaner G. Diabetes and Cardiovascular Dise-
ase: Is intensive glucose control beneficial or deadly? 
Lessons from ACCORD, ADVANCE, VADT, UKPDS, 
PROactive, and NICE-SUGAR. Wiener Medizinisc-
he Wochenschrift. 2010;160(1-2):8-19. DOI: 10.1007/
s10354-010-0748-7

85.	 Lu CL, Shen HN, Hu SC, et al. A Population-Based 
Study of All-Cause Mortality and Cardiovascular Dise-
ase in Association With Prior History of Hypoglycemia 
Among Patients With Type 1 Diabetes. Diabetes Care. 
2016;39(9):1571-8. DOI: 10.2337/dc15-2418

86.	 Chow E, Bernjak A, Williams S, Fawdry RA, Hibbert 
S, Freeman J, et al. Risk of cardiac arrhythmias during 
hypoglycemia in patients with type 2 diabetes and car-
diovascular risk. Diabetes. 2014;63(5):1738-47. DOI: 
10.2337/db13-0468

87.	 Zinman B, Marso SP, Christiansen E, et al. Hypogly-
cemia, Cardiovascular Outcomes, and Death: The LE-
ADER Experience. Diabetes Care. 2018;41(8):1783-91. 
DOI: 10.2337/dc17-2677



İnsülinlerin Kardiyovasküler Hastalık, Kan Basıncı ve Kalp Yetersizliği Üzerine Etkileri 269

88.	 Gruden G, Barutta F, Chaturvedi N, et al. Severe hy-
poglycemia and cardiovascular disease incidence in 
type 1 diabetes: the EURODIAB Prospective Complica-
tions Study. Diabetes Care. 2012;35(7):1598-604. DOI: 
10.2337/dc11-1531

89.	 Nathan DM, Bayless M, Cleary P, et al. Diabetes control 
and complications trial/epidemiology of diabetes inter-
ventions and complications study at 30 years: advan-
ces and contributions. Diabetes. 2013;62(12):3976-86. 
DOI: 10.2337/db13-1093

90.	 Clements JN, Bello L. Insulin glargine 300 units/mL: A 
new basal insulin product for diabetes mellitus. Ameri-
can Journal of Health System Pharmacy. 2016;73(6):359-
66. DOI: 10.2146/ajhp150174

91.	 Savoia C, Schiffrin EL. Vascular inflammation in hy-
pertension and diabetes: molecular mechanisms and 
therapeutic interventions. Clinical Science (London, 
England : 1979). 2007;112(7):375-84. DOI: 10.1042/
CS20060247

92.	 Selvin E, Marinopoulos S, Berkenblit G, et al. Meta-a-
nalysis: glycosylated hemoglobin and cardiovascular 
disease in diabetes mellitus. Annals of Internal Medici-
ne. 2004;141(6):421-31. DOI: 10.7326/0003-4819-141-
6-200409210-00007

93.	 Abramson DI, Schkloven N, Margolis MN, et al. Inf-
luence of massive doses of insulin on insulin on perip-
heral blood flow in man. American Journal of Physio-
logy-Legacy Content. 1939;128(1):124-32.

94.	 Potenza MA, Addabbo F, Montagnani M. Vascular ac-
tions of insulin with implications for endothelial dys-
function. American Journal of Physiology Endocrinology 
and Metabolism. 2009;297(3):E568-77. DOI: 10.1152/
ajpendo.00297.2009

95.	 Muniyappa R, Montagnani M, Koh KK, et al. Car-
diovascular actions of insulin. Endocrin Reviews. 
2007;28(5):463-91. DOI: 10.1210/er.2007-0006

96.	 Kumar R, Lee TT, Jeremias A, et al. Comparison of 
outcomes using sirolimus-eluting stenting in diabetic 
versus nondiabetic patients with comparison of insulin 
versus non-insulin therapy in the diabetic patients. The 
American Journal of Cardiology. 2007;100(8):1187-91. 
DOI: 10.1016/j.amjcard.2007.05.038


