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Summary 
 
 

It  is estimated that over 39 million people worldwide are 
infected with the human immunodeficiency virus (HIV). 
The introduction of protease inhibitors as part of the anti-
HIV therapy has contributed to a huge reduction in the 
number of people who die from the acquired 
immunodeficiency syndrome (AIDS). However, the use of 
these drugs has been associated with new-onset diabetes, 
recent studies have confirmed a higher rate of diabetes 
among people with HIV, compared with the general 
population. This implies that a significant number of people 
may eventually be at risk of disabling or life threatening 
diabetes complications, such as kidney failure or heart 
disease along with the complication of AIDS. This article 
correlates different  contributing factors of HIV infected 
patients to the  development of diabetes mellitus .  
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Introduction 

 

HIV is a retrovirus that infects a key component of 
the body’s immune system i.e. CD4 positive T cells,  which 
leads to ‘immune deficiency’ and leaves them vulnerable to 
various infections. 

 
 
Since the emergence of the HIV pandemic, over 25 

years, there has been great advance in the care and 
treatment of people who are diagnosed with the virus. The 
use of highly active antiretroviral treatment (HAART), such 
as the use of protease inhibitors in a potent combination 
regimen (mainly with nucleoside reverse transcriptase 
inhibitors NRTIs), has prolonged the life of many people. 
Protease inhibitors when used with other drugs form a 
‘cocktail’ of antiretroviral therapy, prevent the 
development of HIV  by blocking the ability of the virus to 
replicate itself,  increases CD4 lymphocyte numbers, and 
reduces  the incidence of opportunistic infections. 

Nowadays, treatment enables people infected with 
HIV to live longer than was previously possible. As a 
result,  various complications develop in people, including 
insensitivity to insulin and diabetes. The incidence of new 
onset diabetes in people with HIV is significantly higher 
than that was seen in the general population (1). 

 
 

Epidemiology 
 
 

Diabetes is four times more common in HIV patients 
receiving antiretroviral treatment than without the 
antiretroviral treatment. Protease inhibitors have a direct 
role in the development of insensitivity to insulin and 
diabetes. Insensitivity to insulin is a critical early step 
towards the development of type 2 diabetes. Of the various 
types of diabetes, protease-induced diabetes mostly 
resembles type 2 diabetes. It  is estimated that up to 40% of 
the people with HIV who are on a regimen of protease 
inhibitors have impaired glucose tolerance (IGT) and has 2-
7% prevalence of diabetes (2, 3).  

 
 
Age-specific relative risk for diabetes in persons with 

HIV compared with those without was indeed higher in all  
age groups, highest among 18 to 24 years of age (4). 
Clinical and invitro data support a direct causative role of 
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certain PIs in the pathogenesis of insulin resistance and DM 
in patients with HIV infection (5). Other data have linked 
insulin resistance and diabetes to the lipodystrophy 
syndrome that is prevalent in HIV infected patients and 
whose pathogenesis poorly understood (6, 7). The risk 
factors for DM established in the general population such 
as family history, obesity, race/ethnicity, age, and 
dyslipidemia (8) are poorly correlated in HIV infected 
patients. 

 
 
However reports exist on the potential  relation  

between  DM and liver disease in HIV infected patients,  
which may be of importance in associating DM with 
hepatitis C virus (HCV) infection in the general population 
(9, 10). Drugs such as Megestrol acetate and 
Corticosteroids produce severe hyperglycemia in HIV-
infected persons (11). 

 
 
To identify potential  risk factors for diabetes in HIV-

infected persons, a retrospective case-control study of 
patients attending an urban HIV clinic was carried out.   The 
development of overt hyperglycemia was a result of 
complex metabolic cascade beginning with insulin 
resistance. Patients with obesity, l ipodystrophy, HCV co 
infection, hepatic steatosis, family history of diabetes and 
hypertriglyceridemia, independently or in combination, 
needs close monitoring for the development of DM. Ideally; 
patients with these conditions should avoid PI based 
therapy or PIs should be used in a more favorable metabolic 
profile. The oral glucose tolerance test  is useful tool to 
screen for sub clinical DM in patients at risk. Risk factors 
can be reduced by taking care of HIV infected persons. 

 

Multivariate Analysis of Covariates Associated with 
DM in HIV Infected cases versus matched controls found a 
family history of DM, elevated body mass index (BMI), and 
serum alanine transaminase (ALT) levels are associated 
with the development of DM in HIV infected patients. This 
study suggested complex interrelation among genetic host 
factors, treatment-related metabolic changes, and liver 
injury in the pathogenesis of DM. Larger prospective 
studies are needed to delineate the relative contribution of 
other factors to the development of diabetes, such as 
specific PIs, l iver disease, lipodystrophy, and other 
metabolic disorders. 
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In another cohort study carried by women’s 
interagency HIV study (WIHS), HIV-positive women taking 
protease inhibitors develop diabetes three times more than 
HIV positive women on non-protease inhibitors 
combinations or HIV negative women. 

 
Etiology 

 
 

Diabetes in HIV patients is caused by the protease 
inhibitors, the HIV infection itself and other treatments 
against the virus, such as ‘nucleoside analogue therapy’, is 
associated with insensitivity to insulin. Furthermore, other 
medications used by people with HIV predisposes to 
diabetes. These include Megestrol,  Pentamidine, and 
Prednisone. In addition, other risk factors such as a family 
history of the diabetes, smoking, obesity, co-infection with 
hepatitis-C contribute to the high rates of diabetes among 
people in this group. 

 
 

Pathophysiology 
 

Effect of Protease Inhibitor Therapy 

A preponderance of evidence implicates several PIs in the 
pathogenesis of insulin resistance. This process may 
involve different insulin target organs. 

General Evidence Implicating PIs in Insulin Resistance: 

Indinavir, Saquinavir,  or Ritonavir in HIV infected patients 
increased fasting glucose level to 11% and fasting insulin 
level to 96% within a few months of initiation of therapy 
(12). Indinavir was shown to increase fasting insulin and 
glucose levels while decreasing insulin-mediated glucose 
disposal in HIV negative patients (13).  In one study, 
Amprenavir did not induce insulin resistance at 24 weeks, 
but a trend toward development of insulin resistance 
emerged by 48 weeks (14). Use of Nelfinavir for 6 to 12 
months was associated with a non significant trend toward 
insulin resistance, although blood glucose levels remained 
normal (15). 
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Site-Specific Evidence Implicating PIs in Insulin 
Resistance: 

Adipose tissue 

Indinavir, Amprenavir, and Ritonavir in invitro inhibited 
insulin-stimulated, GLUT4-mediated glucose uptake by 
adipocytes (16, 17). The inhibition appears to have a very 
rapid onset and was reversible. Ritonavir,  Nelfinavir,  and 
Saquinavir induced peripheral insulin resistance and 
impaired glucose-stimulated insulin secretion from beta 
cells (18). Adipocytes exposed to Nelfinavir showed 
decreased insulin-mediated recruitment of serine/threonine 
kinase Akt (also known as protein kinase B) and protein 
kinase C-zeta to plasma membrane (19). This indirectly 
interferes with GLUT4-mediated glucose transportation in 
adipocytes.  Some PIs inhibit  clearance of triglycerides 
from the circulation, which led to increased circulating free 
fatty acid levels; this was positively correlated with insulin 
resistance (20). Inhibition of lipolysis and reduction in 
circulating free fatty acid levels improved insulin 
sensitivity in some PI-treated patients (21). 

Skeletal muscle and Liver 

Indinavir inhibited glucose transport in skeletal muscle 
(22).  Indinavir reduced insulin-stimulated glycogen 
synthesis in HepG2 hepatoma cells (23).  PI-treated HIV-
infected patients with diabetes had higher levels of alanine 
transaminase than do those without diabetes. An elevated 
liver enzyme level predicted insulin resistance in 
lipodystrophic patients (24).  

Pancreas  

Intravenous infusion of Indinavir impaired glucose sensing 
by beta cells, and inhibited glucose stimulated insulin 
release (25).  Nelfinavir impaired the compensatory 
increase in insulin production in insulin resistant HIV 
infected patients (26).  Indinavir increased insulin 
concentrations and the insulin-to-glucose ratio in healthy 
HIV seronegative males (27). Although it  was hypothesized 
that inhibition of aspartate endopeptidase, the enzyme 
responsible for conversion of proinsulin to insulin, is one 
of the pathways through which PIs induce insulin 
resistance, (28) this is uncertain because PI exposure was 
shown to decrease the proinsulin-to-insulin ratio (25). 
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Other Potential Causes  

Insulin resistance was described in patients receiving 
single-class antiretroviral therapy with nucleoside reverse 
transcriptase inhibitors (NRTIs), suggesting that NRTIs are 
potential culprits,  although to a much lesser extent (29).  
Production of adiponectin is reduced by lipoatrophy, a 
known adverse effect of NRTIs. Adiponectin improves 
insulin sensitivity by increasing transportation/oxidation of 
free fatty acids and inhibition of hepatic glucose output, 
hypoadiponectinemia due to direct or indirect effects of 
NRTIs is thought to be a pathway for insulin resistance 
(30).  Serum adiponectin level was shown to inversely 
correlate with fasting insulin concentration and with 
hepatic fat content (31). 

Insulin resistance is a component of the 
lipodystrophy syndrome, and fasting insulin levels appear 
to correlate with waist and thigh circumferences. 
Multivariate modelling was used to estimate an 
approximate 1% increase in fasting insulin level for every 
1% increase in visceral fat or every 1% decrease in 
abdominal subcutaneous fat (29).  Insulin levels and 
resistance are higher in patients with both peripheral 
lipoatrophy and visceral adiposity than in those who have 
either alone (32). 

 
Signs And Symptoms 

The physical symptoms include fatigue, frequent urination, 
due to the need to get rid of excess glucose, constant thirst 
due to loss of fluid, blurred vision and weight loss 

Complications 

There is no systematic evaluation of comparison between 
prevalence of the complications in HIV and non-HIV 
diabetic populations. However, the HIV diabetic population 
tends to have more chance for development of 
complications. For example, diabetic foot can easily occur 
in HIV infected patients.  There are many underlying 
opportunistic infections in HIV that have common 
dermatologic manifestation on the foot such as fungal nail 
infections that can increase the chance of diabetic foot 
(33). The underlying opportunistic infections in retina such 
as cytomegalovirus retinitis increase the chance of 
developing diabetic retinopathy in HIV infected patients 
(34). Control of opportunistic infections reduces these 
diabetic complications in HIV cases. With increasing 
importance of non-HIV-associated diseases, especially for 
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DM, attention should be focused on prevention and control 
of those disorders in HIV-positive individuals (35). 
Interventions targeting modifiable risk factors, including 
overweight and physical inactivity, are warranted (36). 

Primary care for HIV-infected patients with Diabetic 
complications 

Diabetic foot 

Quarterly foot examinations are recommended for HIV-
infected patients with DM (37). Due to the immune 
impairment, severe infection as consequence of diabetic 
foot can be expected. The early recognition of infection, 
particularly osteomyelitis,  is paramount in the management 
of diabetic foot disease. Careful clinical appraisal remains 
the cornerstone of the assessment.  Hematologic, 
biochemical, and radiological investigations are important 
aids in assessing the severity of infection. Microbiological 
assessment,  particularly in more severe infection, requires 
good quality samples, combined with rapid transport in an 
appropriate medium and effective communication with the 
laboratory (38). 

Diabetic retinopathy 

In a series of 200 AIDS patients evaluated clinically, AIDS 
retinopathy was present in 66.5% with 64% having cotton-
wool spots, and 12% having intraretinal hemorrhages (34). 
Increased risk for diabetic retinopathy is reported in HIV 
infected patients with DM (39, 40). Regular opthamalic 
examination is therefore mandatory for all  HIV-infected 
patients with DM. 

Nephropathy 

HIV-associated nephropathy (HIVAN) is now the third 
leading cause of end stage renal disease in African 
Americans between the ages of 20 and 64 years (41). Atta 
et  al .  (42) proposed that HIV patients with nephrotic range 
proteinuria warranted a kidney biopsy because the presence 
of nephrotic range proteinuria, even in the presence a low 
CD4 count, did not establish the diagnosis of HIVAN. The 
Association of the Infectious Diseases Society of America 
recommends screening for chronic kidney disease in HIV 
infected patients;  screening tests should be similar to those 
for patients with DM to detect early renal involvement (41). 
In seropositive patients with renal disease, renal biopsies 
should be performed to confirm the diagnosis and determine 



 
 
Pharmacologyonline 3: 61-75  (2010)       Newsletter       Thaakur et al. 

 
 

68

the true incidence. Special attention should be directed 
toward understanding the underlying cause of HIVAN (43). 

Insulin resistance (IR) caused by fat accumulation 
(lipodystrophy) is common in PI-treated patients, Diabetes 
is less common, but still  2-4 times higher than in general 
population. In general population (and presumably in HIV-
positive patients),  IR increases risk for coronary artery 
disease. Risk factors for IR/DM is abdominal fat 
accumulation, peripheral fat  wasting, family history of DM, 
obesity, age, HCV, low CD4 count, black/Hispanic race. 
Corticosteroids, growth hormone, Megestrol acetate, 
immunosuppressants, and atypical antipsychotics contribute 
to the development of DM. The following is the potency of 
PIs on IR, Indinavir >>nelfinavir,  ritonavir,  lopinavir > 
saquinavir, amprenavir>> atazanavir. 

Diagnosis 
 
 

American Diabetes Association (ADA)  defines confirmed 
DM if fasting glucose >126 mg/dL with a repeat test  and a 
random plasma glucose >200 mg/dL and assigned as 
Impaired fasting glucose (IFG) when plasma glucose levels 
are 100-125 mg/dL, glucose tolerance test  (OGTT) is 
considered with 75g oral glucose, more sensitive than 
fasting glucose. Assigned as  impaired glucose tolerance 
(IGT) if the rage is 140-199 mg/dL and DM  if the level is 
equal to or more than 200 mg/dl.  IGT or IFG is considered 
as pre-DM. Fasting glucose at baseline should be checked, 
prior to and 3 & 6 months after antiretroviral therapy 
(ART) initiation, then yearly if normal. Urinary micro 
albumin levels have been correlated with CD4 T-cell  and 
white blood cell counts, tumor necrosis factor α  and β2-
microglobulin levels, suggesting an association between 
AIDS progression and microalbuminuria. By monitoring 
urinary micro albumin levels, patients susceptible to the 
development of nephrotic syndrome could be identified and 
prophylactic measures can be initiated (44). No accepted 
role for clinical use of insulin levels to assess IR. 
 

Diagnostic tests to detect diabetes mellitus and Insulin 
resistance 

 
 
Fasting glucose Test 
  
 
Detects impaired fasting glucose or overt diabetes that may 
be caused by insulin resistance, confirmed fasting glucose 
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level of > 126 mg/dl is diagnostic of diabetes, fasting 
glucose level of 110 to 126 mg/dl indicates impaired 
fasting glucose, limited clinical utility and detects fasting 
hyperglycemia, which may be a manifestation of insulin 
resistance. The HIV Medicine Association of the Infectious 
Diseases Society of America recommends that fasting 
glucose levels be monitored before and during 
antiretroviral therapy. 
 
 
Glycosylated hemoglobin 
 
 
 Estimates blood glucose control in the preceding 3 months, 
used to monitor glycemic control in patients known to be 
diabetic, clinically not useful in diagnosing routine DM. 
 
Glucose tolerance  
 
Measures insulin output in response to oral glucose load, 
normal fasting insulin is approximately 5 to 20µU/mL, post 
glucose tolerance test level is usually < 150 µU/mL, some 
experts consider fasting insulin levels of > 15 µU/mL 
suggestive of insulin resistance, severely insulin-resistant 
persons often have fasting insulin levels of > 50 – 70 
µU/mL and post glucose tolerance test  levels of >350 
µU/mL (45). 
 
C-peptide 
 
 Often elevated in insulin-resistant patients, clinically not 
useful in diagnosing routine DM. 
 
Proinsulin  
 
 Insulin precursor made up of insulin and C-peptide, 
releases insulin after cleavage by pancreatic 
endopeptidases, clinically not useful in diagnosing routine 
DM. 
 
Homeostatis model for the assessment of insulin 
resistance 
 
 Calculated as fasting glucose × insulin ÷ 22.5, used in 
research, clinically not useful in diagnosing routine DM. 
 
Hyperinsulinemic euglycemic clamp Technique 
 
 Considered the gold standard, but application is limited to 
research. 
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 Treatment  
 

Diet, Exercise, Risk Factors Modification 

Balanced diet and regular exercise are crucial.  American 
Diabetes  Association (ADA) recommends diet consisting of 
50% carbohydrates (higher-fiber, unrefined preferred), 30% 
fat (unsaturated preferred), and 20% protein. 

Dietary changes recommended for people with diabetes 
include, fiber  rich foods like whole grains, beans, and 
fresh fruits and vegetables and reducing consumption of 
saturated fats (i .e.  animal fats such as butter, lard, cream). 
Reducing consumption of trans fatty acids (margarine) and 
hydrogenated fats (found in prepared foods, e.g. cakes, 
biscuits,  pizza) and increasing consumption of 
polyunsaturated fats (oils from corn, sunflower, safflower, 
and soybeans). Consultation with a specialist HIV dietitian 
is recommended before commencing a diet targeting 
diabetes, to ensure it  will  not worsen wasting, levels of 
blood fats,  or the absorption of anti-HIV drugs. Modest 
weight loss (10%) in those with BMI >25 reduces glucose 
intolerance and can prevent onset of DM in non-HIV 
infected population at risk. Life style modification has 
shown to improve metabolic parameters in HIV-infected 
patients. Aggressive risk factor modification for coronary 
disease include maintenance of dylipidaemia, hypertension 
(HTN) maintenance (generally with angiotensin- converting 
enzyme inhibitors ACE-I, e.g. Captopril ,  Enalapril),  
cessation of smoking, cocaine avoidance, aspirin therapy 
(44). 

Medications (oral) 
 
First line treatment for DM, is with Metformin or 
Thiazolidinediones (TZDs) such as Pioglitazone. Metformin 
reduces hepatic IR associated with reduced visceral fat,  BP, 
triglycerides (TG) (10-20%) in HIV positive subjects. Some 
studies have shown decreased limb fat with Metformin and 
contraindicated in patients with lipoatrophy and Serum 
Creatinine >1.5 mg/dL, an absolute contraindication due to 
lactic acidosis risk. NRTIs have enhanced theoretical risk 
of, l iver disease, and coronary heart failure. More common 
complications are gastrointestinal abnormalities like 
nausea, vomiting and anorexia. Dose should be started at 
500 mg q.i.d, t i trated up to 2 g b.i .d (max dose 850 t.i .d).  
Thiazolidinediones (Pioglitazone) reduces peripheral IR as 
peroxisome proliferator-activated receptor (PPAR) gamma 
agonists. Pioglitazone should be started at 15 mg, ti trated 
up to 45 mg/d, maximum effect seen after several weeks.  
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Fluid retention is common,  contraindicated in coronary 
heart failure, liver disease. Combination of Metformin and 
TZDs is not established in HIV-positive patients, but 
synergy is expected. Sulfonylureas, Meglitinides, 
Exenatide, Sitagliptin or Acarbose are used as 2nd line 
therapies. Till  today there is no accepted role for 
pharmacological interventions in IR or pre-diabetes, though 
data are emerging (44). 
 
 
Insulin 
 
Low dose of glargine (10-15 units) at bedtime or NPH 
insulin in combination with oral anti-diabetic agents are 
used in patients who do not respond to oral hypoglycemic 
agents.   Insulin effectively controls glucose with 
individualized regimen (44). 
 
 
Modification of Antiretroviral therapy 
 
Switching from protease inhibitors to an alternative 
medication controls the diabetes. Some PIs, especially 
Atazanavir (ATV) is preferred because it  causes less insulin 
resistance (45). 
 
 
Follow up and monitoring 
 
HIV-patients on regimen with protease inhibitors should 
monitor blood glucose levels monthly once.  Patients with 
pre-DM should be screened for blood glucose levels at 3-6 
months intervals. HIV-patients with diabetes should 
monitor for complications, opthamalic examination, spot 
urine for micro albumin and foot examination at 6-12 
months intervals. 

 
Conclusions 

 
HIV and diabetes are both chronic diseases that 

significantly affect l ifestyle. When they intersect, the 
treatment regimens required for both diseases can be 
overwhelming for patients. A screening for glucose 
intolerance and diabetes in HIV therapy are necessary for 
treating patients with alterations in glucose metabolism, are 
the key components of care for at-risk patients. The other 
metabolic disturbances associated with HIV medications, 
such as lipoprotein and fat distribution abnormalities,  
increases risk for cardiac disease. Glucose metabolism 
alterations in HIV patients are similar to those of type 2 
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diabetes. Therefore, the best clinical care regimen will 
reduce the risk factors like cardiac disorders, insulin 
resistance/diabetes, lipid abnormalities, and body fat 
abnormalities. 

 
 

References 
 
 

1. Dubey MP. Disorders of glucose metabolism in patients 
infected with human immunodeficiency virus. Clin Infect 
Disease 2000; 31: 1467-75. 

2. Aberg JA, Gallant JE, Anderson J, et al.  HIV Medicine 
Association of the Infectious Diseases Society of America. 
Primary care guidelines for the management of persons 
infected with human immunodeficiency virus: 
recommendations of the HIV Medicine Association of the 
Infectious Diseases Society of America. Clin Infect Dis 
2004; 39: 609-29. 

3. Walli R, Herfort O, Michl GM, et al.  Treatment with 
protease inhibitors associated with peripheral insulin 
resistance and impaired oral glucose tolerance in HIV-1–
infected patients. AIDS 1998; 12: 167–73. 

4. Currier J,  Boyd F, Kawabata H, et al.  Diabetes mellitus in 
HIV infected individuals (abstract 677-T). Presented at the 
9th Conference on Retrovirus and Opportunistic Infections, 
Seattle, February 2002. 

5. Noor MA, Lo JC, Mulligan K, et  al .  Metabolic effects of 
indinavir in healthy HIV-seronegative men. AIDS. 2001; 
15(Suppl):F11-F18. 

6. Carr A. HIV protease inhibitor-related lipodystrophy 
syndrome. Clin Infect Dis 2000;30(Suppl 2):S135-S142. 

7. Palacios R, Santos J, Ruiz J, et al.  Factors associated with 
the development of diabetes mellitus in HIV-infected 
patients on antiretroviral therapy: a case-control study. 
AIDS 2003;17:933-935 

8. American Diabetes Association. Supplement 1. Screening 
for type 2 diabetes. Diabetes Care. 2000; 23 (Suppl 1):S20-
S23. 

9. Mehta SH, Brancati  FL, Sulkowski MS, et al.  Prevalence of 
type 2 diabetes mellitus among persons with hepatitis C 
virus infection in the United States. Ann Intern Med 2000; 
133:592-599. 

10.Howard AA, Klein RS, Schoenbaum EE. Association of 
 hepatitis C infection and antiretroviral use with diabetes 
 mellitus in drug users. Clin Infect Dis 2003; 36:1318-1323. 
11.Kilby JM, Tabereaux PB. Severe hyperglycemia in an HIV 

clinic: preexisting versus drug-associated diabetes mellitus. 
J Acquir Immune Defic Syndr Hum Retrovirol 1998; 17:46-
50. 



 
 
Pharmacologyonline 3: 61-75  (2010)       Newsletter       Thaakur et al. 

 
 

73

12.Mulligan K, Grunfeld C, Tai VW, et al. 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 2000; 
23:35-43. 

13.Schwarz JM, Lee GA, Park S, et al .  Indinavir increases 
glucose production in healthy HIV-negative men. AIDS 
2004; 18:1852-1854. 

14.Dubey MP, Qian D, Edmondson-Melancon H, et al.  
Prospective, intensive study of metabolic changes 
associated with 48 weeks of Amprenavir-based 
antiretroviral therapy. Clin Infect Dis 2002; 35:475-481. 

15.Fisac C, Virgili  N, Ferrer E, et al.  A comparison of the 
effects of Nevirapine and Nelfinavir on metabolism and 
body habitus in antiretroviral-naive human 
immunodeficiency virus infected patients: a randomized 
controlled study. J Clin Endocrinol Metab 2003; 88:5186-
5192. 

16.Murata H, Hruz PW, Mueckler M. The mechanism of 
insulin resistance caused by HIV protease inhibitor therapy. 
J Biol Chem 2000; 275:20251-20254. 

17.Noor MA, Seneviratne T, Aweeka FT, et al.  Indinavir 
acutely inhibits insulin-stimulated glucose disposal in 
humans: a randomized, placebo-controlled study. AIDS 
2002; 16:F1-F8. 

18.Schutt M, Zhou J, Meier M, Klein HH. Long-term effects of 
HIV-1 protease inhibitors on insulin secretion and insulin 
signaling in INS-1 beta cells.  J Endocrinol 2004; 183:445-
454. 

19.Ben-Romano R, Rudich A, Tirosh A, et  al.  Nelfinavir-
induced insulin resistance is associated with impaired 
plasma membrane recruitment of the PI 3-kinase effectors 
Akt/PKB and PKC-zeta. Diabetologia 2004; 47:1107-1117. 

20.Hadigan C, Borgonha S, Rabe J,  et  al .  Increased rates of 
lipolysis among human immunodeficiency virus-infected 
men receiving highly active antiretroviral therapy. 
Metabolism 2002; 51:1143-1147. 

21.Hadigan C, Rabe J, Meininger G, et al.  Inhibition of 
lipolysis improves insulin sensitivity in protease inhibitor-
treated HIV-infected men with fat redistribution. Am J Clin 
Nutr 2003; 77:490-494. 

22.Nolte LA, Yarasheski KE, Kawanaka K, et  al .  The HIV 
protease inhibitor indinavir decreases insulin- and 
contraction-stimulated glucose transport in skeletal muscle. 
Diabetes 2001; 50:1397-1401. 

23.Schutt M, Meier M, Meyer M, et al.  The HIV-1 protease 
inhibitor indinavir impairs insulin signalling in HepG2 
hepatoma cells.  Diabetologia 2000; 43:1145-1148. 

 



 
 
Pharmacologyonline 3: 61-75  (2010)       Newsletter       Thaakur et al. 

 
 

74

24.Chung RT, Casson DR, Murray G, et al.  Alanine 
aminotransferase levels predict insulin resistance in HIV 
lipodystrophy. J Acquir Immune Defic Syndr 2003; 34:534-
536. 

25.Koster JC, Remedi MS, Qiu H, et al.  HIV protease 
inhibitors acutely impair glucose-stimulated insulin release. 
Diabetes 2003; 52:1695-1700. 

26.Woerle HJ, Mariuz PR, Meyer C, et al. Mechanisms for the 
deterioration in glucose tolerance associated with HIV 
protease inhibitor regimens. Diabetes 2003; 52:918-925. 

27.Noor MA, Lo JC, Mulligan K, et  al .  Metabolic effects of 
indinavir in healthy HIV- seronegative men. AIDS 2001; 
15:F11-F18. 

28.Visnegarwala F, Krause K, Musher D. Severe diabetes 
associated with protease inhibitor therapy. Ann Intern Med 
1997; 127:947. 

29.Meininger G, Hadigan C, Rietschel P, Grinspoon S. Body-
composition measurements as predictors of glucose and 
insulin abnormalities in HIV-positive men. Am J Clin Nutr 
2002; 76:460-465. 

30.Addy CL, Gavrila A, Tsiodras S, et al.  
Hypoadiponectinemia is associated with insulin resistance, 
hypertriglyceridemia, and fat redistribution in human 
immunodeficiency virus-infected patients treated with 
highly active antiretroviral therapy. J Clin Endocrinol 
Metab 2003; 88:627-636. 

31.Bajaj M, Suraamornkul S, Piper P, et al.  Decreased plasma 
adiponectin concentrations are closely related to hepatic fat 
content and hepatic insulin resis tance in pioglitazone-
treated type 2 diabetic patients. J Clin Endocrinol Metab 
2004; 89:200-206. 

32.Hadigan C, Meigs JB, Corcoran C, et al.  Metabolic 
abnormalities and cardiovascular disease risk factors in 
adults with human immunodeficiency virus infection and 
lipodystrophy. Clin Infect  Dis 2001; 32:130-139. 

33. Bending A. Fungal nail infections: far more than an aesthetic 
problem. Br J Community Nurs 2002; 7(5):254-9. 

34.Jabs DA, Green WR, Fox R, et al. Ocular manifestations of acquired 
immune deficiency syndrome. Ophthalmology 1989; 96(7):1092-9. 

35. De Silva TI, Post FA, Griffin MD, Dockrell DH. HIV-1 infection and 
the kidney: an evolving challenge in HIV medicine. Mayo Clin Proc 
2007; 82(9):1103-16. 

36.Howard AA, Floris-Moore M, Lo Y, et al. Abnormal glucose 
metabolism among older men with or at risk of HIV infection. HIV 
Med 2006; 7(6):389-96. 

37. Sheth AN, Moore RD, Gebo KA. Provision of general and HIV-specific 
health maintenance in middle aged and older patients in an urban HIV 
clinic. AIDS Patient Care STDS 2006; 20:318-25. 

38. Williams DT, Hilton JR, Harding KG. Diagnosing foot infection in 
diabetes. Clin Infect Dis 2004; 39 Suppl 2:S83-6. 



 
 
Pharmacologyonline 3: 61-75  (2010)       Newsletter       Thaakur et al. 

 
 

75

39.Adan A, Goday A, Ferrer J, Cabot J. Diabetic retinopathy associated 
with acquired immunodeficiency syndrome. Am J Ophthalmol 1990; 
109:744-5. 

40. Kaye-Wilson LG, Fleck BW. AIDS and diabetic retinopathy. AIDS 
1991; 5:902. 

41. Naicker S, Han TM, Fabian J. HIV/AIDS-dominant player in chronic 
kidney disease. Ethn Dis 2006; 16:S2-56-60. 

42.Atta MG, Choi MJ, Longenecker JC et al. Nephrotic range proteinuria 
and CD4 count as noninvasive indicators of HIV associated 
nephropathy. Am J Med 2005; 118:1288. 

43.Winston J, Klotman PE. HIV-associated nephropathy. Mt 
Sinai J Med. 1998; 65:27-32. 

44.Todd T, Brown, MD, Joseph F. Diabetes Mellitus and 
Insulin Resistance (HIV guide) 05-29-2007. 

45.Galvin P, Ward G, Walters J,  et al.  A simple method for 
quantization of insulin sensitivity and insulin release from 
an intravenous glucose tolerance test.  Diabet Med 1992; 
9:921-928. 


