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Persistent differences in blood glucose and serum glycosy-

lated hemoglobin (HbA1C) measurements were observed in

4 human immunodeficiency virus–positive patients with di-

abetes mellitus, all of whom were taking drugs associated

with hemolysis, which interferes with the reliability of

HbA1C levels. Determination of fructosamine levels was a

more accurate alternative for measuring average glycemic

control in these patients.

With the improved duration of survival for HIV-positive pa-

tients, the prevalence of diabetes mellitus among HIV-infected

individuals will most likely increase. The incidence of new-

onset diabetes is 1%–7% among HIV-infected patients, and

several of the antiretroviral medications used to treat HIV in-

fection are associated with significant insulin resistance [1]. In

HIV-negative diabetic patients, control of hyperglycemia dra-

matically reduces microvascular complications associated with

diabetes. Measurement of glycosylated hemoglobin (HbA1C)

levels is widely used in clinical practice and is a well-validated

method for determining average glycemic control over the

course of ∼120 days. The American Association of Diabetes

recommends checking HbA1C levels �2 times per year for

patients with stable glycemic control and more frequently for

patients with inadequate control [2]. Fructosamine levels mea-

sure glycated serum proteins and provide an additional method

for determining average glycemic control [3]. A fructosamine

level indicates average glycemic control over a 2–3-week period.
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Although no specific society-sponsored guidelines exist for

the monitoring of diabetes control in HIV-infected patients,

some recommend checking HbA1C levels [4]. We report 4 cases

of a persistent discordance between patients’ blood glucose lev-

els and their HbA1C levels. In each of these cases, HbA1C levels

were consistently normal or within an acceptable range for 19

months. However, randomly measured blood glucose levels,

home blood glucose monitoring, and fructosamine levels all

indicated poor glycemic control.

Case reports. Patient 1 was a 42-year-old HIV-positive

man who had diabetes mellitus diagnosed after he presented

with fatigue, polydipsia, polyuria, and multiple randomly mea-

sured glucose levels of 1200 mg/dL. HIV infection had been

diagnosed 9 years earlier, and the patient’s current HIV therapy

consisted of lopinavir-ritonavir, efavirenz, and abacavir. While

receiving this regimen, he achieved a CD4 cell count of 1100

cells/mL and a virus load of !1000 copies/mL. He was taking

dapsone for Pneumocystis carinii pneumonia (PCP) prophy-

laxis, and his diabetes was treated with insulin.

Self-reported home fingerstick glucose levels varied from 100

to 400 mg/dL. Random glucose measurements checked at clinic

visits were routinely 1200 mg/dL, and the levels were 1400 mg/

dL on 4 occasions. During this period, the patient required

hospital admission for severe hyperglycemia and was treated

with intravenous insulin. However, during the same period of

time (September 2001 to June 2002), his average HbA1C level

was 6.1%, indicating excellent glucose control (figure 1). Clin-

ical suspicion prompted us to make serial measurements of

fructosamine levels, which were consistently abnormal, ranging

from 356 to 694 mmol/L (normal level, !285 mmol/L).

Patient 2 was a 40-year-old man who had HIV infection

diagnosed 10 years previously and who had developed diabetes

mellitus 7 years before presentation. His diabetes was initially

treated with an oral sulfonylurea. His glucose control worsened

after he started an HIV treatment regimen consisting of rito-

navir, saquinavir, stavudine, and lamivudine. Although this reg-

imen resulted in a nondetectable virus load, his CD4 cell count

remained !200 cells/mL, and he continued receiving dapsone

for PCP prophylaxis. To avoid possible metabolic side effects,

his HIV therapy was switched to an HIV regimen consisting

of efavirenz, stavudine, and lamivudine, and his diabetes man-

agement was intensified by the addition of metformin and in-

sulin. Self-reported blood glucose measurements ranged from

150 to 300 mg/dL, and his random serum glucose levels, which

were measured during visits to the clinic, were 140–520 mg/

dL (mean, 255 mg/dL; figure 1). However, his HbA1C levels,
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Figure 1. Serum glucose (�), fructosamine (�), and predicted glucose (determined on the basis of glycosylated hemoglobin levels [HbA1C]; �)
levels for 4 HIV-positive patients with diabetes. The actual HbA1c measurements are not displayed in this figure.

all of which were !6.4%, indicated excellent glycemic control.

Because of this inconsistency, fructosamine levels were ana-

lyzed, and all measured levels were found to be abnormal,

ranging from 372 to 421 mmol/L.

Patient 3 was a 50-year-old man who had been HIV positive

for 9 years and who developed hyperglycemia while receiving

an HIV regimen consisting of nevirapine, nelfinavir, and sta-

vudine. His CD4 cell count was 725 cells/mL, and he had a

nondetectable virus load; thus, he was not receiving PCP pro-

phylaxis. Three HbA1c measurements were made during a 10-

month period, all of which were within the normal range and

corresponded to a computed average blood glucose level of 91

mg/dL. Three concurrent measurements of fructosamine levels

were all abnormal, and his random serum glucose measure-

ments in the clinic averaged 155 mg/dL (figure 1). During the

same period, he had started receiving interferon and ribavirin

therapy for coinfection with hepatitis C virus.

Patient 4 was a 48-year-old man who had been HIV positive

for 15 years and who had diabetes mellitus diagnosed soon

after he started receiving an HIV regimen containing a protease

inhibitor. A sulfonylurea initially controlled his blood sugar

levels, as determined on the basis of his random serum glucose

measurements and his home fingerstick glucose readings. Be-

cause of HIV treatment failure, his antiviral medications were

changed to saquinavir, ritonavir, didanosine, and zidovudine

on the basis of results of resistance testing. He began receiving

trimethoprim-sulfamethoxazole (TMP-SMX) for PCP prophy-

laxis. His HIV load decreased to 242 copies/mL, and his CD4

cell count increased to 320 cells/mL. Both self-reported glycemic

measurements and the random serum glucose measurements

also increased. However, his HbA1c levels were consistently

normal and corresponded to a calculated average blood glucose

level of 96 mg/dL (figure 1). Fructosamine levels during the

same 9-month period were all abnormal and ranged from 286

to 320 mmol/L.

Discussion. In all 4 cases, the measurements of HbA1c

levels were consistently discordant with other measures of gly-

cemic control. In these cases, reliance on the HbA1c level would
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have given a false indication of excellent glycemic control. In

patients 1 and 2, reliance on HbA1c levels would have been

completely misleading and could have had a negative impact

on patient care. The HbA1c discordances in patients 3 and 4

were not as dramatic, perhaps because the degree of hypergly-

cemia was not as pronounced.

Because HbA1c measurements represent an average of serum

glucose concentrations measured over the course of ∼120 days,

the patients could have had both very high and very low glucose

levels within that period of time and still have had an estimated

average glucose level, as measured by the HbA1c value, within

normal limits. However, other measurements of glycemic con-

trol, all of which were abnormally high, argue against this

possibility.

The glycosylation of hemoglobin proceeds throughout the

lifespan of an erythrocyte. Thus, factors that shorten the life-

span of erythrocytes also lower HbA1c levels [5]. During he-

molysis, a state of shortened survival for circulating erythro-

cytes, the number of glycosylated hemoglobin molecules in

circulation is reduced. In addition, the number of immature

and less-glycosylated erythrocytes increases to relative abun-

dance. Medications that cause even subtle hemolysis without

anemia may interfere with the accuracy of HbA1C measure-

ments [6]. All 4 of the patients in this series were taking a

medication reported to cause varying degrees of hemolysis. Two

of the 4 patients were receiving dapsone [7], 1 patient was

receiving ribavirin [8], and the last patient was an African

American man receiving TMP-SMX [9].

The process of “HbA1c interference” in diabetic patients with

hemolysis is not widely appreciated and, to our knowledge, has

only been reported for 3 patients receiving dapsone and 1 re-

ceiving sulfasalazine [6, 10, 11]. Ribavirin- and TMP-SMX–

associated cases have not been reported elsewhere. The patients

reported previous evidence of hemolysis (either an abnormal

haptoglobin level or elevated lactate dehydrogenase [LDH] lev-

els), although the degree of hemolysis was insufficient to cause

anemia [6, 10, 11]. Similarly, in our series, LDH levels were

abnormal for patients 1 (284 U/L), 2 (350 U/L), and 4 (263

U/L) (normal range, 90–210 U/L), suggesting a hemolytic pro-

cess. The LDH level was not checked for patient 3. In addition,

patients 1–3 had evidence of polychromasia noted on peripheral

blood smears, signifying increased RBC production. Patients 1

and 2 also had abnormally high reticulocyte counts. Three of

4 patients had persistently normal hemoglobin levels.

The association of hemolysis with both dapsone and ribavirin

is strong, and almost all patients receiving these drugs expe-

rience some degree of hemolysis [8, 12, 13]. Because TMP-

SMX is not as strongly associated with hemolysis, an alternative

explanation is that patient 4 could have had an undiagnosed

hemoglobinopathy. This would also shorten the lifespan of his

erythrocytes, interfering with the accuracy of HbA1c mea-

surements.

HbA1c monitoring is the reference standard test for moni-

toring long-term glycemic control in HIV-negative patients. In

the absence of hemolysis, HbA1c data should be reliable for

HIV-positive patients. However, a significant number of HIV-

positive patients take medications capable of affecting the li-

fespan of erythrocytes, potentially causing “HBA1c interfer-

ence.” In addition, a hemolytic process not severe enough to

induce anemia can still dramatically alter the HbA1C level.

Fructosamine levels measure the glycosylation of serum pro-

teins and are not dependent on hemoglobin glycosylation. The

test is widely available and comparable in cost to that used to

measure HbA1c levels, and the results of the 2 tests are highly

correlated ( ) [4]. However, because fructosamine levelsr p 0.8

measure the glycosylation of serum albumin, the test is less

reliable in patients with abnormally low albumin levels. Also,

fructosamine levels measure glycosylation over a much shorter

time period than do HbA1c levels; thus, they must be moni-

tored every 2–3 weeks when they are used instead of serial

HbA1c measurements.

Determination of fructosamine levels is recommended for

monitoring glucose control in patients with hemoglobin-

opathies, because these patients are also subject to misleading

HbA1c measurements [14]. We recommend checking fructo-

samine levels in HIV-positive patients with diabetes mellitus

who are taking drugs associated with hemolysis and when there

are discrepancies between home- or clinic-obtained blood

glucose values and HbA1c levels.
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