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Abstract

The objective of the present study was to determine the prevalence of electrolyte disturbances in AIDS patients developing acute
kidney injury in the hospital setting, as well as to determine whether such disturbances constitute a risk factor for nephrotoxic
and ischemic injury. A prospective, observational cohort study was carried out. Hospitalized AIDS patients were evaluated for
age; gender; coinfection with hepatitis; diabetes mellitus; hypertension; time since HIV seroconversion; CD4 count; HIV viral
load; proteinuria; serum levels of creatinine, urea, sodium, potassium and magnesium; antiretroviral use; nephrotoxic drug use;
sepsis; intensive care unit (ICU) admission, and the need for dialysis. Each of these characteristics was correlated with the
development of acute kidney injury, with recovery of renal function and with survival. Fifty-four patients developed acute kidney
injury: 72% were males, 59% had been HIV-infected for >5 years, 72% had CD4 counts <200 cells/mm3, 87% developed elec-
trolyte disturbances, 33% recovered renal function, and 56% survived. ICU admission, dialysis, sepsis and hypomagnesemia
were all significantly associated with nonrecovery of renal function and with mortality. Nonrecovery of renal function was sig-
nificantly associated with hypomagnesemia, as was mortality in the multivariate analysis. The risks for nonrecovery of renal
function and for death were 6.94 and 6.92 times greater, respectively, for patients with hypomagnesemia. In hospitalized AIDS
patients, hypomagnesemia is a risk factor for nonrecovery of renal function and for in-hospital mortality. To determine whether
hypomagnesemia is a determinant or simply a marker of critical illness, further studies involving magnesium supplementation
in AIDS patients are warranted.
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Drug toxicity
Introduction

Itis recognized that renal complications have a substan-
tive impact on the course of AIDS and alter the prognosis
of the disease (1,2). In patients with AIDS, kidney disease
can occur as a primary manifestation of HIV infection, as a
secondary complication of an underlying illness or due to the
side effects of antiretroviral therapy (3,4). Kidney disease has
emerged as aleading cause of death among AIDS patientsin
the era of highly active antiretroviral therapy (HAART) (5).

Acute kidney injury (AKI) is one of the most common
causes of renal failure in AIDS patients (6), as well as a
strong predictor of in-hospital morbidity and mortality in the
general population (7). Patients with AIDS frequently require
hospitalization and are often treated with drug combinations,
factors that contribute to the development of AKI (1), which
has been reported to occur in up to 20% of hospitalized

AIDS patients (8). Acute tubular necrosis (ATN) is the most
common cause of AKI in hospitalized patients. The risk of
AKlrelated to volume depletion, hemodynamic stress, neph-
rotoxic medications, or the administration of contrast medium
is greater among patients hospitalized with complications of
AIDS (4). Sepsis is considered to be the leading cause of
ischemic AKIlin AIDS patients. In such patients, impaired renal
handling of water and sodium also causes volume depletion
(9). In hospitalized AIDS patients, AKI resulting from drug-
induced ATN is common. Antiretroviral drug use can cause
renal failure through a variety of mechanisms: direct renal
tubular toxicity (ATN, Fanconi-like syndrome, distal tubular
acidosis, etc.), obstructions (crystal deposition in the kidney),
and glomerular lesions (10,11). Other potential causes of
AKI in AIDS patients include thrombotic microangiopathy
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and opportunistic infections of the renal parenchyma (12).
Patients with AIDS who develop AKI can also present un-
derlying diseases such as HIV-associated nephropathy and
other glomerular diseases (13), as well as non-HIV-related
kidney diseases such as diabetes and hypertension, as well
as hepatitis C- or B-related nephropathy (14).

Electrolyte disturbances are common in AIDS patients
(15). Marked changes in electrolyte balance can result from
the many and varied drugs used to control AIDS infection
or can be secondary to opportunistic infections.

It has been shown that hypokalemia constitutes a risk
factor for the development of AKI (16,17). Hypokalemia
also causes a marked increase in gentamicin nephrotoxicity
(18). In addition, hypokalemia is a common complication of
treatment with amphotericin B and potentiates amphotericin
B nephrotoxicity (19,20). The antiretroviral drugs zidovu-
dine (AZT) and didanosine (ddl) are widely used in AIDS
patients, and data suggest that their use in patients with
hypokalemia can have adverse effects on renal function
(21). It has been shown that both drugs decrease glomerular
filtration rate and renal blood flow in hypokalemic rats, but
that only AZT reduces glomerular filtration rate and renal
blood flow in rats with hypomagnesemia. Therefore, chronic
AZT and ddl administration can produce AKI in AIDS pa-
tients with hypokalemia or hypomagnesemia (21). Seguro
et al. (17) showed that hypokalemia also enhances the
tubular damage resulting from ischemic injury. In addition,
magnesium supplementation has been shown to protect
against postischemic AKI (22).

Although hypomagnesemia is also a common distur-
bance in AIDS patients, its effects in such patients have
not been studied thoroughly.

The aim of the present study was to determine the
prevalence of electrolyte disturbances in AIDS patients who
develop AKl in the hospital setting, as well as whether such
disturbances constitute a risk factor for nephrotoxic and
ischemic injury. We also evaluated the recovery of renal
function and mortality rates in this population of patients.

Material and Methods

Study design and population

This was a prospective cohort study conducted at the
Emilio Ribas Institute of Infectology in Sao Paulo, Brazil. All
hospitalized AIDS patients over 18 years of age were eli-
gible forinclusion. Those developing AKI between May and
August of 2006 were selected for study. Patients presenting
serum creatinine levels <1.5 mg/dL were excluded, as were
pregnant patients and those with pre-existing chronic renal
disease. Clinical, biochemical and demographic data were
collected at enroliment and prospectively. The study design
was approved by the Ethics in Research Committee of the
Emilio Ribas Institute of Infectology and written informed
consent was obtained from all patients, who participated
in the study.
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Data collection

Data related to the following variables were collected:
gender, age, coinfection with hepatitis B, coinfection with
hepatitis C, diabetes mellitus, hypertension, interval be-
tween HIV seroconversion and the occurrence of AKI, use
of antiretroviral therapy, nephrotoxic drugs administered in
the hospital, sepsis, and dehydration. Laboratory testing
included the following parameters: CD4 count, HIV viral
load, serum levels of urea, creatinine, sodium, potassium
and magnesium, urinary protein excretion, and urinalysis.

Outcome measures

Each patient was evaluated prospectively throughout
the entire hospital stay. The primary outcome measures
were survival, duration of AKI, need for renal replacement
therapy, and admission to the intensive care unit (ICU).

Comorbidities and laboratory data

Underlying clinical conditions and laboratory test results
at the time of AKI development were reviewed in order to
determine the potential cause of AKI.

Adiagnosis of AKI was made if serum creatinine levels
remained 21.5 mg/dL for more than 3 consecutive days dur-
ing the hospital stay. Patients presenting serum creatinine
levels 21.5 mg/dL for less than 3 days were considered to
have prerenal azotemia and were excluded from the analy-
sis. The criteria for not to consider prerenal azotemia after
3 days were based on the clinical analysis of the nephrolo-
gist (all patients were evaluated by the same nephrologist).
The clinical signs of salt depletion were analyzed: postural
hypotension, reduction in central venous pressure and skin
turgor. Also, we did not consider prerenal azotemia if saline
infusion was given for the extracellular volume expansion
and the serum levels of creatinine remained the same or
even increased despite the treatment. Recovery of renal
function was defined as a return of serum creatinine levels
to <1.5 mg/dL.

Coinfection with hepatitis B was defined as serum
positivity for hepatitis B surface antigen or hepatitis Be
antigen. Coinfection with hepatitis C was defined as serum
positivity for hepatitis C antibodies or detectable hepatitis
C virus RNA.

Diabetes mellitus was defined as glucose intolerance
requiring dietary or pharmacologic management. Patients
under treatment with antihypertensive medications at the
time of admission were classified as hypertensive. Hypona-
tremia was defined as serum sodium levels <135 mEq/L,
whereas serum sodium levels >145 mEq/L were considered
to be indicative of hypernatremia. Hyperkalemia was defined
as serum potassium levels >5 mEqg/L, and hypokalemia
was defined as serum potassium levels <3.5 mEq/L. Hy-
pomagnesemia was defined as serum magnesium levels
<1.7 mg/dL, and hypermagnesemia was defined as serum
magnesium levels >2.1 mg/dL.

HIV RNA levels were quantified by the reverse tran-
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scriptase polymerase chain reaction using the standard
and ultrasensitive versions of the Amplicor HIV Monitor
Assay (Roche Diagnostics, USA).

Statistical analysis

Statistical analysis was based on the frequency of
nonrecovery of renal function and on the mortality rate, as
well as on the odds ratios estimated using univariate and
multivariate logistic regression. In the univariate analysis,
factors associated with nonrecovery and mortality were
analyzed individually. The initial multivariate model included
all variables that presented an association of P<0.15in the
univariate analysis. In the final model, only variables that
maintained an association of P < 0.10 were retained, and
we employed a Wald statistic backward stepwise selection.
The statistical analysis was performed using the Statistical
Package for the Social Sciences, version 14.0, for Windows
(SPSS Inc., USA).

Results

Clinical, biochemical and demographic characteristics

Of the 54 patients selected for inclusion, 15 were fe-
males and 39 were males. Most of the patients (59%) had
been HIV-infected for at least 5 years, and 72% presented
CD4 counts <200 cells/mm3. Table 1 shows the general
characteristics of the cohort.

Forty-seven patients (87%) presented at least one
electrolyte disturbance, principally hyponatremia (in 32
patients, 59%), followed by hypokalemia (in 23 patients,
46%) and hypomagnesemia (in 18 patients, 33%). The
mean (+ SEM) serum level of magnesium was 1.76 + 0.06
mg/dL (range: 1.1-2.6 mg/dL). Proteinuria was measured in
only 28 (52%) of the 54 patients evaluated. Among these 28
patients, proteinuria was higher than 1 g/day in 18 (64%).

Thirty-five patients (65%) were under treatment with at
least one nephrotoxic drug, primarily vancomycin, amphot-
ericin, tenofovir, angiotensin-converting enzyme inhibitors,
ganciclovir, foscarnet, or indinavir. Intravenous contrast
medium was used in 30 (56%) of the 54 patients.

The principal causes of renal failure were sepsis (in
48%), dehydration (in 32%) and treatment with nephrotoxic
drugs (in 65%). Underlying conditions included hyperten-
sion (in 30%), diabetes (in 9%) and congestive heart failure
(in 4%). Nephrotic syndrome was identified in 8 patients
(15%).

Outcomes

Unlike what is seen in the general population, only 18
patients (33%) recovered renal function.

There were 21 patients (39%) who required dialysis. It
is of note that only 2 (10%) of these 21 patients recovered
renal function, whereas 13 (62%) died in the hospital. Of
the 33 patients (61%) who did not require dialysis, 16 (49%)
recovered renal function and 11 (33%) died in the hospital.
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Table 1. Clinical features of the 54 AIDS patients who developed
acute kidney injury in the hospital.

Characteristic N (%)
Gender

Male 39 (72%)

Female 15 (28%)
Age (years)

18-39 25 (46%)

40-60 27 (50%)

>60 2 (4%)
Time since HIV seroconversion

<1 year 13 (24%)

1-5 years 8 (15%)

>5 years 32 (59%)

Unknown 1(2%)
HAART

Yes 18 (33%)

No 36 (67%)
lllicit intravenous drug use

Yes 8 (15%)

No 33 (61%)

Unknown 13 (24%)
Hypertension

Yes 16 (30%)

No 38 (70%)
Diabetes

Yes 5(9%)

No 49 (91%)
Hepatitis B coinfection

Yes 3 (6%)

No 36 (72%)

Unknown 12 (22%)
Hepatitis C coinfection

Yes 12 (22%)

No 30 (56%)

Unknown 12 (22%)
CD4 count (cells/mm3)

>200 8 (15%)

<200 39 (72%)

Unknown 7 (13%)

HAART = highly active antiretroviral therapy.

In terms of mortality, the difference between AIDS patients
who recovered renal function and those who did not was
significant (P < 0.001).

Of the cohort as a whole, 28 patients (52%) were admit-
ted to the ICU, and 18 (64%) of them died in the hospital.
Of the 26 patients (48%) who were not admitted to the ICU,
only 6 (23%) died in the hospital. The overall in-hospital
mortality rate was 44%.
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Risk factors for nonrecovery of renal
function

Failure to recover renal function did
not correlate significantly with gender (P
> 0.999), age (P = 0.127), diabetes (P
= 0.741), coinfection with hepatitis B (P
= 0.929), coinfection with hepatitis C (P
= 0.364), HAART use (P = 0.541), CD4
count (P = 0.264), proteinuria >3 g/day
(P = 0.185), hyponatremia (P = 0.271), or
hypokalemia (P = 0.488). Using univari-
ate analysis (Table 2), we found that the
nonrecovery of renal function correlated
significantly with ICU admission (P =0.004),
the need for dialysis (P = 0.008), sepsis
(P = 0.010), dehydration (P = 0.010), and
hypomagnesemia (P = 0.020).

In the multivariate logistic regression
analysis (Table 3), the independent risk
factors for nonrecovery of renal function
were hypomagnesemia (P = 0.03) and
ICU admission (P = 0.082). The risk for
nonrecovery of renal function was 3.8 times
greaterin patients admitted to the ICU than
in those who did not require intensive care
(P =0.02). Interestingly, hypomagnesemia
was also a risk factor for the nonrecovery
of renal function. Of the 23 patients who
presented serum magnesium levels 21.7
mg/dL, 11 (48%) recovered renal function.
However, of the 18 patients who presented
serum magnesium levels <1.7 mg/dL,
only 2 (11%) recovered renal function (P
= 0.030). The risk for the nonrecovery of
renal function was 6.9 times greater in
patients with hypomagnesemia than in
those without.

Risk factors for mortality

No significant correlation was found in
the univariate analysis (Table 4) between
mortality and the following variables: age (P
=0.626), gender (P =0.839), CD4 count (P
=0.232), HAART use (P = 0.087), coinfec-
tion with hepatitis B (P =0.731), coinfection
with hepatitis C (P = 0.921), diabetes (P =
0.274), proteinuria >3 g/day (P = 0.124),
hypokalemia (P = 0.569), and hyponatremia
(P = 0.529). However, we could demon-
strate that mortality correlated significantly
with the following variables: ICU admission
(P =0.003), requiring dialysis (P = 0.043),
sepsis (P <0.001), and hypomagnesemia
(P =0.013).

Mortality was quite high (64%)
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Table 2. Univariate analysis of nonrecovery of renal function in relation to socio-
demographic and clinical characteristics.

Characteristic Recovery Nonrecovery OR (95%Cl) P
Age group

<40 years 11 (44%) 14 (56%) 1.000

240 years 7 (24%) 22 (76%) 2.469 (0.774-7.882) 0.127
Gender

Male 13 (33%) 26 (67%) 1.000

Female 5 (33%) 10 (67%)  1.000 (0.283-3.537)  1.000
Hypertension

No 13 (34%) 25 (66%) 1.000

Yes 5(31%) 11 (69%) 1.144 (0.327-4.000) 0.833
Diabetes

No 16 (33%) 33 (67%) 1.000

Yes 2 (40%) 3(60%) 0.727 (0.110-4.796)  0.741
Hepatitis B

No 14 (37%) 25 (64%) 1.000

Yes 1(33%) 2(67%) 1.120(0.093-13.482) 0.929
Hepatitis C

No 12 (40%) 18 (60%) 1.000

Yes 3 (25%) 9(75%) 2.000 (0.448-8.936) 0.364
Time since HIV seroconversion

<1 year 1 (8%) 12 (92%) 1.000

1-5 years 5 (46%) 6 (55%) 0.100 (0.009-1.059) 0.056

>5 years 12 (41%) 17 (59%) 0.118 (0.013-1.034)  0.054
HAART

No 13 (36%) 23 (64%) 1.000

Yes 5 (28%) 13(72%) 1.470 (0.427-5.055) 0.541
CD4 (cells/mm3)

2200 1(13%) 7 (88%) 1.000

<200 13 (33%) 26 (67%) 0.286 (0.032-2.575) 0.264
Viral load (copies/mL)

<400 1(20%) 4 (80%) 1.000

400-100,000 3 (30%) 7(70%) 0.583 (0.044-7.661) 0.682

>100,000 7 (47%) 8 (53%) 0.286 (0.026-3.196) 0.309
Nephrotic syndrome

No 8 (40%) 12 (60%) 1.000

Yes 1(13%) 7 (88%) 4.667 (0.478-45.546) 0.185
Radiocontrast

No 9 (36%) 16 (64%) 1.000

Yes 9 (31%) 20 (69%) 1.250 (0.402-3.885) 0.700
Need for dialysis

No 16 (49%) 17 (52%) 1.000

Yes 2 (10%) 19 (91%) 8.941 (1.789-44.688) 0.008
ICU admission

No 14 (54%) 12 (46%) 1.000

Yes 4 (14%) 24 (86%)  7.000 (1.890-25.932) 0.004
Hyponatremia

No 9 (43%) 12 (57%) 1.000

Yes 9 (28%) 23 (72%) 1.917 (0.602-6.101)  0.271
Hypokalemia

No 9 (30%) 21 (70%) 1.000

Yes 9 (39%) 14 (61%) 0.667 (0.212-2.095) 0.488
Hypomagnesemia

No 11 (48%) 12 (52%) 1.000

Yes 2 (11%) 16 (89%)  7.333 (1.364-39.438) 0.020
Dehydration

No 8 (22%) 29 (78%) 1.000

Yes 10 (59%) 7 (41%) 0.193 (0.056-0.669) 0.010
Sepsis

No 14 (50%) 14 (50%) 1.000

Yes 4 (15%) 22 (85%) 5.500 (1.503-20.133) 0.010
Nephrotoxic drugs

No 7 (39%) 11 (61%) 1.000

Yes 10 (29%) 25 (71%)  1.591 (0.480-5.273) 0.448

OR = odds ratio estimated by univariate logistic regression; HAART = highly active
antiretroviral therapy; ICU = intensive care unit. For each variable: OR = 1.000
indicates the reference category. For certain variables, the total number of patients

is less than 54 due to missing data.
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Table 3. Final results of the multivariate analysis of sociodemographic and clinical charac-
teristics associated with nonrecovery of renal function.

Characteristic Beta+ SEM  Wald test (d.f. = 1) OR (95%Cl) P
ICU admission

No 0 1.000

Yes 1.354 +0.778 3.026 3.874 (0.842-17.811) 0.082
Hypomagnesemia

No 0 1.000

Yes 1.938 + 0.893 4.713 6.945 (1.207-39.958) 0.030
Constant -0.548 + 0.567 0.934 - 0.334

d.f. = degrees of freedom; OR = odds ratio estimated by multivariate logistic regression;
ICU = intensive care unit. For each variable: OR = 1.000 indicates the reference category.
In addition to these variables, the initial multivariate model included age, time since HIV

seroconversion, need for dialysis, electrolyte disturbances, dehydration, and sepsis.

among the patients admitted to the ICU.

In multiple logistic regression analysis (Table 5), the
independent risk factors for mortality were hypomagnesemia
(P =0.033) and sepsis (P = 0.003).

The most interesting finding in the present study was
the correlation between hypomagnesemia and mortality
(P = 0.033). Of the 18 patients who presented hypomag-
nesemia, 11 (62%) died in the hospital, compared with
only 5 (22%) of the 23 patients presenting normal serum
levels of magnesium. We found that the risk of death for
patients presenting serum magnesium levels <1.7 mg/dL
was 6.92 times greater than that for those presenting serum
magnesium levels 21.7 mg/dL.

Discussion

The results of the present study emphasize the variety
of clinical causes of AKI in hospitalized AIDS patients, the
use of multiple nephrotoxic drugs for these patients and
the impact that electrolyte disturbances have on the course
of the disease.

Our study population was predominantly male. The
majority of the patients evaluated had been HIV-infected
for at least 5 years, presented low CD4 counts and were
not receiving regular antiretroviral therapy. Noncompliance
with treatment continues to be a challenge in the treatment
of these patients.

Our findings are compatible with those of many other
studies in which renal dysfunction has been shown to occur
predominantly in the more advanced stages of HIV infection
(14,15). Sepsis is considered to be a major cause of AKl in
AIDS patients (5,6,9). In a sample of patients with advanced
HIV infection, approximately half of those presenting AKI
also had sepsis, which causes prerenal azotemia by pro-
moting systemic vasodilation and arterial hypotension (6).
Sepsis was the leading cause of renal failure in our study
population as well.

Braz J Med Biol Res 43(3) 2010

Sixty-five percent of the patients presenting AKI were
receiving potentially nephrotoxic drugs, contrast medium be-
ing the most common. Contrast-induced AKI continues to be
aleading cause of hospital-acquired renal failure (23). Vari-
ous studies have demonstrated that diabetic nephropathy,
volume depletion, dehydration, hypercholesterolemia, and
preexisting renal insufficiency are the most important risk
factors for the development of contrast-induced AKI (23).

There are no data on whether AIDS can predispose to
contrast-induced AKI. However, AIDS patients are typically
under treatment with other potentially nephrotoxic drugs,
as well as having sepsis, presenting a high risk for volume
depletion (due to dehydration and diarrhea) and being
frequently submitted to imaging studies involving the ad-
ministration of contrast medium.

In view of these facts, it is not surprising that contrast
medium was the most common potentially nephrotoxic
drug employed in our cohort, and that vancomycin was
the second most common. It should be borne in mind that
vancomycin is used only in patients with severe infections,
which might explain the fact that a significant correlation
between vancomycin use and mortality, as well as between
vancomycin use and nonrecovery of renal function, was
found only in the univariate analysis.

In the present study, hyponatremia was the most com-
mon electrolyte disturbance. Hyponatremia occurs in 36-
56% of hospitalized AIDS patients and typically indicates
inappropriate arginine vasopressin secretion or volume
depletion secondary to gastrointestinal fluid loss (15,24).

The second most common electrolyte disturbance de-
tected in our study population was hypokalemia, which, since
it can be caused by drugs such as gentamicin, amphotericin
B, acyclovir, and tenofovir, is frequently observed in AIDS
patients (18,20,25,26). In addition, the clinical symptoms
of AIDS (diarrhea, malnutrition and anorexia) predispose to
hypokalemia. It is also known that hypokalemia enhances
the tubular damage resulting from ischemic injury (16).
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Table 4. Univariate analysis of mortality in relation to sociodemographic and clini-  In contrast to what would be expected,

cal characteristics.

hypokalemia did not correlate with the
nonrecovery of renal function in the pres-

Characteristic Survival Death OR (95%Cl) P
ry ent study.
ge group . .
<40 years 13 (52%) 12 (48%) 1.000 Hypomagnesemia is a common entity,
240 years 17 (59%) 12 (41%)  0.765 (0.260-2.247) 0.626 occurring in up to 12% of hospitalized pa-
Gender . o :
Male 22 (56%) 17 (44%) 1.000 tler:tg (27)..The |.nc.:|denc.e canbeas hlgh as
Female 8(53%)  7(47%)  1.132(0.343-3.743)  0.839 65% in patients in intensive care settings, in
Hypertension which nutrition, diuretics, hypoalbuminemia,
No 19 (50%) 19 (50%) 1.000 ; ; ;
Yes 11(69%)  5(31%)  0.455(0.132-1.561)  0.210 and aminoglycosides can play important
Diabetes roles (27,28). Gastrointestinal losses, renal
No 26 (53%) 23 (47%) 1.000 losses (due to volume expansion, as well
Yes 4(80%)  1(20%)  0.283(0.029-2.714) 0.274 as to the use of pentamidine, amphoteri-
Hepatitis B . . . C
No 22 (56%) 17 (44%) 1.000 cin and diuretic drUgS), redistribution and
Yes 2 (67%) 1 (33%) 0.647 (0.054-7.746) 0.731 hypokalemia are all potential causes of
Hepatitis C hypomagnesemia (27,28).
No 17 (57%) 13 (43%) 1.000 H L ideredtob
Yes 7(58%)  5(42%)  0.934 (0.241-3.625)  0.921 ypomagnesemials considered to be a
Time since HIV seroconversion common electrolyte disturbance in patients
<1 year 3(23%) 10 (77%) 1.000 with AIDS (15). Since AIDS patients com-
1-5 years 6(55%)  5(46%)  0.250 (0.043-1.443) 0.121 | t diarrh d Inutriti
>5 years 21(72%)  8(28%)  0.114(0.025-0.526)  0.005 monly present diarrneéa and mainutrition
HAART and are treated with drugs that can cause
$° 1; (;;:f) 12 (gg:f) 0344 01 -1%0101 167 0.087 magnesium loss, they are at high risk for
CD4e(Sce"s/mm3) (72%) (28%) 344 (0.101-1.167) ' developing hypomagnesemia, which report-
2200 6(75%)  2(25%) 1.000 edly occurs in approximately 29% of such
<200 20 (51%) 19 (49%) 2.850(0.511-15.901)  0.232 patients (15). Magnesium plays a basic role
Viral load (copies/mL) h . . .
<400 4 (80%) 1(20%) 1.000 !n varlou§ organ functions, anq the kidney
400-100,000 6(60%) 4 (40%) 2667 (0.212-33.486)  0.447 is the main regulator of magnesium (27,28).
>100,000 8 (53%) 7 (47%) 3.500 (0.313-39.153) 0.309 In mammals, the magnesium ion plays an
Nephrotic syndrome . . .
No 16(80%) 4 (20%) 1.000 important role, §|nce the mtragellular Ieyel
Yes 4(50%)  4(50%)  4.000 (0.684-23.406)  0.124 of free magnesium regulates intermediary
Radiocontrast metabolism, DNA/RNA structure, DNA/RNA
No 16 (64%) 9 (36%) 1.000 ; :
Yes 14(48%) 15(52%) 1905 (0.638-5689) 0245  Synthesis, cell growth, cell reproduction,
Need for dialysis membrane structure, potassium transport,
No 22 (67%) 11 (33%) 1.000 calcium ion transport, signal transduction
Yes 8(38%) 13 (62%) 3.250 (1.039-10.162)  0.043 modulation, fat synthesis, and protein
ICU admission o) . ’ )
No 20(77%) 6 (23%) 1.000 syntheS|s (27-29). Slnce the ad_enosme
Yes 10 (36%) 18 (64%) 6.000 (1.815-19.837)  0.003 triphosphate-magnesium complex is bound
Hyponatremia and then hydrolyzed by enzymes, mag-
No 13 (62%) 8 (38%) 1.000 L factor f t ad .
Yes 17(53%) 15(47%)  1.434(0.467-4.401)  0.529 nesium Is a cotactor for most adenosine
Hypokalemia triphosphates (28,29).

No 18 (60%) 12 (40%) 1.000 It has been shown that hypomag-
Yes 12 (52%) 11 (48%) 1.375 (0.459-4.117) 0.569 L sk factor for AKI (22). d
Hypomagnesemia nesemia is a risk factor for (22). de

No 18 (78%)  5(22%) 1.000 Araujo et al. (22) demonstrated that AZT
Yes 7(39%)  11(61%) 5.657 (1.436-22.286)  0.013 induces a decrease in glomerular filtration
Dehydration . . .
No 19(51%) 18 (49%) 1.000 rate and in rengl blood flow in rat_s with
Yes 11(65%)  6(35%)  0.576 (0.176-1.884) 0.361 hypomagnesemia. Hypomagnesemia also
Seﬁlsis 24G6%) 4 (14%) © 000 predisposes to AZT nephrotoxicity (21).
o ) o . . .. .
Yes 6(23%) 20 (77%)  20.000 (4.945-80.894)  0.000 Therefore, chronic administration of AZT
Nephrotoxic drugs can produce AKI in AIDS patients with hy-
No 1(61%) 7 (39%) 1.000 pomagnesemia. de Araujo et al. (22) also
Yes 18 (51%) 17 (49%) 1.484 (0.467-4.718) 0.503

OR = odds ratio estimated by univariate logistic regression; HAART = highly active
antiretroviral therapy; ICU = intensive care unit. For each variable: OR = 1.000
indicates the reference category. For certain variables, the total number of patients

is less than 54 due to missing data.

www.bjournal.com.br

showed that magnesium supplementation
protects against postischemic AKI. These
investigators found that renal blood flow in
ischemic rats receiving magnesium supple-
mentation is comparable to that observed in
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Table 5. Final results of the multivariate analysis of sociodemographic and clinical charac-

teristics associated with mortality.

M.S. Biagioni Santos et al.

The relationship between hy-
pomagnesemia and mortality has
been well described. Rubeiz et al.

Characteristic Beta+ SEM  Wald test (d.f. = 1) OR (95%Cl) P (34) reported that mortality rates
- were nearly twice as high in hypo-
Hypomagnesemia magnesemic patients as in patients
No 0 1.000 presenting normal serum levels of
Sepsis onstrated that developing ionized
No 0 1.000 hypomagnesemia during an ICU
Yes 2.762 £ 0.919 9.041 15.827 (2.616-95.774) 0.003 stay correlated with a poor progno-
Constant -2.873 £ 0.909 9.994 - 0.002 sis. However, there are no available

d.f. = degrees of freedom; OR = odds ratio estimated by multivariate logistic regression.
For each variable: OR = 1.000 indicates the reference category. In addition to these vari-
ables, the initial multivariate model included time since HIV seroconversion, highly active
antiretroviral therapy, nephrotic syndrome, need for dialysis, electrolyte disturbances, de-

hydration, and sepsis.

nonischemic rats. It is known that hypomagnesemia leads
to hypertension, atherogenesis and stroke, although the
mechanisms involved remain ill-defined (30).

It has also been shown that patients with hyperten-
sion, ischemic heart disease or stroke exhibit significant
magnesium depletion (31). Recent in vitro studies of aortic
and cerebrovascular smooth muscle cells from humans,
rats and dogs have demonstrated that reductions in serum
magnesium levels to below those considered normal induce
the expression of at least two proto-oncogenes (c-fos and
c-jun), as well as of the nuclear factor-kappa B (NF-kB)
transcription factor (30). Since it is known that mRNA
expression of c-fos, c-jun and NF-kB increases after renal
ischemia/reperfusion, these factors might also be involved
in the pro-inflammatory and oxidative renal processes
(32). Renal ischemia-induced hypomagnesemia might be
associated with up-regulation of proto-oncogenes and of
NF-kB. In various cells, including peripheral blood mono-
nuclear cells, magnesium is involved in myriad reactions
and functions: enzymatic reactions, operation of channel,
receptor and intracellular signaling molecules, as well as
nucleic acid and protein conformation (27,33). Here, we
have demonstrated for the first time that hypomagnesemia
is a risk factor for mortality and for nonrecovery of renal
function in AIDS patients.
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