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Abstract
Background: Nucleoside analogues such as Didanosine
and Stavudine are known to cause metabolic and body
habitus changes during antiretroviral therapy. The
most frequently observed are lactic acidosis, hypercho-
lesterinaemia, hypertriglyceridaemia and lipodystrophy.
Methods: Over one year we monitored a cohort of  43
patients who switched from either Stavudine, Didano-
sine or the combination of  both to Tenofovir. A
group of  11 patients was kept on their original regi-
men and acted as control group. Blood samples were
taken every 3 months from baseline, anthropometric
measurements were performed at baseline, after 6 and
12 months. 
Results: During observation the levels of  lactic acid
and cholesterol decreased significantly in the switch
group while virologic and immunologic efficacy re-
mained stable. Serum creatinine levels rose significant-
ly in patients switched to Tenofovir, but remained
within physiological limits. The mean skin fold thick-
ness increased significantly by 1.8 mm in the switch
group after 6 months (p ≤0.001 - p = 0.032).
Conclusion: These results implicate an improvement of
lipid profiles, serum lactate and lipodystrophy in HIV-
positive patients after switch to Tenofovir. As a mod-
erate increase in serum creatinine levels was observed,
the renal function of  patients on a Tenofovir-based
regimen should be monitored closely.

Key words: Tenofovir, Stavudine, Didanosine, switch,
lipodystrophy, cholesterol, triglycerides, lactate, hba1c,
uric acid, nucleoside analogues, renal function

INTRODUCTION

Since the introduction of  highly active antiretroviral
therapy (HAART) in the treatment of  HIV-infection
in the late 1990s the toxicity of  drugs has become an
increasingly important issue in HIV-therapy. Due to
decreased morbidity and mortality [12, 28] patients ex-
perience long term adverse effects of  antiretroviral
therapy now that were unknown or negligible before. 

Amongst these adverse effects, hypercholesteri-
naemia and hypertriglyceridaemia have to be highlight-
ed due to their frequency as well as lactic acidosis for
its potentially life threatening consequences. While
acute severe lactic acidosis (>10mmol/l) is associated
with a mortality of  approximately 80% [5, 6, 13], hy-

percholesterinaemia and hypertriglyceridaemia may in-
crease the long term risk for myocardial infarction and
vasculopathy in this population [9, 14, 25-27]. Another
relevant side effect of  antiretroviral drugs is represent-
ed by the lipodystrophy syndrome, which is aestheti-
cally disturbing and may affect patient’s adherence. 

Nucleosidic Reverse Transcriptase Inhibitors (NRTI)
as well as Protease Inhibitors (PI) were observed to
cause metabolic and anthropometric alterations [15,
22]. The NRTIs didanosine and stavudine are known
to cause the most significant changes in lactic acid lev-
els and lipid profiles [3, 16, 31]. Recent studies suggest
that the nucleotidic reverse transcriptase inhibitor
tenofovir seems to cause less metabolic changes/
lipodystrophy or could even ameliorate these effects
[15, 21].

METHODS

PATIENTS

In our open label, not randomised, prospective study
we monitored the metabolic and anthropometric
changes of  43 patients after substituting only teno-
fovir DF for either stavudine (n = 16), didanosine (n
= 9), or stavudine in the combination of  both (n = 18)
without any other drug substitution during the entire
follow-up. A control group of  11 patients remained
on their previous regimen containing stavudine (n = 7)
or stavudine and didanosine (n = 4). Data for this
study was collected from February 2003 to August
2004 in the Department of  Infectious Diseases, Uni-
versity of  Munich, Germany. Eligible patients were
HIV-infected, immunologically stable adults receiving
triple antiretroviral therapy including stavudine and/or
didanosine, who had a stable viral load < 2000
copies/ml at baseline, and suffered a NRTI toxicity
that caused the replacement from stavudine and/or di-
danosine to tenofovir in routine clinical practice. All
patients gave written informed consent. The study was
approved by institutional ethic committees. Exclusion
criteria were a documented resistance or incompatibili-
ty to tenofovir DF, liver cirrhosis, acute viral hepatitis,
chronic renal impairment or serum-creatinine over 1.4
mg/dl. 

Blood samples were taken at baseline, after 1, 3, 6, 9
and 12 months. Samples were analysed for CD4 cell
count, HIV-1 viral load, cholesterol, LDL, HDL,
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triglycerides, HbA1c, uric acid, lactic acid, serum crea-
tinine and phosphate. Skin fold thickness (maxillary,
upper arm, forearm, pectoral, abdominal, thigh and
lower leg) as well as circumference of  limbs and hips
were measured at baseline, after 6 and 12 months as
previously described in literature [31]. 

The estimated glomerular filtration rate (GFR) was
calculated using the Modification of  Diet in Renal
Disease (MDRD) equation incorporating age, race, sex
and serum creatinine levels [20].

LABORATORY MEASUREMENTS

Serum levels of  total cholesterol, HDL-C, LDL-C and
triglycerides were measured after a fasting period of
10-12 hours with routine essays (GPO/PAP-method
(triglycerides), CHOD/PAP-method (cholesterol), ho-
mogeneous enzymatic precipitation (HDL/LDL)). In
values of  TG < 300 mg/dl LDL-C was calculated us-
ing the Friedewald equation. In every control com-
plete standard haematology and biochemistry analysis
were also performed, as well as CD4 lymphocyte
count and plasma HIV viral load.

STATISTICS

Data was collected using a Microsoft Excel database
and transferred to SPSS for further statistical analysis.
The results of  continuous variables are presented as
the median absolute value with 95% confidence inter-
vals (CI). Mann-Whitney U Test was used as appropri-
ate for comparisons of  quantitative variables, with sig-
nificance levels placed at p < 0.05.

RESULTS

Baseline characteristics of  the 54 patients are shown in
Table 1. Reasons for switching therapy from didano-
sine/stavudine to tenofovir (>1 reason may apply per
patient) included hypercholesterinaemia (27 patients),
hypertriglyceridaemia (32 patients) and lipodystrophy
(19 patients). One patient received concomitant lipid-
lowering therapy before entering the study, in two pa-
tients it was added after 6 months. Nevertheless, com-
putation taking this into account as a possible con-
founding factor showed that the results were not influ-

enced in.
IMMUNOLOGICAL AND VIROLOGICAL OUTCOME

At the time of  the switch, the mean CD4+ T cell
count was 454 cells/mL (range, 107–993 cells/mL),
and CD4+ T cell counts remained stable throughout
the 12 months following the switch to tenofovir 
without significant change in and between both
groups. However a tendency to higher CD4 
cell counts was noticed in the switch group. The 
median plasma viral load was <50 copies/mL at 
the time of  switch, with 46 patients (85.2%) having 
a load of  <50 copies/mL. The proportion of  
patients with a plasma viral load of  <50 copies/mL
increased to 88,4 % 12 months after switching to
tenofovir.

METABOLIC CHANGES

The serum cholesterol level in the switch group de-
creased significantly over the time monitored 
(p = 0.035 at month 12). Regarding the sub groups,
patients switching from stavudine to tenofovir benefit
the most from the new regimen. For patients 
substituting didanosine no significant change in 
cholesterol could be observed. Changes in the 
control group were not significant (p = 0.912 at
month 12). 

Levels of  lactic acid decreased significantly in the
switch group in month 6 and 9 (p = 0.029, p = 0.028)
whereas no changes in lactic acid levels could be
found in the control group (p = 0.168).

A significant decrease of  uric acid was noticed in
the switch group from month 3 on (p ≤0.001 - p =
0.012), whereas the control group showed no change.

We found an increase of  HbA1c levels in the switch
group. From month 6 on it was significant (p ≤0.001 -
p = 0.016). This is noticeable because a change of  nei-
ther glucose nor insulin levels was observed in this
group.

No significant changes could be observed for LDL
cholesterol levels and triglyceride levels (though there
was a tendency to lower triglyceride levels in the
switch group). HDL cholesterol levels decreased sig-
nificantly after first 6 months in patients switched
from stavudine to tenofovir (p = 0.003), but returned
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Table 1. Baseline characteristics of the 54 patients.

Median age [years (range)]                                                                                46 (25-71)
Male sex [n (%)]                                                                                                     38 (70)
Median CD4 cell count [/µl]                                                                                       454
Patients with HIV-RNA <50 copies/ml [n (%)]                                                 46 (85,2)
Patients with HIV-RNA <400 copies/ml [n (%)]                                                  50 (93)
Mean Stavudine and/or Didanosine exposure length [years]                              3,3 (1-6)
Patients with cholesterol >220 mg/dl [n (%)]                                                       27 (50)
Patients with triglycerides >200 mg/dl [n (%)]                                                      23 (43)
Patients with triglycerides >500 mg/dl [n (%)]                                                        9 (17)
Patients receiving lipid lowering therapy [n (%)]                                                       3 (6)
Patients with lipodystrophy [n (%)]                                                                       19 (35)



to baseline values after 12 months. Analysis of  anti-
retroviral combiantion compounds did not show spe-
cific patterns explaining according to concomitant an-

tiretrovirals (data not shown).
Serum creatinine levels increased significantly after

1, 3, 9 and 12 months in the switch group (p ≤0.001 -
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Table 2. Metabolic changes over one year.

Group                                          Switch       Control     Switch       Control     Switch       Control     Switch               Control

Outcome                                               Baseline                     6 months                   12 months            P month 6 / P month 12

Mean total cholesterol mg/dl       228.56        224.27       205.73       232.00        203.69       227.44         0.036 / 0.035       0.871 / 0.912
Mean HDL cholesterol mg/dl       45.18          45.91         39.36         50.00          43.43         46.63         0.003 / 0.766       0.605 / 0.331
Mean LDL cholesterol mg/dl      129.25        130.11       123.83       136.88        116.45       131.17         0.114 / 0.165       0.546 / 0.315
Mean triglycerides mg/dl             342.64        244.00       234.65       230.22        223.51       184.00         0.339 / 0.268       0.951 / 0.240
Mean HbA1c %                               5.131          5.430         5.463         5.438          5.514         5.383     <0.001 / 0.016       0.204 / 0.426
Mean uric acid mg/dl                       5.74           5.47           5.041         6.220          4.903         5.480     <0.001 / 0.001       0.875 / 0.252
Mean lactic acid mmol/l                  1.839          1.664         1.463         1.600          1.472         1.513       0.029 / 0.055       0.678 / 0.603
Mean serum creatinine mg/dl          0.818          0.845         0.833         0.844          0.9             0.889       0.736 / <0.001    0.282 / 0.347
Mean serum phosphate mg/dl         2.70           2.76           2.735         2.843          2.776         2.760       0.463 / 0.755       0.580 / 0.716

Fig. 1. 95% Cl for cholesterol mg/dl.

Fig. 2. 95% Cl or lactic acid mmol/l.



p = 0.031). However the mean raise of  creatinine lev-
els was maximal 0.07 mg/dl and mostly remained
within the physiological range. The estimated glo mer -
ular filtration rate showed a significant decrease (97.2
to 88.4 ml/min/1.73m2; p<0.01) for patients switched
from stavudine to tenofovir as well as for patients
switched from stavudine/didanosine to tenofovir
(103.7 to 94.1 ml/min/1.73m2; p<0.05). Body weight
did not change significantly in either group and did
not influence the calculation of  GFR. As an early in-
dicator of  renal tubular toxicity serum phosphate did
not show any significant change during 12 months (p
= 0.076).

ANTHROPOMETRIC OUTCOMES

The measurements of  body circumferences could not
show any significant changes neither in the switch nor
in the control group. In contrast, the measuring of
skin fold thickness provided significant increases in

the switch group after 6 months (p = <0.001 - p =
0.032 at month 6). In particular maxillar skin folds
and those on the limbs showed significant increases
(maxillar: p ≤0.001, limbs: p = <0.001 - p = 0.032),
whereas abdominal and pectoral skin fold thickness
increased insignificantly (p = 0.274 - p = 0.302).

DISCUSSION

In this study patients were not switched to a new regi-
men because of  virologic or immunologic failure but
due to expected or already occurred adverse effects of
therapy. Therefore as expected, efficacy of  viral sup-
pression and immunologic competence remained sta-
ble after therapy change. The results, which do not
show any significant difference in CD4 cell count or
viral load from the switch to the control group, align
with other studies that approve a similar immunologic
and virologic efficacy for tenofovir as for established
antiretroviral drugs [15]. In terms of  efficacy a switch
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Fig. 3. 95% Cl for uric acid mg/dl.

Fig. 4. 95% Cl for HbA1c %.



from didanosine or stavudine to TDF seems to be safe.
Dyslipidaemia as an aspect of  lipodystrophy syn-

drome is very common in patients receiving HAART
including NRTIs or PIs. It mainly appears as a rise of
triglycerides and/or total cholesterol. In a study with
more than 1600 patients a significantly augmented
and earlier incidence of  hypercholesterinaemia was
observed in patients using stavudine [17]. In compari-
son with this, regimens including tenofovir did not
show episodes of  elevated cholesterol levels. In view
of  the elevated cardiovascular risk of  patients with
drug induced dyslipidaemia [9, 14] a therapy switch
seems to be a possible solution for lowering patients
serum lipids. Thus in a cohort of  heavily pretreated
patients with hypercholesterinaemia and hypertriglyc-
eridaemia a switch from stavudine to tenofovir caused
a significant decrease of  dyslipidaemia already after 12
weeks [10]. Also in our trial we observed a significant
decrease of  total cholesterol in the group with switch
from stavudine and/or didanosine to tenofovir (p =
0.036 after 6 months, p = 0.035 after 12 months). The
significance for the entire switch group is based par-
tially on highly significant decreases in the sub group
with switch from stavudine to tenofovir (p = 0.003 - 
p = 0.007). The decrease of  serum cholesterol in 
the other switch sub groups was not statistically 
significant though there was a trend to lower choles-
terol levels. We achieved similar result for LDL-
cholesterol. Decreases were only significant in the
switch sub group with switch from stavudine to 
tenofovir. HDL-cholesterol levels decreased signifi-
cantly over 6 months after the switch (p = 0.003 - p =
0.031) and returned to baseline values after 9 and 12
months. The metabolism of  this remains to be inves-
tigated. Unlike other studies we did not find a reduc-
tion of  triglyceride levels in the switch group (p =
0.217 - p = 0.612). Triglycerides in the control re-
mained stable.

As tenofovir has a lower affinity to mitochondrial γ-
polymerase, we expected reduced mitochondrial toxic-
ity after the switch resulting in lower lactic acid levels.
In vitro-tests with human liver cells showed a signifi-
cantly lower production of  lactic acid in cells treated
with tenofovir (+20%) than for cells treated with e.g.
Zidovudine (+200%) [2]. In our patients a decrease of
lactic acid serum levels was observed, that was signifi-
cant after 6 and 9 months (p = 0.029, p = 0.028, mean
decrease 0.31 - 0.35 mmol/l). Levels of  lactic acid did
not change in the control group.

The values of  uric acid decreased significantly in
the switch group from month 3 on. The most likely
explanation for this effect is that Diadnosine has a
well known side-effect of  uric acid elevation. Mean
uric acid levels were elevated before the switch so a
slight decrease can also be taken as a benefit.

We could observe a significant increase of  HbA1c
values in the switch group from month 6 on (p
≤0.001 - p = 0.016) without a coexistent change in
serum glucose or insulin levels. An isolated increase
of  HbA1c values without an increase in serum glu-
cose or change of  other diabetes markers can not be
explained with glucose intolerance or prediabetes un-
der HAART. Inaccuracy of  HbA1c measurement in
HIV-infected patients is described in the literature as

result of  haemolytic side effect of  other drugs. But in
these cases lower HbA1c levels were measured be-
cause of  a reduced lifespan of  erythrocytes and asso-
ciated lower exposure of  haemoglobin to high serum
glucose concentrations [29]. In other trials an isolated
increase of  HbA1c values was found that was nega-
tively correlated with CD4 cell count and positively
correlated with serum-ferritin values [19, 30]. As these
studies were conducted before the HAART era anoth-
er mechanism than drug toxicity seems supposable. It
was discussed if  HIV-positive patients, whose im-
mune system is confronted with a multitude of  infec-
tious agents, have an elevated serum iron emergence
as consequence of  the degradation of  these agents.
Other studies showed, that raised glycosilation of
haemoglobin follows this constellation. In our pa-
tients no correlation between HbA1c levels and CD4
cell counts could be found, serum-ferritine was not
determined. So a coherent conclusion about elevated
HbA1c levels after switch to tenofovir can not be giv-
en at this point.

First studies concerning efficacy and adverse effects
of  Tenofovir did not show any severe renal toxicity of
this agent [1, 15, 32]. Several papers describe renal im-
pairment and tubular dysfunction in patients receiving
Tenofovir [4, 7, 8, 11]. To date, it is not yet clear from
the literature or our results whether the observed initial
decline in GFR during the first 12 months of  therapy
will continue or whether it will reach a plateau [33]. In
our patients we could find a significant increase of
serum creatinine levels with a mean increase of  0.026
to 0.071 mg/dl (p ≤0.001 - p = 0.031). The estimated
GFR decreased significantly in the stavudine switch
group. These observation are in accordance with oth-
ers, that found a decreased GFR after switch to Teno-
fovir [18] which also remained in physiological limits.

Lipoatrophy as an aspect of  lipodystrophy syn-
drome is very common in patients treated with stavu-
dine over a longer period. Former Studies proved that
a switch from stavudine to other NRTIs could lead to
a clinical improvement of  lipoatrophic changes [23,
24]. In our patients there was a statistically significant
increase of  skin fold thickness of  average 1.8 mm in
the switch group after 6 months. Unfortunately these
measurements were only conducted with 8 patients at
month 12. So no more significant results could be
found at this point. Moreover the method used is sus-
ceptible to errors. Various examiners have different
ways of  measuring with the calipermeter and results
are often more an estimation of  skin fold thickness. In
our study an inter-investigator difference can be ex-
cluded due to the fact that all measurements were tak-
en by the same person.

In conclusion a substitution of  stavu-
dine/didanosine to tenofovir may reverse dyslipi-
daemia in HIV-treated patients while immunologic and
virologic efficacy remains stable. This is the first study
to show also significant changes of  serum-lactate, uric
acid and HbA1c. On the other hand keeping track of
the renal function of  patient is obligatory. A positive
effect of  a therapy switch on lipodystrophic changes
seems possible but must be observed more closely.
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