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Abstract
Objectives: The aim of the study was to evaluate the effect of lamivudine on the erythrocyte mean corpuscular volume. 

Methods: We conducted a retrospective evaluation of the mean corpuscular volume in patients prescribed lamivudine, and a comparison group of 
patients not taking lamivudine or other NRTIs known to affect the MCV, using electronic patient records from a single UK centre.

Results: A total of 456 patients whilst on lamivudine were compared to 483 patients not having taken lamivudine. The mean MCV in the lamivudine 
group was 94.1 (83-100 fl)., which was statistically significantly higher than that in patients not taking lamivudine, 91.6 fl, including those taking 
emtricitabine (p-value<0.0001). Of patients prescribed lamivudine, 49 (10%) developed a clinically significant macrocytosis, with an odds ratio for 
macrocytosis of 3.3 compared to patients not taking lamivudine. The effect of lamivudine on MCV was independent of patient age, sex, ethnicity, 
and weight, dose of lamivudine or duration of therapy with lamivudine. A similar, but lesser, effect was seen with emtricitabine.

Conclusion: This study suggests that lamivudine causes an increase in the mean corpuscular volume of erythrocytes, and that this is sufficient to 
cause a clinical macrocytosis in 10% of patients. This is of clinical relevance for practitioners managing patients prescribed lamivudine, in guiding 
the need for investigating macrocytosis.  
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Introduction
It is known that thymidine analogues of the nucleoside reverse transcriptase 

inhibitor (NRTI) drug category, particularly stavudine and zidovudine, caused 
an increase in the mean corpuscular volume (MCV) of erythrocytes, and this 
can be sufficient to cause macrocytosis [1]. Newer NRTIs, often of the non-
thymidine class, such as lamivudine, are now more frequently used as the 
backbone for antiretroviral drug regimens. The evidence regarding the effect 
of these NRTIs on MCV is less well established. Three prior studies have 
suggested an increase in MCV with lamivudine [2-4], whilst another study 
showed no significant effect [5]. These studies have examined small numbers 
of patients only and results are difficult to interpret as patients were frequently 
co-prescribed other NRTIs known to affect the MCV. 

Lamivudine is being increasingly used in dual antiretroviral therapy as a 
result of recent studies [6]. It is therefore clinically important to understand the 
effect of lamivudine on MCV, as this will guide investigations in patients found 
to have macrocytosis while taking lamivudine. 

Aim
The aim of this study was to assess the mean corpuscular volume of 

erythrocytes in patients taking lamivudine, when the effects of other NRTIs and 
other biochemical or haematological factors affecting the MCV were excluded.

Research Methodology
Using anonymized data from the electronic records of patients at a single 

urban UK centre, we selected patients who had been prescribed lamivudine 
as part of anti-retroviral therapy between 2000 and 2019, and analysed their 
most recent full blood count whilst taking lamivudine. We then compared these 
results with those of a randomly selected comparison group of patients who 
were not taking lamivudine or any other NRTI previously known to affect MCV.  

Patients were excluded from the lamivudine group if they had been 
prescribed azidothymidine, emtricitabine, zidovudine or stavudine concurrently. 
Patients who had taken lamivudine for less than 3 months, or who had not had 
a full blood count (FBC) after more than 3 months on lamivudine, were also 
excluded as it is likely that the greatest impact on MCV occurs after 3 months, 
reflecting the lifespan of the erythrocyte [7]. Patients with an abnormally high 
or low MCV were excluded if there were other biochemical or haematological 
factors which could alter the MCV. Patients with a low MCV (< 83 g/dL) were 
excluded if they had evidence of iron deficiency within the last year, or were 
known to have a haemoglobinopathy. Patients with an abnormally high MCV (> 
100 g/dL) were excluded if they had evidence of B12 or folate deficiency within 
the last year, active hypothyroidism with a raised TSH within the last year, or 
were known to drink alcohol to excess as recorded in HIV record. 

A comparison group was created from patients randomly selected from 
the electronic record. The same exclusions as above were applied. In addition, 
patients who were currently taking lamivudine, azidothymidine, zidovudine 
or stavudine or had stopped taking these medications less than 12 months 
previously were excluded. Patients taking emtricitabine were included, as 
there is little evidence that this NRTI affects the MCV (1) – this group was later 
examined further. 

Results
In total, 579 patients had been prescribed lamivudine between 2000 
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and 2019. Eighty-eight patients were excluded due to either incomplete data 
regarding the dates of lamivudine therapy, total time on lamivudine of less than 
3 months, or lack of full blood count after more than 3 months on lamivudine. 
Twenty of 27 patients with abnormally low MCV (<83 g/dL) were excluded – 7 
iron deficiency and 13 haemoglobinopathies. 15 of 64 patients with abnormally 
high MCV were excluded – 4 folate deficiency, 1 active hypothyroidism and 
10 alcohol excess. After exclusions, 456 patients remained in the lamivudine 
group. After similar exclusions, 483 remained in the comparison group. 

Demographics of the two groups were compared, including age, sex, 
ethnicity, and HIV risk group, and there were no significant differences between 
the groups (Table 1).

The majority of the comparison group (87.0%) were taking combination 
therapy containing emtricitabine. We therefore further subdivided the complete 
comparison group (Group 2) into patients taking emtricitabine (Group 3) and 
patients not taking emtricitabine (Group 4). 38% of patients in group 4 were 
prescribed either tenofovir or abacavir and the remainder were not taking any 
NRTI.  

The mean MCV in the lamivudine group (group 1) was 94.1 and in group 
2 were 91.6. Using the independent t-test, there was a statistically significant 
difference between the MCV of the lamivudine group, and each of the three 
other groups (Table 2).

It is notable that there is a greater difference in the mean MCV between 
the lamivudine group and group 4 compared to that between the lamivudine 
group and group 3. There was also a statistically significant difference in the 
mean MCV of group 3 and group 4 (difference -2.04 with p-value 0.002). This 
suggests that emtricitabine, which is structurally similar to lamivudine, may 
also have an effect on MCV, albeit it to a lesser degree than lamivudine.  	

There was no difference in mean MCV when either group data was 
subdivided by age groups, ethnicity or sex. Lamivudine drug levels are not 
routinely measured in clinical practice, but there was no difference in mean 
MCV between patients prescribed different doses of lamivudine (either 150 mg 
or 300 mg), and no correlation between patient weight and MCV, including when 
subdivided by gender. In the control group, there was no difference between 
mean MCV in patients who had or had not previously taken lamivudine or other 
NRTIs affecting MCV.

Forty-nine patients, or 10.7%, of the lamivudine group had an MCV of 
greater than 100 g/dL and therefore were in the macrocytic range. The odds 

ratio for macrocytosis was 3.3 for group 1 compared to group 2.  There were no 
differences apparent in the demographics of the macrocytic patients compared 
to the lamivudine group as a whole, including in weight, duration on lamivudine, 
or dose of lamivudine.

Discussion
This study provides evidence to suggest that lamivudine increases the 

mean corpuscular volume of erythrocytes, and that this is sufficient to cause 
macrocytosis in 10% of patients. It also indicates that emtricitabine may have 
a similar effect on MCV, although the increase in MCV is less marked than that 
with lamivudine. 

There are no recent studies on lamivudine and MCV. Prior study results 
are often difficult to interpret due to concurrent use of other NRTIs, small 
sample sizes and lack of exclusion of other factors affecting the MCV, such 
as nutritional deficiencies, haemoglobinopathies, hypothyroidism or excess 
alcohol use.  

In 2002, Steele assessed the degree of rise in MCV above baseline from 
initiation of antiretroviral therapyand found a significant rise in the 8 patients 
studied who had been prescribed lamivudine without azidothymydine or 
stavudine [3]. Diop in 2006 assessed MCV as part of a study assessing the 
reliability of HbA1c in patient’s prescribed anti-retroviral therapy, and found that 
macrocytosis was associated with lamivudine, although a significant proportion 
of these patients were also prescribed other NRTIs affecting the MCV [4]. 
Kwachorenporn conducted a retrospective study in 2007 with a population of 
60 patients and showed that lamivudine use was associated with increased 
likelihood of macrocytosis [2]. However, the numbers in this study are small, 
with only 21 patients prescribed lamivudine, and it is unclear how many of 
these were macrocytic.  

Petersen in 2005 followed the MCV in patients during treatment with 
different anti-retroviral medications and found no clear evidence of lamivudine 
causing increase in MCV, although it did cause a small but nonsignificant 
increase when added to zidovudine or stavudine monotherapy. However, 114 
of 139 patients on lamivudine were again concurrently prescribed zidovudine 
or stavudine, which are both known to cause macrocytosis. 

A key problem in the majority of studies has been isolating the effect of 
lamivudine from that of other NRTIs concurrently prescribed. This study has 

Table 1: demographics.

Lamivudine group 
(group 1) (total 456) Total comparison group (group 2) (total 483)

N _ (%) N _ (%)
Sex at birth:

Male 
Female

319 (70)
137 (30)

370 (77)
113 (23)

Age:
18-29
30-44
45-59
60-74
>75

38 (8)
141 (31)
206 (45)
61 (13)
10 (2)

17 (4)
187 (39)
212 (43)
58 (12)

9 (2)
Ethnicity:

White British
Black 
Other

253 (56)
113 (25) 
90 (20)

273 (57)
114 (24)
96 (20)

Risk group:
Heterosexual 

Men who have sex with men
Other

206 (45)
218 (48)

32 (7)

221 (46)
231 (48)

31 (6)
Duration of time on treatment

Mean (months) 
Median (months)

34
24

27
16

Duration on treatment before MCV
Mean (months)

Median (months)
31
20

21
10
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attempted to address this problem by creating a large population of patients 
taking lamivudine without other conflicting NRTIs, now that this is a common 
prescribing practice in antiretroviral therapy. It remains difficult to create the 
ideal comparison group of patients who are not taking any NRTIs with a possible 
impact on MCV, although we have attempted to address a potential effect of 
emtricitabine by dividing the control group into patients by emtricitabine use. 
There remain patients in all groups taking tenofovir or abacavir, although an 
effect on MCV has not been attributed to either of these NRTIs [1].  

There are a number of strengths to this study. The dataset is large in both 
groups, although the subgroup of patients not taking any NRTI is smaller due 
to the lower numbers of patients on these regimens. A number of potentially 
conflicting factors have been addressed, including other factors affecting the 
MCV, patient weight, and dose of medication. These factors have previously 
not been addressed in any of the above mentioned studies [2-5].  

The main weakness of the study is the retrospective nature of the data 
collection. This was necessary to form study groups of adequate size and 
ensure that data was collected at the appropriate time points. This should 
be counteracted by the large number of prospective patients in the study.  
In addition to this we do not have accurate data on alcohol consumption.  
However, this is often variable and not accurately reported and so it is unlikely 
that many studies would be able to allow for this. 

Some data is lacking for haematinics, as not all patients with macrocytosis 
had haematinics tested within 12 months of the FBC. Of the 49 macrocytic 
patients taking lamivudine after exclusions, 37 had normal folate and B-12 
levels demonstrated within 12 months of the abnormal MCV. 12 patients had 
not had haematinics within 

12 months. However, of these, 6 had had normal haematinics within 3 
years of the abnormal MCV and the remaining 6 had MCVs only mildly elevated 
with mean MCV in these 6 patients 100.9. This suggests that undiagnosed 
B-12 or folate deficiency is unlikely to be a significant factor. 

A final note is that this study does not offer a hypothesis for the mechanism 
of lamivudine in causing an increase in erythrocyte MCV. One mechanism 
proposed in previous literature for zidovudine and stavudine is that these drugs 
bind non-selectively to both the HIV reverse transcriptase and the human 
DNA polymerase. Interference with cell DNA synthesis may lead to delayed 
synthesis of erythrocyte precursors and slower nuclear maturation, resulting 
in macrocytosis [8]. There may also be some contribution from the inhibitory 
effect of NRTIs on the function of erythrocyte mitochondria [9].

Conclusion 
This study provides evidence to suggest that lamivudine causes an 

increase in the mean corpuscular volume of erythrocytes, and that this leads 
to macrocytosis in approximately 10% of patients.  This is independent of age, 
sex, ethnicity, and weight and lamivudine dose. The study additionally suggests 
that emtricitabine can also increase the MCV, although to a smaller degree 
than lamivudine and with less patients reaching the threshold for macrocytosis. 
These findings are of clinical relevance, especially with increasing usage of 
lamivudine in dual regimes.
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