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Objectives
To investigate factors that predict speed of recovery and long-term CD4 cell count in HIV-1
seroconverters initiating combination antiretroviral therapy (cART), and to quantify the influence
of very early treatment initiation. We make use of all pre-treatment CD4 counts, because analyses
using only a single observation at initiation may be subject to biases.

Methods
We used data from the CASCADE (Concerted Action on SeroConversion to AIDS and Death in
Europe) multinational cohort collaboration of HIV-1 seroconverters. We analysed pre- and post-
treatment data of patients with seroconversion dates estimated January 2003–March 2014
(n = 7600 for primary analysis) using a statistical model in which the characteristics of recovery in
CD4 counts are determined by multiple predictive factors. Secondary analyses were performed
incorporating uncertainty in the exact timing of seroconversion to allow more precise estimation
of the benefit of very early treatment initiation.

Results
‘True’ CD4 count at cART initiation was the strongest predictor of CD4 count beyond 3 years on cART.
Allowing for lack of complete certainty in the date of seroconversion, CD4 recovery was more rapid for
patients in whom treatment was initiated within 4 months. For a given CD4 count, higher viral load
(VL) at initiation was strongly associated with higher post-treatment CD4 recovery. For other patient
and drug characteristics, associations with recovery were statistically significant but small in magnitude.

Conclusions
CD4 count at cART initiation is the most important factor in predicting post-treatment recovery,
but VL provides substantial additional information. If cART is initiated in the first 4 months
following seroconversion, recovery of CD4 counts appears to be more rapid.
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Introduction

Observational studies have consistently found that, for

HIV-1 positive patients initiating combination antiretro-

viral therapy (cART), higher CD4 cell counts at baseline

are associated with higher CD4 count levels after several

years of treatment [1–6]. It is also known that early initi-

ation of treatment in HIV-1 positive patients leads to a

large reduction in both AIDS and serious non-AIDS

events [7,8], leading to the consensus recommendation of

immediate initiation of cART [9,10]. However, there is

still a clinical motivation to develop a better understand-

ing of factors that predict the characteristics of CD4

recovery, because for some patients viral suppression

does not translate into full CD4 recovery [11]. Previous

studies have been conducted with analyses conditional

on a single CD4 count at treatment initiation ignoring

any prior observations, which may be subject to biases

linked to the inherent measurement error and the fact

that the decision to initiate treatment may have been

based on the observed value [12].

There is some evidence that initiation of cART close to

the date of HIV-1 infection is associated with a higher level

of CD4 recovery than that expected by the baseline CD4

cell count alone. Le et al. [13] reported that, among

patients with a baseline CD4 count < 500 cells/lL, those
who initiated cART within 4 months of their estimated date

of infection experienced substantially higher CD4 cell

levels over the first 4 years on treatment. Ding et al. [14]

also reported a more rapid initial increase in CD4 count for

patients in whom treatment was initiated within 2 months

of diagnosis of a recent infection. However, because inves-

tigating this issue requires observation of patients with

well estimated date of seroconversion, there is a need for

further evidence from large seroconverter cohorts.

Higher viral load (VL) prior to treatment also has been

found to be associated with better recovery in CD4 counts

from baseline [1,15,16]. However, we wished to investi-

gate the extent to which this association may be due to

the fact that, in people who have recently seroconverted,

high VL is a marker for a patient being closer to their

true date of seroconversion.

In this study we present results from a novel analysis

of the pre- and post-treatment CD4 data of a large data-

set of HIV-1 seroconverters, with the aim of assessing the

associations with CD4 response of all available relevant

patient and drug regimen characteristics within a single

statistical model. We also present an analysis in which

uncertainty in the exact date of seroconversion for each

patient is taken into account, with the aim of evaluating

the potential additional benefit conveyed by very early

treatment initiation and the timescale within which this

can be obtained. Our modelling approach makes use of

all pre-treatment CD4 count data, accounts for measure-

ment error in these observations, and does not rely on

the stratification of continuous predictors of post-treat-

ment recovery (i.e. grouping into arbitrary subsets). This,

in combination with the use of a large dataset of patients

with well estimated date of seroconversion, has enabled a

more comprehensive analysis of post-treatment recovery

in CD4 counts than has been reported previously in the

literature.

Methods

We fitted combined models [17] of pre- and post-treatment

CD4 counts to the full CASCADE (Concerted Action on

SeroConversion to AIDS and Death in Europe) within

EuroCoord (www.EuroCoord.net) cohort collaboration

dataset [18] of seroconverters up until March 2014.

Patients who have an interval between last negative and

first positive HIV-1 test < 3 years can be recruited into

this cohort collaboration. All cohorts contributing to

CASCADE received ethics approval from their individual

ethics review boards.

We restricted our analysis to patients with an estimated

date of HIV-1 seroconversion during or after 2003, with

this cut-off chosen to balance the needs for an adequate

number of patients and length of follow-up with the aim

for the analysis to reflect relatively modern treatment

regimes. Patients who started a regimen of antiretroviral

drugs that did not correspond to the definition of cART

given below were excluded, as were patients without

post-treatment CD4 count measurements. Those patients

without pre-treatment CD4 counts were not excluded,

because the ‘true’ baseline value can still be modelled

without this information. cART is defined as a regimen of

at least three drugs, with at least two different drug

classes (unless abacavir or tenofovir is used in a ‘3N’ reg-

imen with three nucleoside/nucleotide analogue reverse

transcriptase inhibitors (NRTI)), and regimens meeting

this general definition were further subdivided for analy-

sis. The nonnucleoside reverse transcriptase inhibitor

(NNRTI) regimen included regimens with at least one

NNRTI and at least two NRTI. The ritonavir-boosted pro-

tease inhibitor (r/PI) regimen included at least one r/PI

with at least two NRTI. The integrase strand transfer inhi-

bitor (INSTI) regimen included at least one INSTI with

any combination of NRTI, NNRTI and PI. Drug regimens

that met the general definition for cART, but not those

for the specific NNRTI, r/PI or INSTI regimens, were

grouped into an ‘other’ category.

These criteria resulted in a total of 8838 patients from

22 contributing cohorts. We were interested in evaluating
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the associations between response to cART and multiple

patient characteristics and so we also initially excluded

patients for whom no VL measurement was recorded

within 6 months before the start of cART (n = 910) and

those for whom the mode of infection was unknown

(n = 366). The resulting cohort for analysis included a

total of 7600 patients, with 39 225 pre-treatment and

61 487 post-treatment CD4 counts.

There was no hepatitis C virus (HCV) test recorded prior

to cART in a substantial proportion of patients in the

analysis cohort (1309 of 7600) and, as such, we included

these patients as a separate grouping in the analysis

along with those with a positive (n = 410) or negative

(n = 5881) HCV test (based on all available tests: anti-

body, b-DNA or RNA). Other patient characteristics

included in the analysis were sex, age at treatment initia-

tion and diagnosis of an AIDS-defining condition prior to

treatment.

The analysis was conducted according to drug regimen

at initiation of cART, without adjustment of treatment

indicators at change to regimen. We censored follow-up

at recorded interruption of cART for more than 1 week,

but have not censored follow-up at change of cART regi-

men. Analyses were first conducted without censoring

due to virological failure. However, we also conducted

analyses in which post-treatment measurements are cen-

sored at the observation of any detectable VL beyond

6 months after the initiation of cART in order to provide

an estimate of CD4 recovery for individuals who we

assumed to have adhered to treatment.

Statistical analysis

The modelling framework followed that described by Stir-

rup et al. [17], but with an extension to the asymptotic

growth curve attributed to Janoshek and Sager [19] to

model the shape of post-treatment recovery in CD4

counts:

g tpost; ui
� � ¼ /1:i þ ui � /1:ið Þ � exp � exp /2:ið Þ � tDpost

� �
;

where g is a function of the baseline CD4 count level ui
and time since treatment initiation tpost, /1:i represents

the long-term maximum average CD4 count, /2:i relates

to the speed of transition to this value from the baseline

level and D is an additional parameter to be estimated.

Both /1:i and /2:i are modelled as being dependent on ui
as well as other patient characteristics.

The methodology constitutes an extension of the non-

linear mixed effects framework in which the characteris-

tics of CD4 recovery are modelled as conditional on a

latent variable representing the ‘true’ baseline CD4 count

at treatment initiation, also including stochastic processes

in the models [17,20]. Following previous work [17], the

pre-treatment model comprises a ‘random intercept and

slope model’ with a fractional Brownian motion stochas-

tic process included in the variance structure alongside

the standard measurement error term. We carried out

maximum likelihood estimation using the ADMB software

[21]. We conducted modelling using the square-root scale

for CD4 counts, but predictions from fitted models were

back-transformed to the original scale. This transforma-

tion was found to be appropriate by Taylor and Law [22],

and we also present the results of diagnostic checks of

residuals from our fitted models in the Appendix S1.

For the initial analysis, we treated the estimated date

of seroconversion as fixed, taking the recorded date of

seroconversion illness or laboratory evidence of serocon-

version (real-time PCR positivity or antigen positivity

with fewer than four bands on Western blot), if observed,

or the mid-point between last negative and first positive

HIV-1 tests if not. For these analyses, we stratified

modelling of response to treatment according to esti-

mated timing of treatment initiation from seroconversion

(ttrt, in years) as follows: 0 ≤ ttrt ≤ 0.5, 0.5 < ttrt ≤ 1.0 or

1.0 < ttrt.

We evaluated improvements in model fit resulting from

the addition of potential predictive factors for the charac-

teristics of post-treatment recovery using likelihood ratio

tests. We used flexible natural cubic spline functions to

link baseline ‘true’ CD4, VL at treatment initiation and

patient age to the characteristics of response to treatment

(Section 1.2 in Appendix S1). A model was fitted in

which CD4 recovery was also dependent on calendar year

of cART initiation: 2003–2006, 2007–2010 or 2011–2014.
We then conducted analyses using a further extension

to the statistical model taking into account uncertainty

in the exact timing of seroconversion for those patients

in whom a ‘mid-point’ estimate was used initially [23,24],

incorporating a probability model for pre-treatment VL

observations [25]. A scaled beta distribution was used

for the true date of infection in each patient, rather

than a uniform distribution, for computational stability.

For these models, we used a smoothed transition from a

typical ‘early treatment response’ to a ‘late treatment

response’, allowing evaluation of the time cut-off for any

potential additional benefit (Section 2 in Appendix S1).

Results

The characteristics of the patients included in the primary

analysis are summarized in Table 1. We first describe the

results from the primary analysis, with fixed estimates of
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seroconversion date and without censoring at post-treat-

ment virological failure.

The use of a Janoshek–Sager curve for post-treatment

CD4 recovery provided a better fit to the data in compar-

ison to a standard asymptotic curve (P < 0.0001). The

shape of the fitted curve indicated that, on average, there

is a rapid improvement in CD4 count in the 2–3 months

following cART initiation with a subsequent gradual

increase that continues in most cases for more than

5 years (Fig. 1). We found that the most important factor

in predicting the long-term maximum of CD4 recovery

was the baseline CD4 value at treatment initiation (Figs 1

and 2; Table 1.2 in Appendix S1). The group of patients

with initiation of treatment within 6 months of estimated

date of seroconversion demonstrated a higher speed of

recovery (as compared to 6–12 or 12+ months,

P < 0.0001), adjusted for CD4 count at treatment initia-

tion, but similar levels beyond around 5 years on cART

were predicted by the model (Fig. 1).

Conditional on baseline CD4 level and the time elapsed

from seroconversion to treatment, higher VL at treatment

initiation was associated with substantially better post-

treatment recovery in CD4 counts (Fig. 2a; illustrative

comparisons at 3 years on cART for patient with a CD4

cell count of 350 cells/lL at initiation: 690 cells/lL for

log10(VL) = 5.7 vs. 620 cells/lL for log10(VL) = 4.7); this

provides evidence that, for a given baseline CD4 level,

baseline VL is positively linked to CD4 recovery following

cART initiation independent of the time since infection.

Once the baseline CD4 and VL at treatment initiation and

the time from seroconversion to treatment had been

included in the model, estimated effect sizes for addi-

tional patient and drug characteristics were small. How-

ever, all were statistically significant, with P < 0.005, a

consequence of the large sample size, and so we present

results that relate to the full model containing all factors.

CD4 recovery is predicted to be slightly worse for male

patients infected through sex between men and women

(Fig. 2b; 596 cells/lL at 3 years vs. 624 cells/lL for men

who have sex with men), and recovery is predicted to be

better on average in younger patients (Fig. 2c; 599 cells/

lL at 3 years for 60-year-old vs. 632 cells/lL for 20-

year-old). An AIDS diagnosis prior to treatment initiation

was associated with slightly better recovery (Fig. 2d; 658

cells/lL at 3 years with previous AIDS diagnosis vs. 624

cells/lL without) and a positive HCV test prior to treat-

ment initiation was associated with slightly worse recov-

ery (Fig. 2e; 585 cells/lL at 3 years with positive HCV

test vs. 624 cells/lL with negative test). Of the cART regi-

mens at treatment initiation, patients initiating cART with

an INSTI showed improved CD4 recovery (Fig. 2f; 675

cells/lL at 3 years for INSTI vs. 624 cells/lL for NNRTI).

The residual unexplained variation between patients in

their post-treatment recovery in CD4 counts was substan-

tial (Fig. 3). None of the findings described were substan-

tively altered by the reanalysis of a dataset in which

post-treatment CD4 counts were censored following the

observation of a detectable VL beyond 6 months from

cART initiation (Sections 1.3 and 1.4 in Appendix S1).

The model including calendar period for cART initiation

showed a significant improvement in fit (P = 0.007), but

with minimal changes in the parameter estimates associated

with other variables.

Table 1 Demographic and treatment characteristics of patients
included in the primary analysis (n = 7600)

Characteristic
n (%) or
median (IQR)

Calendar date of SC 26 May 2006
(30 Aug 2004–6 Jul 2008)

SC date estimated by
SC illness 250 (3.3)
Lab evidence 1490 (19.6)
Mid-point 5860 (77.1)

Interval between HIV-1 tests (years)* 0.84 (0.44– 1.5)
Infection group
MSM 5736 (75.5)
Male heterosexual 722 (9.5)
Male IDU 157 (2.1)
Female heterosexual 936 (12.3)
Female IDU 49 (0.6)

Pre-cART VL (log10(copies/mL)) 4.83 (4.25– 5.33)
Age at cART initiation (years) 34.0 (27.8– 41.5)
Pre-cART AIDS Dx 226 (3.0)
Pre-cART HCV test
Positive 410 (5.4)
Negative 5881 (77.4)
Not available 1309 (17.2)

Time from SC to cART (years) 1.40 (0.61–2.72)
0 ≤ ttrt ≤ 0.5 1613 (21.2)
0.5 < ttrt ≤ 1.0 1260 (16.6)
1.0 < ttrt 4727 (62.2)

cART regimen
NNRTI 2989 (39.3)
r/PI 3872 (50.9)
INSTI 438 (5.8)
Other 301 (4.0)
3N 78 (25.9)
Other PI 153 (50.8)
Fusion inhibitor 43 (14.2)
Other classification 27 (9.0)

n pre-cART CD4 counts 4 (1–7)
n post-cART CD4 counts 6 (3–11)
Time to last recorded
post-cART CD4 count (years)†

1.78 (0.72–3.48)

3N, triple nucleoside analogue reverse transcriptase inhibitors; cART,
combination antiretroviral therapy; Dx, diagnosis; HCV, hepatitis C virus;
IDU, injecting drug user; INSTI, integrase strand transfer inhibitor; IQR,
interquartile range; MSM, men who have sex with men; NNRTI, nonnu-
cleoside reverse transcriptase inhibitor; PI, protease inhibitor; r/PI, riton-
avir-boosted PI; SC, seroconversion; ttrt, time from SC to cART (years).
Mid-point estimates of seroconversion date are used for data shown in
this table. *Of those used for mid-point estimates of SC date. †From
date of cART initiation, of those observations included in the analysis.
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When uncertainty in precise date of seroconversion

was taken into account, we found that there was a more

rapid CD4 recovery when treatment was initiated within

4 months of seroconversion (Section 2.5 in Appendix S1).

The findings relating to patient and drug regimen charac-

teristics were very similar to those described for the mod-

els assuming a fixed estimate of seroconversion date. For

the models incorporating uncertainty in exact serocon-

version date, the finding that higher VL was associated

with substantially better post-treatment recovery in CD4

counts persisted, conditional on baseline CD4 level and

the time elapsed from seroconversion to treatment. It

should be noted that VL levels for each individual were

found to be negatively correlated with both the intercept

(r̂ = �0.28) and slope (r̂ = �0.50) of pre-treatment CD4

counts (i.e. higher pre-treatment VL was associated with

lower CD4 count at seroconversion and with a steeper

decline), which is important given that the positive asso-

ciation with CD4 recovery is conditional on the baseline

CD4 count at treatment initiation.

Discussion

We found that the most important predictors of recovery

in CD4 counts in patients with well-estimated dates of

seroconversion following the initiation of cART are the

CD4 count and VL at time of treatment initiation. The

strong positive association of CD4 count at treatment ini-

tiation with the long-term maximum of post-treatment

recovery was expected given the findings of previous

research on this topic [1–6].
Higher VL at treatment initiation was found to predict

more rapid recovery in CD4 counts, for a given baseline

CD4 count and time elapsed from seroconversion, with

sustained higher values over the time frame considered.

This finding persisted when uncertainty in the exact date

of seroconversion was taken into account. There is some

evidence that higher plasma VL levels are associated with

sequestration of CD4 cells in lymphoid tissue [26,27], and

it has been suggested that this is associated with a more

rapid initial increase in circulating CD4 cells following

the initiation of cART [28,29]; this may also imply that,

in cases with high pre-treatment VL, the baseline level of

circulating CD4 cells provides a slightly pessimistic indi-

cator of the underlying state of the immune system at

treatment initiation. An alternative explanation for the

fact that low pre-treatment VL predicts lower CD4 recov-

ery is that this may reflect previous exposure to ART that

has not been recorded. However, we think that this is not

likely to be the main cause of this finding in our analysis

because all patients were under continuous observation

from the time of HIV-1 diagnosis.

Initiation of cART close to the date of seroconversion

was also found to be associated with a more rapid increase

in CD4 counts for any given baseline CD4 count and VL

level. This finding is consistent with previous research on

this topic in smaller cohorts [13,14]. In our primary analy-

sis, assuming fixed estimates of seroconversion date for
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Fig. 1 Plots of predicted median recovery in CD4 counts following initiation of combination antiretroviral therapy (cART), from model based
on fixed estimated date of seroconversion and without censoring at post-treatment observation of virological failure, for patients with a ‘true’
baseline value [17] of 200 (a), 350 (b) or 500 (c) cells/lL. Predictions are shown for patients initiating treatment within 6 months of serocon-
version (dotted line), patients initiating treatment beyond 6 months but within 1 year (dashed line) and for patients who started treatment
beyond 1 year (continuous line). For this plot, all patients are assumed to be men who have sex with men, aged 36 years, with negative test
for hepatitis C virus, no prior AIDS diagnosis and starting on a nonnucleoside reverse transcriptase inhibitor (NNRTI) regimen. Viral load prior
to treatment is also fixed at the overall median of 4.825 on the log10(copies/mL) scale.
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Fig. 2 Plots of predicted median recovery in CD4 counts, from model based on fixed estimated date of seroconversion and without censoring
at post-treatment observation of virological failure, for patients with a ‘true’ baseline value (17) of 350 cells/lL according to: (a) viral load (VL)
prior to treatment initiation of log10(VL) = 2.7 (dotted line), log10(VL) = 4.7 (dashed line) or log10(VL) = 5.7 (continuous line); (b) sex and infec-
tion groups: men who have sex with men (continuous line), male heterosexual (dashed line), male injecting drug user (dotted line); female
heterosexual (grey dashed line), female injecting drug user (grey dotted line); (c) patient age at treatment initiation: 20 years (dotted line),
60 years (continuous line); (d) AIDS diagnosis prior to treatment: yes (dotted line), no (continuous line); (e) hepatitis C virus (HCV) status: no
test (dotted line), positive test (dashed line), negative test (continuous line); and (f) combination antiretroviral therapy (cART) regimen:
integrase strand transfer inhibitor (dotted line), ritonavir-boosted protease inhibitor (dash-dot line), other (dashed line), nonnucleoside reverse
transcriptase inhibitor (NNRTI) (continuous line). Unless stated otherwise, all patients are assumed to be men who have sex with men, aged
36 years, with negative test for HCV, no prior AIDS diagnosis, baseline log10(VL) = 4.825 and starting on a NNRTI regimen at more than 1 year
since estimated date of seroconversion.
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each patient, a more rapid response to treatment was

observed when cART was initiated within 6 months, but

not when it was initiated at 6–12 months. In the analysis

in which uncertainty in the date of seroconversion was

taken into account, we found that an additional benefit in

CD4 response over the first 3 years of treatment could be

observed when cART was initiated within 4 months of

seroconversion, matching the finding of Le et al. [13].

Because CD4 counts decline over time in untreated

patients, these results imply that substantially better CD4

recovery would be expected for patients that initiate treat-

ment close to their date of seroconversion. We note that

these analyses are only possible due to the information

provided in the CASCADE dataset regarding the dates of

negative and positive HIV tests for each patient.

A previous study by Mussini et al. [28] analysing an

earlier CASCADE dataset found that, controlling for both

baseline CD4 count and VL, steeper pre-treatment decli-

nes in CD4 count were associated with more rapid recov-

ery once treatment was initiated. Similarly Jarrin et al.

[29], again using CASCADE data, found that initial recov-

ery at 1 month after treatment initiation was increased in

‘rapid progressors’ (patients with at least one CD4 cell

count < 200 cells/lL within 12 months of seroconver-

sion). It would have been interesting to have also tested

for an independent effect of rate of pre-treatment CD4

decline in the present analysis, but this was not attempted

following the failure to fit such models in our pilot

investigation [17].

The other patient and drug regimen characteristics that

were included in our analysis only showed small to mod-

erate associations with post-treatment recovery in CD4

counts. Because this is an analysis of an observational

dataset, observed differences that are small in magnitude

need to be interpreted with caution. Increasing patient

age at date of treatment initiation was found to be asso-

ciated with a moderate reduction in CD4 recovery condi-

tional on the baseline value, which is consistent with

previous research [1,16,30]. Pre-treatment diagnosis of

HCV also was found to be associated with a moderate

reduction in recovery; although statistically significant

differences in CD4 recovery have not always been found

for cases of HCV [16,30], this is a finding that has been

observed in other studies [31–33]. A limitation of our

analysis is that we did not account for the potential for

treatment and cure of HCV prior to the initiation of

cART, although the latter is unlikely given that the sero-

conversions largely pre-dated the use of direct acting

antivirals. Another limitation is that the presence of a

chronic HCV infection prior to cART initiation was not

determined in some patients included in the analysis.

The finding that a pre-treatment AIDS diagnosis was

associated with an improvement in the post-treatment

recovery could be considered surprising, but it should be

noted that the effect size was small, that this is condi-

tional on baseline CD4 count and that we did not distin-

guish between the severity of the various conditions

included. It is possible that the difference observed could
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Fig. 3 Plots of predicted median (continuous line) and 5th and 95th percentiles (dashed line) for recovery in CD4 counts following initiation
of combination antiretroviral therapy (cART), from model based on fixed estimated date of seroconversion and without censoring at post-treat-
ment observation of virological failure, for patients with a ‘true’ baseline value [17] of 200 (a), 350 (b) or 500 (c) cells/lL. For this plot, all
patients are assumed to be men who have sex with men, aged 36 years, with negative test for hepatitis C virus, no prior AIDS diagnosis and
starting on a nonnucleoside reverse transcriptase inhibitor (NNRTI) regimen beyond 1 year from seroconversion. Viral load prior to treatment is
also fixed at the overall median of 4.825 on the log10(copies/mL) scale. In these graphs, predictions are extrapolated to the full range of the
post-treatment data.
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be explained by greater sequestration of CD4 cells in the

lymphoid tissue in such cases, leading to a greater

increase on initiation of cART, as has been suggested for

cases with higher pre-treatment VL [26,27]. No substan-

tial difference in response was present for the analysis in

which uncertainty in the true date of seroconversion was

taken into account and censoring was applied at post-

cART virological failure (Section 2.5 in Appendix S1); as

such, it is possible that the observed effect could be due

to better adherence to treatment in those patients with an

AIDS diagnosis.

Comparison of recovery by sex and infection group in

the present analysis is hampered by the fact that the sam-

ple size for some subgroups is small. Recovery was

observed to be slightly worse on average amongst hetero-

sexual men, which has not been reported previously.

However, it is possible that this difference could be due

to correlated factors such as ethnicity and associated dif-

ferences in socioeconomic circumstances, for which data

were only available in a minority of patients in this

cohort. Some previous studies have observed better post-

treatment CD4 recovery in women [1,30], but we did not

find such an association.

Of the classifications of drug regimens included in the

analysis, use of an INSTI regimen at treatment initiation

was found to be associated with a moderate improvement

in post-treatment recovery in CD4 relative to the NNRTI

regimen. These findings warrant further investigation, but

are not conclusive on their own given the potential for

residual confounding and the moderate effect sizes found.

There is evidence that the use of INSTI regimens is asso-

ciated with more rapid viral suppression, but the evidence

regarding potential differences in CD4 recovery is less

clear [34–37]. A network meta-analysis found a slightly

larger CD4 cell count (�20 cells/lL) at 48 weeks after

initiation of ART regimens containing an INSTI [38].

No substantial differences were observed when the

analysis was repeated for a processed dataset with cen-

soring of post-treatment CD4 counts following the obser-

vation of a detectable VL beyond 6 months from

initiation of cART. This is surprising given that the obser-

vation of a detectable VL on cART could be taken to

indicate poor adherence. The fact that no difference was

observed when censoring was applied could be explained

by sufficiently high levels of drug adherence within the

studied cohort or by effective recording of treatment

interruptions. The level of unexplained residual variation

in CD4 recovery on cART remained high in these analy-

ses, indicating that the clinical factors included in our

models do not allow accurate prediction of those patients

who will go on to show suboptimal CD4 recovery on

treatment despite successful viral suppression.

In this study we provide a comprehensive analysis of

factors that predict recovery in CD4 cell counts following

initiation of cART in HIV-1 patients. Our findings are lar-

gely consistent with those reported previously in the litera-

ture, but we provide further information regarding the

timescale for the potential additional benefit conveyed by

early treatment initiation, after adjusting for baseline CD4

count, and also demonstrate the relative importance of dif-

ferent factors. The findings also provide further supporting

evidence for the initiation of cART soon after HIV diagno-

sis, as now recommended in World Health Organization

guidelines [39]. We found a large amount of unexplained

variance in post-treatment CD4 cell counts, indicating that

further work is required to achieve the goal of accurate

prediction of suboptimal response to cART.
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