
Death rates in HIV-positive antiretroviral-naive patients with CD4
count greater than 350 cells per microL in Europe and North
America: a pooled cohort observational study

Study Group on Death Rates at High CD4 Count in Antiretroviral Naïve Patients

Abstract
Background—It is unclear whether antiretroviral (ART) naive HIV-positive individuals with
high CD4 counts have a raised mortality risk compared with the general population, but this is
relevant for considering earlier initiation of antiretroviral therapy.

Methods—Pooling data from 23 European and North American cohorts, we calculated country-,
age-, sex-, and year-standardised mortality ratios (SMRs), stratifying by risk group. Included
patients had at least one pre-ART CD4 count above 350 cells/mm3. The association between CD4
count and death rate was evaluated using Poisson regression methods.

Findings—Of 40,830 patients contributing 80,682 person-years of follow up with CD4 count
above 350 cells/mm3, 419 (1.0%) died. The SMRs (95% confidence interval) were 1.30
(1.06-1.58) in homosexual men, and 2.94 (2.28-3.73) and 9.37 (8.13-10.75) in the heterosexual
and IDU risk groups respectively. CD4 count above 500 cells/mm3 was associated with a lower
death rate than 350-499 cells/mm3: adjusted rate ratios (95% confidence intervals) for 500-699
cells/mm3 and above 700 cells/mm3 were 0.77 (0.61-0.95) and 0.66 (0.52-0.85) respectively.

Interpretation—In HIV-infected ART-naive patients with high CD4 counts, death rates were
raised compared with the general population. In homosexual men this was modest, suggesting that
a proportion of the increased risk in other groups is due to confounding by other factors. Even in
this high CD4 count range, lower CD4 count was associated with raised mortality.

Introduction
Lower CD4 count is associated with an increased risk of death in HIV infection (1), and this
trend has been observed even in the high CD4 count range (2;3). There is a growing
understanding that the risk of non-AIDS death is associated with CD4 count, although not as
strongly as for AIDS deaths (4). The optimal CD4 count at which to initiate antiretroviral
therapy (ART) in HIV-positive individuals is, at present, unclear. Most current guidelines
state that, in patients without a previous AIDS event, ART should be initiated when the CD4
count falls to 350 cells/mm3 (5;6). Evidence as to whether initiating ART at higher CD4
counts may be beneficial is currently restricted to observational studies (7;8), and to a sub-
analysis of the SMART trial (9). The observational studies have attempted to mimic the
comparison made in a randomized trial, comparing outcomes from immediate versus
deferred ART initiation, and have generally concluded that earlier initiation is likely to lead
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to a lower risk of death, although there are inconsistencies in results (7;8). We sought to use
observational data to address a more fundamental question concerning the potential for
benefit of early use of ART: do ART-naïve patients with CD4 count above 350 cells/mm3

experience a higher risk of death than the general population? It appears that there would
need to be such a raised risk for there to be a potential benefit of early ART initiation.

We compared the mortality rates observed in a large multinational collaborative cohort
study with those expected in the general population, standardized by age, sex, country, and
year. Furthermore, we considered whether death rates in such HIV-infected patients differ
according to CD4 count.

Methods
Data

Twenty-three cohorts and cohort collaborations contributed data for this analysis: 18 cohorts
were based in Europe and 5 in North America. Data were requested in a standardised format
(10), and duplicate records were removed where patients appeared in more than one cohort.
Data requested from participating cohorts included demographic information, CD4 counts,
viral load measurements, hepatitis C co-infection status, smoking status, date of death and
whether AIDS-related or not. This analysis was restricted to patients aged 20 to 59 who had
at least one CD4 count above 350 cells/mm3 while ART naïve. All pre-ART CD4 counts
above 350 cells/mm3 from January 1990 to December 2004 were included: the exclusion of
CD4 counts after 2005 was in order to mitigate the effect of any delay in reporting of deaths.
All CD4 counts measured during prospective follow-up, i.e., after enrolment to a cohort
while ART naive, were included.

Statistical methods
In each patient, included follow-up was counted from the date of each eligible CD4 count
until the earliest of: next CD4 count; death; start of ART; or elapse of one year (Figure 1).
Standardised mortality ratios were calculated by comparing observed death rates with those
expected in the general population, standardised by age, sex, country, and year of CD4
count. The data used for calculation of the SMRs were restricted to those countries on which
general population mortality data were available from the Human Mortality Database (11),
and for which there was at least 2000 person-years of follow-up.

Poisson regression methods were used to investigate the relationship between death rate and
CD4 count. In addition to CD4 count, factors included in the multivariable model were sex,
risk group, age, current calendar year, and most recent viral load measurement (no earlier
than six months before the date of the included CD4 count). Additionally, hepatitis C co-
infection and smoking status were considered as factors in models restricted to data from
cohorts able to provide such data.

Three sensitivity analyses were performed. In the first of these, follow-up was censored at
six months after each CD4 count instead of at one year: this was to test the assumption
implicit in the main analysis that the most recent CD4 count was valid for up to one year. In
the second, the main analysis was repeated but only follow-up after CD4 counts above 500
cells/mm3 was included: this was to determine whether there was a raised risk of death in
this higher CD4 count range. In the third sensitivity analysis, to assess the impact of any
possible underascertainment of deaths, the SMRs were calculated using data from only those
cohorts which are known to be linked to national death registers.

All p-values are two sided. Analyses were performed using SAS version 9.1., Cary, North
Carolina, United States.
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Role of the funding source
The study sponsors had no role in the study design, analysis, interpretation of data, writing
of the report or in the decision to submit the paper for publication. Final responsibility for
the decision to submit for publication was made by the Analysis and Writing Committee.

Results
Included patients and follow-up

A total of 40,830 patients were included in the analysis, contributing 201,620 CD4 counts
and 80,682 person-years of follow-up, with a median of 3 CD4 counts per patient (IQR:
1-6). The number of patients for whom follow-up was censored due to ART initiation was
11713 (28.7%; 5.8% of CD4 episodes). The distribution of follow-up according to patient
characteristics is described in Table 1. Most follow-up was from male patients (59,774
person-years, 74.1%), approximately half of follow-up was from homosexual men (39,732
person-years, 49.2%), and approximately half of follow-up was from patients aged between
30 and 39 (38,112 person-years, 47.2%). The amount of follow-up with CD4 count above
500 cells/mm3 was 50,357 person-years (62.4%). The most recent viral load was available
for 48,487 person-years of follow up (60.1%). Around one third of follow-up was from
patients within cohorts linked to national death registers (27,206 person-years, 33.7%). Data
on hepatitis C co-infection status were available from 16 of the 23 participating cohorts
(73,322 person-years; 90.9% of total follow-up) and on smoking from 9 cohorts (30,332
person-years; 37.6% of total follow-up).

Deaths
A total of 419 (1.0%) patients died during follow-up, giving an overall death rate of 5.2 per
1000 person-years (95% CI: 4.7-5.7). Of these, 61 (14.6%) deaths were categorised as
AIDS-related, 188 (44.9%) were categorised as non-AIDS-related, and the cause was
unknown for 170 (40.6%) of deaths.

Comparison of death rates with those expected from the general population
The SMR analysis for pre-ART CD4 counts above 350 cells/mm3 included 38,997 patients
(95.5% of the total: the SMR analysis was restricted to those countries on which data were
available from the Human Mortality Database (11), and for which there was at least 2000
person-years of follow-up), with 77,936 person-years of follow-up (96.6% of the total) and
401 deaths (95.7% of the total). The observed death rates and age-, sex-, country-, and year-
standardised SMRs for each risk group are displayed in Table 2. For homosexual men, the
SMR was 1.30 (95% CI: 1.06-1.58). The SMRs in the other risk groups were greater in
value, at 2.94 (95% CI: 2.28-3.73), 9.37 (95% CI: 8.13-10.75) and 4.57 (95% CI: 3.09-6.53)
for the heterosexual, IDU and other/unknown risk groups respectively. When the analysis
was restricted to CD4 counts above 500 cells/mm3, the resulting SMRs were slightly lower
at 2.83 (95% CI: 2.03-3.87), 7.97 (95% CI: 6.55-9.60) and 4.47 (95% CI: 2.61-7.16) for the
heterosexual, IDU and other/unknown risk groups. For homosexual men, however, the SMR
was 1.03 (95% CI: 0.76-1.37). Again considering CD4 counts above 350 cells/mm3 but with
follow-up censored at 6 months after each CD4 count instead of at 1 year, the SMRs were
slightly lower than in the main analysis at 1.14 (95% CI: 0.90-1.43) for homosexual men,
2.74 (95% CI: 2.05-3.60) for the heterosexual risk group, 9.35 (95% CI: 7.93-10.94) for
IDUs and 3.30 (95% CI: 1.96-5.22) for the other/unknown risk group. Restricting the
analysis to follow-up from patients within cohorts linked to national death registers resulted
in slightly higher SMRs than in the main analysis, at 1.52 (95% CI: 1.10-2.04) for
homosexual men, 3.29 (95% CI: 2.09-4.94) for the heterosexual risk group, 15.85 (95% CI:
11.27-21.67) for IDUs and 6.99 (95% CI: 3.99-11.35) for the other/unknown risk group.
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Association between CD4 count and risk of death
In a Poisson regression model fitted to the full dataset, a CD4 count above 500 cells/mm3

was found to be associated with a lower risk of death than CD4 count between 350 and 499
cells/mm3 (Figure 2). The unadjusted risk ratios were 0.75 (95% CI: 0.60-0.93) and 0.67
(95% CI: 0.52-0.86) for CD4 counts 500-699 cells/mm3 and 700- cells/mm3 respectively,
compared to 350-499 cells/mm3 (Table 3). Factors found in univariable analyses to be
significant predictors of death were risk group and age. Sex and calendar year of CD4 count
were not associated with the rate of death in univariable analyses, but were significant
factors in the multivariable model. Viral load, which was only available for 60.1% of total
follow-up, was not found to be associated with death rate. Following adjustment for the
other factors in the model, the rate ratios for the CD4 count remained largely unchanged at
0.77 (95% CI: 0.61-0.95) and 0.66 (95% CI: 0.52-0.85) for CD4 counts 500-699 cells/mm3

and 700-cells/mm3 respectively, compared to 350-499 cells/mm3.

In the two models fitted to subsets of the data to include hepatitis C and smoking covariates
respectively, the associations between CD4 count and death rate were consistent with that in
the main model.

In a sensitivity analysis where follow-up was censored at 6 months after each CD4 count
instead of at 1 year, the association between CD4 count and the risk of death was similar.
Compared to 350-499 cells/mm3, the adjusted rate ratio for CD4 count 500-699 cells/mm3

was 0.71 (95% CI: 0.55-0.92), and for CD4 count 700-cells/mm3 was 0.67 (95% CI:
0.50-0.89). When the analysis was restricted to CD4 counts above 500 cells/mm3, there was
no significant difference in the risk of death between the CD4 count categories (adjusted risk
ratio for CD4 count 700-cells/mm3 compared to 500-699 cells/mm3: 0.84, 95% CI:
0.65-1.10, p=0.22).

Discussion
In this large collaborative analysis, using data from industrialised countries, we found that
death rates in ART-naïve patients with CD4 count above 350 cells/mm3 tend to be raised
compared to the general population. However, the extent of the increase in risk varied
markedly with risk group, being substantial in IDU and heterosexuals but relatively small in
homosexual men. This suggests that much of the raised risk in the former two risk groups is
likely to be due to confounding by socio-economic and lifestyle factors (12;13), rather than
due to effects of HIV infection itself. Consistent with this, an increased risk of death has
been observed in the siblings of people with HIV compared with the siblings of a control
population without HIV (14). We also observed that a higher CD4 count was associated with
a lower risk of death, even in this high CD4 count range, a trend that has previously been
observed in patients on ART (2;3). Taken together, it would seem that there is a risk of death
due to HIV in antiretroviral-naïve people with high CD4 count, but this appears to be of
modest magnitude. This is despite the very low risk of AIDS diseases at this CD4 count
(15,16), and appears to be consistent with the hypothesis that in people with high CD4
count, HIV causes some appreciable increased mortality risk (2-4;17;18).

We observed a raised risk of death in men compared with women, consistent with the
general population. When considering the association between CD4 count and risk of death,
in multivariable models fitted to subsets of our data, we were able to adjust for two potential
confounding factors (hepatitis C co-infection and smoking history): we found that the
relationship between death rate and CD4 count remained. Interestingly, we did not observe
an association between plasma viral load level and risk of death in the subset of patients
with this information available. This appears inconsistent with data suggesting an
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association between viral suppression and risk of non-AIDS diseases (4), although here we
are comparing people with various levels of unsuppressed viral load.

Although, to our knowledge, there are no substantive studies restricted to ART naïve people,
several studies have compared the death rate in HIV-positive individuals, including those on
ART, with the general population, matched for factors such as age and sex (19-22).
Although all such studies have demonstrated an excess risk of death in people with HIV, it
has been observed that there are some successfully treated subgroups of patients for whom
the death rate has been found to approach that of the general population. A study combining
data from two French cohorts found that the death rate in patients with a CD4 count above
500 cells/mm3 reached that of the general population by the sixth year after starting ART
(19), while a study on a collaboration of HIV seroconverter cohorts observed that, in the
most recent period of follow-up (where 73% of person-time was on ART), there was no
excess mortality during the first five years after seroconversion in patients infected sexually
when compared to the general population (22).

Patients included in this analysis had been diagnosed earlier than most HIV-positive people
in these settings. Of patients presenting with HIV from 1996 to 2006 at selected clinics in
the UK, 39% had an initial CD4 count above 350 cells/mm3 (23). Patients who are
diagnosed earlier may differ from patients diagnosed later with respect to their attitudes
towards health and access to healthcare services.

Although several included cohorts are linked to national death registers, a further limitation
is that possible under-ascertainment of deaths may have resulted in death rates being
underestimated: this is supported by the slightly higher SMRs seen in the sensitivity analysis
restricted to data from cohorts linked to national death registers. It may be the case that the
decrease in risk of death over calendar time observed in the multivariable model (Table 3) is
due, at least in part, to a delay in reporting of deaths.

Patients included in this study were under care at clinics linked to cohort studies and
collaborations in Europe and North America. Results from this study may not be
generalisable to all settings, either in clinics in these regions without research links, or in
resource limited settings.

In conclusion, these data suggest that people with HIV who have not taken ART and have
CD4 count above 350 cells/mm3 have a raised risk of death compared with the general
uninfected population, although this increased risk seems to be of modest magnitude. As
ART may well reduce the risk of death in such patients, these findings support the need for
ongoing studies (such as the START trial (24) and further exploration of existing
observational databases) of the risks and benefits of initiation of ART at CD4 counts higher
than 350 cells/mm3.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Battegay M, Bernasconi E, Böni J, Bucher HC, Bürgisser P, Calmy A, Cavassini M, Dubs R, Egger M, Elzi L,
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B, Hösli I, Kahlert C, Kaiser L, Karrer U, Kind C, Klimkait T, Ledergerber B, Martinetti G, Martinez B, Müller N,
Nadal D, Paccaud F, Pantaleo G, Rauch A, Regenass S, Rickenbach M, Rudin C, Schmid P,Schultze D, Schöni F,
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UK CHIC

Steering Committee: Jonathan Ainsworth, Jane Anderson, Abdel Babiker, Valerie Delpech, David Dunn, Philippa
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WIHS
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Figure 1.
Illustration of included follow-up for example patients.
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Figure 2.
Unadjusted and adjusted risk ratios from a Poisson regression model for the risk of death
according to CD4 count. The number of patients was 40,830, contributing 80,682 person-
years of follow-up and with 419 deaths.
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Table 1

Characteristics of follow-up of the 40,830 included patients contributing 80,682 person-years of follow-up

Characteristics of follow-up Person-years % of follow-up

Sex Male 59774 74.1

Female 20908 25.9

Risk group Homosexual men 39732 49.2

Heterosexual 18955 23.5

IDU 17543 21.7

Other / Unknown 4452 5.5

Age
years

20-29 22312 27.7

30-39 38112 47.2

40-49 15759 19.5

50-59 4500 5.6

Calendar year 1990-1994 20857 25.9

1995-1999 28325 35.1

2000-2004 31501 39.0

CD4 count
cells/mm3

350-499 30325 37.6

500-699 28565 35.4

700- 21792 27.0

Viral load
log10 copies/ml

−2.99 9479 11.7

3.00-3.99 15586 19.3

4.00-4.99 19220 23.8

5.00- 4202 5.2

Unknown 32195 39.9

Hepatitis C No previous infection 35313 48.2

co-infection1 Current or previous infection 13991 19.1

Unknown 24018 32.8

Smoking status2 Never smoked 6005 19.8

Ever smoked 16783 55.3

Unknown 7544 24.9

1
Participating cohorts who were able to provide hepatitis data contributed a total of 73,322 person-years of follow up.

2
Participating cohorts who were able to provide smoking data contributed a total of 30,332 person-years of follow up.
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