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Objective: CD4 cell count changes in therapy-naive patients were

investigated during 7 years of highly active antiretroviral therapy

(HAART) in an observational cohort.

Methods: Three endpoints were studied: (1) time to $800 CD4

cells/mm3 in 5299 therapy-naive patients starting HAART, (2) CD4

cell count changes during 7 years of uninterrupted HAART in a sub-

set of 544 patients, and (3) reaching a plateau in CD4 cell restoration

after 5 years of HAART in 366 virologically suppressed patients.

Results: Among patients with ,50, 50 to 200, 200 to 350, 350 to

500, and $500 CD4 cells/mm3 at baseline, respectively, 20%, 26%,

46%, 73%, and 87% reached $800 CD4 cells/mm3 within 7 years

of starting HAART. Periods with HIV RNA levels .500 copies/mL

and age $50 years were associated with lesser increases in CD4

cell counts between 6 months and 7 years. Having reached $800

CD4 cells/mm3 at 5 years, age $50 years, and $1 HIV RNA mea-

surement .1000 copies/mL between 5 and 7 years were associated

with a plateau in CD4 cell restoration.

Conclusions: Restoration to CD4 cell counts $800 cells/mm3 is

feasible within 7 years of HAART in most HIV-infected patients

starting with $350 cells/mm3 and achieving sufficient suppression of

viral replication. Particularly in patients $50 years of age, it may be

beneficial to start earlier than current guidelines recommend.
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The choice of when to begin highly active antiretroviral
therapy (HAART) is based on a trade-off between the

complications of long-term antiretroviral drug use1–4 and the
benefits of timely reversal of the deterioration of the immune
system. Current guidelines5–7 recommend HAART initiation
before asymptomatic patients drop to 200 CD4 cells/mm3.
Delaying the start of HAART until after this threshold (ie, in
a relatively late stage of infection) is associated with faster
disease progression and death as compared with starting
when counts are still greater than 200 cells/mm3.8–10 Further
studies have concluded that the prognosis is improved when
patients start HAART when CD4 counts are still greater than
350 cells/mm3.11

Residual HIV replication,12,13 impaired thymic func-
tion,14,15 advanced age,16 enhanced T-cell activation,17,18

apoptosis,19,20 and, possibly, viral coinfection21,22 have been
associated with more limited immune restoration in patients
on HAART. After an initial rapid increase, because of
redistribution of cells trapped in the lymphoreticular system to
the peripheral blood, CD4 cell counts may plateau after the
first year of HAART.23–28 These studies described follow-up
of ,3 years and included a mixture of pretreated and naive
patients or a small number of patients. Studies with longer
follow-up in naive patients likewise reported a plateau effect,
however.29,30 In contrast, no evidence of a plateau effect was
found in patients who had suppressed plasma HIV-RNA levels
to less than 1000 copies/mL.31

Here, we explore the capacity of patients on long-term
HAART to improve CD4 cell counts. We assess how these
improvements, 7 years after starting HAART, compare with
CD4 cell levels in the non–HIV-infected population. In
addition, we describe the determinants of reaching a plateau in
CD4 cell restoration between 5 and 7 years of uninterrupted
HAART.

MATERIALS AND METHODS

Study Population
Patients were selected from the AIDS Therapy Evalu-

ation Project, Netherlands (ATHENA) national observational
HIV cohort.32 HAART was defined as a combination of 3 or
more drugs from at least 2 drug classes or a combination of
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3 or more nucleoside reverse transcriptase inhibitors, including
abacavir or tenofovir. All patients were 16 years of age or older
and had a recorded pre-HAART CD4 cell count. We per-
formed 3 analyses.

Time to CD4 Cell Counts $800 Cells/mm3

In the first analysis, we used a longitudinally followed
cohort of 5299 antiretroviral therapy–naive patients who
initiated HAART between July 1, 1996 and December 31,
2004 to analyze the probability of reaching CD4 cell counts
$800 cells/mm3 in relation to pre-HAART values and other
baseline characteristics. Most studies25,28,30 have used a thresh-
old of 500 CD4 cells/mm3, the lower limit of the normal range
in uninfected individuals. The mean observed CD4 counts in
HIV-negative adults are 1050, 840, and 800 cells/mm3 for
women, heterosexual men, and men who have sex with men
(MSM), respectively.33 Because our cohort is largely MSM,
we chose $800 CD4 cells/mm3 as an endpoint. Potential
predictors tested for association with time taken to reach the
endpoint included pre-HAART CD4 count (,50, 50–200,
200–350, 350–500, and $500 cells/mm3), pre-HAART CD8
count (,600, 600–1300, and $1300 cells/mm3), pre-HAART
HIV RNA plasma levels (,3, 3–4, and $4 log10 copies/mL),
Centers for Disease Control and Prevention category C (CDC-C)
events before starting HAART, age at starting HAART,
gender, and region of birth (Western or Central Europe, North
America, or Australia combined [WCE/NA/A] and sub-
Saharan Africa, Caribbean, Latin America, Southeast Asia,
and all other regions combined were tested for association with
time taken to reach the endpoint). The CD4 cell count
measured closest to starting HAART from 6 months before to
7 days after starting was selected as the pre-HAART CD4 cell
count. Patients were allowed to change or interrupt regimens
and were retained in the analysis regardless of the level of
HIV RNA.

Long-Term CD4 Cell Response in Patients on
Uninterrupted HAART for 7 Years

Second, we analyzed the immune system’s maximum
capacity to restore CD4 cell numbers in a longitudinally
followed subcohort of 554 patients who started HAART
between July 1, 1996, and June 30, 1998, and took HAART
continuously for at least 7 years. These patients were also part
of the first analysis; they were included regardless of whether
they had HIV RNA measurements greater than detectable
limits because we were interested in estimating the effect of
periods of viremia on the rate of change in CD4 cell count.

We selected CD4 cell counts measured closest to weeks
24, 48, and 72 after initiating HAART (within a time frame of
3 months) and, subsequently, at 24-week intervals up to 360
weeks. Median increases in CD4 cell count at these time points
were calculated and graphically summarized.

All CD4 cell counts measured between starting HAART
and 7 years thereafter were longitudinally modeled. The same
potential predictors as in the first analysis were tested for their
association with slopes of CD4 cell counts over time. Given
the smaller sample size for this analysis, the predictors were
subdivided differently: region of origin (WCE/NA/A and all
other regions combined), pre-HAART HIV RNA plasma

concentration (,4.5 log10 copies/mL and $4.5 log10

copies/mL), and CD8 count (,1300 cells/mm3 and $1300
cells/mm3). To study the effect of viremia, we created a time-
updated variable with values between 0% and 100% and
denoting the percentage of time a patient’s plasma HIV RNA
concentration was $500 copies/mL after the initial 6 months
of HAART. The value was 0% when a patient never had HIV
RNA levels ,500 copies/mL after the initial 6 months and
100% when a patient always had levels ,500 copies/mL
after the initial 6 months. We also tried to distinguish the
effect of low-level viremia and high-level viremia on the
slopes of CD4 cell count using different cutoffs (500–1000,
1000–10,000, and .10,000 copies/mL). Given our inclusion
criteria, however, the number of HIV RNA measurements
greater than 500 copies/mL was limited, and we lacked
statistical power to detect significant differences in slopes of
CD4 cell count during periods of low-level and high-level
viremia.

Decreases in CD4 Cell Count Between 5 and
7 Years in Virologically Suppressed Patients

The third analysis determined predictors for reaching
a plateau in CD4 cell restoration between years 5 and 7. To
counter random fluctuations in CD4 cell measurements, we
used the individual slopes between 5 and 7 years derived from
a longitudinal model similar to that used in the second analysis
(ie, with 5 intercepts for the 5 pre-HAART CD4 cell strata and
4 slopes for the 4 time intervals but without any other
covariates) to determine whether a patient had reached a
plateau in CD4 cell restoration. This plateau can be interpreted
as an on-average decreasing CD4 cell count between years 5
and 7. Included in this model was a subset of 366 patients on
uninterrupted HAART who were among those included in the
second analysis. Additional inclusion criterion for this subset
was that all HIV RNA measurements between 6 months and
5 years after starting HAARTwere ,500 copies/mL. Variables
included in the analysis were the same as in the second
analysis, with the exception of HIV viremia, which was now
defined as at least 1 HIV RNA measurement $1000 copies/mL
between 5 and 7 years after starting HAART (yes/no). This
excludes HIV RNA measurements between 500 and 1000
copies/mL from the definition because these are unlikely to
cause a plateau in CD4 cell restoration.

Statistical Analysis
The Cox proportional hazards model and Kaplan-Meier

estimates were used for the first analysis of time to $800 CD4
cells/mm3. Time was censored at the end of follow-up or time
of death, whichever occurred first. The statistical model used
for the longitudinal analyses was a mixed-effects model with
a random intercept and 4 random slopes for each patient. A
first-order autoregressive covariance structure was used to
correlate intraindividual serial measurements. We divided the
7-year time period into 4 intervals: 0 to 6 months after starting
HAART, 6 months to 3 years, 3 to 5 years, and 5 to 7 years;
slopes were allowed to differ between them. The intervals were
chosen by visual inspection of the graphs of median CD4 cell
response. CD4 cell counts were square root transformed to
comply with model assumptions. Slopes of CD4 cell count
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increase during each interval were estimated for the 5 pre-
HAART CD4 cell count strata (,50, 50–200, 200–350, 350–
500, and $500 cells/mm3). The other variables were allowed
to have 1 effect on the slopes between the start of HAART and
7 years thereafter (ie, the whole period) or to have an effect in
each of the 4 previously stated time intervals. Model fit was
determined by the Akaike Information Criterion statistic.34

Logistic regression was used for the third analysis of
decreasing CD4 cell counts between 5 and 7 years after
first starting HAART. All calculations were performed using
SAS 9.1.3 (SAS Institute, Cary, NC).

RESULTS

Time to CD4 Cell Counts $800 Cells/mm3

The characteristics of the 5299 patients at the start of
HAART are shown in Table 1. Most (76%) were male, 50%
were MSM, and 63% originated from WCE/NA/A. The
median HIV RNA concentration in plasma was 5.0 log10

copies/mL. A pre-HAART CD4 count of ,200 cells/mm3 was
found in 2703 patients (51%).

The time required to restore CD4 counts to $800
cells/mm3 was associated with a higher pre-HAART CD4 cell
count. After 7 years of HAART, Kaplan-Meier estimates of the
percentage of patients reaching $800 CD4 cells/mm3 were
20%, 26%, 46%, 73%, and 87% for those with a pre-HAART
CD4 count of ,50, 50 to 200, 200 to 350, 350 to 500, and
$500 cells/mm3, respectively. Adjusted hazard ratios com-
pared with those of patients with a pre-HAART CD4 count of
200 to 350 cells/mm3 were 0.26 and 0.46, respectively, for
those with ,50 and 50 to 200 cells/mm3 and were 2.84 and
6.79, respectively, for those with 350 to 500 and $500
cells/mm3 (Table 2). Female gender and higher pre-HAART
HIV RNA levels were associated with a shorter time to CD4
cell counts $800 cells/mm3. Older age, Southeast Asian or
sub-Saharan African origin, and HIV infection through
intravenous drug use were associated with a longer time to
this endpoint. There were no significant differences according

TABLE 1. Characteristics at the Start of HAART of 5299 Antiretroviral Therapy–Naive Patients and of the 554 Patients on
Uninterrupted HAART for 7 Years or More

Antiretroviral Therapy–Naive
Patients Starting HAART

Subset of Patients on
Uninterrupted HAART for 7 Years

N % N %

Total 5299 100.0 554 100.0

Gender

Male 4013 75.7 498 89.9

Region of origin

WCE/NA/A 3349 63.2 464 83.8

Sub-Saharan Africa 1090 20.6 36 6.5

Caribbean 182 3.4 12 2.2

Latin America 381 7.2 24 4.4

Southeast Asia 171 3.2 9 1.6

Other 126 2.4 9 1.6

Transmission risk group

Homosexual 2636 49.7 367 66.2

Injection drug user 212 4.0 12 2.2

Heterosexual 1878 35.4 123 22.2

Other 573 10.8 52 9.4

Pre-HAART CD4 count (cells/mm3)

,50 930 17.6 98 17.7

50–200 1773 33.4 155 28.0

200–350 1513 28.6 172 31.0

350–500 694 13.1 78 14.1

$500 389 7.3 51 9.2

Pre-HAART clinical stage

CDC-C 1494 28.2 147 26.5

N Median IQR N Median IQR

Age at starting HAART (y) 5299 37 32–44 554 37.7 33.0–44.3

Pre-HAART HIV RNA (log10 copies/mL) 4908 5.0 4.5–5.4 507 5.0 4.4–5.4

Pre-HAART CD8 count (cells/mm3) 4672 820 530–1220 488 903 560–1345

Pre-HAART CD4 count (cells/mm3) 5299 190 80–314 554 221 80–340

WCE/NA/A 3349 200 80–330 464 240 80–340

Non-WCE/NA/A 1950 175 70–290 90 180 80–290
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to different pre-HAART CD8 cell count strata in adjusted
models (P = 0.58).

Long-Term CD4 Cell Response in Patients on
Uninterrupted HAART

Also in Table 1 are the demographic and clinical
characteristics of the subset of 554 patients on uninterrupted
HAART for 7 years. These patients started HAART between
July 1, 1996, and June 30, 1998, and were among those
included in the first analysis. Because the inclusion criteria for
the second analysis implied starting HAART in earlier calendar
years, there was a higher proportion of men, MSM, and
patients originating from WCE/NA/A.

The median CD4 count increased from 221 (interquar-
tile range [IQR]: 80–340) cells/mm3 at the start to 607 (IQR:
440–800) cells/mm3 after 7 years of HAART. The median
CD4 counts at 7 years were 410, 548, 660, 780, and 870
cells/mm3 for those with pre-HAART CD4 counts of ,50,
50 to 200, 200 to 350, 350 to 500, and $500 cells/mm3,

respectively (Fig. 1A). Overall, increases were a median of 136
cells/mm3 during the first 24 weeks and leveled off over time to
40 cells/mm3 in weeks 96 through 144 and to 0 cells/mm3 in
weeks 312 through 360. Median increases in CD4 cell counts
after 7 years of HAART were between 367 and 410 cells/mm3

for the 4 pre-HAART CD4 count strata ,500 cells/mm3,
whereas increases were 287 cells/mm3 for patients in the $500
cells/mm3 stratum (see Fig. 1B; Wilcoxon test, P = 0.007).

Of 554 patients, 344 (62.1%) had HIV RNA plasma
concentrations ,500 copies/mL at all measurements taken
between 6 months and 7 years after starting HAART. The
remaining 210 patients had at least 1 HIV RNA result $500
copies/mL. In 80 of them, plasma concentrations were
between 500 and 1000 copies/mL, which, in the majority
(54 patients), occurred between 6 months and 3 years after the
start of HAART. Periods of HIV viremia occurring after initial
virologic success were found in 27.6% of the patients from
WCE/NA/A and 42.2% of the patients (P = 0.006) with a non-
WCE/NA/A origin.

TABLE 2. Predictors of Reaching $800 CD4 Cells/mm3 After Starting HAART

Univariate Hazard
Ratio (95% CI) P

Multivariate Hazard
Ratio (95% CI) P

Gender

Male 1.00 1.00

Female 1.10 (0.97 to 1.25) 0.14 1.26 (1.05 to 1.52) 0.01

Transmission risk group

Homosexual 1.00 1.00

Heterosexual 0.82 (0.72 to 0.92) 0.001 0.93 (0.78 to 1.10) 0.39

Injection drug user 0.71 (0.52 to 0.96) 0.02 0.56 (0.42 to 0.77) 0.0003

Other 0.72 (0.5 to 0.88) 0.002 0.97 (0.79 to 1.21) 0.81

Region of origin

WCE/NA/A 1.00 1.00

Sub-Saharan Africa 0.58 (0.49 to 0.69) ,0.0001 0.63 (0.51 to 0.77) ,0.0001

Caribbean 0.79 (0.57 to 1.08) 0.14 0.88 (0.63 to 1.21) 0.42

Latin America 0.85 (0.69 to 1.06) 0.16 0.91 (0.73 to 1.14) 0.41

Southeast Asia 0.67 (0.47 to 0.94) 0.02 0.68 (0.48 to 0.96) 0.03

Other 0.92 (0.65 to 1.33) 0.68 0.94 (0.65 to 1.35) 0.73

Pre-HAART CD4 count (cells/mm3)

,50 0.28 (0.22 to 0.36) ,0.0001 0.26 (0.20 to 0.34) ,0.0001

50–200 0.46 (0.39 to 0.55) ,0.0001 0.46 (0.38 to 0.54) ,0.0001

200–350 1.00 1.00

350–500 2.76 (2.39 to 3.19) ,0.0001 2.84 (2.45 to 3.28) ,0.0001

.500 6.62 (5.67 to 7.73) ,0.0001 6.79 (5.79 to 7.95) ,0.0001

Pre- HAART clinical stage

CDC-A, B 1.00 1.00

CDC-C 0.69 (0.64 to 0.74) ,0.0001 1.07 (0.99 to 1.16) 0.09

Age at starting HAART

Per 10-year increase 0.88 (0.84 to 0.94) 0.0001 0.92 (0.87 to 0.98) 0.01

Pre-HAART HIV RNA (log10 copies/mL)

,4.0 1.00 1.00

4.0–5.0 1.12 (0.94 to 1.33) 0.23 1.51 (1.26 to 1.81) ,0.0001

$5.0 0.91 (0.76 to 2.20) 0.21 1.81 (1.49 to 2.19) ,0.0001

Pre-HAART CD8 count (cells/mm3)

,600 0.52 (0.44 to 0.60) ,0.0001

600–1300 1.00

$1300 1.28 (1.12 to 1.46) 0.0002
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The multivariate longitudinal analyses included 13,528
CD4 cell count measurements for the 554 patients. The median
number of measurements per patient was 25 (minimum to
maximum: 6–58). The model estimates can be interpreted as
the slope or annual rate of change in CD4 cell count (on
a square root scale). During the first 6 months, the slope of
CD4 cell count was higher in patients with a pre-HAART HIV
RNA measurement $4.5 log10 copies/mL than in those with
,4.5 log10 copies/mL (P = 0.009). Furthermore, the slopes of
CD4 cell count during the first 6 months were higher in women
than in men (P = 0.003), in patients originating from regions
other than WCE/NA/A (P = 0.04), and in patients with a pre-
HAART CD8 count ,1300 cells/mm3 as compared with
$1300 cells/mm3 (P = 0.0007). The effect of body weight at
the start of HAART on the slope of CD4 cell count was not
significant in univariate or multivariate models (data not
shown). Between 6 months and 7 years after starting HAART,
the slopes did not differ significantly between men and
women, between patients from various origins, or between
patients with various levels of pre-HAART CD8 cells or pre-
HAART HIV RNA. The slopes of CD4 cell count between
6 months and 7 years were significantly higher in patients ,50
years of age as compared with those $50 years of age at the
start of HAART (P , 0.0001). There were no significant
differences in CD4 cell count increases between 0 and

6 months according to age. Finally, during periods of viremia
(HIV RNA .500 copies/mL after the initial 6 months of
HAART), the slope of CD4 cell count was estimated to be
lower than when HIV RNA levels were less than 500
copies/mL (P , 0.0001).

To facilitate interpretation, estimates from the longitu-
dinal mixed-effect model were back-transformed from the
square root scale to the usual absolute CD4 cell count scale.
The estimated median CD4 count after 6 months of HAART
was 448 (95% confidence interval [CI]: 419 to 478)
cells/mm3 for a male reference patient of Western origin
aged ,50 years who started HAART with ,1300 CD8
cells/mm3, 310 CD4 cells/mm3, and HIV RNA ,4.5 log10

copies/mL. This is compared with 504 (459–551) CD4
cells/mm3 for a female patient, 483 (457–509) cells/mm3 for
a patient with a pre-HAART HIV RNA level $4.5 log10

copies/mL, 403 (370–437) cells/mm3 for a patient with
$1300 CD8 cells at the start of HAART, and 418 (381–456)
cells/mm3 for a patient not born in WCE/NA/A. The
estimated median CD4 count after 7 years of uninterrupted
HAART for the reference patient was 704 (656–754)
cells/mm3 compared with 585 (522–652) cells/mm3 for
a patient aged $50 years at the start of HAART and 648
(598–701) cells/mm3 for a patient with viremia .500
copies/mL at all HIV RNA measurements between 5 and 7
years. The estimated median CD4 cell values and values at
other time points are graphically depicted in Figure 2.

Decreases in CD4 Cell Count in Virologically
Suppressed Patients

Finally, we selected 366 patients who took 7 years of
uninterrupted HAART and in whom all measured HIV RNA
levels between 6 months and 5 years after starting HAART
were ,500 copies/mL. Their distribution over the 5 pre-
HAART CD4 cell strata and the other baseline variables was
similar to that in the previous longitudinal analysis. The
estimated median CD4 count at 5 years after the start of
HAART for patients aged ,50 years was 631 (IQR: 459–812)
cells/mm3 and 489 (IQR: 412–725) cells/mm3 for those aged
$50 years (Wilcoxon test, P = 0.03). In total, 150 patients had
negative CD4 cell slopes between 5 and 7 years of unin-
terrupted HAART use. Variables independently associated
with this outcome, as identified in a multivariate logistic
regression analysis, are shown in Table 3 and were age $50
years at the start of HAART (odds ratio [OR] for a negative
slope between 5 and 7 years = 3.01 [95% CI: 1.60 to 5.67]
compared with age ,50 years); at least 1 HIV RNA
measurement $1000 copies/mL compared with all HIV
RNA measurements ,1000 copies/mL between 5 and 7 years
after starting HAART (OR = 6.10 [95% CI: 2.12 to 17.51]);
and, finally, a higher CD4 cell count at 5 years. Compared with
patients with $800 cells/mm3 at 5 years, the OR for patients
with ,400 cells/mm3 was 2.23 (IQR: 1.10–4.51). The OR for
patients with 400 to 600 CD4 cells/mm3 at 5 years was 1.07
(IQR: 0.54–2.11; P = 0.85), and the OR for patients with 600
to 800 cells/mm3 at 5 years was 1.08 (IQR: 0.54–2.15; P =
0.82); neither was significantly different from those for
patients with ,400 cells/mm3 at 5 years. When age was

FIGURE 1. Median CD4 cell count (A) and median difference
between current CD4 and pre-HAART CD4 cell counts (B)
according to pre-HAART CD4 cell strata of ,50 (¤), 50 to 200
(n), 200 to 350 (:), 350 to 500 (�), and $500 cells/mm3 (*)
among a subset of 554 patients on uninterrupted HAART
for 7 years.
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included in the model as a continuous variable, the OR was
1.027 (95% CI: 1.003 to 1.052, P = 0.02) for each year by
which the starting age was increased. In multivariate analysis,
region of origin (P = 0.81), pre-HAART HIV RNA level (P =
0.55), or gender (P = 0.55) was not associated with negative
CD4 cell slopes between 5 and 7 years, nor was the pre-
HAART CD4 cell count (P = 0.66) after controlling for the
CD4 cell count at 5 years.

DISCUSSION
We performed 3 types of analyses. First, we evaluated

determinants of CD4 cell count recovery up to 800 cells/mm3

in a cohort of HAART-naive patients. Second, we evaluated
changes in CD4 cell count in patients on uninterrupted
HAART for 7 years to determine the maximum capacity of the
immune system to restore CD4 cell numbers. Finally, we
determined predictors for decreases in CD4 cell count after

5 years of virologically successful uninterrupted HAART.
The first 2 analyses showed that 7 years after starting HAART,
patients starting with lower pre-HAART CD4 counts
experienced less restoration of CD4 cell counts than patients
starting with higher pre-HAART CD4 cell counts. The third
analysis showed that the ‘‘plateau effect’’ found after long-
term CD4 cell restoration is associated with achievement of
CD4 levels in the normal range. Plateauing of CD4 cell counts
at a less than normal range is associated with insufficient
suppression of HIV replication and with older age at the start
of HAART. The strength of this study is the long follow-up
(7 years) in a large number of naive patients with a variety of
pre-HAART CD4 cell counts. We did not look at differences in
CD4 cell response between individual drugs or drug classes
because that is beyond the scope of this report and is the topic
of a future analysis.

The largest gains in the number of CD4 cells occurred in
the first 6 months after starting HAART, presumably because

FIGURE 2. A–F, Estimated long-term
median CD4 cell response according
to the 5 pre-HAART CD4 cell count
strata of ,50, 50 to 200, 200 to 350,
350 to 500, and $500 cells/mm3.
The solid lines in each graph denote
the median CD4 cell response for the
reference patient: a male patient
originating from WCE/NA/A who is
,50 years of age at the start of
HAART with a pre-HAART HIV RNA
level ,4.5 log10 copies/mL and a pre-
HAART CD8 count ,1300 cells/mm3

and in whom all HIV RNA measure-
ments between 6 months and 7 years
after starting HAART were ,500
copies/mL. The dashed lines in A
display the median CD4 cell response
for patients with all HIV RNA measure-
ments $500 copes/mL between 6
months and 3 years, between 3 and 5
years, and between 5 and 7 years
after starting HAART. The dashed
lines in the other parts of this figure
display the median CD4 cell response
for patients $50 years of age at the
start of HAART (B), female patients
(C), patients with a pre-HAART
CD8 cell count $1300 cells/mm3

(D), patients with a pre-HAART HIV
RNA level $4.5 log10 copies/mL (E),
and patients not from WCE/NA/A
origin (F).
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of redistribution of CD4 cells from lymphoid tissue.35

Thereafter, the rate of increase in CD4 cell counts gradually
slowed. Between 5 and 7 years of uninterrupted HAART, CD4
cells still continued to increase in patients with a pre-HAART
CD4 count less than 350 cells/mm3. Because of the slow rate
of increase, however, restoration to CD4 cell levels $800
cells/mm3 is a lengthy process and may not be feasible for
patients who start HAART with ,200 CD4 cells/mm3.

The association between periods of HIV production
despite HAART and reaching a CD4 cell plateau earlier and
(thus) at a lower level confirms the importance of monitoring
of HIV RNA and keeping plasma levels to less than 500
copies/mL. The single study31 that did not find a plateau effect,
in contrast to our study and others,29,30 might reflect different
levels of ongoing viremia or different age distributions among
studies. The association of a lower CD4 cell count plateau with
older age ($50 years of age at the start of HAART) could
reflect the lower normal CD4 cell range reported in older
healthy individuals.36–38 Larger CD4 cell gain in treated
patients has previously been associated with younger age,16,28

and less gain has been attributed to lower thymic function with
older age.14,15 Because patients with low CD4 cell counts
remain at risk of developing new AIDS events after starting
HAART, it may be appropriate to start antiretroviral therapy in
older (ie, $50 years of age) patients earlier than in younger
patients.

Factors associated with differences in CD4 cell response
during the first 6 months of HAART include gender, region of
origin, pre-HAART HIV RNA plasma levels, and the number
of pre-HAART CD8 cells. These differences persisted over the
study period. The long-term CD4 cell response is, however,
largely determined by age and by the degree of HIV RNA
suppression. The findings that patients from sub-Saharan
Africa, and possibly from Southeast Asia, have a slower recov-
ery to 800 CD4 cells/mm3 may indicate geographic variation
in normal CD4 ranges but also differences in adherence. The
latter may be confirmed by our finding of a higher proportion
of patients experiencing periods of HIV viremia while on
uninterrupted HAART. Normal CD4 cell counts in HIV-
seronegative Dutch individuals are reported to be higher than

TABLE 3. Predictors of a Plateauing CD4 Cell Count Between 5 and 7 Years After Initiating HAART in 366 Patients With HIV RNA
Plasma Concentrations ,500 Copies/mL Between 6 Months and 5 Years of Uninterrupted HAART

No. No. With Plateau Univariate OR (95% CI) P Multivariate OR (95% CI) P

Gender

Male 328 136 1.00

Female 38 14 0.82 (0.41 to 1.65) 0.58

Transmission risk group

Homosexual 238 100 1.00

Heterosexual 84 33 0.89 (0.54 to 1.48) 0.66

Injection drug user 7 3 1.04 (0.23 to 4.73) 0.96

Other 37 14 0.84 (0.41 to 1.71) 0.63

Region of origin

WCE/NA/A 311 127 1.00

Other 55 23 0.93 (0.52 to 1.68) 0.81

Pre-HAART CD4 cells/mm3

,50 70 29 1.18 (0.65 to 2.17) 0.59

50–200 88 33 1.00 (0.57 to 1.78) 0.99

200–350 115 43 1.00

350–500 53 24 1.39 (0.72 to 2.68) 0.33

.500 40 21 1.85 (0.89 to 3.83) 0.10

CD4 cells/mm3at 5 years

,400 60 23 1.00 1.00

400–600 108 40 0.95 (0.49 to 1.81) 0.87 1.07 (0.54 to 2.11) 0.85

600–800 105 38 0.91 (0.47 to 1.76) 0.78 1.08 (0.54 to 2.15) 0.82

$800 93 49 1.72 (0.88 to 3.35) 0.11 2.23 (1.10 to 4.51) 0.025

Clinical stage at 5 years

CDC-A, B 185 111 1.00

CDC-C 181 39 0.89 (0.56 to 1.43) 0.63

Age at start of HAART (y)

,50 317 121 1.00 1.00

$50 49 29 2.35 (1.27 to 4.34) 0.006 3.01 (1.60 to 5.67) 0.0006

Viremia between 5 and 7 years*

None 346 135 1.00 1.00

At least once 22 15 4.69 (1.66 to 13.19) 0.003 6.10 (2.12 to 17.51) 0.0008

*At least 1 HIV RNA measurement .1000 copies/mL.
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in HIV-seronegative individuals from Tanzania, Ethiopia,
Kenya, and China39–44 but lower than in such individuals in
Cameroon and Uganda.45,46 Seropositive patients from
Ethiopia experience a slower decline in CD4 cells than seen
in Dutch patients, but time to AIDS is not significantly
different between these Dutch and Ethiopian patients.47 This
suggests that immune restoration in patients originating from
regions with low normal CD4 cell numbers might be slower
than in patients with high normal CD4 cell numbers even if
they are fully adherent.

The higher increase in CD4 cell count in women than in
men follows most probably from the higher CD4 cell counts in
uninfected women than in uninfected men33,38 but might also
reflect prescription of different antiretroviral drugs between
men and women. As in other studies,48–50 our patients with
a lower pre-HAART CD8 cell count experienced higher rates
of CD4 cell increase during the first 6 months. The reason for
this relation is unclear, but it might be related to the level of
CD4 and CD8 cell activation.17 CD4 and CD8 cell activation
was not measured in this cohort, however.

It is well established that patients with pre-HAART CD4
cell counts ,200 cells/mm3 are much more likely to progress
to AIDS or death.10 Combined observational cohort data
suggest that the long-term prognosis might be better for
patients starting HAART when having $350 CD4 cells/mm3

as compared with 200 to 350 cells/mm3,51 although the
absolute risk difference is small. In our subset of patients who
used HAART uninterrupted for 7 years, the restoration of
CD4 cell counts was sufficient to minimize the risk for develop-
ment of AIDS, even for those starting HAART with CD4 cell
counts less than 200 cells/mm3. These patients were likely to
be adherent, and those who died were excluded from the
analysis. Therefore, the results of the longitudinal model and
the analysis of the decrease in CD4 cell response after 5 years
of HAART use cannot be generalized to all patients using
HAART but do give an estimate of the immune system’s maxi-
mum capacity for CD4 cell restoration during 7 years of therapy.

CONCLUSIONS
HAART restoration of CD4 cell counts in HIV-infected

individuals to levels normally seen in uninfected individuals
takes a long time and is not feasible within 7 years in most
patients who initiate HAART with CD4 cell counts ,350
cells/mm3. Patients $50 years of age when starting HAART
and patients with periods of viremia (HIV RNA level .500
copies/mL) experience smaller increases and are more likely to
reach a CD4 cell plateau earlier and at a lower level. Given the
better toxicity profiles of the currently used antiretroviral
combinations, particularly in patients older than 50 years of
age, it may be beneficial to start HAART earlier than current
guidelines recommend.
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