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Background: The expected survival of HIV-infected patients is of
major public health interest.

Objective: To estimate survival time and age-specific mortality
rates of an HIV-infected population compared with that of the
general population.

Design: Population-based cohort study.

Setting: All HIV-infected persons receiving care in Denmark from
1995 to 2005.

Patients: Each member of the nationwide Danish HIV Cohort
Study was matched with as many as 99 persons from the general
population according to sex, date of birth, and municipality of
residence.

Measurements: The authors computed Kaplan—Meier life
tables with age as the time scale to estimate survival from
age 25 years. Patients with HIV infection and corresponding
persons from the general population were observed from
the date of the patient's HIV diagnosis until death, emigration,
or 1 May 2005.

Results: 3990 HIV-infected patients and 379 872 persons from the
general population were included in the study, yielding 22 744 (me-

dian, 5.8 y/person) and 2 689 287 (median, 8.4 years/person) person-
years of observation. Three percent of participants were lost to follow-
up. From age 25 years, the median survival was 19.9 years (95% Cl,
18.5 to 21.3) among patients with HIV infection and 51.1 years (Cl,
50.9 to 51.5) among the general population. For HIV-infected pa-
tients, survival increased to 32.5 years (Cl, 29.4 to 34.7) during the
2000 to 2005 period. In the subgroup that excluded persons with
known hepatitis C coinfection (16%), median survival was 38.9 years
(Cl, 35.4 to 40.1) during this same period. The relative mortality rates
for patients with HIV infection compared with those for the general
population decreased with increasing age, whereas the excess mortality
rate increased with increasing age.

Limitations: The observed mortality rates are assumed to apply
beyond the current maximum observation time of 10 years.

Conclusions: The estimated median survival is more than 35 years
for a young person diagnosed with HIV infection in the late highly
active antiretroviral therapy era. However, an ongoing effort is still
needed to further reduce mortality rates for these persons com-
pared with the general population.
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Knowing the expected survival of HIV-infected patients
is of major public health interest. Mortality rates have
decreased substantially in recent years as a result of im-
proved effectiveness of highly active antiretroviral ther-
apy (HAART) (1). Studies comparing mortality rates for
HIV-infected persons with age- and sex-specific mortal-
ity rates for the general population (2-5) have reported
3- to 10-fold increase in successfully treated patients.
The relative mortality rate, however, is highly depen-
dent on the age distribution of the study sample and
does not in itself answer questions about survival. We
therefore aimed to estimate median survival and age-
specific mortality rates for an entire HIV-infected pop-
ulation compared with a cohort from the general popu-
lation. Persons with HIV infection were followed from
before initiation of HAART and included those with
such predictors of lower survival as poor response to
therapy, AIDS diagnosis, low CD4 count, high viral
load, and poor adherence to treatment (6, 7). Linking
data from the population-based Danish HIV Cohort
Study (DHCS) (8) and the Danish Civil Registration
System (CRS) (9, 10) allowed us to use product-limit
methods that are analogous to the period life tables used

by national authorities for estimating median survival
(11).

MEeTHODS
Study Sample

The DHCS is a prospective, nationwide, population-
based cohort study of all HIV-infected persons treated in
Danish HIV clinics since 1 January 1995 (8, 12). The
study is ongoing, with continuous enrollment of both
newly diagnosed residents and immigrants with existing
HIV infection. Treatment for HIV infection in Denmark
is restricted to 8 specialized centers, and the Danish health
care system provides free tax-supported medical care, in-
cluding antiretroviral treatment for HIV infection. The
study databases are updated annually. Adult (>16 years)
DHCS participants with residency in Denmark were in-
cluded at their first visit to an HIV clinic. The Civil Reg-
istration System (CRS) is a national registry of all Danish
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Context

The expected survival of HIV-infected patients has been
difficult to measure by comparing selected HIV samples
and control groups.

Contribution

Denmark carefully tracks each of its residents’ vital status,
which makes it possible to accurately compare survival of
HIV-infected persons and uninfected persons. In 2000 to
2005, life expectancy at age 25 years was 51 years in the
general population and 39 years for HIV-infected persons
without hepatitis C virus infection (HCV).

Cautions

Denmark provides excellent access to HIV and HCV care,
so the results may be atypical.

Implications

Persons with HIV infection have a good, but far from nor-
mal, life expectancy.

—The Editors

residents; this registry contains information on date of
birth; sex; address; date of migration; and date of death, if
applicable (9). A 10-digit personal number (Central Person
Registry [CPR] number), assigned at birth, uniquely iden-
tifies each person. The CRS is updated within a week of a
person’s birth, address change, death, or emigration. Use of
the CPR number enables treatment centers to avoid mul-
tiple registrations of the same patient and allows tracking
of deaths and persons lost to follow-up due to emigration.
Using the CRS records, we drew a random sample of per-
sons from the general population and matched them to
each HIV-infected patient according to sex and month of
birth and residence in the same municipality as the patient
on the date of diagnosis (Denmark has a population of
approximately 5.3 million persons living in 270 municipal-
ities). We aimed to sample 99 persons from the general
population for each HIV-infected person. However, be-
cause of a shortage of eligible persons in some municipal-
ities, the mean number of persons from the general popu-
lation per patient was 95.2 in the final sample.

Patients with at least 1 positive result on a hepatitis C
virus (HCV)—antibody test or a positive result on an HCV
RNA test were considered to be HCV-positive; the other
patients were considered to be HCV-negative. The HCV-
antibody status was available for 88.4% of all patients and
for 95.4% of patients observed during 2000 to 2005. We
did not have individual data on HCV infection in the
general population, but the estimated prevalence in Den-
mark is only 3 per 1000 (13). Highly active antiretroviral
therapy was defined as the combination of antiretroviral
treatment with at least 3 drugs, including at least 1 pro-
tease inhibitor, 1 nonnucleoside reverse transcriptase inhib-
itor, or abacavir; or the 2-drug combination of efavirenz-
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and ritonavir-boosted lopinavir. Treatment interruption
was defined as a period of at least 2 weeks after initiation of
HAART during which the patient did not take antiretro-
viral drugs. Structured treatment interruptions have gener-
ally not been recommended in Denmark. Causes of death
extracted from patient files were available for patients in
DHCS and were divided into HIV-related causes (AIDS-
defining illnesses and bacterial infections, corresponding to
International Classification of Disease, Tenth Revision
[ICD-10], codes A02, A07.2-07.3, A15-19, A31, A81.2,
B00, B20-25, B37-39, B45, B58, C46, C53, C83.4,
C83.9, F02.4, and J13-17), non—HIV-related other causes,

and unknown causes.

Statistical Analysis

We computed Kaplan—Meier life tables using age as
the time scale. Persons with HIV infection were observed
from the date of HIV diagnosis or from the first visit to an
HIV clinic, if the visit occurred at a later date; persons
from the general population were observed starting at the
same time as their matched HIV-infected patients. All per-
sons were censored at emigration or on 1 May 2005. Death
from any cause was the outcome event.

We estimated median survival times and computed
mortality rates from age 25 years separately for men and
women and for the subgroup of HCV-negative persons.
We chose 25 years because this was the youngest age group
with a sufficient number of patients (» = 170) being ob-
served. We performed analyses for 3 clinically relevant pe-
riods: 1995 to 1996 (pre-HAART), 1997 to 1999 (early
HAART), and 2000 to 2005 (late HAART) and with re-
spect to the length of HAART treatment: before HAART,
first year, second and third years, fourth and fifth years,
and sixth year onward.

We computed mortality rates in 5-year age intervals
and estimated crude relative (mortality rate ratio [mortality
rate for patients with HIV infection divided by the mor-
tality rate for the general population]) and absolute (excess
mortality rate [mortality rate for the general population
subtracted from the mortality rate for patients with HIV
infection]) effects in HIV-infected patients compared with
persons from the general population. In accordance with
the matched design, we used a stratified Cox regression
model for the mortality rate ratio estimations. When com-
paring mortality rate ratios from the stratified model with
crude mortality rate ratios, we found only small deviations
(median, 4.3% [interquartile range, 1.2% to 7.0%]) and
therefore used standard statistical methods for the excess
mortality rates. We further examined mortality rate ratios
and excess mortality rates for the late HAART period and
for HCV-negative and HCV-positive persons during the
late HAART period.

Data analysis was performed by using Stata statistical
software, version 9.0 (Stata Corp., College Station, Texas).
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Table 1. Characteristics of Study Participants*

Variable

Persons, n
Men, %
Median age at study entry (interquartile range), y
Median observation time (interquartile range), y
Incident cases (diagnosed after 1 January 1995), n (%)
Entered the cohort within 31 days after diagnosis
Entered the cohort within 181 days after diagnosis
Most likely method of infection, n (%)
Male homosexual activity
Heterosexual activity
Intravenous drug use
Other
Race, n (%)
Caucasian
Black
Other
Positive for hepatitis C infection

Patients with HIV General Population
Infection without HIV Infection

3990 379 872
77 77
37.2 (31.0-44.8) 36.9 (30.9-44.6)
5.8 (2.2-9.9) 8.4 (4.3-10.3)
2045 (51) =
1556 (76) -
1943 (95) =

1863 (47)

1377 (35)
480 (12)
270 (7)

3287 (82) NA
446 (11) NA
257 (6) NA
668 (17) -

* HIV = human immunodeficiency virus; NA = not available.

Approvals and Permissions

The Danish Data Protection Agency approved the es-
tablishment of the cohort study. The study was not subject
to approval by the ethics committee because data collection
did not involve direct patient contact.

Role of the Funding Sources

The Danish HIV Cohort study receives funding from
the Danish AIDS Foundation, Odense University Hospi-
tal, Preben and Anna Simonsen’s Foundation, the Foun-
dation of the Danish Association of Pharmacists, and the
Clinical Institute at the University of Southern Denmark.
The funding sources were not involved in the design, data
collection, analysis, or writing of the study.

REsuLTs
Study Sample

We included 3990 HIV-infected persons and 379 872
persons from the general population: The respective me-
dian observation time after age 25 years was 5.8 person-
years (interquartile range, 2.2 to 9.9 person-years) and 8.4
person-years (interquartile range, 4.3 to 10.3 person-years),
respectively (Table 1). One hundred twenty-one (3.0%)
HIV-infected patients and 11 552 (3.0%) persons from the
general population were lost to follow-up; of these, 107
(2.7%) patients with HIV infection and 10 234 (2.7%)
persons from the general population emigrated. There were
2045 (51%) incident HIV cases diagnosed after 1 January
1995; 75% were observed within 31 days of diagnosis, and
95% came under observation within the first 181 days after
diagnosis. After HAART was introduced in 1996, the prev-
alence of patients receiving this treatment gradually in-
creased, surpassing 75% in 2002 to 2004. At any given
time, fewer than 5% of HIV-infected patients were inter-
rupting treatment. The number of patients under observa-
tion varied with age and was highest (range, 515 to 1004)
for those who were 30 to 50 years of age (Table 2).
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Survival from Age 25 Years

All participants were observed from age 25 years: HIV-
infected persons had a median survival of 19.9 years (17.5
years for men and 24.2 years for women), whereas persons
from the general population had a median survival of 51.1
years (50.8 years for men and 54.8 years for women) (Ta-
ble 3). During the late HAART period (2000 to 2005),
median survival of HIV-infected patients had increased to
32.5 years (32.1 years for men and 32.3 years for women)
overall, and to 38.9 years (37.8 years for men and 40.1
years for women) after persons with known HCV infection
were excluded (Figure).

Mortality Rates

The mortality rate was 43 per 1000 person-years (95%
ClL, 40 to 45) for HIV-infected persons and 4.7 per 1000
person-years (CI, 4.6 to 4.8) for the general population
(Table 3). The highest mortality rate, 124 per 1000 per-
son-years (CI, 112 to 137), was observed in the pre-
HAART period (1995 to 1996). This rate decreased to 38
per 1000 person-years (CI, 33 to 43) in the early HAART
period (1997 to 1999) and to 25 per 1000 person-years
(CIL, 23 to 28) in the late HAART period (2000 to 2005).
In patients receiving HAART, the highest mortality rate of
48 per 1000 person-years (CI, 40 to 57) was observed
during the first year of treatment but decreased to 27 per
1000 person-years (CI, 22 to 32) during the second and
third years of HAART, to 26 per 1000 person-years (CI,
21 to 32) during the fourth and fifth years of HAART, and
to 26 per 1000 person-years (CI, 21 to 31) from the sixth
year onward. Mortality rates were even lower among pa-
tients treated during the late HAART period. Although
mortality rates declined with calendar time, we found no
change in mortality rates from the first to the tenth year
after the diagnosis of HIV infection. In the late HAART
period, the mortality rate was 26 per 1000 person-years
(CI, 19 to 34) during the first 2 years after diagnosis, 17
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Table 2. Age-Specific Mortality Rates*

Variable

Under observation at the beginning of each age period, n
Patients with HIV infection
General population

PYR (in thousands), n
Patients with HIV infection
General population

Events, n
Patients with HIV infection
General population

Mortality rate for patients with HIV infection, per 1000 PYR
Mortality rate for general population, per 1000 PYR

Mortality rate ratio (patients vs. general population)

Excess mortality rate (patients vs. general population, per 1000 PYR)

Patients observed during the years 2000-2005
Patients with HIV infection, PYR (in thousands)
Mortality rate for patients with HIV infection, per 1000 PYR
Mortality rate for general population, per 1000 PYR
Mortality rate ratio (patients vs. general population)
Excess mortality rate (patients vs. general population), per 1000 PYR

HCV-negative patients observed during the years 2000-2005
Patients with HIV infection, PYR (in thousands)
Mortality rate for patients with HIV infection, per 1000 PYR
Mortality rate for general population, per 1000 PYR
Mortality rate ratio (patients vs. general population)
Excess mortality rate (patients vs. general population), per 1000 PYR

HCV-positive patients observed during the years 2000-2005
Patients with HIV infection, PYR (in thousands)
Mortality rate for patients with HIV infection, per 1000 PYR
Mortality rate for general population, per 1000 PYR
Mortality rate ratio (patients vs. general population)

Age
25-30y >30-35y >35-40y >40-45y
170 566 959 950
17 045 60 322 107 786 112 343
1.77 3.97 4.92 4.13
184 432 567 505
54 113 176 189
128 385 761 1296

30.5 (23.4 t0 39.9)
0.7 (0.6 t0 0.8)
44.53 (32.0 to 61.9)

29.8 (21.7 t0 38.0)

0.77
6.5 (2.7 to 15.6)
0.6 (0.5 t0 0.8)
8.88 (3.2 t0 24.7)
5.8 (1.6 to 11.5)

0.67
1.5 (0.2 to 10.6)
0.6 (0.5 t00.8)
2.6(0.4t019.3)
0.9 (-2.11t03.8)

0.10
38.5(14.5 t0 102.7)
0.8 (0.4 to 1.6)
41.6 (10.8 to 160.9)

28.5(23.7 to 34.3)
0.9 (0.8 to 1.0)
32.04 (25.9 t0 39.7)

27.6 (22.3 10 32.9)

1.98
11.6 (7.7 to 17.5)
0.8 (0.7 t0 0.9)
15.14 (9.7 to 23.5)
10.9 (6.1 to 15.6)

1.66
8.5(5.0to 14.3)
0.8 (0.7 to 0.9)

10.7 (6.2 to 18.6)
7.7 (3.2t012.1)

0.32
28.2 (14.7 to 54.2)
0.7 (0.5 to 1.0)
42.1(19.2 t0 92.6)

35.8 (30.8 to 41.4)
1.3(1.3t0 1.4)
27.4 (23.11032.4)

34.4 (29.11039.7)

3.04
17.4 (13.3 t0 22.8)
1.2(1.1t01.3)
14.36 (10.7 to 19.3)
16.2 (11.5 to 20.9)

2.45

13.5 (9.6 to 19.0)
1.2(1.11t0 1.3)

11.5 (8.0 to 16.6)

12.3 (7.7 t0 16.9)

0.59
33.7(21.7t0 52.2)
1.3 (1110 1.6)
24.5 (14.8 to 40.6)

45.7 (39.7 10 52.7)
26(2.4t02.7)
18.04 (15.4 to 21.1)

43.2 (36.6 10 49.7)

2.58
24.0 (18.7 t0 30.8)
23(2.1t02.4)
10.55 (8.1 to 13.8)
21.8 (15.8 to 27.8)

1.99
14.1 (9.7 to 20.4)
2.3 (2.1t02.5)
6.3 (43t09.3)
11.8 (6.5 t0 17.0)

0.59
57.8 (41.3 t0 81.0)
2.1(1.8t02.5)
24.4 (16.6 to 35.8)

Excess mortality rate (patients vs. general population), per 1000 PYR 37.8 (0.0 to 75.5)

27.5 (9.1 to 46.0) 324 (17.6t0 47.2) 55.7 (36.3 t0 75.2)

* Values in parentheses are 95% Cls. HCV = hepatitis C virus; HIV = human immunodeficiency virus; NA = not available; PYR = person-years at risk.

per 1000 person-years (CI, 12 to 24) during the third and
fourth years, 18 per 1000 person-years (CI, 13 to 25) dur-
ing the fifth and sixth years, 21 per 1000 person-years (CI,
15 to 29) during the seventh and eighth years, and 17 per
1000 person-years (CI, 11 to 25) during the ninth and
tenth years after diagnosis. Persons with HIV and HCV
coinfection had considerably higher mortality rates than
those who were HCV-negative (mortality rate, 59 [CI, 52
to 67] vs. 39 [CL, 36 to 42]), and this finding was even
more marked in the late HAART period (mortality rate, 57
[CI, 48 to 67] vs. 19 [CL, 17 to 22]).
Age-Specific Mortality Rates

Mortality rates increased with age for HIV-infected
persons and for the general population (Table 2). Among
HCV-negative persons with HIV infection who were
younger than 50 years, mortality rates during the late
HAART period did not exceed 15.0 per 1000 person-years
(CL 10.0 to 22.6).
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The mortality rates for HIV-infected persons relative
to those for the general population (mortality rate ratio)
were highest in the younger age groups. The decrease in
mortality rate ratio with age was driven by the natural
age-dependent increase in mortality rates in the reference
population. The mortality rate ratio decreased from 44.5
(CI, 32.0 to 61.9) for persons who were age 25 to 30 years
to 3.4 (CI, 2.3 to 5.1) for those who were age 65 to 70
years. Among persons observed in the late HAART period,
the mortality rate ratio varied from 15.1 (CI, 9.7 to 23.5)
to 3.0 (CI, 2.0 to 4.6) for all HIV-infected patients. After
HCV-positive persons were excluded, the mortality rate
ratio during this period ranged from 11.5 (CI, 8.0 to 16.6)
to 2.8 (CI, 2.0 to 4.0).

In contrast to the age-related decrease in mortality rate
ratio, the excess mortality rate for HIV-infected patients
compared with that for the general population was lowest
in the younger age groups and increased with age. The

www.annals.org
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Table 2—Continued

Age
>45-50y >50-55y >55-60y >60-65y >65-70y
727 517 373 224 77
90 759 65 254 45 872 27170 11023
3.07 2.26 1.53 0.67 0.28
386 280 185 86 40
155 111 69 49 26
1795 2036 2031 1543 1169

50.5 (43.1 t0 59.1)
4.7 (4.4t04.9)
10.81 (9.1 to 12.8)

45.9 (37.9 t0 53.8)

1.93
32.2(25.11t041.3)
45 (43t04.8)

6.81(5.2t08.9)
27.6 (19.6 10 35.7)

1.53
15.0 (10.0 to 22.6)
4.6 (4.3t04.9)
3.0(2.0t04.7)
10.4 (4.3 to 16.6)

0.40
98.5 (72.0 to 134.8)
43 (3.8t04.9)
21.6 (15.2 t0 30.8)
94.2 (63.3 to 125.1)

49.2 (40.8 t0 59.2)
7.3(7.0t07.6)
7.24 (6.0 to 8.8)

41.9 (32.7 t0 51.0)

1.40
33.5(25.2 to 55.6)
7.1(6.7t07.5)
5.14 (3.8 t0 7.0)
26.4 (16.8 to 36.0)

1.22
27.8 (19.9 to 39.0)
7.0 (6.6 to 7.5)
43(3.1t06.2)
20.8 (11.4 t0 30.2)

0.18
713 (41.4t0122.7)
7.3 (6.4t08.3)
10.3 (5.7 to 18.8)
64.0 (25.2 to 102.8)

45.2 (35.7 t0 57.3)
11.0 (10.5 to 11.4)
4.05(3.2t05.2)

34.3 (23.6 t0 45.0)

1.14
34.3 (25.0 to 46.9)
10.6 (10.0 to 11.1)
3.16 (2.3t0 4.4)
23.7 (12.9to 34.4)

1.10
30.1 (21.4 to 42.4)
10.6 (10.0 to 11.2)
2.8 (2.0t0 4.0)
19.5 (9.2 t0 29.8)

0.04
141.3 (63.5 to 314.6)
10.1 (8.0 to 12.8)
13.7 (5.3 to 35.5)
131.2 (18.1 to 244.3)

73.4 (55.4 t0 97.1)
18.0 (17.1 to 18.9)
4.23 (3.2t05.6)

55.4 (34.8 t0 75.9)

0.51
49.3 (33.3t0 73.0)
17.0 (16.1 to 18.1)
3.04 (2.0to 4.6)
32.3(12.9t0 51.6)

0.49
47.0 (31.3 t0 70.8)
17.0 (16.0 to 18.1)
3.0(2.0to 4.6)
30.0 (10.8 to 49.3)

0.02
109.9 (27.5 to0 439.3)
17.3 (13.0 to 23.0)
3.5 (0.5 to 26.0)

92.6 (—59.8 to 244.9)

93.1 (63.4 to 136.7)
29.1 (27.5 10 30.8)
343 (2.3t05.1)

64.0 (28.2 t0 99.8)

0.18
81.3 (49.1 to 134.9)
28.5 (26.6 to 30.5)
3.11(1.9t05.2)
52.8 (11.7 to 94.0)

0.18
82.3 (49.6 to 136.5)
28.5 (26.6 to 30.5)
3.1(1.9t05.2)
53.8 (12.1 t0 95.5)

0.00
NA
27.9 (20.4 to 38.0)
NA
NA

excess mortality rate during the late HAART period was
not higher than 12.3 per 1000 person-years (CI, 7.7 to
16.9) among HCV-negative persons who were younger
than 50 years but increased gradually with age to 53.8 per
1000 person-years (CI, 12.1 to 95.5) among persons who
were 65 to 70 years. These figures were 2- to 4-fold higher
if all patients and observation years were included (Table
2).

Causes of Death

The mortality rate for HIV-related death decreased
from 71 per 1000 person-years (CI, 63 to 81) in the early
HAART period to 7.0 per 1000 person-years (CI, 5.8 to
8.6) in the late HAART period, and non-HIV-related
deaths decreased from 23 per 1000 person-years (CI, 18 to
29) to 9.4 per 1000 person-years (CI, 7.9 to 11.2) (Table
4). Thus, the proportion of known causes of death that
were related to HIV infection decreased from 76% in 1995

www.annals.org

to 1996, to 57% in 1997 to 1999, and to 43% in 2000 to
2005.

DiscussioN

In this population-based cohort study, we estimate a
median remaining lifetime of more than 35 years for a
25-year-old, HIV-positive person without HCV infection
who received care in the twenty-first century. We expect
this estimate to be robust because the study included all
patients, regardless of such prognostic factors as CD4-pos-
itive cell count, HIV RNA, disease stage, history of AIDS,
treatment adherence, or time receiving HAART. The in-
crease in survival over time was attributable mainly to a
decrease in HIV-related deaths. Despite the encouraging
survival expectations, the study still shows large, age-de-
pendent excess mortality rates in the HIV-infected cohort
compared with the general population. The excess mortal-
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Table 3. Median Survival and Mortality Rates Starting at Age 25 Years*

Variable PYR Events Mortality Rate per 1000 PYR (95% CI) Median Survival after Age 25 Years (95% Cl), y
Total Men Women Total Men Women
General population 2 689 287 12565 4.7 (4.6-4.8) 5.5 (5.4-5.6) 1.8(1.7-1.9) 51.1(50.9-51.5) 50.8(50.4-51.1) 54.8 (53.4—x)
Patients with HIV infection 22744 970 43 (40-45) 47 (44-50) 29 (25-34) 19.9 (18.5-21.3) 17.5(15.4-19.3) 24.2 (21.6-26.6)
HAART period
No HAART 8271 537 65 (60-71) 75 (68-82) 37 (30-46)
1st year 2605 124 48 (40-57) 51 (42-62) 35 (23-54)
2nd-3rd year 4534 121 27 (22-32) 28 (23-35) 21 (14-32)
4th-5th year 3570 92 26 (21-32) 26 (21-33) 25 (16-39)
6th year onward 3764 96 26 (21-31) 27 (22-34) 18 (11-31)
Time since diagnosis
1st-2nd years after 3436 159 46 (40-54) 53 (44-62) 28 (19-42)
diagnosis
3rd-4th years after 3419 133 39 (33-46) 44 (36-53) 25 (17-38)
diagnosis
5th-6th years after 3136 116 37 (31-44) 40 (33-50) 28 (19-42)
diagnosis
7th-8th years after 2799 117 42 (35-50) 47 (39-58) 26 (16-41)
diagnosis
9th-10th years after 2614 129 49 (42-59) 56 (46-67) 30 (19-47)
diagnosis
Hepatitis C status
Positive 4149 246 59 (52-67) 68 (59-78) 44 (34-56) 17.6 (15.0-19.6) 15.3(10.3-18.1) 21.6 (17.4-24.2)
Negative 18595 724 39 (36-42) 43 (40-46) 24 (19-29) 21.0(19.3-23.2) 18.5(16.0-20.6) 27.4 (23.6-35.0)
Observation period
1995-1996 3243 402 124 (112-137) 136 (122-151) 78 (60-103) 7.6 (4.8-9.6) 5.5 (3.4-8.5) 11.0 (6.3-12.9)
1997-1999 5857 222 38 (33-43) 41 (35-47) 28 (20-38) 22.5(20.0-24.5) 22.1(18.2-24.0) 24.6(16.6-36.4)
2000-2005 13644 346 25 (23-28) 27 (24-30) 20 (16-26)  32.5(29.4-34.7) 32.1(28.5-34.9) 32.3 (24.5-36.1)
Patients with HIV infection
observed 2000-2005 only
HAART period
No HAART 2946 66 22 (18-29) 26 (20-34) 15 (9-26)
1st year 1073 46 43 (32-57) 50 (37-69) 24 (11-50)
2nd-3rd year 2464 57 23 (18-30) 23 (17-31) 23 (14-38)
4th-5th year 3398 81 24 (19-30) 24 (18-30) 24 (15-38)
6th year onward 3763 96 26 (21-31) 27 (22-34) 18 (11-31)
Time since diagnosis
1st-2nd years after 1875 48 26 (19-34) 30 (22-40) 15 (8-31)
diagnosis
3rd-4th years after 1901 32 17 (12-24) 17 (11-26) 16 (9-32)
diagnosis
5th-6th years after 1786 32 18 (13-25) 16 (11-25) 22 (12-40)
diagnosis
7th-8th years after 1630 34 21 (15-29) 23 (16-33) 16 (7-33)
diagnosis
9th-10th years after 1439 24 17 (11-25) 18 (12-29) 12 (5-30)
diagnosis
Hepatitis C status
Positive 2245 127 57 (48-67) 59 (48-74) 52 (38-70) 19.6 (16.1-21.9) 19.3 (9.6-22.2) 21.1 (14.9-23.7)
Negative 11399 219 19 (17-22) 22 (19-25) 10 (7-15) 38.9(35.4-40.1) 37.8(34.3-40.0) 40.1 (35.0-=)

* HAART = highly active antiretroviral therapy; HCV = hepatitis C virus; HIV = human immunodeficiency virus; PYR = person-years at risk.

ity rates increased with increasing age, whereas the relative
mortality rates decreased.

Three previous studies have compared age- sex- and
calendar-year—specific mortality rates of HIV-infected pa-
tients with those of the general population (2, 3, 14). In
the Dutch ATHENA (AIDS Therapy Evaluation, the
Netherlands Study Group) cohort (2), the overall mortality
rate among HIV-infected patients was considerably lower
(10.6 per 1000 person-years) than in our study; as in our
study, the ATHENA cohort showed a pattern of decreas-
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ing relative mortality rates with increasing age but no in-
crease in the excess mortality rate with age. However, the
study sample was restricted to antiretroviral-naive patients
who had survived the first 24 weeks of a HAART regimen.
In contrast, we included all patients, both those who were
diagnosed with advanced disease and did not survive for 24
weeks and those who did not yet meet the criteria for
HAART, which allowed us to estimate survival in the total
HIV population. In the Swiss HIV Cohort Study, Jaggy
and colleagues (14) studied excess mortality rates in pa-

www.annals.org



Figure. Survival from age 25 years.
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Cumulative survival curve for HIV-infected persons (without hepatitis C
coinfection) and persons from the general population. Persons with HIV
infection are divided into 3 calendar periods of observation. Dashed lines
indicate 95% Cls. HIV = human immunodeficiency virus; HAART =
highly active antiretroviral therapy.

tients “successfully treated with HAART” (excess mortality
rate, 3.1 to 8.0 [HCV-negative] and 20.5 to 25.9 [HCV-
positive] per 1000 person-years) vs. “unsuccessfully treated
with HAART” (excess mortality rate, 117.4 [HCV-nega-
tive] and 112.7 [HCV-positive] per 1000 person-years).
These authors did not report the distribution of ages in
their study groups or the age-specific excess mortality rates.
In another analysis based on the Swiss HIV Cohort Study,
Keiser and colleagues (3) found a decrease in the mortality
rate from 130 per 1000 person-years during 1990 to 1995
to 30 per 1000 person-years during 1997 to 2001, and a
concomitant decrease in standardized mortality rate ratio
from 79.3 to 15.3. There was a 21% withdrawal rate in
that study, and no information was available regarding par-
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ticipants’ age distributions. Because mortality rates among
HIV-infected and noninfected persons are highly age-
dependent, the age-specific mortality rates reported in our
study allow transparency and easier comparison among
studies and samples. Further, the 2 Swiss Cohort Study
reports were based on data up to 2001 and did not incor-
porate the advances in treatment effectiveness obtained
during the subsequent 4 years. Braithwaite and coworkers
(15) used data from the Collaborations in HIV Outcomes
Research/US (CHORUS) cohort (16) to develop a com-
puter model that incorporated time-updated CD4-positive
cell counts, viral load, adherence to treatment, and devel-
opment of resistance; the estimated median survival from
that model was 20.4 years for newly diagnosed patients.
Compared with CHORUS, which is a clinic-based, multi-
state cohort study requiring informed consent from the
patients, DHCS is geographically based with almost com-
plete inclusion of HIV-infected patients in our area. There-
fore, we may interpret our findings as a result of the total
health care effort in our area.

The mortality rates for HIV-infected patients may be
put into clinical perspective by comparison with mortality
rates among patients with type 1 diabetes mellitus, another
serious chronic disease of young adults. Laing and cowork-
ers (17) estimated age- and sex-specific mortality rates for
patients with type 1 diabetes (per 1000 person-years). They
reported the following mortality rates for women and men,
respectively: for age 30 to 39 years, 3.2 and 4.2; for age 40
to 49 years, 8.5 and 11.6; for age 50 to 59 years, 19.1 and
26.2; and for age 60 to 69 years, 44.6 and 63.2. These rates
are slightly lower than the rates we found among persons
without HCV infection during the late HAART era.

The strengths of our study are its population-based
setting, minimal participants lost to follow-up, high quality
of the death registration (that is, we are certain that all

Table 4. Mortality Rates according to Cause of Death and Calendar Period*

Observation Cause of Death PYR, n Events, n
Period
1995-1996
All causes 3243 402
HIV-related 3243 231
Non-HIV-related 3243 75
Unknown 3243 96
1997-1999
All causes 5857 222
HIV-related 5857 104
Non-HIV-related 5857 80
Unknown 5857 38
2000-2005
All causes 13 644 346
HIV-related 13 644 96
Non-HIV-related 13 644 128
Unknown 13 644 122

Mortality Rate per All-Cause Mortality Mortality Rate by

1000 PYR (95% CI) Rate, % Known Causes, %
124 (112-137) 100
71.2 (62.6-81.0) 57 76
23.1 (18.4-29.0) 19 24
29.6 (24.2-36.2) 24
37.9 (33.2-43.2) 100
17.8 (14.7-21.5) 47 57
13.7 (11.0-17.0) 36 43
6.5 (4.7-8.9) 17
25.4 (22.8-28.2) 100
7.0 (5.8-8.6) 28 43
9.4 (7.9-11.2) 37 57
8.9 (7.5-10.7) 35

* HIV = human immunodeﬁciency virus; PYR = person-years at risk.
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dates were correct for all registered deaths), clearly defined
date of inclusion of all prevalent and incident cases of HIV
infection in Denmark (1 January 1995), and large propor-
tion of incident cases observed shortly after patients were
diagnosed with HIV infection, which allowed us to follow
up on most patients from before initiation of HAART.
Despite the advantages of good-quality data, our study
has limitations. First, survival predictions were based on
the assumption that the observed mortality rates also
would apply in subsequent years, whereas actual observa-
tion time of any individual patient was at most 10 years.
However, we found no increase in mortality rates through
the first 10 years of infection or increase in mortality rates
with increasing time receiving HAART, and we found a
decrease in mortality rates with increasing calendar period.
These findings agree with a previous study from DHCS, in
which we observed a decreasing incidence of triple-class
drug failure with successive calendar periods (18). Thus,
we did not see any signs of waning effectiveness of
HAART, which is currently debated and considered to be
a potential health threat because of multiclass drug failure,
accumulation of drug resistance, and long-term drug tox-
icities (19, 20) Although our predictions reach far beyond
the current experience with HIV and HAART, we saw no
signs that a 50-year-old patient who was infected several
years previously had a higher mortality rate than a recently
infected 50-year-old patient. Second, some eligible HIV-
infected persons may not have been included in the study.
Because dispensing antiretroviral drugs in Denmark is re-
stricted to HIV clinics and is free, many of the missed
patients are probably those who do not fulfill the criteria
for HAART and therefore have low mortality rates. This
would cause overestimation of mortality rates in the HIV-
infected cohort. In contrast, many patients may not seck
care despite being eligible for antiretroviral treatment and
may belong to a group with such comorbid conditions as
mental health disorders or addiction problems. This group
would have a higher risk for death, because of HIV infec-
tion and comorbid conditions, thus leading to an underes-
timation of the mortality rates in the HIV-infected cohort.
Third, the HIV-infected population is thought to differ
from the general population regarding socioeconomic and
behavioral factors (8, 21) and having acquired HIV infec-
tion probably indicates a tendency toward risk behaviors.
Studies have shown a higher frequency of smoking and
alcohol consumption among HIV-infected patients (22,
23). Matching the cohort of persons from the general pop-
ulation according to sex, age, and place of residence may
partly correct for these group differences, but any residual
confounding by lifestyle or comorbid conditions would
cause an overestimation of the observed excess mortality
rates because of HIV infection. Fourth, the results are in-
fluenced by the composition of the study sample. In our
cohort, and in most other HIV-infected populations, the
mortality rates differ in subgroups (defined by HCV coin-
fection status, ethnicity, risk behaviors, and sex), and may
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be influenced by the person’s position on different time
scales (age, time receiving HAART, and calendar time). To
explore and clarify the effect of these covariates, we pre-
sented mortality rates in selected time strata. The subgroup
with the best prognosis (persons without HCV coinfec-
tion) comprised 84% of all persons observed in the late
HAART era and was therefore chosen as a clinically useful
reference group.

The survival projections in our study depend on con-
tinuous treatment success beyond the 10 years of current
experience with HAART. Further, with the easy access to
HAART and HIV care in Denmark, our findings may
represent a best-case scenario. Not all subgroups of patients
have the same prognosis, and treatment must be individu-
alized according to actual risk estimates. Our study sug-
gests that most young persons with HIV infection can ex-
pect to survive for more than 35 years, but an ongoing
effort is still needed to further reduce mortality rates in
these persons.
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