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Abstract

There is an ongoing debate whether the life span of successfully treated people living with HIV (PLHIV) is
comparable with that of the general population. The aim of this cohort study is to compare all-cause mortality
between all PLHIV, successfully treated PLHIV, and HIV-negative control persons from the general population
and to explore the impact of viral load (VL) at diagnosis. A total of 4066 PLHIV were matched against 8072 HIV-
negative controls according to age, sex, and region of birth. Further, associations between VL at diagnosis, time on
treatment, treatment outcome, and mortality were assessed over a 15-year period. Cox regression estimates were
computed to compare the overall crude and adjusted hazard ratios (HRs) for mortality. After a 15-year follow-up
period, successfully treated PLHIV were found to be three times more likely to die when compared with HIV-
negative controls (HR 3.01, 95% CI 2.05–4.44, p < 0.001). The risk of mortality decreased from HR 6.02 after the
first year of successful treatment. VL >30,000 c/mL at diagnosis was associated with an increased risk of mortality
despite long-term antiretroviral therapy (ART) treatment. Although effective viral suppression has led to sig-
nificant increases in longevity and quality of life, ART has not fully restored life expectancy to a level comparable
with that found in HIV-negative persons. Even when PLHIV are successfully treated, there are several other
important areas related to death, such as smoking and social factors, where data are still missing.
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Introduction

Antiretroviral therapy (ART) has significantly re-
duced mortality and morbidity among people living with

HIV (PLHIV).1 This trend will continue to improve as re-
cently concluded studies (2017) suggest that the more re-
cently the patients are treated, the lower their risk of mortality
(due to access to better drugs, better treatment and preven-
tative measures, and better management of comorbidities).2,3

However, although some researchers have suggested that the

life span of successfully treated PLHIV is now comparable
with that of the general population,4 others continue to find
that morbidity and mortality rates of PLHIV remain elevated
when compared with HIV-negative persons.5–7

Immunodeficiency because of HIV infection has been
presented as a major risk factor.8–10 One major European
study conducted in 2012 followed 35,000 ART-treated
PLHIV with the CD4+T cell count (CD4) >500 cells/lL over
a mean period of 3.5 years11 and found mortality rates among
PLHIV, excluding people who inject drugs (PWID), to be
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similar to the rates found in the general population (0.37/100
PY). One other study had similar findings, although with
ART-treated PLHIV with a baseline CD4 > 350.12 These
studies are some of many that have found CD4 to be strongly
predictive of mortality. Further, the robust START study
published in 2015 highlighted net differences in serious
events and all-cause mortality between those who started
treatment with a high CD4 (>500 cells/lL) compared with
those who delayed treatment start until CD4 had dropped to
350 cells/lL.13 The immediate start of treatment was found to
significantly reduce the rate of both AIDS and non-AIDS
events. Since many HIV-positive persons present late for care
with a very low CD4, the implications are important.14,15 The
impact of viral load (VL) at diagnosis on morbidity and
mortality has been well documented,16 but there were few
clinical data concerning the impact of VL at diagnosis on
mortality following long-term treatment.

Research on the topic of mortality rates among PLHIV is
characterized by an inconsistency in findings due to the fol-
lowing major limitations: (a) small sample sizes; (b) the use of
the general population (characterized by its ever-increasing
life expectancy) as a comparison group, as opposed to using
matched HIV-negative controls (which would allow for strat-
ifying by potential risk factors); (c) limited follow-up periods;
and (d) lack of data concerning social factors. Sweden’s Na-
tional Quality Assurance Register (InfCareHIV) was used as
the data source in this study. Over 99% of HIV patients in
Sweden (including migrants) are monitored from diagnosis
until death or migration through InfCareHIV, a database that
has been implemented in all HIV care centers in the country. In
Sweden, 90% of the InfCareHIV cohort is considered to be
successfully treated,17 and the country achieved the UNAIDS
90-90-90 target in 2014, with 90% of HIV patients knowing
their status, 94.94% receiving sustained ART, and 94.53% of
patients on ART having suppressed their VL. Data collected
from this cohort study will allow us to contribute robust evi-
dence to this field of research.

The main aim of this study is to compare all-cause mor-
tality between all PLHIV and matched HIV-negative controls
and to explore the impact that VL at HIV diagnosis has on
mortality rates. A further objective of the study is to compare
all-cause mortality between successfully treated PLHIV and
HIV-negative controls.

Materials and Methods

Study setting and data collection

Patients were identified from the Swedish National HIV
Register (InfCareHIV) that includes >99% of patients living
in Sweden (including migrants with and without residence
permits). Patients are enrolled into the register at the time of
HIV diagnosis. InfCareHIV collects sociodemographic,
biological, and treatment data at least every 6 months. This
study population included 4066 PLHIV who had been di-
agnosed with HIV in Stockholm or Gothenburg between
1996 (the year when effective ART was introduced into
the Swedish public health system) and 2011 and from the
rest of the country between 2005 and 2011. All patients have
a national registration number (NRN). The NRN enabled
database linkages. Persons who had been identified in the
InfCareHIV database, but did not have an NRN, were ex-
cluded from this study (414 patients in total). PLHIV who

had been diagnosed outside of Sweden were also excluded
(additional 400 patients) due to their lack of care and
treatment history.

The Swedish Population Register (SPR) carries records on
all individuals residing in Sweden on a permanent basis.
Statistics Sweden (www.scb.se Microdata at Statistics Swe-
den for research purposes) matched the 4066 PLHIV from
InfCareHIV with 8072 HIV-negative persons from SPR.
Mortality was determined using the Cause of Death Register
(www.socialstyrelsen.se/english) that includes date and
cause of death coded according to the international version of
the disease classification system (ICD9–ICD10). The World
Health Organization (WHO) and Centers for Disease Control
(CDC) system of classification was used for AIDS diagnosis.
Today, 20% of the Swedish HIV cohort are current smokers
(InfCareHIV unpublished result), but at the study time, 1996–
2011 smoking and educational statuses were not collected.

Ethical clearance

All the above-mentioned registries are protected by strict
confidentiality agreements, but may be disclosed for research
purposes. All data were anonymous and the Regional Ethics
Committee in Stockholm approved the use of these data for
the purpose of this study (Diary No. 2012/1187-31/5).

Data matching

Each HIV-positive person (hereafter referred to as an
HIV+ person) was matched to two HIV-negative persons
(hereafter referred to as control persons) by age at the year of
HIV diagnosis. Exact matching to control person was carried
out according to (a) year of birth, (b) sex (male; female), and
(c) region of birth using the UNAIDS classification system
with the addition of Sweden as a distinct category (Sweden;
Europe, USA, Israel, and Canada; sub-Saharan Africa; North
Africa and the Middle East; Eastern Europe and Central Asia;
Asia and the Pacific; and the Caribbean and Latin America).
Marker A in Fig. 1 illustrates the time point at which a person
is diagnosed as HIV+ and is matched to an HIV-negative
control person.

Substudy: comparing successfully treated PLHIV
and HIV-negative persons

To explore how successful treatment impacts mortality, we
compared mortality between the successfully treated PLHIV
and HIV-negative control persons. PLHIV with a VL that had
dropped to <500 HIV-1 RNA c/mL within 6 months after
ART initiation were included in this substudy. This is illus-
trated as time point B in Fig. 1. Persons whose VL had
dropped to <500 c/mL at a later stage were not included. At
this start of follow-up point, we ensured that we had at least
one control person for each HIV+ person, otherwise the HIV+
person was removed from the analysis. Follow-up duration
was defined as the number of days that an HIV+ person was
able to keep the VL <500 c/mL. HIV+ persons ceased to be
followed up: (a) at death or at loss to follow-up (e.g., mi-
gration); (b) the moment VL ‡500 c/mL; and (c) at the end of
the study (end of 2011). The patients in this cohort were
treated according to the Swedish HIV treatment guidelines
that are, for the most part, consistent with the European
guidelines (EACS and BHIVA).
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Statistical methods

Background and characteristics were described at baseline
for both groups (HIV+; HIV-negative control person): sex,
age, and region of birth. Comparing these indicators between
the two groups allowed us to verify the success of the matching
process. Age at death (in years), follow-up time from diagnosis
(in days), and mortality rates/100 P-Y were also compared
using t-tests.

Cox regression estimates were computed to compare the
overall crude hazard ratio (HR) for mortality (yes; no) be-
tween successfully treated PLHIV and HIV-negative control
persons over a 15-year period. To understand the role played
by time, we also compared the HR for mortality for five

additional successive follow-up periods (1 year, 3 years, 4
years, 5 years, and 10 years).

Among PLHIV, we compared the following indicators us-
ing a chi-square test: CD4 at HIV diagnosis <200/lL (yes; no),
VL level at HIV diagnosis ‡30000 c/mL (yes; no), and mode of
transmission (heterosexual; MSM; PWID; and other).

VL level at HIV diagnosis <30,000 c/mL (yes; no) and
HIV-1 RNA copies <500 c/mL within 6 months of the start of
ART throughout 15 years of follow-up (yes; no) were mod-
eled using Cox regression to compare their impact on risk of
mortality among PLHIV. The latter indicator was used as a
proxy reading for those who were successfully treated. We
used Akaike Information Criteria (AIC) to compare different
models in the multiple Cox regression analysis. AIC is a

FIG. 1. Inclusion criteria for the substudy. A, time point at which a person is diagnosed as HIV+. B, VL < 500 HIV-1
RNA c/mL within 6 months after ART initiation.

Table 1. Baseline Characteristics: Comparing PLHIV and HIV-Negative Persons

Baseline characteristics HIV positive (%), n = 4066 HIV negative (%), n = 8072 Total, n = 12,138

Sex, n (%)
Male 2605 (64.07) 5184 (64.22) 7789 (64.17)
Female 1461 (35.93) 2888 (35.78) 4349 (35.83)
Age, years, mean (SD) 37.60 (11.23) 37.60 (11.23) 37.60 (11.23)

Region of birth, n (%)
Sweden 1526 (37.53) 3052 (37.81) 4578 (37.72)
Europe, USA, Israel, and Canada 316 (7.78) 631 (7.82) 947 (7.80)
Sub-Saharan Africa 1373 (33.76) 2697 (33.41) 4070 (33.53)
North Africa and Middle East 87 (2.31) 174 (2.16) 261 (2.15)
Eastern Europe and Central Asia 168 (4.13) 334 (4.14) 502 (4.14)
Asia and the Pacific 397 (9.76) 791 (9.80) 1188 (9.79)
The Caribbean and Latin America 199 (4.89) 393 (4.87) 592 (4.88)
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statistical test based on the log-likelihood function to assess
the best-fit model. A smaller AIC value indicates a better-
fitted model.

Data were analyzed using STATA, version 14.0 (College
Station, StataCorp LP, TX). In both stages of the analysis,
500 HIV-1 RNA c/mL was used as the cutoff value since our
preferred value (50 c/mL) was only implemented in Sweden
in 1998, 2 years after we began to collect data on HIV+
persons. In addition, a cutoff value of 500 HIV-1 RNA c/mL
prevented us from excluding patients who exhibited sudden
and temporary spikes in viremia (viral blips).

Results

Baseline and matching characteristics

A total of 4066 PLHIV were matched against 8072 HIV-
negative controls (Table 1), giving a ratio of 1 case to 2
controls. Males and females were equally distributed be-
tween the two groups. In total, 38% of the participants
originated from Sweden, 34% from sub-Saharan Africa, 10%
from Asia and the Pacific, 8% from Europe, USA, Israel, and
Canada, and the remainder originated from other parts of the
world. Despite exact matching, marginal differences between
the groups were observed due to occasional dropout.

Comparing mortality between PLHIV and HIV-negative
control persons

During the 15-year study period, 275 (6.76%) PLHIV died
compared with 110 (1.36%) HIV-negative controls. The
mean age at death was 50.54 years for PLHIV and 56.84
years for HIV-negative persons (Table 2).

Mortality among PLHIV

At diagnosis, 55.16% of all PLHIV had a VL ‡30,000 c/mL
and 29.26% had a CD4 < 200 (Table 3). CD4 < 200 and VL
‡30,000 c/mL at diagnosis were both significantly linked to
an increased risk of mortality ( p < 0.001). Of the 275 deaths
among PLHIV, 107 (38.91%) had CD4 < 200 at diagnosis
compared with 1083 (28.57%) of those who were still alive
( p < 0.001). Among the 275 who died, the initial VL was
‡30,000 c/mL among 171 of the patients (62.18%) and
<30,000 c/mL among 83 of the patients (30.18%) (Table 3).

The mode of HIV transmission among persons who were
still alive was primarily heterosexual (54.52%), followed by
men who have sex with men (MSM) (30.25%), and PWID
(6.41%). The mode of HIV transmission among deceased
PLHIV was primarily heterosexual (37.82%), followed by
PWID (26.91%), and then MSM (18.55). These findings were
all significant ( p < 0.001) (Fig. 2). At diagnosis, there were 35
missing records from CD4, 48 from VL analysis, and 130

missing records concerning the mode of transmission (113
among those still alive and 17 among the deceased) (Table 3).

Most missing data from deceased patients are from 1996
to 1998 on patients diagnosed close to death or postmortem.
The three most common non-AIDS-related diagnoses at death
were cancer (non-AIDS related): 56 persons; CHD/CVD/VD:
50 persons; and accident/suicide/drug overdose: 36 persons.

Risk factors for mortality among PLHIV

Throughout the population of PLHIV (n = 4066), Cox re-
gression revealed that VL ‡30,000 c/mL at diagnosis was
associated with a risk of mortality 1.74 times greater than
patients with VL <30,000 c/mL at diagnosis ( p < 0.001)
(Fig. 3). After adjusting for patients with CD4 < 200 cells/lL
at diagnosis, the risk of mortality dropped to 1.56 (1.18–
2.06). Adjusting for death due to alcohol, narcotics, and
suicide, the hazard of death for VL ‡30,000 dropped, but
remained significant (HR = 1.39; 95% CI 1.06–1.84). After
also adjusting for CD4 < 200 cells/lL, the risk of mortality
was *1.96 times greater for VL ‡30,000 c/mL than VL
<30,000 c/mL at diagnosis (HR = 1.56; p < 0.005), and after
adjusting for age, sex, and nationality, the risk of mortality
was less, 1.35 ( p < 0.05) (Table 4).

Comparing mortality between successfully treated
PLHIV and HIV-negative control persons

Overall, after 15 years of follow-up, successfully treated
PLHIV were found to be three times more likely to die com-
pared with HIV-negative controls (HR 3.01, 95% CI 2.05–
4.44, p < 0.001) (Table 4). During the first year of follow-up,

Table 2. Comparing Mortality PLHIV and HIV-Negative Persons

HIV positive,
n = 275/4066

HIV negative,
n = 110/8072 p

Total,
n = 385/12,138

Age (years) at death, mean (SD) 50.54 (12.7) 56.84 (13.6) <0.001 52.33 (13.2)
Follow-up period from diagnosis (days), mean (SD) 2196 (1551) 2304 (1585) <0.001 2267 (1575)
Mortality rates/100 PY (95% CI) 1.13 (1.00–1.27) 0.22 (0.18–0.26) <0.001 0.51 (0.46–0.56)

CI, confidence interval.

Table 3. Risk Factors for Mortality Amongst PLHIV

Alive,
n = 3791

Deceased,
n = 275 p

Total,
N = 4066

CD4+T cells <200 at diagnosis, n (%)
Yes 1083 (28.57) 107 (38.91) 0.001 1190 (29.26)
No 2690 (70.96) 151 (54.91) 2841 (69.87)
Missing 18 (0.47) 17 (6.18) 35 (0.86)

VL ‡30,000 c/mL at diagnosis, n (%)
Yes 2072 (54.66) 171 (62.18) 0.001 2243 (55.16)
No 1692 (44.63) 83 (30.18) 1775 (43.65)
Missing 27 (0.71) 21 (7.64) 48 (1.18)

Mode of transmission, n (%)
Heterosexual 2067 (54.52) 104 (37.82) 0.001 2171 (53.39)
MSM 1147 (30.26) 51 (18.55) 1198 (29.46)
PWID 243 (6.41) 74 (26.91) 317 (7.80)
Other 221 (5.83) 29 (10.55) 250 (6.15)
Missing 113 (2.98) 17 (6.18) 130 (3.20)

MSM, men who have sex with men; PWID, people who inject
drugs; VL, viral load.
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PLHIV were six times more likely to die when compared
with HIV-negative controls (HR 6.02, 95% CI 2.39–15.20,
p < 0.001). After 3 years of follow-up, PLHIV were 3.5 times
more likely to die than HIV-negative controls (HR 3.48, 95%
CI 2.04–5.91, p = 0.001). After 4 years of follow-up, PLHIV
were 3.4 times (HR 3.44, 95% CI 2.14–5.52, p < 0.001) more
likely to die than HIV-negative controls, and after 5 years of
follow-up, they were 3.5 times more likely to die (HR 3.45,
95% CI 2.19–5.42, p = 0.001). During the first 10 years of
follow-up, PLHIV were three times (HR 2.96, 95% CI 1.99–
4.41, p = 0.001) more likely to die than HIV-negative controls.
Throughout the 15-year follow-up period, PLHIV exhibited
markedly lower survival rates than HIV-negative persons

(Table 4). Adjusting for potential confounders such as age, sex,
origin, and calendar time of diagnosis did not reveal any sig-
nificant change in the association at any follow-up period.
Conducting a sensitivity analysis stratifying for drug users,
non-PWID and PLHIV were still 2.4 times more likely to die
than HIV-negative persons (HR = 2.41; p < 0.001) (Table 5).

A cause-specific hazard analysis was conducted to compare
non-AIDS mortality rates between successfully treated PLHIV
and HIV-negative controls. Only 11 of 58 patients in our
cohort died from an AIDS-related condition. When AIDS-
attributed mortality is excluded, successfully treated PLHIV
are still 2.4 times more likely to die compared with HIV-
negative persons (HR 2.43, 95% CI 1.61–3.65, p < 0.001).

FIG. 2. Mortality among PLHIV (mode of
transmission; heterosexual, MSM, PWID, and
other). MSM, men who have sex with men;
PLHIV, people living with HIV; PWID,
people who inject drugs.

FIG. 3. Mortality among PLHIV
(VL ‡30,000 vs. VL <30,000 at di-
agnosis). PLHIV, people living with
HIV; VL, viral load.
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AIDS-related deaths in successfully treated PLHIV

AIDS-related mortality after the first year of successful
ART was primarily ascribed to lymphoma (Table 6).

Comparing the survival rate between successfully
treated PLHIV and untreated or unsuccessfully
treated patients

Additionally, successfully treated PLHIV, n = 2604
(64.04%), had a 76% reduced risk of mortality compared with
untreated or unsuccessfully treated HIV patients over a pe-
riod of 15 years (HR = 0.24, 95% CI 0.19–0.31, p = 0.001)
(Fig. 4). The risk of mortality is still reduced after adjusting
for other potential factors such as mode of transmission, year
of diagnosis, and VL at diagnosis (HR = 0.37; p = 0.001). This
HR becomes 0.45; p < 0.001 when we also add CD4 as a
possible confounder in the model.

Discussion

The major finding of this study is the significantly higher
all-cause mortality observed among successfully treated
PLHIV when compared with HIV-negative control persons.
Despite being virologically suppressed, successfully treated
PLHIV were still 3 times more likely to die compared with
HIV-negative controls. The mean age at death was lower
among PLHIV (50.54 years) compared with HIV-negative

controls (56.84 years) with a difference of 6.30 years. This
finding is similar to those published by other authors18,19 and
suggests that although life expectancy has improved con-
siderably due to advancements in care and treatment, a sig-
nificant gap remains compared with the general population.

The impact that VL at diagnosis has on morbidity and
mortality has been well documented,16 but there is little
clinical data on the impact that a high VL at diagnosis has on
mortality after long-term treatment. We found an increased
risk of mortality (HR = 1.74) for those with VL ‡30,000 at
diagnosis even after adjusting for CD4 at diagnosis (HR = 1.56).
This increased risk of mortality for VL ‡30,000 c/mL at diag-
nosis might have been lower if this cohort had included par-
ticipants up to 2016; currently, >90% of InfCareHIV patients
have sustained viral suppression compared with the 64%
(n = 2604) in our cohort. This hypothesis is supported by our
observation that mortality is reduced by 76% among suc-
cessfully treated compared with untreated and unsuccessfully
treated PLHIV. This has implications from the care per-
spective; patients with a history of treatment failure and VL
‡30,000 c/mL at diagnosis might have a higher risk of mor-
tality and need closer contact with the healthcare system.

The increased risk of mortality after 3 and 4 years in this
study (HR = 3) contrasts with one other study conducted in
North America, where PLHIV on ART with a baseline
CD4 > 350 had mortality rates comparable with the general
population.12 It also contrasts with the COHERE 2012 study

Table 4. Crude and Adjusted Cox Regression Analysis Comparing Mortality Among Patients

with VL ‡30,000 vs VL <30,000 at Diagnosis

Predictors

HR (95% CI)

Crude model Adjusted model 1 Adjusted model 2 Adjusted model 3 Adjusted model 4

VL, c/mL
<30,000 Ref. Ref. Ref. Ref. Ref.
‡30,000 1.74 (1.34–2.26) 1.39 (1.06–1.84) 1.96 (1.48–2.47) 1.35 (1.04–1.76) 1.56 (1.18–2.06)

Model 1: adjusted for patients’ mortality due to alcohol consumption, narcotics, and suicide.
Model 2: adjusted for patients’ mortality due to alcohol consumption, narcotics, suicide, and CD4 (<200 cells/lL) at diagnosis.
Model 3: adjusted for patients’ age, sex, and nationality.
Model 4: adjusted for patients’ CD4 (<200 cells/lL) counts at diagnosis.
CI, confidence interval; HR, hazard ratio; VL, viral load.

Table 5. Cox Regression Comparing Mortality Between Successfully Treated PLHIV

and HIV-Negative Persons

Follow-up period Cohort People at risk Deceased

Crude HR

HR (95% CI) p

Entire period (15 years) HIV- 4553 47 Ref. <0.001
HIV+ 2297 58 3.01 (2.05–4.44)

Ten years HIV- 598 44 Ref. <0.001
HIV+ 162 55 2.96 (1.99–4.41)

Five years HIV- 1607 31 Ref. <0.001
HIV+ 580 48 3.45 (2.19–5.42)

Four years HIV- 2018 28 Ref. <0.001
HIV+ 789 44 3.44 (2.14–5.52)

Three years HIV- 2495 22 Ref. <0.001
HIV+ 1043 36 3.48 (2.04–5.91)

One year HIV- 3845 6 Ref. <0.001
HIV+ 1836 18 6.02 (2.39–15.2)

CI, confidence interval; HR, hazard ratio.
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that followed PLHIV on ART (CD4 ‡ 500) over a median
period of 3.5 years and found mortality rates similar to that of
the general population.11 However, the COHERE study had
also found that mortality was 4.2 times higher than in the
general population when all PLHIV (regardless of CD4 and
mode of transmission) were considered. The difference be-
tween our findings and the COHERE study may be due to
Sweden being a low-endemic country with a Communicable
Diseases Act that favors patients who adhere to care, and
where care and ART are provided free of charge to PLHIV, it
may achieve lower mortality among the HIV cohort. How-
ever, it may also be due to the study design; mortality among
HIV infected in Sweden is too low to affect the mortality rate
in the general population. The HIV cohort with 62.54% im-
migrants, as opposed to 18.56% immigrants in the general
population, was matched for region of birth. This avoids
overestimation of demographic-related mortality rates.

Equally significant in our study is the following steady
trend: the longer that successfully treated PLHIV survive, the
lower their risk of mortality compared with matched HIV-
negative control persons. During the first year of follow-up,

HIV+ persons were six times more likely to die than HIV-
negative persons. After 10 years, PLHIV were only three
times more likely to die compared with HIV-negative per-
sons. Although the difference is still present after 15 years of
follow-up, we speculate that it might decrease even more
after 20 or 30 years. Studies conducted in Europe and North
America in 2017 highlight the fact that the more recently a
patient is enrolled in the healthcare system (and consequently
has access to less toxic drugs, improved adherence, prophy-
lactic measures, and management of comorbidity), the lower
their risk of mortality.2,3 We thus also speculate that the
improvements associated with healthcare developments are
going to continue to improve survival rates.

When we conducted a sensitivity analysis stratifying for
drug use, we found that PLHIV, non-PWID, and successfully
treated were still 2.4 times more likely to die than HIV-
negative persons. This strengthens our findings, although the
ratio is lower than the aforementioned calculation, which
includes all HIV+ persons. One possible explanation for this
small difference could be that many PWID in the study keep
their VL <500 c/mL and were no longer active users of drugs
(InfCareHIV unpublished result).

Successfully treated PLHIV are still 2.5 times more likely
to die from non-AIDS causes than HIV-negative persons.
Immune activation, chronic low-grade inflammation, coag-
ulation disorders, and/or lipid disturbances,20 as well as
lifestyle risk factors such as smoking,21 continue to cause this
increased mortality. In addition, the long-term use of earlier
nucleoside reverse transcriptase inhibitors and first-
generation protease inhibitors inducing toxicities and meta-
bolic disturbances may further increase the risk of mortality
for PLHIV.22–24

Strengths and limitations

A major strength of this study is that it addresses limita-
tions faced by several previous studies on this topic. First, the
coverage of our data is high thanks to the National Quality
Assurance Registry that includes information on >99% of
PLHIV in Sweden, which means that people diagnosed
postmortem are also included. Second, the sample size in this

Table 6. Patients Dying from AIDS According

to WHO and CDC Classification Systems

Days of successful
treatment before
AIDS diagnosis

AIDS condition
(CDC classification)

36 Cryptococcosis, extrapulmonary
65 Lymphoma, Burkitt
115 Encephalopathy, HIV-related
183 Kaposi sarcoma
252 Bacterial pneumonia, recurrent
301 Histoplasmosis
377 Lymphoma, Burkitt
605 Lymphoma, Burkitt
771 Aids, not specified
1101 Lymphoma, Burkitt
1178 Cryptococcosis, extrapulmonary

CDC, Centers for Disease Control.

FIG. 4. Mortality between successfully
treated PLHIV and untreated or unsuc-
cessfully treated PLHIV. PLHIV, people
living with HIV.
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study is considerable (further demonstrated by the significant
statistical power even within each of the follow-up periods),
as is the 15-year follow-up period. Further, appropriate HIV-
uninfected comparison groups were used. The unique
Swedish situation mentioned above makes the generalization
to PLHIV in other countries uncertain.

The limitation is that data concerning several other im-
portant areas related to death, such as social factors, were
missing. In addition, we did not have access to data on
smoking during follow-up. We know from the health ques-
tionnaire in InfCareHIV used in 2017 that 20% of the HIV-
infected people in Sweden were smokers. Given that for
mortality the HR is 1.8 for smokers versus nonsmokers, we
would expect about 14% of the mortality in our study to be
caused by smoking. Thus, smoking cannot entirely explain
the observed results in this study.

InfCareHIV utilizes VL suppression after 6 months from
ART initiation as a determinant for treatment success, whereas
WHO uses 48 weeks as the time frame.25 An alternative sys-
tem has recently been suggested, which is the proportion of
time while undergoing treatment that a person fully suppresses
VL (%FS).26 These different systems highlight the fact that
best research practices have yet to be agreed upon. Several
considerations remain: if a patient suffers from one temporary
spike in VL or a rise in VL due to developing viral resistance,
does one reset the follow-up period and choose the longest
continuous follow-up period of viral suppression or does the
researcher add the first and second periods at the individual or
cohort level?27 In the present study, we adhered to the most
common method and only used the first continuous successful
treatment period. However, we realize that it is of importance
to improve on this methodological approach.

In conclusion, the risk of mortality decreases with each
passing year over a 15-year period after 1 year of successful
treatment, but PLHIV continue to exhibit a risk of mortality
three times higher than HIV-negative persons.

Acknowledgments

The authors would like to thank the Professor of Medical
Statistics and Epidemiology at University College London,
Caroline Sabin, for valuable advice regarding methodology.
Z.d.C. has received a research grant from the Department
of Infectious Diseases, Karolinska Institutet, and V.S. has re-
ceived research grants from Bristol-Myers Squibb and the
Swedish Society of Medicine. The funders have in no way
contributed to this study by design, data collection and anal-
ysis, decision to publish, or preparation of the manuscript.

Author Disclosure Statement

No competing financial interests exist.

References

1. Lohse N, Hansen AB, Pedersen G, et al. Survival of persons
with and without HIV infection in Denmark, 1995–2005.
Ann Intern Med 2007;146:87–95.

2. Antiretroviral Therapy Cohort Collaboration. Survival of
HIV-positive patients starting antiretroviral therapy between
1996 and 2013: A collaborative analysis of cohort studies.
Lancet HIV 2017;4:e349–e356.

3. Gueler A, Moser A, Calmy A, et al. Life expectancy in
HIV-positive persons in Switzerland: Matched comparison
with general population. AIDS 2017;31:427–436.

4. May MT, Gompels M, Delpech V, et al. Impact on life
expectancy of HIV-1 positive individuals of CD4+ cell
count and viral load response to antiretroviral therapy.
AIDS 2014;28:1193–1202.

5. Simard EP, Pfeiffer RM, Engels EA. Mortality due to
cancer among people with AIDS: A novel approach using
registry-linkage data and population attributable risk
methods. AIDS 2012;26:1311–1318.

6. Robbins HA, Pfeiffer RM, Shiels MS, Li J, Hall HI, Engels
EA. Excess cancers among HIV-infected people in the
United States. J Natl Cancer Inst 2015;107:pii:dju503.

7. Deeks SG. HIV infection, inflammation, immunosenescence,
and aging. Annu Rev Med 2011;62:141–155.

8. Marin B, Thiebaut R, Bucher HC, et al. Non-AIDS-defining
deaths and immunodeficiency in the era of combination
antiretroviral therapy. AIDS 2009;23:1743–1753.

9. Murray JS, Elashoff MR, Iacono-Connors LC, Cvetkovich
TA, Struble KA. The use of plasma HIV RNA as a study
endpoint in efficacy trials of antiretroviral drugs. AIDS
1999;13:797–804.

10. Monforte A, Abrams D, Pradier C, et al. HIV-induced im-
munodeficiency and mortality from AIDS-defining and non-
AIDS-defining malignancies. AIDS 2008;22:2143–2153.

11. Lewden C, Bouteloup V, De Wit S, et al. All-cause mor-
tality in treated HIV-infected adults with CD4 >/ = 500/
mm3 compared with the general population: Evidence from
a large European observational cohort collaboration. Int J
Epidemiol 2012;41:433–445.

12. Samji H, Cescon A, Hogg RS, et al. Closing the gap: In-
creases in life expectancy among treated HIV-positive in-
dividuals in the United States and Canada. PLoS One 2013;
8:e81355.

13. Lundgren JD, Babiker AG, Gordin F, et al. Initiation of
antiretroviral therapy in early asymptomatic HIV infection.
N Engl J Med 2015;373:795–807.

14. Althoff KN, Gebo KA, Gange SJ, et al. CD4 count at
presentation for HIV care in the United States and Canada:
Are those over 50 years more likely to have a delayed
presentation? AIDS Res Ther 2010;7:45.

15. Brannstrom J, Svedhem Johansson V, Marrone G, et al.
Deficiencies in the health care system contribute to a high
rate of late HIV diagnosis in Sweden. HIV Med 2016;17:
425–435.

16. Mellors JW, Rinaldo CR Jr, Gupta P, White RM, Todd
JA, Kingsley LA. Prognosis in HIV-1 infection predicted
by the quantity of virus in plasma. Science 1996;272:
1167–1170.

17. Gisslen M, Svedhem V, Lindborg L, et al. Sweden, the first
country to achieve the Joint United Nations Programme on
HIV/AIDS (UNAIDS)/World Health Organization (WHO)
90-90-90 continuum of HIV care targets. HIV Med 2017;
18:305–307.

18. Siddiqi AE, Hall HI, Hu X, Song R. Population-based
estimates of life expectancy after HIV diagnosis: United
States 2008–2011. J Acquir Immune Defic Syndr 2016;72:
230–236.

19. Marcus JL, Chao CR, Leyden WA, et al. Narrowing the
gap in life expectancy between HIV-infected and HIV-
uninfected individuals with access to care. J Acquir Immune
Defic Syndr 2016;73:39–46.

304 DE CONINCK ET AL.



20. Coll B, Parra S, Alonso-Villaverde C, et al. The role of im-
munity and inflammation in the progression of atherosclerosis
in patients with HIV infection. Stroke 2007;38:2477–2484.

21. Helleberg M, May MT, Ingle SM, et al. Smoking and life
expectancy among HIV-infected individuals on antiretroviral
therapy in Europe and North America. AIDS 2015;29:
221–229.

22. Gardner K, Hall PA, Chinnery PF, Payne BA. HIV treat-
ment and associated mitochondrial pathology: Review of
25 years of in vitro, animal, and human studies. Toxicol
Pathol 2014;42:811–822.

23. Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV
infection as a chronic disease. Lancet 2013;382:1525–1533.

24. Ryom L, Lundgren JD, El-Sadr WM, et al. Association
between cardiovascular disease & contemporarily used
protease inhibitors. Paper presented at: CROI 2017. Seattle,
Washington, February 13–16, 2017.

25. WHO. Guideline on When to Start Antiretroviral Therapy
and on Pre-exposure Prophylaxis for HIV. Available at: www
.who.int/hiv/pub/guidelines/earlyrelease-arv/en (Last ac-
cessed April 7, 2017).

26. Laut KG, Shepherd LC, Pedersen C, et al. Associations
between HIV-RNA-based indicators and virological and
clinical outcomes. AIDS 2016;30:1961–1972.

27. Young J, Psichogiou M, Meyer L, et al. CD4 cell count and
the risk of AIDS or death in HIV-Infected adults on com-
bination antiretroviral therapy with a suppressed viral load:
A longitudinal cohort study from COHERE. PLoS Med
2012;9:e1001194.

Address correspondence to:
Veronica Svedhem

Department of Infectious Diseases
Karolinska Institutet

Karolinska University Hospital
I73, Huddinge Sjukhus

14147 Huddinge
Stockholm 14147

Sweden

E-mail: veronica.svedhem-johansson@sll.se

MORTALITY AMONG SUCCESSFULLY TREATED PLHIV 305


