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Abstract

Background: Causes of death related studies in HIV infected population are necessary to devise
disease specific preventive interventions at both state and national level HIV programs. This study
examines the causes of death among HIV-infected individuals registered at selected Anti-Retro-
viral Therapy (ART) centers in the era of treatment in north-eastern India. Data and Methods: A
retrospective chart review of causes of death was undertaken among HIV-infected patients who
were treated between January 2006 and November 2012 at three selected ART centers in Assam, a
north-eastern state of India. Reported causes of death were coded as per the guidelines of the In-
ternational Classification of Diseases (ICD-10) to determine the deaths to standard definitions.
Results: Among 5612 HIV-infected patients registered over a period of 71 months, 370 deaths
have occurred. Tuberculosis (28%) was the leading cause of death followed by death due to AIDS
related complex (11%), wasting syndrome and multiple infections (9% each). Deaths due to se-
lected causes were significantly associated with patient’s use of alcohol, WHO clinical stage, CD4
count at the time of diagnosis, presence of opportunistic infections during treatment and ART ad-
herence. Median survival duration was shortest among patients who had CD4 count <50 at the
start of ART (2.9 months) and patients who had multiple opportunistic infections during treat-
ment (2.5 months). Discussion: Majority (67%) of deaths in our study were due to AIDS-related
causes. Tuberculosis has remained the leading cause of death among the HIV patients on ART.
Strengthening the linkages and referral between the HIV and TB program will be crucial to reduce
the AIDS-related deaths attributed to tuberculosis.
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1. Introduction

Causes of death related studies among HIV infected population are necessary to devise disease specific preven-
tive interventions in HIV programs. Globally, increase use of antiretroviral therapy (ART) has decreased AIDS-
related deaths to a great extent [1]-[4]. With the inclusion of more effective and tolerable ART regimens, it is
important to monitor causes of death and assess associated risk factors. The ART program in India was launched
in 2004 and free services were being provided across 230 ART centers across the country [5]. As per National
AIDS Control Organization (NACO), fewer AIDS-related deaths have been recorded in 2011 than a decade ago
as a consequence of the extensive availability and access to antiretroviral therapy since 2006 in India [6]. A
study from southern India reported the decrease in mortality from 25 to 5 deaths per 100 person years among
HIV infected individuals between 1997 and 2003 after initiation of ART [7]. A retrospective study from Andhra
Pradesh in India conducted over a 14-year period on 2050 HIV-infected patients reported more deaths in highly
active antiretroviral therapies (HAART) era as compared to pre HAART era [8]. Although AIDS-related death
rates have declined, the associated co-morbidities continue to gain increased attention from the national program.
Other published studies from India suggests that HIV-infected individuals are at greater risk of acquiring se-
lected opportunistic infections such as Tuberculosis, oral candidiasis, and other non-communicable diseases in-
creasing their risk for death [9]-[12]. In Southern India reported about 37% of the total deaths among HIV in-
fected individuals were due to AIDS related causes, however, considerable 22% deaths also occurred deaths due
to non-AIDS defining malignancies like lung cancer, anal cancer, liver cancer and Hodgkin Lymphoma, liver
diseases and multiple organ failure [13] [14].

The search for literature around detailed descriptions of the causes of death among HIV-infected individuals
pointed to few micro level studies in India [5] [7]-[9], and no studies found from the north-eastern India. More
importantly, studies examining the factors associated with selected causes of death are limited in India. We
therefore, examine the causes of death and related characteristics among HIV-infected individuals treatment at
the ART centers in north-eastern India.

2. Materials and Methods
2.1. Data

A retrospective review of the patient charts was undertaken in the three ART centers located in Assam, a north-
eastern state of India. All death cases among 5612 HIV patients registered in the three ART centers between
January 2006 and November 2012 were included in the study. The causes of death have been individually con-
firmed by the medical officers of the ART centers following the reporting of death. The patient charts were col-
lected from ART centers where causes of death were written, and they were entered electronically by trained
staff and were edited before finalizing the dataset. Since the start of ART centers in Assam in 2005-2006, there
were a total of 370 deaths recorded over a period of 6 years. The causes of death were classified by using Inter-
national Classification of Diseases (ICD-10) that includes a single or a combination of causes of death. Further,
they were categorized into three major domains as follow:

Wasting syndrome: It is diagnosed in HIV-infected people who have unintentionally lost more than 10% of
their body weight and can occur as a result of HIV infection itself but also is commonly associated with HIV-
related opportunistic infections and cancers.

AIDS related complex: It is a complex of signs and symptoms representing a less severe stage of human im-
munodeficiency virus (HIV) infection, characterized by chronic generalized lymphadenopathy, fever, weight
loss, prolonged diarrhea, minor opportunistic infections, cytopenia, and T-cell abnormalities of the kind asso-
ciated with AIDS.

Other specified condition: It includes combination of signs and symptoms like diarrhea, vomiting, fever,
bleeding etc. which have been assigned as the causes of death.
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2.2. Measures

Along with causes of death among ART patients, other information were also obtained from patient charts in-
cluded: socio-demographic characteristics, alcohol use (regular, not regular, never and past alcohalic), clinical
characteristics such as CD4 count at diagnosis and prior to death (<50, 50 - 199, 200 - 349 and 350+), WHO
clinical stage at the start of ART (stagel, statge2, stage3 and stage4), presence of other opportunistic infections
(Ols) and ART adherence during follow-up (>95% and <=95%). The socio-demographic characteristics in-
cluded in this study are sex (male and female); age (<18 years, 18 - 24 years, 25 - 34 years, 35 - 44 years and
45+ years); education (illiterate, primary, secondary and college and above); occupation (unskilled/agricultural
labor, service, business/self-employed and unemployed).

2.3. Ethical Considerations

The Assam State AIDS Control Society (ASACS) under the guidance of NACO has provided general over-
sight and approval for the collection and use of program data for examining the causes of death among ART
patients. Patients are informed (as per the guidelines of national ART program in India) at the time of enroll-
ment to ART centers that their medical history may be used for program strengthening. Verbal consent was
taken from each patient at the time of enrollment who had agreed to use of their medical history for research
purpose. All the patients were explained about the harms and benefits of being enrolled into ART and also
their schedule of visits to ART centers. The counselor at the ART center recorded all these procedures. As the
data presented in the study are for the purpose of program monitoring and program beneficiaries were in-
formed about this a priori; therefore, the study was determined to be exempted for review from an institution-
al review board. Strict confidentiality of all the data was maintained and no personal identifiers were included
in the analysis.

2.4. Statistical Analyses

Univariate, bivariate and multivariate analyses were performed. Percentage distribution of the causes of death
was analyzed and death per 100 person years was calculated for the major causes of death. Further the socio-
demographic and the clinical characteristics of the death cases were analyzed for the causes of death. To calcu-
late proportions, Chi-square statistics were used and a p-value less than 0.05 were considered statistically sig-
nificant. The survival time was measured as duration between the date of ART initiation to the reported date of
death for patients who died or the date of the last recorded visit for patients who were censored (either alive till
the end of the study period or lost to follow-up). Further median duration of survival from initiation of treatment
was calculated based on population sub-groups of CD4 count and Ols during treatment. All statistical analyses
were performed using SPSS software (version 16.0) [15].

3. Results

A total of 370 deaths occurred out of the total 5612 HIV patients who were registered in the three ART centers
between January 2006 and November 2012. Among the 370 deaths, Tuberculosis (28%) was the leading cause
of death followed by deaths due to AIDS related complex (11%), multiple infections and wasting syndrome (9%
each) (Table 1 & Table 2). Two-thirds of the total deaths (247/370) were due to AIDS-related causes, whereas
the remaining were either due to non-AIDS related causes or cause of death was unknown (24%). The analysis
of the major causes of death by the socio-demographic characteristics (Table 3) shows that in the 18 - 34 years
age group, Tuberculosis and AIDS related complex were the major causes of death where as in the >35 years
age group, multiple infections and wasting syndrome were significant contributors along with Tuberculosis.
Among males, Tuberculosis (30%) and AIDS related complex (11%) were the leading causes of death whereas
in females, Tuberculosis (23%) and wasting syndrome (16%) were the major contributors. Among regular alco-
holics, Tuberculosis (35%) was the leading cause of death although for a significant proportion (46%) of deaths,
the cause was unknown. Among past-alcoholics, Tuberculosis (26%) followed by multiple infections and wast-
ing syndrome (18% each) were significant contributors of death. The median CD4 count at the time of diagnosis
was highest among those who died of other specified conditions (110) and lowest among those who died of mul-
tiple infections (43) whereas the median CD4 count prior to death was highest among those who died of Tuber-
culosis (108) and lowest among those who died of multiple infections (51). More than 95% adherence to
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Table 1. Percentage distribution of causes of death, Assam, India, 2006-2012.

Number and percent distribution HIV positive patients registered in ART
Centers and died between January 2006 and November 2012 by ICD-10 causes of death

Causes of death Number Percent Death per 100 person years (LB-UB)

Tuberculosis 105 28.4 24.8 (20.5 - 30.0)
Candidiasis 4 11 0.9(0.4-25)
Multiple infections 34 9.2 8.0 (5.7-11.2)
Malignancies 5 1.4 1.2(0.5-2.8)
Encephalopathy 7 1.9 1.7 (0.8-3.5)
Wasting syndrome 34 9.2 8.0 (5.7-11.2)
Other specified condition 19 5.1 45(29-7.0)
AIDS related complex 39 10.5 9.2 (6.7 -12.6)
Non-AlIDS related malignancies 3 0.8 0.7(0.2-2.2)
Unspecified Symptoms 18 4.9 4.2 (2.7-6.7)
Suicides & Accidents 6 1.6 1.4(0.6-3.2)
Organ failure 9 2.4 21(1.1-42)

Cause not known 87 235 20.5 (16.6 - 25.3)

TOTAL 370 100.0

Note: Tuberculosis, candidiasis, malignancies, multiple infections, encephalopathy, wasting syndrome, other specified conditions and AIDS related
complex are all resulting from HIV disease and are AIDS related deaths; The death per 100 person years were calculated as the number of deaths divided
by number of persons at risk during the period multiplied with 100; Lower Bound (LB) and Upper Bound (UB) are the lower and upper limits of 95%
Confidence Intervals (Cls).

Table 2. Trend in causes of death (%) by year, Assam, India, 2006-2012.

2006 2007 2008 2009 2010 2011 2012

Total number of deaths 22 20 48 56 70 69 85

AlDS-related causes 13 (59.1%)  15(75.0%) 34 (70.8%) 32 (57.1%)  44(62.9%)  48(69.6%) 61 (71.8%)

Non-AIDS related
causes

Causes unknown 5 (22.7%) 3 (15.0%) 9 (18.8%) 20(35.7%) 17 (24.3%) 13 (18.8%) 20 (23.5%)

4 (18.2%) 2 (10.0%) 5 (10.4%) 4 (7.1%) 9 (12.9%) 8 (11.6%) 4 (4.7%)

Specific causes of death (Number of deaths)

Tuberculosis 4 3 16 11 23 24 24
Candidiasis 2 0 1 1 0 0 0
Multiple infections 3 4 4 4 9 5 5
Malignancies 0 0 1 1 1 1 1
Encephalopathy 0 0 1 2 2 2 0
Wasting syndrome 1 1 2 2 3 10 15
e o : : : ; z :
AIDS related complex 3 4 6 8 1 4 13
NADS o 1 T o
Unspecified Symptoms 3 1 2 2 5 4 1
Suicides & Accidents 0 0 1 1 2 1 1
Organ failure 0 1 1 0 2 3 2
Cause not known 5 3 9 20 17 13 20

Note: The non-AIDS related causes include malignancies like lung cancer, anal cancer, liver cancer and Hodgkin Lymphoma, liver diseases and mul-

tiple organ failure.
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Table 3. Background characteristics of the population by the major causes of death, Assam, India, 2006-2012.

. . . AIDS
Backgroyn_d B _Multl_ple Wasting  Other sp(_e(:lfled related Cause Others  p-value
Characteristics infections syndrome  conditions unknown
complex
Gender (%) 0.090
Male (n = 296) 29.7 9.8 74 4.1 10.5 24.0 145
Female (n = 74) 23.3 6.8 16.4 9.6 9.6 21.9 12.3
Age group % 0.067
<18 (n =10) 30.0 0.0 0.0 10.0 40.0 10.0 10.0
18-24 (n=18) 22.2 5.6 111 0.0 16.7 16.7 27.8
25-34 (n=113) 37.2 5.3 6.2 5.3 115 24.8 9.7
35-44 (143) 26.6 12.6 9.1 6.3 9.8 231 12.6
45+ (n = 86) 20.9 10.5 14.0 35 5.8 25.6 19.8
Education (%) 0.095
Illiterate (n = 44) 18.2 45 114 9.1 13.6 27.3 15.9
Primary (n =92) 337 9.8 43 33 6.5 32.6 9.8
Secondary (n = 183) 25.7 8.7 12.6 6.0 12.0 18.6 16.4
College & above (n =51) 373 13.7 3.9 20 9.8 21.6 11.8
Occupation (%) 0.117
Unskilled/agricultural labor (n = 26) 115 7.7 15.4 115 115 26.9 15.4
Service (n = 163) 30.1 11.7 8.0 55 8.0 22.7 141
Business/self-Employment (n = 91) 35.2 7.7 44 2.2 7.7 28.6 14.3
Unemployed (n = 90) 233 6.7 14.4 5.6 17.8 18.9 133
Use of alcohol (%) <0.001
Regular (daily) (n = 84) 34.5 4.8 24 1.2 24 46.4 8.3
Not regular (n = 69) 26.1 7.2 10.1 7.2 20.3 13.0 15.9
Never (n = 179) 26.8 10.1 10.1 6.1 10.6 21.8 145
Past alcoholic (n = 38) 26.3 184 184 53 10.5 0.0 211
Median CD4 count at the time of
diagnosis (N = 370) 87 425 60.5 110 66 87 84
Median CD4 count prior to death
(N = 295) 108 51 69 90 68 99 135
Adherence to ART >95% (%) 23.1 12.1 12.1 6.6 132 15.4 176
(N =314)
0 .
7o who BRI T e Ot 222 222 74 74 74 204 130

“Note: 1) Unskilled/agricultural laborer also includes non-agricultural laborer, domestic servant and hotel staff. 2) Service includes skilled and semi-
skilled worker and people in uniform. 3) Business/self-employed includes small & large business, truck driver and local transport workers. 4) Unem-
ployed includes housewife, students and retired people.

ART was highest among Tuberculosis deaths (23%) and lowest among those who died of other specified condi-
tions (7%). The percentage of having multiple Ols was high among those who died of Tuberculosis (22%), mul-
tiple infections (22%) and among those where cause of death is unknown (20%). We found a strong relationship
between the patient’s use of alcohol prior to death and different causes of death (Table 3). For example, among
person with daily alcohol use, a greater proportion of deaths were caused by Tuberculosis (35%) as compared to
persons with occasional or no alcohol use (26%) (p < 0.001).

Further analysis of the clinical and laboratory characteristics of the death cases (Table 4) shows that almost
half of the deaths due to multiple infections (56%), wasting syndrome (49%) and AIDS related complex (45%)
had CD4 count < 50 at the time of diagnosis. Also, across all causes of death majority of the cases had CD4
count < 200 at the time of diagnosis. Nearly three-fifths of Tuberculosis deaths (59%) were in WHO clinical
stage 4 at the start of ART. Also, across all causes of death, majority of the cases were in WHO clinical stage 3
and 4 at the start of ART. However, significant proportion of cases whose cause of death was wasting syndrome
(54%), AIDS related complex (36%) and other causes (46%) were in WHO clinical stage 1 and 2 at the start of
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Table 4. Distribution of causes of death by CD4 count, WHO clinical stage, presence of Ols and adherence to ART, Assam,
India, 2006-2012.

CD4 count at the time of diagnosis

Major causes of death (%) <50 50 - 199 200 - 349 350+ p-value
Tuberculosis (n = 102) 24.5 66.7 8.8 0.0
Multiple infections (n = 34) 55.9 324 8.8 29
Wasting syndrome (n = 33) 48.5 36.4 15.2 0.0

Other specified conditions 316 36.8 316 00 005
(n=19)

AIDS related complex (n = 38) 44.7 50.0 53 0.0
Cause unknown (n = 84) 33.3 52.4 10.7 3.6
Others (n =51) 27.5 52.9 15.7 3.9

WHO clinical stage at the start of ART

Major causes of death (%) Stage 1 Stage 2 Stage 3 Stage 4 p-value
Tuberculosis (n = 105) 29 29 34.9 59.3
Multiple infections (n = 34) 16.1 9.6 35.5 38.8
Wasting syndrome (n = 34) 39.3 15.1 334 12.2

Other spe(c;ifiefgc;onditions 299 56 556 16.6 000

AIDS related complex (n = 39) 25.0 11.1 36.2 21.7
Cause unknown (n = 87) 11.7 7.1 31.7 49.5
Others (n =52) 24.0 22.0 36.0 18.0

Presence of Ols during treatment

Major causes of death (%) Tuberculosis Candidiasis Multiple Ols Others” p-value
Tuberculosis (n = 105) 81.9 3.8 114 29
Multiple infections (n = 34) 11.8 235 35.3 29.4
Wasting syndrome (n = 34) 14.7 29.4 11.8 44.1

Other specified conditions 368 15.8 211 263 000
(n=19)

AIDS related complex (n = 39) 17.9 33.3 10.3 38.5
Cause unknown (n = 87) 345 20.7 12.6 32.2
Others (n =52) 135 26.9 135 46.2

ART adherence during last follow-up

Major causes of death (%) Adherence > 95% Adherence <= 95% p-value
Tuberculosis (n = 84) 50.0 50.0
Multiple infections (n = 32) 68.7 31.3
Wasting syndrome (n = 34) 64.7 35.3

Other spe(%lflefgc)ondltlons 63.2 36.8 000

AIDS related complex (n = 38) 63.1 36.9
Cause unknown (n =57) 49.1 50.9
Others (n =50) 64.0 36.0

Note: “Other Ols includes prolong fever, prolong diarrhea, Respiratory tract infections, Hepatitis virus infection, Herpes infections and carcinomas.
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ART. Among deaths due to Tuberculosis, Tuberculosis (82%) was the major Ol during treatment. Tuberculosis
was also the major Ol among 37% deaths due to other specified conditions and 35% deaths where the cause of
death is unknown. For deaths due to wasting syndrome, other Ols (44%) (e.g. prolong fever, prolong diarrhea,
respiratory tract infections, hepatitis virus infection, herpes infections and carcinomas) was the major Ol during
treatment. WHO clinical stage at the start of treatment was significantly associated with causes of death (p <
0.001) (Table 4). Among deaths due to Tuberculosis, 59% were in WHO clinical stage 4 at the start of treatment.
Similarly, among deaths due to multiple infections, 39% were in WHO clinical stage 4 at the start of treatment.
There was also significant association between the major Ols during treatment and the causes of death (p <
0.001).

Year wise analysis of the causes of death showed that Tuberculosis (30%) was the major cause of death
among ART patients each year. It was also seen that deaths due to wasting syndrome and AIDS-related complex
had increased in the last three years while there was a declining trend among deaths due multiple infections
(Figure 1). Median duration of survival from treatment initiation to death was calculated based on CD4 at the
beginning of ART and major Ols during treatment. The median survival results (Figure 2) suggest that survival
duration of patients was inversely proportional to the CD4 count at the initiation of ART. Among patients with
Ols during treatment, the longest survival period was among patients with other Ols (5.0 months) and lowest
among those who had multiple Ols (2.5 months).

4. Discussion

The findings of this study indicates that Tuberculosis, AIDS related complex, multiple infections and wasting
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Figure 1. Year wise distribution of causes of death, Assam, India, 2006-2012.
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syndrome were the leading causes of death among HIV-infected patients in northeastern India. Tuberculosis has
emerged as a leading cause of death among HIV-infected patients. Similar findings were noted in other studies
in India and elsewhere [4] [16] [17]. The findings of the study add further that the high proportion of deaths due
to multiple infections and wasting syndrome is a growing concern. Although majority of deaths have occurred
due to AIDS and non-AlIDS related causes, a considerable proportion of deaths were also reported where causes
are unknown; a finding similar to the previous studies [2] [18]. The proportion of deaths due to unknown causes
(24%) in this study is much higher compared to the other studies [19] [20]. It may be due to the causes of death
were assigned as reported by the health staff or relatives. However, the deaths due to unknown causes may be
also attributable to Tuberculosis as there is similarity in the predictor variables for both the causes (e.g. Use of
alcohol, median CD4 count and having multiple infections).

This study highlights that the deaths due to different causes are significantly associated with patient’s use of
alcohol, WHO clinical stage, CD4 count at the time of diagnosis, presence of opportunistic infections during
treatment and ART adherence. The study findings illustrate that majority of patients who died with multiple in-
fections which is suggestive of advance AIDS had CD4 count < 200 cells/puL at HIV diagnosis. This finding is
consistent with a recent study which highlighted that CD4 at baseline continues to play an important role in pre-
dicting deaths due to AIDS [21]. The study describes that 59% of Tuberculosis related AIDS deaths were in
WHO Clinical stage 4 at ART initiation, a finding similar to another study which shows WHO clinical stage 4 as
an important risk factor for Tuberculosis mortality among HIV infected individuals [22]. The study shows that
82% of the AIDS deaths due to Tuberculosis had Tuberculosis as the major Ol during ART while 35% multiple
infections related AIDS deaths had multiple Ols during ART.

The study shows a significant association between regular use of alcohol and deaths due to Tuberculosis.
Various studies done across the world and India have also shown that use of alcohol increases the risk of Tu-
berculosis [23] [24]. In addition, both alcohol consumption and HIV infection impairs the host’s defense me-
chanism against Tuberculosis infection and disease [25] [26]. Further, alcohol consumption also affects the ad-
herence to HIV and Tuberculosis treatment. The study indicates that more than half of deaths due to multiple
infections (56%) had CD4 count less than 50 at the time of diagnosis which highlights the fact that they have
undergone HIV testing at the last stage and had already developed AIDS, a similar finding was noted in other
settings [27] [28]. The study also confirms wasting syndrome (9%) as a major cause of mortality. Similar find-
ings have been documented in a study done in Uganda where more than 30% of deaths had occurred due to
wasting syndrome [29]. The study findings urge for further research to explore the underlying causes for AIDS-
related mortality due to wasting syndrome in India. The study findings should be interpreted cautiously in light
of certain study limitations. First, the causes of death were not based on proper death certificate but as reported
by family members and relatives, and assigned by the health officials in ART centers. Second, as this study only
included death cases, survival analysis could not be done and only survival duration was calculated. Third, the
analysis is limited to the variables that were available in the recorded data. Further research could examine the
range of factors associated with causes of death among HIV positive population.

5. Conclusion

The study demonstrates that AIDS-related causes continue to be the leading causes of deaths among HIV pa-
tients in north-eastern India. Among them, Tuberculosis is the leading cause of death. The study also stressed on
the fact that there was a need for further research into other causes of death, i.e., due to AIDS-related complex
and wasting syndrome. This highlights the need for further strengthening the referral and linkages in the HIV-
Tuberculosis program. In addition, counseling services at the HIV and Tuberculosis care settings should also
address the issue of alcohol use by providing appropriate counseling to the patients. The study findings have al-
so important policy implications for ART programs in India. Efforts are required at the management as well as
at implementation level for constant and regular follow-up with all HIV patients. Further, this is essential to in-
crease the risk perception as well as to the knowledge about the benefits of ART among these individuals which
can increase the adherence level and survival rate. In addition, the program should expand the provision of ART
services to more remote areas to provide services to some of the underserved population groups like women and
other key population. Proper strategies are required to ensure early diagnosis and enrollment into ART for pa-
tients with very low CD4 count. Furthermore, community level sensitization is required to reduce stigma and
discrimination towards HIV positive individuals so that patients can access treatment without any hesitation. In
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addition to that this study strongly recommends further research and advocacy to ensure that disease specific in-
terventions are appropriately addressed in HIV programs and policies.
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