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ABSTRACT

This paper aims at identifying and studying the effect of various independent risks
that an AIDS patient is exposed to in day to day life. These risks have been
identified as Tuberculosis (TB). Hepatitis-B (H.B). Diarrhea (DH). Bacterial
Meningitis (B.M.) and others for the collected data of AIDS patients in National
Capital territory of Delhi. The Crude, Net ( type—1I and type— II ) and Partially
Crude Probabilities of death for these risks have been computed and a
comprehensive analysis of this data reveals that AIDS patients suffering from TB
are exposed to the highest risks of death than other prevalent opportunistic
infections. Analysis shows that Partially Crude Probabilities of death for TB with
respect to other opportunistic infections are highly variable and Partially Crude
Probabilities of death for other opportunistic infections in the absence of TB are

very much alike. Net Probability of death (fype—1) for TB is same as the
Partially Crude probability of death for TB when all other risks have been
eliminated. Also it is found that death due to Tuberculosis is statistically
significant ( p —value <0.001) as compared to other risks.

1. INTRODUCTION

It has been over two decades since the first case of full-blown Acquired Immuno
deficiency syndrome (AIDS) was identified. Currently. Human Immuno
deficiency virus (HIV) infection has assumed a magnitude of an international
pandemic [Quinn (1996). Mann and Tarantola (1998)] and it’s notability is most
striking in Asia [Islam et. al. (2002)]. It is believed that nearly 90% of all HIV
infected people are living in developing countries [Quinn (1996)]. In 2006,
UNAIDS estimated that there were 5.6 million people living with HIV in India.
which indicated that there were more people with HIV in India than any other
country in the world [UNAIDS (2008)]. However, NACO disputed this
estimate, and claimed that the actual figure was lower NACO (April (2006)). In
2007, following the first survey of HIV among the general population, UNAIDS
and NACO agreed on a new estimate between 2 million and 3.6 million people
living with HIV. The figure was confirmed to be 2.4 million in 2008. This puts
India behind South Africa and Nigeria in numbers living with HIV [UNAIDS
2007. 2008].
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In terms of AIDS cases, the most recent estimate comes from August 2006, at
which stage the total number of AIDS cases reported to NACO was 124,995 in
India. Of this number, 88,245(71% ) were male and 36.750(29% ) were female

and {36%) were under the age of 30). These figures are not accurate reflections
of the actual situation as large numbers of AIDS cases go unreported [NACO,

(August 2006)].

All the above figures indicate the gigantic magnitude of this infection and hence
warrant an urgent need to do an in-depth study of the fatality of various diseases
to which the HIV patients are eXxposed to.

Death of an AIDS patient is caused by any opportunistic infection (in biclogical
terms, called “RISKS") prevalent in the population. As we know, AIDS is a
syndrome which curbs the immune system of the body and hence leaves the
individual wvulnerable to the opportunistic infections which on any other day
would have been just a passing cloud. A co-infection is another illness one may
get while having HIV. People who have HIV can also get these illnesses viz.
T.B [Doe, S. (1995), Moses, A.E..et.al. (2003)]. Malaria, Hepatitis-B [Bonacini,
M.et.al (2004)]. Hepatitis-C ~ [Swami O_et.al(2005)], Diarrhea, Bacterial
Meningitis, Measles etc.

Long before HIV, malaria and tuberculosis were causes of significant morbidity
and death. Now the specter of co-infection and drug resistance compound the
challenge of identifying and treating people with AIDS, TB. or malaria as well
as preventing further infection. Strategies that simultaneously address these
health problems include building on and strengtheming the eXisting health
infrastructure, increasing the number and skills of health care workers, and
coordinating and integrating services.

In this paper. we have considered AIDS patients who are eXposed to different
risks in Delhi and NCT region. We have collected live data of AIDS patients in
the Anti Retroviral Therapy (ART) centre located at Ram Manochar Lohia
(RML) hospital at Delhi. RML is one of the largest centers in Delhi where
patients used to come for their treatment not only from Delhi but also from
various regions located nearby this city.

We considered Competing Risk Theory [Biswas.5.(1993), Chiang. C.L.(1968).
David, H. and Moeschberger, M. (1978)] for the a analysis of this data. This
theory assumes that several risks compete against each other independently.
Ultimately a particular risk succeeds in taking away the life of the patient either
in the presence of all the possible risks or in the presence of a particular set of
risk.

The live data collected from ART center show that there are many opportunistic
infections that are operating on the population of AIDS patients in Delhi and
NCT region. Some of these opportunistic infections which also form a part of
our present studies can be highlighted as Tuberculosis (TB), Hepatitis-B (Hep-
B). Diarrhea (DH). Bacterial Meningitis (BM), ete.

To estimate the probability of death due to any risk, Competing Risk Theory
provides several measures such as Crude, Net { type— I . rvpe— I ) and Partially

Crude probability of death.
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1.1.Crude Probability of Death

It is the probability that an AIDS patient alive at time x; dies in the interval
(x;. %47 ) due to a specific risk Rz in the presence of all the risks operating in
the population. It is denoted by ;5

1.2. Net Probability Of Death (Type-I)

It is the probability that an AIDS patient alive at time x; will die in the interval
(x;.%;4) due to a specific risk Rz when all other risks are off from the

population. It is denoted by q; 5.

1.3 Net Probability Of Death (Type — I7)

It is the probability that an AIDS patient alive at time x; will die in the interval
(x;. x4 ) due to any risk operating in the population when a particular risk Rg
(say) is off from the population (i.e. .death due to any risk except Rg) . It is
denoted by g; 5.

1,4. Partially Crude Probability Of Death

It is the probability that an AIDS patient alive at time x; will die in the interval
(xj.x;4)due to a specific risk Rs. when any one or more risks

(R;.i= 12....n, j = &) are off from the population.

We have collected a sample size (n=) 1005 of AIDS patients for 4 years
(2004 -2007) from RML hospital. Out of which 81 AIDS patients died due to
TE. 18 died due to Hep-B, 19 died due to DH, and 29 died due to BM. Rest
deaths are due to other diseases that are not much dominant for death of AIDS
patients. Year wise reported AIDS patients and deaths are shown in table-1

Let

l; : Number of AIDS alive at time Xx;.
d; : Number of death of AIDS patients in the interval (x.x,,).
;- Probability of survival of an AIDS patients in the interval (x;,x4).

g; . Probability of dying of an AIDS patients in the interval (x;,x;4) provided

he has survived till x;.
LY, : Number of deaths of AIDS patients in the interval {.r,-..r‘-ﬂ ) due to TB.
;5 : Number of deaths of AIDS patients in the interval (x;.x;,, ) due to HepB.
D5 Number of deaths of AIDS patients in the interval {x;.x;, ) due to DH.
D4 : Number of deaths of AIDS patients in the interval (x;, x4 ) due to BM.

D;5: Number of deaths of AIDS patients in the interval (x;,x;4; ) due to other
disease (OD).
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Tablel: Number of AIDS patients and deaths reported at ART centers in
NCT Delhi.

No. of Deaths
AIDS due to
|patients MNumber
surviving jof _
at thelDeaths |TB Hep-B  |Diarrhea|Bacterial |Other
|peginning [in  thq Meningitis|disease
of the tmeftime
] interval interval
Time x . xiat}
[interval (Xjs Xjgg) |1ieXi
(xi.xis) |l d; D, Dy D Di4 D5
2004-05 124 16 9 2 | 2 2
2005-06 190 30 12 3 3 8
2006-07 306 50 26 7 i] 7
2007-08 385 71 34 i) 9 12 10
TOTAL 1005 167 81 18 19 20 20

We obtained the estimate of Crude Probability of Death, Net Probability of Death-
( type— I'), Net Probability of Death-( rype — IT ) and Partially Crude Probability of
Death of AIDS patients as follows

2.1. Crude Probability of Death

An estimate of crude probability of death of AIDS patients is obtained by the
formula

- oy _
Q!_.l :f_. g :|.2._.__El il.l:‘
;
2.2, Net probability of death (type-I)
An estimate of Net probability of death (type-I) is obtained by the formula
b;

" a oy d
Gij =1-(p) ™" . j=12...5 (2.2)

2.3. Net probability of death(type-II):
An estimate Net probability of death{type-II) is obtained by the formula
o
i—L

Giy=1-(pp Y. j=12..5 (2.3)

2.4. Partially Crude probability of death:

An estimate of Partially Crude probability of death is obtained by the formula
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(2.4)

where number 1.2,2.34.5 denote the risks TB, Hep-B. DH, BM and OD
respectivel y.

Data was analyzed for the period 2004-2007 and probability of death without
specification of cause, Crude probabilities of death, Net probabilities of death
(type—fand type—I1) and partially crude probabilities of death have been
estimated for each wear. These results have been tabulated and represented
graphically in the Tables and figures.

Table 2: Yearly Estimates of probability of death of AIDS patients without
specification of cause and Yearly Estimates of Crude probability of
death of AIDS patients due to a specific cause.

L i Pi i Oz O Qia Ois

2004 | 0.12903 | 0.87007 | 0.07258 | 0.016120 | 0.008065 | 0.016129 | 0.032258
2005 | 0.157%0 | 0.84211 | 0.06315 | 0.015789 | 0.015780 | 0.042105 | 0.021053
2006 | 0.16330 | 0.83661 | 0.08497 | D.022875 | D.0I9608 | 0.022876 | 0.019608
207 | 018431 | 0.81558 | 008831 | 0.015584 | 0023377 | 0031168 | O.0I8IRI
Ave. | D.15868 | DB41318 | D.O7725 | 0.017594 | D.0I671 | 0.02807 | 0.022775

Figure 1: Graphical representation of annual death rate of AIDS patients
without specification of cause
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As we are aware that over the year the number of AIDS patients are increasing
and till date there is no cure for the disease. Thus the probability of death is also
increasing with time. However, the rate of increase is gradually smoothing out,
the reason probably being better awareness & medical facilities.

From the table-2 we observe that the average of estimated Crude probability of
death of AIDS patient due to TB is 10.077254, Hep-B is 0.017394, DH is
0.016709 ., BM 1s 0.028069 and OD i1s 0.022775 in the presence of all other
risks. On the basis of these observations, we conclude that Crude probability of
death due to TB is highest as compared to other prevalent diseases in the
population and thus TB is identified as major risk for AIDS patients in Delhi.
Figure 2 clearly shows this fact for the Crude probability of death of AIDS
patient

Figure-2: Graphical representation of Crude Probabilities of death of AIDS

patients.
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Table-3: t-test for equality of means
Za Qiz Ois Oiq Ois

Qi - 0.0000315 0.0000493 | 0.0004396 0.00009
Qs - 0. 4098971 0.0622045 0.103716389
0,1 - 0.0651781 | 0.11711528
0. - 0.221756937
Ql'." -

The t-test for equality of means shows that the average probability of death due
to TB for AIDS patients is significantly higher than others (i.e.
p— value <0.001); however, the average probability of death of AIDS patient

due to other risks does not differ significantly.
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Table-4: Yearly Estimate of Net probability of death (rvpe — 1) of AIDS

patients
Year dil 4 iz qi4 gis
2004 0.074766 | 0.01712 0.008597 | 0.01712 0.01712
2005 0066431 [ 0.017038 | 0.017038 | 0044793 | 0.022647
2006 0.088599 | 0.024667 | 0.021182 | 0.024667 | 0.014171
2007 0.093012 | 0.017078 | 0.025517 | 0.033865 | 0.019899
Average | 0.080702 | 0.018976 | 0.018084 | 0.030111 | 0.018459

From table-4 we observe that the average estimate of Net probability of death
(type—1) due to TB when others are eliminated is 0.080702, Hep-B when

others are eliminated is 10.0189758. DH when others are eliminated is
0.018084 . BM when others are eliminated is 0.030111and OD when others are
eliminated is 0.018459. By this we conclude that average of the estimated Net
probability of death { type — 1 ) is highest for the opportunistic infection TB. This

means TB has much higher impact on survivability of AIDS patient as compared
to other risks. This interpretation can be shown in the figure 3.

Figure 3: Graphical representation of Net probability of death ( rvpe — I ) of
AIDS patients due to TB, Hep-B, DH, BM and OD.
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Table-5: Yearly Estimate of Net probability of death rvpe — 17 of AIDS

patients
Year il qi2 93 qi4 s
2004 0058649 [ 0011386 | 00121477 | 00113859 | 0.113859
2005 0.097973 0143298 (0.143298 0.1 18401 (0.138367
2006 0082072 | 0142241 0.145296 | 0.142241 0.151373
2007 000782 | 0170249 [ 0.163063 | 0.155832 0.167793
Average LR B 0116794 0.143284 0. 132583 0.142848
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Table-5 shows that Net probability of death ( type —I7) of AIDS patients i.e.

death of AIDS patients due to any other disease when a particular risk is
eliminated from the population. The average of the estimated Net probability
(type—IT') is 0.084869 when TB is eliminated, when Hep-B eliminated is

0.116794 , when DH eliminated is 0.143284 , when BM is eliminated (0.132583
and OD eliminated is (.142848 . Hence we conclude that when risk TB is
eliminated the average of estimated Net probability of death ( rype — I ) is least.

This again points towards TB as a major risk for AIDS patients. Figure 4 shows
the graphical representation of Net probability of death (type—II) of AIDS

patients when TH, Hep-B, DH, BM and OD eliminated respectively.

Figure 4: Graphical representation of Net probability of death ( rype — IT ) of
AIDS patients when each of opportunistic infection viz. TB, Hep-

B. DH, BM and OD eliminated.
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Table 6 &7 :Yearly Estimate of Partially Crude probability of death of
AIDS patients when one and more risks eliminated respectively.

Yeur QJ'] 2 Q.‘L 3 Q.‘I 4 Qﬂ 3 lE'.‘l 23 Ql’l.l—l Ql’] 25

2004 | 0073195 | O.0T2886 | 0073195 | 0.073195 | 0073505 | 0073817 | 0.073824

2005 | DUD636EE | DLDE3IGRE | 064558 | 0UD63R6S | 0064225 | 0065099 [ 0064431

2006 | 0.DB5B5T | DLDBSEST | 0.0BH006 | 0.0B5559 | 0.085411 | 0.085559 | 0.086607

2007 | 0089802 | 0089122 | DOBYE02 | 0090478 | 0090205 | 0090502 | 0089935
Ave | 0078135 | 0077888 | 007839 [ 0OTSZTS | 0.078336 | 0.OTETH | 0LOTSG99

Year | 0, ., D135 Oinas | Qiosa | Cinsas | Givaas | Qinoaas

2004 | DUOT3505 | DUOTA506 | 0.073824 | 0.07T4131 0074131 | 0074131 | 0.0T4THS

2005 | 0065099 [ 0064431 0.065315 | D.OGIEED | 0.064979 | 0064021 | D.066431

2006 | 008691 0086456 | 0.0B660T | O.08798 0087519 | 0.0BT519 | 0O.0BE599

2007 | 009091 0089797 | 0.090638 | 0.091607 | 0.091464 | 0091888 | 0.093012

Ave | 0.079106 | 0.07T8347 | 0.07909 | 0.079402 | 0.079523 | 0.07939 | 0.080702
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From Table & & 7, we observe that average estimate of Partially crude
probability of death of AIDS patient due to TB when Hep-B eliminated is
0078135, DH eliminated is 0.077888, BM eliminated is 0.078390and OD
eliminated is 0.078275. This shows that Partially crude probability of death
when two or more risks eliminated. are very much alike. We also observe that
for this data the Partially crude probability of death due to TB when all prevalent
risks eliminated is same as the Net probability of death ( type —T') for TB. We

can conclude that presence or absence of any other risk has approximately no
effect on probability of death of AIDS patients excepting the risk TB.

Figure-5: Graphical representation of Partially Crude probability of death
of AIDS patients due to TB when one risk eliminated respectively.
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Figure- 6&7: Graphical representation of Partially Crude probability of
death of AIDS patients due to TB when one and two risk
eliminated respectively
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Figure-8: Graphical representation of Partially Crude probability of death
of AIDS patients due to TB when all other four risks eliminated.
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Table 8 : Yearly Estimate of Partially Crude probability of death of AIDS
patients due to TB(2),Hep-B(3),DH(3).BM(4) and OD/{5) when one
and more risks eliminated respectively.

Year | 0, , Qi3 D14 Qi s Ui 23 Qi1 24 Qi1 25
2004 | 0.073195 | 0.072886 | 0.073195 | D.073195 | D.O73505 | D.OTIELT | 0.0TIE24
005 | 0.063688 | D.063688 | 0.064558 | 0.063869 | 0.064225 | 0.065099 | 0.064431
2006 | 0.085857 | 0.085857 | 0.086006 | 0.085559 | 0.085411 | D.085550 | 0.086607
2007 | o.osos02 | o.os9122 | oososo2 | 0000478 | 0000205 | D000SD2 | 0.089935
Ave 0.078135 | 0.077888 | 0.07T839 | 0LOT8275 | 0078336 | 0.078744 | 0.07T8699

Table 8 : Yearly Estimate of Partially Crude probability of death of AIDS
patients due to TB{2),Hep-B(3),DH(3),BMi4) and OIN5) when
one and more risks eliminated respectively.

Year

Ql’l.]

Ql’li

Diza

QJ’J.."\

Cizia

Din1a

Cizas

Diz34

2004

0.016757

0.016197

(0.016266

0.016266

0016829

0.016901

0.016901

0.016335

2005

0.016328

0.015922

0.016146

0.015966

0016467

0.016702

0.016513

0.016282

2006

0.023936

0023114

0.023154

0.023034

0.024191

0.024233

0.024105

0.023397

2007

0016344

N.015781

0.015847

0.015803

0016553

0.016623

0.016576

0016048

AVE.

[0.018341

0017753

0.017853

0.017767

0.01851

0.018615

0.018524

0.018015

Year

iz 35

Oizas

iz 134

Qi3 35

Qi3 345

Uiz 1345

Oizs

Ois.12

2004

0.016335

.01 6404

0.016974

0.016974

0016474

001712

0.008133

0008451

2005

0.016101

0.016328

0.016844

0.016634

0016467

0.017038

0.015966

0016467
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2006 |0.0232750.023316(0.024492{0.024362 | 0.023561 | (L024666|0.019743 |0.020771

2007 (0.016003(0.01607 |0.016838) 0.01679 |0.016275] 0.01708 (0.02370410.024724

AVE.]0.017928) 0.01803 |0.018787) 0.018695 [0.018194| 0.018976 | 0.016887 0.01760.3

Year | Dis1s | Qisas | @izza | Qizzs | Pizas | Qianze | Pizzas | Qizzes

2004 (0.0084510.008451)0.008202) 0.008202 | 0.008202 | 0.008523 (0.008523 |0.008272

2005 |0.01670210.016513)0.016282) 0.016101 |0.016328 | 0.016844 (0.016654 |0.016467

2006 10.020771{020662 002009 (0.019985|0.019985( 0.02103 |0.020919(0.020231

2007 |0.0249350.0248650.023971{0.023904 | 0.024105 | (.02514910.025077 |0.024309

AVE.|0.01771510L01762Y 0,017 136 0.017048 | 0.01 7155 | 0.017887 |0.017793 | 0.01732

Year |@in124s| @Qias | Qig1s | Qiarz | Qians | Qissz | Qisas | Qisas

2004 |0.00859T7P.016266(0.016829(0.016901 | 0016901 | (.016335|0.016335 |0.016404

2005 |0.01TO3RP.042576(0.04391 2 0.04391 2| 0044036 (0042815 | 0.042935 [0.042935

n

2006 (0.02118 L0230340.024191)0.024233 | 0.024105 | 0.023397 (0.023275 |0.023316

2007 | 0.02551 fL0316060.033106) 0.032966|0.033153 | 0.031827 [0.032006 10031872

AVE.|0.018081) 0.02837 |0,029509) 0.029503 [0.029549| 0.028593 | 0.028638 0.028632

Year | @ia.132 |Qiaa3s | Piasos [Pianzzs| Pisz | Qisas | Cisas | Pisaz

2004 |0.0169740.01697H0.016474 0.01712 |0.016266{0.016829|0.016901 |0.016901

2005 (0044286004441 10.043298) 00044791 | 0.021229) 0.021956 (0.022269 10021956

L]

2006 |0.0244920.024362{0.023561{0.024666)|0.013231 | (L013823|0.013848 |0.013848

2007 (0.0333890.0335790.032276)0.033868 | 0.026192 | 0.027588 (0.027706 |0.027471

AVE.|0.0297850L029832{0.028902( (L0301 11| 0.019229  0.020:049 | 0.020181 (0.020044

Year Q[."-..'*-t Qn'."-.ﬁl Q.l':'-.-ll Q.l':'-.l.'iﬁ Q.‘."\.III Qn’."\.]-ﬂ Q.‘ﬁ.lﬁ-ﬂ

2004 |0.0163350.016335(0.01 6404 0.016974|0.016974(0.016474 ) 0L01T12

2005 (0.02171 021407 0L02171 |0.022459|0.022143 | 0.02 1894 (0.022652

2006 [ 0.01337 (001337 |0.013393)0.013995|0.013995 | 0.013535( 0.01417

2007 |0.026746)0.026523{0.026634 0.028063 | 0.027824 [ 0.026972 | 0.028304

AVE.| 0,01954 10.0194000.019535( 0.020373 | 0.020234 [ 0.019719 | 0.020562

In Table 8, The partially Crude probability of death due to other risks (apart
from TB) have been calculated and it is seen that for each risks, elimination of
other risks has approximately no impact on the probability of death due to that
particular risk.
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Figure 9: Graphical representation of Partially crude probability of death
of AIDS patients due to Hep-B and DH, when other one or more
risks eliminated respectively.
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Figure 10: Graphical representation of Partially crude probability of death
of AIDS patients due to BM and OD when other one or more
risks eliminated respectively.
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Figure-9 and 10 shows the graphical behavior of Partially crude probability of
death of AIDS patients due to Hepatitis-B , Diarrhea, Bacterial Meningitis and
other deceases when other one or more risks eliminated respectively.
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4. DISCUSSION

The probability of death of AIDS patients without any specification of cause is
highest in the year (2007-08) while lowest in the year (2004-05) and has the
tendency of Increasing as time increases. We also observe that the rate of
increase is lower in the years 2005-06 and 2006-07 as compared to other years.
The average of estimated Crude probability of death of AIDS patients due to TB
in the presence of all the risks is approximately 10 times more than the average
of Crude probability of death due to Hep-B. It is approximately 6 times more
than the average of Crude probability of death due to DH and BM and for OD it
is approximately 7 times. It is found that on the average. probability of death due
to opportunistic infection TB is significantly higher (i.e. p—value < 0.001) than

any other opportunistic infections. However the average probability of death for
other opportunistic infections is not very significant.

The average of Net probability of death (tvpe — 1) and Net probability of death
(type— Iy  show that opportunistic infection TB has higher impact on
survivability of AIDS patients as compared to other opportunistic infections.
The estimate of Partially Crude probability of death of AIDS patient due to TB
when one, two or more risks are eliminated is very much alike. It is also
observed that for this data the Partially Crude probability of death due to TB
when all prevalent risks have been eliminated is same as the Net probability
(type — 1) of death due to TB.

This shows that survivability of AIDS patients is significantly affected by the
opportunistic infection TB and presence or absence of other risks has
approximatel y no effect on probability of death due to TB for AIDS patients.

Finally, it can be concluded that chance of death of AIDS patient due to
opportunistic infection TB is the highest in National Capital Territory, Delhi.

5. FUTURE TRAJECTORIES

The global burden of TB has risen dramatically in the past ten years due to the
HIV epidemic. TB is the leading infectious killer of people living with HIV, and
accounts for an estimated 13% of AIDS deaths worldwide. HIV and TB are so
closely connected that they are often referred to as co-epidemics or dual
epidemics. The epidemics drive and reinforce one another. HIV activates
dormant TB in a person, who then becomes infectious and able to spread the TB
bacillus to others.

We may now look to explore the effect of other common opportunistic
infections on the AIDS patients to carry this research further. Also the larger
population {more than one state) may be considered for AIDS patients suffering
with other dreaded opportunistic infections.

The occurrence of tuberculosis (TB), Human immunodeficiency virus (HIV) and
Hepatitis infections in the same patient poses unigque clinical and public health
challenges because medication to treat TB and HIV are hepatotoxic 3 and
need for further epidemiologic and clinical studies to optimize the magnitude of
this complicated medical condition.
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