Disability-adjusted life years (DALYS)
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° Risk ratio = Cohort Study
° Odds Ratio =2 Case-Control Study

° Prevalence Ratio =2 Cross-Sectional Study

® panTeNuveIUaTusanIsiinlin
° Exposure attributable fraction

° Population attributable fraction
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Summary measures of population health (SMPM)

“Measures that combine information on mortality and non-fatal
health outcomes to represent the health of a particular

population as a single number”
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Summary measures of population health (SMPM)
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Summary measures of population health

1. Health expectancies
o active life expectancy (ALE)
° disability-free life expectancy (DFLE)
° disability-adjusted life expectancy (DALE)
° healthy adjusted life expectancy (HALE)
© quality adjusted life expectancy (QALE)
2. Health gaps
© potential years of life lost (PYLL)
° healthy years of life lost (HYLL)
° quality adjusted life years (QALY)
° disability adjusted life years (DALY)




Summary measures of population health

LE=A+B
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LE = total life expectancy at birth

A = time lived in optimal health

B = time lived in suboptimal health



Summary measures of population health

Health Expectancy
=A+1(B)
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A = time lived in optimal health
B = time lived in suboptimal health

f(B) = function that assigns weights to years lived in suboptimal health (optimal health has a weight of 1)




Summary measures of population health

Health Gap
=C +9(B)
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B = time lived in suboptimal health
C = time lost due to mortality (premature death)

¢(B) = function that assigns weights to health states lived during time B, but where a weight of 1 equals to
time lived in a health state equivalent to death




Health expectancies
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Disability-free life expectancy
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Disability-adjusted life expectancy
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Classification for estimating mortality and disability

® Group I: communicable diseases, perinatal, and

nutritional conditions
® Group Il: non-communicable diseases

® Group llI: injuries




What is DALYs?

® 3 time-based measure that combines years of life
lost due to premature mortality and years of life

lost due to time lived in health states less than
ideal health

® The combination of 2 dimensions
° Year of life loss (YLL)
° Year lived with disability (YLD)




Disability- Adjusted Life Year (DALY)

DALY =YLL +YLD

® Year of life loss due to premature death (YLL)
YLL = number of death X Life expectancy
® Year lived with disability (YLD)

YLD = number of case X disability weight X

duration of disease



Life expectancy

80 yr

DALY = YLD + YLL
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Year of life loss (YLL)

® Suppose that the desirable life is defined as living in a

completely healthy state until death at age 80 years

® The “ideal” life is quantified as the total area in the box, a
combination of the number of years lived and the full

quality of life without disability
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Example: YLL

A scenario: a man dies in a car accident at 40 years of ace.
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YLL = 80 — 40 = 40 years




Standard life expectancy (WHO)

Sex Sex Sex
Age Males Females Age Males Females Age Males Females
0 80.00 82.50 34 46.55 49.36 68 15.15 17.90
1 79.36 81.84 35 45.57 48.38 69 14.36 17.05
2 78.36 80.87 36 44.58 47.41 70 13.58 16.20
3 77.37 79.90 37 43.60 46.44 71 12.89 15.42
[ 76.38 78.92 38 42.61 45.47 72 12.21 14.63
5 75.38 77.95 39 41.63 44.50 73 11.53 13.85
6 74.39 76.96 40 40.64 43.53 T4 10.85 13.06
7 73.39 7597 41 39.67 42.57 75 10.17 12.28
8 72.39 74.97 42 38.69 41.61 76 9.62 11.60
9 71.40 73.98 43 37.72 40.64 e 9.08 10.93
10 70.40 72.99 a4 36.74 39.68 78 8.53 10.25
11 69.40 72.00 45 35.77 38.72 79 7.99 9.58
12 68.41 71.00 46 34.81 37.77 80 7.45 8.90
13 67.41 70.01 ar 33.86 36.83 81 7.01 8.36
14 66.41 69.01 48 32.90 35.88 82 6.56 7.83
15 65.41 68.02 49 31.95 34.94 83 6.12 7.29
16 64.42 67.03 50 30.99 33.99 84 5.68 6.76
17 63.42 66.04 51 30.06 33.07 85 5.24 6.22
18 62.43 65.06 52 29.12 32.14 86 4.90 5.83
19 61.43 64.07 53 28.19 31.22 87 4.56 5.43
20 60.44 63.08 54 27.26 30.29 88 4.22 5.04
21 59.44 62.10 55 26.32 29.37 89 3.88 4.64
22 58.45 61.12 56 25.42 28.46 90 3.54 4.25
23 57.46 60.13 57 24.52 27.55 91 3.30 3.98
24 56.46 59.15 58 23.61 26.65 92 3.05 3.71
25 55.47 58.17 59 22.71 25.74 93 2.80 3.43
26 54.48 57.19 60 21.81 24.83 94 2.56 3.16
27 53.49 56.21 61 20.95 23.95 95 231 2.89
28 52.50 55.23 62 20.09 23.07 96 2.14 2.71
29 51.50 54.25 63 19.22 22.20 97 1.97 2,55
30 50.51 53.27 64 18.36 21.32 98 1.80 2.36
31 49.52 52.29 65 17.50 20.44 99 1.63 2.18
32 48.53 51.31 66 16.71 19.59 100 1.46 2.00
33 47.54 50.34 67 15.93 18.74




Calculating the YLLs

YLLs =N * L

® YL = years of life lost due to premature death
® N = number of deaths

® | = standard life expectancy at age of death in years




Example: YLLs

A scenario: 100 women had moderate depression and commit

suicide at age 50

N =100

L = 33.99 years of expected life

YLL = 100 * 33.99 = 3,399 years




Year live with disability (YLD)

® |njury and disease cause not only deaths but also varying

time periods with morbidity and disability

® The time period in years that is lived in states of poor

health or disability due to each disease

® The disability is measured in length in years and in severity

(disability weight)




Disability weight

® o scale from 0 to 1

® reflecting the average degree of disability a

person suffers with each condition




Disability classes for the Global Burden of Disease Study (GBDS), with

examples of long-term disease and injury sequelae falling in each class

Disabilit | Disability Conditions

y class weights

| 0.00-0.02  Stunting due to malnutrition, schistosomiasis infection, long-term scarring due

to burns (less than 20% of body)

I 0.02-0.12  Amputated finger, asthma case, edentulism, mastectomy, severe anemia,

stress incontinence, watery diarrhea

Il 0.12-0.24  Angina, HIV not progressed to AIDS, alcohol dependence and problem use,
radius fracture in a stiff cast, infertility, erectile disfunction, rheumatoid

arthritis, angina, low vision (<6/18, >3/60)

\Y 0.24-0.36  Amputated arm, below-the-knee amputation, deafness, congestive heart

failure, drug dependence, Parkinson disease, tuberculosis

V 0.36-0.50  Bipolar affective disorder, rectovaginal fistula, mild mental

retardation, neurological sequelae of malaria

VI 0.50-0.70  AIDS cases not on antiretriviral drugs, Alzheimer and other dementias,

blindness, paraplegia, Down syndrome

VI 0.70-1.00  Active psychosis (schizophrenia), severe depression, severe migraine,

quadriplegia, terminal stage cancer



Example: YLD

A scenario: a man had car accident and age 40 and gets hand bone
fracture. His health is jeopardized with a weighted severity of 0.1. He

does not find treatment and suffers until he dies at the age of 80 years.
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YLD = 0.1 * 40 = 4 years




Example: YLD

A scenario: a man had car accident and age 40 and gets hand bone
fracture. His health is jeopardized with a weighted severity of 0.1. After
at the age 45 he is successfully operated and recovers completely. A
man is healthy until he dies at the age of 80 years
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YLD = 0.1 * 5 = 0.5 years




Degree of disability
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Example: YLD

® A scenario: at the age of 60, a man gets cancer and seek surgery
which disables him for a certain amount (DW 0.1) for 10 years. After
10 years he suffers from a progress of a disease which disables him
substantially more (DW 0.6) . At the age of 80 years he dies
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YLD = (0.1 * 10) + (0.4 * 10) = 1 + 4 = 5 years




Example: DALY (a car accident)

4 deaths
Girl 10 years old
Boy 8 years old
Woman 38 years old
Man 42 years old

YLLs
YLL due to premature death 70
YLL to premature death 73
YLL due to premature death 46

YLL due to premature death 33

2 injures
Woman 45 years old — epidural

hematoma

Man 55 years old - fractured
rib

YLDs

Duration (36 year LE) X
Disability Wt (.725) = 26 YLDs

Duration (.115 years) X
Disability Wt (.199) = 0.02 YLDs

222 YLLs + 26.02YLDs = 248.02 DALYs




Calculating the YLDs
YLDs =1 * DW * L

® YLD = years lost due to disability

® | = number of incident cases

® DW= disability weight

® | = average duration of the case until remission or

death (years)




Example: YLDs

A scenario: 100 women had moderate depression since they were

20 and had treatment. At age 50, they commits suicide

| = 100
DW = 0.302
L = 30 years

YLL = 100 * 0.302 * 30 = 906 years




Example: DALYs

A scenario: 100 women had moderate depression since they were

20 and had treatment. At age 50, they commits suicide

YLLs = 3,399 years
YLDs = 906 years

DALYs = 3,399 + 906 = 4,305 years




Procedures considering additional social preferences

® Discounting

© future gains and losses are counted less than if they had
occurred today

© a standard procedure and common practice in

economics when it comes to valuing material goods
® Age weighting

° the value of the lifetime the years of life in childhood
and old age are counted less

° young, and often elderly, depend on the rest of society

for physical, emotional and financial support



Discounting

® vears lost now are worth more than years lost in

the future

® 2 discount rate of 3% per year is used (future life
years were discounted by 3% per year)

® discounting is represented as an exponential
decay function
° for example, a year of healthy life bought for 10 years

hence is worth around 24% less than one bought for

NOW



Calculation of DALYs with discounting

N ~0.03L
0.03 l1-e70)

YLL =

® YLL = years of life lost due to premature death
® N = number of deaths

® | = standard life expectancy at age of death in years

) IDW(}_Q-&&RL)
0.03
® YLD = years lost due to disability

YLD

® | = number of incident cases
® DW= disability weight

® | = average duration of the case until remission or death (years)



Age weighting

® vears lost due to premature deaths or disability could

cgive different values at different ages

° For example, a person aged 80 years is considered “less bad”
than living with blindness for a 25-year old individual

® value of a year lost rises steeply from zero at birth to a
maximum at 25 years of age, and then decreases

progressively in older ages
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Calculation of YLLs with discounting and age weighting

F[- —Ilr+ﬁ3HL+a]] ]
YLL = IKCEH: _(}+ﬁlL+ﬂ]_I] +FI K(} e'ﬂ“)
(B+7r) _"*‘3]{'] LT i
_—(r + f)a - 1]

® Y.L = years of life lost due to premature death
® K = age-weighting modulation constant (e.¢. K=1)

® C = adjustment constant for age weights (GBDS standard value is
0.1658)

® = discount rate (GBDS standard value is 0.03)

® g = gge of death (years)

® (= age-weighting constant (GBDS standard value is 0.04)
® | = standard life expectancy at age of death (years)




Calculation of YLDs with discounting and age weighting
F'e,—tr+,{?)[£+a]] i

YLL = DW-

KCQ"‘: - (_r_+ﬁl_L+a_l—l] +[I—K (}-e-rL '_ !
(B+r) - e_(”‘ﬂh] |
:—(_r+ﬁ)a—}]

y

® Y| D = years lost due to disability

® DW= disability weight

® K = age-weighting modulation constant (e.¢. K=1)

® ( = age-weighting correction constant (GBDS standard value is 0.1658)

® r = discount rate (GBDS standard value is 0.03)

® g = age of onset

° [3: parameter from the age-weighting function (GBDS standard value is 0.04)
® | = duration of disability (years)




YLL with discounting and age weighting

Life Expectancy (years) YLLs with 3% discounting and age weighting

Females Males Females Males
82.50 80.00 33.12 33.01
81.84 79.36 34.07 33.95
77.95 75.38 36.59 36.46
72.99 70.40 37.62 37.47
68.02 65.41 36.99 36.80
63.08 60.44 35.24 35.02
58.17 55.47 32.78 32.53
53.27 50.51 29.92 29.62
48.38 45.57 26.86 26.50
43.53 40.64 23.74 23.32
38.72 35.77 20.66 20.17
33.99 30.99 17.69 17.12
29.37 26.32 14.87 14.21
24.83 21.8l1 12.22 11.48
20.44 17.50 9.75 8.95
16.20 13.58 7.48 6.69
12.28 10.17 5.46 4.77
8.90 7.45 3.76 3.27
6.22 5.24 2.45 2.12
4.25 3.54 .53 1.30
2.89 2.31 0.94 0.76
2.00 |.46 0.57 0.42




Controversies and criticism

® severity weighting of disabilities
® different age weights

® discounting future years lost




Conclusion

®{
t

he first comprehensive attempt made to summarize

he world's burden of injury, disease and premature

death

® yseful to describe the disease burden across the

world and to make projections for the future

® 3 tool for cost-effectiveness studies and priority

setting
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® tuberculosis, cancer, renal failure, epilepsy, schizophrenia,

diabetes, hypertension, thallassaemia, cystic fibrosis
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Relationship between DisMod input and output data

m Output Prevalence Mortality Duration

Incidence l] N )
Remission rate 1l Uy U Uy

Case-fatality rate l U i U

6l
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1Prevalence

Prevalence +
mortality

Prevalence +
mortality

Incidence and
remission

Incidence and
CFR or RR

Incidence and
CFR/RR and
remission

Non-fatal conditions, normal
life expectancy e.g. asthma

High fatality conditions
without remission e.g. COPD

e.g. alcohol dependence, TB,
anaemia
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Exercise




Excercisel:

In the age 55 a previously healthy man is diagnosed a prostate
cancer. After a surgery and radiotherapy he is in remission for 15
years. In the age of 70 he is diagnosed a metastatic disease. He dies

in the age of 75

® Make graphical presentation (a sketch) of a time horizon for this

case

® (Calculate DALY




ExcerciseZ:

In a heavy frontal car collision of two cars 7 people are involved. In
the first car a 4-member family dies, while in the second car 3

young people are heavily injured

Participant Sequela Disability
weight
CAR 1
1. 36 years of age father  dies
2. 29 years of age mother  dies
3. 7 years of age dies
daughter
4. 2 years of age son dies 1
CAR?2
5. 27 years of age man Injured spinal cord (lifelong) 0.725
6. 25 years of age
woman Intracranmial injury - short term (%2 year) 0.359
7. 22 years of age
woman Fractured ribs (Y4 year) 0.199

® (Calculate DALYS




Excercise3:

A 5-year old girl who falls sick with poliomyelitis at this age. Following
scenarios are possible:

1. immediately after she contracts poliomyelitis at age 5, she dies,

2. after she contracts the disease at age 5 she is in an acute phase of
the disease confined to bed for ¥2 month (disability weight 0.500).
Afterwards she fully recovers.

3. after she contracts the disease at age 5 she lives unitil age 10 with a
disability,

4. after she contracts the disease at age 5 she becomes permanently
disabled over her entire life span (77.95 years)

® (Calculate DALY for each scenario




Excercised:

A particular community there are 20 girls who fall sick with

poliomyelitis at age 5:

® 2 of them die immediately,

® 2 die at age 10 after a 5-year period of disability,
® 10 of them are permanently disabled, and

® ¢ recover completely after the %2 month acute phase of the

disease.

® (Calculate the total DALYs due to poliomyelitis in this community




Excerciseb:

Morbidity and mortality from ischemic heart disease (heart attack), by the
age of getting heart attack and period of survival, in the population of the
country A, 2008

Health outcome Age group
of the heart <35 35-39 40-44 45-49 50-54 55-59 60-64 65+
attack
No. of 9 14 16 13 12 10 8 7
£ cases
; YLL per 40 35 30 25 20 15 10 5
= case
o No. of 9 14 16 13 12 10 8 7
z:=  cases
:E ';ft Years of 40 35 30 25 20 15 10 5
Z ;—7 survival

® Calculate the total DALYs (without age weighting and discounting)



