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Day 1 (Monday Nov 20t 2023)

GCC- Stat Welcome Remarks

GCDC Welcome Remarks

GCC — STAT experience in the exchange of statistical data and unifying concepts
Training objectives

Group Photo

Introduction of Participants and Facilitators

Monitoring health of populations; position of DALYs and HALE

BREAK

Calculating DALY & HALE; macroprocesses

Data requirements: Availability and Usability of data components

Orientation on the required software tools

Basic demography and life tables

Lunch Break

Calculating life expectancy (LE) / Practical data analysis with sample data
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Core Health Indicators

Health financing; Health workforce; Health infrastructure;
Health information/ governance

Inputs and Processes

Service access & availability; Service quality & safety;
Health security

Outcome Coverage of interventions; Risk factors and behaviors

Health status; Financial risk protection

e

WHO: Global reference list of 100 core health indiéators



Health-Adjusted Life Expectancy (HALE)

* An indicator of impact
A summary measure of population health

e Com para ble [Terms & Conditions apply!!]

e Quantification of fatal and non-fatal consequences of diseases in one
number (at each age)
* Mortality —
 Morbidity
* Duration of disease > HALE
e Severity of disease
* Interventions _/




Life Expectancy (LE) is the number of years
that a person at a given age can expect to
live.

Health-Adjusted Life Expectancy (HALE) Is the
number of years that a person at a given age
can expect to live in good health, taking into
account mortality and disabillity.



Population Health:
Health loss & Health expectancy

% Population

20 -

Survival Curve of the

.- Reference Population
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Actual Survival Curve
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Completelv Healthy
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A: Alive and Healthy
B: Alive with Disability
C: Died Premature —

Health expectancy = A +ﬂB)

Health gap =C +j(B)



Percent

Years of Life Lost & Life expectancy

Life expectancy = A + B

Years of Life Lost (YLL)=C

Age (year)



Percent

Disability-adjusted Life Year (DALY) & Health-
adjusted Life expectancy (HALE)

Age (year)

Health-adjusted Life expectancy = A +f(B)
Disability-adjusted Life Year=C +j(B)
j(B)= Years Lived with Disability (YLD)

Life expectancy -j(B) = HALE



Different terminologies

Rectangularization of Survival Curves Accompanied by Morbidity:
the Degredation of HRQoL with Age

100

Years lived with
disability and morbidity (LE)

HRQoL is projected to steadily
decline alongside DFLE and
HLE due to an increased
prevalence of morbidity and
disability with age

Years lived with morbidity but
without disability (DFLE)

Years lived without morbidity
and/or disability (HLE)

HRQoL

Percentage of the Population

0 50 100
Age (years)
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Simplified process for calculating HALE

Prevalence of
sequelae by
age-sex-
location-year

Health-state- /
specific

Life table by
age-sex-
location-year

/ Healthy life
expectancy
/ (HALE)

4/

Years lived
with disability

/

(YLDs) per
capita

disability
weights

GBD 2017 (Appendix 1); GLOBAL HEALTH METRICS| 392(10159), P18§92-1922, 2018



GBD Data and Model Flow Chart

DEATHS
by age, sex,
year, and
country

YiLs
Tor each

v

ESTIMATING CURRE

k J

disease amnd
injumry

for diseases

and injuries YLD
for each

disease amnd

inijury

HEALTHY LIFE
EXPECTAMCY

YlLs
attributable

to eadch risk

" DALYs
attributahble

to risk
factors

YLDs
attributable
to eadh risk
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DATABASE

IHME, GBD workshop



DEATHS
by age, sex,

year, and

country

DALYs
for diseases
and injuries

COVARIATES
DATABASE

Yiis

for each
disease and

mnjury

YLDs
for each
disease and
injury

HEALTHY LIFE

EXPECTANCY

More focused on HALE
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DEATHS
by age, sex,

year, and

country

Ylls
for each

COVARIATES
DATABASE

disease and
injury

YLDs
for each
disease and

injury

HEALTHY LIFE

EXPECTANCY
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The required data burden of disease and HALE

Risk factor data

Demographic data Covariate data Mortality data Morbidity data

Study-level Mortality count Incidence
d  Location-level Causes of deaths Prevalence 4 RRof disease(s) E

Fatality Remission

Population size

Fertility

. R _ To estimate

Standard LE RR of mortality Disability Weights burden
attributable
Excess mortality Comorbidity to each risk

factor




Population and all-age mortality data

* Discussion points

e Stratification?

* Sex/ Age group/ Governorate
* Nationality?

e Quality indicators
e Any adjustment for completeness?
* |ll-defined and impossible causes of deaths?

e |ssue with uncommon causes of deaths
* Need to aggregate annual data?

18



Sources of mortality data

Number and causes of deaths

e Registration
 Vital registration, full coverage of the population
e Sample registration, representative of the population
e Sentinel registration, not-representative of the population

e Censuses

e Surveys

e Complete or Summary birth history (CBH or SBH) from standard household
surveys (such as WHS, DHS and MICS)

* Household recall and Sibling survival history for number of deaths
e Verbal autopsy surveys for causes of deaths

* Disease registries (sometimes for cause-specific mortality data)
 Surveillance systems (sometimes for cause-specific mortality data)

19



Mapping of causes with ICD codes

 Mapping of different version of ICD

 Mapping of ICD codes to causes

e List of ICD codes mapped to the GBD list

e Road injuries: V30-V79.9, V87.2-V87.3

e Cause -

ICD10 -

ICD10 Used in Hospital/Claims Analyses

ICD9 -

HIV/AIDS and sexually transmitted infections

HIV/AIDS

HIV/AIDS - Drug-susceptible Tuberculosis

HIV/AIDS - Multidrug-resistant Tuberculosis without extensive
drug resistance

HIV/AIDS - Extensively drug-resistant Tuberculosis
HIV/AIDS resulting in other diseases
Sexually transmitted infections excluding HIV
Syphilis
Chlamydial infection
Gonococcal infection

Trichomoniasis

AS50-A60.9, A63-A64.0, B20-B23.8, B24-B24.0, B63, B97.81, C46-
C46.52, C46.7-C46.9, F02.4, 198.0, K67.0-K67.2, M73.0-M73.8, N70-
N71.9, N73-N74, N74.2-N74.8, 098.7-098.73, Z11.3-Z11.4, Z20.2,
Z20.6, Z21, Z222.4, Z83.0
B20-B23.8, B24-B24.0, B97.81, C46-C46.52, C46.7-C46.9, F02.4, 098.7-
098.73, Z11.4, Z20.6, Z21, Z83.0
B20.0

B20.1-B23.8, B24-B24.0, B97.81, C46-C46.52, C46.7-C46.9, F02.4

AS50-A60.9, A63-A64.0, B63, 198.0, K67.0-K67.2, M73.0-M73.8, N70-
N71.9, N73-N74, N74.2-N74.8, Z11.3, Z20.2, Z22.4

AS50-AS53.9, 198.0, K67.2, M73.1-M73.8
AB55-A56.8, K67.0, N74.4
AS54-A54.9, K67.1, M73.0, N74.3
AB59-A59.9

AS50-A60.9, 198.0, K67.0-K67.1, N74.3-N74.4

AS50-A60.9, 198.0, K67.0-K67.1, N74.3-N74.4

AS50-A52.9, 198.0
AS55-A56.11, K67.0, N74.4
AB54-A54.29, K67.1, N74.3

AS59-A59.9

042-044.9, 054.1, 054.11-054.19, 090-099.9, 131-131.9, 176-176.9, 613-
615.9, V01.6, V02.7-V02.9, V08, V73.8, VV73.88, VV73.9-VV73.98, V74.5-
V74.6

042-044.9, 176-176.9, VO8

176-176.9

054.1, 054.11-054.19, 090-099.9, 131-131.9, 613-615.9, VO1.6, VO2.7-
V02.9, V73.8, V73.88, V73.9-VV73.98, V74.5-\V74.6

090-097.9
099.41, 099.5
098-098.9

20
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Cause-specific data

e Cause-specific deaths
e Garbage codes?
* Coverage

* Notifiable diseases

* Incidence data
e Stratification?
e Completeness?

e Health Information Systems
* Information of governmental, other public and private health institutions
 Morbidity and Mortality data

21



Survey data

High BP Diabetes Total cholesterol Obesity
. . Otal cholestero
SBP=140 and/or |
e Access to original data O aanator | Bucose | esommoyy | (BMiEs0Ke/m)
: Non- Non- Non- Non-
[ J
CheCk for pOtentIal €rrors Governorate Omani Omani Omani Omani Omani Omani | Omani | Omani
1 1 Muscat 40.8% 38.9% 13.7% 18.2% 39.6% 32.7% | 34.6% 16.5%
[ J
CO nfl d encel nte rva | S Dhofar 24.3% 29.3% 10.8% 22.0% 36.9% 31.3% | 454% | 25.8%
L : N AR .90 6° 90 .90 .09 59 [ .00
e Stratification Al-Dakhiliyah 29.9% | 30.6% | 159% | 159% | 38.0% | 385% _;;/,7_/3‘ 23.0%
North Shargiyah | 36.3% | 25.9% 13.9% 13.0% 39.1% | 87% 5[33% | 37.0%
South Shargiyah | 32.9% | 34.9% | 185% | 157% J{3.0% | 14.0% [389% | 12.8%

e Direct use as data for morbidity or risk factors

e Can be used to validate HIS data

22




Availability and accessibility of data

Type of data

Population data

Number and causes
of deaths

Morbidity data

General status

Usually accessible in most of the countries
- National censuses
- International estimates

Mortality envelope

- Most of the high and middle income countries

- Completeness and representativeness of data

Causes of deaths

- More issues in availability, accessibility and quality of data
- Not usable in many cases without proper correction

The most challenging section regarding availability of data
- Disease registries and surveillance system

- Hospital data and outpatient service records

- Surveys

23
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H ©- L& - bod_reference_)

H ©- HSLE_template_ UK Sullivan Method - Excel
File Home  Insert  Developer Page layout Formulas Data Review  View Help Soda PDF 10 Crd . ) ) )
File Home Insert Developer Page layout Formulas Data Help  EpiGearXL ~ MetaXL (2 Tell me what you want to do
K63 - f
R& A Ja A B c D E F G H I J
1 |DISEASE: [Enter Disease/Sequela name] Updated:  [Date]
A B c D E F 2 |REGION: [Enter Country or Region name] By: ([Name]
1 |BOD Life Table in Class Lecture Notes 3 |PERIOD: [Enter reference year] Status:  [Preliminary, draft,
4
2 | p v w X v z
3 Population Deaths 6 | THIS TEMPLATE ENABLES CALCULATION OF YLD (If you do not need to also calculate YLL)
| i
4 X n nPyx nDy My 8 |IF YOU HAVE MORE THAN ONE SEQUELA FOR A DISEASE, CREATE A COPY OF THIS TEMPLATE - — 5 ; P
| o |FOR EACH SEQUELA AND ADD THE DALYs FOR ALL SEQUELAE. rrue;.f population Survey population in Unweighted bn.se. Survey population in An“rustment.F(
5 0 1 369300 2022 0.00548 10 _weighted base) good general health Survey Population good health  (oge-bands <1 i
6 ) 1 4 1462700 AGT 0.00032 11 |1. Enter disease name, region and period in the yellow cells above. (n_weighted) (n_unweighted) 14, 85-89 te
- ’ 12 |2. Enter update information in the purple cells above right.
7 5 5 1755600 306 0.00017 13 |3. If required, change discount and age weight parameters for YLD calculation in the grey box below.
8 0 5 1074200 304 0.00020 12 4. If required, change age groups (insert additional rows if needed, and adjust lookup formulae for standard LE) 8093 7500 100
9 | 15 5 1997300 1315  0.00066 b DALY Parametors 8093 7500 100
10 20 5 2041900 2377 0.00116 7 0.03 Discount rate (r) Standard discount rate is 0.03 8093 7500 1.00
. 18 0.04 Beta (b) Standard age weights use beta=0.04 8093 7500 1.00!
11| 25 5 2155700 2824 0.00131 19 0.1658 Constant (C) Standard age weights use C=0.1658 1205598 1120788 8093 7500
12 30 5 2193000 3659 0.00167 20 0.07 b+r) 1686087 1510699 8497 7591
B 21 0K K=0 (no age weights) to 1 (full age weights) 5 -
13 | 35 5 2150700 4764 0.00222 2 1816574 1618204 2024 B01S
14 40 5 2114300 6906 000327 23 |A. YLD template for incidence YLD 1779546 1583172 10462 9276
15' 45 5 2167100 0944 0.00459 24 |A1 Enter population data in yellow cells below 1726318 1502386 11343 8788
il : 25 |A2. Enter incidence rates, age at onset and duration in green cells 1653243 1383808 11238 9376
16 50 5 1608000 10873] 0.00676 D . M d I 26 |A3. Enter disability weights in blue cells below. 1826222 1453516 12541 9970
17' 55 5 1341000 13304 0.00992 |S O 27 N S— — . 1864466 1431406 12791 9791
. : ;g Pop idonce Ag::&“;"" 1671426 1198106 12097 8509
18 60 5 1362300  20756| 0.01524 = per 1, y La58100 055305 oy ees
19 65 5 1266000 o 31 |Males 1387733 912065 12083 7764
20 | 70 5 1056300 | -= DisMod Il - Local 32 |0-4 7,500,000 0 0 25 1196719 744333 10788 6633
3 . L — e 335414 14,750,000 0 0 10.0 i Home Insert Developer Page Layout 767218 429828 5018 2795
21 7% 5 651300 | Data Population Diseases Windows Opty150 22,500,000 0 0 225 439677 229339 2956 1514
22 80 5 409100 - 35|30-44 21,750,000 0 0 375 2966 1514 0813
) 36 |45-59 18,000,000 0 0 525 2966 1514 0.861
+ .
23— 85 5 346500 \ 37 60-69 9,000,000 15.000 2 65.0
24 Name ] 20|70 70 Snpnnnn g0 non an 720 s
25 A. YLL template S u I I Iva n H LE
26 Al.Enter population data in yellow cells below.
LE te l I l p ate ICD codes [ Y LD te l I l p ate 27 A2. Enter numbers of deaths for 5 year age groups in green cells below. (or death ra
28 A3. If necessary, modify average ages at death (blue column). This may be importar
29
30 Population Deaths Deaths Av. Age Standar
N per 1,000 at death LE
32
33 Males
340 1,500,000 2,000 133 01 9
Input variables | [“Process inputs | [Output present 1 35(1-4 6,000,000 0 0.00 26 7
M F 36 5-9 7,250,000 0 0.00 73 73
- by Sex 37 10-14 7,500,000 0 0.00 129 67
Incdence [ [ S Males I 38 15-19 7,500,000 1,000 0.13 181 62
Prevalence [~ [ i Females I 39 20-24 7500000  1.000 013 225 57
- Femalac 40 |25-29 7,500,000 1,000 0.13 275 53
Remission r- r_ e - | 41 30-34 7.500,000 1.000 0.13 326 48
r— r— FISILIVICY 42 35-39 7,250,000 1.000 0.14 375 43
f_ r" — 43 40-44 7,000,000 2,000 0.29 426 38
r_. r_ 44 45-49 6,500,000 3.000 0.46 a7 33
45 | 50-54 6,000,000 4,000 0.67 526 28
] 46 |55-59 5,500,000 5.000 0.91 576 23
47 |60-64 5,000,000 6.000 1.20 627 19
48 65-69 4,000,000 7,000 1.75 677 15
49 70-74 3,000,000 8.000 267 726 1"
50 75-79 2,000,000 8,000 4.00 775 8
51 80-84 1,000,000 7.000 7.00 824 6
52 85+ 500,000 6.000 12.00 89.0 3 25
? HE‘D 53 Total R 63.000 0.63 63.9 20
e 54
GLE Famalaes
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Why do we need demography for estimating
burden of disease and HALE?

* Each event of disease or death happens in a population.
Characteristics of the population are determinants of health and
disease

e To calculate rates (such as incidence rate or mortality rate) and
proportions (such as prevalence), we need population as a
denominator

 We need demographic methods to calculate mortality rates,
adjustment of completeness and calculating LE and HALE,

27



Core components of demography

° Fertlllty Population size, age-sex

structure, distribution
* Mortality
* Migration

Population
* Ageing
Dynamic
components

Population growth,
fertility, mortality,
migration

Static
components

28



Population size at time ¢

P=P,+F—M +IM —OM

e P,: Initial population

e Fertility (F) = births (new entrants to a population
e Mortality (M) = deaths (‘exits’ from a population)
e [n-migration (/M): people moving in

e OQut-migration (OM): people leaving a population

2= PP being number of years
1

29



Population at risk

e Population-at-risk is used as a denominator in some of the
epidemiological indicators, such as the age-specific death rates

e Usually mid year Population is used as a surrogate for
population-at-risk



Sources of demographic data

e Vital registration

e Coverage? Completeness?
e Population census

e Demographic surveys
e Recall of birth/ death in households

* |Indirect estimate of age-specific mortality

31



Population analysis and life tables

e Period of time approach (M type)

Age ( ) Period
. vaer : X
e Interval of time . analysis <© o
b o 2
. . . *"i o I o s"’i £0)
* Pointin time g ;
3 — ‘:-é""
* Cohort of population (q type) , _|~ .~ .~ A 7 |
e Birth cohort 1 + ; F
e Marriage cohort 0 el il it f 7 | Calendar
| |~ vears

2002 2003 2004 2005 2006

Lexis diagram
32



Life tables

* Cohort vs. Period life tables

e Synthetic or hypothetical cohort

e Complete vs. Abridge life tables
e All age groups

e Aggregated neighboring groups

33



Sample Abridged Life Table

X N an I’IDX I’IMX a an an IX ndx nI—x TX eX
0 1 369300 2022 0.005 0.1 0.005 0.995 100,000 545 99,510 7,471,253 74.71
1 4 1462700 467 0 0.4 0.001 0.999 99,455 127 397,516 7,371,743 74.12
5 5 1755600 306 0 0.5 0.001 0.999 99,328 87 496,425 6,974,227 70.21
10 5 1974200 394 0 0.5 0.001 0.999 99,242 99 495,961 6,477,802 65.27
15 [ 1007900 1215 nN1 ne N NN2 N QQ7 Q142 294 404 200 £ QQ1 Q11 60.34
Total
Probability number of 55.53
Number of [Annual Fraction of |Probability |of Number of |Number years lived [Life 50.84
Deaths |death rate life for |of dying surviving |alive at dying Number of |beyond expectancy

during [in the deceased |during the [the start of during the |years lived |start of at start of 46.15
Population | interval |interval individuals |interval interval interval interval in interval |interval interval 41.52
X n an an nMx a ndx n P x Ix ndx an Tx €x 36.95
0 1 317000 3914 0.01235 0.1 0.01221 0.9878 100,000 1,221 98901 7,125,688 71.26 32 57

1 4 1254300 652 0.00052 0.4 0.00208 0.9979 98,779 205 394623 7,026,787 71.14 '
5 5 1557600 391  0.00025 0.5 0.00125 0.9987 98,574 124 492560 6,632,164 67.28| 28.22
10 o 5 s 194Z§0I0“vv 54£5vvv 9.00028 V.VP.S s 0.00li(l)v - 0.9986 v'vv538,450vu o 138 . \.f',9.1906.u 6}39694 . UVPZ.BG 24 1
60 5 1362300 20756 0.015 0.5 0.073 0.927 84,671 6,214 407,823 1,710,456 20.2
65 5 1266000 28937 0.023 0.5 0.108 0.892 78,458 8,482 371,084 1,302,634 16.6
70 5 1056300 36075 0.034 0.5 0.157 0.843 69,976 11,009 322,356 931,549 13.31
75 5 651300 33265 0.051 0.5 0.226 0.774 58,967 13,353 261,450 609,193 10.33
80 3) 409100 37544 0.092 0.5 0.373 0.627 45,613 17,024 185,505 347,743 7.62
85+ 5 346500 61059 0.176 1 0 28,589 28,589 162,238 162,238 5.67




Sample Abridged Life Table

X N an an nMx a ﬂqX an IX ndx nI—x TX eX
0 1 369300 2022 0.005 0.1 0.005 0.995 100,000 545 99,510 7,471,253  74.71
1 4 1462700 467 0 0.4 0.001 0.999 99,455 127 397,516 7,371,743 74.12
5 5 1755600 306 0 0.5 0.001 0.999 99,328 87 496,425 6,974,227 70.21
10 5 1974200 394 0 0.5 0.001 0.999 99,242 99 495,961 6,477,802 65.27
n.nMX nple_n o
nqx_1+n(1— a, ). M S Py 0=l
' n X7'n X
18, : the proportion of the interval lived by those who died
|, : the number of people alive at exact age x
- IX+I’]
n pX I
' i d |
d =1 —1 For the last age interval (open-end): iy — by
n X X X+n



Sample Abridged Life Table

X N an an nMx a an an IX ndx nI—x TX eX

0 1 369300 2022 0.005 0.1 0.005 0.995 100,000 545 99,510 7,471,253 74.71

1 4 1462700 467 0 04 0.001 0.999 99,455 127 397,516 7,371,743 74.12

5 5 1755600 306 0 05 0.001 0.999 99,328 87 496,425 6,974,227 70.21
10 5 1974200 0.5 0.001 0.999 99

394

99,242

495,961 6,477,802

65.27

L, : the total number of person-years lived (by those alive or died) between exact ages x and X+n

T, : the total number of person-years lived after age x (i.e. cumulative L, function from the bottom)

€

T

IO

e,: the expected (average) number of years of life left for a person aged x

Expectation of life (life expectancy) at birth
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Practical analysis of mortality envelope and LE

 Open 2019 data of your national mortality data

e Compare total mortality rates for Male/Female, national/non-
national, with and without age-standardization

e Use the LE template to calculate LE for Male/Female national/non-
national separately

 Answer the follow-up questions in the LE excel sheet

38



Day 2 (Tuesday Nov 215t 2023)

Death registries; corrections for number and causes of deaths

Mortality data in GCC countries; coverage and usability of data

BREAK
National experiences to improve coverage and quality of death registries

Analysis of causes of deaths; sample data

Review of the main findings of CoD analysis

Working with YLL template

Lunch Break

Calculating years of live lost (YLL) / Practical data analysis
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Mortality envelope

 The sum of deaths from all specific causes for any age and sex
group must sum to the total number of deaths for that age and
sex group.

e The number of deaths, by age and sex, provides the “envelope”
which constrains individual disease and injury estimates of
deaths.



Assessment of completeness, 1

* Direct methods of assessment

e Matching deaths to a second source of mortality data

* Independent representative sample of a household survey

e (Capture-recapture method

Reglstratlon

Completeness = 115/ 144 = 0.799
Total

bc/a = (29*22)/115 = 5.5
Total = (144 + 137) — 115 + 5.5 = 171.5

Completeness = 137/171.5 = 0.799




Assessment of completeness, 2

e Indirect methods of assessment

* No second source is available

e Compare age-pattern of deaths with age-pattern of population at-risk
of dying (death distribution methods); important assumptions:

e Under-reporting of deaths is assumed to be constant by age

e Stable population (constant birth and death rates, constant population growth
rate, constant age structure; usually with no significant migration)

e Closed population: closed to migration (negligible migration)

43



Brass Growth-Balance Method (indirect)

* N(x) is the population size at age x N(x) . D(x+)
N (X+) N (X+)
* N(x+) is the population size of all age groups at ages x and above

e D(x+) are the deaths at ages x and above
* birth rate - death rate = population growth rate
e Completeness (C) =1/ K

N(x) D(Xx+) _
N(x+)_r+K(N(x+)j mam) y=b+ax

44



X Y
Set1 |u* Yi=

Population Population Registered  Partial Partial 00092 10.0402
Age X At exact Aged x Deaths over Death rate: birth rate: Set2 |vioes | oosos

Age x: N(x) And over: N(x+) age x: D(x+) D(x+)/N(x+) N(x)/N(x+)

Y2-Y1 .

5 40432 1060 164 6 743 0.0064 0.0381 K= o X1 el
10 33977 869 930 6133 0.0070 0.0391
15 27 458 720 392 5919 0.0082 0.0381 0.120
20 23 853 595 352 5653 0.0095 0.0401
25 20515 481 862 5362 0.0111 0.0426 0100
30 16937 390 199 5091 0.0130  0.0434 -
35 15 065 312 488 4776 0.0153 0.0482 —
40 12988 239 552 4 427 0.0185 0.0542 Z 0.060 ’
45 10 315 182 610 4 089 0.0224 0.0565 z
50 8 482 136 405 3732 0.0274 0.0622 0.040
55 6477 97 789 3347 0.0342 0.0662
60 5 543 71 635 2 960 0.0413 0.0774 0020
65 4424 42 362 2313 0.0546 0.1044 -
70 2617 27 398 1 864 0.0680 0.0955 0.000 0.040

D(x+)/N(x+)

f




The Bennett-Horiuchi Method (indirect)

e Data requirement
e Two population census, preferably with 5-10 years interval

e Calculates the ratio of the reported number of deaths in a particular
age group to the estimated total number of future deaths to that age
group as an estimate of the completeness of the registered deaths

e A Synthetic Extinct Generations method

e Stable population
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Completeness of death registry (B-H method)

Extinct Generations (Bennett-Horiuchi) Method

e75 6.24 Error X Ratio Ordet—.___ |
Sex Male Estimate Indicator Percent 5 0.525 | Addee-MML
Census 1 18-Aug-82 1982.630 Deaths adjustment factor 0.500 0.020 4.1 10 0.492
Census 2 18-Aug-92 1992.630 15 0.489
20 0.516
Age Number Number 25 0.548
Inter- Specific Reaching Reaching 30 0.543
Population Population censal Growth Age x from Age x from Adjusted 35 0.539
Age Age 1982.630 1992.630 Deaths Rate Deaths Age Dist Ratio Adjusted Death 40 0.531
Group X N1(x,5) N2(x,5) D(x,5) Hx,5) N*(x) N(x) N*(x)/N{x) Deaths Rate 45 0.508
" @ @ @ e Ol i (8" (©) (10) (11) 50  0.491
Tl [ [ [fo— ] 55 0.490
0-4 0 644,716 791,447 46,743  0.020505 896,794 NA NA 93,513 0.01309 60 0.471
5-9 5 614,081 823,904 3,101  0.029393 764,998 1,457,648 0.525 6,204 0.00087 65 0.427
10-14 10 530,892 727,187 2,494 0.031463 657,560 1,336,491 0.492 4,989 0.00080 70 0.383
15-19 15 391,001 617,666 3,652 0.045724 559,539 1,145,275 0.489 7,306 0.00149
20-24 20 291,006 468,307 5,854 0.047578 441,929 855,824 0.516 11,711 0.00317
25-29 25 243,945 336,770 8,135 0.032246 343,171 626,106 0.548 16,275 0.00568 0.60
30-34 30 185,800 280,948 9,484 0.041350 284,566 523,587 0.543 18,973 0.00830 0.55 *
35-39 35 148,239 230,082 8,694 0.043961 222,864 413,518 0.539 17,393 0.00942 0.50 * ;/'—H"\&‘_‘\
40-44 40 142,356 174,815 8,486  0.020540 171,098 321,959 0.531 16,976 0.01076 ) — K
45-49 45 116,741 145,895 8,580 0.022293 146,338 288,229 0.508 17,166 0.01315 - 0.45 \\
50-54 50 112,021 133,680 11,717 0.017676 122,787 249,847 0.491 23,441 0.01916 X 040 S
55-59 55 67,545 95,011 10,345 0.034120 101,190 206,332 0.490 20,695 0.02583 -.% 0.35
60-64 60 77,016 95,811 15,025 0.021836 75,821 160,892 0.471 30,058 0.03499 E '
65-69 65 38,894 51,363 11,024 0.027808 53,751 125,790 0.427 22,055 0.04934 0.30
70-74 70 29,874 58,462 12,145 0.067139 36,490 95,369 0.383 24,297 0.05814 0.25
75+ 75 39,495 52,190 13,348 0.027872 15,816 NA NA 26,703 0.05882 0.20
Total 3673622 5,083,538 178,828 357,756 0.15
e75= 6.24 exp(r(75+)"e75) = T1 = 1.189960 [3 Median 0.500 0 20 40 60
((r(75+)"e75)"2)/6 = T2 = 0.005041 |4 0.5 *IQ Range 0.020 Age x
N(75)=D(75+)[T1-T2] = 15,816 5 Percent 4.1
a7




Using the completeness estimates to adjust
mortality data

e Completeness (C)
e K=1/C
* Adjusted number of deaths = K * registered number of deaths

e C=70%>>K=1.43
* Number of registered deaths= 8,500 >> Adjusted number =12,155
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Usual sources for causes of deaths data

e Vital Registration with e Cause-of-Death Models
Certification of Cause of Death « Deaths In-Hospital: Should be
e Sample Registration Systems avoided unless a very high
« Household Surveys percent of deaths are happening
in hospitals

* Verbal autopsy

, , e Cancer Registries
e Population Surveillance Systems

, , _ , * Police records: Usually only for
e Epidemiological Estimates L
injuries

e Burial/ Mortuary data
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ICD coding for causes-of-deaths

e |CD-11 codes: Around 17,000 diagnostic codes
e Separate lists for mortality and morbidity
e etiologies (such as infection or neoplasia)
e organ systems (such as musculoskeletal or digestive)

* |njuries: External causes or Nature of injuries

e |CD-10 or earlier versions: Mapping
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ICD-11 Chapters

01 Certain infectious or parasitic diseases

02 Neoplasms

03 Diseases of the blood or blood-forming organs
04 Diseases of the immune system

05 Endocrine, nutritional or metabolic diseases

06 Mental, behavioural or neurodevelopmental
disorders

07 Sleep-wake disorders

08 Diseases of the nervous system

09 Diseases of the visual system

10 Diseases of the ear or mastoid process
11 Diseases of the circulatory system

12 Diseases of the respiratory system

13 Diseases of the digestive system

14 Diseases of the skin

15 Diseases of the musculoskeletal system or connective
tissue

16 Diseases of the genitourinary system

17 Conditions related to sexual health

18 Pregnancy, childbirth or the puerperium

19 Certain conditions originating in the perinatal period

20 Developmental anomalies

21 Symptoms, signs or clinical findings, not elsewhere
classified

22 Injury, poisoning or certain other consequences of
external causes

23 External causes of morbidity or mortality

24 Factors influencing health status or contact with health
services

25 Codes for special purposes
26 Supplementary Chapter Traditional Medicine

Conditions - Module | -



An example of mapping ICD codes

10 Class icd10 | icd10 11 Class icd1ll | icd1l
Kind Depth| Code |Chapter icd10 Title Kind Depth| Code |Chapter icd11 Title
B15- Viral hepatitis,
block 1 B19 I Viral hepatitis category (1 1E5Z 01 unspecified
Chronic viral hepatitis,
category 1 B18 I Chronic viral hepatitis  [category (1 1E51.Z 01 unspecified
Chronic viral hepatitis B
category 2 B18.0 I with delta-agent category 2 1E51.2 01 Chronic hepatitis D
Chronic viral hepatitis B
modifiedcat with delta-agent :
egory 3 |B18.00 I immune-tolerant phase [category 3 1E51.2 01 Chronic hepatitis D
Chronic viral hepatitis B
modifiedcat with delta-agent : other
egory 3 |B18.09 I and unspecified phase [category 3 1E51.2 01 Chronic hepatitis D
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, Cause of death* fime interval
( . and death . )
Report disease or condition Direct cause of death Immediate
directly leading to death on a | Cerebral haemorrhage 4 hours cause
line a @ \ J
. chain of id 4 Due to )
eport chain of events | due b . .
to order (if applicable) @, Metastasis of the brain 4 months Intermediate
4 Due to \ cause(s)
_ State the underlying cause c
Underlying on the lowest used line \__| Breast cancer 3 years /
cause Due to
N d Y
2 Grterial hypertension (3 years); Diabetes )
Other singificant conditions mel I|1:us ( 1 0 8 ears} ............................................ |
cantributing to death {ti me = |sesscscnsennnss 5: .................................................. ContrlbUtory
intervals can be included in
brackets after the condition) K Py

*This does not mean the mode of dying. e.g. heart failure, respiratory failure.
It means the disease, injury, or complicatiion that caused death.
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Age-Sex splitting for causes of deaths

* Optimally, the following age-groups should be used for cause of
deaths:
e Early neonatal period: 0-6 days
e Late neonatal period: 7-28 days
e Post neonatal infancy period: 29-364 days
* 1-4 years

e 5-year age groups

85+ or 80+ as the last age group



Misclassification of causes of deaths

* Impossible or less probable causes of death: considering age and sex
characteristics

e Accidental errors

e Deliberate mis-certification
e Associated with stigma or governance

e Poisoning instead of suicide

55



lll-defined and garbage codes

* No or minimal public health value

e ICD-11 Chapter 21: Symptoms, Signs and llI-defined Conditions

* Unspecified causes in each chapter
* ill-defined or very general conditions such as “heart failure” and “neoplasm

with unknown primary site”

e Different with Misclassification
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lll-defined and garbage codes
|ICD-10 codes

i. Deaths classified as ill-defined (Chapter XVIII of ICD-10)

ii. Deaths classified to any one of the following vague or unspecific

diagnoses:

1. A40-A41: Streptococcal and other septicaemia

2. C76, C80, C97: lll-defined cancer sites

3. D65: Disseminated intravascular coagulation

4. E86: Volume depletion

5. 110: Essential (primary) hypertension

6. 1269: Pulmonary embolism without mention of acute cor
pulmonale

7. 146: Cardiac arrest

8. 1472: Ventricular tachycardia

9. 1490: Ventricular fibrillation and flutter

10. I50: Heart failure

11. I514: Myocarditis, unspecified

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

I515: Myocardial degeneration

I1516: Cardiovascular disease, unspecified

I1519: Heart disease, unspecified

I709: Generalized and unspecified atherosclerosis
199: Other and unspecified disorders of circulatory system
J81: Pulmonary oedema

J96: Respiratory failure, not elsewhere classified
K72: Hepatic failure, not elsewhere classified
N17: Acute renal failure

N18: Chronic renal failure

N19: Unspecified renal failure

P285: Respiratory failure of newborn

Y10-Y34, Y872: External cause of death not specified as
accidentally or purposely inflicted
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Redistribution

Redistribution

0.400
0.350
0.300
0.250

0.200

0.150

0.100

0.050 I .

0.000 = = BN

ill-defined/ Cause 1 Cause 2 Cause 3 Cause 4 Cause 5 Cause 6
Garbage code

B Before RD m After RD



Redistribution to specific causes

e Cancers of ill-defined digestive organs:
e Redistribute proportionally to cancers of the digestive tract

e Haemorrhage not elsewhere classified and Hypovolumic Shock
e Redistribute according to pre-assigned proportions, separately for

male and female

V01-V99 | W00-W19 | W20-W64 | X73-X82 X93-Y04 X31-X35 | 003-007 045 063-067 072-073 K25-K28
T t |Road F f Premature Gastric
arget jroa i Mechanical | . | . orees o i ) Obstructed |Postpartum
Codes |Traffic Falls . Suicide Assault Nature Abortion [separation ulcers w/
) Injuries Labor Haemorrhage )
Injury and War of placenta perforation
Prop.
(M) 15% 15% 15% 15% 15% 15% 0% 0% 0% 0% 10%
Prop.
(F) 10% 10% 10% 10% 10% 10% 8.75% 8.75% 8.75% 8.75% 5%
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Redistribution to specific causes

e Heart Failure
e Redistribute according to etiologic fraction analysis

7 major cause groupings 17 detailed causes

Negative correlation between Ischemic Heart | Ischemic heart disease

Disease and HF - developing country females >50 | Hyperte”s;"he heart disease
agas

Ischemic heart disease

Hypertensive heart disease

|
l
Chagas \
COPD |
|
|
|

n

Other interstitial lung disease

L

| Cardiopulmonary

Pneumoconiosis

Rheumatic heart disease

.

\ Valvular heart disease

Non-rheumatic summed

heart valve Other
dise‘ase ’—_I-r circulatory

Pericarditis diseases

Endocarditis

Thalassemia

Other lodine deficiency

HITTT T

|
|
Iron deficiency anemia |
|

G6PD deficiency |

Other endocrine, nutritional, blood,
and immune disorders

Other hemolytic anemia |

o -

Congenital heart anomalies \

Myocarditis summed

Cardiomyopathy
and myocarditis

Garbage

¢ |schemic_Heart_Disease Fitted values

|

Cardiomyopathy ‘ y ot
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Analysing mortality level and cause-of-death data

ANACoD version 2.0

Click on the buttons to select analysis

Step by step core analyses

Input data: raw mortality data by age, sex and ICD10 3 or 4 character Distribution of deaths according to the Global Burden
Step0 ) : Step 6 . .
codes; population by age and sex of Disease list
Step1 Basic check of input data Step 7 Age pattern of broad groups of causes of deaths
Step 2 Crude death rates Step 8 Leading causes of death
Step 3 Tt smesrirTiieilmis Step 9 Ratio of non-communicable to communicable causes
of death
Step 4 Age distribution of deaths Step 10 lll-defined causes of death
Step 5 Child mortality rates Summary of analyses
Supplementary analyses
51 Age pattern of individual cause of death 52 Age-specific death rates of individual cause of death
Background information
About About the tool ICD10 List of ICD-10 codes valid for underlying causes of
death
GBD list Global Burden of Disease cause categories and ICD-10 codes
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HIV

Tuberculosis

Malaria

Child causes

Foodborne

Maternal causes

Cancers

Road injury

Homicide

(GBD 2019 estimates |

of deaths by cause,

[ WHOall-cause |

envelopes

i ™
Mortality shocks

Expand MCEE cause list

(conflict, disasters,

ebola)

%, >

to GHE cause list and

" WHO-MCEE |

estimates of child

L COD 2000-2017 .

GHE estimates for
child deaths <5

LR

WHO country-level causes of death (2000-2019)

Results

WHO/UN Interagency
GBD 2019 study
Verbal autopsy data

GHE - Global health
estimates
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WHO country-level causes of death (2000-2019)

Global Health Estimates (GHE)

Characteristics of country vital registration data and inclusion/exclusion

g EEEEEEEEEEEEEEEEESNEEEEEEEEEEEE NS NN NN NS NN NN NSNS NN NN NN NN EEEENEEEEEEEEEEER

Country Years of datain | Years of data ;| Quality Completeness (ages 15 Usability*© ": Were | Reason data or data-years
the WHO used to and over) - data were excluded
mortality compute the : used
database GHE Minimum | Maximum | Minimum | Maximum |: for
 GHE?
Bahrain 1998-2014 | low 80% 81% 43% 53% Eno Low quality
Kuwait 1998-2017 high 100% 100% 76% 88% Eno Ad-hoc exclusion (see text)
Oman 2009-2010, very low 58% 60% 23% 31% En-:} Low quality
2014, 2016- :
2017
Qatar 2001, 2004- very low 54% 57% 33% 40% En-:} Low quality
2017 :
Saudi Arabia 2009, 2012 very low 28% 29% 12% 13% Eno Low quality
United Arab 2005-2010, :| very low 57% 58% 22% 22% .En-:} Low quality
Emirates 2012, 2016, s S A SO ’
2019

Usability (%) = Completeness (%) X (100 — Deaths assigned to garbage codes(%))
Ad-hoc exclusion of Kuwait data: high percentage of deaths with unknown age and in ill-defined cause categories
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Non-national population in the GCC countries

#ge group (years)

400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000 o 50,000 100,000
Population size

B Male Qatari = Male Non-Catari B Female Qatari  ® Female Non-Qatari

FIGURE 1
Population pyramid of Gatar by sex, age groups and nationality (2018).

Frontiers Public I-?galth, 2023



Differential mortality in national and non-notional
populations

Mortality rates per 100,000 population in Qatar by age-group, sex and nationality, 2018.

Age groups Qatari Non-Qatari Total
Male Female Total Male Female Female

0-4 159.3 151.7 155.6 147.0 144.2 145.6 150.5 146.3 1485
5-14 16.1 220 19.0 7.0 8.5 7.7 9.8 12.6 11.2
15-24 173.1 213 98.3 31.5 22.0 29.7 46.8 21.8 40.9
25-34 99.8 16.8 57.5 32.7 15.8 29.5 34.8 15.9 30.9
35-44 137.6 98.1 116.5 50.6 14.9 43.3 53.3 25.4 47.1
45-54 375.7 177.6 269.7 103.3 74.3 97.9 118.1 97.5 1136
55-64 891.3 471.9 660.5 270.0 2575 267.7 334.4 340.2 335.9
65-74 1,993.6 1,223.8 1,577.9 994.4 1,710.0 1,183.2 1,226.7 1,467.8 1,312.0
75+ 6,397.0 4,942.0 5,636.6 3,724.0 4,840.8 4,130.9 4,892.1 4,901.2 4,896.1
All ages 299.9 192.1 245.1 66.9 64.7 66.4 84.1 92.7 86.3
Age-standardized 502.7 315.6 403.8 242.3 2915 259.0 304.0 295.3 301.4

o
‘assssnmmnnnt® AT

7
Frontiers Public I-?ealth, 2023



m. &len. W15y ol
I \ - GCC-STAT

National experiences [and ideas] to improve
coverage and quality of death registries

GROUP DISCUSSION

Muscat — Nov 20 to 23 2023



c D
~ GCC-STAT

Analysis of causes of deaths & Review
of the main findings of CoD analysis

Muscat — Nov 20 to 23 2023



Practical analysis of causes of deaths

e Use data for the most recent 2 population census in your country and
number of deaths between the two censuses to estimate completeness of
death registry (Only for nationals)

e team-working/ use the online available data
e Use your estimate of completeness to update life table

e Calculate percentage of ill-defined and Garbage codes
e Each participant: Select one of the numbers 1-24 of the ill-defined and garbage codes

e Redistribute your selected garbage code to all other causes (For this
exercise, ignore that other causes might be an ill-defined or garbage code)
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Day 3 (Wednesday Nov 22"4 2023)

Subject

Disease epidemiology indicators

Disease Modeling and DisMod

Review of available morbidity data in GCC countries

BREAK

Years Lived with Disabilities (YLD); valuing health conditions and disability weights

Working with YLD and DALY templates

Calculating YLD and DALY's / Practical data analysis

Burden attributable to risk factors

Lunch Break

Sullivan Healthy Life Expectancy approach
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Disease (cause) and Sequelae

* GBD 2019

e Diseases: 369

e Sequela: 2118
* Asymptomatic: 142

Sequela 1 Sequela 2

e Sequela

Sequela 3  Mutually exclusive non-fatal
conditions

e Same diseases but different health
states based on nature, duration and
Disease A disability weight

J
YLDS jicouse = Z Prevalence; * Disablity Weight;
75

sequela=i



Stomach cancer: Sequela, health state names,
lay description and disability weight

Sequela

Health state name

Health state lay description

Disability
Weight

Diagnosis and primary therapy
phase of stomach cancer

Cancer, diagnosis and primary
therapy

has pain, nausea, fatigue, weight loss and high
anxiety.

0.288
(0.193-0.399)

Controlled phase of stomach
cancer

Generic uncomplicated
disease: worry and daily
medication

has a chronic disease that requires medication
every day and causes some worry but minimal
interference with daily activities.

0.049
(0.031-0.072)

Metastatic phase of stomach : has severe pain, extreme fatigue, weight loss and 0.451
Cancer, metastatic . .
cancer high anxiety. (0.307-0.6)
has lost a lot of weight and regularly uses strong
Terminal phase of stomach Terminal phase, with medication to avoid constant pain. The person has 0.54

cancer

medication

no appetite, feels nauseous, and needs to spend
most of the day in bed.

(0.377-0.687)
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General disease indicators

Incidence

, Prevalence
Duration

Deaths
Cure (Remission)
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Measures of disease frequency

Cases

* Proportion = :
Population

e such as prevalence

Number of new events during a certain period

* Rate =
Total number of person—years at risk

e such as incidence rate

e Person time at risk: persons in the population contribute when alive and not-affected by
the event

Rate of an event in diseased persons

e Ratios = :
Rate of the same event in the reference group

e such as Incidence Rate Ratio
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C Number of new events during a certain period
e Cumulative incidence=

Total number of persons at—risk at the start of period

e A probability, not a rate
e Also known as ‘risk’, ‘incidence proportion’ and ‘attack rate’

e Can be converted to an approximation of incidence rate using the rate equation:
ep=1—exp ™

__In(1-p)
t

* Probabilities range from 0 to 1 and rates range from 0 to ee.

e Y =

 For modelling purposes, rates are the preferred way to express the transition from one
state to another.

 Most remission data is reported as cumulative



Generic Compartmental Disease Model

For those who are interested in the

differential equations:
w = “all other”

mortality rate

Other Deaths

> ds(t
o —di ) - i+ ws®
r=
remission ¥ = “all other” dO(t) _
i = incidence rate mortality rate dt - (A)(S(t) + P(t))
rate
dP(t
® =iS(t) — (r+ m+y)P(t)
i » Prevalent dt
Duration . m = cause-
POPUIatlon P(t) specific mortality dD(t)
rate dt = m P(t)
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DisMod & epidemiologic measures

* Prevalence
* Incidence
e Remission

e Cause-specific mortality

Case fatality
Relative Risk (RR) of mortality

e Duration

DisMod-MR also accepts other types of input data such as excess mortality,
standardized mortality ratio (SMR) and with-condition mortality
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Prevalence

Number of people with disease at a given point in time

e Point prevalence =
P Total number of people in the population

* A proportion, not a rate
e Useful for DisMod models

e Period prevalence
 Number of people with disease in a period of time is considered
e Usual periods of time: 1-year, 6-month, 3-month
e Careful conversion to point prevalence

* Long-life prevalence
e Not-useful in general for DisMod models



Rates as inputs of DisMod

. Prevalence

. InC|dence
All these indicators are used as RATE in DisMod.

e Remission
‘ If they are in a different format, they need to be

: Cause-specific mortality .
converted to rates

*'Case fatality
e Relative Risk (RR) of mortallty

e Duration




Example:

* In a population of 10,000 individuals, 100 new cases of a an infectious
disease happened in the reference Year. Among the 100 cases, 10
individuals died and the other 90 cases had recovery. Average duration of
disease was 1 month.

* Assumption: No mortality due to other causes

100
10,000

= 1%

Incidence (rate) =

Death proportion = 10%

Case fatality (rate) = T 1200 = 1.2 death per 1 person-year of disease
12

Remission proportion = 90%

Remission (rate) = = 10.8 recovered person per 1 person-year of disease

1



RR of mortality versus Standardized Mortality
Ratio (SMR)

PR Mortality rate of diseased

~ Mortality rate of non — diseased

Mortality rate of diseased

SMR =

[= RR of Mortality (in DisMod I1)]

Mortality rate of entire population

e When a disease is rare, RR and SMR are very similar and when it is
common, they are very different

e In DisMod Il, SMR was named RR of mortality which might be confusing for
users

e In DisMod-MR, it was renamed as SMR
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RR of mortality versus Case Fatality

Mortality rate of diseased _ General Mortality+Case Fatality

RR =

- Mortality rate of entire population General Mortality

RR=="" >>> C=RRM-M=M(RR-1)

86



Duration, Remission and Case Fatality

1

Duration = — _ Example:
Remission+Case fatallty * In a population of 10,000 individuals, 100 new cases of a an infectious

disease happened in the reference Year. Among the 100 cases, 10

individuals died and the other 90 cases had recovery. Average duration of

disease was 1 month.

Ba C k'Ca I C u I atio n Of O u r exa m p I e : * Assumption: No mortality due to other causes

. 100
* Incidence (rate) = o000 " 1%

* Death proportion = 10%

1

y 1 « Case fatality (rate) = 10 = 1.2 death per 1 person-year of disease
Duration = = — (year) = 1 month - csere e mig -t adethpertpersonyearcic
10.8+ 1.2 12 * Remission proportion = 90%

. 90 .
* Remission (rate) = oo 10.8 recovered person per 1 person-year of disease
—

12
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Valuation Techniques

Most frequent methods for valuation of health conditions:
e Rating and Visual analogue scales

e Standard gamble

 Time trade-off (TTO)

e Person trade-off (PTO)

90



Rating Scales / Visual Analogue Scale

Respondents position each health state

on a scale from O (least desirable or death)

to 100 (most desirable or perfect health)

Advantages

e easy to understand for most
people
e cognitive burden is relative low

Disadvantages

o difficulty in assigning numbers
to feelings about health states

» avoidance of extreme
categories, clustering of values
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Standard Gamble

e Respondents compare 2 choices:

1. Living with state A for the rest of life

2. Choice B which has a probability of P for FOR REST
complete recovery and probability of 1-P of
immediate death A——
Probability p | HEALTH
 The question will be repeated by decreasing or CHOICE B e
increasing values of P, based on the Probability 1-p

. . . . ] [ DEATH
respondent's initial choice, until the point of

indifference is reached.
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Standard Gamble

Advantage
* related to choices under uncertainty

Disadvantage

e cognitively demanding

» does not correspond to typical decision making as choice between life
and death are not real life scenarios

e variation between individuals in propensity to take risks
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Time Trade-Off

* Respondents compare 2 choices:

1. Living with health condition i for t
years

2. Living in complete health for x years
(where x is shorter than t)

In essence, respondents consider trading
(t-x) years of life to enjoy full health
instead of living with a health condition
for a longer time. The question is
repeated, by increasing or decreasing x
until reaching the point of indifference.

Complete health

1.0

State i

Death O

Alternative a

Alternative b
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Time Trade-Off

Advantage

* choice between two certain outcomes

Disadvantage

e seems to confound preferences for health states with time preference

e respondents are likely to include other (social) considerations than only
health
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Person Trade-Off

e Respondents compare 2 choices:
1. Intervention A that prevents deaths in x (say 1,000) healthy individuals
2. Intervention B that prevents health condition B in y (say 2000) healthy
individuals

* By choosing one intervention, respondent will lose the opportunity to

implement the other intervention

 Depending on the selected choice of respondent, number of y is increased or

decreased to reach the point of indifference
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Person Trade-Off

Advantage

e closely related to resource allocation question (position of a policy-maker)

Disadvantage
e respondents are reluctant to make such choices

 valuation exercise mixes health and distributive preferences

97



Disability weight lists

 Disability weight for each sequela
e Sometimes different for treated and non-treated cases
 Might be different based on severity

oW (uncertainy interva)

Mild diarrheal diseases 0.074 (0.049-0.104)
Moderate diarrheal diseases 0.188 (0.125-0.264)
Severe diarrheal diseases 0.247 (0.164-0.348)

» Severity distribution in different countries>> Different average DW
* Uncertainty interval
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Co-morbidity

e Simultaneous presence of 2 (or more) causes of morbidity in one person

e Certain subpopulations, such as the elderly, are more susceptible to

clustering comorbid conditions

 Neglecting comorbidity often leads to an overestimation of disabilities for

common comorbid conditions.
e By ignoring comorbidity, disability weights (DWs) could potentially exceed
1, which is incongruent with the assumption that death represents the

worst health condition.



Dealing with DW for Co-morbid conditions

Three general approaches:
e Maximum limit approach
« disease with the highest overall DW
 Additive approach
« comorbid disease simply adds to the utility loss of the primary disease
 Multiplicative approach

* increases the utility loss of a patient, though it is less than the sum of

the utility loss of both diseases independently
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Multiplicative vs. Additive approaches

- For DW,, DW,, ..., DW,:

n.

Multiplicative:
ComorbidDW=1-II (1-DWi)=1- 1 -DW)(1 —DW,) ...(1 — DWn)

Additive:
Comorbid DW = 2DW,

102



1.4

1.2

0.8
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0.4

0.2

DW for comorbid conditions

3

2

EBDW1 mDW2 mDW3 OMaximum limit

& Additive

4

2 Multiplicative
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Simulation

e Pattern of comorbidity
e Considering all conditional probabilities of comorbidities
e Baseline evidence?
e Feasibility?
e Simulation of comorbidities

e Simulate a population with a structure similar to the reference

population with estimated disease prevalence
e Assume that prevalence of different diseases are independent

 Simulation method has been used in the recent rounds of GBD
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Simplified GBD flow chart

ALL-CAUSE DEATHS
by age, sex, year,
and country

LIFE TABLES

T

ESTIMATING CHILD
AND ADULT
MORTALITY RATES

DALYs
for diseases
and injuries

POPULATION
ATTRIBUTABLE
FRACTIONS BY

RISK

ESTIMATING CURRENT
RISK FACTOR EXPOSURE

attributable to

each risk

YLDs
attributable to

eachrisk

YLLs

for each disease
and injury

YLDs
for each

DISABILITY WEIGHTS

disease and
injury

DALYs
attributable
to risk
factors

X

DISEASE SEQUELA
PREVALENCE
ESTIMATES
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Estimating burden attributable to risk factors

Select risk—outcome pairs

Estimate exposure
distributions to each risk
factor in the population

Estimate relative risk per
unit of exposure for each
risk—outcome pair

Choose a counterfactual
exposure distribution:
theoretical minimum risk
exposure distribution
(TMRED)

Compute attributable
burden

o) covAaTEs |
DATABASE |

______________

Ylls

for each

dineawe and
e Output of the
previous steps
or g
i m
|

YLDs
attributable
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Risk factor- disease selection criteria

The World Cancer Research Fund grading system

Convincing Based on epidemiological studies showing consistent associations between exposure and
evidence disease, with little or no evidence to the contrary
Based on a substantial number of studies including prospective observational studies and
where relevant, RCTs of sufficient size, duration, and quality showing consistent effects
Biologically possible association
Probable Based on epidemiological studies showing fairly consistent associations between exposure
evidence and disease, but for which there are perceived shortcomings in the available evidence or
some evidence to the contrary, which precludes a more definitely judgment
Biologically possible association
Possible Based mainly on findings from case-control and cross-sectional studies; insufficient RCTs,
evidence observational studies, or non-randomized controlled trials
Non-epidemiological study evidence (clinical, lab) is supportive
Insufficient Based on findings of a few studies which are suggestive, but insufficient to establish an
evidence association

Little or no evidence from RCTs




Distal and proximal causes of health loss

Distal causes Intermediate / Proximal Health loss
causes
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Comparative Risk Assessment (CRA)

Current population

exposure
Counterfactual

analysis

Systematic evaluation of the changes in burden of disease by modifying the population
distribution of exposure to a theoretical risk factor distribution that implies minimum
health loss (Theoretical Minimum Risk Exposure Distribution).
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Probability density (%)

Comparative Risk Assessment

50% of the population has a

blood pressure of less than 130 mmHg
compared with 110 mmHg in the ideal
population.

20% of the population

s hypertensive (SBP = 140 mmHg)
compared with 0% in the ideal
population.

|deal population Actual population

50

70 % 110 BT I 170
Systolic blood pressure (mmHg)

Distribution of current exposure, compared to the
TMRED (ideal population)

Smoking
1%

Counterfactual
analysis

f

1.3 million lung cancer deaths

\ Air pollution

8%
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Distribution of exposure

Dichotomous

e Obesity (Y/N)

e Hypertension (Y/N)

Categorical or Polychotamous

* Underweight, Normal weight, Overweight, Obese, Morbidly obese

* Hypotensive, Normotensive, Mildly hypertensive, Moderately hypertensive, Severely
hypertensive

Continues
e Body Mass index

e Systolic blood pressure
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Health effects of a risk factor

Population Attributable Fraction (PAF)

* PAF defines the percentage reduction in disease burden or death if there had been

no exposure to the risk factor

~ P(RR-1)
- P(RR-1)+1

e Prevalence of exposure

* RR: Relative Risk of disease in the exposed individuals compared to the non-exposed

individuals (For a risk factor, RR is more than 1)
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Health effects of a risk factor (ctd)

‘T RR(x)P(x)dx —‘T RR(X)P” (x)dx
PIF = : |
j RR(x)P(x)dx

e PIF is the potential impact fraction (PIF) and is used instead of PAF where the
counterfactual is not zero. In many cases, PIF is called PAF by epidemiologists.

* P: Prevalence of exposure
* RR: Relative Risk

o dx (first formula): denotes that the integration is done with respect to x and / and h are the

integration boundaries (lowest and highest exposure levels)
k

3 P RR, Y P/RR, > P(RR, -1)
PIF = 2 E PAF =11

\ P(RR —1)+1
;PiRRi i;.( 1)
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Relative risk example

DISEASE RISK FACTOR Morbldl.ty/ Relative Risk (Uncertainty),
Mortality all ages F

Diarrheal diseases Unimproved, untreated Both Both 11.084 (4.287 to 22.867)
Diarrheal diseases Unimproved, chlorinated Both Both 8.024 (3.203 to 16.486)
Diarrheal diseases Unimproved, filter Both Both 5.331 (2.153 to 10.887)
Diarrheal diseases Improved, untreated Both Both 8.986 (3.898 to 17.446)
Diarrheal diseases Improved, chlorinated Both Both 6.505 (2.905 to 12.528)
Diarrheal diseases Improved, filtered Both Both 4.322 (1.954 to 8.243)
Diarrheal diseases Piped, untreated Both Both 6.880 (3.104 to 13.016)
Diarrheal diseases Piped, chlorinated Both Both 4.980 (2.320 to 9.296)
Diarrheal diseases Piped, filtered Both Both 3.309 (1.564 to 6.129)
Diarrheal diseases High quality (HQ) piped, untreated Both Both 2.079 (1.788 to 2.409)
Diarrheal diseases HQ piped, chlorinated Both Both 1.505 (1.418 to 1.594)

Diarrheal diseases HQ piped, filtered Both Both 1.000 (Reference group) 117



Population distribution of exposure to risk factors

Systematic review, compile and critical appraisal of available data sources on

exposure

Critically assess : population representativeness of prevalence studies, study design

and study quality

Identify the best available data sources for population distribution of exposure for
age-sex groups and by region

e Common sources of exposure data:

* Ecological/environmental measurements
* Household surveys/measurements

* |ndirect methods
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Attributable burden

e Attributable Burden = PAF * B
* PAF: Population Attributable Fraction

e B: Estimated burden (DALYs or a component of burden, such as YLL, YLD or deaths)

e Zinc deficiency AND Diarrheal disease
e In 1-4 year-old children: RR = 1.14, for both mortality and morbidity
e Prevalence of Zinc deficiency in 1-4y: 30%

P(RR-1)
 Diarrheal disease (<5y): 2,200 DALYs - P(RR-1)+1

0.3(1.14—1)

= 0.04 >> Attributable burden = 0.04 * 2200 = 88 DALYs
0.3(1.14—-1)+1

« PAF=
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Total PAF of the disease
attributable to all
included risk factors

n

Joint PAF = 1 — 1—[(1 — PAF))

=1

Oman
Both sexes, All ages, 2019, DALYs

OLNUEETA O]

Back Pain

Depression

Siilfe) < I Canejaniz:ll

P
<
2 |Gyne Oral

W
W

()

A0
—
=]

-l I —
aa

I | | 3

1

in Neck PainlDjabetes = CKD ﬁ Heanng
Oth MSK E‘Jindness
steoartn
ek
¥ -~ - ‘
E

Blpoiar
Eating
——

Neonatal LR

HEL

[BISELRCE H 1V

|____JEfcephal

— rel)
,@L-m In)]

Falls §

AO @

DOman

%lelé

LN

Violence 8

LRI

_' '

Annual % change
1990 v to 2019
DALYs/100,000

-3%

2%

0

ES

DALYs
attributable to
risk

© mum

JIHTN HD  orn Cagie | - EIEE Injj
Back Pain 'ﬁ:l.‘i: )’Jlli D|a betes CKD [THOSIS] ‘i’x aring
|y - Blindness:
 E—— ¢ oy
. - e s
iﬁl‘]}'_. % D AstiTncEs: = not att?iAPLu:tahle to
lwi" é‘ } ris
E X 120
R k , | i BEEGERG Violence!




Joint effects of risk factors

e Joint effect of six risk factors on ischemic heart disease in 70-79 year old males:

Risk factor PAF
High Blood pressure 0.55
Hypercholesterolemia 0.42
Tobacco use 0.06
High BMI 0.14
Low Fruit & vegetables 0.05
consumption

Low physical activity 0.20

n
Joint PAF = 1 — ﬂ(1 — PAF)
=1

Joint PAF = 1- [(1-0.55)(1-0.42)(1-0.06)(1-0.14)(1-0.05)(1-0.20)] = 0.8396
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Attributable burden to air pollution

e AirQ+

* |Inputs

e Air quality data:
e Average concentration (for long-term exposure effects)

* Detailed concentration (frequency of days with particular pollutant concentration values), for short-term exposure effects

Data for population at risk

Health data, such as baseline rates of health outcomes in the population studied

A cut-off value for consideration (for example 10 pg/m3 for PM2.5)

RR values (if different from the AirQ+ default values)

Population and mortality data, both stratified by age, when using the life table analysis.
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Health outcome

Exposure

Ambient air pollution

Household air pollution

ICD-10
Long-term Shaort-term Long-term
PM;» | PMio NOy | Oy BC P, P NO; | [ Solid fuel use
Mortality, all [natural] causes x X x x X X
Maortality, ALRI [children 0-4) no-zz x x
Mortality, COPD (adults 30+) 140-a8, 447 x
Mortality, COPD [women 30+ 140-144, 147 x
Martality, COPD (men 30+] 140-144, 147 x
Mortality, IHD {adults 25+) 120425 x
Martality, IHD [women 25+) 120125 x
Mortality, IHD [men 25+) 120125 x
= : (C33-C34, D02.1-D02.2,
E Mortality, LC (adults 30+) D81 x
o -
= Mortality, LC {women 3i04+) (3-C34, OME2.1-Da. 2, X
038.1
Mortality, LC (men 30+¢) C33423-dbtl1:-2i1-[iﬂ2.2, ®
160-163, 165-167, 169.0-
Maortality, Stroke (adults 25+) 165.3 x
Maortality, Stroke (women 25+) I, IIEESE—I;S?. 163.0- X
Martality, Stroke [men 25+) MGEHGR, 165367, 180 x
1693
Mortality, respiratory diseases 100-133 X ¥
Mortality, CVDs |53 X
Postneonatal infant mortality, all- «
cause
Prevalence of bronchitis in children x
% o Prevalence of bronchitis symptoms .
; *E in asthmatic children aged 5-14
= ¥ |Incidence of chronic bronchitis in
i ; .
& = adults
Incidence of asthma symptoms in
asthmatic children *
Hospital admissions: CVD (including x
— B stroke)
£ 8 Hospital admissions, CVD [without
:E__i E stroke) ¥
E Hospital admissions: respiratory x . X
diseases
Work days lost, working age x
E . population only
£
= E Restricted activity days (RADs) x
=1
Z Minor restricted activity days X
[MRADs)

Acronyms: International Classification of Diseases (ICD); Acute lower respiratory disease (ALRI), chronic obstructive pulmonary (COPD), Ischaemic heart disease (IHD), lung cancer
[LC), cardiovascular diseases (CVD), restricted activity days (RADs), minor restricted activity days (MRADs), particulate matter less than 2.5 microns (PM,.), particulate matter less

than 10 microns [PM ), nitrogen dioxide (MO;), ozone (0s), black carbon (BC)

Default values available:

To facilitate calculations, AirQ+ includes

default values for:

* RRs for selected pollutant health
end-points pairs;

e conversion factors between PM2.5
and PM10

* worldwide solid fuel use statistics at

the national level
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Percent

HALE

by age, sex,
e e ; year, and
. ) . = i ' country
A review of what we’re looking for
Yils
for each
disease and
DALYs njy
for diseases
and injuries YLDs
for each
COVARIATES disease and
DATABASE inj

injury

HEALTHY LIFE
EXPECTANCY

Health-adjusted Life expectancy = A +ﬁB)

Disability-adjusted Life Year= C +j(B)

j(B)= Years Lived with Disability (YLD)

Life expectancy —j(B) = HALE

0 10 20 30 40 50 60 70

80 %0 100

Age (year)
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A Single Index of Mortality
and Morbidity

DANIEL F. SULLIVAN

CONTINUING interest of matical models of illness frequency, studies by those in a position to
the National Center for illness duration, and mortality conduct related research.
Health Statistics is the develop- (2). Moriyama has discussed cri- Some preliminary index values
ment and evaluation of new teria desired in an index of health based upon the techniaues ore-

health indices suited to diverse and, in view of these, review( Table 3. Computation of the approximate expectation of life free of disability (é,1) for white males,

specific purposes. No one index some approaches proposed in t} civilian resident population, United States, mid-1960’s
can reflect all aspects of health, literature (3). A description ar

but there is considerable agree- evaluation of disability concef

ment that an index which meas- and measures being considered Age group 1%?3:; lg?fb?f f;l;lj%c; 1I e Eg;gtlnt; Life table vgli;l:l.;il?t‘cightcd for
ures some aspects of nonfatal ill- the basis of the morbidity cor age factor i
ness as well as mortality would be  ponent of a mortality-morbid ol L L, L2 L.t T.t A
desirable. A rationale for using index appeared in a recent repg
both mortality and disability (4). }Jnder T 0 100,000 1,457, 411 0.967 1,409,316 6,252, 782 62.5
rates as the components of such  Another technique for mergil 43 647 ~771TTTTTTTTTTIIIIII 15 20,630 oot o0r ‘915 1483098 Zaig s 293
an index has already been pub- death rates with illness rates, al 65-74_______________ """ 65 65,901 532, 960 .802 427,434 628, 788 9.5
lished (1). some illustrative results are d /2 andover-.____________________ 75 -39,665 318, 095 . 633 201, 354 201, 354 5.1
1 Reference 10, where w, is the total number of disability days per person
1 For each age group, the weighting factor is per year in the dcsi%natcd age group.
* The dagger symbol, 1, is used in this paper to distinguish
To=1—12= weighted life table values from the corresponding values

365 denoted by conventional notation.

April 1971 Vol. 86 No. 4 351
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Sullivan Method

e Sullivan Health expectancy: the number of remaining years, at a particular

age, which an individual can expect to live in a healthy state
« Disability-free life expectancy (in Sullivan’s original paper)
e Disability
e Days in health institutions
e Days unable to carry on major activities
« Days of restricted activity (not elsewhere included)

 Health may be defined differently



Calculation of Disability-Free Life Expectancy (DFLE) by the Sullivan method using a single-year life table (method 1)

1l 12/ 3/ 14] 3] 6] 171 8] 191 (10 [11] [12] [13] [14]
Person -
Central Person Total vears Total years Prop. of
. No. i Conditional | Numbers i N - .. | Proportion R lived Disability- . TOP-

Age | Mid-year Death e . . vears number of l'otal Life . lived . o pent life spent
. death probability | surviving to : . . with . without free life . e

population rate : lived at years lived | Expectancy . without c | disability

§ of death age x disability A disability expectancy .
age x from age x disability f * l free
rom age X
at age x

TR

r fx D s & 4 L. T e, . lm)L, | Eimi, | DRLE, | OTHY
0 347955 202 0.003686 0.003606 100000.00 99711.50 | 8141517.37 81.4 f 99711.50 | 6657315.85 66.6 81.8
1 54818 21 0.000383 0.000383 99639.37 99620.29 | 8041805.87 80.7 .048 94838.52 | 6557604.35 63.8 81.5
2 35665.5 11 0.000198 0.000198 99601.21 99591.37 | 7942185.57 79.7 .048 94810.99 | 6462765.83 64.9 81.4
3 239695 8 0.000143 0.000143 99581.53 99574.41 | 7842594.20 T8.8 {.048 94794.84 | 6367954.85 63.9 al.2
4 55805.5 12 0.000215 0.000215 99567.30 99556.59 | 7743019.79 77.8 f.048 94777.88 | 6273160.00 63.0 81.0
5 56401.5 8 0.000142 0.000142 99545.89 99538.83 | T7643463.19 76.8 .030 96552.67 | 6178382.13 62.1 80.8
80 413935 2049 | 0.049501 0.043305 65741.36 64153.54 571593.91 8.7 .431 36503.37 302397.46 4.6 52.9
81 36644 1765 | 0.048166 0.047033 62565.73 61094.39 507440.37 5.1 431 34762.71 265894.10 42 524
82 32714 1435 | 0.043865 0.042924 39623.05 58343.43 446345.98 1.5 fl.431 33197.41 231131.39 3.9 518
83 28395 {038 | 0.036556 0.035900 57063.81 56039.53 388002.55 6.8 431 318586.49 197933.98 3.5 51.0
84 202775 1201 | 0.059228 0.057525 55015.25 5343288 | 331963.02 6.0 .431 30403.31 166047.49 3.0 50.0
85+ 125152 23298 | 0.186158 - 51850.51 278530.14 | 278530.14 5.4 .513 135644.18 135644.18 2.6 48.7
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Age-specific prevalence of disability for females in Belgium, 2004

PN & N T TN
]

Age group

Prevalence of
disability (%)

| (years)
1-4

4.8

( Proportion
Age at Age Numbers ) Pel?“.)" Total number . I . Person years lived Total years lived - n.f .
start of | group surviving to years lived of years lived Total Life i Pmpu rmm without disability without disability P]Sﬂb]lll‘_\’-fl‘ee r(.ama‘lmng 5 '9 3 . 0
interval age x _inage from age x Expectancy || with disability in age interval from age x life expectancy |.l'f€ s].)?n-t
interval 1 disability-
- 10-14 72
x| x-xt ‘ oLy T, o : P (-7, L, E[1-my )Ly DFLE, | %DFLE/¢,
0 0 10000000 | 9971150 | 8141517.37 sia | 0 99711.50 6657315.85 66.6 81.8 1 5' | 9 9 8
I 14 | 9963937 | 39834267 | 804180587 8.7 I 0048 37922222 6557604.35 65.8 815
5 59 | 9954580 | 49756490 | 7643463.19 768 1 003 482637.95 6178382.13 62.1 80.8 20'24 8 . 7
10 10-14 | 99484.13 | 49729840 | 714589830 7118 | 0072 46149291 5695744.17 573 79.7
15 15-19 | 9942334 | 496854.73 | 6648599.90 669 I 0098 448162.96 5234251.26 52.6 78.7 2.5 -29 9 . 6
20 | 2024 | 9929164 | 496050.19 | 6151745.17 620 NI 0087 452893.83 4786088.30 48.2 77.8 p
25 2520 | 9912849 | 49517843 | 5655694.98 ST | 009 44764131 4333194.47 437 76.6 3 0-34 14.2
30 | 3034 | 98940.69 | 49418005 | 516051654 520 I o0s9 450198.02 3885553.16 393 753
35 3539 | 9871490 | 49264240 | 4666336.50 73 01 422687.18 3435355.14 34.8 73.6 3 5 -3 9 1 2 2
40 | 4044 | 9832409 | 49018826 | 4173694.09 24 1 0u2 430385.29 301266796 306 722
45 4549 | 9771805 | 48635379 | 3683505.83 37 B oues 391514.80 2582282.67 264 70.1 40 -44 1 9 . 5
S0 | 50-54 | 9672947 | 47971940 | 319715204 3L | 06l 402484.57 2190767.87 226 68.5
55 5559 | 9503489 | 47013164 | 271743264 286 || 0298 33003241 1788283.29 18.8 65.8 45 .49 1 6 1
60 | 60-64 | 9303801 | 45811783 | 224730101 242 | 0234 350918.26 1458250.88 15.7 64.9
65 6569 | 90062.67 | 44057198 | 1789183.18 199 I 0257 327344.98 1107332.62 12.3 61.9 5 0_ 54 29 ) 8
70 70-74 | 85687.67 | 41241098 | 134861120 157 [ o345 270129.19 779987.64 9.1 57.8
75 7579 | 7878643 | 36460631 | 93620022 19 | 0431 207460.99 50985845 65 54.5 5 5 - 5 9 14.2
80 80-84 | 6574136 | 29306377 | 57159391 87 I o1 166753.28 302397.46 46 52.9 -
85 85+ | 5185051 | 278530.14 | 278530.14 54 R 0513 135644.18 135644.18 26 48.7 60_64 23 4

65-69

25.7

70-74

34.5

75-79

43.1

80-84

43.1

85+
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Day 4 (Thursday Nov 23 2023)

Calculating health-adjusted life expectancy (HALE); GBD approach
Calculating Sullivan HLE / Practical data analysis

GBD visualization tools/ GBD Compare

BREAK

GBD visualization tools/ GBD Results tool

Review of GBD results; national findings of GCC countries

Wrap-Up, feedback, and building connections!
Lunch Break
Conclusion and Final remarks
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Step-by-step in GBD, 1

Computing average health of individuals for every age group

Prevalences for all sequelae and their associated DW
Accounted for comorbidity with a Monte Carlo simulation approach.

A simulated population with possible multi-morbidities, consistent with

the underlying estimates of prevalence.

Defining “1 minus the DW” as the positive health associated with each

sequela

Average health values are computed as “1 minus the YLD per person in a

population”

Computing health adjusted person years.



Step-by-step in GBD, 2

e Using the average health values into the life table using Sullivan’s method

the nLx (average person-years lived within an age interval starting at age

x) is multiplied by the corresponding average health value in that interval
Recalculating the rest of the life table using the adjusted nlLx values

Generating health adjusted person years lived above a certain age
(adjusted Tx) for each age group

HALE is calculated by dividing the adjusted Tx for each age group by the

proportion of hypothetical birth cohort still alive at age x



HALE by age

Global, Both Sexes, 2019, GBD
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HALE at birth

GCC countries, Both Sexes, 2019, GBD

Both sexes, <1 year
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What we discussed:

General process and data requirements

All-cause mortality, completeness, mortality envelope, life tables and LE
Causes of death and corrections

All-cause and disease-specific YLL

Challenges of morbidity data

Disease modeling

Disability weights for single and comorbid health conditions

Calculation of YLD and DALYs

Calculation of HALE, Sullivan method and GBD approach
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Suggestions for the next steps
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Sources:

- WHO Burden of disease materials for BoD studies

- GBD course: Institute for Health Metrics and Evaluation (IHME)
- GBD course: University of Queensland

- GBD visualization tools and other GBD resources

- GBD study protocol and capstone papers

- Newcastle University: Health Expectancy Calculation by the Sullivan Method: A Practical Guide
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