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Epidemiology and health development

Epidemiology
Problem definition
Disease Risk factors

Health promotion programmes




Epidemiology questions

Who becomes sick?

Why do particular people become sick?

How effective are the available treatments for
the sick?

How effective are preventative strategies for
the healthy?




Epidemiology measurements

Morbidity (who is ill and how many)
Mortality (who dies and how many)
Risk factors

Comparisons e.g. standard mortality ratio
(SMR)

Changes e.g. trends, through time, following
Interventions

Indicators of health
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Person-Time

You can sum person-time:
One person observed for 1 year = 1 person-year
Two people observed for 7z year each = 1 person-year
Four people observed for 74 year each = 1 person-year
52 people observed for a week each = 1 person-year

1 D

2 D
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Dynamic of Prevalence

Y

New Cases

Increases in incidence —

Nnmdence (inflow) Increase prevalence
l Prevalence
(water level)
Old Cases
S| |

Recovery Increases in duration (decreased
or death resolution rate) — increase prevalence

\/

Former Cases




V g ban £.989 58 0310 s adld

(e Ol ) olas ¢(mand o) DSl il () o (e
(g5 ) b e

(O Hha) € ) oad aul 4 Slae s B LI oaand G
i ol 43 Mise ) 9iS) aa Ll Ll 1eg) adaal by (o) adaili ¢ g0
Ol AL anl 415K glelle o Ll Ll 1s) oy 90 ¢ sud

oy S golen YL pha g A g lan SO YL g ad
Gt Y Hg




A g la £ 889 (s S o) s Ladld
g b 5 Hs s Ol e 3)\8

s can Clallae 5 La (58 et (o) 0 0 s O e pee 28

NO. ONSets NO. onsets

pincidence —

population@ risk  “ """ qm of healthy person-time

il s (5 ) 4l cdaala 5o g ban Db Asulas 1g sl age 2 S

No. cases
no.of people

pprevalen ce




1 lgaban £ 985 8 oI sl Ladld

e sl 5 Hg o (bl
D=Goleneysd = s 0P =g

P=1.D
D=P/|
=P /D




Vo Lgaban £ 589 s S 0Ia sL Ladld

1238 il s O s Ug sl 2igdie Gelyas al e

AL e e sotan A

28l (Y sh s ben o5 S

e s Y sl JalS (6 g s le o

S 8 i D) Craw 4 (03 ) dlamt ¢ i Bas 3 ) ge faad
s bax Do ol A

s 33 (o2 S (s

Dbam A AN (o S G500

S sl Uiy )

g JaI 8




V) Laban £ 589 58 01 sl Ladld

120 8 JieS 50 3 sasas U sad igdne Cel a8 il e

2L s s law S

2Ll S (g law 652 A

s oben YL (SaiS o) ua

D)) 50 53532 O e &)

8yl D) Crans 4y (63l ) A2l ¢ 2 98 &S 23 3 ) g 2faS
S

s olan o S

Dben A A (2 S O

ej\.u A A S G0




Hypothetical example

e

4 D (3)

3 D (5)

2 ©)
1 ©)
W1 2 1 4 s

Follow-up Time (Months)

Incidence Proportion =
3/5=0.6

(Cumulative incidence)




Real Situation: Person-Time Calculation

ﬁ

_—ﬁ

Jan Feb March April May June July Aug Sep Oct Nov

Calendar Time




Censoring 1

3_

D.(5)

Next Year(5)

D (6)

. ——& C ] Death due to car accident(t)

! el CW Outmigration(3)

Jan

Feb March April May June July

Calendar Time

Aug

Sep

Oct

Nov




Censoring 2

[cag

4—C(3)‘
3 D )
2
C (5)
1 p—
0 I
0 1 2 3 4 5

Follow-up Time (Months)

Incidence Proportion =?
1/5=0.2
Underestimation
Or

Overestimation?




Censoring 3

Follow-up Time (Months)

Incidence Proportion =?
1/5=0.2

Underestimation




How to deal with 1t?

Half of censored individuals are subtracted from
the denominator
1 1
e al—E TR =0.29

5-(0.5x3) 3.5

Based on the assumption that censoring occurred
uniformly throughout the period => on average these
Individuals were at risk for only one half of the follow-
up period
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Life Table — Example (20 participants)

Follow-up Time (m) Event
2 Death
4 Censored
7 Censored
8 Death
12 Censored
15 Death
17 Death
19 Death
20 Censored
23 Death




Calculating a Life Table 1

. Alive at . : Withdraw

Interval since o Died during :

- beginning of during
beginning . Interval .

interval interval

1st 6 month 20
2"d 6 month
3rd 6 month
4th 6 month




Calculating a Life Table 2

. Alive at . : Withdraw
Interval since o Died during :
- beginning of during
beginning . Interval .
interval interval
1st 6 month 20 1 1
2" 6 month 18 1 1
3rd 6 month 16 2 1
4th 6 month 13 2 1




Calculating a Life Table 3

Interval | Beg. | Died | Cen |Atrisk| DP | AP | Cum. survival
1st6ém | 20 1 1 19.5
2"d6m | 18 1 1 17.5
396 m | 16 2 1 15.5
4t 6m | 13 2 1 12.5

At risk = Alive at beginning — %2 (Censored)




Calculating a Life Table 4

Interval | Beg. | Died | Cen |Atrisk| DP | AP | Cum. survival
1stém | 20 1 1 19.5 |.051
26 m | 18 1 1 17.5 |.057
396 m | 16 2 1 15.5 |.129
4t 6m | 13 2 1 12.5 |.160

At risk = Alive at beginning — %2 (Censored)

Proportion who died during interval = Died / At risk




Calculating a Life Table 5

Interval | Beg. | Died | Cen |Atrisk| DP | AP | Cum. survival
1stém | 20 1 1 19.5 |.051.949
26 m | 18 1 1 17.5 |.057|.943
396 m | 16 2 1 15.5 |[.129].871
4t 6m | 13 2 1 12.5 |.160|.840

At risk = Alive at beginning — %2 (Censored)

Proportion who died during interval = Died / At risk

Proportion who did NOT die during interval = 1- DP




Calculating a Life Table 6

Interval | Beg. | Died | Cen |Atrisk| DP | AP | Cum. survival
1stém | 20 1 1 19.5 |.051 .94i/ .949
26 m | 18 1 1 17.5 |.057|.943

396 m | 16 2 1 15.5 |[.129].871

4t 6m | 13 2 1 12.5 |.160|.840

Cumulative prob. of survival = P1 x P2 x P3 x P4
* CONDITIONAL PROBABILITY *




Calculating a Life Table 7

Interval | Beg. | Died | Cen |Atrisk| DP | AP | Cum. survival
1st6 m 20 1 1 19.5 |.051|.949 e .949
2nd 6 18 1 1 1 0 9 3/ 89
nd 6 m 7.5 |.057|. 4/ .895
396 m | 16 2 1 15.5 |.129].871 /> .779
rg
4th 6 m | 13 2 1 12.5 |.160|.8407T .654

Cumulative prob. of survival = P1 x P2 x P3 x P4
* CONDITIONAL PROBABILITY *




Exact Event Approach 1

Time

No. Alive
at time

Died

DP

AP

Cum. survival

2

20

8

15

17

19

23

- (Kaplan-Meler)




Exact Event Approach 2

No. Alive

Time . Died DP AP | Cum. survival
at time
2 20 1 1/20=.050 | .950
8 17 1 1/17=.059 | .941
15 15 1 1/15=.067 | .933
17 14 1 1/14=.071 | .929
19 13 1 1/13=.077 | .932
23 11 1 1/11 .909

- (Kaplan-Meler)




Exact Event Approach 3

No. Alive

Time . Died DP AP | Cum. survival
at time
2 20 1 1/20=.050 | .950 .950
8 17 1 1/17=.059 | .941 .894
15 15 1 1/15=.067 | .933 .834
17 14 1 1/14=.071 | .929 .775
19 13 1 1/13=.077 | .932 715
23 11 1 1/11 .909 .650

- (Kaplan-Meler)
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Survival Function

\
N\

\
N\

X

TIME

18

24

Survival Function

% Censored




Assumptions of survival analysis 1

Uniformity of events & losses within each

Interval
— — — — - - — - — — -

R RRSESSSESSEIEESSSSSRRBRBRBRREETN

Follow-up Time (Months)




Assumptions of survival analysis 2

Independence between censoring & survival

Follow-up Time (Months)




Assumptions of survival analysis 3

3. Lack of secular trends

D (1)

4 D (3)

N D.(5)

(6)

(6)

Jan Feb March April May June July Aug Sep Oct Nov

Calendar Time




Assumptions

Independence between censoring & survival
Lack of secular trends

Following up:
1 person for 5 years = 5 person for 1 year

When there i1s cumulative effect ??

Calculating incidence rate for smaller
Intervals




Standardization (adjustment) 1

We would like to compare the mortality rates
between populations, or at different time
periods in one population,

however

The population group may differ with respect
to underlying characteristic (e.g.,age,
gender) that may affect the overall
mortality rate




Standardization (adjustment) 2

Standardization accounts for
the differing distribution of the
underlying characteristics.




Standardization (adjustment) 3

Types of Standardization:

Direct method

Indirect method




Direct Standardization 1

“Adjusted rates " are derived by applying
category specific rates observed in each
population to a single standard population.

The adjusted rate represents the hypothetical
rate that each population have the same
distribution on the confounding factor or
concern(i.e. age)




Population A

Age population Death | % of popul Death rate
0-14 190703 174 21.4% 0.0009
15-25 115928 115 13.0% 0.0010
25-44 289441 620 32.4% 0.0021
45-64 180396 1435 | 20.2% 0.0080
65+ 116404 5657 13% 0.0486
total 892874 8001 100% 0.0090




Population B

Age population | Death % of popul | Death rate
0-14 138986 116 15.9% 0.0008
15-25 83815 63 9.6% 0.0008
25-44 239396 498 27.3% 0.0021
45-64 190427 1421 21.7% 0.0075
65+ 223576 10326 25.5% 0.0462
Total 876200 12424 100% 0.0142




Direct Standardization 2

One way to select the standard population is to
combine population counts from the
populations.

We can then apply the category-specific rates
to the standard population and compare the
expected number of deaths in each
population.




Direct Standardization 3

Age A+B Death rate Expected death
population A B A B
0-14 329689 0.0009 0.0008 296 263
15-25 199743 0.0010 0.0008 199 159
25-44 258837 0.0021 0.0021 1110 1110
45-64 370823 0.0080 0.0075 2966 2781
65+ 339982 0.0486 0.0462 16523 15707
total 1769074 |- | - 21094 20020




Adjusted death rate

Adjusted death rate (A)=21094/1769074=1.192
Adjusted death rate (B)=20020/1769074=1.132
Age adjusted rate ratio=1.192/1.132=1.05
using the sum of both population as the

standard population.

The age adjusted death rate appears to be 5%
nigher in the population A compared with

population B.




Direct Standardization 4

Another way to select standard population Is
to use an external standard population,such
as the United state population.

As before, we can apply the category-
specific death rates to the standard
population to calculate and compare the
expected number of deaths In each
population,




Direct Standardization 5

Age U.S Death  Rate Expected Death A
population A B B

0-14 55961000 0.0009 0.0008

15-25 36124000 0.0010 0.0008

25-44 82366000 0.0021 0.0021

45-64 48345000 0.0080 0.0075

65+ 32283000 0.0468 0.0462

total 255079000 | ------ | --mee-

Adjusted Death Rate for population A and population B?




Direct Standardization 6

Age U.S Death  Rate Expected Death
population A B A B

0-14 55961000 0.0009 |0.0008 |56364 44768
15-25 36124000 0.0010 |0.0008 |36124 28899
25-44 82366000 0.0021 |0.0021 |172968 172968
45-64 48345000 0.0080 |0.0075 |386760 362587
65+ 32283000 0.0468 |0.0462 |1568953 |1491474
Total 255079000 | ------ | ------- 2215196 | 2100696

ADR A = 2215196/255079000 = 868
ADR B = 2100696/255079000 = 824
ARR = 868/824 = 1.05




Direct Standardization 7

using the United states as the the
standard population:

The age adjusted death rate appears to
be approximately 5% higher In
population A compared to population B




Conclusion

If the distribution of the population among strata is
the same for the population being compared the
Adjustment is not needed.

If the distribution of the population among strata is
different for two populations, Adjustment is
Indicated ( regardless of whether the stratum-
specific rate are similar or different).

The selection of standard population is arbitrary.
However when 2 or 3 population are being
compared, use the sum of the population.




Notice:

Adjusted (standardized ) rates are
fictitious number. Their magnitude Is
related to the standard population.

Adjusted rates should be used for
comparison purpose only.




Indirect Standardization 1

Similar to direct adjustment, but uses
standard “stratum-specific rates” rather
than standard “stratum-specific

weights”.




Indirect Standardization 2

Using the standard rates we compare
the Observed number of rates to the
expected number of events.




Indirect Standardization 3

The results are presented as the

Standardized Morbidity or Mortality
Rate.

Observed number
SMR=

Expected number




Indirect Standardization 4

Community A Community B
Age popul Deaths | DR(/1000) | popul Deaths | DR
<1 1000 15 15.0 5000 100
1-14 3000 1.0 20000 |35
15-34 |6000 |6 1.0 35000 |35
35-54 13000 |52 4.0 17000 |85
55-64 | 7000 105 15.0 8000 160
>064 20000 |[1600 |80.0 15000 |1350
total 50000 |1781 |35.6 100000 |1740




Indirect Standardization 5

Age (year) |Population A |Standard death | Expected death

rate(per 1000) in A at standard
rates

Under 1 1000 20.0

1-14 3000 1.0

15-34 6000 1.0

35-54 13000 5.0

55-64 /7000 20.0

+64 2000 90.0

total 50000 17.4




Indirect Standardization 6

Age (year) |Population A Standard death | Expected death

rate(per 1000) In A at standard
rates

Under 1 1000 20.0 20.0

1-14 3000 1.0 3.0

15-34 6000 1.0 6.0

35-54 13000 5.0 65.0

55-64 /7000 20.0 140.0

+64 2000 90.0 1800.0

total 50000 17.4 2034.0




Indirect Standardization 7

SMR =1781/2034.0 = 0.876




SMR

If SMR > 1, more deaths have
occurred than anticipated.

If SMR < 1, fewer death have
occurred than anticipated.
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The chances of something happening can be
expressed as a risk or as an odds:

Risk (or rate)= the chance of something
happening/the chance of all things
happening (or person-time)

Odds= the chance of something
happening/the chance of It not happening
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Thus:

A risk is a proportion. but an odds is a ratio.

An odds Is a special type of ratio, one In
which the numerator and denominator sum
to one.




v hald ) sl adld
Example 1:

Team A Is expected to win in the world series.
They are giving 3:1 odds on the Team B. What

does It mean?

It means that they think that there it Is three times
as likely that the Team B will not win the world

series as that they will win.

Expressed at risk, the Team B are expected to win
one In four opportunities. 2
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Example 2:

Among 100 people at baseline, 20 develop
Influenza over the year.

Theriskis1in5 (i.e. 20 among 100).The
odds is 1 to 4 (i.e. 20 compared to 80)
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Types of association measures:

Relative risk (= Risk ratio)

Odds ratio (=OR)
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Relative risk (rate) = RR:

Relative Risk (or rate) Is a ratio of two risks (or rates)

Assume that among the 100 people at risk, 50 are men
and 50 are women.15 men and 5 women develop
Influenza, then the relative risk of developing Influenza
In men, as compared with women, is: Risk in men
divided by Risk in women.

RR=(15/50) /(5/50)=3

Note that these risks are cumulative incidence
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Odds Ratio = OR:

Odds Ratio- a ratio of two odds
The odds in men=15/35
The odds in women=5/45
Odds Ratio=3.9

The odds of men getting Influenza over the year are 3.9
times as high as the odds of women getting Influenza .
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Attributable Risk

Attributable( Risk) fraction

Population Attributable Risk (PAR)
Population Attributable (Risk) fraction

Note: All these measures assume that the
association between exposure and disease has
already been shown to be causal.
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Attributable Risk (=AR): (il Ji8) caudia jhad

The Incidence of disease in the Exposed
population whose disease can be attributed to the
exposure.,

AR=1 I
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Ml Free of Ml Totals:
EXxposure
High Blood 180 9820 10000
Pressure
Normal 30 9970 10000
Pressure

AR=0.018 — 0.003= 0.015=1.5%

The cessation of the exposure would lower the
risk in the exposed group from 0.018 to 0.0030
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Attributable( Risk) fraction (ARF):

The proportion of disease in the exposed
population whose disease can be attributed to the
exposure.

ARF= (I, -1 )1, =(RR-1)/RR
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ARF =0.018 - 0.003/0.018 * 100 =
83.3%

RR=0.018/0.003 = 6

ARF=( RR-1)/RR *100=(6 — 1)/6 *100=
83.3%
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ARF= Percent of efficacy:

Risk of disease In vaccinated group= 5%
Risk of disease In the placebo group= 15%

ARF=Efficacy=((15-5) / 15) * 100 =
66.7%
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Population Attributable Risk (PAR) :

The Incidence of disease In the total population
whose disease can be attributed to the exposure.

PAR=I 1
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Population Attributable (Risk) fraction (PARF):

The proportion of disease in the total population
whose disease can be attributed to the exposure.

PARF= (1 , -1 )/,




