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Effects of exireme climate events on the morbidity of a

sample of medical scheme lives in South Africa
By C Smith, C Kotzen, C Sutiner, P Ndebele and M Cohen




® 2 0 ® 2 9 8 P P O 0 T O S S P O S S P S S P S P S S S O S S O S S S S S

® 2 0 8 8 2 0 0 % 0 0 0 e e S e e S ST O P O

0 9 5 8 9 % S P 9 S P P S S S S SN TS ST

® ® 2 2 0 P P P O P S P P PSP e T OSSR

T 8 8 8 8 & P B 0 4 P B SRS SRS EE eSS

@ 8 8 8 0 8 8 8 0 8 B S e e N 0 s

L T T S T T I I R R I R I TR I TN R T R T R I )

@ 8 8 8 & 8 B 2 e 8 e e e B e e

® 8 9 2 ® 8 % 0 S O P O O S P S S S S P S S S S S S S S O S S O

e ® ° o 8 2 8 s e 0 0 0 e 0 B e s

® ® ® 5 8 o 0 5 5 % 5 0 5 " S S S S S SO S S S E B O S S O

® o 0 8 8 9 5 s 0 0 0 8 0 0 s 8

® 5 5 8 & 5 5 8 5 2 8 B B S S B SEEEEs

IR I I I I I R I I A R I I O I I I O I I I I I A R I I R I I N 4

® 8 0 & P B S 8 8 B S P S e SR e A e

® 82 8 8 6 8 8 B e e e e e

® e ® o 8 o 8 8 0 e 9 8 e T e B P O T O PR SO PR PO O O PR

e 2 o 0 e 02 8 o0 0 0 0 00

@ ® o 5 8 5 5 8 8 ° 5 8 0 8 " S S S B S S S B S B S

@ ® o 8 8 9 8 8 08 0 0 8 0

LI I T R I I IR I TR I I R T T IR TR I I I I I )

@ & 8 2 0 5 2 P 0 P P s L P e PP S B

I I I I R Y I R R I )

2 8 8 0 8 0 e e 00

® o 8 2 8 8 e 2 8 8 2 e 8 8 e 8 P e S B R B S S

e 2 o o 8 8 8 8 00

® ® ® 5 8 ® ® 5 8 0 8 " 5 s 0 0 B s e B G S B

@ s s 8 8 9 85 8 0 0

® 8 0 0 0 8 0 0 P e B P P O P S E e P O

® 8 8 0 0 0 0 P e 0 O P O P O O P O S O e e e

® 8 2 8 8 8 8 8 o0 0 0 8 0 0 0 8 8 8 08 0

e 8 o 8 0 0 0 8 0

" o 8 06 8 8 8 0 s 8 88 0 8008 0 0 08 58 8

@« s 5 8 8 8 0 8

® 8 8 & 8 8 0 P e P B S e

v

® & o 0 0 0 0 e 0 0 s e e e e e 0

v

® ® 0 s 0 0 0

® 8 o 8 8 9 2 0 0 0 2 e 0 0

e e 8 8 0 0o 0 0 0 0 0 0 8 0 0 v

® 8 8 8 8 8 00 8 8 8 0 0 8

® o 8 0 0 0 0 0 0 s e 0 e

® e 0 0 0 0

® e o o 0 0 0 0 0 0

e o o o 0 0 0

® e 8 0 0 o0 8 0 8 0 0

* e 0 s e

* 8 8 0 8 0 0 0

® 8 8 8 20 0 0 0 20

v

® o 0 o 0 0 0 0 o

@ o 0 0 0 0 0 0 o 0

« s o o

e o 8 0 0 0 8 0 0 0

Y e 8 0 e 0 0 0 8

"« s 0 8

o s 8 0 8 0 0 0 00

® 8 8 s 0 0 0 e

e o o o 0 0 2 0 0 0 0

® 0 9 5 0 0 0 s 0 0 e

s 0 8 0 0 8 0 0 0 00

e o ® o 0 o 2 0 8 0 0

® o o 0 9 ofls * o % 5 0 0 8 8 0 0 0

e o o 0 0o ofle o 0 0 5 0 0 0 8 0 0 0

o o s o s ofle ¢ 8 8 5 0 06 8 0 8 s 8

o o o e o ofls 2 0o 8 0 0 0 5 0 08 8 s

* 9 0 2 0 0 0 s 0 0 e

4 8 8 5 0 8 8 8 8 s e

e 8 8 o 0 8 8 0 8 8 8

* 8 8 0 " P 0 8 e

e o o ¢ PHNape o ¢ o

o o e e e

© ¢ 8 8 0 * 0 0 0 " e 0 0 P e e e @0 e

s o o o o 8

s 8 o s 8 8 8 o

e 2 8 o 0 0 0 8 0 0

L]
.
.
.
.
.
.
.
.

® e ¢ o e 0 0 o o

e 8 o s 8 8 8 8 s 0

® 0 0 0 0 0 0 s e 0 e

® 5 o 8 ¢ 0 8 0 8 e 0 0

® 8 8 8 2 0 8 0 8 2 0 00

® o ® 0 0 0 0 e 0 0 e 0 e e e

® o 8 8 9 o0 0 0 8 0 0 0 0 0 e

»

® 8 8 8 8 8 2 0 80 s 0 0 e 0 0

’

® ® ¢ © 9 0 8 0 8 ° S S 0 O S 0 O B e O e P

® 9 8 2 9 5 8 2 0 P P B S 0B S 0 s e

4

S 8 8 8 8 8 8 8 2 0 4 P S S N B S B L BN e

\

e s 0

4 8 8 8 8 & 5 8 5 8 8 8 B S 4 B B S 88 BB 8

® ®© ® o 0 ® 9 0 0 e " 5 e e 8 0 e e B " e "

® s o o o

® 5 2 9 9 2 P P P S e TP B SO PSR

.
.
.
.
.

4 8 8 9 8 9 8 8 9 8 8 S S 8 P S S 0SB N B SR S

® s 0 00

® 8 8 & 8 8 8 & B 8 8 8 & 8 B S S B B S 8 0B 88 S

@ ® o o & 5 5 0 0 95 5 0 0 e " 5 0 e 8 B O G 8 B O S B

® 9 % 8 P P P S P PP S SR PP S PSSO
® 8 8 & 0 5 5 9 0 5 S 0 P S NS S P S OO S PB SO RO N

€ 8 8 8 & 5 5 & 5 8 8 & B 6 S S S B B S S B S S S e BN e
@ ® 8 8 8 8 8 5 @ 5 5 0 8 8 8 8 0 e 8 B S e 8 B S G B "8 8

® 8 % 5 8 8 % P B B S B B B S B BB ESEE L E N E

HIMSS @

e s s 8 0 @

.

e ® o 0o e 9 0 00 0 08

.

° .

e s 8

. e a 8 @
* e 0 0 0
® o e 0 0
e s 8 o o
s s 8 8 8
* e 0 0 0
¢ o e 00
o o b
" e 8 0 0
e s 0 »
® o 8 o ®
e s 8 0o »
* e 0 0 0
® e 8 0 »
e e o o »
* s 8 0 0
e 8 0 0
® o 8 0 »
e e o o »
* s 8 0 0
s 8 8 0
® o 8 8 »
® e o o »
* s 8 0 0
s 8 0 0
® o 8 8 »
® e o o »
* s 8 0 0
e 8 0 0
® e 8 8 »
® e o o »



Discovery
Health

How do we define extreme temperature?

Isolated Extremes

Individual extreme climate events (e.g. days)
rather than long-term climate change

Relative Definition

Extremes defined using percentile (e.g. 99t")
rather than absolute (e.g. 35°C) thresholds

Confounding Factors Adjusted

Negated the effects of geographical
location, season and day of week

H I M SS https://www.niehs.nih.gov/research/programs/geh/geh_newsletter/2024/8/glossary/extreme-temperatures ‘
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—3 Exposure
iL 2014-2024, excl. Covid-19 years (‘20-‘21) and public holidays; provincial-level

Beneficiary coverage
DH-administered schemes, >1/3 of private medical scheme market

| Daily healthcare utilisation metrics
Visits (encounter with a provider) and Admissions (hospitalisation)
n01
[=1=]-]
[=]=]]
o

In-Hospital and Out-of-hospital visits
Classified using Discovery Episode Groupers (DEGs), ICD-10 diagnosis groups

In-hospital admissions
Classified using Major Diagnostic Categories (MDCs), DRGs

>480m

Visits

1.7bn

Claim Lines

>350m

3.48m

38.7%

Beneficiaries Market Share

5%

Lim po_po
5% 39%
North West Gauteng

6%

Northern Cape ™|

5%

9.13 miillion 14%

Beneficiaries

Western Cape

M O

Demographics Healthcare Utilisation

29 >8m

Exposure Months

Disease Chapters Admissions
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Climate Data
&~ ECMWF

ERA5-Land hourly data from 1940 to present

ERA5 daily mean 2m Temperature (°C)
2024-11-17

g Hourly 2-metre temperature (T2M)

Air temperature 2m above Earth’s surface, °C

Gridded surfaces
H  0.25° x 0.25° (~28km x 24km = 670 km? per grid cell)

N
b
<)
C

Temperature (°C)

N
N
n

Latitude (°S)

N
©
=3

{9 Province-level aggregation

Covering the landmass of South Africa 175

15.0

January 2014 — December 2024, points in time

1
o0 JL

12.5

::14] 11 years, 4,018 days, observations at 00:00, 06:00, 12:00, 18:00 daily I
Longitude (°E)
dp\f Temperature measure Geographic and temporal
Min, Max, and Average derived; daily average chosen for analysis heterogeneitg

HIMSS )
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Two-Dimensional Kernel Density Estimation
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Extreme Heat Induces Higher Overall Utilisation

Overall Visit Rate
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act Varies by Healthcare Condition

Overall Visit Rate Respiratory Visit Rate Cardiovascular Visit Rate
10 10
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Respiratory Visits Surge During Extreme Cold
Respiratory Visit Rate
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Nephrology Visits Surge During Extreme Heat

HIMSS

CDF of standardised visit rate

Nephrology Visit Rate
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Hospital Admissions Increase During Extreme Heat
Overall Admission Rate
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Driven by Circulatory, Nephrology and Emergencies
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emographic Cohorts Driving Population Effect
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Ages 41-60 and 61-80 Vuilnerable During Extreme Heat
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Emergency Department (ED) Visits - Immediate & Lagged Effects

Overall Effects Temperature-Response Effect Lag-Response Effect
Showing the overall effect of Highlighting effects of extreme hot Highlighting relative risk 0,1,2 days
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Discovery
Health

ED Visits Up At High Temperatures; Down at Low
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Lagged ED Visit Effect on Extreme Cold; Immediate on Hot
ED Visits
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Lagged ED Visit Effect on Extreme Cold; Immediate on Hot
ED Visits
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Complete 3D Temperature and Lag Effect el

Combining these views into a single Three-

Dimensional view
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@ Discovery

Complete 3D Temperature and Lag Effect

Combining these views into a single Three-
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Discovery
Health

Complete 3D Temperature and Lag Effect

Combining these views into a single Three-

Dimensional view
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@ Discovery

Complete 3D Temperature and Lag Effect
All Healthcare Visits All Hospital Admissions

Extreme low temperatures reduce healthcare Extreme low temperatures = Reduced relative risk
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Slight increased relative risk at lag 2 risk

g (
HIMSS O




® 2 0 ® 2 9 8 P P O 0 T O S S P O S S P S S P S P S S S O S S O S S S S S

® 2 0 8 8 2 0 0 % 0 0 0 e e S e e S ST O P O

0 9 5 8 9 % S P 9 S P P S S S S SN TS ST

® ® 2 2 0 P P P O P S P P PSP e T OSSR

T 8 8 8 8 & P B 0 4 P B SRS SRS EE eSS

@ 8 8 8 0 8 8 8 0 8 B S e e N 0 s

L T T S T T I I R R I R I TR I TN R T R T R I )

@ 8 8 8 & 8 B 2 e 8 e e e B e e

® 8 9 2 ® 8 % 0 S O P O O S P S S S S P S S S S S S S S O S S O

e ® ° o 8 2 8 s e 0 0 0 e 0 B e s

® ® ® 5 8 o 0 5 5 % 5 0 5 " S S S S S SO S S S E B O S S O

® o 0 8 8 9 5 s 0 0 0 8 0 0 s 8

® 5 5 8 & 5 5 8 5 2 8 B B S S B SEEEEs

IR I I I I I R I I A R I I O I I I O I I I I I A R I I R I I N 4

® 8 0 & P B S 8 8 B S P S e SR e A e

® 82 8 8 6 8 8 B e e e e e

® e ® o 8 o 8 8 0 e 9 8 e T e B P O T O PR SO PR PO O O PR

e 2 o 0 e 02 8 o0 0 0 0 00

@ ® o 5 8 5 5 8 8 ° 5 8 0 8 " S S S B S S S B S B S

@ ® o 8 8 9 8 8 08 0 0 8 0

LI I T R I I IR I TR I I R T T IR TR I I I I I )

@ & 8 2 0 5 2 P 0 P P s L P e PP S B

I I I I R Y I R R I )

2 8 8 0 8 0 e e 00

® o 8 2 8 8 e 2 8 8 2 e 8 8 e 8 P e S B R B S S

e 2 o o 8 8 8 8 00

® ® ® 5 8 ® ® 5 8 0 8 " 5 s 0 0 B s e B G S B

@ s s 8 8 9 85 8 0 0

® 8 0 0 0 8 0 0 P e B P P O P S E e P O

® 8 8 0 0 0 0 P e 0 O P O P O O P O S O e e e

® 8 2 8 8 8 8 8 o0 0 0 8 0 0 0 8 8 8 08 0

e 8 o 8 0 0 0 8 0

" o 8 06 8 8 8 0 s 8 88 0 8008 0 0 08 58 8

@« s 5 8 8 8 0 8

® 8 8 & 8 8 0 P e P B S e

v

® & o 0 0 0 0 e 0 0 s e e e e e 0

v

® ® 0 s 0 0 0

® 8 o 8 8 9 2 0 0 0 2 e 0 0

e e 8 8 0 0o 0 0 0 0 0 0 8 0 0 v

® 8 8 8 8 8 00 8 8 8 0 0 8

® o 8 0 0 0 0 0 0 s e 0 e

® e 0 0 0 0

® e o o 0 0 0 0 0 0

e o o o 0 0 0

® e 8 0 0 o0 8 0 8 0 0

* e 0 s e

* 8 8 0 8 0 0 0

® 8 8 8 20 0 0 0 20

v

® o 0 o 0 0 0 0 o

@ o 0 0 0 0 0 0 o 0

« s o o

e o 8 0 0 0 8 0 0 0

Y e 8 0 e 0 0 0 8

"« s 0 8

o s 8 0 8 0 0 0 00

® 8 8 s 0 0 0 e

e o o o 0 0 2 0 0 0 0

® 0 9 5 0 0 0 s 0 0 e

s 0 8 0 0 8 0 0 0 00

e o ® o 0 o 2 0 8 0 0

® o o 0 9 ofls * o % 5 0 0 8 8 0 0 0

Impact of flooding on
health care vutilisation

e o o 0 0o ofle o 0 0 5 0 0 0 8 0 0 0

o o s o s ofle ¢ 8 8 5 0 06 8 0 8 s 8

o o o e o ofls 2 0o 8 0 0 0 5 0 08 8 s

* 9 0 2 0 0 0 s 0 0 e

4 8 8 5 0 8 8 8 8 s e

e 8 8 o 0 8 8 0 8 8 8

* 8 8 0 " P 0 8 e

e o o ¢ PHNape o ¢ o

o o e e e

© ¢ 8 8 0 * 0 0 0 " e 0 0 P e e e @0 e

s o o o o 8

s 8 o s 8 8 8 o

e 2 8 o 0 0 0 8 0 0

L]
.
.
.
.
.
.
.
.

® e ¢ o e 0 0 o o

e 8 o s 8 8 8 8 s 0

® 0 0 0 0 0 0 s e 0 e

® 5 o 8 ¢ 0 8 0 8 e 0 0

® 8 8 8 2 0 8 0 8 2 0 00

® o ® 0 0 0 0 e 0 0 e 0 e e e

® o 8 8 9 o0 0 0 8 0 0 0 0 0 e

»

® 8 8 8 8 8 2 0 80 s 0 0 e 0 0

’

® ® ¢ © 9 0 8 0 8 ° S S 0 O S 0 O B e O e P

e o o

® 9 8 2 9 5 8 2 0 P P B S 0B S 0 s e

4

S 8 8 8 8 8 8 8 2 0 4 P S S N B S B L BN e

\

e s 0

4 8 8 8 8 & 5 8 5 8 8 8 B S 4 B B S 88 BB 8

® ®© ® o 0 ® 9 0 0 e " 5 e e 8 0 e e B " e "

® s o o o

® 5 2 9 9 2 P P P S e TP B SO PSR

.
.
.
.
.

4 8 8 9 8 9 8 8 9 8 8 S S 8 P S S 0SB N B SR S

® s 0 00

® 8 8 & 8 8 8 & B 8 8 8 & 8 B S S B B S 8 0B 88 S

@ ® o o & 5 5 0 0 95 5 0 0 e " 5 0 e 8 B O G 8 B O S B

® 9 % 8 P P P S P PP S SR PP S PSSO
® 8 8 & 0 5 5 9 0 5 S 0 P S NS S P S OO S PB SO RO N

€ 8 8 8 & 5 5 & 5 8 8 & B 6 S S S B B S S B S S S e BN e
@ ® 8 8 8 8 8 5 @ 5 5 0 8 8 8 8 0 e 8 B S e 8 B S G B "8 8

® 8 % 5 8 8 % P B B S B B B S B BB ESEE L E N E

HIMSS @

e s s 8 0 @

.

e ® o 0o e 9 0 00 0 08

.

° .

e s 8

. e a 8 @
* e 0 0 0
® o e 0 0
e s 8 o o
s s 8 8 8
* e 0 0 0
¢ o e 00
o o b
" e 8 0 0
e s 0 »
® o 8 o ®
e s 8 0o »
* e 0 0 0
® e 8 0 »
e e o o »
* s 8 0 0
e 8 0 0
® o 8 0 »
e e o o »
* s 8 0 0
s 8 8 0
® o 8 8 »
® e o o »
* s 8 0 0
s 8 0 0
® o 8 8 »
® e o o »
* s 8 0 0
e 8 0 0
® e 8 8 »
® e o o »



Scientists say the April 2022 floods in KZN
8 lare the most catastrophic natural disaster
‘s recorded in province

5 M Mal Euardlan
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@ Discovery

Health

Healthcare disruption during flood, partial recovery post

Healthcare utilisation declines following flood, with lingering effects

« Visit Rate, Admission Rate & Rainfall at stable
levels

Dunng Floods (8-21 April):
Peak rainfall (11 April) >4 Std. Deviations above
expected.

« Total visits >4 Std. Deviations below expected.

 Admissions >3 Std. Deviations below expected.

 Lowest utilisation recorded the day after peak
rainfall (lagged effect).

« Severe disruption to access, mobility &
healthcare services.

Post flood-surge (22-30 April):

« Visits rebounded above expected (deferred
demand).

 Admissions recovered partially but remained
below baseline

Z-scores
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*Analysis focused on provincial averages; may mask local variation. Looked at overall visits/admissions, condition-specific impacts may differ

HIMSS
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Conclusion

Implication

« High-risk conditions
* Vulnerable groups

 Monetary impact

HIMSS €

Extension

Heatwaves & prolonged
cold spells

Broaden to other
environmental
contributors

Health system planning

Discovery

Collaboration

Collaboration with South
African universities
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EUROPE
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