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Main Points

* Inference
Estimation -> Extrapolation -> Speculation

Evidence (Data) Assumptions

* Be clear about “cause”

“causal effects” are counterfactuals; they require unverifiable predictions of how the world
would have been.

acceptance of causal inferences depends on: (tick)
- independence of person making the inference
- transparency — share data, analysis, results
- communication
- expert knowledge of underlying mechanisms



Main Points (cont)

e To obtain “effects” for many regions, subpopulations, intervals:
- Never do separate analyses

- Borrow strength across similar problems using Bayes or empirical Bayes
methods



Hurricane Maria Strikes Puerto Rico — Sept, 2017

Hurricane Maria approaching Puerto Rico

S | . | '] F .
2 R Y A “ 4 T
Y MG, 1 o

.t i ‘v N

’
w /
L

1.';

'.ﬁ‘.‘-‘.(;“

r e o
cal ™ #
[ I-" w B -
w > . B - . .
i-' .
&
. L
4
- O
L
o

¢ 3 .
¢ ; ; g TPLY,
2 Y : ‘l“‘ ‘I ‘ =5 L h J
. PR \ V% \
“Wa as A Puerto Rico
: \ 3 . "l *‘i

~ -



3000 -

2750~

total.deaths

2250 -

2500 -

25

Hurricane Maria in Puerto Rico

75

Deaths

2400 2800 3200

2000

Observed and Predicted Deaths

2010

2011

2012

2013 2014

Time (Months)

2015

2016

2017




Three (of many) statistical models

e Model 1 (red)
deaths ~ factor(age)*factor(ses)*factor(sex) +
smooth(t) + season(t)

 Model 2 (green/orange)
deaths ~ factor(age)*factor(ses)*factor(sex) +
smooth(t) + season(t) *factor(age)*factor(halfway)

e Model 3 (black)
deaths ~ factor(age)*factor(ses)*factor(sei) + deaths ~
smooth(t) * season(t)



Differential and persistent risk of excess mortality from @I ®
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Hurricane Maria in Puerto Rico: a time-series analysis
Carlos Santos-Burgoa, John Sandberg, Erick Sudrez, Ann Goldman-Hawes, Scott Zeger, Alejandra Garcia-Meza, Cynthia M Pérez, m
Noel Estrada-Merly, Uriyoan Colon-Ramos, Cruz Maria Nazario, Elizabeth Andrade, Amira Roess, Lynn Goldman
September October November December Janvary February
Census scenario
. . 2018 vs 2017 SRR NA NA NA NA 0-97 (0-92-102)  1.05(0-99-111
Observed Predicted Excessdeaths (95% Cl) Ratio of observed ety b Al
2017 v5 2016 SRR 122(116-129)  127(120-134)  1.07(1.01-113)  0.98(0.93-1.04) 101(0-96-1.06)  0.93 (0-88-0.98)
deaths deaths to expected 2017 v5 2015 SRR 127(120-134)  124(117-1-31)  116(109-122)  110(1:04-116)  1.00(0-94-1-05)  0-99 (0-93-1-04)
mortality 2017 v52014 SRR 113(107-119)  1.01(0-96-1.07)  0-98(0-93-1.03)  0.95(0-90-1-00)  1.08(1.02-114)  1.06(1-00-112)
2017 vs 2013 SRR 112(107-119)  121(114-127) 112 (1-06-119 107 (101-113)  091(0-86-0-97)  1-03 (0-97-1-08)
September, 2017 2906 2332 574 (515-630) 1.25 2017 vs 2012 SRR 111(105-117)  116(110-122)  1.01(0-96-1.07)  1.02(0-97-1.08)  0.99(0-94-1.04)  0-91(0-86-0.97)
October, 2017 3015 2318 697 (635-757) 130 2017 v5 2011 SRR 113(107-119)  111(1.06-118)  1.04(0-98-110)  0.98(0:93-1.03)  0.93(0-88-0.98)  0.94 (0-88-0.99)
2017 vs 2010 SRR 114(1:08-121)  110(1.04-116)  0-95(0-90-1:01)  0.91(0-86-0-96) NA NA
November, 2017 2657 2309 348 (285-409) 1.15 Range 111-1.27 1.01-1.27 0.95-116 0-91-11 0-91-1-08 0-91-1.06
December, 2017 2797 2318 479 (416-543) 171 M.edian (IQR) . 113(112-122)  116(110-124)  1.04(0-98-112) 098 (0-95-1.07) 099 (0-93-1.01)  0-99 (0-93-1-05)
Displacement scenario
January, 2018 2799 2241 558 (49}'_620) 1.2§5 2018 vs 2017 SRR NA NA NA NA 116 (110-122)  1.27(1-20-1:34)
2017 vs 2016 SRR 125(118-132)  134(1-27-142)  119(113-126) 114 (1.08-120)  120(114-127)  112(1-06-119)
February, 2018 2434 2114 320(260-379) 115 2017 vs 2015 SRR 129(122-137)  131(124-138)  129(127-134)  127(1.20-134)  119(113-126)  1.19(1.13-126)
Sep’[ember—OCtOber, 201? 5921 4650 12?1 (1154_1383} 1. 2? 2017 vs 2014 SRR 115(1-09-1-22) 1.07 (1-02-1-13) 109 (1-03-1-15) 1.09 (1-04-1-15) 1-29 (1-22-1-36) 1.28 (1-21-1-35)
2017 vs 2013 SRR 115(1.09-1-21)  128(121-135)  125(118-132)  123(117-130)  123(116-129) 117 (110-1.24)
September-December, 2017 11375 9277 2098 (1872-2315) 1.23 2017 v5 2012 SRR 113(1.07-119)  123(116-130)  113(1-07-119)  118(112-125)  118(112-125)  111(1-05-1-17)
September, 2017, to February, 16 608 13633 2075 (2658-3290) 1.22 2017 vs 2011 SRR 115(1.09-122)  118(112-124)  116(110-123)  113(1.07-119)  112(1.06-118) 113 (1-07-1:20)
3 2017 vs 2010 SRR 117 (111-124)  116(110-122)  1.06(1.00-112)  1.05(1.00-111)  NA NA
201 Range 113-129 1.07-1-34 1.06-129 1.05-1.27 112-1:29 111-128
. . ; N X . Median (IQR) 115(115-1:25)  123(116-131)  116(109-125) 114 (1:09-123) 119 (116-123) 117 (112-1.27)
Table 1: Predicted and observed excess mortality in Pverto Rico with model 3 displacement scenario _ , o _ , , _
Data are SRR (95% Cl), unless otherwise stated. Puerto Rico age distribution in 2015 is the standard population. SRR=standardised rate ratio. NA=not applicable.
Table 5: Age-standardised mortality rate ratios in Puerto Rico by month




Particulate air pollution and mortality —
London Smog

London, 12 noon, December, 1952; Particulate levels — 3,000 ug/m”3
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Semi-parametric Regression Model for Each City (c)

o ) is the mortality count on day { at location ¢
o M5, is the level of particulate matter on day f at location ¢

® ' 1s the relative rate of mortality, e.g. the percentage increase in mortality

assoclated with 10 g, m® increase in PMyg

o s(temp.df ) are smooth functions (smoothing splines or regression splines)

log E[YY] = age-specific intercept +| 1°PM:,|+[s(time, T/ vear)+
+ | s(temp.6) + s(dewpoint. 3] + age » s(time, 8] + ...

¢ cstimate 7 and 1ts statistical variance o within each location

¢ Generalized additive models ((GA L) with smoothing splines or Generalized
/ =i

Linear Maodels (LM ) with natural cubie splines are the methods of choice




Statistical Problem
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City-specific Estimates
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Spatial Model for Relative Rates

e 5° = log relative rate of mortality associated with

PM;jq in city ¢ in region r

e (v, = average log relative rate in region r

K

e 0" = national average log relative rate

j? = o*+ (35— 59 +

statistical error heterogeneity within region

_I_

heterogeneity across regions
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Shrinkage







Statistical Issues: Degree of Adjustment
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internet Health and Air Pollution Surveillance
System (iHAPSS) + R package

Googler

§earch|
iHAPSS |

Internet-based Haalth & Alr Pollution » search WWW = Search jhsph.edu

Survelllance System

About the iHAPSS

IHAPSS is an internet-based system for monitoring the effects of air pollution on
mortality and morbidity in US cities.

ABOUT iHAPSS . PUBLICATIONS
Current and past vear publications
IHAPSS is funded by the Health Effects and reports.




Evidence Mounts That
Tiny Particles Can Kill
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Understatement of statistical uncertainty in the press
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“(A)lthough many
guestions remain
about how fine
particles kill people,
the NMMAPS study
shows there’s no
mistaking that PM is
the culprit




Iraqg Invasion Civilian Mortality — Burnham, et
al. 2006. Lancet

Excess deaths
654 965
(95% C1392 979-942 636)

Sulaymaniyah

Deaths from violent causes
601027
(95% C1 426 369-793 663)
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o
Nasiriyah

Il >10 violent deaths per 1000 per year
[ 2-10 violent deaths per 1000 per year
[ <2 violent deaths per 1000 per year
[ Noclusters

*Uncertain estimate

(<3 clusters, no prior survey)
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Model Sensitivity: relative rate estimates for GAM
(default and strict) versus GLM

GAM (default) versus GLM estimates GAM(strict) versus GLM estimates

o %
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Dominici, McDermott, Zeger, Samet AJE 2002



What difference did it make?

Fooled effects at lag 1 for GAM, GAM-stringent, GLN

GaM
GAM-siingent

GLM
—— @AM -srngenl

1.00 1.0
1.00 1.0

I I I I I I I I I I I I
.3 oo o 04 e 0.H 10 0.3 oo i3 o4 u g} o& 1.0

& A Do 3 9 10T =

0.275% — 0.41% 0.21% — 0.27%




The Press: The New York Times (June 2002)

'Data Revised on Soot in Air and Deaths

Scientists Lower Their Estimate of Risk From Bad-Air Days

Revisiting their own data with new /New research may
methods, scientists who conducted delay a review due
influential studies that linked sooty next year on small-

alr pollution with higher death rateés particle pollution.
have lowered their estimate of the

HER I:H'.lEEli b}. hﬂd‘ﬂlr dﬂ'ﬁ Dr., Zeger and Mr. Greenbaum

stressed that the new findings did not

The researchers, at the Johns Hop- p overturn the basic link betggen diel

kins University, have been distribut- and illness. They also pointed to the

ing their new analysis to scientists recent publication of other studies on

and_ Ewﬂrnmﬁnt uﬁiﬂi&]g 'h.:"r fﬂ-ﬁ and ; the lﬂﬂg-tﬂl‘l'll effects of lEDﬂt that do

:;:::au. Yﬁmﬁlﬂﬁgﬂfﬂ ]":FE ahweﬁg still, industry officials said the new

£ = - : N et findings called into question the va-

/~idominic/research.ntml, that de- lidity of some research underlying
tﬂ.ﬂ?ﬂthﬂi!‘ new ﬂ.tld.tl.'lgﬂ. e i the new federal standards.
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