
Public Comment on the 
CASAC Review of EPA’s Integrated Science Assessment for Particulate Matter 

(External Review Draft – October 2018) 
 

Support for March 7, 2019 EPA CASAC Letter re 2018 PM ISA 
 

PREPARED BY: 
James E. Enstrom, PhD, MPH, FFACE 

UCLA and Scientific Integrity Institute 
http://www.scientificintegrityinstitute.org/ 

http://scientificintegrityinstitute.org/biography.html 
jenstrom@ucla.edu 

   
SUBMITTED TO 

Clean Air Scientific Advisory Committee 
U.S. Environmental Protection Agency 

Washington, DC 
 

DATE 
March 28, 2019 

 

I strongly support the March 7, 2019 Draft CASAC Review of the EPA’s Integrated Science Assessment for 

Particulate Matter (External Review Draft – October 2018)  

https://yosemite.epa.gov/sab/sabproduct.nsf/ea5d9a9b55cc319285256cbd005a472e/fe50d8fd06ea9b1

7852583b6006b7499!OpenDocument .  I agree with the Review’s major recommendations to EPA 

regarding the October 2018 EPA External Review Draft of the EPA ISA for PM (2018 PM ISA):  1) provide 

a comprehensive, systematic review; 2) use the scientific method and provide verifiable derivations of 

conclusions; 3) do not use unverifiable opinions to draw major policy-relevant conclusions; 4) provide 

scientific support for policy deliberations and decision-making; 5) provide empirically validated 

predictions or implications for how or whether possible future changes in particulate matter (PM) 

exposures would change public health risks; 6) all key conclusions in the final PM ISA should be 

supported by 10 independently reproducible and verifiable derivations from stated data and 

hypotheses; 7) develop a Second Draft PM ISA for CASAC review; and 8) provide CASAC with access to 

additional technical expertise to thoroughly review the Second Draft ISA. 

I illustrate the validity of the first recommendation (provide a comprehensive, systematic review) by 

noting the 2018 PM ISA DOES NOT include a comprehensive, systematic review of Enstrom 2005, 

Enstrom 2006, Enstrom 2017, and Enstrom 2018.  My reanalysis of PM2.5 and total mortality in the ACS 

CPS II cohort (Enstrom 2017 and Enstrom 2018) identified fatal flaws in Pope 1995, HEI 2000, and HEI 

2009 and showed that there is NO significant relationship between PM2.5 and total mortality in the CPS 

II cohort during 1982-1988.  My reanalysis illustrates the importance of the proposed EPA policy 

“Strengthening Transparency in Regulatory Science.”  My reanalysis was made possible because I gained 

access to underlying CPS II data in 2016.  Enstrom 2017, Pope 2018, and Enstrom 2018 are attached 

(http://scientificintegrityinstitute.org/DRPM25JEEPope052918.pdf).  Although my CPS II results 

invalidate key CPS II results in the 2009 PM ISA, my results are barely cited in the 2018 PM ISA. 
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The failure to properly cite my research is one example of the exaggeration (falsification) of the 
relationship between PM2.5 and total mortality in the 2018 PM ISA.  Equally troubling is the fact that 
2012-2015 CASAC Chair H. Christopher Frey failed to acknowledge the need for comprehensive, 
systematic review of all PM2.5 death findings in his 66-page March 26, 2019 Public Comment to CASAC 
(https://yosemite.epa.gov/sab/sabproduct.nsf//46BBA443B9D953A9852583C9004F1F00/$File/Frey+Wr

itten+Public+Comments+to+CASAC+190326+Final.pdf).  Comprehensive PM2.5 death findings are not 

addressed in the 134-page December 10, 2018 “Letter and attachments to CASAC and to Docket EPA–

HQ–ORD–2014-0859 from former members of 2015-2018 CASAC Particulate Matter Review Panel” 

(https://yosemite.epa.gov/sab/sabproduct.nsf/086D8B853E0B63AE8525835F004DC679/$File/PMRP+Le

tter+to+CASAC+181210+Final+181210.pdf).  This letter included written statements by Frey, as well as, 

George Allen, John Balmes, Judith Chow, Douglas Dockery, Jack Harkema, Donna Kenski, Richard Poirot, 

Jeremy Sarnat, Lianne Sheppard, Barbara Turpin, and Sverre Vedal.   

The statement by Dockery grossly exaggerates the actual PM2.5 deaths evidence in the US and these 

two sentences on page D-4 are simply false: “The [US] evidence collected since the 2009 PM ISA only 

confirms the determination of a causal relationship between long-term PM2.5 exposure and 

mortality. Moreover, there is very strong epidemiologic evidence of long-term PM2.5 exposure and 

mortality associations at concentrations below the current annual NAAQS.”  Dockery, as well as all 

the other authors of the December 10, 2018 letter, fail to cite my null evidence, as well as other null 

evidence.  An examination of Google Scholar (https://scholar.google.com/) reveals that Enstrom 

2017 has gone uncited by the above experts and others interested in promoting PM2.5 deaths, in 

spite of the fact that my research identified fatal flaws in Pope 1995, HEI 2000, and HEI 2009. 

The attached September 28, 2018 Intrepid Insight “Statistical Review of Competing Findings in Fine 

Particulate Matter and Total Mortality Studies” by Jacob Kohlhepp found NO relationship between 

PM2.5 and total mortality in meta analyses including eight US cohorts and six California cohorts, 

particularly when random effects analysis was used 

(https://www.intrepidinsight.com/pm25_statreview/). 

An additional indication that false statements are being made to promote PM2.5 deaths and EPA 

PM2.5 regulations, examine the attached March 21, 2019 JunkScience.com criticism by Steven J. 

Milloy of the March 22, 2019 Science Policy Forum “Don’t abandon evidence and process on air 

pollution policy” by Gretchen Goodman and Francesca Dominici (https://junkscience.com/2019/03/the-

air-quality-science-fraud-empire-strikes-back/).  Dominici is the lead author of potentially the most 

dishonest US epidemiologic study on PM2.5 deaths, as explained on JunkScience.com by Steven Milloy 

(https://junkscience.com/2017/07/retraction-request-made-for-nejm-air-pollution-kills-study/) and in 

my October 12, 2017 NEJM letter (http://www.scientificintegrityinstitute.org/NEJM101217.pdf). 

I conclude by attaching the WHO World Health Organization Map of 2015 Annual Mean Ambient 

PM2.5 (μg/m³) (http://www.who.int/airpollution/en/).  This map shows that current PM2.5 levels are 
very high in China, India, and Africa and very low in the US.  Clearly, more PM2.5 regulations belong 
in China, India, and Africa, not in the US. 
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World Health Organization Map 
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Original Article

Fine Particulate Matter and Total
Mortality in Cancer Prevention Study
Cohort Reanalysis

James E. Enstrom1

Abstract

Background: In 1997 the US Environmental Protection Agency (EPA) established the National Ambient Air Quality Standard
(NAAQS) for fine particulate matter (PM2.5), largely because of its positive relationship to total mortality in the 1982 American
Cancer Society Cancer Prevention Study (CPS II) cohort. Subsequently, EPA has used this relationship as the primary justification
for many costly regulations, most recently the Clean Power Plan. An independent analysis of the CPS II data was conducted in
order to test the validity of this relationship.

Methods: The original CPS II questionnaire data, including 1982 to 1988 mortality follow-up, were analyzed using Cox pro-
portional hazards regression. Results were obtained for 292 277 participants in 85 counties with 1979-1983 EPA Inhalable
Particulate Network PM2.5 measurements, as well as for 212 370 participants in the 50 counties used in the original 1995 analysis.

Results: The 1982 to 1988 relative risk (RR) of death from all causes and 95% confidence interval adjusted for age, sex, race,
education, and smoking status was 1.023 (0.997-1.049) for a 10 mg/m3 increase in PM2.5 in 85 counties and 1.025 (0.990-1.061) in
the 50 original counties. The fully adjusted RR was null in the western and eastern portions of the United States, including in areas
with somewhat higher PM2.5 levels, particularly 5 Ohio Valley states and California.

Conclusion: No significant relationship between PM2.5 and total mortality in the CPS II cohort was found when the best available
PM2.5 data were used. The original 1995 analysis found a positive relationship by selective use of CPS II and PM2.5 data. This
independent analysis of underlying data raises serious doubts about the CPS II epidemiologic evidence supporting the PM2.5

NAAQS. These findings provide strong justification for further independent analysis of the CPS II data.

Keywords
epidemiology, PM2.5, deaths, CPS II, reanalysis

Introduction

In 1997 the US Environmental Protection Agency (EPA) estab-

lished the National Ambient Air Quality Standard (NAAQS)

for fine particulate matter (PM2.5), largely because of its pos-

itive relationship to total mortality in the 1982 American Can-

cer Society (ACS) Cancer Prevention Study (CPS II) cohort, as

published in 1995 by Pope et al.1 The EPA uses this positive

relationship to claim that PM2.5 causes premature deaths. How-

ever, the validity of this finding was immediately challenged

with detailed and well-reasoned criticism.2-4 The relationship

still remains contested and much of the original criticism has

never been properly addressed, particularly the need for truly

independent analysis of the CPS II data.

The EPA claim that PM2.5 causes premature deaths is

implausible because no etiologic mechanism has ever been

established and because it involves the lifetime inhalation of

only about 5 g of particles that are less than 2.5 mm in dia-

meter.5 The PM2.5 mortality relationship has been further chal-

lenged because the small increased risk could be due to well-

known epidemiological biases, such as, the ecological fallacy,

inaccurate exposure measurements, and confounding variables

like copollutants. In addition, there is extensive evidence of

spatial and temporal variation in PM2.5 mortality risk (MR)

that does not support 1 national standard for PM2.5.
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In spite of these serious problems, EPA and the major PM2.5

investigators continue to assert that their positive findings are

sufficient proof that PM2.5 causes premature deaths. Their pre-

mature death claim has been used to justify many costly EPA

regulations, most recently, the Clean Power Plan.6 Indeed,

85% of the total estimated benefits of all EPA regulations

have been attributed to reductions in PM2.5-related premature

deaths. With the assumed benefits of PM2.5 reductions playing

such a major role in EPA regulatory policy, it is essential that

the relationship of PM2.5 to mortality be independently ver-

ified with transparent data and reproducible findings.

In 1998, the Health Effects Institute (HEI) in Boston was com-

missioned to conduct a detailed reanalysis of the original Pope

1995 findings. The July 2000 HEI Reanalysis Report (HEI 2000)

included “PART I: REPLICATION AND VALIDATION” and

“PART II: SENSITIVITY ANALYSES.”7 The HEI Reanaly-

sis Team lead by Daniel Krewski successfully replicated and

validated the 1995 CPS II findings, but they did not analyze the

CPS II data in ways that would determine whether the original

results remained robust using different sources of air pollution

data. For instance, none of their models used the best available

PM2.5 measurements as of 1995.

Particularly troubling is the fact that EPA and the major

PM2.5 investigators have ignored multiple null findings on the

relationship between PM2.5 and mortality in California. These

null findings include my 2005 paper,8 2006 clarification,9 2012

American Statistical Society Joint Statistical Meeting Proceed-

ings paper,10 and 2015 International Conference on Climate

Change presentation about the Clean Power Plan and PM2.5-

related cobenefits.6 There is now overwhelming evidence of a

null PM2.5 mortality relationship in California dating back to

2000. The problems with the PM2.5 mortality relationship have

generated substantial scientific and political concern.

During 2011 to 2013, the US House Science, Space, and

Technology Committee (HSSTC) repeatedly requested that EPA

provide access to the underlying CPS II data, particularly since

substantial Federal funding has been used for CPS II PM2.5

mortality research and publications. On July 22, 2013, the

HSSTC made a particularly detailed request to EPA that included

49 pages of letters dating back to September 22, 2011.11 When

EPA failed to provide the requested data, the HSSTC issued an

August 1, 2013 subpoena to EPA for the CPS II data.12 The ACS

refused to comply with the HSSTC subpoena, as explained in an

August 19, 2013 letter to EPA by Chief Medical Officer Otis W.

Brawley.13 Then, following the subpoena, ACS has refused to

work with me and 3 other highly qualified investigators regard-

ing collaborative analysis of the CPS II data.14 Finally, HEI has

refused to conduct my proposed CPS II analyses.15 However, my

recent acquisition of an original version of the CPS II data has

made possible this first truly independent analysis.

Methods

Computer files containing the original 1982 ACS CPS II dei-

dentified questionnaire data and 6-year follow-up data on

deaths from September 1, 1982 through August 31, 1988, along

with detailed documentation, were obtained from a source with

appropriate access to these data, as explained in the

“Acknowledgments.” This article presents my initial analysis

of the CPS II cohort and it is subject to the limitations of data

and documentation that is not as complete and current as the

data and documentation possessed by ACS.

The research described below is exempt from human parti-

cipants or ethics approval because it involved only statistical

analysis of existing deidentified data. Human participants’

approval was obtained by ACS in 1982 when each individual

enrolled in CPS II. Because of the epidemiologic importance of

this analysis, an effort will be made to post on my Scientific

Integrity Institute website a version of the CPS II data that fully

preserves the confidentiality of all of participants and that con-

tains enough information to verify my findings.

Of the 1.2 million total CPS II participants, analysis has

been done on 297 592 participants residing in 85 counties in

the continental United States with 1979 to 1983 EPA Inhal-

able Particulate Network (IPN) PM2.5 measurements.16,17

Among these participants, there were 18 612 total deaths from

September 1, 1982 through August 31, 1988; 17 329 of these

deaths (93.1%) had a known date of death. Of the 297 592

participants, 292 277 had age at entry of 30 to 99 years and sex

of male [1] or female [2]. Of the 292 277 participants, 269 766

had race of white [1,2,5] or black [3,4]; education level of no

or some high school [1,2], high school graduate [3], some

college [4,5], college graduate [6], or graduate school [7]; and

smoking status of never [1], former [5-8 for males and 3 for

females], or current [2-4 for males and 2 for females]. Those

participants reported to be dead [D, G, K] but without an exact

date of death have been assumed to be alive in this analysis.

The unconfirmed deaths were randomly distributed and did

not impact relative comparisons of death in a systematic way.

The computer codes for the above variables are shown in

brackets.

CPS II participants were entered into the master data file

geographically. Since this deidentified data file does not con-

tain home addresses, the Division number and Unit number

assigned by ACS to each CPS II participant have been used

to define their county of residence. For instance, ACS Division

39 represents the state of Ohio and its Unit 041 represents

Jefferson County, which includes the city of Steubenville,

where the IPN PM2.5 measurements were made. In other words,

most of the 575 participants in Unit 041 lived in Jefferson

County as of September 1, 1982. The IPN PM2.5 value of

29.6739 mg/m3, based on measurements made in Steubenville,

was assigned to all CPS II participants in Unit 041. This PM2.5

value is a weighted average of 53 measurements (mean of

33.9260 mg/m3) and 31 measurements (mean of 29.4884 mg/m3)

made during 1979 to 198216 and 53 measurements (mean of

27.2473 mg/m3) and 54 measurements (mean of 28.0676 mg/m3)

made during 1983.17 The IPN PM2.5 data were collected only

during 1979 to 1983, although some other IPN air pollution data

were collected through 1984. The values for each county that

includes a city with CPS II participants and IPN PM2.5 measure-

ments are shown in Appendix Table A1.
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To make the best possible comparison with Pope 1995 and

HEI 2000 results, the HEI PM2.5 value of 23.1 mg/m3 for Steu-

benville was assigned to all participants in Unit 041. This value

is the median of PM2.5 measurements made in Steubenville

and is shown in HEI 2000 Appendix D “Alternative Air

Pollution Data in the ACS Study.”7 Analyses were done for

the 50 counties containing the original 50 cities with CPS II

participants and HEI PM2.5 values used in Pope 1995 and HEI

2000. Additional analyses were done for all 85 counties con-

taining cities with both CPS II participants and IPN PM2.5 data.

Without explanation, Pope 1995 and HEI 2000 omitted from

their analyses, 35 cities with CPS II participants and IPN PM2.5

data. To be clear, these analyses are based on the CPS II

participants assigned to each Unit (county) that included a

city with IPN PM2.5 data. The original Pope 1995 and HEI

2000 analyses were based on the CPS II participants assigned

to each metropolitan area (MA) that included a city with HEI

PM2.5 data, as defined in HEI 2000 Appendix F “Definition of

Metropolitan Areas in the ACS Study.”7 The MA, which was

equivalent to the US Census Bureau Standard Metropolitan

Statistical Area (SMSA), always included the county contain-

ing the city with the HEI PM2.5 data and often included 1 or

more additional counties.

The SAS 9.4 procedure PHREG was used to conduct Cox

proportional hazards regression.18 Relative risks (RRs) for

death from all causes and 95% confidence intervals (CI) were

calculated using age–sex adjustment and full adjustment (age,

sex, race, education, and smoking status, as defined above).

Each of the 5 adjustment variables had a strong relationship

to total mortality. Race, education, and smoking status were the

3 adjustment variables that had the greatest impact on the age–

sex-adjusted RR. The Pope 1995 and HEI 2000 analyses used 4

additional adjustment variables that had a lesser impact on the

age–sex-adjusted RR.

In addition, county-level ecological analyses were done by

comparing IPN PM2.5 and HEI PM2.5 values to 1980 age-

adjusted white total death rates (DRs) determined by the Cen-

ters for Disease Control and Prevention (CDC) WONDER19

and mortality risks (MRs) as shown in Figures 5 and 21 of HEI

2000.7 Death rates are age adjusted to the 2000 US Standard

Population and are expressed as annual deaths per 100 000

persons. The SAS 9.4 procedure REGRESSION was used to

conduct linear regression of PM2.5 values with DRs and MRs.

Appendix Table A1 lists the 50 original cities used in Pope

1995 and HEI 2000 and includes city, county, state, ACS Divi-

sion and Unit numbers, Federal Information Processing Stan-

dards (FIPS) code, IPN average PM2.5 level, HEI median PM2.5

level, 1980 DR, and HEI MR. Appendix Table A1 also lists

similar information for the 35 additional cities with CPS II

participants and IPN PM2.5 data. However, HEI PM2.5 and HEI

MR data are not available for these 35 cities.

Results

Table 1 shows basic demographic characteristics for the CPS II

participants, as stated in Pope 1995,1 HEI 2000,7 and this cur-

rent analysis. There is excellent agreement on age, sex, race,

education, and smoking status. However, the IPN PM2.5

averages are generally about 20% higher than the HEI PM2.5

medians, although the differences range from þ78% to �28%.

Table 1. Summary Characteristics of CPS II Participants in (1) Pope 1995 Table 1,1 (2) HEI 2000 Table 24,7 and (3) Current Analysis Based on
CPS II Participants in 50 and 85 Counties.

Characteristics
Pope 1995

Table 1
HEI 2000
Table 24

Current CPS II Analysis

n ¼ 50 HEI PM2.5 n ¼ 50 IPN PM2.5 n ¼ 85 IPN PM2.5

Number of metro areas 50 50
Number of counties Not stated Not stated 50 50 85
Age–sex-adjusted participants 212 370 212 370 292 277
Fully adjusted participants 295 223 298 817 195 215 195 215 269 766
Age–sex-adjusted deaths 12 518 12 518 17 231
Fully adjusted deaths 20 765 23 093 11 221 11 221 15 593
Values below are for participants in fully adjusted results
Age at enrollment, mean years 56.6 56.6 56.66 56.66 56.64
Sex (% females) 55.9 56.4 56.72 56.72 56.61
Race (% white) 94.0 94.0 94.58 94.58 95.09
Less than high school education, % 11.3 11.3 11.71 11.71 11.71
Never smoked regularly, % 41.69 41.69 41.57
Former smoker, % 33.25 33.25 33.67
Former cigarette smoker, % 29.4 30.2 30.43 30.43 30.81
Current smoker, % 25.06 25.06 24.76
Current cigarette smoker, % 21.6 21.4 21.01 21.01 20.76
Fine particles, mg/m3

Average 18.2 18.2 17.99 21.37 21.16
SD 5.1 4.4 4.52 5.30 5.98
Range 9.0-33.5 9.0-33.4 9.0-33.4 10.77-29.67 10.63-42.01

Abbreviations: CPS, Cancer Prevention Study; HEI, Health Effects Institute; IPN, Inhalable Particulate Network; PM2.5, fine particulate matter.
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Table 2 shows that during 1982 to 1988, there was no signif-

icant relationship between IPN PM2.5 and total mortality in the

entire United States. The fully adjusted RR and 95% CI was 1.023

(0.997-1.049) for a 10 mg/m3 increase in PM2.5 in all 85 counties

and 1.025 (0.990-1.061) in the 50 original counties. Indeed, the

fully adjusted RR was not significant in any area of the United

States, such as, the states west of the Mississippi River, the states

east of the Mississippi River, the 5 Ohio Valley states (Indiana,

Kentucky, Ohio, Pennsylvania, and West Virginia), and the states

other than the Ohio Valley states. The age–sex-adjusted and fully

adjusted RRs in the states other than the Ohio Valley states are all

consistent with no relationship and most are very close to 1.00.

The slightly positive age–sex-adjusted RRs for the entire United

States and the Ohio Valley states became statistically consistent

with no relationship after controlling for the 3 confounding vari-

ables of race, education, and smoking status.

However, the fully adjusted RR for the entire United States

was 1.082 (1.039-1.128) when based on the HEI PM2.5 values in

50 counties. This RR agrees quite well with the fully adjusted

RR of 1.067 (1.037-1.099) for 1982 to 1989, which is shown in

Table 34 of the June 2009 HEI Extended Follow-up Research

Report (HEI 2009).20 Thus, the positive nationwide RRs in the

CPS II cohort depend upon the use of HEI PM2.5 values. The

nationwide RRs are consistent with no effect when based on IPN

PM2.5 values. The findings in Table 2 clearly demonstrate the

large influence of PM2.5 values and geography on the RRs.

Table 3 shows that the fully adjusted RR in California was

0.992 (0.954-1.032) when based on IPN PM2.5 values in all 11

California counties. This null finding is consistent with the 15

other findings of a null relationship in California, all of which

are shown in Appendix Table B1. However, when the RR is

based on the 4 California counties used in Pope 1995 and HEI

2000, there is a significant inverse relationship. The fully

adjusted RR is 0.879 (0.805-0.960) when based on the IPN

PM2.5 values and is 0.870 (0.788-0.960) when based on the

HEI PM2.5 values. This significant inverse relationship is in

exact agreement with the finding of a special analysis of the

CPS II cohort done for HEI by Krewski in 2010, which yielded

a fully adjusted RR of 0.872 (0.805-0.944) during 1982 to 1989

in California when based on HEI PM2.5 values.21 In this

instance, the California RRs are clearly dependent upon the

number of counties used.

Table 4 shows that the ecological analysis based on linear

regression is quite consistent with the proportional hazard

regression results in Tables 2 and 3, in spite of the fact that

the regression results are not fully adjusted. Using 1980

age-adjusted white total DRs versus HEI PM2.5 values in

50 counties, linear regression yielded a regression coeffi-

cient of 6.96 (standard error [SE] ¼ 1.85) that was statisti-

cally significant at the 95% confidence level. Pope 1995

reported a significant regression coefficient for 50 cities

of 8.0 (SE ¼ 1.4). However, this positive coefficient is

Table 2. Age–Sex-Adjusted and Fully Adjusted Relative Risk of Death From All Causes (RR and 95% CI) From September 1, 1982 Through
August 31, 1988 Associated With Change of 10 mg/m3 Increase in PM2.5 for CPS II Participants Residing in 50 and 85 Counties in the Continental
United States With 1979 to 1983 IPN PM2.5 Measurements.a

PM2.5 Years and Source Number of Counties Number of Participants Number of Deaths RR 95% CI Lower Upper Average PM2.5

Age–sex adjusted RR for the continental United States
1979-1983 IPN 85 292 277 17 321 1.038 (1.014-1.063) 21.16
1979-1983 IPN 50 212 370 12 518 1.046 (1.013-1.081) 21.36
1979-1983 HEI 50 212 370 12 518 1.121 (1.078-1.166) 17.99

Fully adjusted RR for the continental United States
1979-1983 IPN 85 269 766 15 593 1.023 (0.997-1.049) 21.15
1979-1983 IPN 50 195 215 11 221 1.025 (0.990-1.061) 21.36
1979-1983 HEI 50 195 215 11 221 1.082 (1.039-1.128) 17.99

Age–sex adjusted RR for Ohio Valley States (IN, KY, OH, PA, WV)
1979-1983 IPN 17 56 979 3649 1.126 (1.011-1.255) 25.51
1979-1983 IPN 12 45 303 2942 1.079 (0.951-1.225) 25.76
1979-1983 HEI 12 45 303 2942 1.153 (1.027-1.296) 22.02

Fully adjusted RR for Ohio Valley states (IN, KY, OH, PA, WV)
1979-1983 IPN 17 53 026 3293 1.096 (0.978-1.228) 25.51
1979-1983 IPN 12 42 174 2652 1.050 (0.918-1.201) 25.75
1979-1983 HEI 12 42 174 2652 1.111 (0.983-1.256) 22.02

Age–sex adjusted RR for states other than the Ohio Valley states
1979-1983 IPN 68 235 298 13 672 0.999 (0.973-1.027) 20.11
1979-1983 IPN 38 167 067 9576 0.983 (0.946-1.021) 20.18
1979-1983 HEI 38 167 067 9576 1.045 (0.997-1.096) 16.90

Fully adjusted RR for states other than the Ohio Valley states
1979-1983 IPN 68 216 740 12 300 0.994 (0.967-1.023) 20.09
1979-1983 IPN 38 153 041 8569 0.975 (0.936-1.015) 20.15
1979-1983 HEI 38 153 041 8569 1.025 (0.975-1.078) 16.89

Abbreviations: CI, confidence interval; CPS, Cancer Prevention Study; HEI, Health Effects Institute; IPN, Inhalable Particulate Network; PM2.5, particulate matter.
aAnalysis includes continental United States, 5 Ohio Valley states, and remainder of the states. Appendix Table A1 lists the 85 cities and counties with PM2.5

measurements.
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misleading because both DRs and PM2.5 levels are higher in

the East than in the West. Regional regression analyses did

not generally yield significant regression coefficients. Spe-

cifically, there were no significant regression coefficients

for California, the 5 Ohio Valley states, or all states west

of the Mississippi River. These findings reinforce the CPS II

cohort evidence of statistically insignificant PM2.5 MR

throughout the United States.

Table 4. Linear Regression Results for 1979 to 1983 IPN PM2.5 and 1979 to 1983 HEI PM2.5 Versus 1980 Age-Adjusted White Total Death Rate
(DR) for 85 Counties With IPN PM2.5 Data and for 50 HEI 2000 Counties With IPN PM2.5 and HEI PM2.5 data.

DR or MR, PM2.5 Years and Source
Number of
Counties

DR or MR
Intercept

DR or MR
Slope Lower

95% CI of DR or MR Slope
Upper P Value

Entire continental United States
DR and 1979-1983 IPN 85 892.68 6.8331 3.8483 9.8180 0.0000
DR and 1979-1983 HEI 50 910.92 6.9557 3.2452 10.6662 0.0004
MR and 1979-1983 IPN 50 0.6821 0.0102 0.0044 0.0160 0.0009
MR and 1979-1983 HEI 50 0.6754 0.0121 0.0068 0.0173 0.0000

Ohio Valley states (IN, KY, OH, PA, and WV)
DR and 1979-1983 IPN 17 941.77 6.0705 �0.0730 12.2139 0.0524
DR and 1979-1983 HEI 12 1067.29 1.3235 �7.3460 9.9930 0.7408
MR and 1979-1983 IPN 12 0.8153 0.0077 �0.0054 0.0208 0.2202
MR and 1979-1983 HEI 12 0.9628 0.0020 �0.0080 0.0121 0.6608

States other than the Ohio Valley states
DR and 1979-1983 IPN 68 921.45 4.8639 0.9093 8.8186 0.0167
DR and 1979-1983 HEI 38 934.66 4.8940 �0.4337 10.2218 0.0706
MR and 1979-1983 IPN 38 0.8111 0.0020 �0.0054 0.0094 0.5891
MR and 1979-1983 HEI 38 0.7334 0.0072 0.0000 0.0144 0.0491

States west of the Mississippi river
DR and 1979-1983 IPN 36 920.10 4.0155 �0.9396 8.9706 0.1088
DR and 1979-1983 HEI 22 930.11 4.1726 �5.2015 13.5468 0.3642
MR and 1979-1983 IPN 22 0.8663 �0.0025 �0.0162 0.0112 0.7067
MR and 1979-1983 HEI 22 0.6413 0.0134 �0.0018 0.0285 0.0807

California
DR and 1979-1983 IPN 11 921.71 3.6516 �1.8230 9.1262 0.1656
DR and 1979-1983 HEI 4 992.50 1.9664 �46.6929 50.6256 0.8780
MR and 1979-1983 IPN 4 0.9529 �0.0074 �0.0600 0.0453 0.6072
MR and 1979-1983 HEI 4 0.8336 �0.0021 �0.0618 0.0576 0.8935

Abbreviations: CI, confidence interval; HEI, Health Effects Institute; IPN, Inhalable Particulate Network; MR, mortality risk; PM2.5, particulate matter.
aLinear regression results are also shown for 1979 to 1983 IPN PM2.5 and 1979 to 1983 HEI PM2.5 versus MR for the 50 “cities” (metropolitan areas) in figures 5
and 21 in HEI 2000.

Table 3. Age–Sex-Adjusted and Fully Adjusted Relative Risk of Death From All Causes (RR and 95% CI) From September 1, 1982 Through
August 31, 1988 Associated With 10 mg/m3 Increase in PM2.5 for California CPS II Participants Living in 4 and 11 Counties With 1979 to 1983 IPN
PM2.5 Measurements.a

PM2.5 Years and Source
Number of
Counties

Number of
Participants

Number of
Deaths RR

95% CI of RR
Lower Upper Average PM2.5

Age–sex adjusted RR for California during 1982 to 1988
1979-1983 IPN 11 66 615 3856 1.005 (0.968-1.043) 24.08
1979-1983 IPN 4 40 527 2146 0.904 (0.831-0.983) 24.90
1979-1983 HEI 4 40 527 2146 0.894 (0.817-0.986) 18.83

Fully adjusted (age, sex, race, education, and smoking status) RR for California during 1982 to 1988
1979-1983 IPN 11 60 521 3512 0.992 (0.954-1.032) 24.11
1979-1983 IPN 4 36 201 1939 0.879 (0.805-0.960) 25.01
1979-1983 HEI 4 36 201 1939 0.870 (0.788-0.960) 18.91

Fully adjusted (44 confounders) RR for California during 1982 to 1989 as per Krewski21

“Same” Standard Cox Model 1979-1983 HEI 4 40 408 0.872 (0.805-0.944) *19
“Different” Standard Cox Model 1979-1983 HEI 4 38 925 0.893 (0.823-0.969) *19

Abbreviations: CI, confidence interval; CPS, Cancer Prevention Study; HEI, Health Effects Institute; IPN, Inhalable Particulate Network; PM2.5, particulate matter.
aAlso, fully adjusted RR for California participants in 4 counties from September 1, 1982 through December 31, 1989 as calculated by Krewski.21
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Conclusion

This independent analysis of the CPS II cohort found that there

was no significant relationship between PM2.5 and death from

all causes during 1982 to 1988, when the best available PM2.5

measurements were used for the 50 original counties and for all

85 counties with PM2.5 data and CPS II participants. However,

a positive relationship was found when the HEI PM2.5 measure-

ments were used for the 50 original counties, consistent with

the findings in Pope 1995 and HEI 2000. This null and positive

evidence demonstrates that the PM2.5 mortality relationship is

not robust and is quite sensitive to the PM2.5 data and CPS II

participants used in the analysis.

Furthermore, the following statement on page 80 of HEI

2000 raises serious doubts about the quality of the air pollu-

tion data used in Pope 1995 and HEI 2000: “AUDIT OF AIR

QUALITY DATA. The ACS study was not originally

designed as an air pollution study. The air quality monitoring

data used for the ACS analyses came from various sources,

some of which are now technologically difficult to access.

Documentation of the statistical reduction procedures has

been lost. Summary statistics for different groups of standard

metropolitan statistical areas had been derived by different

investigators. These data sources do not indicate whether the

tabulated values refer to all or a subset of monitors in a region

or whether they represent means or medians.”7

The Pope 1995 and HEI 2000 analyses were based on 50

median PM2.5 values shown in Appendix A of the 1988 Broo-

khaven National Laboratory Report 52122 by Lipfert et al.22

These analyses did not use or cite the high quality and widely

known EPA IPN PM2.5 data in spite of the fact that these data

have been available in 2 detailed EPA reports since 1986.16,17

Lipfert informed HEI about the IPN data in 1998: “During the

early stages of the Reanalysis Project, I notified HEI and the

reanalysis contractors of the availability of an updated version

of the IPN data from EPA, which they apparently obtained.

This version includes more locations and a slightly longer

period of time. It does not appear that the newer IPN data are

listed in Appendix G, and it is thus not possible to confirm if

SMSA assignments were made properly.”23

Thus, the HEI Reanalysis Team failed to properly

“evaluate the sensitivity of the original findings to the indi-

cators of exposure to fine particle air pollution used by the

Original Investigators” and failed to select “all participants

who lived within each MA for which data on sulfate or fine

particle pollution were available.”7 Furthermore, HEI 2009

did not use these data even though the investigators were

aware of my 2005 null PM2.5 mortality findings in Califor-

nia,8 which were based on the IPN data for 11 California

counties, instead of the 4 California counties used in Pope

1995 and HEI 2000. Indeed, HEI 2009 did not cite my 2005

findings, in spite of my personal discussion of these findings

with Pope, Jerrett, and Burnett on July 11, 2008.24 Finally,

HEI 2009 did not acknowledge or address my 2006 concerns

about the geographic variation in PM2.5 MR clearly shown in

HEI 2000 Figure 21,7 which is included here as Appendix

Figure C1. HEI 2009 entirely avoided the issue of geographic

variation in PM2.5 MR and omitted the equivalent to HEI 2000

Figure 21.

Since 2002, HEI has repeatedly refused to provide the city-

specific PM2.5-related MR for the 50 cities included in HEI

2000 Figure 21.15 I estimated these MRs in 2010 based on

visual measurements of HEI 2000 Figure 5, and my estimates

are shown in Appendix Table A1.25 Figure 21 and its MRs

represented early evidence that there was no PM2.5-related

MR in California. Appendix Table B1 shows the now over-

whelming 2000 to 2016 evidence from 6 different cohorts

that there is no relationship between PM2.5 and total mor-

tality in California. Indeed, the weighted average RR of the

latest results from the 6 California cohorts is RR ¼ 0.999

(0.988-1.010).26

The authors of the CPS II PM2.5 mortality publications, which

began with Pope 1995, have faced original criticism,2-4 my crit-

icism,6-10,14,15 and the criticism of the HSSTC and its sub-

poena.11-13 Now, my null findings represent a direct challenge

to the positive findings of Pope 1995. All of this criticism is

relevant to the EPA claim that PM2.5 has a causal relationship

to total mortality. The authors of Pope 1995, HEI 2000, and

HEI 2009 need to promptly address my findings, as well as the

earlier criticism. Then, they need to cooperate with critics on

transparent air pollution epidemiology analyses of the CPS II

cohort data.

Also, major scientific journals like the New England Jour-

nal of Medicine (NEJM) and Science, which have consistently

written about the positive relationship between PM2.5 and

total mortality, need to publish evidence of no relationship

when strong null evidence is submitted to them. In 2015,

Science immediately rejected without peer reviewing 3 ver-

sions of strong evidence that PM2.5 does not cause premature

deaths.5 In 2016, Science immediately rejected without peer

reviewing this article. Indeed, this article was rejected by

NEJM, Science, and 5 other major journals, as described in

a detailed compilation of relevant correspondence.27 Most

troubling is the rejection by the American Journal of Respira-

tory and Clinical Care Medicine, which has published Pope

1995 and several other PM2.5 mortality articles based on the

CPS II cohort data.

In summary, the null CPS II PM2.5 mortality findings in this

article directly challenge the original positive Pope 1995 find-

ings, and they raise serious doubts about the CPS II epidemio-

logic evidence supporting the PM2.5 NAAQS. These findings

demonstrate the importance of independent and transparent

analysis of underlying data. Finally, these findings provide

strong justification for further independent analysis of CPS II

cohort data.
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Appendix A

Table A1. List of the 85 Counties Containing the 50 Cities Used in Pope 1995, HEI 2000, and This Analysis, as well as the 35 Additional Cities
Used Only in This Analysis.a

State
ACS

Div-Unit
FIPS
Code

IPN/HEI County
Containing
IPN/HEI City

IPN/HEI City
With PM2.5

Measurements

1979-1983
IPN PM2.5, mg/m3,

(Weighted Average)

1979-1983
HEI PM2.5, mg/m3

(Median)

1980 Age-Adj
White Death

Rate (DR)

HEI Figure 5
Mortality Risk

(MR)

AL 01037 01073 Jefferson Birmingham 25.6016 24.5 1025.3 0.760
AL 01049 01097 Mobile Mobile 22.0296 20.9 1067.2 0.950
AZ 03700 04013 Maricopa Phoenix 15.7790 15.2 953.0 0.855
AR 04071 05119 Pulaski Little Rock 20.5773 17.8 1059.4 0.870
CA 06001 06001 Alameda Livermore 14.3882 1016.6
CA 06002 06007 Butte Chico 15.4525 962.5
CA 06003 06013 Contra Costa Richmond 13.9197 937.1
CA 06004 06019 Fresno Fresno 18.3731 10.3 1001.4 0.680
CA 06008 06029 Kern Bakersfield 30.8628 1119.3
CA 06051 06037 Los Angeles Los Angeles 28.2239 21.8 1035.1 0.760
CA 06019 06065 Riverside Rubidoux 42.0117 1013.9
CA 06020 06073 San Diego San Diego 18.9189 943.7
CA 06021 06075 San Francisco San Francisco 16.3522 12.2 1123.1 0.890
CA 06025 06083 Santa Barbara Lompoc 10.6277 892.8
CA 06026 06085 Santa Clara San Jose 17.7884 12.4 921.9 0.885
CO 07004 08031 Denver Denver 10.7675 16.1 967.3 0.925
CO 07047 08069 Larimer Fort Collins 11.1226 810.5
CO 07008 08101 Pueblo Pueblo 10.9155 1024.1
CT 08001 09003 Hartford Hartford 18.3949 14.8 952.0 0.845
CT 08004 09005 Litchfield Litchfield 11.6502 941.5
DE 09002 10001 Kent Dover 19.5280 959.4
DE 09004 10003 New Castle Wilmington 20.3743 1053.7
DC 10001 11001 Dist Columbia Washington 25.9289 22.5 993.2 0.850
FL 11044 12057 Hillsborough Tampa 13.7337 11.4 1021.8 0.845
GA 12027 13051 Chatham Savannah 17.8127 1029.6
GA 12062 13121 Fulton Atlanta 22.5688 20.3 1063.5 0.840
ID 13001 16001 ADA Boise 18.0052 12.1 892.6 0.600
IL 14089 17031 Cook Chicago 25.1019 21.0 1076.3 0.945
IL 14098 17197 Will Braidwood 17.1851 1054.0
IN 15045 18089 Lake Gary 27.4759 25.2 1129.8 0.995
IN 15049 18097 Marion Indianapolis 23.0925 21.1 1041.2 0.970
KS 17287 20173 Sedgwick Wichita 15.0222 13.6 953.4 0.890
KS 17289 20177 Shawnee Topeka 11.7518 10.3 933.7 0.830
KY 18010 21019 Boyd Ashland 37.7700 1184.6
KY 18055 21111 Jefferson Louisville 24.2134 1095.7
MD 21106 24510 Baltimore City Baltimore 21.6922 1237.8
MD 21101 24031 Montgomery Rockville 20.2009 881.9
MA 22105 25013 Hampden Springfield 17.5682 1025.3
MA 22136 25027 Worcester Worcester 16.2641 1014.6
MN 25001 27053 Hennepin Minneapolis 15.5172 13.7 905.3 0.815
MN 25150 27123 Ramsey St Paul 15.5823 935.7
MS 26086 28049 Hinds Jackson 18.1339 15.7 1087.4 0.930
MO 27001 29095 Jackson Kansas City 17.8488 1090.3
MT 28009 30063 Missoula Missoula 17.6212 938.0
MT 28011 30093 Silver Bow Butte 16.0405 1299.5
NE 30028 31055 Douglas Omaha 15.2760 13.1 991.0 0.880
NV 31101 32031 Washoe Reno 13.1184 11.8 1049.5 0.670
NJ 33004 34007 Camden Camden 20.9523 1146.9
NJ 33007 34013 Essex Livingston 16.4775 1072.7
NJ 33009 34017 Hudson Jersey City 19.9121 17.3 1172.6 0.810
NM 34201 35001 Bernalillo Albuquerque 12.8865 9.0 1014.7 0.710
NY 36014 36029 Erie Buffalo 25.1623 23.5 1085.6 0.960
NY 35001 36061 New York New York City 23.9064 1090.4
NC 37033 37063 Durham Durham 19.4092 16.8 1039.2 1.000

(continued)
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Appendix B

Table A1. (continued)

State
ACS

Div-Unit
FIPS
Code

IPN/HEI County
Containing
IPN/HEI City

IPN/HEI City
With PM2.5

Measurements

1979-1983
IPN PM2.5, mg/m3,

(Weighted Average)

1979-1983
HEI PM2.5, mg/m3

(Median)

1980 Age-Adj
White Death

Rate (DR)

HEI Figure 5
Mortality Risk

(MR)

NC 37064 37119 Mecklenburg Charlotte 24.1214 22.6 932.8 0.835
OH 39009 39017 Butler Middletown 25.1789 1108.3
OH 39018 39035 Cuyahoga Cleveland 28.4120 24.6 1089.1 0.980
OH 39031 39061 Hamilton Cincinnati 24.9979 23.1 1095.2 0.980
OH 39041 39081 Jefferson Steubenville 29.6739 23.1 1058.6 1.145
OH 39050 39099 Mahoning Youngstown 22.9404 20.2 1058.4 1.060
OH 39057 39113 Montgomery Dayton 20.8120 18.8 1039.5 0.980
OH 39077 39153 Summit Akron 25.9864 24.6 1064.0 1.060
OK 40055 40109 Oklahoma Oklahoma City 14.9767 15.9 1050.4 0.985
OR 41019 41039 Lane Eugene 17.1653 885.5
OR 41026 41051 Multnomah Portland 16.3537 14.7 1060.8 0.830
PA 42101 42003 Allegheny Pittsburgh 29.1043 17.9 1115.6 1.005
PA 42443 42095 Northampton Bethlehem 19.5265 998.6
PA 43002 42101 Philadelphia Philadelphia 24.0704 21.4 1211.0 0.910
RI 45001 44007 Providence Providence 14.2341 12.9 1006.1 0.890
SC 46016 45019 Charleston Charleston 16.1635 1023.5
TN 51019 47037 Davidson Nashville 21.8944 20.5 981.9 0.845
TN 51088 47065 Hamilton Chattanooga 18.2433 16.6 1087.9 0.840
TX 52811 48113 Dallas Dallas 18.7594 16.5 1024.9 0.850
TX 52859 48141 El Paso El Paso 16.9021 15.7 903.5 0.910
TX 52882 48201 Harris Houston 18.0421 13.4 1025.7 0.700
UT 53024 49035 Salt Lake Salt Lake City 16.6590 15.4 954.3 1.025
VA 55024 51059 Fairfax Fairfax 19.5425 925.7
VA 55002 51710 Norfolk City Norfolk 19.5500 16.9 1139.3 0.910
WA 56017 53033 King Seattle 14.9121 11.9 943.6 0.780
WA 56032 53063 Spokane Spokane 13.5200 9.4 959.2 0.810
WV 58130 54029 Hancock Weirton 25.9181 1094.8
WV 58207 54039 Kanawha Charleston 21.9511 20.1 1149.5 1.005
WV 58117 54069 Ohio Wheeling 23.9840 33.4 1117.5 1.020
WI 59005 55009 Brown Green Bay 20.5462 931.0
WI 59052 55105 Rock Beloit 19.8584 1019.4

aEach location includes State, ACS Division Unit number, Federal Information Processing Standards (FIPS) code, IPN/HEI county, IPN/HEI city with PM2.5

measurements, 1979-1983 IPN average PM2.5 level, 1979-1983 HEI median PM2.5 level, 1980 age-adjusted white county total death rate (annual deaths per
100 000), and HEI 2000 figure 5 mortality risk for HEI city (metropolitan area). List also includes 35 additional counties containing cities with IPN PM2.5 data used in
this analysis. These 35 counties do not have HEI PM2.5 data.

Table B1. Epidemiologic Cohort Studies of PM2.5 and Total Mortality in California, 2000 to 2016: Relative Risk of Death From All Causes (RR
and 95% CI) Associated With Increase of 10 mg/m3 in PM2.5 (http://scientificintegrityinstitute.org/NoPMDeaths081516.pdf).

Krewski 2000 and 2010a,b CA CPS II Cohort N ¼ 40 408 RR ¼ 0.872 (0.805-0.944) 1982-1989
(N ¼ [18 000 M þ 22 408 F]; 4 MSAs; 1979-1983 PM2.5; 44 covariates)

McDonnell 2000c CA AHSMOG Cohort N * 3800 RR * 1.00 (0.95-1.05) 1977-1992
(N*[1347 M þ 2422 F]; SC&SD&SF AB; M RR ¼ 1.09 (0.98-1.21) & F RR*0.98 (0.92-1.03))

Jerrett 2005d CPS II Cohort in LA Basin N ¼ 22 905 RR ¼ 1.11 (0.99-1.25) 1982-2000
(N ¼ 22 905 M and F; 267 zip code areas; 1999-2000 PM2.5; 44 cov þ max confounders)

Enstrom 2005e CA CPS I Cohort N ¼ 35 783 RR ¼ 1.039 (1.010-1.069) 1973-1982
(N ¼ [15 573 M þ 20 210 F]; 11 counties; 1979-1983 PM2.5) RR ¼ 0.997 (0.978-1.016) 1983-2002

Enstrom 2006f CA CPS I Cohort N ¼ 35 783 RR ¼ 1.061 (1.017-1.106) 1973-1982
(N ¼ [15 573 M þ 20 210 F]; 11 counties; 1979-1983 and 1999-2001 PM2.5) RR ¼ 0.995 (0.968-1.024) 1983-2002

Zeger 2008g MCAPS Cohort “West” N ¼ 3 100 000 RR ¼ 0.989 (0.970-1.008) 2000-2005
(N ¼ [1.5 M M þ 1.6 M F]; Medicare enrollees in CA þ OR þWA (CA ¼ 73%); 2000-2005 PM2.5)

(continued)
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Table B1. (continued)

Jerrett 2010h CA CPS II Cohort N ¼ 77 767 RR * 0.994 (0.965-1.025) 1982-2000
(N ¼ [34 367 M þ 43 400 F]; 54 counties; 2000 PM2.5; KRG ZIP; 20 ind cov þ 7 eco var; slide 12)

Krewski 2010b (2009) CA CPS II Cohort
(4 MSAs; 1979-1983 PM2.5; 44 cov) N ¼ 40 408 RR ¼ 0.960 (0.920-1.002) 1982-2000
(7 MSAs; 1999-2000 PM2.5; 44 cov) N ¼ 50 930 RR ¼ 0.968 (0.916-1.022) 1982-2000

Jerrett 2011i CA CPS II Cohort N ¼ 73 609 RR ¼ 0.994 (0.965-1.024) 1982-2000
(N ¼ [32 509 M þ 41 100 F]; 54 counties; 2000 PM2.5; KRG ZIP Model; 20 ind cov þ 7 eco var; Table 28)
Jerrett 2011i CA CPS II Cohort N ¼ 73 609 RR ¼ 1.002 (0.992-1.012) 1982-2000
(N ¼ [32 509 M þ 41 100 F]; 54 counties; 2000 PM2.5; Nine Model Ave; 20 ic þ 7 ev; Figure 22 and Tables 27-32)

Lipsett 2011j CA Teachers Cohort N ¼ 73 489 RR ¼ 1.01 (0.95-1.09) 2000-2005
(N ¼ [73 489 F]; 2000-2005 PM2.5)

Ostro 2011k CA Teachers Cohort N ¼ 43 220 RR ¼ 1.06 (0.96-1.16) 2002-2007
(N ¼ [43 220 F]; 2002-2007 PM2.5)

Jerrett 2013l CA CPS II Cohort N ¼ 73 711 RR ¼ 1.060 (1.003-1.120) 1982-2000
(N ¼ [*32 550 M þ *41 161 F]; 54 counties; 2000 PM2.5; LUR Conurb Model; 42 ind cov þ 7 eco var þ 5 metro; Table 6)

Jerrett 2013l CA CPS II Cohort N ¼ 73 711 RR ¼ 1.028 (0.957-1.104) 1982-2000
(Same parameters and model as above, except including co-pollutants NO2 and Ozone; Table 5)

Ostro 2015m CA Teachers Cohort N ¼ 101 884 RR ¼ 1.01 (0.98-1.05) 2001-2007
(N ¼ [101 881 F]; 2002-2007 PM2.5) (all natural causes of death)

Thurston 2016n CA NIH-AARP Cohort N ¼ 160 209 RR ¼ 1.02 (0.99-1.04) 2000-2009
(N ¼ [*95 965 M þ *64 245 F]; full baseline model: PM2.5 by zip code; Table 3) (all natural causes of death)

Enstrom 2016 unpublished CA NIH-AARP Cohort N ¼ 160 368 RR ¼ 1.001 (0.949-1.055) 2000-2009
(N ¼ [*96 059 M þ *64 309 F]; full baseline model: 2000 PM2.5 by county)

aKrewski D. “Reanalysis of the Harvard Six Cities Study and the American Cancer Society Study of Particulate Air Pollution and Mortality: HEI Special Report. July
2000”. 2000. Figure 5 and Figure 21 of Part II: Sensitivity Analyses http://www.scientificintegrityinstitute.org/HEIFigure5093010.pdf.
bKrewski D. August 31, 2010 letter from Krewski to Health Effects Institute and CARB with California-specific PM2.5 mortality results from Table 34 in Krewski
2009. 2010. http://www.arb.ca.gov/research/health/pm-mort/HEI_Correspondence.pdf
cMcDonnell WF, Nishino-Ishikawa N, Petersen FF, Chen LH, Abbey DE. Relationships of mortality with the fine and coarse fractions of long-term ambient PM10

concentrations in nonsmokers. J Expo Anal Environ Epidemiol. 2000;10(5):427-436. http://www.scientificintegrityinstitute.org/JEAEE090100.pdf
dJerrett M, Burnett RT, Ma R, et al. Spatial Analysis of Air Pollution and Mortality in Los Angeles. Epidemiology. 2005;16(6):727-736. http://www.scientificinte-
grityinstitute.org/Jerrett110105.pdf
eEnstrom JE. Fine particulate air pollution and total mortality among elderly Californians, 1973-2002. Inhal Toxicol. 2005;17(14):803-816. http://www.arb.ca.gov/
planning/gmerp/dec1plan/gmerp_comments/enstrom.pdf, and http://www.scientificintegrityinstitute.org/IT121505.pdf
fEnstrom JE. Response to“A Critiqueof ‘FineParticulate Air Pollution and Total Mortality Among Elderly Californians, 1973-2002” byBertBrunekreef, PhD, and Gerard
Hoek, PhD’. Inhal Toxicol. 2006:18:509-514. http://www.scientificintegrityinstitute.org/IT060106.pdf, and http://www.scientificintegrityinstitute.org/ITBH060106.pdf
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Letter to the Editor

Fine Particulate Air Pollution and Mortality:
Response to Enstrom’s Reanalysis of the
American Cancer Society Cancer
Prevention Study II Cohort

C. Arden Pope III1, Daniel Krewski2,3,4, Susan M. Gapstur5,
Michelle C. Turner2,6,7,8, Michael Jerrett9, and Richard T. Burnett10

Background

The first analysis of long-term exposures to air pollution and

risk of mortality using the American Cancer Society Cancer

Prevention Study II (ACS CPS-II) cohort was published in

1995.1 Subsequently, extensive independent reanalysis2 and

multiple extended analyses3-7 were conducted. These studies

have consistently demonstrated that exposure to fine particu-

late matter air pollution (PM2.5) is associated with increased

risk of mortality, especially cardiopulmonary or cardiovascular

disease mortality. A recent analysis by Enstrom, based on early

data from the ACS CPS-II cohort, reports no significant rela-

tionship between PM2.5 and total mortality.8 The author asserts

that the original analyses, reanalyses, and the extended analy-

ses found positive PM2.5–mortality relationships because of

selective use of CPS-II and PM2.5 data.

Expanded Analyses of the ACS CPS-II Cohort

The assertion regarding selective use of the CPS-II and PM2.5

data is false. The scope of analyses of the ACS CPS-II cohort

conducted over more than 2 decades were explicitly expanded

over time to characterize population health risks of PM2.5 in

more detail and with greater accuracy. Table 1 provides an

outline of key published studies of this expansive body of air

pollution research. The highlights of the obvious progress made

during the course of these studies include the following:

1) increased mortality follow-up from 7 to 22 or 26 years;

2) increased number of participants included in the anal-

yses from approximately 295 000 to 670 000;

3) increased number of deaths (a key determinant of study

power) included in the analyses from approximately

21 000 to 237 000;

4) improved assessment of PM2.5 exposures (and expo-

sures of co-pollutants) from metro-level averages for

cities with air pollution monitoring to modeled PM2.5

exposures at geocoded residential addresses throughout

the United States; and

5) improved statistical models, including improved con-

trol for individual and ecological covariates, and better

representation of spatial patterns in the data.

As shown in Figure 1, estimates of the percentage increase

in mortality risk per 10 mg/m3 increase in PM2.5 for all-cause

and for cardiovascular disease mortality from studies using the

ACS CPS-II cohort have been remarkably consistent across the

expanded analyses over the last 20þ years. The recent analysis

by Enstrom8 shows an estimated PM2.5–mortality association

that is smaller than observed in the original analysis, the
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reanalysis, multiple subsequent extended analyses, or meta-

analyses of studies throughout the world.18

Deficiencies in Enstrom’s Reanalysis

Enstrom’s recently published analysis8 is the least advanced

analysis of the ACS CPS-II cohort to date (see Table 1). The

Enstrom’s analysis uses a data set with a shorter follow-up

period, fewer participants, and fewer deaths than any previous

PM2.5–mortality analyses that used the CPS-II cohort, includ-

ing the original 1995 analysis. He controls for a relatively

limited number of individual-level covariates and does not

control for any ecologic covariates. Moreover, the key defi-

ciency in the Enstrom’s reanalysis is the absence of advanced

modeling approaches for exposure assessment that have been

developed over the last 2 decades. Estimates of PM2.5–mortal-

ity associations are affected by the quality of the PM2.5 data and

the accuracy of matching participants and exposures. In a

recent analysis,7 we evaluated PM2.5 exposures using multiple

exposure assessment methods. Figure 1 illustrates that there

were significant PM2.5–mortality risk associations for all

PM2.5 measures, but the associations were lower for the pre-

sumably less accurate measures that used remote sensing with-

out ground-based data. Based on measures of model quality,

the PM2.5 exposure values that best fit (lowest Akaike Infor-

mation Criteria, AIC) the data resulted in relatively larger

PM2.5–mortality associations (see Figure 1). In contrast,

Enstrom8 asserts that he estimates smaller PM2.5–mortality

associations because he uses the “best” PM2.5 data. He provides

neither evidence in support of this assertion nor any measures

of the relative quality of models using alternative PM2.5 data. It

is not clear how or why his “IPN” PM2.5 data differ from the

“Health Effects Institute” PM2.5 data—especially given that

these data come from the same monitoring network.

Furthermore, Enstrom’s PM2.5 exposure assessment is likely

subject to greater exposure misclassification because of inade-

quate assignment of geographic units of exposure. Although

other published ACS CPS-II studies assigned geographic areas

of exposure based on participants’ residence information, the

Enstrom’s analysis used the ACS Division and Unit numbers to

assign PM2.5 exposures (see letter from ACS). The ACS Divi-

sion and Unit numbers, however, were for the ACS volunteers

that recruited the participants. These volunteers did not always

live in the same area or even in the same state as the partici-

pants. Enstrom does not document the extent of this

participant-exposure mismatching, but it has the potential for

substantial exposure misclassification and resultant attenuation

bias. Our published research using the ACS CPS-II data is

based on participant-exposure matching that is accurate,

includes highly spatially resolved exposure models, and uti-

lizes ground-based monitoring and land use data.

An inexplicable deficiency of the Enstrom’s article is its

inadequate documentation of the relevant and extensive peer-

reviewed literature. References provided in the article largely

Figure 1. Nationwide estimates of percentage increase in mortality risk per 10 mg/m3 increase in PM2.5 from various published studies using the
ACS CPS-II cohort (indicated by circles) with comparison estimates from meta-analysis of the literature (indicated by diamonds). The size of the
circles is relative to the length of the follow-up period. Gray and white circles indicate metro-level and county-level geographic units of
exposure, respectively. Black circles indicate that exposures were modeled at geocoded residential addresses. Asterisks indicate that, in
addition to controlling for individual covariate, the models also controlled for ecological covariates. Note. (1) Krewski et al2 report the results
of an independent, confirmatory reanalysis of the ACS cohort organized by the Health Effects Institute. (2) In the investigation of alternative
measures of PM2.5 conducted by Jerrett et al,7 the highest quality models (those with the lowest AIC) produced the highest risk estimates;
remote sensing models with no ground-based data produced the lowest risk estimates, likely because of greater exposure misclassification. (3)
The lowest risk estimate reported by Enstrom8 is based on a dated and short follow-up of the ACS cohort and is likely subject to exposure
mismatching. ACS CPS II indicates American Cancer Society Cancer Prevention Study II; PM2.5, particulate matter air pollution.
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include an unconventional mix of unpublished and non-peer-

reviewed correspondence (including letters, e-mails, and tran-

script of a teleconference call), presentation slides, press

releases, and a compilation of manuscript rejections. Key pub-

lished extended analyses of the ACS CPS-II cohort,3,5,6,7,9-17

studies of other cohorts,18-31 or even major reviews and evalua-

tions of the literature32,33 are not cited or discussed.

Broader Evidence

The PM2.5–mortality associations observed from the various

analyses of the ACS CPS-II cohort are consistent with a much

broader body of evidence from other studies. As examples,

these include studies of other cohorts from the United

States19-26 Europe,27-29 and Canada.30,31 In addition, meta-

analytic estimates of the PM2.5–mortality associations based

on a 2013 meta-analysis of the overall literature18 are also

provided for comparison purposes in Figure 1.

Previous studies of the ACS CPS-II cohort consistently

demonstrated PM2.5–mortality associations with cardiovascular

mortality.7,9 There has also been substantial work in exploring

and understanding the biological pathways and mechanisms

linking PM2.5 exposures and cardiovascular disease and

death.32-35 Similarly, the ACS CPS-II cohort has demonstrated

PM2.5–mortality associations with lung cancer mortality,3,12,14

and recently, the International Agency for Research on Cancer

concluded, based on multiple sources of evidence, that particu-

late matter in outdoor air pollution is a cause of human lung

cancer (group 1).36 Enstrom8 presents no results for cardiovas-

cular or lung cancer mortality and largely dismisses the substan-

tial and growing literature regarding relevant pathophysiological

pathways and related biological mechanisms.

The Global Burden of Diseases, Injuries, and Risk Factors

Study 2015 (conducted by the Institute for Health Metrics and

Evaluation) identified ambient PM2.5 air pollution as the 5th

leading risk factor for global mortality, contributing to approx-

imately 4.2 million deaths in 2015.37,38 These results are based

on recent and comprehensive estimates from ACS CPS-II

cohort studies and 23 other peer-reviewed studies of long-

term exposure to PM2.5 and mortality from cause-specific car-

diovascular and respiratory disease and lung cancer. These

results underscore the importance of PM2.5 as a substantial

determinant of mortality in the general population. Conse-

quently, these results also suggest substantial health benefits

from further reductions in ambient air pollution.

In summary, we welcome thoughtful criticism of our research.

But the study by Enstrom does not contribute to the larger body of

evidence on the health effects of PM2.5, as it does not utilize

adequate approaches for exposure assessment, suitable methods

for linking participants to exposure, and sufficient statistical con-

trol for potential confounding factors and fails to recognize the

larger body of evidence on PM2.5 exposure and disease risk.
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Letter to the Editor

Response to Criticism of “Fine Particulate
Matter and Total Mortality in Cancer
Prevention Study Cohort Reanalysis”

James E. Enstrom1

Keywords
epidemiology, PM2.5, deaths, CPS II, reanalysis

Response to Criticism by CPS II Investigators

Drs C. Arden Pope III (Pope), Daniel Krewski (Krewski),

Susan M. Gapstur (Gapstur), Michelle C. Turner (Turner),

Michael Jerrett (Jerrett), and Richard T. Burnett (Burnett),1

as well as Gapstur and Otis W. Brawley (Brawley)2 strongly

criticized my Dose-Response article, Enstrom,3 but they did not

identify a single error, particularly regarding my findings of no

relationship between fine particulate matter (PM2.5) and total

(all-cause) mortality. Thus, my peer-reviewed findings show-

ing no PM2.5-related deaths during 1982 to 1988 in the 1982

American Cancer Society (ACS) Cancer Prevention Study

(CPS II) cohort stand unchallenged. In particular, my null find-

ings indicate that the positive findings in 3 seminal publications

by these investigators: Pope4 and Health Effects Institute, HEI

(2000)5 and HEI (2009),6 are not robust and not supportive of

the claim that PM2.5 causes premature deaths. Instead of asses-

sing the validity of my findings, these investigators focused on

other aspects of their many analyses of CPS II data.

Their “Expanded Analyses of the ACS CPS-II Cohort” sec-

tion inaccurately questions the validity of my findings: “The

assertion regarding selective use of the CPS-II and PM2.5 data

is false.” I published prima facie evidence that their 1982 to

1989 PM2.5 mortality findings were indeed sensitive to selec-

tive use of PM2.5 and CPS II data. My evidence can be easily

checked with minor modifications to the SAS programs that

they used to calculate the findings in Table 34 of HEI (2009).6

Instead of confirming or refuting my evidence, these investi-

gators reiterated their various published analyses of PM2.5

deaths in CPS II, as summarized in their Table 1 and their

Figure 1. All of their analyses could be just as sensitive to

selective use of PM2.5 and CPS II data as the results in Pope,4

HEI (2000),5 and HEI (2009).6

Their “Deficiencies in Enstrom’s Reanalysis” section does

not identify a single error in my findings and suggests that they

did not examine the data and findings in my article. For

instance, they state, “In contrast, Enstrom8 asserts that he

estimates smaller PM2.5-mortality associations because he

uses the ‘best’ PM2.5 data. He provides no evidence in support

of this assertion nor does he provide any measures of the rela-

tive quality of models using alternative PM2.5 data.” Strong

evidence supporting my assertion is clearly presented in

Tables 2 and 3 of my article and is described in the “Results”

section on page 4. Then, they state, “It is not clear how or why

his ‘IPN’ PM2.5 data differ from the ‘HEI’ PM2.5 data—espe-

cially given that these data come from the same monitoring

network.” The differences between the Inhalable Particulate

Network (IPN) PM2.5 and HEI PM2.5 data are clearly shown

in my Appendix Table A1 and discussed in the “Conclusion”

section on page 6. To make sure that these differences are fully

recognized and understood, an expanded version of Appendix

Table A1 is shown in Table 1.

Their “Broader Evidence” section is not relevant to the validity

of my findings and diverts attention away from my challenge to

the PM2.5 death findings in Pope,4 HEI (2000),5 and HEI (2009).6

Their last paragraph contains the following inaccurate statement:

“But the study by Enstrom does not contribute to the larger body

of evidence on the health effects of PM2.5 . . . ” In conclusion, the

authors have not assessed the validity of my peer-reviewed evi-

dence of no relationship between PM2.5 and total mortality in the

CPS II cohort and have not been willing to engage with me in

addressing the substantive points of my findings.

Response to Criticism by ACS Officials

The ACS Vice President of Epidemiology Susan M. Gapstur

and ACS Executive Vice President and Chief Medical Officer
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Table 1. List of the 85 Counties Containing the 50 Cities Used in Pope,4 HEI (2000),5 and HEI (2009),6 As Well As the 35 Additional Counties
Used in Enstrom (2017).a

State
ACS

Division-Unit FIPS Code

IPN/HEI
County

Containing
IPN/HEI City

IPN/HEI City
With PM2.5

Measurements

1979–1983 1979–1983 1980

IPN
PM2.5

HEIDC
PM2.5

HEI
PM2.5 Age-

Adjusted
White Death

Rate (DR)

HEI
Figure 5
Mortality

Risk
(MR)

mg/m3 mg/m3

(Weighted Average)
mg/m3

(Median)

Alabama 01037 01073 Jefferson Birmingham 25.6016 28.7 24.5 1025.3 0.760
Alabama 01049 01097 Mobile Mobile 22.0296 22.0 20.9 1067.2 0.950
Arizona 03700 04013 Maricopa Phoenix 15.7790 18.5 15.2 953.0 0.855
Arkansas 04071 þ 2 05119 Pulaski Little Rock 20.5773 20.6 17.8 1059.4 0.870
California 06001 06001 Alameda Livermore 14.3882 1016.6
California 06002 06007 Butte Chico 15.4525 962.5
California 06003 06013 Contra Costa Richmond 13.9197 937.1
California 06004 06019 Fresno Fresno 18.3731 10.3 10.3 1001.4 0.680
California 06008 06029 Kern Bakersfield 30.8628 1119.3
California 06051 þ 4 06037 Los Angeles Los Angeles 28.2239 26.8 21.8 1035.1 0.760
California 06019 06065 Riverside Rubidoux 42.0117 1013.9
California 06020 06073 San Diego San Diego 18.9189 18.9 943.7
California 06021 06075 San Francisco San Francisco 16.3522 16.4 12.2 1123.1 0.890
California 06025 06083 Santa Barbara Lompoc 10.6277 892.8
California 06026 06085 Santa Clara San Jose 17.7884 17.8 12.4 921.9 0.885
Colorado 07004 08031 Denver Denver 10.7675 10.8 16.1 967.3 0.925
Colorado 07047 08069 Larimer Fort Collins 11.1226 810.5
Colorado 07008 08101 Pueblo Pueblo 10.9155 19.9 1024.1
Connecticut 08001 09003 Hartford Hartford 18.3949 18.4 14.8 952.0 0.845
Connecticut 08004 09005 Litchfield Litchfield 11.6502 941.5
Delaware 09002 10001 Kent Dover 19.5280 959.4
Delaware 09004 þ 2 10003 New Castle Wilmington 20.3743 20.4 1053.7
District of

Columbia
10001 þ 2 11001 District of Columbia Washington 25.9289 25.9 22.5 993.2 0.850

Florida 11044 12057 Hillsborough Tampa 13.7337 13.7 11.4 1021.8 0.845
Georgia 12027 þ 4 13051 Chatham Savannah 17.8127 17.8 1029.6
Georgia 12062 13121 Fulton Atlanta 22.5688 22.6 20.3 1063.5 0.840
Idaho 13001 16001 Ada Boise 18.0052 18.0 12.1 892.6 0.600
Illinois 14089 þ 4 17031 Cook Chicago 25.1019 23.0 21.0 1076.3 0.945
Illinois 14098 17197 Will Braidwood 17.1851 1054.0
Indiana 15045 18089 Lake Gary 27.4759 27.5 25.2 1129.8 0.995
Indiana 15049 18097 Marion Indianapolis 23.0925 23.1 21.1 1041.2 0.970
Kansas 17287 20173 Sedgwick Wichita 15.0222 15.0 13.6 953.4 0.890
Kansas 17289 20177 Shawnee Topeka 11.7518 11.8 10.3 933.7 0.830
Kentucky 18010 21019 Boyd Ashland 37.7700 1184.6
Kentucky 18055 21111 Jefferson Louisville 24.2134 1095.7
Maryland 21106 þ 1 24510 Baltimore City Baltimore 21.6922 21.7 1237.8
Maryland 21101 24031 Montgomery Rockville 20.2009 881.9
Massachusetts 22105 þ 1 25013 Hampden Springfield 17.5682 17.6 1025.3
Massachusetts 22136 25027 Worcester Worcester 16.2641 16.3 1014.6
Minnesota 25001 þ 2 27053 Hennepin Minneapolis 15.5172 15.5 13.7 905.3 0.815
Minnesota 25150 þ 5 27123 Ramsey St Paul 15.5823 935.7
Mississippi 26086 28049 Hinds Jackson 18.1339 18.1 15.7 1087.4 0.930
Missouri 27001 þ 3 29095 Jackson Kansas City 17.8488 17.8 1090.3
Montana 28009 30063 Missoula Missoula 17.6212 938.0
Montana 28011 30093 Silver Bow Butte 16.0405 1299.5
Nebraska 30028 31055 Douglas Omaha 15.2760 15.3 13.1 991.0 0.880
Nevada 31101 32031 Washoe Reno 13.1184 13.1 11.8 1049.5 0.670
New Jersey 33004 34007 Camden Camden 20.9523 1146.9
New Jersey 33007 34013 Essex Livingston 16.4775 1072.7
New Jersey 33009 34017 Hudson Jersey City 19.9121 19.9 17.3 1172.6 0.810
New Mexico 34201 35001 Bernalillo Albuquerque 12.8865 12.9 9.0 1014.7 0.710
New York 36014 36029 Erie Buffalo 25.1623 26.5 23.5 1085.6 0.960
New York 35001 36061 New York New York City 23.9064 23.9 1090.4
North Carolina 37033 37063 Durham Durham 19.4092 16.8b 1039.2 1.000
North Carolina 37064 37119 Mecklenburg Charlotte 24.1214 24.1 22.6 932.8 0.835
Ohio 39009 39017 Butler Middletown 25.1789 1108.3

(continued)
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Otis W. Brawley have not assessed the validity of my peer-

reviewed findings that challenge the validity of 3 seminal

CPS II-based publications: Pope,4 HEI (2000),5 and HEI

(2009)6. They can easily check the accuracy of the results

in Tables 1 to 3 of Enstrom3 and they can determine

whether I have correctly identified 85 counties using the

ACS Division-Unit numbers shown in Appendix Table

A1. Instead, they have made statements about my article

like, “we cannot confirm the data are from the CPS-II

cohort” and “we cannot substantiate the claim that we pro-

vided funding for the preparation of the computerized files

and documentation for this research.”

I want to address the statements that ACS officials Gapstur

and Brawley made about my article. In my acknowledgments, I

have never stated or implied that the current ACS endorsed or

participated in my article or my use of CPS II data, because

they did not endorse or participate. However, former ACS staff

made it possible for me to obtain access to individual level data

on both CPS I and CPS II participants, as I stated in my article. I

received ACS external research support during the period 1973

to 1994. None of this ACS external research support was used

for this article. However, ACS internal research support paid

for all aspects of the 1982 to 1988 CPS II data that I possess:

1982 questionnaire data collection, 1982 to 1988 mortality

follow-up, preparation of computer files, and preparation of

detailed documentation.

The genuine version of the 1982 to 1988 CPS II data and

detailed documentation that I possess did not come from the

current ACS. My version was prepared by ACS many years

ago, and I obtained it from a source with appropriate access to

Table 1. (continued)

State
ACS

Division-Unit FIPS Code

IPN/HEI
County

Containing
IPN/HEI City

IPN/HEI City
With PM2.5

Measurements

1979–1983 1979–1983 1980

IPN
PM2.5

HEIDC
PM2.5

HEI
PM2.5 Age-

Adjusted
White Death

Rate (DR)

HEI
Figure 5
Mortality

Risk
(MR)

mg/m3 mg/m3

(Weighted Average)
mg/m3

(Median)

Ohio 39018 39035 Cuyahoga Cleveland 28.4120 27.9 24.6 1089.1 0.980
Ohio 39031 39061 Hamilton Cincinnati 24.9979 25.0 23.1 1095.2 0.980
Ohio 39041 39081 Jefferson Steubenville 29.6739 29.7 23.1 1058.6 1.145
Ohio 39050 39099 Mahoning Youngstown 22.9404 22.9 20.2 1058.4 1.060
Ohio 39057 39113 Montgomery Dayton 20.8120 20.8 18.8 1039.5 0.980
Ohio 39077 39153 Summit Akron 25.9864 26.0 24.6 1064.0 1.060
Oklahoma 40055 40109 Oklahoma Oklahoma City 14.9767 15.0 15.9 1050.4 0.985
Oregon 41019 þ 1 41039 Lane Eugene 17.1653 17.2 885.5
Oregon 41026 41051 Multnomah Portland 16.3537 19.8 14.7 1060.8 0.830
Pennsylvania 42101 þ 1 42003 Allegheny Pittsburgh 29.1043 30.0 17.9b 1115.6 1.005
Pennsylvania 42443 42095 Northampton Bethlehem 19.5265 998.6
Pennsylvania 43002 þ 11 42101 Philadelphia Philadelphia 24.0704 24.1 21.4 1211.0 0.910
Rhode Island 45001 þ 6 44007 Providence Providence 14.2341 14.2 12.9 1006.1 0.890
South Carolina 46016 þ 1 45019 Charleston Charleston 16.1635 1023.5
Tennessee 51019 þ 5 47037 Davidson Nashville 21.8944 22.6 20.5 981.9 0.845
Tennessee 51088 47065 Hamilton Chattanooga 18.2433 20.4 16.6 1087.9 0.840
Texas 52811 þ 2 48113 Dallas Dallas 18.7594 18.8 16.5 1024.9 0.850
Texas 52859 þ 3 48141 El Paso El Paso 16.9021 16.9 15.7 903.5 0.910
Texas 52882 þ 2 48201 Harris Houston 18.0421 18.0 13.4 1025.7 0.700
Utah 53024 49035 Salt Lake Salt Lake City 16.6590 17.5 15.4 954.3 1.025
Virginia 55024 51059 Fairfax Fairfax 19.5425 925.7
Virginia 55002 51710 Norfolk City Norfolk 19.5500 19.5 16.9 1139.3 0.910
Washington 56017 53033 King Seattle 14.9121 14.9 11.9 943.6 0.780
Washington 56032 53063 Spokane Spokane 13.5200 13.5 9.4 959.2 0.810
West Virginia 58130 54029 Hancock Weirton 25.9181 1094.8
West Virginia 58207 54039 Kanawha Charleston 21.9511 21.7 20.1 1149.5 1.005
West Virginia 58117 54069 Ohio Wheeling 23.9840 33.4b 1117.5 1.020
Wisconsin 59005 55009 Brown Green Bay 20.5462 931.0
Wisconsin 59052 55105 Rock Beloit 19.8584 1019.4

Abbreviations: ACS, American Cancer Society; HEI, Health Effects Institute; IPN, Inhalable Particulate Network; PM, particulate matter.
aEach location includes State, primary ACS Division-Unit number and an indication of additional numbers, Federal Information Processing Standards (FIPS) code,
IPN/HEI county, IPN/HEI city with PM2.5 measurements, 1979-1983 IPN-weighted average PM2.5 level, 1979-1983 HEIDC [PM2.5 (DC)] weighted average PM2.5
level, 1979-1983 HEI [PM2.5 (OI, MD)] median PM2.5 level, 1980 age-adjusted white county total death rate (annual deaths per 100 000), and HEI (2000) Figure 5
Mortality risk for HEI city (metropolitan area). All 85 counties have IPN PM2.5 data, 58 counties have HEIDC PM2.5 data, and 50 counties have HEI PM2.5 data.
However, 3 cities used in HEI, (2000)5 (Raleigh, North Carolina; Allentown, Pennsylvania; and Huntington, West Virginia) were not part of IPN and origin of the
HEI PM2.5 data in HEI (2000)5 Appendix D for these 3 cities (indicated with superscript letter “b”) is unknown. As an approximation, the Raleigh NC PM2.5 value
has been assigned to Durham, North Carolina; the Allentown, Pennsylvania, PM2.5 value to Pittsburgh, Pennsylvania, and the Huntington, West Virginia, PM2.5
value to wheeling West Virginia.
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an authorized copy of this version. I have confirmed the valid-

ity of this version by showing that (1) the numbers of partici-

pants by ACS Division agree almost exactly with the numbers

shown in the Fall 1984 CPS II Newsletter (Volume 2, Number

2) Table “Final Numbers of Researchers and Participants by

Division”; (2) Table 1 of Enstrom3 has age at enrollment, sex,

race, and education distributions of CPS II participants that

agree almost precisely with the same distributions shown in

Pope4 and HEI (2000)5; and (3) the CPS II data file information

on the participants that I personally enrolled in CPS II agrees

with the data that I submitted to ACS in 1982. The ACS epi-

demiologists can confirm the version of the CPS II data used in

my article by confirming my findings in Tables 1 to 3 and

Appendix Table A1.3

They claim that “when classified using the Division and

Unit numbers, the geographically-defined exposure measure

Table 2. ACS CPS II Cohort Participants in Unit 41 (Jefferson County) of Division 39 (Ohio) Showing the Number of Researchers, Families,
Participants, and Confirmed 1982 to 1988 Deaths for Each Group and for Each Researcher in Group 1.

Group Number
Researcher
Number(s)

Number of
Researchers Family Codes

Number of
Families

Number of
Participants

Number of Confirmed
1982-1988 Deaths

1 5 1-15 15 29 2
1 6 1-17 14 20 3
1 7 1-15 15 30 1
1 8 1-10 9 19 3
1 9 1-16 15 26 1
1 10 1-14 14 27 2
1 5-10 6 82 151 12
2 1-8 7 41 78 1
3 1-4 3 25 36 1
4 1-9 8 91 168 7
5 1-9 8 82 105 16
6 4-10 4 36 37 9
Total 36 357 575 46

Abbreviations: ACS, American Cancer Society.; CPS, Cancer Prevention Study.

Table 3. Fully Adjusted Relative Risk (RR) of Death From All Causes (RR and 95% CI) From September 1, 1982, Through August 31, 1988,
Associated With Change of 10 mg/m3 Increase in PM2.5 for CPS II Participants Residing in 47 to 85 Counties in the Continental United States
With 1979-1983 IPN PM2.5, HEIDC PM2.5, and HEI PM2.5 Measurements.a,b

PM2.5 Years and Source
Number of
Counties

Number of
Participants

Number of
Deaths RR

95% CI
(Lower-Upper)

Average
PM2.5

Fully adjusted RR for the Continental United States
1979-1983 IPN 85 269 766 15 593 1.023 (0.997-1.049) 21.15
1979-1983 HEIDC 58 216 897 12 505 1.024 (0.987-1.061) 21.09
1979-1983 IPN 50 195 215 11 221 1.025 (0.990-1.061) 21.36
1979-1983 HEI 50 195 215 11 221 1.082 (1.039-1.128) 17.99
1979-1983 HEIDC, N ¼ 47 47 189 676 10 836 1.023 (0.984-1.064) 20.95
1979-1983 IPN, N ¼ 47 47 189 676 10 836 1.021 (0.984-1.058) 21.13
1979-1983 HEI, N ¼ 47 47 189 676 10 836 1.081 (1.036-1.128) 18.01

Fully adjusted RR for the Ohio Valley Continental United States
1979-1983 IPN 17 53 026 3293 1.096 (0.978-1.228) 25.51
1979-1983 HEIDC 10 43 945 2749 1.048 (0.922-1.191) 25.78
1979-1983 IPN 12 42 174 2652 1.050 (0.918-1.201) 25.75
1979-1983 HEI 12 42 174 2652 1.111 (0.983-1.256) 22.02

Fully adjusted RR for the non-Ohio Valley Continental United States
1979-1983 IPN 68 216 740 12 300 0.994 (0.967-1.023) 20.09
1979-1983 HEIDC 48 172 952 9756 0.960 (0.919-1.003) 19.90
1979-1983 IPN 38 153 041 8569 0.975 (0.936-1.015) 20.15
1979-1983 HEI 38 153 041 8569 1.025 (0.975-1.078) 16.89

Abbreviations: CPS, Cancer Prevention Study; CI, confidence interval; HEI, Health Effects Institute; IPN, Inhalable Particulate Network; PM, particulate matter.
aAnalysis includes continental United States, 5 Ohio Valley states, and remainder of the States. Table 1 lists up to 85 cities and counties with PM2.5 measurements
b1979-1983 PM2.5 data source: IPN ¼ EPA Inhalable Particulate Network! yields insignificant RRs; HEIDC ¼ HEI (2000)5 Appendix D “PM2.5 (DC)”! yields
insignificant RRs (apparently conducted but not reported in HEI 20005); and HEI¼HEI (2000)5 Appendix D “PM2.5 (OI, MD)”! yields significant RRs, used in HEI
(2000)5.
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will be highly inaccurate for some participants.” Actually, the

Division-Unit number accurately identifies the county of resi-

dence for most CPS II participants. For instance, ACS Division

39 represents the state of Ohio, and its Unit 041 represents

Jefferson County, which includes the city of Steubenville,

where the PM2.5 measurements were made. Based on infor-

mation I have obtained, at least 90% of the 575 CPS II parti-

cipants in Unit 041 lived in Jefferson County as of September

1, 1982, and ACS can confirm this. In addition, ACS can con-

firm the detailed information that I have shown in Table 2,

regarding the 575 CPS II participants in ACS Unit 041 of ACS

Division 39. Table 2 shows the number of researchers, families,

participants, and confirmed 1982 to 1988 deaths for the 6 ACS

groups within ACS Unit 041. In addition, Table 2 shows these

same numbers for each of the 6 researchers in ACS group 1.

Thus, as of now, all of the findings in Enstrom3 stand unchal-

lenged. The ACS has not produced any evidence that invali-

dates my CPS II cohort findings.

Additional Evidence of No PM2.5 Deaths in
CPS II

Since the above investigators criticized my article and did not

assess my null findings, I searched their 3 seminal publications

for more evidence that supports my null findings. I found evi-

dence in HEI (2000)5 that I had not previously recognized.

Table 29 and Appendix D in HEI (2000)5 describe 2 key sets

of 1979 to 1983 PM2.5 measurements: (1) PM2.5 (OI MD),

which is “median fine particle mass from Original

Investigators” for 50 cities and designated by me as HEI

PM2.5 and (2) PM2.5 (DC), which is “mean fine particle frac-

tion from dichotomous sampler” values for 58 IPN cities and

designated by me as HEIDC PM2.5. The PM2.5 (OI MD)

values are the ones used in Pope.4 I now realize that most of

the HEIDC PM2.5 [PM2.5 (DC)] values are the same to 1

decimal point as the IPN PM2.5 values in Enstrom.3

Table 1 shows that the IPN PM2.5 and HEIDC PM2.5 are

identical for 45 cities and somewhat different for 13 cities in

HEI (2000)5 Appendix D. Three cities with PM2.5 (OI MD)

values (Raleigh, North Carolina; Allentown, Pennsylvania; and

Huntington, West Virginia) were not part of IPN and it is not

clear how the PM2.5 values for these 3 cities were measured.

As an approximation, the Raleigh NC PM2.5 value has been

assigned to Durham, North Carolina, and the Allentown, Penn-

sylvania, PM2.5 value has been assigned to Pittsburgh, Penn-

sylvania, and the Huntington, West Virginia, PM2.5 value has

been assigned to Wheeling, West Virginia. Two cities in HEI

(2000)5 Appendix D (Boston, Massachusetts and St Louis,

Missouri) were not used because of unclear ACS Division-

Unit numbers. Table 1 is an expanded version of Appendix

Table A1 in Enstrom.3 Table 3 shows relative risks (RRs) based

on IPN PM2.5, HEIDC PM2.5, and HEI PM2.5 values for 85,

58, 50, and 47 cities/counties. The RRs based on the HEIDC

PM2.5 values are essentially identical to the null RRs based on

the IPN PM2.5 values. Only the RRs based on HEI PM2.5

values are significantly positive, as shown in Enstrom.3 I find

it surprising that the null RRs based on the HEIDC PM2.5

values were not included in HEI (2000)5 or HEI (2009).6

The HEI (2000)5 Sensitivity Analysis “Risk Estimates

Based on Alternative Air Quality Data” section states on page

170, “The means or medians of various indices of air pollution

are summarized in Table 30.” The data included in this section

reveal that the investigators seemed to be aware of the differ-

ences in mortality risk associated with PM2.5 (OI MD) and

PM2.5 (DC). Table 31 shows RR (all causes) ¼ 1.18 (1.09-

1.26) based on PM2.5 (OI MD) values for 50 cities. This value

is reduced to RR (all causes) ¼ 1.12 (1.06-1.19) based on

PM2.5 (DC) values for 63 cities. Both of these RRs are based

on a maximum change in PM2.5 of 24.5 mg/m3. I did not

previously recognize the similarity between the PM2.5 (DC)

values and the IPN PM2.5 values because the only mention of

IPN in HEI (2000)5 occurs in the footnote at the end of Appen-

dix D of Table D.1. Everywhere else in HEI (2000),5 the term

Inhalable Particulate Monitoring Network is used.

It appears that the investigators themselves found no rela-

tionship between PM2.5 and total mortality in CPS II in the

2007 SERRA article authored by Jerrett et al.7 Although they

cited 16 of their CPS II analyses in their Table 1, they did not

cite Jerrett.7 Figure 2 from Jerrett7 shows no relationship

between PM2.5 and total (all-cause) deaths during 1982 to

2000 in the CPS II cohort. The following quote accompanies

Figure 2 “3.1 Health effects The RRs of mortality across the

period of follow-up based on the subset of the 51 cities con-

sidered were smaller than in the full air pollution cohort

considered in the previously full ACS cohort . . . . For example,

all-cause mortality was significantly elevated by 6% in the

larger cohort, but generally was not significantly elevated in

these sub analyses.” In addition, Figure 3 (A and B) from

Jerrett7 shows no relationship between PM2.5 and total (all-

cause) deaths during 1982 to 1986, 1987 to 1990, 1991 to 1994,

1995 to 1998, and 1999 to 2000. Furthermore, they found low

RRs outside the Ohio Valley, as they state in the Discussion

section on page 518, “Overall estimated RRs in the 51 cities

used in this study were lower than in previous national stud-

ies. The lower RR estimates probably resulted from the exclu-

sion of cities in the Ohio River Valley, which tended to

demonstrate larger RRs from air pollution than other geo-

graphic regions . . . .” Figures 2 and 3 (A and B) from Jerrett7

are reprinted here.

On June 12, 2017, HEI President Daniel Greenbaum

(Greenbaum) provided me with the July 25, 1997 HEI Reana-

lysis Project Request for Qualifications (RFQ) (http://

www.scientificintegrityinstitute.org/Greenbaum061217.pdf).

This RFQ specifies the background and requirements for the

HEI Reanalysis Project: “HEI is seeking applications repre-

senting teams consisting of 2-4 epidemiologists, statisticians

and air pollution exposure experts.” According to Greenbaum,

responses to the RFQ were received from 13 teams and HEI

selected the 31-member Krewski team based at the University

of Ottawa in Canada, apparently the only foreign-based team.

The RFQ objectives and scope include this sentence: “(2) Con-

duct sensitivity analyses to test the robustness of the original
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findings and interpretations to alternative analytic approaches”

(http://www.scientificintegrityinstitute.org/HEIRFQ072597.pdf).

The Enstrom3 findings challenge whether the robustness of the

Pope4 findings was properly tested with alternative PM2.5 data,

such as IPN PM2.5 data, or alternative cities and counties and

metropolitan areas within the CPS II cohort. I first published in

2005 the total mortality RRs for all 11 California counties in the

CPS I cohort with IPN PM2.5 data.8

Cohen, Pope, and Burnett provided indirect support for my

findings in their May 13, 2017, Lancet “Global Burden of

Disease” article, which went online April 10, 2017.9 Table 2

from this article shows that, based on their own PM2.5 deaths

evidence, the United States had a very low 2015 annual PM2.5-

related death rate (18.5 deaths per 100 000 persons) and very

low average ambient PM2.5 exposure (8.4 mg/m3). This table

also shows that PM2.5 pollution is concentrated in other parts

of the world, particularly China, India, and Africa, and not in

the United States. In addition to the evidence of no PM2.5-

related deaths in the CPS II cohort, there is null evidence in

2 other national cohorts: the NIH-AARP cohort10 and the Vet-

erans cohort.11

The null PM2.5 total mortality evidence is further described

in my August 12, 2017, Doctors for Disaster Preparedness talk

“Scientific Misconduct in PM2.5 Epidemiology” (https://

www.youtube.com/watch?v¼DaFUhJxMNco), my October

12, 2017, NEJM letter “Air pollution and mortality in the Med-

icare population,”12 my November 9, 2017, America First

Energy Conference talk “ACS Promotes Air Pollution

Figure 2 (Jerrett7). Summary of risks for different exposures over
the entire follow-up.

Figure 3 (Jerrett7). (A) Relative risks for all-cause, cardiopulmonary and lung cancer deaths estimated for five time periods of the follow-up
(1982–1986, 1987–1990, 1991–1994, 1995–1998, and 1999–2000) with measured exposures. (B) Relative risks for all-cause, cardiopulmonary and
lung cancer deaths estimated for five time periods of the follow-up (1982–1986, 1987–1990, 1991–1994, 1995–1998, and 1999–2000) with imputed
exposures.
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Pseudoscience” (http://americafirstenergy.org), and my key

2017 correspondence with the above investigators (http://

www.scientificintegrityinstitute.org/DREmails101317.pdf).

Conclusions

My findings of no PM2.5-related deaths during 1982 to 1988 in

the CPS II cohort, which are based on my peer-reviewed rea-

nalysis of the CPS II data, stand unchallenged.3 In addition, my

null findings challenge the positive findings in 3 seminal pub-

lications by Pope,4 HEI 2000,5 and HEI 20096 as not robust and

not supportive of the claim that PM2.5 causes premature

deaths. The responses by Pope1 and Gapstur2 have failed to

assess the validity or significance of my null findings,3 but

letters supporting the validity of my null findings have been

published by Drs S. Stanley Young,13 Frederick W. Lipfert,14

and John D. Dunn.15

Every effort is being made to encourage ACS, HEI, and the

CPS II investigators to cooperate in transparent and verifiable

analyses of the CPS II cohort data. However, given the unchal-

lenged null findings in Enstrom,3 the Environmental Protection

Agency (EPA) must reassess all CPS II evidence relating

PM2.5 to mortality as part of the current integrated science

assessment of the PM2.5 National Ambient Air Quality Stan-

dard (NAAQS).
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Scientific Distortions in Fine Particulate 
Matter Epidemiology
James E. Enstrom, Ph.D., M.P.H.

ABSTRACT

The theoretical prevention of premature deaths from the 
inhalation of fine particulate matter is being used by the U.S. 
Environmental Protection Agency (EPA) to justify the National 
Ambient Air Quality Standard (NAAQS) and multibillion dollar 
regulations across the U.S., including the EPA Clean Power 
Plan and the California Air Resources Board (CARB) Truck and 
Bus Regulation. The epidemiology is severely flawed. Fine 
particulates probably make no significant contribution to 
premature mortality in the U.S. The publication of null findings 
has been blocked or marginalized and studies claiming excess 
mortality need to be reassessed.

Basics of Fine Particulate Matter

Fine particulate matter (PM2.5) is defined by its size (≤2.5 
µm diameter), not its composition. Major sources in the U.S. 
are forest fires, commercial and residential burning, and diesel 
engines. In California, a major source is China; on some days up 
to 30% of fine particulates had crossed the Pacific Ocean. 

Of these invisible particles, the average adult in the U.S., 
based on actual 2015 exposure levels, would inhale about 1 
gram in an 80-year lifespan, assuming that he breathes about 
10,000 liters of air a day at rest. For comparison, the amount 
inhaled while smoking 100 cigarettes is about 4 grams.1

In 1997, the EPA established the NAAQS for PM2.5 as 15 µg/
m3. This was lowered to 12 µg/m3 in 2012. This standard has been 
largely justified on the basis of secret science epidemiology. 
These regulations are very powerful and impose huge costs on 
American businesses. The PM2.5 NAAQS, has been used to justify 
several multi-billion-dollar rules, such as the EPA Clean Power 
Plan and the CARB Truck and Bus Regulation.

Although a significant effect from such extremely low levels 
is on its face highly implausible, the stringent EPA regulations 
are justified primarily by a claim of preventing premature 
deaths, assuming a value of $10 million per statistical life saved. 
The controversy over the issue was brought to general attention 
in 2002 by Professor Robert Phalen.2

Epidemiology of Fine Particulate Matter

The EPA claim that PM2.5 causes “premature deaths” is 
based on epidemiologic cohort studies purporting to show 
that the relative risk (RR) for total mortality is slightly greater 
than 1.0 in U.S. populations exposed to higher levels of PM2.5. 
No etiologic mechanism has been established, and there is no 
experimental evidence that inhalation of 1 g or 5 g of PM2.5 can 
cause death.  Weakly positive RRs do not prove causality. Major 
difficulties include: (1) geographic and temporal variation in 
PM2.5 mortality risk; (2) exaggeration of actual human exposure 
by PM2.5 monitors, which measure ambient outdoor levels 

far from the subjects; and (3) confounding variables such as 
co-pollutants. Moreover, the key study relied on by EPA, the 
American Cancer Society (ACS) 1982 Cancer Prevention Study 
(CPS II)3 is seriously flawed.

Reanalysis of the American Cancer Society Cancer
Prevention Study II (ACS CPS II)

CPS II began in 1982 and is similar to the original CPS I, 
which began in 1959. The seminal paper published by Pope et 
al. in 19953 was so controversial that the Health Effects Institute 
(HEI) sought applications from teams consisting of two to four 
epidemiologists, statisticians , and air pollution exposure experts 
to conduct a reanalysis, including “sensitivity analyses to test 
the robustness of the original findings and interpretations to 
alternative analytic approaches.”4 The HEI Reanalysis published 
in 2000 did not complete the mandated sensitivity analysis to 
assess the effect of alternate data.5 HEI published a report in 
2009,6 which extended the mortality follow-up of the study 
from 1989 to 2000, but it did not incorporate the EPA Inhalable 
Particulate Network (IPN) PM2.5 data7,8 that I had called to the 
authors’ attention in my  2005 paper.9

In 2016 I was able to obtain access to data in an original 
1982-1988 version of CPS II. The data had been previously 
inaccessible since 1995 despite a congressional subpoena 
and repeated requests by different agencies. I am the only 
independent scientist who has gained access to the individual 
level data in both CPS I and CPS II. I was able to reproduce 
the same key results as Pope et al. by doing exactly what the 
authors did in 1995.3 However, their results were sensitive to the 
PM2.5 data that they used and to their particular analysis.

HEI did not follow its own mandate to conduct a 
comprehensive reanalysis. In particular, their sensitivity 
analysis was not done properly. Of the 13 teams that submitted 
reanalysis applications, HEI selected a 31-member team based 
in Canada, headed by statistician Daniel Krewski. It included a 
geographer, Michael Jerrett, and another statistician, Richard 
Burnett, but only had one epidemiologist, Yue Chen. Chen’s 
degree was from Shanghai Medical University, and he was not a 
coauthor on either the 2000 HEI report5 or the 2009 HEI report.6 
Thus, to reanalyze a major U.S. epidemiological study, HEI used 
a Canadian team that had essentially no epidemiologist. 

An early clue to the existence of problems is seen in Figure 
21 in the 2000 HEI Reanalysis Report.5 (Figure 1 in this article.) 
This map shows that in 50 cities across the U.S. the level of PM2.5 
mortality risk varies. Higher risks were found mainly in the Rust 
Belt or the Ohio Valley, and levels were actually reasonably 
low in California and throughout most of the western part 
of the U.S. Beginning in 2002, I asked the head of HEI, Daniel 
Greenbaum, and its principal scientist, Aaron Cohen, to send 
me the underlying data for that map. For 16 years, they have 
consistently refused to reveal this data to me.
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My analysis of the CPS II data revealed that the county of 
residence of subjects could be approximated based on the ACS 
Division and Unit numbers. The CPS II data were collected by 
about 70,000 researchers, including myself, who enrolled 1.2 
million subjects in Fall 1982. I performed an analysis comparable 
to the HEI Reanalysis, as shown in Table 1. The PM2.5 data labeled 
IPN in the table was published in EPA reports from the Inhalable 
Particulate Network (IPN) by David Hinton et al. in 19847 and 
1986.8 Because of the evasions that I have experienced in 
attempting to obtain information from HEI, I took a closer look 
at the 2000 HEI Reanalysis Report and found it actually contains 
the data that I used, although in a mislabeled and somewhat 
altered form. I have designated that data as HEIDC, which is 
labeled PM2.5 DC in the 2000 Report. This data was indirectly 
referred to in a couple of places in the 2000 HEI report, although 
it was not analyzed.

Thus, using the HEI PM2.5 data of Pope et al.,3 there 
is a statistically significant slight increase in RR of 1.082. 
That means that if the PM2.5 level increases by 10 µg/m3, 
the risk of dying goes up by about 8%. But, using the IPN 
PM2.5 data, the effect is nonsignificant, RR = 1.025 (95% 
CI, 0.990-1.061). Note that if one divides the U.S. into 
the Ohio Valley (Indiana, Kentucky, Ohio, Pennsylvania, 
and West Virginia) and the rest of the country, the RR is 
indistinguishable from 1.0, no matter what PM2.5 data 
is used. Only by combining the Ohio Valley, which has 
both a higher mortality risk and a higher level of PM2.5, 
with the rest of the country can HEI show a statistically 
significant effect. 

My reanalysis10 has been published  online since Mar 
28, 2017, and so far its validity has not been challenged.

The selection of data by HEI was also very interesting, 
as seen in Table 2. There were actually 11 counties in 
California that were part of the IPN network, and the 
HEI analyses omitted 7 of the 11 counties for reasons 
the authors have not explained. HEI had data from 50 
different cities, and the only ones they included from 
California were Fresno, Los Angeles, San Francisco, and 
San Jose (in Santa Clara County). Two other counties that 
represent the extremes in PM2.5 levels are highlighted 
in the table. The Pope 1995 paper3 was based primarily 
on these extremes. HEI had Albuquerque, N.M., at 9 µg/

m3, as the lowest value, and Huntington, W.V., at 34.4 µg/m3, 
as the highest value. This is curious because the data that 
comes from the IPN network actually shows different high 
and low values. In fact, there is no measurement in the IPN 
for Huntington, W.V., but rather for Wheeling, W.V., listed in 
the IPN column. From the table, both the low and the high 
values are in California, both of which omitted from the HEI 
analysis. The low value is 10.6 µg/m3 in Santa Barbara County, 
and the high value is 42.0 µg/m3 in Riverside County. The PM2.5 
DC data that I found in the 2000 HEI Report appendix table, 
labeled HEIDC by me, had more than 50 cities, but only five of 
the 63 total cities were from California. The IPN network as a 
whole has about 85 cities. These major inconsistencies need 
to be addressed by these investigators. And so far, there is 
nothing but silence. This is only one  of the issues that must be 
addressed if the investigators want to maintain any credibility.

Figure 1. PM2.5 Levels and Mortality Risk in the U.S. [Reprinted 
from 2000 HEI Reanalysis Report,5 with permission.]

Table 2. Comparison of Data on PM2.5 and Mortality from 
Enstrom and HEI9
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1.082 (1.039-1.128)

9.0
33.4

Table 1. Enstrom Analyses of ACS CPS II Data Using Three 
Sources of PM2.5 Data
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Relationship between PM2.5 and Mortality in California

Because of the Feb 26, 2010, conference in Sacramento, 
which I attended along with Professor Robert Phalen, other 
prominent scientists, and impacted business groups, we 
were able to get an analysis done by HEI that dealt with the 
California portion of the national CPS II results. The California 
data was partitioned out from the national analysis in the 
2009 HEI Report.6 Based on the four HEI California counties 
shown in Table 2, the RR is about 0.9, significantly below 1.0, 
as shown in Table 3. This inverse relationship was reproduced 
using either the HEI data or the IPN data. Of course, this 
relationship cannot be etiologically correct, but it shows 
what can result from data omission and manipulation. 

There are actually six California cohorts that have been 
used to analyze the relationship between PM2.5 and total 
mortality, as shown in Table 4. The cohort that I initially 
used is labeled CA CPS I;9 the cohort used by Jerrett et al.11 
is labeled CA CPS II. The Adventist Health Study of Smog 
(AHSMOG) was the original cohort study in California.12 There 
are also the California Teachers Cohort,10 the “West” portion 
of the Medicare Cohort Air Pollution Study (MCAPS),13 and 
the National Institutes of Health-American Association of 
Retired Persons (NIH AARP) cohort, which was published in 
2016 by Thurston et al.14 The NIH AARP cohort is supposed 
to be an open access database, but is apparently currently 
controlled by Thurston. I have been able to get access to only 
the California portion of the data, and my analysis shows no 
effect in California. Averaging all six cohorts gives an RR of 
exactly 1.00, which means no relationship between PM2.5 
and total mortality.

The lack of an effect in California might explain why 
Pope et al.3 omitted seven California cities from the national 
analysis. As Figure 1 shows, there is tremendous variation 
across the country. Yet the most severe regulations are in 
California, despite the clear absence of mortality risk there!

Both my analysis and that by Thurston et al. on the NIH 
AARP cohort,14 summarized in Table 5, show no effect nation-
wide or in California.

An International Perspective on PM2.5

Despite the null effect shown by their own data and 
analyses, prominent advocates of drastic measures to reduce 
PM2.5 levels state in a major paper in the May 13, 2017, Lancet  
that ambient PM2.5 was the fifth-ranking mortality risk factor 
worldwide in 2015. Aaron J. Cohen, until recently HEI Principal 
Scientist, is the lead author, and Pope is a coauthor. The study 
is part of the World Health Organization (WHO) Global Burden 
of Disease (GBD) Project and was largely funded by HEI. The 
article claims that PM2.5 causes 4.2 million deaths annually 
worldwide, with 88,000 deaths in the U.S. (see Table 6). The 
mean PM2.5 level is 8.4 µg/m3 in the U.S. and 58.4 µg/m3 in 
China. Clearly, the PM2.5 level and premature deaths are low in 
the U.S. and high in China, India, and Africa.

Table 3. Relative Risk for PM2.5 and Mortality in California 
Based on Four Counties

Table 5. Comparison of Enstrom and Thurston Analyses for 
U.S. and California
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Table 4. PM2.5 and Total Mortality in Six California Cohorts
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Agenda-driven Science

Since publishing my 2005 critique of the relationship 
between PM2.5 and total mortality9 and my 2017 critique,10 I 
have sent numerous requests to Pope, ACS, HEI, and others, 
inviting a rebuttal. I have received no response that confirms 
or refutes any of my analyses. It has, however, been incorrectly 
asserted that, “The study by Enstrom does not contribute to 
the larger body of evidence on the health effects of PM2.5.” 
ACS has criticized me for having CPS II data that they have 
deliberately tried to keep secret. My invitations to authors 
and ACS officials to attend meetings, teleconferences, and 
symposia have simply been ignored. They even ignored an 
August 1, 2013, subpoena from the U.S. House Science, Space, 
and Technology Committee.

The control over air pollution research and assessments 
that is recognized by EPA is not based on special expertise 
in epidemiology. Pope, the self-proclaimed “world’s leading 
expert on the effects of air pollution on health,” is a professor 
of economics at Brigham Young University and holds a 1981 
Ph.D. in agricultural economics from Iowa State University, 
where he studied the dynamics of crop yields. Michael Jerrett, 
who is one of the most prolific publishers and a member 
of the HEI reanalysis team, has a 1996 Ph.D. in geography 
from the University of Toronto, and no formal training in 
epidemiology. Aaron J. Cohen, until recently HEI’s Principal 
Scientist, does hold a 1991 D.Sc. degree in epidemiology from 
Boston University, but he has badly misused the principles 
and standards of epidemiology. Although he supervised the 
1998-2000 HEI Reanalysis Project, he has refused to clarify 
findings from this project and has refused to confirm or refute 
the findings in my 2017 CPS II reanalysis. It is very disturbing 
that ACS has allowed CPS II data to be used for more than 20 
years for research that misuses the principles and standards 
of epidemiology and that has nothing significant to do with 
cancer.

The principal qualification for admission to the elite 
circle of influence appears to be dedication to the agenda 
of global controls on economic activity via air pollution 
regulations. The conclusion reached by researchers is 

apparently predetermined, as stated in the last paragraph of 
the GBD study on ambient air pollution: “As the experience in 
the U.S. suggests, changes in ambient PM2.5 associated with 
aggressive air quality management programmes, focused 
on major sources of air pollution including coal combustion, 
household burning of solid fuels, and road transport, can lead 
to increased life expectancy over short timeframes.”15

What is the state of scientific integrity? It is very dangerous 
to one’s career to criticize views backed by powerful interests, 
and I do it only because I believe current trends are anti-
science and dangerous to our country. Simply being a passive 
observer is no longer acceptable.

To disclose my own background, I obtained a Ph.D. in 
physics in 1970, but I became an epidemiologist starting in 
1973 in order to apply the rigorous principles of physics to 
observational epidemiology. I had a long career as a research 
professor and researcher at the UCLA School of Public Health. 
My research has examined the influence of environmental 
and lifestyle factors on mortality, and has on occasion 
reached politically incorrect conclusions. My research in air 
pollution epidemiology has been strongly influenced by Dr. 
Frederick Lipfert and Professor Robert Phalen. In February 
2010 I was terminated from UCLA without warning and told 
that my “research is not aligned with the academic mission 
of the Department.” In February 2015 I settled a three-year 
federal whistleblower retaliation lawsuit against UCLA and 
my termination was reversed. My case and some of the issues 
related to my air pollution epidemiology research have been 
discussed in this journal.16

My background and publications, including rejections of 
my research, often without peer review, are documented on 
my website, www.scientificintegrityinstitute.org. I believe that 
major journals simply will not accept articles that challenge the 
established view. Moreover, authors of the papers promoting  
PM2.5 premature deaths omit null results, even their own. 
For example, Jerrett is the lead author of a 2007 study that 
shows no increased mortality associated with PM2.5 in the 
CPS II cohort if the results are divided into five time periods.17 
Although researchers are paid millions of dollars, they’re not 
under any obligation to address any of the concerns about 
their work. Those who disagree with the agenda are denied 
research funding.

We must prevent American science from following 
historical examples like that of Trofim Denisovich Lysenko. 
He was a phony plant geneticist, who gained the favor of 
Joseph Stalin because he didn’t believe in Mendelian genetics. 
Lysenko’s views controlled much of Soviet agriculture in the 
1930s, 1940s, and 1950s, with devastating effect. False crop 
statistics were published, and dissenting scientists were 
purged. Nikolai Vavilov, a renowned plant geneticist, was 
imprisoned by Stalin and died of malnutrition. 

Concerns about integrity in Western science are being 
raised. Richard Horton, editor of The Lancet, writes: “The case 
against science is straightforward: much of the scientific 
literature, perhaps half, may simply be untrue. Afflicted by 
studies with small sample sizes, tiny effects, invalid exploratory 
analyses, and flagrant conflicts of interest, together with 
an obsession for pursuing fashionable trends of dubious 
importance, science has taken a turn towards darkness.”18
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A U.S. House of Representatives bill called the Secret 
Science Reform Act was passed in 2014 and 2015 in order 
“to prohibit the Environmental Protection Agency from 
proposing, finalizing, and disseminating regulations or 
assessments based upon science that is not transparent or 
reproducible.” The bill was revived in 2017 as the Honest and 
Open New EPA Science Treatment (HONEST) Act, labeled H.R. 
1430, and was passed by the U.S. House of Representatives. 

American science needs to guard against the heirs of 
Sinclair Lewis’s protagonist in his 1927 novel Elmer Gantry, an 
itinerant preacher who is able to sell false religion to gullible 
people. We have prominent scientists who have successfully 
sold the notion that inhaling 1 g of invisible particles over an 
80-year lifetime can cause premature death. 

Conclusions

There is strong evidence from two large national cohorts 
that PM2.5 does not cause premature deaths in the US. There is 
strong evidence that this relationship has been falsified by EPA, 
the Health Effects Institute, and leading researchers for more 
than 20 years. Better oversight to assure scientific integrity, such 
as access to data, transparency, and consideration of opposing 
views, is imperative.

James E. Enstrom, Ph.D., M.P.H., a physicist and epidemiologist, is a retired 
research professor from the University of California, Los Angeles, and president 
of the Scientific Integrity Institute in Los Angeles. Contact: jenstrom@ucla.edu 
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September 28, 2018 

Statistical Review of Competing Findings in Fine Particulate Matter and Total 

Mortality Studies 

By Jacob Kohlhepp, Founder of Intrepid Insight 

 

Introduction 

Intrepid Insight is a not-for-profit corporation focused on providing free consulting services to 

nonprofits, local governments, and good causes. Intrepid Insight’s areas of focus include but are 

not limited to statistics, data science, economics, and internal software development. Intrepid 

Insight is managed by a group of volunteer directors and contributors. 

My name is Jacob Kohlhepp, and I am the founder and economic director of Intrepid Insight. I 

am an incoming PhD student in economics at UCLA with experience as a private sector 

statistical analyst. While I am not an expert in epidemiology, I have done research at the 

intersection of economics and epidemiology, specifically the impact of overtime on workplace 

injury (paper forthcoming). This research makes me uniquely familiar with the statistical tools 

employed in the research in question, namely Cox proportional hazards regression. I am also 

familiar with the statistical principals and calculations that undergird research across all 

disciplines. One such type of analysis is meta-analysis: the process of pooling together results 

from different studies to come up with a combined effect. Being aware of the limitations of my 

knowledge, I will focus my comments and findings on the statistical and data-related aspects of 

the research in question, and will not give any opinions on the underlying epidemiology. 

Research on the relationship between particulate matter and mortality is related to the public 

policy debate surrounding air pollution regulations. It should be noted that Intrepid Insight 

takes no position on political issues that are inherently tied to the research in question.  

Even though we do not take a position, it is worth acknowledging the importance of the 

question being debated. The relationship between PM 2.5 and mortality is used to justify air 

pollution regulations. In a 2014 regulatory impact report, in a discussion assessing the benefits 

of the Clean Air Act, the EPA states “Avoided premature deaths account for 98 percent of 

monetized PM-related co-benefits and over 90 percent of monetized ozone-related co-

benefits.”1 Because regulations are never costless, it is important to balance the cost and the 

benefits. This is why the EPA and other regulatory bodies release reports, like the one quoted 

above, analyzing the net economic and health impact. It follows that it is important to carefully 

                                                           
1 EPA. Regulatory Impact Analysis for the Proposed Carbon Pollution Guidelines for Existing Power Plants and 
Emission Standards for Modified and Reconstructed Power Plants. June 2014. 4-21. 
https://www.epa.gov/sites/production/files/2014-06/documents/20140602ria-clean-power-plan.pdf. 
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evaluate research that seeks to answer the question: does PM 2.5 cause premature deaths and 

increase total mortality? 

Description of the Investigation 

I was contacted by Dr. James Enstrom in my capacity as economic director and founder of 

Intrepid Insight. Dr. Enstrom requested that I conduct a review of the statistical evidence and 

arguments presented in his 2017 paper “Fine Particulate Matter and Total Mortality in Cancer 

Prevention Cohort Reanalysis,”2  the response letter to the editor by Pope et al,3 and Enstrom’s 

response to criticism letter to the editor. Because all of these articles and letters are focused on 

Pope et al.’s 1995 paper “Particulate Air Pollution as a Predictor of Mortality in a Prospective 

Study of U.S. Adults,” I also reviewed it.4 In addition, because there is an argument about what 

the body of research says in general about the association between fine particulate matter and 

total mortality risk, I was asked to review two sets of meta-analysis calculations performed by 

Dr. Enstrom and Dr. Burnett. 

Intrepid Insight was not paid at all to perform this investigation. As is our policy, we provide our 

services for free to problems that we deem to be “good.” Because reproducibility and sound 

statistical and scientific methods are issues that we deem to be important to the public good, 

we decided to perform this work. Following our provision of assistance, our clients are given 

the opportunity to voluntarily donate to our organization. None of this funding is used to pay 

staff or directors – I and all other Intrepid Insight team members are volunteers. All of it is 

instead used to maintain our online resources and pay for routine administrative costs, like 

incorporation fees. 

Summary of Conclusions from Reviewing the Series of Articles 

After reviewing the statistical evidence and arguments presented in Enstrom’s 2017 paper “Fine 

Particulate Matter and Total Mortality in Cancer Prevention Cohort Reanalysis,”2  the response 

letter to the editor by Pope et al,3 and Enstrom’s response to criticism letter to the editor,5 I 

have concluded that while both Enstrom and Pope et al. make valid criticisms of each other’s 

analyses, only two criticisms can be evaluated without the release of additional data. 

The first is Pope et al.’s claim that “He [Enstrom] controls for a relatively limited number of 

individual-level covariates and does not control for any ecologic covariates.” Although Enstrom 

is up front about his use of fewer covariates in his paper, he should provide additional 

                                                           
2 Enstrom JE.  Fine Particulate Matter and Total Mortality in Cancer Prevention Study Cohort Reanalysis. Dose-
Response 2017;15(1): 1-12 (March 28, 2017). doi: 10.1177/1559325817693345 
3 Pope CA III, Krewski D, Gapstur SM, Turner MC, Jerrett M, Burnett RT. Fine particulate air pollution and mortality: 
response to Enstrom’s re-analysis of the American Cancer Society Cancer Prevention Study II cohort (letter). Dose-
Response. 2017;15(4). doi:10.1177/1559325817746303. 
4 This article is freely available on Enstrom’s website: http://www.scientificintegrityinstitute.org/Pope1995.pdf.  
5 Enstrom JE.  Response to Criticism of ‘Fine Particulate Matter and Total Mortality in Cancer Prevention Study 
Cohort Reanalysis’ (letter). Dose-Response 2018;16(2): 1-7 (May 29, 2018). doi: 10.1177/1559325818769728 
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reasoning for why he did not use these covariates as controls. His current reasoning that they 

are excluded because “[they] had a lesser impact on the age-sex adjusted RR” is not sufficient 

justification. The reasoning for exclusion should be rooted in theory or additional statistical 

tests. 

The second is Enstrom’s claim that “without explanation, Pope 1995 and HEI 2000 omitted from 

their analyses, 35 cities with CPS II participants and IPN PM 2.5 data.” This omission is likely 

because PM 2.5 measurements were not available for these locations in the sources Pope et al 

and HEI used. However, as Enstrom explains, there did exist additional data that could have 

prevented the exclusion of these cities (IPN PM 2.5 data). Pope et al does not provide any 

defense of why this data was ignored, or whether this exclusion has any bearing on his results 

or the representativeness of the original findings. 

Beyond these two points, the other criticisms require the release of the original data. 

To be specific, Pope et al. present the following criticisms of Enstrom’s paper in the section 

titled “Deficiencies in Enstrom’s Reanalysis”: 

1. “The Enstrom’s analysis uses a data set with a shorter follow-up period, fewer 

participants, and fewer deaths than any previous PM 2.5–mortality analyses that used 

the CPS-II cohort, including the original 1995 analysis.” 

2. “Moreover, the key deficiency in the Enstrom’s reanalysis is the absence of advanced 

modeling approaches for exposure assessment that have been developed over the last 2 

decades. Estimates of PM 2.5–mortality associations are affected by the quality of the 

PM 2.5 data and the accuracy of matching participants and exposures.” 

3. “Furthermore, Enstrom’s PM 2.5 exposure assessment is likely subject to greater 

exposure misclassification because of inadequate assignment of geographic units of 

exposure. Although other published ACS CPS-II studies assigned geographic areas of 

exposure based on participants’ residence information, the Enstrom’s analysis used the 

ACS Division and Unit numbers to assign PM 2.5 exposures (see letter from ACS). 

 All of these points are valid. However, Enstrom, and any other independent analyst, are 

constrained by the data that is available. As Enstrom explains in the last portion of his 

“Introduction” section, despite subpoenas by the US House Science, Space, and Technology 

Committee, the American Cancer Society has refused to release the underlying CPS II data used 

in Pope 1995. Enstrom also explains that the ACS has refused to work with him and “3 other 

highly qualified investigators” in a “collaborative analysis of the CPS II data.” As a result, 

Enstrom used an older, “original” version of the CPS II data, which he readily admits is limited.6  

He obtained this data from an anonymous source with appropriate access, and not through 

formal channels. This is the reason Enstrom’s analysis has a “a shorter follow-up period, fewer 

                                                           
6 “This article presents my initial analysis of the CPS II cohort and it is subject to the limitations of data and 
documentation that is not as complete and current as the data and documentation possessed by ACS” (Enstrom 
2017). 
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participants, and fewer deaths than any previous PM 2.5–mortality analyses.” It is also the 

reason why Enstrom used the ACS division and unit numbers to assign exposure rather than 

residential addresses: the limited data set he has does not contain residential addresses.7 

In a similar manner, Enstrom’s criticisms of Pope et al could be easily evaluated with the release 

of the underlying data. Specifically, his claims that the analyses conducted by Pope et al. are 

sensitive to data exclusions and that the findings vary dramatically based on location, could all 

be resolved with the underlying data. 

It is finally worth noting that Pope et al. have possession or access to the underlying data, while 

Enstrom does not. As a result, regardless of whether the data is released publicly, they have the 

ability to refute or verify Enstrom’s claims. They could perform Enstrom’s analyses themselves 

using the underlying CPS II data used in Pope 1995, fixing the issues they identify. Pope et al.’s 

response article to Enstrom’s criticism does not include this analysis, and instead presents 

additional studies performed on different data. While these studies may support a relationship 

between fine particulate matter and mortality, they do not address the underlying claim that 

Enstrom makes: namely, that the Pope 1995 findings are not robust. 

Intrepid Insight Statement of Support for Greater Data Transparency 

Because so much rests on the release of the source data, I have asked all nine of Intrepid 

Insight’s directors and contributors to vote on whether to support data transparency as a 

principle (in this case and in all others). The vote was unanimously in favor.  

Because the Pope 1995 paper is used to support public policies, there is an even greater 

justification for releasing the underlying data.  Whether a person supports or opposes greater 

particulate matter regulations, one can still stand for reproducibility and transparency. These 

principles are in line with the same transparency we demand from the press and from 

politicians. Indeed, they seem like a natural extension of American democratic values to the 

world of public policy research. 

There are many options for how the data could be released: it can be deidentified and 

completely open source, or it can be left in a secured portal with a vetting process for users. 

Both of these methods are used by government, nonprofit and corporate entities alike. 

To practice what we preach, the underlying Excel workbooks used to perform all of these 

analyses are available on Intrepid Insight’s website, at this link: 

https://www.intrepidinsight.com/pm25_statreview/ 

Results of Replicating Burnett’s Meta-Analysis  

I was also asked to replicate Dr. Richard Burnett’s meta-analyses presented in his talk 

“Reproducibility and Air Pollution Epidemiology” at the Health Effects Institute’s 2018 Annual 

                                                           
7 “Since this deidentified data file does not contain home addresses, the Division number and Unit number 
assigned by ACS to each CPS II participant have been used to define their county of residence” (Enstrom 2017). 

https://www.intrepidinsight.com/pm25_statreview/
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Conference.8 Intrepid Insight’s director of statistics, James Lepore, and I completed these 

calculations which are presented in Appendix A. We do not take a position on whether the 

studies Dr. Burnett selected are meaningful or representative studies. 

We calculated both random and fixed effects meta-analyses for three continents and globally. 

To do this, we first converted the hazard ratios and confidence intervals back to the original 

coefficients from the regressions by taking the natural logarithms.9 We derived standard errors 

from these confidence intervals by dividing the difference between the upper and lower 

bounds by 3.92.10 We proceeded with the fixed and random effects analyses using formulas and 

procedures that are broadly accepted.11 

Although it is not stated in the slides, we believe that Dr. Burnett is using a random effects 

model to pool the hazard ratios into a combined hazard ratio. The random effects model seems 

most appropriate based on the rejection of the null hypothesis in the Cochrane’s Q Test for 

Homogeneity.12 

Comparing our numbers (Table A1) to Burnett’s slides, our North America random effects 

relative risk point estimate is the same when rounded to two decimal places (1.10), as is our 

confidence band upper bound (1.13). However, our lower bound is slightly higher (1.07) than 

his (1.06). In general, this small difference does not change the interpretation. In both his and 

our analysis, the result is statistically significant, in that the 95% confidence intervals do not 

cross 1 (the null result). We also performed similar analyses on his global, Europe, and Asia 

cohorts (see tables A2 through A4). We found similar slight differences, all of which did not 

change the overall interpretations.  

The reason for these differences may be rounding: Dr. Burnett may be using relative risk and 

confidence interval estimates from the underlying studies that are carried out to more than 2 

decimal places, and then rounding the results to two decimal places in his slides. It could also 

be that Burnett is using a statistical package, like R or SAS, to perform the meta-analysis. 

Sometimes these packages include additional adjustments or slightly different approaches than 

the standard formulas we used. 

Our final conclusion is that assuming the relative risks and confidence intervals in Burnett’s 

slides match the underlying studies, and the studies he chose are a representative of the 

literature, his North America meta-analysis appears accurate. 

                                                           
8 The slides which contain the numbers used are available online: 
https://www.healtheffects.org/sites/default/files/burnett-reproducibility-hei-2018.pdf. 
9 The reason for this is outlined here: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm. 
10 This procedure is outlined here: https://handbook-5-
1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm. 
11 See here: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf and here: 
https://newonlinecourses.science.psu.edu/stat509/node/143/. 
12 We followed the NIH’s procedures to compute the I^2 and the Q test statistic: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/. 
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Results of Performing Random Effects Meta-analyses of US Studies Selected by Enstrom 

I also conducted fixed and random effects meta-analyses on groups of US studies selected by 

Enstrom, and on one group of California-only studies. In all US groups, statistical tests suggest 

the use of random effects models. For the California-only group, the random effects analysis 

reduces to the fixed effects analysis because the Q-statistic was less than the degrees of 

freedom. As with Burnett’s analyses, I do not take a position on whether Enstrom’s selections 

are meaningful or representative. The results are reported in Appendix B. 

Enstrom’s analyses first divide Burnett’s original North America studies into two groups: Canada 

and the United States.  

The results for Canada are listed in Table B1.  A random effects model appears most 

appropriate based on the Cochrane’s Q Test, and under this model I estimate the pooled 

relative risk to be 1.160, with a 95% confidence interval of (1.124, 1.198). As this confidence 

interval does not cross 1, it is statistically significant. 

For the United States, Dr. Enstrom requested several different versions. Before presenting 

those results, we also present the results of only excluding the Canada studies from Burnett’s 

original meta-analysis, but with no other changes. This analysis is presented in full in Table B2. 

The random effects pooled relative-risk point estimate is 1.064, with a 95% confidence interval 

of (1.043, 1.085). 

The US analyses Enstrom requested are presented in Tables B3 through B7. A random effects 

model appears most appropriate in all cases based on the Cochrane’s Q Test. These additional 

analyses, with their associated pooled relative risk and 95% confidence intervals: 

1. Table B3: A version using nine cohort studies, including the Medicare 2008 study broken 

into three regions rather than the Medicare 2017 study. 1.031 (0.997, 1.066) 

2. Table B4: A version using eight cohort studies, omitting the Medicare studies entirely 

(Table B3). 1.014 (0.973, 1.057) 

3. Table B5: A version using eight cohort studies, omitting the Medicare studies entirely 

with CPS II and H6CS results limited to the most recent follow-up period. 0.997 (0.958, 

1.038) 

4. Table B6: A version using eight cohort studies, omitting the Medicare studies entirely, 

using the Enstrom 2017 CPS II reanalysis results and the most recent H6CS follow-up 

results. 0.997 (0.954, 1.043) 

Although relative risk point estimates for fine particulate matter exposure vary for each 

analysis, all of the 95% confidence intervals cross 1. As a result, none of the summary RRs for 

Enstrom’s United States meta-analyses are statistically significant. 

Finally, Enstrom requested that I perform a meta-analysis using six California studies he 

selected. As mentioned previously, this is the only meta-analysis where Cochrane’s Q-test 

suggests using a fixed effects meta-analysis. Even if the random effects model is used, the 



Page 7 
 

results are the same, as the degrees of freedom is greater than the Q-statistic. The full 

calculations and results are presented in Table B7. Under a fixed-effects model I estimate the 

pooled relative risk to be 0.999, with a 95% confidence interval of (0.988, 1.009). As this 

confidence interval crosses 1, it is not statistically significant. 

The last table, Table B8, was provided by Enstrom as additional information about the studies 

he selected in his meta-analysis versions for the United States. 

The Excel workbook used to perform all these calculations are publicly available on Intrepid 

Insight’s website at this link: https://www.intrepidinsight.com/pm25_statreview/ 

Conclusion 

Intrepid Insight and I do not take a position on whether fine particulate matter causes 

premature deaths and increases total mortality, as this is outside our area of expertise. 

However, we stand firmly behind the proposition that data transparency, especially in issues of 

public policy debate, is necessary. In this particular case, it would aid both sides in resolving 

questions of methodology and robustness. 

Regarding Dr. Burnett’s meta-analyses, I find that while his calculations vary slightly from mine, 

the differences are not large and do not significantly change the interpretation. Specifically, it is 

possible the differences are only due to rounding differences or variations in the methods used 

by different software packages. I also present the results from the meta-analyses requested by 

Dr. Enstrom. These are in Appendix B. 

Robust debate requires robust scientific inquiry. Resolving any methodological conflicts and 

publishing underlying data will help lawmakers and the public make informed decisions when it 

comes to important matters like air pollution regulations. 

https://www.intrepidinsight.com/pm25_statreview/
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Notes

1. Hazard ratios, confidence intervals, and studies included were taken from Slide 12 of Richard T. Burnett's presentation at the HEI 2018 Annual Conference (April 30, 2018).

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

North American Studies RR 95%CI(L) 95%CI(U)

Male Health Professionals 0.860 0.720 1.020

Agricultural Health Study 0.940 0.780 1.130

California Teachers Study 1.010 0.940 1.080

AARP Diet and Health 1.030 1.010 1.060

National Health Interview Survey 1.060 1.010 1.110

American Cancer Society CPS-II 1.070 1.060 1.090

AHSMOG 1.080 0.970 1.210

MEDICARE 1.080 1.080 1.090

Census Health & Environment (1991) 1.120 1.100 1.130

Breast Screening 1.120 1.050 1.200

Nurses' Health Study 1.130 1.050 1.220

Six City Study 1.140 1.070 1.220

Census Health & Environment (2001) 1.150 1.120 1.170

Census Health & Environment (1996) 1.180 1.160 1.200

Community Health Survey 1.260 1.190 1.340

Intrepid Insight Fixed Effects Meta-Analysis 1.089 1.085 1.093

Intrepid Insight Random Effects Meta-Analysis 1.101 1.074 1.128

Burnett Meta-Analysis (Methodology Not Provided) 1.100 1.060 1.130

Q Test Statistic

207.7096

I^2 93.26%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

Table A1: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Global Cohorts of Ambient Fine Particulate Matter and Non-Accidental Mortality

North America

Relative Risk Results

P-Value

0.0000



Notes

1. Hazard ratios, confidence intervals, and studies included were taken from Slide 12 of Richard T. Burnett's presentation at the HEI 2018 Annual Conference (April 30, 2018).

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

European Studies RR 95%CI(L) 95%CI(U)

Rome Census Cohort 1.040 1.030 1.050

Dutch Study of Diet and Cancer 1.060 0.970 1.160

DUELS 1.130 1.110 1.150

National Health Interview Surveytional English 1.130 1.000 1.270

Escape 1.140 1.030 1.270

France 1.150 0.980 1.350

Intrepid Insight Fixed Effects Meta-Analysis 1.061 1.052 1.070

Intrepid Insight Random Effects Meta-Analysis 1.098 1.039 1.160

Burnett Meta-Analysis (Methodology Not Provided) 1.090 1.050 1.140

Q Test Statistic

69.1226186

I^2 92.77%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

1.56017E-13

Table A2: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Global Cohorts of Ambient Fine Particulate Matter and Non-Accidental Mortality

Europe

Relative Risk Results



Notes

1. Hazard ratios, confidence intervals, and studies included were taken from Slide 12 of Richard T. Burnett's presentation at the HEI 2018 Annual Conference (April 30, 2018).

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

Asian Studies RR 95%CI(L) 95%CI(U)

Taiwan Civil Servants 0.920 0.720 1.170

Chinese Male Cohort 1.090 1.090 1.100

Hong Kong 1.140 1.070 1.220

Intrepid Insight Fixed Effects Meta-Analysis 1.090 1.085 1.095

Intrepid Insight Random Effects Meta-Analysis 1.098 1.047 1.151

Burnett Meta-Analysis (Methodology Not Provided) 1.100 1.070 1.120

Q Test Statistic

3.6656329

I^2 45.44%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

0.159962404

Table A3: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Global Cohorts of Ambient Fine Particulate Matter and Non-Accidental Mortality

Asia

Relative Risk Results



Notes

1. Hazard ratios, confidence intervals, and studies included were taken from Slide 12 of Richard T. Burnett's presentation at the HEI 2018 Annual Conference (April 30, 2018).

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

All Studies RR 95%CI(L) 95%CI(U)

Male Health Professionals 0.860 0.720 1.020

Agricultural Health Study 0.940 0.780 1.130

California Teachers Study 1.010 0.940 1.080

AARP Diet and Health 1.030 1.010 1.060

National Health Interview Survey 1.060 1.010 1.110

American Cancer Society CPS-II 1.070 1.060 1.090

AHSMOG 1.080 0.970 1.210

MEDICARE 1.080 1.080 1.090

Census Health & Environment (1991) 1.120 1.100 1.130

Breast Screening 1.120 1.050 1.200

Nurses' Health Study 1.130 1.050 1.220

Six City Study 1.140 1.070 1.220

Census Health & Environment (2001) 1.150 1.120 1.170

Census Health & Environment (1996) 1.180 1.160 1.200

Community Health Survey 1.260 1.190 1.340

Rome Census Cohort 1.040 1.030 1.050

Dutch Study of Diet and Cancer 1.060 0.970 1.160

DUELS 1.130 1.110 1.150

National Health Interview Surveytional English 1.130 1.000 1.270

Escape 1.140 1.030 1.270

France 1.150 0.980 1.350

Taiwan Civil Servants 0.920 0.720 1.170

Chinese Male Cohort 1.090 1.090 1.100

Hong Kong 1.140 1.070 1.220

Intrepid Insight Fixed Effects Meta-Analysis 1.086 1.083 1.089

Intrepid Insight Random Effects Meta-Analysis 1.100 1.082 1.117

Burnett Meta-Analysis (Methodology Not Provided) 1.100 1.070 1.120

Q Test Statistic

315.1367701

I^2 92.70%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

3.94967E-53

Table A4: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Global Cohorts of Ambient Fine Particulate Matter and Non-Accidental Mortality

Global - "All Cohorts"

Relative Risk Results



Appendix B



Notes

1. Cohorts were selected by James Enstrom, and not by Intrepid Insight. Intrepid Insight does not take a position on whether these are methodologically relevant subsets.

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

Canada Studies (Subset Selected by Enstrom) RR 95%CI(L) 95%CI(U)

Census Health & Environment (1991) 1.120 1.100 1.130

Breast Screening 1.120 1.050 1.200

Census Health & Environment (2001) 1.150 1.120 1.170

Census Health & Environment (1996) 1.180 1.160 1.200

Community Health Survey 1.260 1.190 1.340

Intrepid Insight Fixed Effects Meta-Analysis 1.146 1.136 1.157

Intrepid Insight Random Effects Meta-Analysis 1.160 1.124 1.198

Q Test Statistic

32.9583

I^2 87.86%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

0.0000

Table B1: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Cohorts of Ambient Fine Particulate Matter and Total Mortality

Canada Subset

Relative Risk Results



Notes

1. Cohorts were selected by James Enstrom, and not by Intrepid Insight. Intrepid Insight does not take a position on whether these are methodologically relevant subsets.

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

North American Studies RR 95%CI(L) 95%CI(U)

Male Health Professionals 0.860 0.720 1.020

Agricultural Health Study 0.940 0.780 1.130

California Teachers Study 1.010 0.940 1.080

AARP Diet and Health 1.030 1.010 1.060

National Health Interview Survey 1.060 1.010 1.110

American Cancer Society CPS-II 1.070 1.060 1.090

AHSMOG 1.080 0.970 1.210

MEDICARE 1.080 1.080 1.090

Nurses' Health Study 1.130 1.050 1.220

Six City Study 1.140 1.070 1.220

Intrepid Insight Fixed Effects Meta-Analysis 1.077 1.073 1.082

Intrepid Insight Random Effects Meta-Analysis 1.064 1.043 1.085

Q Test Statistic

32.0044

I^2 71.88%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

0.0002

Table B2: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Global Cohorts of Ambient Fine Particulate Matter and Non-Accidental Mortality

North America - Excluding Canadaian Studies

Relative Risk Results



Notes

1. Cohorts were selected by James Enstrom, and not by Intrepid Insight. Intrepid Insight does not take a position on whether these are methodologically relevant subsets.

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

US Subset 1 Studies Acronym Years RR 95%CI(L) 95%CI(U)

Veterans' Study Vets 1986-1996 0.890 0.850 0.950

Medicare (2008) Eastern MCAPS 2000-2005 1.068 1.049 1.087

Medicare (2008) Central MCAPS 2000-2005 1.132 1.095 1.169

Medicare (2008) Western MCAPS 2000-2005 0.989 0.970 1.008

ACS Cancer Prevention Study (CPS II) CPS II 1982-2000 1.028 1.014 1.043

Nurses' Health Study HNHS 1992-2002 1.260 1.020 1.540

Health Professionals FU Study HHPS 1989-2002 0.860 0.720 1.020

Harvard Six Cities Study H6CS 1974-2009 1.140 1.070 1.220

Agricultural Health Study AHS 1993-2009 0.950 0.760 1.200

NIH-AAPR Diet and Health Study NIH-AARP 2000-2009 1.025 1.000 1.049

National Health Interview Survey NHIS 1997-2011 1.016 0.979 1.054

Intrepid Insight Fixed Effects Meta-Analysis 1.033 1.024 1.041

Intrepid Insight Random Effects Meta-Analysis 1.031 0.997 1.066

Q Test Statistic

109.5100704

I^2 90.87%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

6.69843E-19

Table B3: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Cohorts of Ambient Fine Particulate Matter and Total Mortality

US Subset: Nine Cohorts with complete follow-up period as tabulated by Enstrom
Medicare (2008) included rather than Medicare (2017), as per October 12, 2017 NEJM Letter by Enstrom

Relative Risk Results



Notes

1. Cohorts were selected by James Enstrom, and not by Intrepid Insight. Intrepid Insight does not take a position on whether these are methodologically relevant subsets.

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

US Subset 2 Studies Acronym Years RR 95%CI(L) 95%CI(U)

Veterans' Study Vets 1986-1996 0.890 0.850 0.950

ACS Cancer Prevention Study II CPS II 1982-2000 1.028 1.014 1.043

Nurses' Health Study HNHS 1992-2002 1.260 1.020 1.540

Health Professionals FU Study HHPS 1989-2002 0.860 0.720 1.020

Harvard Six Cities Study H6CS 1974-2009 1.140 1.070 1.220

Agricultural Health Study AHS 1993-2009 0.950 0.760 1.200

NIH-AAPR Diet and Health Study NIH-AARP 2000-2009 1.025 1.000 1.049

National Health Interview Survey NHIS 1997-2011 1.016 0.979 1.054

Intrepid Insight Fixed Effects Meta-Analysis 1.023 1.012 1.035

Intrepid Insight Random Effects Meta-Analysis 1.014 0.973 1.057

Q Test Statistic

43.3307

I^2 83.85%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

0.0000

Table B4: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Cohorts of Ambient Fine Particulate Matter and Total Mortality

US Subset: Eight Cohorts with complete follow-up periods as tabulated by Enstrom
Medicare (2008) and Medicare (2017) are both omitted

Relative Risk Results



Notes

1. Cohorts were selected by James Enstrom, and not by Intrepid Insight. Intrepid Insight does not take a position on whether these are methodologically relevant subsets.

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

US Subset 2 Studies Acronym Years RR 95%CI(L) 95%CI(U)

Veterans' Study Vets 1986-1996 0.890 0.850 0.950

ACS Cancer Prevention Study II CPS II 1990-2000 1.020 1.003 1.037

Nurses' Health Study HNHS 1992-2002 1.260 1.020 1.540

Health Professionals FU Study HHPS 1989-2002 0.860 0.720 1.020

Harvard Six Cities Study H6CS 2000-2009 1.190 0.910 1.550

Agricultural Health Study AHS 1993-2009 0.950 0.760 1.200

NIH-AAPR Diet and Health Study NIH-AARP 2000-2009 1.025 1.000 1.049

National Health Interview Survey NHIS 1997-2011 1.016 0.979 1.054

Intrepid Insight Fixed Effects Meta-Analysis 1.014 1.002 1.027

Intrepid Insight Random Effects Meta-Analysis 0.997 0.958 1.038

Q Test Statistic

31.8163

I^2 78.00%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

0.0000

Table B5: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Cohorts of Ambient Fine Particulate Matter and Total Mortality

US Subset: Eight Cohorts with latest follow-up periods for CPS II & H6CS by Enstrom
Medicare (2008) and Medicare (2017) are both omitted

Relative Risk Results



Notes

1. Cohorts were selected by James Enstrom, and not by Intrepid Insight. Intrepid Insight does not take a position on whether these are methodologically relevant subsets.

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

US Subset 2 Studies Acronym Years RR 95%CI(L) 95%CI(U)

Veterans' Study Vets 1986-1996 0.890 0.850 0.950

ACS Cancer Prevention Study II Reanalysis (Enstrom) CPS II 1982-1988 1.023 0.997 1.049

Nurses' Health Study HNHS 1992-2002 1.260 1.020 1.540

Health Professionals FU Study HHPS 1989-2002 0.860 0.720 1.020

Harvard Six Cities Study H6CS 2000-2009 1.190 0.910 1.550

Agricultural Health Study AHS 1993-2009 0.950 0.760 1.200

NIH-AAPR Diet and Health Study NIH-AARP 2000-2009 1.025 1.000 1.049

National Health Interview Survey NHIS 1997-2011 1.016 0.979 1.054

Intrepid Insight Fixed Effects Meta-Analysis 1.012 0.997 1.028

Intrepid Insight Random Effects Meta-Analysis 0.997 0.954 1.043

Q Test Statistic

31.7506

I^2 77.95%

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

0.0000

Table B6: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Cohorts of Ambient Fine Particulate Matter and Total Mortality

US Subset: Eight Cohorts with Enstrom CPS II Reanalysis and latest follow-up periods for H6CS
Medicare (2008) and Medicare (2017) are both omitted

Relative Risk Results



Notes

1. Cohorts were selected by James Enstrom, and not by Intrepid Insight. Intrepid Insight does not take a position on whether these are methodologically relevant subsets.

2. Methodology for the fixed and random effects meta analysis was derived from this source: https://www.meta-analysis.com/downloads/M-a_f_e_v_r_e_sv.pdf.

3. This methodology was confirmed using this second source: https://newonlinecourses.science.psu.edu/stat509/node/143/.

4. Logarithms of Reported RRs are taken because this returns them to the original coefficient values from the Cox regression: https://www.statsdirect.com/help/survival_analysis/cox_regression.htm

5. The methodology for deriving the standard errors from the confidence intervals was found here: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_confidence_intervals_and.htm

6. Formulas for I^2 and Q are found here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC192859/

US Subset CA Studies Acronym Years RR 95%CI(L) 95%CI(U)

Adventist Health Study SMOG CA AHSMOG 1977-1992 1.000 0.950 1.050

CA ACS Cancer Prevention Study I CA CPS I 1983-2002 0.997 0.978 1.016

Medicare Air Pollution Cohort Study MCAPS 'West' 2000-2005 0.989 0.970 1.008

CA ACS Cancer Prevention Study II CA CPS II 1982-2000 0.968 0.916 1.022

California Teachers Study CA Teachers 2001-2007 1.010 0.980 1.050

CA NIH-AARP Diet and Health Study CA NIH-AARP 2000-2009 1.017 0.990 1.040

Intrepid Insight Fixed Effects Meta-Analysis 0.999 0.988 1.009

Intrepid Insight Random Effects Meta-Analysis 0.999 0.988 1.009

Q Test Statistic

4.7683

I^2 -4.86%

Table B7: Intrepid Insight Computation of Fixed and Random Effects Meta-Analysis
Cohorts of Ambient Fine Particulate Matter and Total Mortality

US Subset: Six California Cohorts as tabulated by James Enstrom

Relative Risk Results

Cochrane's Q Test for Homogeneity of Studies

(Null Hypothesis: Studies are Homogenous)

P-Value

0.4448



US Cohort Studies Acronym FU Years Author Organizations Geographic Location Lead Author+Article Year+Journal+RR Table

Veterans' Study Vets 1986-1996 Lipfert & WashU & EPRI 32 VA Clinics in 28 States & PR Lipfert 2000 IT Table 6 [see Enstrom 2005 Table 10]

Medicare (2008) Eastern MCAPS 2000-2005 JHU SPH 613 Counties in Eastern US States Zeger 2008 EHP Table 3

Medicare (2008) Central MCAPS 2000-2005 JHU SPH 185 Counties in Central US States Zeger 2008 EHP Table 3

Medicare (2008) Western MCAPS 2000-2005 JHU SPH 62 Counties in 3 US States (CA+OR+WA) Zeger 2008 EHP Table 3

ACS Cancer Prevention Study (CPS II) CPS II 1982-2000 BYU & ACS & HEI & H TH Chan SPH 50 & 58 US Metro Areas Krewski 2009 HEI Report 140 Table 34

ACS CPS II Reanalysis CPS II 1982-1988 UCLA & Scientific Integrity Institute 50 & 85 US Counties Enstrom 2017 D-R Table 2

Nurses' Health Study HNHS 1992-2002 USoCar SPH & H TH Chan SPH 13 NE & MidWestern States (CA Omitted) Puett 2009 EHP Table 3

Health Professionals FU Study HHPS 1989-2002 USoCar SPH & H TH Chan SPH 13 NE & MidWestern States (CA Omitted) Puett 2011 EHP Table 2

Harvard Six Cities Study H6CS 1974-2009 H TH Chan SPH  6 Eastern & MidWestern Cities Lepeule 2012 EHP Table 2

Agricultural Health Study AHS 1993-2009 Health Canada & NIEHS NC & IA Weichenthal 2015 EHP Table 2

NIH-AAPR Diet and Health Study NIH-AARP 2000-2009 NYU & UCB & NCI 6 States & 2 Metro Areas Thurston 2016 EHP Table 2 & Figure 3

National Health Interview Survey NHIS 1997-2011 NCHS/CDC & NCEH/CDC Representative US Sample Parker 2018 Circ Table 3 (corrected)

US Subset: CA Cohort Studies

Adventist Health Study SMOG CA AHSMOG 1977-1992 LLU & EPA SoCal+SanDiego+SanFran Air Basins McDonnell 2000 JEAEE Table & Text

CA ACS Cancer Prevention Study I CA CPS I 1983-2002 UCLA 11 & 25 CA Counties Enstrom 2005 IT Table 7

Medicare Air Pollution Cohort Study MCAPS 'West' 2000-2005 JHU SPH 62 Counties in 3 US States (CA+OR+WA) Zeger 2008 EHP Table 3

CA ACS Cancer Prevention Study II CA CPS II 1982-2000 HEI & U Ottawa 4 CA Counties HEI Krewski Special Analysis 2010

California Teachers Study CA Teachers 2001-2007 CoH & OEHHA & UCB 58 CA Counties Ostro 2015 EHP Table S3

CA NIH-AARP Diet and Health Study CA NIH-AARP 2000-2009 NYU & UCB & NCI 58 CA Counties Thurston 2016 EHP Table 2 & Figure 3

Table B8: Information on Nine US Cohort Studies and Six California Cohort Studies as provided by Enstrom
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Air pollution kills—scientists have known this for many years. 
But how do they know? The global scientific community has 
developed and agreed upon a framework that draws on mul-
tiple lines of evidence across different scientific disciplines to 
assess the existence and strength of links between air pollu-
tion and health. In the United States, federal policies require 
use of this science-based framework to ensure that air pollu-
tion standards protect the public’s health. But now this sci-
ence-based policy process—and public health—are at risk. 
Recent developments at the U.S. Environmental Protection 
Agency (EPA) stand to quietly upend the time-tested and sci-
entifically backed process the agency relies on to protect the 
public from ambient air pollution (1). One of these develop-
ments—changes in how the EPA handles causality between 
air pollutants and health effects—has received less attention 
but, if enacted, would alter the approach that the EPA has 
used for more than a decade to set health-based air pollutant 
standards. At the March meeting of the EPA’s Clean Air Sci-
entific Advisory Committee (CASAC) (2), these changes may 
begin to unfold. The agency now faces a dilemma. If the EPA 
leadership embraces the process proposed by the current 
CASAC chair, it will fundamentally change the EPA’s process 
for scientific assessment. If the EPA leadership ignores the 
CASAC recommendations, then the agency would be declin-
ing to listen to (what should be) its top science advisers, thus 
eroding the foundational concept of peer review as central to 
ensuring the use of strong science in policy decisions. 

WEIGHT OF THE EVIDENCE 
Consistent with how the broader scientific community builds 
consensus on a topic, the EPA for decades has methodically 
assessed the strength of the relationship between air pollu-
tion and health outcomes, and has determined the need for 
strengthening pollutant protections. These determinations 
have been made only after robust, transparent peer review 
with public input. The Clean Air Act–mandated CASAC, a 
group of experts that operates independently from the EPA, 
has provided science advice on ambient air pollutant stand-
ards since the law’s enactment. Their input is supplemented 
by pollutant-specific panels of experts that span scientific 

disciplines and have long histories of peer-reviewed publica-
tions. These review panels provide pollutant-specific, evi-
dence-based advice needed for EPA to set air pollution 
standards. Even in the face of enormous political and finan-
cial pressures to roll back pollution controls, this process has 
worked remarkably well across both Republican and Demo-
cratic administrations and has been upheld in the courts, 
where several legal challenges to its use in past pollutant re-
views have been defeated [see supplementary materials (SM), 
section 1). Political decisions haven’t always aligned with the 
science, but the process for developing and communicating 
policy-relevant scientific assessments has remained largely 
intact (3). 

Within these scientific assessments, the EPA has applied 
a weight-of-the-evidence approach for causality determina-
tion using a five-level hierarchy, ranging from a “causal rela-
tionship” to “no evidence of a causal relationship,” to assess 
links between air pollutants and health effects. This approach 
is rooted in the scientific community’s decades-long effort to 
evaluate the relationship between cause and effect, beginning 
with work by Sir Bradford Hill in 1965 and a 1964 report from 
the U.S. Surgeon General, and then with approaches later de-
veloped by leading scientific bodies such as the National 
Academy of Medicine and International Agency for Research 
on Cancer (see SM, section 2). 

To assess the independent effect of a pollutant on human 
health and welfare, the EPA’s approach considers multiple 
lines of evidence gathered from various scientific fields, span-
ning atmospheric physics and chemistry, exposure science, 
dosimetry, toxicology, statistics, data science, clinical medi-
cine, and epidemiology. The agency systematically identifies, 
evaluates, and summarizes the relevant peer-reviewed scien-
tific evidence. In this process, the EPA assesses whether there 
is consistency of effects within a discipline, coherence of ef-
fects across disciplines, and evidence of biological plausibil-
ity. Thus, the causality determinations developed for an air 
pollutant and a specific health outcome, such as respiratory 
effects or mortality, reflect the assessment of the collective 
body of evidence, rather than a single line of evidence or the 
use of a single statistical method (4). This multidisciplinary 
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Page: 1

Number: 1 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:05:27 AM 

False. This claim is thoroughly and definitively debunked in my 2016 book  "Scare Pollution: Why and How to Fix 
the EPA."
 
Number: 2 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:10:16 AM 

False. No statistical study correlates air quality and death beyond the noise range. They are really all negative studies. There is no 
toxicological or clinical study evidence supporting the notion that air quality kills. 
 
Number: 3 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:11:55 AM 

Yes. At risk of being brought back into reality.
 
Number: 4 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:25:33 AM 

False. I can't think of any effort to "roll back" air pollution controls. Of course, people have opposed the mindless and pointless 
tightening of air quality standards, but no rollbacks -- although the standards could be rolled back without causing harm.
 
Number: 5 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:14:10 AM 

There is no public health threat from air quality anywhere in the world, let along in the US. Our air is clean and safe as it has always 
been except for three days in October 1948 in Donora, Pennsylvania.
 
Number: 6 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:26:58 AM 

Until the Trump administration came to town, the corrupt forces of junk science had a lock-down on EPA.
 
Number: 7 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:16:20 AM 

This is actually true. For the past 20 years, EPA scientists and grantees have been relying on junk science to 
advance the canard that air quality kills. That is about to change.
 
Number: 8 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:29:23 AM 

Weight-of-the-evidence is NOT a scientific method. It is a political method for determining regulatory standards.
 
Number: 9 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:17:08 AM 

Yes. Stick with junk science or get rid of it?
 
Number: 10 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:17:27 AM 

For the better.
 
Number: 11 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:30:22 AM 

Ironically, no air quality study passes muster under the Bradford-Hill criteria.
 
Number: 12 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:18:34 AM 

The "top science advisers" referred to here are part of the the biggest collection of science frauds in the history of science.
 
Number: 13 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:21:52 AM 

False. CASAC determined in 1997 that PM2.5 was not associated with death. So EPA replaced those CASAC 
members with new CASAC members who were pretty much all paid EPA stooges.
 
Number: 14 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:23:05 AM 

Uh... except for the CASAC members who received hundreds of millions of dollars in grant payola from EPA.
 
Number: 15 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:33:17 AM 

This is not how the process works in reality. In reality, statistical studies are rigged to produce crappy results 
that are then heralded as the greatest science since Newton's Laws.
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framework has been embraced widely by the scientific com-
munity as the appropriate process for public health applica-
tions (5). 

Since its inception, this causal framework rooted in the 
weight of the evidence has been continuously improved 
through extensive input from CASAC during prior pollutant 
reviews, involving 11 CASAC panels and 138 individuals (6). 
These improvements have come from building a base in the 
scientific literature over time, have allowed for newly devel-
oped statistical methods to be applied to air pollution studies, 
and have been supported broadly by CASAC and the scientific 
community. 

The process matters. Under the Clean Air Act’s National 
Ambient Air Quality Standards, the causal determinations 
developed in the EPA science assessment are used in the risk 
and exposure assessment and policy assessment to evaluate 
the impacts of setting air pollution standards at different lev-
els. Together, these three documents are what the EPA ad-
ministrator will use to set air pollution standards at a level 
that will protect public health with an adequate margin of 
safety, as the Clean Air Act requires. Thus, it is crucial that 
the EPA science assessment reflect the current scientific un-
derstanding of a pollutant’s effects on health and welfare. 

 
MANIPULATIVE CAUSATION 
An alternative framework for determining the linkages be-
tween air pollutants and health outcomes in the EPA process 
is now being promoted by the current CASAC chair, Louis 
Anthony (Tony) Cox Jr. Rather than look at the weight of the 
evidence from studies across different fields and different 
study designs, members of CASAC are proposing in a draft 
letter that the EPA instead limit the studies that inform its 
causality determinations to those that can pass a specific nar-
row approach called manipulative causality (7). Cox will over-
see the committee’s review of the science assessment and 
related EPA documents and shepherd the development of a 
scientific recommendation to the EPA administrator on what 
level of ambient particulate matter will protect public health 
with an adequate margin of safety. 

Under this framework, to justify regulatory action, air pol-
lution epidemiological studies must demonstrate manipula-
tive causation, that is, there must be direct evidence that the 
implementation of a regulatory action and/or a reduction in 
pollutant exposure leads to a health benefit. As an attempt to 
be more precise from a statistical viewpoint, the position ar-
gues, in the context of a single epidemiological study, it is 
necessary to apply causality tests, such as the one imple-
mented by the Causal Analytics Toolkit (CAT), proposed by 
Cox himself, and/or other existing statistical approaches 
(Granger causality, information relations in directed acyclic 
graph models, and Bayesian networks) (see SM section 3). 
The CASAC chair argues that the majority of current 

epidemiological studies considered by the EPA only provide 
evidence of an association (and not evidence of causation) be-
tween exposure to air pollution and health effects because, he 
falsely claims, they do not adjust for confounders (such as 
weather, demographic, or socioeconomic variables), and 
therefore, they are not proving manipulative causation. 

In principle, attempting to assess causality from observa-
tional data in air pollution epidemiology can be viewed as a 
reasonable framework to address the general issue of con-
founding bias in individual studies. New statistical methods 
for the analysis of epidemiological studies on air pollution 
and health can inform and improve the EPA’s approach to its 
science assessment. Indeed, this is the value of the weight-of-
the-evidence approach, which is open to new advances in all 
fields, including causal inference studies. But instead of al-
lowing these ideas to be introduced, debated, peer reviewed, 
and advanced in the scientific literature, the CASAC chair 
suggests that this process be largely skipped and that one spe-
cific approach for the analysis of epidemiological data, from 
a field that is still in its infancy, should trump all other kinds 
of scientific knowledge. 

Further, a requirement of manipulative causation fails to 
recognize the full depth and robustness of existing ap-
proaches in epidemiology, statistics, and causal inference and 
the degree to which they deal with confounding factors. To 
study environmental hazards like air pollution, we must rely 
on analyses of observational data. Randomized control trials 
are not possible (or ethical) when studying environmental 
hazards. The great majority of epidemiological studies are de-
signed to estimate how changing an exposure leads to a 
change in health outcomes while adjusting for confounders, 
that is, keeping fixed all the other variables that may affect 
outcomes (such as weather, income, copollutants, etc.). Many 
of the peer-reviewed epidemiological studies included in the 
EPA’s science assessments rely on careful selection of the 
study design (e.g., time series, prospective cohorts, quasi-ex-
periments), and these studies adjust for confounding bias to 
infer causality. Many of these studies use regression methods 
and include the confounders as covariates. Other studies use 
methods for causal inference and rely on matching, compar-
ing communities or individuals that have different exposures 
but are matched with respect to the value of the confounders 
(e.g., individuals with the same education level but different 
air pollution exposure; see SM section 4). Other studies rely 
on quasi-randomization (8). It has not been convincingly 
shown that a manipulative causation framework and Cox’s 
proposed tests for causality would be clearly superior to these 
rigorous and well-vetted approaches. 

It remains to be seen whether methods for causal infer-
ence such as proposed by CASAC members will become main-
stream in air pollution epidemiology. But from the current 
standpoint, manipulative causation and Cox’s causality tests 

EMBARGOED UNTIL 2:00PM US ET, THURSDAY 21 MARCH 2019

1

2

3

4

5

6

7

8

9

10



 
Page: 2

Number: 1 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:40:09 AM 

And the CASAC chair is correct -- except that even the studies where an association is claimed are really just statistcal noise.
 
Number: 2 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:41:18 AM 

It is not scientific to assess causality from epidemiologic studies alone. Even the Obama-run EPA admitted this in litigation with me.
 
Number: 3 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:34:50 AM 

False. The folks being referred to here are all EPA grantees who have been paid to toe th EPA line.
 
Number: 4 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:41:55 AM 

There is nothing new in statistics.
 
Number: 5 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:43:15 AM 

If you regulate and there is no improvement, there is something wrong with your regulation. Duh.
 
Number: 6 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:43:57 AM 

There is no robustness in air quality epidemiology. Just a lot of fraud.
 
Number: 7 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:45:32 AM 

Funny. Because air quality epidemiology is so bad, EPA ran human clinical trials on air pollutants in an effort to cause harm if not 
death to its human guinea pigs.
 
Number: 8 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:36:25 AM 

Wait until you see what this term means.
 
Number: 9 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:38:15 AM 

This is part of the Bradofrd Hill criteria referred to by the author above. If you remove exposure to a poison, you should bee less 
poisoning. If air quality kills, there should be fewer deaths in cleaner air. But that is not observed anywhere.
 
Number: 10 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:47:08 AM 

These studies are all junk. The foregoing description is an effort to buff turds into popsicles. No sale.
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are among many tools in the analytical toolbox. It’s not obvi-
ous based on current bodies of literature that these new ap-
proaches are so powerfully and obviously an indictment of 
other methods and conclusions, that we should abandon all 
that we’ve learned from other approaches, and dismiss all the 
epidemiological evidence accumulated so far from many dis-
ciplines. This all reflects a very normal phenomenon across 
all science: All methods come with assumptions and have 
their own strengths and weaknesses, so using varying meth-
ods can lead to varying views on a phenomenon. 

What matters is the study design and the ability to assess 
in a transparent way all of the potential sources of confound-
ing bias and error, peer review, and independent reanalyses 
by experts in the field (9). When charged with the task of as-
sessing the weight of evidence of harmful effects from expo-
sure to air pollution, scientists must, and indeed always have, 
integrate knowledge across many scientific fields and assess 
all the potential sources of uncertainty. The CASAC chair’s 
proposal suggests skipping this process. 

The EPA’s mandate under the Clean Air Act requires the 
agency to protect public health, including within sensitive 
subgroups (such as children and the elderly), with an ade-
quate margin of safety. To achieve this, the law allows the 
EPA to be flexible in deciding what an adequate margin of 
safety is. This is crucial for ensuring that those most sensitive 
to harm from air pollution are truly protected. The proposed 
manipulative causation framework and proposed statistical 
tests of causality, however, place a nearly unattainable bur-
den of proof on the scientific community, and this is unlikely 
to protect those who need it most. 

To be clear, well-validated methods for causal inference 
can play a useful role: This is because they include a more 
transparent disclosure of all the assumptions that are needed 
to properly adjust for confounding compared with regression 
modeling and therefore can infer causality in analyses of ob-
servational data. Furthermore, causal inference approaches 
tend to be more robust to violation of assumptions regarding 
the form of the statistical model when controlling for con-
founding bias. There is a literature on methods for casual in-
ference applied to air pollution studies, including the role of 
causality in data-driven science to inform air pollution regu-
latory actions (see SM section 5). Regardless, air pollution 
regulations must be based on existing evidence and demon-
strated inference methods that arise from review of existing 
literature. 

In the case of particulate matter, the scientific community 
has taken several steps to increase the credibility of the re-
sults of the epidemiological studies and their ability to infer 
causality from analyses of observational data. The Health Ef-
fects Institute (HEI), a highly regarded independent research 
institute funded primarily by the EPA and the motor vehicle 
industry, appointed an independent panel of scientists to 

reanalyze the results of the landmark American Cancer Soci-
ety and Harvard Six-Cities Studies that demonstrated the link 
between long-term particulate exposure and premature 
death, and indeed they validated the conclusions of the orig-
inal study (see SM section 6). More recently, the HEI has 
funded three epidemiological studies to be conducted by 
three separate teams on three separate populations in three 
separate locations (United States, Canada, and Europe) to ad-
dress the defined scientific question of how low-level expo-
sure to fine particulate matter is harmful to human health—
a question that arose from the prior particulate matter review 
completed in 2012. The U.S. team recently published two 
studies of Medicare data, and used two different study de-
signs (cohort and case cross-over) to estimate the effect of 
long- and short-term exposure to particulate matter on mor-
tality for the same study population. Both studies found 
strong evidence of increased risk of mortality at levels well 
below the safety standards for particulate matter (10, 11). 

Despite this cautious, robust, and repeated approach, in 
its 7 March draft letter, the current CASAC could not reach 
consensus on the scientific evidence for the link between par-
ticulate exposure and mortality. This is perhaps unsurprising 
given the lack of epidemiological expertise involved. Breaking 
with historical CASAC member expertise, the EPA leadership 
declined to place an epidemiologist on the current CASAC. 
Furthermore, the committee would benefit from the expertise 
of the particulate matter review panel that the EPA dis-
banded last October, breaking with decades of precedent of 
pollutant-specific review panels supplementing the expertise 
of the seven-member CASAC. The agency also failed to con-
vene a similar review panel for updating the ground-level 
ozone standard, and the agency expedited review timelines 
for both pollutants. This means less public input and fewer 
opportunities for independent scientists, including experts in 
epidemiology and statistics, to consider and debate this new 
argument of manipulative causation. 

Together, EPA’s nixing of the pollutant review panels, the 
expedited timelines for review of particulate matter and 
ozone standards, and this narrow view of testing manipula-
tive causation now proposed by the CASAC’s chair have 
proven unpopular among scientists, including experts in the 
field of causal inference and data science. Three separate let-
ters, penned by 15 members of the dismissed particulate mat-
ter review panel, 17 former members of the previous ozone 
review panel, and 7 previous CASAC members, express the 
concern about the process and scientific substance of the par-
ticulate and ozone reviews led by Cox. Separately, 206 air pol-
lution and public health experts have called on the EPA to 
reconvene the disbanded particulate matter review panel (see 
SM section 7). 

The particulate matter standard is also being targeted in 
other ways. The EPA-proposed rule Strengthening 
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Page: 3

Number: 1 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:51:24 AM 

HEI is not independent. It is half-funded by EPA and half-funded by corrupt industry (like engine manufacturers) that want more 
stringent air quality standards.
 
Number: 2 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:52:18 AM 

These studies have been spotlighted on JunkScience.com previously. They are both just more science fraud.
 
Number: 3 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:49:00 PM 

Because there are still Obama dead-enders on the CASAC panel.
 
Number: 4 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:49:26 AM 

Children are not "more" susceptible to anything in the environment than adults. If anything, children are sturdier... 
that's why chemotherapy works better on children. As to old people, there is no evidence that outdoor air has any 
effect on them whatsoever.
 
Number: 5 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:20:28 PM 

Ridiculous. Epidemiology is just statistics. CASAC Chair Tony Cox is a statistician. Many/most "epidemiologists" never studied 
epidemiology. One of the most infamous PM2.5 "epidemiologists" -- i.e., C. Arden Pope III -- was trained as an agronomist. 
 
Number: 6 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:21:09 PM 

This panel was disbanded because it was corrupt.
 
Number: 7 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:50:02 PM 

Ozone is 90% PM2.5 fraud. The rest is ozone fraud.
 
Number: 8 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:51:18 PM 

They are unhappy because the Trump administration is ending their science fraud gravy train.
 
Number: 9 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 11:50:05 AM 

Existing evidence shows that air quality harms no one.
 
Number: 10 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:51:58 PM 

Make science fraud great again.
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Transparency in Regulatory Science carries forward an idea 
Congress has raised for years but failed to pass (12). The rule 
would restrict the studies that the EPA can use in regulatory 
decisions by declaring that “the dose response data and mod-
els” that underlie regulations must be transparent and acces-
sible to the public. Such restrictions would severely 
hamstring the EPA’s ability to protect people from ambient 
air pollution. Although some studies do rely on Medicare 
claims data and therefore would be able to comply with such 
a requirement, the sweeping proposal raises concerns about 
study subject privacy regarding medical records, intellectual 
property, and reproducibility, among other challenges (see 
SM section 8). 

The sum of these changes to the process and scientific ap-
proach to setting the particulate matter standard could have 
far-reaching effects. Avoided particulate pollution accounts 
for some one-third to one-half of the total monetized benefits 
of all major federal regulations (not just air quality regula-
tions) (8). If the particulate standard is weakened, those ben-
efits would drop in value, and the many public health 
protections that require cost-benefit analysis to be imple-
mented would be at risk. 

Weakening the EPA’s long-standing processes for as-
sessing the health impacts of air pollutants could erode the 
agency’s ability to obtain independent science advice on 
agency decisions on public health protections. In any case, 
this could ultimately lead to weakening of ambient air pollu-
tant standards. A science assessment that fails to provide a 
comprehensive look at the relationship between an air pollu-
tant and health effects will yield a subsequent risk and expo-
sure assessment and policy analysis that are flawed, and 
these crucial documents feed into the EPA administrator’s 
decision on where to set air pollutant standards. Without a 
robust process to ensure that decision-makers have access to 
the best available science, policy decisions are unlikely to pro-
tect public health. 

If the particulate matter and ozone standards are loos-
ened now or in future reviews, people will suffer the conse-
quences. More than 23 million Americans live in areas that 
exceed the current particulate matter standard, and more 
than a third of the nation’s population lives in areas that ex-
ceed the current ozone standard (see SM section 9). If the 
administration sets air pollution standards that fail to rely on 
the weight of the evidence on air pollution and health, not 
only are we casting scientific progress aside, but we risk the 
health of thousands breathing unhealthy air. As a policy an-
alyst observed, “Science without policy is science, policy with-
out science is gambling” (13). 
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Number: 1 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:53:02 PM 

Regulations should not be based on secret science. The EPA grantees hide their science because it is fraud.
 
Number: 2 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:53:50 PM 

Excuses... excuses.
 
Number: 3 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:54:28 PM 

The cost-benefit analysis is also fraud, as explained in "Scare Pollution."
 
Number: 4 Author: stevenmilloy Subject: Inserted Text Date: 3/20/19, 12:55:53 PM 

 Air quality was not a public health problem in the US before the Clean Air Act. It is not a problem now. Claims to the contrary are 
ignorance and/or lies.
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